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WC11 VIRTUAL CONGRESS
Welcome

Dear colleagues,

Welcome to 11th edition of the World Congress on Alternatives and Animal Use 

in the Life Sciences! Originally, in a pre-COVID19 era (can you still remember?), 

foreseen to be held in the city of Maastricht in The Netherlands, but – since the 

virus is still raging on across the world – now presented to you via the World Wide 

Web. This, of course, is rather unfortunate because we cannot offer you the great 

hospitality our city is famous for, and having spontaneous conversations digitally 

is not that obvious either. But we, as the Local Organizing Committee, took these 

potential downsides as a challenge to bring to you an innovative platform which 

should go beyond a generic series of online PowerPoint presentations. I believe 

we managed to develop great graphics to create a virtual, but realistic congress 

environment. We have added a few features (such as 3 talk shows) where lively 

discussions can be initiated, and due to the advances of IT technology, allow 

interactions across the globe. We hope that you will appreciate it.

As an overarching theme for designing the scientific program we have chosen: 

“3Rs in transition: from development to application”. This has been inspired by the 

observation that in the last decade tremendous progress has been made in a wide 

range to technologies (stem cells, organ-on-a-chip, genomics, micro-engineering, 

…) all supportive for realizing non-animal test models of the highest grade, and 

boosting scientific research in the 3Rs, and in particular Replacement, to a yet 

unmet level, whilst acceptance of such new generation models by the various 

application domains is still quite low. We aim to explore this seeming discrepancy, 

not only in the field of chemical safety testing, but also in vaccine development, 

and certainly also in creating relevant human disease models. We hope that you 

will find this inspiring for your own efforts in the 3Rs.

Again, a warm welcome to the virtual congress and we hope you enjoy, 

get inspired and connected!

Jos Kleinjans, 

Chair - Local Organizing Committee WC11

“Wherever possible, 
specialists should not be segregated in 
separate laboratories. The aim should 

rather be to assemble as many different 
kinds as possible under one roof.” 

William Russell and Rex Burch, 
founding fathers of the 3Rs,  
in The Principles of Humane  

Experimental Technique, 1959. 

In line with this philosophy, the World Congress on Alternatives and Animal Use 

in the Life Sciences has been a triannual event that brings together specialists in 

the field of the 3Rs and closely related subjects. Despite the challenges we face in 

these times of COVID19, where videoconferencing is the norm and interacting on 

a personal level is reduced to a minimum, we have created congress surroundings 

that stimulate the exchange of scientific ideas and inspire you to connect to 

colleagues all over the globe. 

In over 100 symposia, workshops and key note lectures, distinguished experts as 

well as young scientists share with us the fruit of their recent work on innovative 

non-animal methods, good research practice, harmonization, education, 

transition towards animal free research, ethics, etc.. We have created networking 

areas where you can meet old friends and promising new contacts to exchange 

exciting ideas and forge bonds for future cooperation.  

If you are an early career scientist, we want you to feel particularly welcome!  

We have collaborated with YOU-WC11 to organize several interactive sessions and 

events that promote dialogue amongst yourselves and with experienced peers. 

You are the future, we invite you to learn, share and challenge current views!

Organizing a world conference is no chick feed, but many hands make 

light work. We have much enjoyed putting together the scientific program 

and are very thankful for the help of the members of the international 

scientific committee, the local organizing committee, the many 

session organizers and of course our sponsors. 

We hope that this virtual congress will bring you an experience 

you never to forget. Enjoy!

Pascalle Van Loo

Chair-International Scientific Committee

TABLE OF 
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ogies; Ethics, Welfare and Regulation; and Disease. 
They represent the work of contributing authors from 
a total of 42 countries from six continents.

We thank Robbin Grouwels and Ramon Litjens 
from from Klinkhamer Group for his cooperation in 
producing the Abstract Book. We are grateful to the 
Doerenkamp-Zbinden Foundation, Switzerland for 
again generously funding the production of the Ab-
stract Book. 

We wish all participants of WC11 that the con-
gress will inform, connect, and inspire you to drive 
forward the exciting field of alternatives to animal 
experimentation. 

We can now already look forward to meeting again 
in person at WC12, which will be held in Niagara 
Falls, Canada in August 2023. 

With best wishes,

Sonja von Aulock 
Editor in chief, ALTEX & ALTEX Proceedings

ALTEX Proceedings is honored to publish the Ab-
stract Book of the 11th World Congress on Alternatives  
and Animal Use in the Life Sciences in Maastricht, 
The Netherlands. 

Owing to the ongoing global pandemic of corona-
virus disease 2019 (COVID-19), the Congress will 
be held as a fully virtual congress for the first time, 
one year after the time it originally was going to take 
place. Although we will not have the chance to visit 
Maastricht on this occasion, we look forward to shar-
ing this exciting experience with you and hope all par-
ticipants will make the best of the new opportunities 
the virtual congress offers. To allow participation from 
the different time zones of the world, the congress will 
be spread over nine days with a free weekend in the 
middle. Please consult the WC11 Magazine and the 
congress website https://www.wc11maastricht.org/ for 
information on the program. 

This Abstract Book contains short summaries of al-
most 800 abstracts that were accepted for oral or post-
er presentations. They are sorted by presentation type 
and submission ID number. The abstracts address the 
four Congress Themes: Safety; Innovative Technol-

Dear WC11 participants,
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Incorporation of a metabolic 
component into in vitro Tox21 high 
throughput screening assays
Menghang Xia
National Center for Advancing Translational Sciences, NIH, MD,  
United States
mxia@mail.nih.gov 

The US Tox21 Program has utilized a quantitative high throughput 
screening (qHTS) approach to profile thousands of environmen-
tal chemicals using a battery of in vitro cell-based assays. An im-
portant limitation of these assays, particularly those that measure 
events associated with DNA damage and repair (i.e., genotoxicity), 
is the absence of a xenobiotic metabolism capability. The absence 
of a method to provide for metabolic transformation of parent com-
pounds may potentially lead to mischaracterization of exposure 
hazard if the parent compound is detoxified in vivo, rendering it 
less hazardous, or alternatively, bioactivated in vivo to a hazard-
ous metabolite. To overcome this limitation, we investigated meth-
ods to incorporate a metabolic component (e.g., human liver mi-
crosomes) into existing Tox21 assays. This presentation will pro-
vide an overview of the Tox21 efforts to incorporate metabolism 
into in vitro HTS assays, and will be followed by presentation of 
a case study of a screening approach to identify acetylcholinester-
ase inhibitors whose activity is dependent on metabolic activation.

Presentation: Oral

3

The need to prioritize “Replacement” 
in Alzheimer’s disease research
Francesca Pistollato
European Commission, Joint Research Centre, Ispra, Italy
francesca.pistollato@ec.europa.eu 

Animal models of Alzheimer’s disease (AD) have been extensive-
ly utilized in the last decades to elucidate the pathophysiological 
mechanisms of the disease and to test novel therapeutic drugs. How-
ever, basic/fundamental and pre-clinical research successes have 
not translated into effective therapeutic treatments for AD patients. 
One of the possible reasons behind this translational failure may be 

1

Animal free multiclonal antibody 
generation as a replacement 
for polyclonal antibodies
Stefan Dübel1 and Abcalis Team2
1Technische Universität Braunschweig, Braunschweig, Germany;  
2Abcalis GmbH, Braunschweig, Germany
s.duebel@tu-bs.de 

While phage display, the premier animal free antibody genera-
tion method, is well established for the generation of therapeu-
tics, most antibodies for research and diagnostics are still made 
using animals. This presentation reviews the achievements and 
prospects of recombinant in vitro antibody generation, demon-
strating how animal derived antibodies could be complemented 
or replaced in a large number of typical current research appli-
cations. Examples of further advantages of the in vitro antibody 
generation will be presented in respect of predesigned features 
and sequence defined quality. These will include how polyclonal 
animal-derived antibodies may be replaced by recombinant mul-
ticlonal antibodies in various applications ranging from the typ-
ical secondary antibodies used in research to horse sera used for 
therapy by passive vaccination.

References
Bertoglio, F., Meier, D., Langreder, N. et al. (2021). Nat Com-

mun 12, 1577. doi:10.1038/s41467-021-21609-2 
Bradbury, A. R. M., Trinklein, N. D., Thie, H. et al. (2018). MAbs 

10, 539-546. doi:10.1080/19420862.2018.1445456 
Frenzel, A., Kügler, J., Helmsing, S. et al. (2017). Transfus Med 

Hemother 44, 312-318. doi:10.1159/000479633 
Russo, G., Theisen, U., Fahr, W. et al. (2018). N Biotechnol 45, 

98-112. doi:10.1016/j.nbt.2017.12.008 
Wenzel, E. V., Bosnak, M., Tierney, R. et al. (2020). Sci Rep 10, 

571. doi:10.1038/s41598-019-57103-5 
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verse activities performed by signatories, and the fourth is in prog-
ress. The reports show first the awakening of the research commu-
nity in terms of openness and second demonstrate the consolidation 
of this way of communication with the public. The Agreement has 
marked a before and an after on openness. For example, currently 
100% of signatories have a public statement on the use of animals 
on the website. Other activities include visits to animal facilities, 
communication with the press, outreach activities, etc. Negative re-
actions to the signing of the Agreement have not been reported. The 
cooperation between the national scientific (user) community and 
laboratory animal professionals, and the international specialists on 
communication has proved to be the most important reason for suc-
cess, especially in an environment where there is not a consolidated 
national organization working on communicating animal research. 
Practicalities of how to promote successfully a national openness/
transparency agreement will be discussed and suggestions given re-
garding different national situations.

Presentation: Oral
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The need to address human 
relevance and measure impact and 
innovation of biomedical research
Francesca Pistollato1, Ivana Campia1, Camilla 
Bernasconi1, Clemens Wittwehr1, Pierre Deceuninck1, 
Evangelos Panagiotis Daskalopoulos1,  
Janine McCarthy2 and Maurice Whelan1
1European Commission, Joint Research Centre, Ispra, Italy; 2Physicians 
Committee for Responsible Medicine (PCRM), Washington, DC,  
United States
francesca.pistollato@ec.europa.eu

Animal models have been traditionally used in biomedical re-
search to recapitulate human disease features and develop new 
drugs, as they are generally purported to resemble some of the 
major hallmarks of human diseases. However, these animals do 
not develop the disease as it occurs in humans, and their use has 
not paved the way to the development of drugs effective in hu-
man patients. Indeed, despite conspicuous research and econom-
ical endeavors, the clinical failure rate in drug development still 
remains very high, with an overall likelihood of approval from 
Phase I of about 9.6%. On the other hand, the expanding toolbox 
of non-animal methods, accounting for, e.g., induced pluripotent 
stem cells derived from patients, next-generation sequencing, 
omics and integrated computer modelling can be used to study 
human diseases in human-based settings, identify new potential 
druggable targets, and evaluate treatment effects. The rise of new 
technological tools and models in life science, and the increas-
ing need for multidisciplinary approaches, have encouraged ma-
ny research initiatives and the launch of new EU calls for pro-
posals. Research proposals based on the use of both animal and/
or non-animal approaches have been extensively funded at Euro-

the over-reliance on animal models for AD, which have been shown 
useful to recapitulate some AD-associated features, such as amyloi-
dosis and tauopathy, but have failed to deliver effective treatments 
for AD patients. On the other hand, the use and the implementation 
of human-based methods, non-invasive neuroimaging technologies, 
and large scale epidemiological data set repositories, may contrib-
ute to the development of new preventive and treatment strategies.

Here we discuss the need to prioritize replacement, over re-
finement and reduction, in AD research, and show how we can 
mitigate this translational gap by employing human-based meth-
ods to elucidate disease processes occurring at multiple levels of 
biological complexity. A paradigm shift towards human-based 
research, accounting for a multi-dimensional and multi-disci-
plinary approach is highly needed to tackle the ever-increasing 
prevalence of AD.

References
Herrmann, K., Pistollato, F. and Stephens, M. L. (2019). Be-

yond the 3Rs: Expanding the use of human-relevant replace-
ment methods in biomedical research. ALTEX 36, 343-352. 
doi:10.14573/altex.1907031 

Pistollato, F., Cavanaugh, S. E. and Chandrasekera, P. C. (2015). 
A human-based integrated framework for Alzheimer’s disease 
research. J Alzheimers Dis 47, 857-868. doi:10.3233/JAD-
150281 

Pistollato, F., Ohayon, E. L., Lam, A. et al. (2016). Alzheimer 
disease research in the 21st century: Past and current failures, 
new perspectives and funding priorities. Oncotarget 7, 38999-
39016. doi:10.18632/oncotarget.9175 

Pistollato, F., Bernasconi, C., McCarthy, J. et al. (2020) Al-
zheimer’s disease, and breast and prostate cancer resear-
ch: Translational failures and the importance to monitor out-
puts and impact of funded research. Animals (Basel) 10, 1194. 
doi:10.3390/ani10071194 
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The transparency agreement  
in Spain: An example of success
Javier Guillén
AAALAC International, Pamplona, Spain
jguillen@aaalac.org 

The Transparency Agreement in Spain was launched in 2016 by the 
Spanish Confederation of Scientific Organizations (COSCE) with 
the help of the European Animal Research Association (EARA) and 
the Spanish Association for Laboratory Animal Science (SECAL). 
The Agreement has four commitments following the example of 
the Concordate on Openness on Animal Research in the UK. The 
Agreement reached more than 140 signatories including research 
institutions, professional organizations, and some patient groups. 
Three Annual Reports have been published, which describe the di-

mailto:francesca.pistollato@ec.europa.eu
https://doi.org/10.14573/altex.1907031
https://doi.org/10.3233/JAD-150281
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https://doi.org/10.18632/oncotarget.9175
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pean level. Nowadays, it is becoming pivotal to define and apply 
indicators suitable to measure social impact of research funding 
strategies, monitor contribution to innovation, retrospectively as-
sess public health trends, and readdress funding strategies when 
needed. Here we discuss such issues, describing a list of indica-
tors to measure impact and innovation of biomedical research.

References
Archibald, K., Tsaioun, K., Kenna, J. G. et al. (2018). Better sci-

ence for safer medicines: the human imperative. J R Soc Med 
111, 433-438. doi:10.1177/0141076818812783 

Kramer, L. A. and Greek, R. (2018). Human stakeholders and the 
use of animals in drug development. Bus Soc Rev 123, 3-58. 
doi:10.1111/basr.12134 

Marshall, L. J., Austin, C. P., Casey, W. et al. (2018). Recommen-
dations toward a human pathway-based approach to disease 
research. Drug Discov Today 23, 1824-1832. doi:10.1016/j.
drudis.2018.05.038 

Pistollato, F., Bernasconi, C., McCarty, J. et al. (2020). Alzhei-
mer’s disease, and breast and prostate cancer research: Trans-
lational failures and the importance to monitor outputs and 
impact of funded research. Animals (Basel) 10, 1194. doi: 
10.3390/ani10071194 

Pound, P. and Ritskes-Hoitinga, M. (2018). Is it possible to over-
come issues of external validity in preclinical animal research? 
Why most animal models are bound to fail. J Transl Med 16, 
304. doi:10.1186/s12967-018-1678-1 
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How to improve training in an 
EU organoid training network
Dasja Pajkrt
Amsterdam UMC, location AMC, Amsterdam, The Netherlands
d.pajkrt@amsterdamumc.nl 

organovir (Organoids for Virology) is a novel European con-
sortium consisting of 15 partners from 7 European countries. 
Two principal investigators from the Amsterdam UMC, loca-
tion AMC, Katja Wolthers (Clinical Virology) and Dasja Pajkrt 
(Pediatric Infectious Diseases) coordinate this project in which 
15 Early Stage Researchers (ESRs) follow an innovative train-
ing programme. organovir aims to train young researchers in a 
consortium of public and private experts that will enable them to 
lead innovation in the field of organoids for virus research.

The training programme consists of the following parts: net-
work-wide international, intersectoral and multidisciplinary train-
ing; mentorship from experts from disciplines and sectors other 
than the primary ESR project. A specialized pre-MBA programme 
is designed specifically for organovir that will enable the ESRs 
to go beyond the lab, from scientists to entrepreneurs. All ESRs 
will develop a personal developmental plan (PDP) (named Beyon-

dU) for their self-development and career planning that will focus 
on the following aspects: own ambition and opportunities in ca-
reer development, gender issues, work-life balance, strengths and 
weaknesses, opportunities and threats. It is a state-of-the-art blend-
ed learning programme for personal growth; Delivering the next 
generation of 21st century leaders; well-rounded, highly skilled 
and capable individuals, who are a human at work and a role mod-
el for being confident and resilient leaders of the future.

Presentation: Oral
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Available and emerging  
non-animal models for human 
respiratory tract diseases
Lindsay Marshall
Humane Society International, Washington, DC, United States
lmarshall@hsi.org 

This project, funded by the European Commission’s Joint Re-
search Centre (JRC), aimed to provide a snapshot of the non-ani-
mal models currently used for research into human respiratory tract 
diseases, and to explore where models were emerging or new mod-
els were required. Over 21,000 abstracts were scanned for relevant 
non-animal methods of respiratory disease, with a total of 284 pub-
lications identified as being promising candidate methods accord-
ing to a set of inclusion/exclusion criteria. In vitro cell and tissue 
cultures (including organ chips and organoids), human ex vivo, and 
in silico approaches were the main methodologies considered.

This review shows that, while simple models are still promi-
nent and have their uses, research focus has, in the past 5 years, 
been shifting towards increasingly sophisticated bioengineering 
approaches that recapitulate lung development, tissue architec-
ture and physiological functions in vitro. Such approaches hold 
the promise of more human-relevant disease models that can be 
used to elucidate mechanism of disease and aid in the develop-
ment of new therapies. However, we also recognized several key 
areas that need to be addressed to promote the uptake, develop-
ment, and standardization of non-animal models for respiratory 
disease research. These include the creation of SOP for model 
generation and testing; promoting the use of more physiologi-
cally relevant substrates; enabling better access to human tissue; 
and promoting more effective cross-talk between oncology and 
respiratory diseases.

These methods have been collated into a JRC Data Catalogue 
of biomedical disease models that will form a key knowledge 
source for researchers, educators and national ethics and funding 
authorities. The availability of a centralized source of reviewed 
methods will go some way to extending the requirements of EU 
Directive 2010/63/EU on the protection of animals used for sci-
entific purposes to biomedical science.
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An adverse outcome pathway 
(AOP)-informed integrated 
approach to testing and assessment 
(IATA) as a tool to conduct a 
developmental neurotoxicity 
(DNT) hazard characterization
Anna Bal-Price1, Kevin Crofton2, Martin Paparella3, 
Martino Laura Martino4, Panzarea Martina Panzarea4, 
Federica Barrucci4, Antonio F. Hernandez-Jerez5, 
Susanne Hougaard Bennekou6, Ioanna Tzoulaki7, 
Martin Wilks8, Iris Mangas4 and Andrea Terron4
1European Commission Joint Research Centre (JRC), Ispra, Italy; 
2R3Fellows, LLC, Durham, NC, United States; 3Division of Medical 
Biochemistry, Biocenter, Medical University of Innsbruck, Innsbruck, 
Austria; 4European Food Safety Authority, Parma, Italy; 5Department of 
Legal Medicine and Toxicology, University of Granada, Granada, Spain; 
6National Food Institute, Technical University of Denmark, Copenhagen, 
Denmark; 7Department of Epidemiology and Biostatistics and MRC-
PHE Centre for Environment, School of Public Health, Imperial College 
London, London, United Kingdom; 8SCAHT – Swiss Centre for Applied 
Human Toxicology, University of Basel, Basel, Switzerland
anna.price@ec.europa.eu 

New approaches in toxicology including the AOP and IATA con-
cepts, in vitro assays based on human cells and in silico model-
ling used in an integrated manner, may pave the way to a more 
efficient and predictive assessment of DNT, solving various reg-
ulatory challenges (Bal-Price et al., 2018).

Towards this goal, the EFSA PPR Panel has developed an 
AOP-informed IATA as a tool to conduct DNT hazard character-
ization for IATA. Deltamethrin and flufenacet were selected for 
IATA case studies. A systematic literature review was conducted 
for human epidemiological studies, animal data (including in-vivo  
regulatory studies), in-vitro and zebrafish data.

The AOP framework was applied to integrate information 
from these lines of evidence, and the DNT in vitro data from bat-
tery of assays (DNT-IVB) anchored to key neurodevelopmental 
processes. Uncertainty analyses were performed for each type 
of evidence to support conclusions on the hazard identification/
characterization, and to express the uncertainty in a probabilistic 
way. This stepwise approach resulted in the development of an 
evidence-based AOP network for deltamethrin with a probabilis-
tic quantitative estimation of the weight-of-evidence (WoE) us-
ing a Bayesian network approach.

This AOP network consisted of two MIEs leading to altered 
behavioral function (the adverse outcome). The case studies 
showed the applicability of the DNT-IVB for hazard characteri-
zation and illustrated the usefulness of a developed AOP network 
and probabilistic quantification of the WoE for regulatory deci-
sion making. Mechanistic understanding facilitated a human-rel-
evant adverse outcomes interpretation, supporting the contextu-
alization of these studies in the risk assessment process.

8

Talking about harms
Barney Reed
RSPCA, Horsham, United Kingdom
barney.reed@rspca.org.uk 

In recent years, a number of countries have launched initiatives 
to help improve openness and transparency on animal research. 
Usually, the stated aim is to enable people to “access a compre-
hensive body of information about animal research so that they 
can debate the issues from a position of knowledge and under-
standing of the facts so that they can make up their own minds 
about animal research”. For any “openness” initiative to be gen-
uinely credible, this information should include meaningful and 
honest details regarding what animals actually experience.

Signatories to such initiatives have made a range of commit-
ments, including “When we communicate about the use of ani-
mals in research, we should provide accurate descriptions of the 
benefits, harms and limitations of such research, be realistic about 
the potential outputs of such research, and be open about its im-
pact on animal welfare and the ethical considerations involved”. 
However, in practice it is clear that “providing a balanced com-
munication of the harms as well as the benefits involved in ani-
mal research remains a significant challenge for organisations” 
and this commitment is currently often the least well met.

Many in the research sector might find talking about the harms 
experienced by animals the most challenging aspect of meet-
ing their “openness” commitments, and of public engagement in 
general. However, a number of individuals and organisations are 
making progress, using a variety of different media to acknowl-
edge, describe and show what animals used in research can ex-
perience when they are used in procedures. Significant improve-
ments are still needed in order to achieve true openness and en-
able members of the public to reach informed opinions.
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Modernizing the NTP’s 
Carcinogenicity Testing Program
Warren Casey
US National Toxicology Program, Research Triangle Park, NC, United 
States
warren.casey@nih.gov 

The National Toxicology Program Health Effects Innovation 
(HEI) initiative on carcinogenicity testing in the 21st Century has 
been launched in 2019 to develop modern, human-relevant, ef-
ficient approaches to test for chemical carcinogenicity. This talk 
will discuss the motivation behind an evolving paradigm for can-
cer assessment, including evidence for environmental chemical 
contributions and a desire for tools to screen and prioritize sub-
stances, to make actionable predictions, and to provide mechanis-
tic insight. Topics covered will include the translational pipeline 
concept, the evolution of the testing program, the integration of 
Tox21 approaches, and designing strategies to fit regulatory needs 
and answer critical human health questions.
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Animal welfare assessment  
of genetically  
altered Göttingen Minipigs
Lars Friis Mikkelsen
Ellegaard Göttingen Minipigs A/S, Dalmose, Denmark
lfm@minipigs.dk 

Göttingen Minipigs have for decades been used in biomedical 
research as sharing many anatomical, physiological, and patho-
physiological similarities to humans, and as such playing an im-
portant role as large animal models in translational studies. In re-
cent years, the number of genetically altered Göttingen Minipigs 
has increased as advanced genetic techniques simplify the gener-
ation of animals with precisely tailored modifications designed 
to replicate lesions responsible for human disease. As such, ge-
netically altered Göttingen Minipigs are valuable large animal 
disease models and in addition considered promising donors for 
xenotransplantation.

To ensure compliance to the 3Rs and ensuring high animal wel-
fare standards, it is crucial to perform a baseline assessment of the 

Based on this information and experimentally generated new in 
vitro data, an OECD Guidance Document on in vitro DNT test 
methods within the context of an IATA is under development 
(Sachana et al., 2019) in collaboration with EFSA and DNT ex-
perts from the OECD member countries and should be finalized 
before the end 2021.
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Use of human cell lines with different 
bioactivation capacities to determine 
the genotoxic mechanism of action
Marc Audebert
INRAE TOXALIM, Toulouse, France
marc.audebert@inra.fr 

The development of in vitro genotoxicity assays as an alternative 
to animal experimentation is of growing interest. However, ex-
trapolation of toxicity data between in vitro systems and an in vi-
vo situation is hampered by differences in the biotransformation 
of chemicals. In this context, attention must be paid to cell mod-
els because they are contributory factors to the final result. Us-
ing different radioactive chemicals (e.g., bisphenols, polycyclic 
aromatic hydrocarbons), we determined the precise biotransfor-
mation capacities of different human cells lines used in genotox-
icity studies (e.g., HepG2, HepaRG, ACHN, LS-174T). In par-
allel, we have developed and validated a new genotoxicity as-
say based on histones H2AX and H3 quantification. This novel 
method permit to discriminate efficiently aneugens, clastogens 
and cytotoxic compounds in all cellular models. This assay cou-
pled with the used of human cell lines with different bioactiva-
tion capacities permit to differentiated proficiently direct geno-
toxins from bioactivated ones. This proposed new genotoxicity 
screening strategy may provide more physiologically relevant 
data for chemical risk assessment.
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fidence to change our standard methods (i.e., animal testing as 
the gold standard). A critical need exists, therefore, to build con-
fidence in the new approach methodologies (NAMs) as a reliable 
and human-relevant paradigm for toxicity testing. Communica-
tion strategies and educational programs must be built to then ac-
celerate regulatory use of alternatives in DART testing.
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Openness in the UK since 
the Concordat
Wendy Jarrett
Understanding Animal Research, London, United Kingdom
wjarrett@uar.org.uk 

The UK published the world’s first Concordat on Openness on An-
imal Research in May 2014. In the six years since its publication 
the UK has seen a significant increase in the amount of informa-
tion available to the public on why and how animals are used in re-
search. Numerous photographs, videos and virtual tours can now 
be found online, as can details of the numbers and species of ani-
mals used in experiments. Signatories to the Concordat are encour-
aged to be realistic in their communications, acknowledging the 
harms to the animals and the limitations of animal research as well 
as its benefits and successes. Public opinion surveys show that the 
percentage of the public in Great Britain that consider animal re-
search establishments to be secretive is slowly decreasing, while 
the percentage that consider themselves to be “well informed” 
about the use of animals in research is slowly increasing. Under-
standing Animal Research continues to support Concordat signato-
ry organisations with communications training, information-shar-
ing workshops, newsletters and an annual Openness Awards cer-
emony. In 2019 UAR introduced a new “Leaders in Openness” 
category to recognise those signatories that have demonstrated ex-
cellent practice in engaging with the public on this issue.
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The key characteristics of carcinogens
Kathryn Z. Guyton
National Academies of Science, Engineering, and Medicine, Washington, 
DC, United States
kguyton@nas.edu 

The key characteristics (KCs) of carcinogens are a collection of 
characteristics of chemicals known to cause cancer in lab ani-
mals and humans. The key characteristics are used to identi-
fy available mechanistic evidence that an agent can cause can-
cer in humans. Together with evidence on cancer in experimen-

welfare of all genetically altered Göttingen Minipigs models; both 
during the time of creation, but also followed by the time of main-
tenance of the specified genetically altered model. Such a welfare 
assessment should be performed by experienced and knowledge-
able staff, and should include animals of representative age groups 
soon after birth, around weaning and again around sexual maturi-
ty and include both males and females and data from a minimum 
of two breeding cycles. Very importantly, all comparisons should 
be made with similar non-genetically altered animals represent-
ing the same background strain. The observations should be per-
formed in a structured way and include appearance, like body con-
dition, coat and skin condition; body functions, like food and wa-
ter intake; environment, like defecation and urination; behavior, 
like social interaction, posture and mobility; procedure-specific in-
dicators, based on the individual project and potential adverse ef-
fects; plus finally free observations including all unexpected nega-
tive welfare impacts. In addition, an individual welfare assessment 
should be performed in neonatal animals based on skin color and 
appearance, activity level, interaction with the sow, suckling be-
havior and litter related data, like gestation length, litter size and 
development and growth of piglets.
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Accelerating regulatory use  
of alternatives in DART testing: 
How to build confidence
Manon Beekhuijzen
Charles River, Den Bosch, The Netherlands
manon.beekhuijzen@crl.com 

The greatest revolution that will define the next era of toxicity 
testing is the shift from black-box driven standard animal experi-
ments towards tailor-made mechanistic approaches by intelligent 
and pragmatic testing using computational, molecular, and in vi-
tro tools. This change will apply for pharmaceuticals, agrochem-
icals and industrial chemicals, and is for pharmaceuticals in line 
with the recent update of the ICH S5 guideline to better reflect 
the revolution in scientific, technological and regulatory knowl-
edge. A more mechanism-based approach to toxicity testing has 
the benefit of “opening the block-box” to reduce the need for an-
imal testing or eliminate it altogether. For example, the Dutch 
government officially announced in 2016 their resolution to be-
come a world leader in animal-free innovations by 2025. More-
over, in 2019 the US EPA announced a reduction of requests for, 
and funding of, mammal studies by 30% by 2025 and elimination 
of all mammal study requests and funding by 2035. This can only 
happen with interdisciplinary efforts that bring together regula-
tory research, fundamental scientific research, applied and trans-
lational research, and education/training. As shown during the 
first four presentations of this symposium, scientifically we have 
made huge progress. However, most stakeholders still lack con-
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proach based on the key characteristics to identify and review 
mechanistic evidence relevant to identifying human carcinogens. 
This is reflected in harmonized approaches to evidence evalua-
tion across scientific disciplines as well as in a single-step inte-
gration of mechanistic, animal bioassay, and human cancer evi-
dence streams. These are important advancements for identifying 
the causes of human cancer, the first step in cancer prevention.
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3Rs opportunities in preclinical 
safety testing: A CRO perspective
Gerhard F. Weinbauer1 and Ghislaine Poirier2
1VP Global DART, Münster, Germany; 2Head Global Animal Welfare and 
Veterinary Services, Harrogate, United Kingdom
gerhard.weinbauer@covance.com 

The 3Rs concept has been widely adopted and is now included as 
recommendations from regulatory agencies in global drug devel-
opment guidelines, e.g., recent ICH guidelines. This presentation 
focusses on 3Rs opportunities when using “large” animals (dog, 
minipig and non-human primate (NHP)) in preclinical safety as-
sessment. From a Contract Research Organisation (CRO) per-
spective, there are infrequent opportunities to replace animals 
in safety studies due to the paucity of validated non-animal ap-
proaches that are accepted by regulatory authorities. In contrast, 
there are ample opportunities for reducing animal numbers, and 
for refining the design and conduct of toxicity studies, and sig-
nificant progress has been (and continues to be) achieved. Se-
lected examples include enrichment standards, performance be-
havior-based acclimation, improvements in animal housing for 
urine/feces collection, > 90% reduction and enhanced welfare 
in minipig use for DMPK evaluations, social housing of dogs 
and NHPs for ADME studies and cardiovascular telemetry as-

tal animals and epidemiological evidence on cancer in humans, 
the three evidence streams are integrated in an overall evaluation. 
This approach has been successfully used to classify the hazard 
of agents under consideration by the International Agency for 
Research on Cancer (IARC). Despite an absence of a full under-
standing of how the KCs of an agent may lead to carcinogenicity, 
the KC approach has been used to transparently and systemati-
cally identify mechanistic information, and integrate diverse data 
streams in an overall classification of carcinogenic hazard.
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Application of the key characteristics 
in carcinogen hazard identification
Kathryn Z. Guyton
National Academies of Science, Engineering, and Medicine, Washington, 
DC, United States
kguyton@nas.edu 

Smith et al. (2016) identified 10 key characteristics, one or more 
of which are commonly exhibited by established human carcin-
ogens. The key characteristics of carcinogens reflect the chem-
ical and biological properties of cancer-causing agents and are 
distinct from the hallmarks of cancer, which are the properties 
of tumors. The key characteristics have been applied in eval-
uating mechanistic data for more than 50 diverse agents in re-
cent IARC Monograph meetings. Because the key characteristics 
are based on empirical observations of characteristics associat-
ed with known carcinogens, they provided an agnostic and un-
biased survey of the mechanistic literature. This improved uni-
formity across evaluations, revealing strengths as well as gaps 
in evidence, and highlighting mechanistic similarities and dif-
ferences in the agents considered. Based on this experience, the 
2019 update to the IARC Monographs Preamble adopted an ap-
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In this perspective, the proposed serial events may be support-
ive for the development of predictive biomarkers which are ur-
gently needed for filling in the gap at early phase diagnosis of 
AD.
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How to better highlight your 
research by using the right 
keywords in titles and abstracts
Lindsay Marshall
The Humane Society of the United States/Humane Society International, 
Washington, DC, United States
lmarshall@hsi.org 

With around 2.5 million new scientific papers published ev-
ery year, and reports of researchers feeling overwhelmed by the 
sheer volume of research to keep up with, it is now more than 
ever vitally important to make your work stand out. Often the 
first openly-available information about your latest publication 
will be the title and the abstract, so careful consideration need to 
be given to these elements of research to ensure that they create 
the right impact, attract the right readership and allow your work 
to progress through further citation, visibility and continued/in-
creased funding!

However, creating a title, abstract and keywords can often be 
neglected and may only be considered at the last minute before 
publication, or written according to the journal guidelines, with 
little thought for how other researchers will find and appreciate 
the research. This session will look at how to ensure that your ti-
tle and abstract are eye-catching and appropriate- allowing your 
audience to understand the importance of your research whilst 
encouraging them to access and read the full paper. We will look 
at effective use of relevant (Google Scholar-friendly) keywords 
to ensure that your article will be easily retrieved, consider the 
key characteristics of a title and examine how to ensure the ab-
stract addresses the key objectives and conclusions of the paper.
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sessments within toxicology studies, home cage-based cognitive 
tests for NHPs, and an approx. 50% reduction in the number of 
NHPs required for biopharmaceutical drug development. In ad-
dition, in our experience, social housing concepts yield compa-
rable data across different sites, e.g., for pregnancy success and 
infant growth in developmental toxicity studies. Notably, the de-
velopment of highly targeted biopharmaceuticals/oligonucle-
otides and gene therapy have led to an increased demand for the 
NHP model – therefore, refinement and reduction continue to be 
key objectives when using these models.
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The current translational gap: 
Problems and solutions
Erwin L. Roggen
ToxGenSolutions BV, Maastricht, The Netherlands
erwin.roggen@toxgensolutions.eu 

Decades of intense research using a variety of mouse Alzheimer 
models has not yet translated into significant benefits for the pa-
tients. Mice do not develop Alzheimer the way humans do de-
spite being genetically modified with the genes that are involved 
familial (early-onset) Alzheimer’s disease (fAD) and/or over-
expressing proteins that are crucial for pathogenesis: amyloid-β 
and tau. This disconnection from the human condition is not suf-
ficiently considered.

While clinically like fAD (1%), the onset of sporadic (late-on-
set) Alzheimer disease (sAD) (99%) has age as major risk factor 
with prevalence creasing in individuals over 65 years of age. En-
vironmental factors and lifestyle may also play an important role. 
There has been disproportionately little interest in these external 
factors.

Maintaining good quality of life when struck by a disease lead-
ing to irreversible brain damage requires a therapy targeting pro-
cesses that downstream early clinical symptoms, and diagnos-
tic tools that identifies individuals at risk at an early preclinical 
stage. Yet, the affected early mechanisms and processes remain 
therefore elusive.

To acquire a better understanding about the early pathology, 
existing mechanistic data on environmental neurotoxic chemi-
cals affecting cellular mechanisms that are frequently associat-
ed with AD pathogenesis are structured according to the adverse 
outcome pathway (AOP) (OECD, 2016) a publicly available pro-
gram permitting tailored application for a range of purposes. A 
biologically plausible mechanistic scheme of sequential events 
associated with early pathogenesis of sAD was constructed. The 
proposed molecular initiation events (MEI) may trigger a se-
quence of key events, causally linked to each other via key event 
relationships, causing neuronal cell damage and eventually defi-
cits in memory and learning process, and sAD.
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perspective, as these models are generally classified as severe. 
Therefore, there is a need for thorough research with the focus 
of refining these models to every extent possible. In our research 
group, we have for the past years engaged in studying possible 
refinement strategies for rat and mouse models of neuropathic 
and inflammatory pain. The focus of these studies has been on 
developing refinement through analgesic treatment in connection 
with surgical induction or during model development. Further-
more, focus has been on identifying more sensitive parameters, 
in order to recognize impaired welfare at an earlier stage. The 
present talk will present an overview of the results and conclu-
sions of these and other related studies. It can be concluded that 
analgesic treatment can be applied to these models without com-
promising the validity of the model in many cases. In addition, 
it can be concluded that there is still a great need for identifying 
novel welfare parameters that are sensitive enough to detect early 
changes in welfare impairment, which is necessary for develop-
ing future refinement strategies.
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Re-homing rodents –  
A university perspective
Paulin Jirkof
University of Zurich, Zurich, Switzerland
paulin.jirkof@uzh.ch 

Although re-homing former laboratory animals, such as cats 
and dogs, has been practiced in some laboratories on a volun-
tary basis for decades and some national recommendations for 
the placement of laboratory animals exist, efforts to re-home lab-
oratory animals have been further stimulated by the publication 
of Directive 2010/63/EU in the EU Member States. For Swit-
zerland, there is currently no national recommendation on the 
re-homing of laboratory animals.

While there are some well-known re-homing programs for cats 
and dogs, the re-homing of smaller laboratory animals such as 
rodents, on the other hand, is less well known. In autumn 2018, 
a collaboration between the Swiss Animal Protection (SAP/STS) 
and the University of Zurich resulted in a re-homing project with 
the aim of giving rodents and rabbits from animal experiments 
a new life in private homes. For experimental and legal reasons 
not all laboratory animals can be re-homed after the experiments. 
However, until now more than 200 rabbits, rats and mice have 
already been successfully re-homed. The re-homing project re-
ceives great support from the experimental animal husbandries 
and the research groups involved.

In this talk, I will present the prerequisites, challenges and po-
tential of the UZH rodent re-homing program.
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Overview of new approaches  
in biomedical research –  
The BioMed21 collaboration
Lindsay Marshall
The Humane Society of the United States/Humane Society International, 
Washington, DC, United States
lmarshall@hsi.org 

Drug development is broken. The current animal-based research 
methods used through the drug development pipeline can take up 
to ten years and millions of pounds to develop a single pharma-
ceutical. Even then, there is a more than 95% failure rate in hu-
man trials- the majority for reasons of unexplained toxicity, safe-
ty or lack of efficacy. This is a highly inefficient model that has 
seen the number of new drugs reaching the market plummet in 
recent years and leaves us at risk of a drugs drought unless we re-
vise the testing paradigm.

The biomedical research for the 21st century (BioMed21) col-
laboration aims to accelerate the paradigm shift. BioMed21 was 
borne out of a 2015 review publication authored by a diverse, 
international group of stakeholders representing animal protec-
tion, research funding, academic, regulatory, corporate, and other 
communities. This need for change was catalyzed by the scien-
tifically valid, human-relevant principles of the Tox21 initiative 
that envisioned a toxicity testing system using computational bi-
ology and other in vitro-based assay systems.

This presentation will discuss the translational limitations of 
the current paradigm in biomedical research and drug discovery, 
illustrating that the need for change lies in the development and 
application of more human relevant, human predictive systems. 
It will cover the ways in which the BioMed21 collaboration are 
intervening to enable this paradigm shift and introduce case stud-
ies of different human conditions as examples of where and how 
the modern human-relevant tools may be used to offer more in-
sight into disease progression and pathogenesis than continued 
reliance on animal models could ever do.
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Potential refinement of animal 
models of neuropathic  
and inflammatory pain
Klas Abelson
University of Copenhagen, Copenhagen, Denmark
klasab@sund.ku.dk 

The use of animal models in research for understanding mecha-
nism and identify potential treatment targets of pain is necessary 
at present. This is indeed problematic from an ethical and animal 
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Is wildlife research “second-rate 
science”? What can  
lab animal and field scientists 
learn from one another?
Adrian Smith
Norecopa, Oslo, Norway
adrian.smith@norecopa.no 

There are fundamental differences between research carried out 
on companion, farm and lab animals and that performed on wild-
life, where the period of interaction is often very short, albeit in-
tense. We instinctively acknowledge our responsibilities for cap-
tive animals from birth until death. Our responsibility for the 
welfare of animals used in wildlife research, on the other hand, 
is generally considered to be much more limited: the natural laws 
of predation and disease run their course, both before and after 
our interventions. However, it is in scientists’ own interests to 
ensure that interventions such as tagging and collaring following 
this short period of captivity cause negligible effects on animal 
welfare, to avoid invalidating the study data.

To a wildlife researcher, the 3R principles were very clearly 
developed in another scientific era and for use on traditional lab-
oratory animals. The question is whether the comprehensive eth-
ical and practical guidance which we have developed, not least 
after the advent of EU Directive 2010/63, for use on captive an-
imals can be transferred without further adjustments to wildlife.

This presentation will examine the extent to which wildlife re-
searchers have implemented the principles embodied in the 3Rs, 
and challenges that arise in complying with legislation such as 
Directive 2010/63. The aim of the presentation is to discuss how 
we can contribute to better mutual understanding between scien-
tists, enhanced animal welfare and more valid research. It will al-
so give an overview of the guidance which has been identified by 
international consensus meetings on wildlife research arranged 
by Norecopa and others (https://norecopa.no/meetings).
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Artificial intelligence for drug safety 
and biomarker development
Weida Tong
NCTR/FDA, Jefferson, AR, United States
weida.tong@fda.hhs.gov 

Artificial intelligence (AI) is a broad concept of training machines 
to think and behave like humans. It consists of a wide range of 
statistical and machine leaning approaches with a specific empha-
sis on learning from the existing data/information to predict fu-
ture outcomes. The concept of AI was introduced back in 1950s 
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NORECOPA: A hub of 
international 3R resources
Adrian Smith
Norecopa, Oslo, Norway
adrian.smith@norecopa.no 

The incorporation of the 3Rs in national legislation in many 
countries, the recent emergence of many new 3R Centres and So-
cieties, and current concerns about the validity, reproducibility 
and translatability of animal research, have all created a need for 
easy access to information about 3R institutions and quality-con-
trolled resources which can advance the 3Rs.

Norecopa (https://norecopa.no) has proved to be in an ide-
al position to perform this task, with its experience in database 
construction, 3R resource dissemination and networking in the 
international research animal community since the early 1990’s. 
Funding from external sources made it possible to construct a 
state-of-the-art website, launched in 2016, which merged ma-
ny individual resources into one, searchable, database, current-
ly with over 9,000 pages. The metrics for this website, with over 
300,000 page views in 2020, suggest that the service is valued 
worldwide.

This presentation will describe some of the latest initiatives 
conducted by Norecopa and its collaborators to collate and dis-
seminate information on best practice and the 3Rs. These in-
clude:
An interactive map of global 3R Centres, with links to each  
Centre;
– A Refinement Wiki, where registered users can publish details 

of refinements of animal care and use;
– The website of the International Culture of Care Network;
– The PREPARE guidelines for planning animal experiments, 

with a checklist which is now available in 25 languages;
– Integration of 3R resources produced by the EU Commission;
– A compilation of severity classification systems, making it 

easier to compare and decide upon the level of procedure se-
verity when planning or reporting animal studies;

– Detailed newsletters issued 7-8 times a year, with information 
about the latest developments within the 3Rs worldwide.
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Monitoring of severity 
and implementation of 
refinement measures in DSS 
induced colitis in mice
Paulin Jirkof and Michaela Thallmair
University of Zurich, Zurich, Switzerland
paulin.jirkof@uzh.ch 

Animal models of colitis are used to explore the underlying patho-
genesis of inflammatory bowel diseases (IBD) and to develop thera-
pies for the treatment of IBD in humans. Human IBD patients report 
reduced well-being and pain, it therefore can be assumed that this 
condition is also burdening and painful in laboratory animals. When 
performing animal experiments for IBD research, particular empha-
sis should therefore be given to the monitoring of pain and distress 
as well as to the implementation of adequate refinement measures.

For a systematic analysis of the implementation and reporting of 
these refinement measures we performed a systematic literature re-
view on the reporting of details of the DSS induced colitis model, 
measures to reduce bias and information on clinical monitoring, re-
finements and humane endpoints.

In general, reporting of many of these important aspects was 
poor, indicating that this research field has yet to adopt reporting 
guidelines such as ARRIVE, the Gold Standard Publication Check-
list or the colitis methods checklist (Bramhall et al., 2015). While 
many studies used the common disease activity index (DAI) for 
monitoring of colitis progression, other available severity assess-
ment tools were rarely used and refinement measures like analgesia 
were omitted in virtually all studies due to concerns of pharmaco-
logical side effects.

We conclude that there is a need for evidence based severity as-
sessment and refinement of DSS induced colitis mouse models.

Reference
Bramhall, M., Florez-Vargas, O., Stevens, R. et al. (2015). Qual-

ity of methods reporting in animal models of colitis. Inflamm 
Bowel Dis 21, 1248-1259
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Systemic toxicity predictions using 
in vivo and in silico approaches
Richard Judson
US EPA, Research Triangle Park, NC, United States
Judson.Richard@epa.gov 

New approach methodologies to traditional animal testing are 
currently being developed and evaluated for use in chemical 
safety risk assessment. One important goal is to predict systemic 

and its critical role in a broad range of application has yet been 
realized. In this presentation, the basic concept and methodolo-
gies of AI will first be introduced. The discussion will then be di-
rected to apply AI for drug safety and biomarker development. 
With examples from prediction of drug induced liver injury and 
gene expression based predicative models, the lessons-learned 
and guiding principle will be discussed with respect implement-
ing best practice of AI in risk assessment and clinical application. 
The rise of AI has offered both opportunities and challenges to 
regulatory agencies. Therefore, the presentation will also touch 
on the perspectives of using AI in regulatory science regarding (1) 
how to assess and evaluate AI-based products and (2) how to de-
velop and implement AI-based application to improve the agen-
cies’ functions.
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Inter-laboratory variability in 
behavior-based severity assessment
Paulin Jirkof
University of Zurich, Zurich, Switzerland
paulin.jirkof@uzh.ch 

Evidence-based severity assessment is essential as a basis for 
ethical evaluation in animal experimentation to ensure animal 
welfare, legal compliance and scientific quality. To fulfil these 
tasks scientists, animal care and veterinary personnel need as-
sessment tools that provide species-relevant measurements of the 
animals’ physical and affective state.

In a three-center study inter-laboratory robustness of body 
weight monitoring, mouse grimace scale (MGS) and burrowing 
test were evaluated. The parameters were assessed in naıve and 
tramadol treated female C57BL/6J mice.

During tramadol treatment a body weight loss followed by an 
increase, when treatment was terminated, was observed in all lab-
oratories. Tramadol treatment did not affect the MGS or burrow-
ing performance. Results were qualitatively comparable between 
the laboratories, but quantitatively significantly different (in-
ter-laboratory analysis). Burrowing behavior seems to be highly 
sensitive to inter-laboratory differences in testing protocol. All lo-
cations obtained comparable information regarding the qualitative 
effect of tramadol treatment in C57BL/6J mice, however, datasets 
differed as a result of differences in test and housing conditions.

In conclusion, our study confirms that results of behavioral 
testing can be affected by many factors and may differ between 
laboratories. Nevertheless, the evaluated parameters appeared 
relatively robust even when conditions were not harmonized ex-
tensively and present useful tools for severity assessment. How-
ever, analgesia-related side effects on parameters have to be con-
sidered carefully.
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data are not related to the drug candidate and thus pose no IP is-
sues, control group data can be shared without restrictions.

Participating companies have started to collect control group 
data for subacute (4-week) GLP studies with Wistar rats (the 
strain preferentially used in Europe) and are analyzing these data 
for its variability. In a second step, the control group data will be 
shared among the companies and cross-company variability will 
be investigated. In a third step a set of studies will be analyzed to 
assess whether the use of VCG data would have influenced the 
outcome of the study compared to the real control group.

Reference
Eichler, H.-G. and Sweeney, F. (2018). Clin Trials 15, Suppl 1, 

27-32. doi:10.1177/1740774518755058 
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Establishment of a developmental 
neurotoxicant screening using  
SOX1-GFP mouse embryonic stem cells
Seon Mi Park, Sunhwa Jeong, Jae-Hwan Lee,  
Dinh Nam Tran, Eui-Man Jung and Eui-Bae Jeung
Laboratory of Veterinary Biochemistry and Molecular Biology, College  
of Veterinary Medicine, Chungbuk National University, Cheongju-si,  
South Korea
ebjeung@chungbuk.ac.kr 

Developmental toxicity tests have been made by embryonic stem 
cell tests at the European Centre for the Validation of Alternative 
Methods or by embryonic body test in our laboratory (Hong et 
al., 2015). However, no neuronal-specific developmental toxici-
ty test has been made yet. Therefore, this study was carried out 
using a Sox1-GFP mouse embryonic stem cells to exploit the de-
velopmental neurotoxicity test. The expression of Sox1, a marker 
for neural progenitor, can be detected by green fluorescence and 
the fluorescence density is a critical factor to achieve neuronal dif-
ferentiation (Li et al., 2009). Sox1-GFP mouse embryonic stem 
cells were treated for 24 hours with 5-fluorouracil, bisphenol A, 
chlorpyrifos, clioquinol, diazinon, hydroxyurea, lead acetate and 
nicotine as developmental neurotoxicants, or saccharin, sodium 
bicarbonate, sodium gluconate, and penicillin G as non-neurotox-
icants. CCK-8 assays were performed to determine IC50 values 
after 48 hours of chemical treatment. The fluorescence intensity 
of GFP was measured after 4 days of treatment with cells using an 
automated digital microscope. Through CCK-8 assay, IC50 values 
of developmental neurotoxicant chemicals were obtained, where-
as non-neurotoxicant chemicals showed low effects (Liang et al., 
2019). In addition, the fluorescence intensity of GFP was not de-
creased with non-neurotoxicants. However, neurotoxicants de-
creased the fluorescence intensity of GFP at higher concentrations. 
This decrease of fluorescence intensity indicates that the neuronal 
differentiation of Sox1-GFP mouse embryonic stem cells is inhib-
ited by the chemicals. Taken together, this study produced a mod-

points of departure (PODs), such as BMDs or LOAELs without 
using animals. This talk will summarize methods being devel-
oped at the EPA using in vitro to in vivo extrapolation (IVIVE) 
and in silico QSAR methods. In the IVIVE approach, one mea-
sures the lowest in vitro concentrations at which bioactivity is 
seen using high-throughput screening assays or various high 
content approaches such as transcriptomics or cell imaging as-
says. These are converted to in vivo equivalent values using high 
throughput toxicokinetics methods. A comparison between the 
IVIVE and animal-based PODs shows that this IVIVE method 
is health conservative in most cases (90-95% of chemicals). New 
QSAR methods will also be presented both for directly predict-
ing PODs and for predicting the IVIVE toxicokinetics parame-
ters, which are typically the most difficult to measure in vitro. 
Because of the health protective and high-throughput proper-
ties of these methods, they are ideally suited for initial screening 
and prioritization applications in chemical risk assessment. This 
work does not reflect the official policy of the US EPA.
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Towards virtual control  
groups for animal toxicity studies –  
An eTRANSAFE initiative
Thomas Steger-Hartmann1, Francois Pognan2,  
Ferran Sanz3, Carlos Diaz4, Lea Vaas1 and  
Annika Kreuchwig1
1Bayer AG, Pharmaceuticals, Berlin, Germany; 2Novartis Institute of 
Biomedical Research, Basel, Switzerland; 3Institut Hospital del Mar 
d’Investigacions Mèdiques, Universitat Pompeu Fabra, Barcelona, Spain; 
4Synapse Research Management Partners, Barcelona, Spain
thomas.steger-hartmann@bayer.com 

Sharing legacy data from in vivo toxicity studies offers the opportu-
nity to analyze the variability of control groups stratified for strain, 
age, duration of study, vehicle and other experimental conditions.

Historical animal control group data may lead to a repository, 
which could be used to construct virtual control groups (VCGs) 
for toxicity studies. VCGs are an established concept in clinical 
trials (Eichler and Sweeney, 2018), but the idea of replacing liv-
ing beings with virtual data sets has so far not been introduced in-
to the design of animal studies.

Given the fact that toxicity studies usually consist of three dose 
groups plus one control group, the use of VCGs has the potential 
for a 25% reduction in animal use. Provided regulatory accep-
tance can be achieved, this would represent the biggest reduction 
initiative in pharmaceutical toxicity testing.

Prerequisites for such an approach are the availability of large 
and well-structured control data sets as well as thorough statis-
tical analyses. The IMI projects eTOX and eTRANSAFE have 
laid the foundation for data sharing among the pharmaceutical 
industry. Efforts are now being undertaken to share control an-
imal data also from confidential data sets. Since control animal 
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characterization and assessment. Furthermore, potential thera-
peutic intervention points are also revealed as the effector mole-
cules of their actions are precisely identified.

Presentation: Oral

37

E-learning resources to support 
training for project evaluation, 
project and procedure design, and 
severity assessment framework
Paul Flecknell1, Jon Gledhill2, Tim Morris3 and  
Peter Nowlan4
1Flaire Consultants Ltd, Newcastle upon Tyne, United Kingdom; 
2Envelope Design, Newcastle upon Tyne, United Kingdom; 3Scientalis Ltd, 
London, United Kingdom; 4LAST-Ireland, Dublin, Ireland
paul@flaireconsultants.com 

Effective and consistent implementation of EU Directive 
2010/63 requires appropriate training of all those with respon-
sibilities for the use of animals in research. Although training of 
those conducting procedures has been implemented with moder-
ate success, other areas of training have shown less consistency. 
In particular, training of those with responsibilities for the Proj-
ect Evaluation process has yet to be established in some member 
states, and the availability of training courses in study design var-
ies considerably.

A key element of the Directive is the assessment of severity, 
however no specific training module and learning outcomes have 
been developed for this critical area.

Developing such training is challenging and resource inten-
sive. To provide resources to support all those involved in the 
process, and to encourage a consistent approach amongst mem-
ber states, the Commission is supporting the development of a 
series of E-learning programs. These will support training in 
Project Design (EU10 and 11), Project evaluation (EU 25) and in 
Severity Assessment (EU 12).

Learning outcomes for the new module in Severity Assessment 
have been developed. Three linked modules to support training 
in this area, together with modules for EU10, 11 and 25 have un-
dergone expert external review and user-testing. Final versions 
of the modules (9 in total) were launched in early 2021 and are 
freely available via the ETPLAS web platform.

We consider that the European Commission’s provision of 
these modules will encourage a more consistent approach to the 
development and evaluation of Project applications and promote 
harmonization of the harm:benefit analysis. One of the key goals 
in our development of these resources is to make them accessible 
to all those with responsibilities in these areas and to encourage 
incorporation of all three “Rs” into the design and evaluation of 
studies that involve the use of animals.
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el of the developmental neurotoxicity tests used embryonic stem 
cells that may use to evaluate the toxicity of new chemicals or new 
candidate drugs.
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Phenotype-based mechanistic studies 
for the assessment of drug safety and 
drug-drug interactions in zebrafish: 
Efficacy of dietary supplements
Jyotshna Kanungo
National Center for Toxicological Research/US FDA, Jefferson, AR,  
United States
jyotshnabala.kanungo@fda.hhs.gov 

Zebrafish embryos are routinely used in chemical toxicity as-
sessments and are considered excellent pre-clinical models. For 
mechanistic studies, zebrafish embryos are better suited than 
higher order vertebrates since the embryos can be treated with a 
number of drugs at once and the phenotypic changes in response 
are quick and visible. In our studies, in addition to organ-specific 
toxicities, manifestations of drug-drug interactions arising from 
the use of combination drugs can be monitored in vivo in zebraf-
ish. Live monitoring of multiple organ/tissue toxicities, such as 
cardiotoxicity and neurotoxicity, is an advantage since the em-
bryos/larvae are transparent. Analyses of key enzymes involved 
in drug metabolism, such as the cytochrome P450 family (CYP) 
members, help further the understanding of the role of drug me-
tabolism in the expression of various toxicities. Several drugs, 
such as ketamine, verapamil, and cyclosporine A show effects 
(alone or in combination with other drugs) in these embryos that 
are similar to those in humans. Importantly, the modes of action 
using phenotypic, biochemical and genomic approaches can be 
elucidated using these embryos. Subsequently, such findings have 
enabled the prevention of the adverse effects by co-treatment with 
dietary supplements (e.g., acetyl l-carnitine and N-acetylcyste-
ine). Our studies provide clues as to how the adverse outcomes 
of these drugs might occur in humans, thus leading to better risk 
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vesting in animal monitoring and structured review of records. 
This can create some issues that need further consideration, e.g., 
increased monitoring of animals can cause harms; additional re-
sources may be required; and indicators may be more difficult to 
interpret in aged animals. Local committees, such as Animal Wel-
fare Bodies, Animal Care and Use Committees and ethics com-
mittees, can help to implement initiatives to avoid mortality and 
address any wider ethical implications that may arise.

Reference
Hawkins, P., Brookes, S., Bussell, J. et al. (2019). Avoiding mor-

tality in animal research and testing. RSPCA. ISBN: 978-0-
901098-17-7. https://tinyurl.com/AvoidMort 
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The Animal Welfare Body –  
How are we doing
Norbert Stockhofe-Zurwieden
Wageningen UR, Lelystad, The Netherlands
Norbert.Stockhofe@wur.nl 

In the presentation “The Netherlands AWB network” a reflec-
tion on the activities of the AWBs in the Netherlands, the nation-
al AWB platform, and its role in discussions with the National 
Center of advice on animal experiments (NCAD), the Dutch Au-
thorities for Scientific Procedures on Animals and the Transition 
of Animal Free Innovation will be presented. This presentation is 
part of the AWB workshop and will inform about the initiatives of 
the AWB platform to promote the 3Rs and specifically the efforts 
on alternative methods.
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Exploiting safety data  
shared by pharmaceutical industry:  
The eTRANSAFE project
Manuel Pastor1,2, Francois Pognan3, Ferran Sanz1,2 
and Thomas Steger-Hartmann4
1Department of Experimental and Health Sciences, Universitat Pompeu 
Fabra, Barcelona, Spain; 2Institut Hospital del Mar d’Investigacions 
Mèdiques (IMIM), Barcelona, Spain; 3Novartis Pharma AG, Basel, 
Switzerland; 4Bayer AG, Pharmaceuticals, Berlin, Germany
manuel.pastor@upf.edu 

The pharmaceutical industry is one of the sectors generating 
comprehensive high-quality safety assessment data. Recent-
ly, the value of these data has been recognized and different ini-

38

Interactive discussion – 
How are we doing?
Penny Hawkins
RSPCA, Southwater, United Kingdom
penny.hawkins@rspca.org.uk 

Directive 2010/63/EU requires that every establishment using, 
breeding or supplying animals for research and testing has an An-
imal Welfare Body (AWB). The AWB has a number of tasks re-
lating to setting up and reviewing operational processes that have 
a bearing on animal welfare, following the development and out-
come of projects, and rehoming animals. Two especially import-
ant AWB roles are to advise on animal welfare and the Three Rs.

This interactive discussion session will allow participants to re-
flect on how effectively different countries and institutions have 
implemented the AWB, including what is working well; whether 
there are outstanding challenges and how these could be addressed; 
and what kind of networks have been established in different coun-
tries to help communicate and share good practice between AWBs.
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Avoiding mortality during procedures
Penny Hawkins
RSPCA, Southwater, United Kingdom
penny.hawkins@rspca.org.uk 

This presentation will provide an overview of approaches to 
avoiding unexpected mortality in animals undergoing regulated 
procedures, as set out by a multidisciplinary working group con-
vened by the RSPCA, UK Laboratory Animal Science Association 
(LASA) Laboratory Animals Veterinary Association (LAVA) and 
Institute of Animal Technology (IAT) (Hawkins et al., 2019).

Avoiding mortality was addressed as part of the RSPCA-led 
“Focus on Severe Suffering” initiative. This is because actual se-
verity is assumed in EU law to be “severe” if an animal is found 
dead, and the death is likely to be due to the procedure (unless an 
informed decision can be made that the animal did not suffer se-
verely before death). The full resource addresses three main cat-
egories of mortality:
– unpredicted mortality in stock animals held for future breed-

ing or experimental use;
– predictable mortality of animals, e.g., in some regulatory toxi-

cology studies; and
– unexpected mortality in animals undergoing procedures.
The talk will focus on avoiding mortality during procedures, pro-
viding examples of approaches including reviewing welfare as-
sessment, undertaking pilot studies, improving staff training, in-
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ty Assessment for Agrochemicals Project (ReCAAP) to evaluate 
the appropriateness of waiving rodent bioassays for the registra-
tion of food-use pesticides. This presentation will provide case 
study examples of carcinogenicity waivers formulated through 
a weight of evidence-based (WoE) approach. The WoE includes 
information on pesticide exposure, mode-of-action, physiochem-
ical properties, and sub-chronic toxicological data from defined 
endpoints. This effort has established criteria for when the mouse 
and/or rat cancer bioassay can be waived while ensuring that pes-
ticide human health risk assessments are protective.
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Enabling chemical substance data 
integrative analysis and applications
Nina Jeliazkova1 and Bruno Hubesch2
1Ideaconsult Ltd. Bulgaria, Sofia, Bulgaria; 2European Chemical Industry 
Council, Brussels, Belgium
jeliazkova.nina@gmail.com 

The publicly accessible chemical databases generally associ-
ate chemical substances with single structures and do not pro-
vide easily accessible data on substance identity and composition. 
Cefic’s Long-Range Research Initiative (LRI) AMBIT software 
enable the representation of chemical substances in real indus-
try conditions. The AMBIT tool is available online and is load-
ed with non-confidential REACH data supplied by the European 
Chemicals Agency (ECHA). The AMBIT data model also sup-
ports nanomaterials, and enabled integration of large data sets of 
nanosafety data through eNanoMapper database. Experiences and 
approaches towards data harmonization and data interpretation in 
the context of diverse data sources are presented. AMBIT user 
friendly web interface and REST API enable web browser and 
programmatic access to the data, laying the foundation towards 
multifaceted analysis through modern machine learning methods 
and building specific toxicology application as read-across.
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IATA as an opportunity for next 
generation risk assessment
Gladys Ouedraogo
L’Oréal Research & Innovation, Aulnay-sous-Bois, France
gladys.ouedraogo@rd.loreal.com 

Safety assessment of cosmetics can no longer be performed by gen-
erating new animal studies in Europe. To address this, initiatives 
based on the use of new approach methodologies (NAMs) in expo-

tiatives have started to mine this valuable resource (Sanz et al., 
2017). The process for exploiting legacy safety assessment data 
starts with their collection from multiple sources but requires the 
application of knowledge management and integration tools be-
fore it can be used for practical purposes. Here we will introduce 
eTRANSAFE, an ongoing IMI2/JU funded project bringing to-
gether 12 pharmaceutical industries, 6 SMEs and 8 academic in-
stitution for collecting and exploiting this kind of data.

eTRANSAFE is developing an integrative data infrastructure 
supporting the application of computational methods and tools. 
The data collected can be retrieved, visualized, and analyzed in 
multiple ways to answer multiple relevant questions. One of the 
most ambitious goals is to use this information to improve the re-
liability of translational drug safety assessment. With this aim, 
the project is collecting both preclinical and clinical data and 
mapping the information collected in either domains. The knowl-
edge platform being developed by the eTRANSAFE project con-
tains all the data in an integrated form as well as advanced tools 
for data extraction, visualization and analysis. Beyond the sim-
ple collection of findings, the project is incorporating mechanis-
tic information as a key strategy to improve the translatability 
between species and better understand the ability of preclinical 
studies to predict clinical outcomes. Eventually, such a systemat-
ic approach might contribute to the avoidance of animal studies 
lacking predicitivity. In addition, the data will be further exploit-
ed with the help of machine learning and deep learning methods 
for translating knowledge into mathematical models and produce 
reliable predictions for novel compounds.

Funding: This project has received funding from the Innovative 
Medicines Initiative 2 Joint Undertaking (IMI2/JU) under grant 
agreement No 777365 (eTRANSAFE).

Reference
Sanz, F., Pognan., F., Steger-Hartmann, T. et al. (2017). Lega-

cy data sharing to improve drug safety assessment: The eTOX 
project. Nat Rev Drug Discov 16, 811-812. doi:10.1038/
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ReCAAP: Carcinogenicity waivers 
for food-use pesticide registration
Gina Hilton
PETA Science Consortium International e. V., Stuttgart, Germany
ginah@thepsci.eu 

Reviews of the rodent cancer bioassay over the past 40 years 
have raised questions about its relevance and regulatory need to 
assess risk to human health. As a result, a working group com-
prised of experts from government, industry, and non-govern-
ment organizations have formed the Rethinking Carcinogenici-
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ist to measure all key events in the AOP, though no single in vitro 
method has been deemed adequate for replacing the animal da-
ta requirement to date. Driven by regulatory restrictions on ani-
mal testing for cosmetics ingredients, multiple in-house integrat-
ed approaches to testing and assessment (IATAs) emerged. As the 
information sources and data interpretation procedures become 
fixed, the IATA can evolve into a Defined Approach (DA) and 
may be harmonized and covered by the OECD agreement on the 
Mutual Acceptance of Data. Based on an evaluation of the perfor-
mance of DAs against a large set of animal and human reference 
data, the DAs may be more predictive of the human response than 
the “gold standard” animal tests. This would be the first interna-
tionally harmonized guideline that uses alternative approaches in 
combination to replace an in vivo data requirement for regulatory 
purposes. This is also a model of how future guidelines for more 
complex endpoints may be developed.
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A North American regulatory 
perspective on skin sensitization 
risk assessment
Nicole Kleinstreuer
NIEHS/NICEATM, Research Triangle Park, NC, United States
nicole.kleinstreuer@nih.gov 

Numerous non-animal alternatives for skin sensitization assess-
ment have been developed and are at various stages of evalua-
tion (Ezendam et al., 2016). Because skin sensitization is a com-
plex process, it is unlikely that any individual alternative meth-
od will completely replace current animal tests, and even the in 
vitro and in chemico methods that have been adopted as inter-
national test guidelines are not yet recommended as stand-alone 
replacements for animal test methods. Thus, a number of ap-
proaches to integrate the information from multiple non-animal 
methods as a way to overcome the limitations of individual tests 
and more accurately assess the potential for skin sensitization 
have been evaluated and compared to one another (Kleinstreuer 
et al., 2018). These approaches, which preclude the use of ex-
pert judgement by applying fixed data interpretation procedures 
to specific data streams, are referred to as “defined approaches” 
or “DAs.” These DAs use combinations of non-animal tests that 
align with key events in the adverse outcome pathway for skin 
sensitization. Certain DAs go beyond the binary and categorical 
hazard/potency predictions and provide quantitative information 
that can be used to derive points of departure for risk assessment 
applications. Their application is being investigated by regulato-
ry authorities and will be discussed here.
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sure-centric and hypothesis driven approaches are led by the cos-
metic sector. The purpose of the assessment is to be protective of 
human health as stated in the principles developed by the Interna-
tional Cooperation on Cosmetics Regulation (ICCR, Dent et al., 
2018). In line with these principles, an Integrated Approach to Test-
ing and Assessment (IATA) from the European framework project 
– SEURAT1 – (Berggren et al., 2017; OECD Series on Testing & 
Assessment No. 275, 2017) was utilized in a next generation risk 
assessment case study. The case study focused on the use of propyl-
paraben as a preservative in cosmetics. The approach in this case 
study entailed a “learning by doing” exercise which was designed 
to assess the value added by NAMs in safety assessments based on 
read-across. The objectives were to test the methodology and eval-
uate how data can be applied in decision making. The problem for-
mulation in this assessment was an assumed data gap for repro-
ductive toxicity for propylparaben (available experimental animal 
reproductive toxicity data were purposefully not taken into consid-
eration). A tiered approach was employed to assess the reproduc-
tive toxicity hazard associated with dermal exposure to propyl par-
aben in cosmetics. NAMs were utilized to support the read-across 
hypothesis and to inform human-relevant risk assessment and sup-
port decision making. This NAM-based IATA approach facilitated 
testing or modification of read across hypotheses and supported the 
assessment of analogue chemical(s). Efforts are currently under-
way to continue to evolve read across in this direction. The case 
study was led in collaboration by a working group of members of 
the Cosmetics’ Europe Long Range Science Strategy – LRSS – and 
the Horizon 2020 EU-ToxRisk consortium.
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assessment workflow based on exposure considerations and 
non-animal methods.
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Building an AOP-driven 
defined approach guideline
Nicole Kleinstreuer
NIEHS/NICEATM, Research Triangle Park, NC, United States
nicole.kleinstreuer@nih.gov 

Skin sensitization provides a rare example where 1) the full AOP 
has been described, and 2) multiple validated in vitro methods ex-
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The effect of mechanical 
loading in a bone-on-a-chip
Frank Schulze1,2, Julia Scheinpflug1,2  
and Marlon Schneider1,2
1German Federal Institute for Risk Assessment, Berlin, Germany;  
2German Centre for the Protection of Laboratory Animals, Berlin, Germany
frank.schulze@bfr.bund.de 

Conventional 2D cell culture, although of immense value in re-
search, is strongly limited in recreating tissue-specific parame-
ters. One possible way to overcome these shortcomings without 
relying on animal testing is the use of microfluidic organ-on-chip 
systems to recreate physiology of the tissue of interest and to 
co-culture different cell types in 2D or 3D (Kodzius et al., 2017). 
Bone is characterized by a constant resorption and formation of 
new tissue in response to external cues such as mechanical load, 
a process termed remodeling (Scheinpflug et al., 2018). There-
fore, a bone-on-a-chip system that enables mechanical loading of 
a 3D organoid was established in this project. In a initial step, it 
was assessed whether application of a cyclic mechanical loading 
protocol (1Hz, 10% strain) is osteoinductive in our bone-on-a-
chip system. For this, a collagen scaffold loaded with osteoblasts 
(OBs) is cultured for seven days under mechanical load and per-
fusion. To investigate energy metabolism and osteogenic activi-
ty, daily sampling of culture media and endpoint analysis of the 
cell-laden scaffold were performed. Mechanical loading in the 
bone-on-a-chip indeed induces osteogenesis in OBs when com-
pared to unloaded cells. This is demonstrated by an elevated ac-
tivity of alkaline phosphatase (ALP) and an increase in extracel-
lular inorganic phosphate. Furthermore, the transcription of the 
osteogenic marker RUNX2 is elevated when mechanical load-
ing is applied. OBs that undergo osteogenesis, perform addition-
al aerobic glycolysis to match their high energy demand and also 
provide pyruvate as a precursor for collagen synthesis. Elevat-
ed levels of lactate and an increase in glucose consumption was 
detected, while the actual metabolic activity in the mitochondria 
was not affected upon mechanical loading, indicating addition-
al aerobic glycolysis. It can therefore be concluded that the im-
plementation of defined and dynamic mechanical loading in the 
bone-on-the-chip was successful.
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Applying in vitro to in vivo 
extrapolation to NAM-derived PODs
Nicole Kleinstreuer
NIEHS/NICEATM, Research Triangle Park, NC, United States
nicole.kleinstreuer@nih.gov 

In vitro to in vivo extrapolation (IVIVE) enables estimation of 
an equivalent administered in vivo dose based on an in vitro ac-
tivity concentration. IVIVE facilitates risk assessment applica-
tions for new approach methodologies (NAMs) by relating in 
vitro assay activity concentrations, such as points of departures 
(PODs), to potential in vivo exposures and observed effects. Ma-
ny tools for IVIVE analysis are neither freely available nor easy 
to use by individuals with little computational training. To ad-
dress this challenge, the National Toxicology Program Interagen-
cy Center for the Evaluation of Alternative Toxicological Meth-
ods (NICEATM) has developed an online tool for IVIVE anal-
ysis that is publicly available through the Integrated Chemical 
Environment (ICE). Leveraging the US EPA’s high-throughput 
toxicokinetics (httk) models, the ICE IVIVE tool brings together 
curated and annotated in vitro data, quantitative structure activi-
ty relationship (QSAR) predictions for key parameters, and phar-
macokinetic (PK) models of varying complexity to predict corre-
sponding in vivo exposures. Users can select in vitro data housed 
in ICE or input their own data for IVIVE analyses. Available 
PK models for various exposure routes include a one-compart-
ment PK model and multi-compartment physiologically based 
PK models, parameterized with experimental or QSAR-predict-
ed values for plasma protein binding and intrinsic clearance. In 
summary, the ICE IVIVE tool is accessible to a diverse stake-
holder community and provides an optimized approach for using 
in vitro data to quantitatively predict in vivo effects.
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Cosmetic Europe case studies 
exploring alternatives  
to systemic toxicity testing
Catherine Mahony
Procter & Gamble, Egham, United Kingdom
mahony.c@pg.com 

Cosmetics Europe case studies have used new approach methods 
(NAMs) in various ways to explore the risk assessment of cos-
metic relevant substances, where animal testing is no longer per-
missible nor desirable. Case studies play a key role in exploring 
the value of NAMs in different types of safety assessment and 
the repeated dose systemic toxicity case studies are examples of 
where NAM has been used in different ways, depending on the 
question that needs to be answered.

In Read Across, untargeted and targeted NAMs have helped 
to strengthen the identification of suitable substances for read 
across, increasing confidence in the NOEL used as a POD for the 
risk assessment. NAMS have also been used to inform on rela-
tive potency of analogue mode of action and to predict internal 
exposure in both human and animal studies allowing for a risk 
assessment approach based on internal exposures of the human 
versus the animal study.

In a laudable effort to move away from the use of animal da-
ta to assess safety of a new cosmetic ingredient a broad screen-
ing battery of NAM are being explored to identify a POD for 
the ab initio risk assessment as well to characterize the internal 
dose metrics associated with a given exposure scenario. This ap-
proach offers promise for well-defined exposure scenarios but in 
absence of a deeper understanding of modes of toxicity and how 
interactions at the molecular level can lead to adverse outcomes 
it still remains a grand challenge to move away from reliance on 
animal data in any shape or form in the field of repeated dose sys-
temic toxicity.
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Hinduism and cultural differences 
and similarities in thinking 
about animal welfare and the 
use of animals in science
Vijay Pal Singh
CSIR Institute of Genomics and Integrative Biology, Delhi, India
vp.singh@igib.in 

Animal welfare often means different things to different people, 
and opinions are varied and debates often heated and emotional 
and sometimes have political innuendoes. These Cultural differ-
ence plays a major role in animal welfare in Hinduism as we are 
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Animal-free strategies in food  
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and Engineered Sciences, Den Haag, The Netherlands; 4DSM Nutritional 
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Substantial advances are being made in the development of 
non-animal based methods to assess safety (specifically toxici-
ty) and beneficial effects of foods and food ingredients, includ-
ing QSARs, omics and organs on chips. In the European Union, 
providing evidence on safety or health effects is key before new 
products or claims are allowed on the market. The scientific ev-
idence, generated by the food business operator, is reviewed by 
the European risk assessor EFSA, the European Food Safety Au-
thority. EFSA’s scientific opinion is one of the most important 
factors for the European Commission to allow or deny the prod-
uct or claim on the market. Whereas the submitted scientific ev-
idence often relies on animal tests, these alternative methods to 
assess safety or health benefits have great potential for being 
used in these regulatory scientific assessments. This study shows 
to what extent the current legal requirements in Europe for scien-
tific assessments related to food production give room for imple-
menting these novel methods. Secondly, promising alternatives 
to animal testing for safety and health benefit assessments in 
foods are reviewed, focusing on both relatively straightforward 
approaches that can be used in risk assessment already now but 
also identifying new alternative strategies and approaches. This 
study highlights that various alternatives have future potential for 
being incorporated in scientific assessments for foods, but also 
identifies methods which can be employed in these safety and 
health benefit evaluations already.
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disciplines in dialogue and collaborations and facilitate exchange 
of good practice between life science community stakeholders 
to improve animal welfare and scientific outcome by addressing 
emerging animal welfare issues and mechanisms that share prac-
tices that promote good science, animal welfare and the 3Rs.
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3D scaffold-based neuroblastoma 
model for evaluating cytotoxic  
and miRNA-targeted therapeutics
Olga Piskareva1,2, John C. Nolan1, Caroline Curtin1,2 
and Fergal J. O’Brien1,2
1Department of Anatomy and Regenerative Medicine, RCSI University 
of Medicine and Health Sciences, Dublin, Ireland; 2Advanced Materials 
and Bioengineering Research Centre (AMBER), RCSI and TCD, Dublin, 
Ireland

olgapiskareva@rcsi.ie 

Neuroblastoma is an aggressive paediatric cancer of the sympa-
thetic nervous system. Current therapies are not effective in the 
long term for almost 80% of patients with clinically aggressive 
high-risk disease.

The accurate representation of the tumour architecture and pa-
tient diversity are two primary challenges for paediatric drug de-
velopment, particularly with the limited number of patients eligi-
ble for clinical trials (Nolan et al., 2020).

We aimed to bridge the gap between conventional 2D culture 
and in vivo tumours for neuroblastoma by developing a 3D tis-
sue-engineered platform and exploring its therapeutic relevance 
to genotoxic and targeted drugs.

Chemotherapeutic sensitive Kelly and resistant KellyCis83 
neuroblastoma cell lines were cultured in a 3D in vitro on col-
lagen-based scaffolds containing either glycosaminoglycan or 
nanohydroxyapatite and compared to 2D cell culture and an or-
thotopic murine model (Piskareva et al., 2015). Cells actively in-
filtrated and proliferated over the 21-day timeframe and exhib-
ited physiological activity by secreting CgA demonstrating the 
correlation between cell numbers and concentration of CgA. 
Both cell lines responded to cisplatin, a cytotoxic drug common-
ly used in neuroblastoma treatment, displaying > 100-fold in-
creased resistance to cisplatin treatment when compared to 2D 
cultures, exhibiting chemosensitivity similar to orthotopic xeno-
graft in vivo models (Curtin et al., 2018). The data is in agree-
ment with previous studies reporting a significant increase in 
cancer cell resistance to chemotherapy when grown in 3D when 
compared to their 2D monolayer counterparts in various cancer 
types. The efficacy of cellular uptake and gene knockdown by li-
posomes bearing miR-324-5p was similar in both 2D and 3D in 
vitro culturing models highlighting the proof-of-principle for the 
applicability of this model for validation of miRNA function.

We successfully established and characterised a physiological-
ly relevant, scaffold-based 3D neuroblastoma model, strongly sup-

grown up considering animal as a form of God and the principle of 
AHIMSA (Non-Violence) The concept of AHIMSA first appeared 
in the Rig Veda (ancient Indian collection of Vedic Sanskrit hymns) 
3000 BCE – RIG Veda (X.87.16). No person should kill animals 
who are helpful to all. By serving them, one should obtain heaven 
2500 BCE –Yajur Veda (XII.47). Born of thee, on thee move mor-
tal creatures. Thou bearest them –The biped and quadruped thine, 
O earth, are the five races for whom the sun, as he rises, as he rises, 
spreads his rays. (2000 BCE – Atharva Veda (XII.1.15).

As late as in 1600 there was a Dabra Pinjarapole (Cow shelter) 
which was an inspiration for RSPCA in 1824 followed by Cal-
cutta Society for the Prevention of Cruelty to Animals. Thereaf-
ter passing of the Prevention of cruelty to an animal in 1960 and 
wildlife protection act 1972. So also in 1976 article 51a(g) “It 
shall be the fundamental duty of every citizen of India to protect 
and improve the natural environment including forests, lakes, 
rivers, and wildlife, and to have compassion for all living crea-
tures”. 1986 computer-aided dissection introduced in India. A se-
ries of steps taken from 1996 to 2002 for animal welfare includ-
ing the formation of the Committee for the Purpose of Control & 
Supervision of Experiments on Animals (CPCSEA) implements 
guidelines governing the use of animals in research.

So cultural difference plays a vital role in animal usage which 
is evident from the issue raised until the Supreme Court of India.
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3R initiatives of the pharmaceutical  
industry
Kirsty Reid
EFPIA, Brussels, Belgium
kirsty.reid@efpia.eu 

The European Federation of Pharmaceutical Industries and As-
sociations (EFPIA) represent the pharmaceutical industry oper-
ating in Europe. Through its direct membership of 36 national 
associations and 39 leading pharmaceutical companies and Part-
ners in Research including CROs, we are involved in a number 
of initiatives, which affirm the key principles of the 3Rs and sup-
port animal welfare. As part of this commitment, the European 
pharmaceutical industry promotes these initiatives internally and 
externally.

The presentation will give some insight into how the pharma-
ceutical industry collaborates within the research field recogniz-
ing how the sector operates to meet the requirements to effective-
ly implement the requirements of Directive 2010/63/EU and also 
where researchers and technicians go beyond regulatory require-
ments to develop practices leading to improved animal welfare 
and focused 3Rs efforts in everyday practice. The presentation 
will include information on how we continue to work with reg-
ulators to ensure the fastest possible uptake of new approaches 
that balance increased effectiveness in safety and efficacy assess-
ment and impact on 3Rs and how we engage all stakeholders and 
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A machine-learning and systems 
biology strategy requires 
systematic review to develop 
animal replacement alternatives
Brett Andrew Lidbury1,2 and Merel Ritskes-Hoitinga2
1NCEPH, Research School of Population Health, The Australian National 
University, Canberra, Australia; 2SYRCLE, Department of Health 
Evidence, Radboud UMC, Nijmegen, The Netherlands
brett.lidbury@anu.edu.au 

As an alternative to animal models of human disease, a systems bi-
ology format has been proposed with machine-learning algorithms 
central to identifying and predicting human data patterns associat-
ed with disease outcome (1). While primarily aimed at biomedical 
research, a system has been also proposed for “cell-free” in vitro 
toxicology (2). While validated predictions and associations in a 
range of human data can be identified, systematic reviews are re-
quired to support the ultimate development of this system’s frame-
work into a validated animal replacement alternative.

Based on predictive data patterns, systematic reviews (SR) will 
be designed to investigate the identified compounds and process-
es identified by machine-learning (M-L) at a deeper level, with 
meta-analyses further augmenting these data pipelines. Results 
from SR can then be used to design further M-L experiments, po-
tentially leading to -OMICS investigations on human volunteers, 
to augment the breadth of data available for modelling.

Since M-L generates predictions and associations, SR will be 
crucial to determine mechanisms that underpin the disease/con-
dition of interest, which are required for eventual therapeutic 
translation.

In addition to laboratory and clinical data for M-L, this pre-
sentation and session will consider the benefits of text-mining as 
a tool to enhance the SR process – For example, by identifying 
concepts in the literature that guides the translation of research 
results generated from animal-free models of human disease.
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porting its potential value in the evaluation of chemotherapeutic and 
miRNA-based drugs and investigation of neuroblastoma biology.
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Cell sheet-based myocardial tissue 
engineering for  
animal alternative testing
Tatsuya Shimizu, Daisuke Sasaki and Katsuhisa 
Matsuura
Institute of Advanced Biomedical Engineering and Science, Tokyo 
Women’s Medical University, Tokyo, Japan
shimizu.tatsuya@twmu.ac.jp 

Recent advances in stem cell biology and tissue engineering are 
realizing human tissue model fabrication. Tissue-engineered func-
tional models using human iPS-derived cells have the potential as 
animal alternatives. Now various types of tissue engineering tech-
nologies have been developed. They include scaffold-based tissue 
engineering, bioprinting and spheroid usage. On the other hand, 
as one of the tissue engineering technologies, we have developed 
“cell sheet-based tissue engineering” which utilize cell sheets har-
vested from temperature-responsive culture dishes. We have al-
ready succeeded in fabricating 3-D beating human cardiac tissues 
by using iPS cell-derived cardiomyocyte sheets. Macroscopically 
beating cardiac tissues has enabled direct measurement of contrac-
tion force. When the constructs are stretched, contraction force in-
creased, which was consistent with Frank-Starling Law. both the 
contractile force and beating rate were significantly increased by 
the administration of adrenaline, which are the physiologically rel-
evant responses for cardiac tissues. Several anti-cancer drugs de-
creased the contraction force as seen in clinical practice. We have 
also developed tubular and dome-like myocardial tissues. The 
beating of the tissues has evoked inner pressure which are suc-
cessfully measured in real-time. These human myocardial tissues 
should be useful as a new evaluation system for cardiotoxicity and 
cardio pharmacology. Thus, cell sheet-based myocardial tissue en-
gineering has great potential to engineer functional 3D cardiac tis-
sues which might contribute to animal alternative testing.

Reference
Sasaki, D., Matsuura, K., Shimizu, T. et al. (2018). PLoS One 13, 

e0198026. doi:10.1371/journal.pone.0198026 

Presentation: Oral

mailto:brett.lidbury@anu.edu.au
https://bit.ly/3zsws3l
https://doi.org/10.1089/aivt.2016.0020
https://doi.org/10.1016/j.actbio.2018.02.004
https://doi.org/10.1016/j.canlet.2020.01.015
https://doi.org/10.1016/j.canlet.2015.05.004
mailto:shimizu.tatsuya@twmu.ac.jp
https://doi.org/10.1371/journal.pone.0198026


Oral PresentatiOns

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 21

chemical exposure to the societal burden of cancer, a number of 
measures can be taken to better assess the carcinogenic proper-
ties of chemicals and manage their risks.

The presentation aims to discuss how these measures can be 
informed, not only by the traditional data streams of regulato-
ry toxicology, but also by using new toxicological assessment 
methods (Madia et al., 2019). In this context, the JRC started in-
vestigating ways to exploit existing data to further the impact on 
the 3Rs for carcinogenicity assessment. In a newly developed 
methodology, toxicity test methods are dissected in a reverse-en-
gineered manner to allow the systematic organization of the 
overall information across endpoints to the key characteristics of 
carcinogens. The expected outcome is a set of options that are 
motivated by a mechanistic understanding of the toxicological 
effects and their inter-relationships for waiving redundant test-
ing and ultimately minimize reliance on apical endpoint tests. It 
will also allow building a toxicological narrative chemical- and/
or disease-specific whilst providing a flexible and resource-effi-
cient tool for carcinogenicity assessment.
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Development of metabolically 
competent human and rat 
spheroid models and application 
of high-throughput transcriptomics 
towards 3Rs strategy
Sreenivasa Ramaiahgari
Biomolecular Screening Branch, Division of National Toxicology Program, 
National Institute of Environmental Health Sciences/National Institutes of 
Health, Durham, NC, United States
sreenivasa.ramaiahgari@nih.gov 

Cells cultured as three-dimensional spheroids exhibit physiologi-
cally-relevant xenobiotic metabolism competence and tissue-like 
functionality. Integrating conventional in vitro measurements 
with high-content screening assays such as high-throughput tran-
scriptomics (HTT) would enable systematic characterization of 
chemical induced effects on biological systems. We have de-
veloped spheroid liver models of a human progenitor cell line, 
HepaRG, and primary rat hepatocytes. Activities of xenobiotic 
metabolism enzymes, CYP1A2, CYP2B6 and CYP3A4 were 2 
to 20-fold higher in HepaRG spheroids compared to the sand-
wich-cultured primary human hepatocytes. Similarly, specific 
activities of CYP1A2 and CYP3A enzymes in rat spheroids re-
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Integrated research and testing 
strategy to go beyond the 3Rs
Thierry Decelle
Chief Veterinary Officer, Sanofi, Lyon, France
thierry.decelle@sanofi.com 

As a diversified global healthcare leader focused on patients’ 
needs, Sanofi is morally and legally obligated to ensure the qual-
ity, safety and efficacy of its medicines, vaccines, medical de-
vices, and consumer healthcare products. Besides the regulatory 
requirements, the responsible use of animals is essential in the 
research and production process. Animals remain a small but an 
integral part of a comprehensive research and testing strategy 
that includes non-animal methods (such as computerized models 
and in vitro testing) and clinical research. The standard approach 
is designed to use animals only when a non-animal method is 
not suitable for the required use or not accepted by the authori-
ties (replacement), with the smallest number necessary for qual-
ity science (reduction) while implementing state-of-the-art prac-
tices to promote animal welfare and prevent pain and distress in 
housing, procedures and treatment (refinement). To go further, 
a strategy, relying on regulatory sciences, translational medicine 
and breakthrough innovation, has been developed to increase the 
proportion of non-animal methods, including clinical research, 
to reduce significantly the necessity to use animals in research 
and production. Several decades ago, the development on new 
drugs and vaccines mainly relied on animal studies. Nowadays, 
all the projects require and use non-animal data, in vivo studies, 
patient data and clinical research to assess the safety and the effi-
cacy of new drugs. We strongly believe that, based upon the de-
velopment of regulatory sciences, translational medicine and in-
novation, reduction of the ratio animal studies versus non-animal 
methods is effective and it will accelerate.
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Advancing carcinogenicity 
assessment: A novel methodological 
approach to integrate information 
and further the impact on the 3Rs
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federica.madia@ec.europa.eu 

Cancer is a key public health concern, being the second leading 
cause of worldwide morbidity and mortality after cardiovascu-
lar diseases. While it is difficult to establish the contribution of 
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ies that recruited patients with early AD, patients with late AD, 
patients with one of the other 5 dementia types and healthy con-
trols.

Results: We identified for the first time several panels (i) a pan-
el of brain-enriched lncRNAs never described before, (ii) pan-
els of brain-enriched lncRNAs that are either expressed in whole 
blood or circulating in plasma. (iii) Interestingly, out of these, 
we also identified panels of lncRNAs that are differentially ex-
pressed in the blood of patients with AD or with other dementia 
types as compared to healthy control subjects.

The most accurate lncRNA panel to detect early AD is selected 
for use as Research-Use-Only test and is being further validated 
to compile the data dossier for submission to regulatory agencies 
for approval as an in-vitro diagnostic (IVD) tool diagnostic of 
AD. Additional clinical applications are for prognostic or therag-
nostic purposes.

Conclusion: Our results from studies combining the use of 
high-quality samples from well-designed prospective clinical 
studies, cutting edge technologies and scientific knowhow en-
abled to translate novel brain specific lncRNA panels measurable 
in blood as new non-invasive and accurate diagnostic approaches 
using highly specific and low represented sequences specific to 
neurodegenerative diseases.
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Air-liquid interface exposure for 
inhalation testing: Case studies
Sandra Verstraelen1, An Jacobs1, Jo Van Laer1,  
Karen Hollanders1, Masha Van Deun2, Wilfried 
Brusten2, Christine Vanhoof2, David Poelmans1,  
Hilda Witters1, Sylvie Remy1,3, Lieve Geerts1,  
Frederick Maes1, Lize Deferme4, Monita Sharma5,  
Amy Clippinger5 and Evelien Frijns1
1VITO NV (Flemish Institute for Technological Research), Unit HEALTH, 
Mol, Belgium; 2VITO NV (Flemish Institute for Technological Research), 
Unit SCT, Mol, Belgium; 3University of Antwerp, Department of 
Biomedical Sciences, Antwerp, Belgium; 4ExxonMobil Petroleum and 
Chemical B.V.B.A., Machelen, Belgium; 5PETA International Science 
Consortium Ltd., London, United Kingdom
sandra.verstraelen@vito.be 

There is a demand to implement in vitro alternatives for inha-
lation testing using human relevant lung cell models, realistic 
air-liquid interface (ALI) exposure systems, and proper dosim-
etry techniques to increase the predictability and accelerate the 
shift from in vivo towards in vitro testing. Presented here are case 
studies. In a first case study, BEAS-2B cells were exposed to var-
ious concentrations (0.72, 25, and 85 ppm) of triethoxysilane va-
por using a capillary dosage unit coupled to a VITROCELL®  
6/4 module. A significant concentration-dependent decrease in 
cell viability and increase in cytotoxicity was observed after ex-

mained at the levels as freshly isolated hepatocytes even after 
14-days in culture. High-throughput gene expression analysis us-
ing the S1500+ gene set was performed on HepaRG spheroids 
treated with ten concentrations of a reference set of chemicals 
in repeated exposure regimens. Baseline gene expression and bi-
ological pathway responses showed significantly higher enrich-
ment scores in spheroids compared to monolayer cultures. Ex-
posure to aflatoxin B1 and benzo(a)pyrene showed activation of 
genes and pathways related to their metabolism and anticipated 
downstream signaling events such as cell cycle, p53 signaling, 
DNA damage and cancer. BMDExpress was used to calculate 
point of departure for individual genes and pathways associat-
ed with concentration-related molecular perturbations. Biologi-
cally relevant pathways associated with exposure of chlorprom-
azine and valproic acid were activated at sub-lethal concentra-
tions. Differences in gene and pathway-level expression between 
liver injury chemicals (trovafloxacin, troglitazone and tolcapone) 
and their structurally similar analogs was observed. The initia-
tion of molecular events associated with chemical exposure and 
progression of events that lead to adverse outcome effects were 
clearly evident with high-throughput transcriptomics analysis. In 
vitro models utilizing spheroids and data-rich approaches may 
offer better resolution in identifying molecular level perturba-
tions of biological systems and prediction of hazardous substanc-
es in support of replacement, reduction, and refinement of animal 
testing
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lncRNAs as novel source of  
diagnostic applications  
for early Alzheimer’s disease  
and other dementia types –  
ADDIA Consortium and 
ADKIT Consortium
Hüseyin Firat, Sabrina Danilin, Eric Schordan, 
Stéphanie Boutillier, Sami Ait Abbi Nazi and  
Saliha Moussaoui
Amoneta Diagnostics SAS, Huningue, France
info@amoneta-diagnostics.com 

There is an unmet need for an accurate, non-invasive biomark-
er test for the diagnosis of early Alzheimer’s disease (AD). To 
identify new biomarkers, we focused on long non-coding RNAs 
(lncRNAs) as they are tissue- specific to identify lncRNA panel 
candidates for diagnostic of early Alzheimer’s disease (AD) and 
other dementia types.

Methods: We performed a screening using NGS RNA-Se-
quencing to quantify over 127000 lncRNAs in human postmor-
tem brain tissue and blood samples including whole blood, PB-
MCs and, plasma samples collected in prospective clinical stud-
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vessels-on-chips based on human pluripotent stem cell-derived 
tissues.

The power of personalizing organ-on-chip systems and their 
integrated blood vessels is only beginning to be demonstrated. 
By staying close to the design philosophy of controlled microen-
vironment engineering, it will be possible to further improve the 
personalized and functional complexity of these systems in the 
coming years.
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Waiving repeat dose studies while  
confidently protecting  
human health from exposure 
to agricultural chemicals
Monique Perron
United States Environmental Protection Agency, Washington, DC,  
United States
perron.monique@epa.gov 

The Environmental Protection Agency’s (EPA) Office of Pesti-
cide Programs (OPP) regulates the use of all pesticide chemicals. 
Numerous toxicity studies in laboratory animals are required for 
pesticide registration; however, regulatory statutes provide the 
EPA with the flexibility to modify the actual data and studies re-
quired on an individual basis. To better protect human health and 
the environment, OPP is developing and evaluating new technol-
ogies to supplement or replace more traditional methods of toxic-
ity testing and risk assessment. OPP has been making significant 
progress towards the adoption of integrated approaches to testing 
and assessment (IATAs) and the reduction of animal use in acute 
toxicity testing. OPP has also developed processes for waiving 
repeat dosing toxicity tests, while also evaluating the use of new 
approach methodologies (NAMs) to support pesticide registra-
tions.
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posure to triethoxysilane and nitrogen dioxide (NO2, positive 
control) as compared to clean air (CA, negative control). A sig-
nificant increase in expression of inflammatory markers was ob-
served. Additional work is underway to test other silanes to de-
termine if this in vitro system can detect the decrease in toxicity 
that correlates with increasing carbon-chain length and to deter-
mine the advantages of using a 2D cell line versus a 3D human 
reconstructed tissue model. Another case study is focused on ALI 
inhalation testing of petroleum-derived substances. A generation 
facility was successfully developed at VITO to volatilize ethyl-
benzene (EB) and VITROCELL® 24/48 exposure system was 
optimized and validated for CA, NO2, and EB exposure. A sig-
nificantly decreased mean cell viability of 86%, 77%, and 47% 
was observed for exposure of A549 cells to EB of about 30,000, 
40,000, and 50,000 mg/m3, respectively. Inflammatory and oxi-
dative stress markers were evaluated as well. The difference be-
tween in vivo absorption and in vitro deposition (chemically de-
termined) is a crucial element when setting an ALI dose-range. 
Quantitative in vitro to in vivo extrapolations from in vitro air 
concentrations applied for testing cell viability to in vivo air con-
centrations may be a promising method for screening acute ad-
verse inhalation effects.
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Blood vessels in organs-on-chips
Andries Van der Meer
Applied Stem Cell Technologies, University of Twente, Enschede,  
The Netherlands
andries.vandermeer@utwente.nl 

Organs-on-chips are uniquely different from other cell culture 
models in that they are based on controlled microenvironment 
engineering. Therefore, they can capture progressively more 
complex physiological functions without relying on uncontrolled 
and unpredictable cellular self-organization (Van der Meer et al., 
2012). The controlled nature of organs-on-chips also allows the 
systematic “personalization” of various aspects of the model, so 
that it truly becomes a reflection of ourselves and may be applied 
in targeted drug development and precision medicine (Van den 
Berg et al., 2019; Peck et al., 2020). In this talk, I will explain 
how we are applying this concept of systematic personalization 
as we engineer blood vessels for integration in organs-on-chips.

For the engineering of blood vessels in organs-on-chips, there 
are a number of key aspects that can be controlled and personal-
ized: blood and vascular tissue, vessel geometry, and properties 
of the flow. For example, we have used blood from patients on 
anti-platelet medication and have detected differences in throm-
bosis at arterial flow rates in vessels-on-chips. Moreover, we 
have used CT angiography imaging data to engineer controlled 
3D vessel-on-chip geometries, and have used these to study the 
local risk of thrombosis. Finally, we are moving away from us-
ing primary cell material and have been focusing on engineering 
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Introduction – Focus on severe  
suffering
Elliot Lilley
Royal Society for the Prevention of Cruelty to Animals, Southwater,  
United Kingdom
penny.hawkins@rspca.org.uk 

All laboratory animal suffering is a concern, but the RSPCA be-
lieves that ending “severe” suffering should be a top priority. 
There are a number of reasons to do this: (i) the ethical obliga-
tion to avoid or reduce suffering, (ii) the requirement to adhere 
to the 3Rs principles and (iii) the scientific benefits. It is wide-
ly acknowledged that good quality science goes hand in hand 
with good welfare, and that unalleviated suffering can introduce 
avoidable variation and reduce the power of experiments.

As a scientific animal welfare organisation with a high level of 
national and international liaison with scientific and regulatory 
communities, we have been able to establish an integrated pro-
gramme of work aimed at reducing and ultimately ending severe 
suffering. We promote constructive dialogue between those who 
are involved in the use, care and regulation of research and test-
ing to identify practical strategies to avoid, or reduce the impact 
of, severe models and procedures. Our approach is well support-
ed by the scientific community and the UK Government.

Our pioneering initiative has so far included the organisation 
of two major international conferences, the convening of several 
expert working groups, and the production, publication and dis-
semination of a range of resources, including a dedicated web re-
source (https://focusonseveresuffering.co.uk/) to help reduce and 
ultimately end severe suffering.

This talk will highlight how the RSPCA, as a scientific animal 
welfare organisation, working with, rather than against, the sci-
entific community has managed to improve implementation of 
the 3Rs. Practical examples of approaches to reduce severe suf-
fering and a range of resources that we have produced will be 
presented.
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Religion-based cultural influences  
on ethics, animal welfare  
and use of animals in science
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1Faculty of Medicine, University of Colombo, Colombo, Sri Lanka; 
2CSIR-Institute of Genomics & Integrative Biology, New Delhi, India; 
3Kulliyyah of Nursing, International Islamic University Malaysia Kuantan 
Campus, Pahang Darul Makmur, Malaysia; 4OncoSeek Bio, University  
of Hyderabad, Hyderabad, Telangana, India; 5Utrecht University, Utrecht, 
The Netherlands
mangalagunatilake@hotmail.com 

Buddhism as a religion promotes love, compassion and kind-
ness towards all living beings thus promoting the concept “do not 
harm/make them suffer (‘avihinsa’)”. Buddhism facilitates men-
tal and physical wellbeing of animals. The first precept makes 
people aware of killing of animals is a sin and all five precepts 
are to promote ethical conduct of humans. The concept of “cause 
and its effect” is the fundamental principle in Buddhism. In this 
context, science is an accepted phenomenon in Buddhism; how-
ever, as scientists we must take steps not to harm animals for the 
benefit of humans.

According to Hinduism cultural differences play a major role 
in animal welfare as we are grown up considering animal as a 
form of God and the principle of AHIMSA (Non-Violence). Se-
ries of steps taken from 1996-2002 for animal welfare including 
formation of Committee for the Purpose of Control & Supervi-
sion of Experiments on Animals (CPCSEA) to implement guide-
lines governing use of animals in research and enforcing penal-
ties for non-compliance.

Researchers in Malaysia prone to identify the usage and toxic-
ity of various herbal material which are abundant in the country 
using laboratory animals such as rodents, rabbits and zebrafish. 
Since Islam is the main religion of Malaysia, the Islamic views 
has influenced in various aspects of daily activities including sci-
entific research. Therefore Islamic point of view has become a 
basic principle for the establishment of the humane practice in 
using laboratory animals in science.

Many religions promote good and compassionate animal care, 
it be domestic or wild. The current world uses lab animals to dis-
cover new drugs and test toxicities of existing ones. A healthy re-
search program exists if all these religions continue to promote 
such compassion towards animals. Culture of care is one such 
educated care that can promote the care of animals.
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Virtual models for human 
developmental toxicology driven by  
new approach methodologies
Aldert Piersma1, Harm Heusinkveld1,  
Yvonne Staal1, George Daston2, Richard Spencer3  
and Thomas Knudsen3
1RIVM, Bilthoven, The Netherlands; 2P&G, Cincinnati, OH, United States; 
3US EPA, Raleigh, NC, United States
aldert.piersma@rivm.nl 

Toxicity is mediated by perturbation of a network of physiologi-
cal processes at the molecular, cellular, tissue, organ, and organ-
ism level. Quantitative in silico modeling of network dynamics 
is an important goal toward predicting toxicological hazard from 
chemical-biological interaction. Systems toxicology mapping of 
network structure-function would reveal threshold events at the 
toxicological tipping point between adaptive and adverse biolo-
gy. These events can be tested in dedicated new approach meth-
odologies (NAMs) focusing on the molecular and/or cellular 
scale. Concentration-dependent compound-induced effects from 
targeted in vitro studies fed into the network model provide tox-
icity prediction at the level of the intact organism. These systems 
models utilize the extensive knowledge that exists on biological 
control of morphogenesis and the conservation of key biological 
pathways and processes enabling integration of data on among 
diverse species, from small model organisms to human develop-
ment. Current efforts towards in silico modeling of specific mor-
phogenetic processes include, for example, neural tube closure. 
In a CEFIC-LRI sponsored project we described the biological 
pathway network underlying vertebrate neural tube closure, us-
ing a text mining tool applied to the open scientific literature. 
This network is the input for developing a 3-dimensional compu-
tational model for in silico testing of compound effects on neu-
ral tube closure. The principal idea is that by adapting parameter 
settings in the in silico model based on effects on gene expres-
sion observed in relevant in vitro cell assays, their consequences 
at the higher integration level of neural tube closure can be pre-
dicted. Basic information fed into these dynamic systems models 
include: defined cell types, the molecular signals they provide, 
their target cell types, and the nature of their responses to signals. 
In due course these models are expected to revolutionize toxici-
ty testing, enhancing human relevance based on enhanced insight 
into mechanisms of toxicity. 

Disclaimer: This abstract does not reflect EPA policy.
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Towards replacing the two-year  
bioassay with short-term NAMs: 
Genomic and nongenomic 
activation levels can identify 
rat liver tumorigens
Chris Corton
Center for Computational Toxicology and Exposure, Environmental 
Protection Agency, Durham, NC, United States
corton.chris@epa.gov 

Traditional data sources for cancer hazard assessment are re-
source-intensive, retrospective, and not feasible for the vast ma-
jority of environmental chemicals. Incorporation of quantitative 
(non)genomic data from short-term rodent studies may adequate-
ly define protective activation levels for potential tumorigens as a 
bridge to move from current testing to greater reliance on in vitro 
assays. We hypothesized that gene expression biomarkers that 
measure the activation of the major molecular initiating events 
(MIEs) in rodent liver cancer adverse outcome pathways as well 
as liver weight to body weight (LW/BW) and clinical chemis-
try (ClinChem) endpoints exhibit chemical-independent activa-
tion levels beyond which cancer occurs, and the activation levels 
could be used together as a NAM to predict liver cancer. The hy-
pothesis was tested by defining activation levels of gene expres-
sion biomarkers of liver cancer MIEs using training sets from the 
77 and 86 chemicals in the TG-GATES and DrugMatrix data-
sets, respectively and testing them in a number of contexts. The 
biomarkers tested consisting of 7-113 genes included those that 
predict genotoxicity, cytotoxicity, and activation of AhR, CAR, 
ER, or PPARα. Activation levels were calculated as the maxi-
mum values derived from exposures that do not lead to liver can-
cer. In all cases, clear threshold values could be identified that 
were consistent across training and test sets. Activation levels de-
rived from the TG-GATES or DrugMatrix studies had predictive 
accuracies of 77-100% and were most predictive when applied 
to test sets of 7 d and 14 d treatments (100% and 99%, respec-
tively). In addition, activation levels derived from just 12 genes  
(2/biomarker) as well as LW/BW and ClinChem endpoints ex-
hibited high predictive accuracy (up to 94%). These findings sup-
port the idea that genomic and nongenomic changes measured 
after short-term exposures can be used to establish activation lev-
els that are predictive of later-life outcomes. 

Disclaimer: This abstract does not reflect EPA policy.
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The Berlin-Brandenburg Research 
platform BB3R – Research and 
graduate education since 2014
Monika Schäfer-Korting
Freie Universität Berlin, Berlin, Germany
monika.schaefer-korting@fu-berlin.de 

The Berlin-Brandenburg Research Platform BB3R, founded in 
2014 at Freie Universität Berlin, bundles the 3R-related compe-
tencies of the Berlin-Brandenburg region and promotes system-
atic research in this area. The integrated research training pro-
gram is the first in the world to offer structured qualification of 
young researchers in the field of 3Rs fostering the implementa-
tion of respective approaches into preclinical research. The proj-
ect received start-up funding from the Federal Ministry of Edu-
cation and Research (BMBF) and operates under the umbrella of 
the Dahlem Research School (DRS).

11 founding members conduct research in the fields of skin 
disease models, immunology, human-on-a-chip, nanotoxicology, 
in-silico drug analysis and drug design (reduction/replacement). 
For non-replaceable animal experiments, a strain-specific pain 
therapy in the experimental animal (refinement) is developed and 
stress is investigated by multiple experiments also with the aim 
of reduction. Three assistant professorships expanded the circle 
of experienced scientists from the beginning. Nine designated 
scientists strengthen the consortium as associated members. The 
first graduates now hold positions in national and international 
institutions like Federal Office of Consumer Protection and Food 
Safety, Federal Institute for Risk Assessment, National Institutes 
of Health, Industry, as well as holding professorships at the Uni-
versities of Bonn and Vancouver.

In addition to the research project, the graduate program also 
includes, doctoral symposia, seminars and annual spring schools 
with special emphasis on imparting knowledge of all 3Rs. Gen-
eral skills are taught in courses at the superordinate DRS. Exter-
nal doctoral students can be affiliated to the Research Training 
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An integrated approach alternative 
for screening reproductive, 
developmental and endocrine 
disrupting activity with ex vivo 
whole rat embryo culture
Shui-Yuan Lu and Wei-Ren Tsai
Taiwan Agricultural Chemicals and Toxic Substances Research Institute, 
Council of Agriculture, Executive Yuan, Taichung, Taiwan
lusueyen@tactri.gov.tw 

Standard animal tests to evaluate the safety of pesticides can be 
prohibitively expensive. However, rat post-implantation whole 
embryo culture (WEC) is a promising alternative test to assess 
developmental toxicity. In this study, we suggest proposed an 
integrated approach to screen for reproductive, developmental, 
and endocrine disrupting activities using ex vivo whole rat em-
bryo culture. Specifically, our proposed approach evaluates ad-
verse outcome pathways (AOPs), chemical structure activity re-
lationships (SARs), morphological scores, receptor activities, 
and immunohistochemistry in rat WEC. We also employed WEC 
to assess endocrine-disrupting activity induced by environmen-
tal chemicals, which to the best of our knowledge, had not been 
done before. All experiment results in this study were compara-
ble with those of OECD test guidelines for reproductive toxicity 
(443, 415, 416), developmental toxicity (414, 421, 422) and en-
docrine disrupting activity (426, 440, 441). Results revealed that, 
during rat embryo development, 17β-estradiol, triiodothyronine, 
triadimefon, penconazole, propiconazole did not significant af-
fect the yolk sac circulatory system; allantois; flexion; the heart 
caudal neural tube; the hindbrain, midbrain, or forebrain; the otic 
system; the optic system; the olfactory system; the maxillary pro-
cess; the forelimb or hind limb; yolk sac diameter; crown-rump 
length; head length; or developmental score. Immunohistochem-
istry revealed that 17β-estradiol (which was used as a positive 
control) positively affected its receptor expressions. These three 
triazoles induced ERα and ERβ expression in WEC. This result 
illustrates the triazole mode of action, in which triazole com-
pounds disrupt steroid hormone synthesis. Finally, the research 
performed herein confirmed that our proposed method is both ef-
fective and fast, requiring only 10.5 days to detect (1) hormone 
receptors, such as androgen, estrogen, and thyroid receptors, (2) 
aromatase receptors and aromatase activity, and (3) developmen-
tal and reproductive toxicity. Therefore, our integrated approach 
to screening for reproductive, developmental and endocrine dis-
rupting has the potential to benefit pesticide testing and assess-
ment applications.
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Promotion of the 3Rs consensus 
formation in China  
through transformation between 
academia and industry
Shujun Cheng1,2 and Hui Wang1,2
1School of Public Health, Shanghai Jiao Tong University School of 
Medicine, Shanghai, China; 2Shanghai Society of Toxicology, Shanghai, 
China
chengsj@126.com 

Implementation of 3Rs and its alternative methods requires the 
consensus and harmonized action among multilateral institutions 
including academia, regulation and industry. However, in China 
this situation lags far behind, such as lack of a close circle to co-
ordinate and promote each other, absence of the rules and regula-
tions to outspread the transformation and application of 3Rs and 
its alternatives.

The concept of alternative to animal testing has been wide-
ly used in safety and efficacy testing in the area of food, cos-
metics, ecology and nanomaterials which contributes to several 
important scientific findings. Both the School of Public Health 
in Shanghai Jiao Tong University and the CCARE (Consensus 
Center of Alternatives Research & Evaluation) of Shanghai So-
ciety of Toxicology have made a lot of efforts most recently in 
the translation of academia to industry on 3Rs and its alternatives 
based on the huge academic and industrial influence on medi-
cine, biotechnology and toxicology.

We have hosted 8 international conference of alternatives and 
organized the 3Rs continuing training courses for the industry 
with more than 1,000 attendees (Cheng et al., 2017). It is im-
portant for Chinese companies to have sufficient personnel and 
technical capabilities to conduct non-animal testing in consistent 
with the regulations change in the future. We firstly opened the 
translational toxicology courses for graduate student in China 
university 3 years ago. We make a long term plan to promote the 
scientific public on 3Rs and non-animal testing.

Through unremitting efforts, we have now reached a prelimi-
nary consensus among academia, regulation and industry in Chi-
na and promoted the international cooperation around the world.
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Group, provided that they work in one of the 3R areas and meet 
the quality requirements of DRS.

The ideas have been taken up resulting in the foundation of 
Charité 3R. Since 2020, 3Rs also receive specific funding from 
the Berlin House of Representatives.
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The EUSAAT initiative to establish  
a European network of 3Rs centers
Winfried Neuhaus1,2
1AIT – Austrian Institute of Technology, Center Health and Bioresources, 
Competence Unit Molecular Diagnostics, Vienna, Austria; 2EUSAAT, 
Vienna, Austria
winfried.neuhaus@ait.ac.at 

The purpose of this network is to bring European 3R centres and 
societies together to share best practices, enhance communica-
tion, support the exchange of information and prepare the ground 
for common initiatives.

After an initial meeting of representatives of 3Rs centres and 
societies at the EUSAAT conference in September 2018 in Linz 
(Austria), the first follow-up meeting was hosted by Freie Universi-
tät Berlin and took place in March 2019.

Major common aims were identified: to further advance the 
3Rs, to help implement the aims of Directive 2010/63/EU local-
ly, and to reach out and connect with scientists in basic research. 
The network could be used as a platform to exchange experienc-
es on a variety of topics, for example: how the various 3R cen-
tres and societies have been built up, how they organize events, 
how they secure funding, which teaching strategies and resourc-
es they use to implement 3Rs in education et cetera.

During the discussions it became clear that the diversity of the 
members could be the strength of the network, since they cover 
many different topics and have experts on Refinement, Reduc-
tion and Replacement of animal experiments.

Topics with an urgent need were identified and working groups 
for these topics have been defined. The progress of these working 
groups was presented at the third meeting during the FELASA 
conference in June 2019. In October 2019 at the forth meeting at 
the EUSAAT2019 conference in Linz future initiatives were de-
cided and agreed on.

So far, members from over 25 countries have participated and 
the network is growing.

The network is a completely independent, open and free com-
munity, which is very much dependent upon initiatives of its pro-
tagonists and personal efforts. It is based upon a bottom-up ap-
proach, and every 3R centre or society is welcome to join.

Current coordinator: Winfried Neuhaus  
(winfried.neuhaus@ait.ac.at)
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tervention (k = 104), study/experiment (k = 10), and symptom 
or event (k = 7). Probabilistic translational success rates were 
calculated following several definitions, comprising percentag-
es below 2-fold error, percentages accurately predicted, predic-
tive values, correlation/regression (r2) and percentage overlap 
of the 95% confidence intervals in meta-analyses. Translational 
success rates did not clearly relate to species, type of calculation, 
publication date or broadly defined research field. However, the 
included studies generally had a high risk of bias.

Our second review is still in progress; analyses will be finished 
at the time of the conference. This review compares the experi-
mental design in animal and human trials based on a case study; 
methotrexate to treat rheumatoid arthritis. The search retrieved 
8217 references. After screening, 695 papers were included in 
the SR. Approximately 25% of the included papers is on animal 
studies, the remainder is on human studies. The results will be 
discussed in light of translational success and the development of 
alternatives to animal studies.

We encourage SRs for probabilistic evaluation of the trans-
lational success of in vivo models and in vitro alternatives over 
mechanistic evaluation.

Reference
Leenaars, C. H. C., Kouwenaar, C., Stafleu, F. R. et al. (2019). 

Animal to human translation: A systematic scoping review of 
reported concordance rates. J Transl Med 17, 223. doi:10.1186/
s12967-019-1976-2 

Presentation: Oral

84

Towards an automated facial 
expression analysis in mice 
using deep learning
Katharina Hohlbaum1, Niek Andresen2,  
Manuel Wöllhaf 2, Lars Lewejohann3, Olaf Hellwich2, 
Christa Thöne-Reineke1 and Vitaly Belik4
1Institute of Animal Welfare, Animal Behavior, and Laboratory Animal 
Science, Department of Veterinary Medicine, Freie Universität Berlin, 
Berlin, Germany; 2Department of Computer Vision & Remote Sensing, 
Technische Universität Berlin, Berlin, Germany; 3German Centre for 
the Protection of Laboratory Animals (Bf3R), German Federal Institute 
for Risk Assessment (BfR), Berlin, Germany; 4System Modeling Group, 
Institute for Veterinary Epidemiology and Biostatistics, Department of 
Veterinary Medicine, Freie Universität Berlin, Berlin, Germany
katharina.hohlbaum@fu-berlin.de 

The Mouse Grimace Scale (MGS), a coding system for facial ex-
pression analysis of pain in mice, has been widely accepted as an 
important welfare indicator among experts in laboratory animal 
science over the last years (Campos-Luna et al., 2019). Howev-
er, since this method is usually manually applied by human ob-
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Asian activities for alternatives 
to animal experiments
Hajime Kojima
JaCVAM, NIHS, Kawasaki, Japan
h-kojima@nihs.go.jp 

In 2016, the Japanese Society for Alternatives to Animal Ex-
periments (JSAAE) launched the first Asian Congress on Alter-
natives to Animal Experiments to promote throughout Asia the 
Three Rs—Replacement, Reduction, and Refinement—as guid-
ing principles for a more ethical use of animals in scientific test-
ing. Following the First Congress in Karatsu, Japan, during No-
vember 2016 and the Second Congress in Guangzhou, China, 
during October 2018, a Third Congress is now being planned for 
Korea during 2021. And to promote closer collaboration between 
our Asian colleagues, we are also now exploring the possibility 
of organizing for 2020 an Asian Consortium, which will provide 
funding and human resources in support of future Congresses in 
Asian countries.

Although our Asian colleagues are deeply involved in research 
and promotion of the Three Rs, countries in the EU and the USA 
are still the leading advocates for these principles, and we look 
forward to strong support for the Asian Consortium from re-
searchers around the world. 
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Systematic reviews to validate 
alternatives to specific animal models
Cathalijn Leenaars1,2, Franck Meijboom2 and  
André Bleich1
1MHH, Hannover, Germany; 2Utrecht University, Utrecht,  
The Netherlands
Leenaars.Cathalijn@mh-hannover.de 

Animal experiments are legally required in drug development. 
When replacing an established animal model by an alternative, 
validation is necessary. Systematic Reviews (SRs) can aid. We 
here focus on establishing objective values of the probabilistic 
translational success rates of recognized animal models. These 
values can be used as a reference in external validation of alter-
natives. The presentation will comprise the results from 2 unre-
lated SRs.

Our first, recently published, SR shows that studies of proba-
bilistic translational success rates found different values, which 
range from 0 to 100% (Leenaars et al., 2019). This range is 
based on 121 included references, with various units of mea-
surement to determine translational success: compound or in-
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Implementing cup and 
tunnel handling in a (large) 
pharmaceutical rodent facility
Maria Kiersgaard, Marie Petersen, Peter Lund Gade 
and Helle Nordahl Hansen
Novo Nordisk A/S, Copenhagen, Denmark
mkrk@novonordisk.com 

The standard way of catching, lifting and handling mice has for 
decades been by grasping the animal by the tail, lifting it by the 
tail and generally holding the mouse by the tail always, because 
this was considered the only effective and safe way of handling 
mice.

In 2010 the first article on cup- and tunnel handling was pub-
lished (Hurst et al., 2010). This and following articles (peer-re-
viewed) since then demonstrated that catching, lifting and han-
dling mice by either cup- or tunnel handling is less stressful and 
creates more trust for the mice.

Already in 2015, Novo Nordisk began to look into tunnel- and 
cup handling, however, without the correct education and in-
struction in these methods, we had to put it aside for some time.

In late 2017 a decision was taken at management level, that 
cup and tunnel handling methods should be implemented, begin-
ning in 2018.
Emphasis was on the following:
– Employees had to change their way of thinking, as well as 

their way of acting.
– The employees had to be educated in both the theory as well 

as the practical aspect of the new methods before beginning 
the implementation.

– Time had to be dedicated to training and evaluating.
– Equipment (tunnels) had to be in place in each cage.
With a dedicated plan and intensive follow-up, a full implemen-
tation has been reached, as well as a mind-set change amongst 
the animal caretakers.

Tunnel and cup handling of mice can be applied in any an-
imal facility around the world. However, training of personnel 
and management endorsement is essential and necessary, and if 
tunnel handling is desired, tunnels must be provided. Other than 
this, it is neither costly, more time consuming nor difficult to do.

Reference
Hurst, J. and West, R. (2010). Taming anxiety in laboratory mice. 

Nat Methods 7, 825-826. doi:10.1038/nmeth.1500 
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servers, it can be assumed that the MGS scores are subjective to 
a certain extent. Therefore, the reliability of this method is fre-
quently questioned. Moreover, if facial expressions of mice are 
analyzed in real time by human observers standing right in front 
of the cage and scoring the mice, the presence of the humans 
can influence their behavior. Mice are prey animals and often 
hide signs of negative affective states when humans are present  
(Stasiak et al., 2003). To circumvent these problems, we aimed 
to develop a facial expression recognition software for mice  
(Andresen et al., 2019). We utilized a dataset including images of 
adult male and female C57BL/6JRj mice, that were either anes-
thetized with isoflurane or ketamine/xylazine, castrated (under 
isoflurane, meloxicam, lidocaine/prilocaine) or untreated. The 
image dataset was divided into two categories, i.e., post-surgi-
cal/anesthetic effects and no post-surgical/anesthetic effects, and 
a binary classifier was trained to differentiate between the cate-
gories. We used three convolutional neural network (CNN) ar-
chitectures (two pre-trained state of the art deep CNN: ResNet50 
and InceptionV3; one CNN of our own design without pre-train-
ing) and achieved an accuracy of up to 99%, which can keep up 
with the human performance. Moreover, Deep Taylor decompo-
sition – a feature visualization technique – indicated that the de-
cision of the network was indeed mainly based on image areas 
depicting the mouse faces (Andresen et al., 2019). Our first steps 
towards a fully automated facial expression recognition software 
provide a significant contribution to refining pain and stress as-
sessment in laboratory mice.
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wards a fully automated surveillance of well-being status in 
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assessment of pain in laboratory animals. Contemp Top Lab 
Anim Sci 42, 13-20.
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Retrofitting an in vitro TOX21  
high throughput screening  
assay for P53 activation with 
metabolic capability:  
Comparing results from human  
and rat liver microsome preparations
Kristine L. Witt
U.S. National Toxicology Program/NIEHS/NIH, Research Triangle Park, 
NC, United States
witt@niehs.nih.gov 

The Tox21 Program has screened a 10,000 compound library 
in over 80 cell-based quantitative high throughput screening 
(qHTS) assays. These assays employ 1536-well plates on a ro-
botic platform; all assays are homogeneous (“add, mix, mea-
sure”) with no aspiration steps due to the small assay volume 
per well (~5 µL). In standard in vitro assays used routinely to 
characterize genotoxicity (e.g., bacterial mutation or mammalian 
cell micronucleus assays), induced rat liver S9 fraction plus co-
factors is employed as a source of Phase I enzymes to mimic in  
vivo metabolism of the compound under study. However, S9 en-
zymes are toxic to cells after a few hours of exposure. There-
fore, in these standard assays, medium plus S9 mix is removed 
after ~4 hours and replaced with fresh medium without S9. Due 
to the inability to remove S9 mix by aspiration, Tox21 cell-based 
assays have had limited or no metabolic capability. This lack of 
biotransformation capability is reflected in the inability of the 
Tox21 DNA damage assays to detect most compounds that re-
quire activation to a DNA reactive metabolite (e.g., pyrene). This 
limitation also risks mischaracterization of compounds that are 
detoxified by liver metabolic enzymes. Successfully retrofitting 
Tox21 assays with metabolic capability would achieve a key goal 
in the new Tox21 strategic plan of providing data with enhanced 
physiological relevance. We therefore investigated whether low, 
non-toxic concentrations of human or induced rat liver micro-
some preparations could provide effective metabolic capabili-
ty to the cell-based p53 reporter gene assay, which measures ac-
tivation of p53, a gene that responds to DNA damage. Results 
showed both microsome preparations were biologically active, 
but differences were seen in the number and identity of chemi-
cals that were metabolized. Interpretation of these data and ap-
plications for use of microsome preparations in high throughput 
screening assays will be explored.
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Critical incident reporting system in 
laboratory animal science – CIRS-LAS
Sabine Juliane Bischoff, David Trietschel and  
Astrid Enkelmann
University Hospital, Jena, Germany
sabine.bischoff@med.uni-jena.de 

CIRS-LAS (Critical Incident Reporting System in Laboratory 
Animal Science) is the world’s first online available database for 
critical incidents in the entire range of laboratory animal science 
(Bischoff et al., 2018), based on similar obligatory systems in the 
human medicine.

From today’s perspective and considering the current state of 
science, use of animals in experimental purposes cannot be com-
pletely dispensed. A large number of scientific articles based on 
animal experimental studies are published daily. But negative ex-
periences gained from these experiments get lost or are not re-
ferred in publications.

On https://www.cirs-las.de/ any person involved in laboratory 
animal science can send an anonymous report about critical inci-
dents to share their experiences or to give possible suggestions 
for improvement. Additionally, registered persons are allowed to 
read and comment other reports. Currently, more than 130 peo-
ple from Europe are already registered users of the CIRS-LAS 
portal and more than 50 critical incidents have already been en-
tered. The objective of CIRS-LAS is an open dialogue about fail-
ures which can help to avoid them in the future. CIRS-LAS plays 
an exemplary pioneering role in the implementation of the 3R 
principles: reduce the number of laboratory animals (reduction) 
and improve animal safety (refinement). CIRS-LAS provides an 
online platform for an open-minded and active failure manage-
ment and supports exchange of negative experiences and pos-
sible solutions to improve animal welfare (Enkelmann and Bis-
choff, 2020). Transparency in lab animal science starts now – it’s 
time to join CIRS-LAS.de!
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van der Valk, J., Bieback, K., Buta, C. et al. (2018). Fetal bo-
vine serum (FBS): Past – Present – Future. ALTEX 35, 99-118. 
doi:10.14573/altex.1705101 
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Animal use for science in Europe
Francois Busquet
Altertox, Brussels, Belgium
francois.busquet@altertox.be 

With more than 80% of national competences being centralized 
by the European Commission (EC) on behalf of the EU member 
states, Brussels is the place to be when it comes to interact with 
the policy makers (e.g., Members of the European Parliament 
(MEP)). EC transparency register has collected in February 2019 
almost 12,000 entries claiming lobbying activities in the Belgian 
capital. Animal Welfare and 3Rs are not always a central topic be-
ing discussed when Brexit, Greek debt, migration crisis, terrorism 
attacks, glyphosate re-authorization are also steering the attention. 
In other words, the 3Rs topic competes with all these major issues 
that policy makers deal with every day. Therefore, it is essential to 
map the policy environment in order to better communicate 3Rs 
and be efficient with policy makers by 1) identifying the actors,  
2) the institution we are dealing with 3) the pressure participants 
4) linking 3Rs with the context and events (i.e., political agen-
da) 5) providing appropriate evidence that fits policy concerns at 
hands and last but not least 6) building trust on the long term. For 
the latter, an initiative was designed to provide inter-sector infor-
mation exchange for future actions is the “MEP – 3Rs scientists 
pairing scheme” initiated in 2015 by CAAT-Europe at the Europe-
an Parliament. It was the opportunity to identify some of the ob-
stacles when it comes to integrate scientific advice/expertise with 
values represented by elected policy makers.
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Setting the scene for a new 
paradigm for risk assessment: 
Evolution versus revolution
Aldert Piersma, Jan van Benthem, Janine Ezendam, 
Yvonne Staal and Anne Kienhuis
RIVM, Bilthoven, The Netherlands
aldert.piersma@rivm.nl 

Can innovative approaches in chemical safety assessment, fo-
cusing on the human and avoiding animal testing, change the 
regulatory landscape? First, the current evolutionary scenario 
makes changes one by one within the current regulatory frame-
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Replacing foetal bovine serum:  
A piece of cake?
Jan van der Valk
3Rs-Centre Utrecht Life Sciences, Utrecht University, Utrecht,  
The Netherlands
j.vandervalk@uu.nl 

FBS is still being applied as the universal medium supplement to 
grow and maintain cells and tissues. But, the use of FBS presents 
five significant issues:
1. the degree of suffering experienced by the calf during blood 

collection (van der Valk et al., 2004);
2. inappropriate cellular growth profiles and physiological re-

sponses of cells cultivated with medium containing FBS;
3. FBS contamination with viruses, prions, etc.;
4. the large variability of FBS such that it is very difficult to even 

ensure consistent and well-controlled in vitro cell culture be-
tween batches;

5. the fraud-problem (Gstraunthaler et al., 2014).
To answer to these issues, the use of FBS in particular, but al-
so the use of other animal-derived products in cell, tissue and 
organ culture and related experimental techniques should be 
avoided wherever possible. There are several strategies to 
avoid the use of FBS. Human platelet lysates (HPLs) can be a 
valuable alternative to FBS as cell culture supplement. In ad-
dition, there is large interest in chemically-defined media (van 
der Valk et al., 2018). As HPLs are undefined but work for 
most cell types, chemically-defined media, on the other hand, 
are cell type-specific. To facilitate the search for serum-free 
media, the fcs-free.org database was established. This database 
provides an overview of commercially available serum-free 
media for cell and tissue culture, as well as medium formula-
tions for specific cell types obtained from scientific literature. 
Furthermore, the website serves as a platform to exchange in-
formation on the quality and applicability of each product. Not 
for every cell type is yet a serum-free medium available. Strat-
egies will be discussed to develop a serum-free medium for a 
specific cell type and to adapt cells to the new medium (van der 
Valk et al., 2010).
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an overload of information is likely to cause stress and frustra-
tion to most researchers, giving the erroneous impression that 
there might be no much left to research on. However, not only the 
2.5 million scientific publications per year are a proof of the con-
trary, but they may also turn to be a great source of inspiration. 
Indeed, underneath this huge amount of information, knowledge 
and technology gaps are hiding and literature search becomes a 
treasure hunt.

Most of the researchers likely use their favorite web search en-
gine and begin an iterative, often endless, typing. Are there better 
keywords that could be used? How to search for something that 
perhaps does not exist? And how to assess the relevance of the 
retrieved information? Here, we will provide you with clues and 
a series of critical steps to identify gaps in specific research fields 
of interest. The systematic search approach allows acknowledge-
ment of relevant literature and provides keys to answer open 
questions, while saving time and money by avoiding to reinvent 
the wheel. Finally, and most important, our proposed suggestions 
will allow to gain insights and seed ideas for future grant propos-
als and/or patent submissions, thus opening new avenues to re-
search innovation.
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Biology-inspired microphysiological 
system approaches to  
solve the prediction dilemma 
of substance testing
Thomas Steger-Hartmann
Bayer AG, Berlin, Germany
thomas.steger-hartmann@bayer.com 

Both the reported shortcomings of animal studies regarding their 
predictivity for humans as well as the desire to reduce the depen-
dence on animal testing in drug development inspired the hope 
for microphysiological systems or organ-on-a-chip.

As with any new technology, it became evident, that it was 
necessary to channel the initial hype into realistic expectations to 
avoid subsequent delusions. CAAT was instrumental in this pro-
cess by organizing a workshop in the framework of their trans-
atlantic think tank for toxicology. This workshop, held in 2015, 
brought together stakeholders from the pharmaceutical industry, 
academia, technology providers and regulators. The group ex-
changed the state of the development of the technology and de-
veloped a road-map for the implementation of microphysiolog-
ical systems within the drug development pipeline (Marx et al., 
2016). The workshop triggered a series of interactions and col-
laborations between pharmaceutical companies and technology 
providers. The success of the workshop is evidenced by a fol-
low-up event held in 2019.

works. Alternatively, a revolutionary approach would start 
from building an in silico virtual human physiological model 
for chemical safety assessment. The model would provide the 
integrated safety assessment for the tested chemical, being fed 
by data from testing a chemical in dedicated in vitro assays for 
critical rate-limiting steps in the physiological regulatory net-
work. Individual assays will still need characterization in terms 
of their biological mechanism(s), their reliability/reproducibil-
ity, and their chemical applicability domain. However, predic-
tivity of individual assays for toxicity in the intact organism is 
irrelevant in this approach. Rather, confidence in sufficient cov-
erage of the biology by the combined battery of fit-for-purpose 
assays, reflecting the rate-limiting key events in the network, 
should suffice for considering a testing strategy valid. This sys-
tem combines existing biological, chemical and toxicological 
knowledge and may well require reformulation of practical re-
quirements for regulatory chemical safety assessment. Safety 
assessment through the virtual human has to prove itself in ac-
tual practice, based on experience in the human. As scientific 
reliability of such a system is growing, it is important to simul-
taneously raise confidence of all stakeholders, including the 
general public. Of course, the stakes are high when it comes to 
human health protection. Although major hurdles still need to 
be taken, accelerating advances in machine learning and in sil-
ico modelling of human development, physiology and disease 
suggest that the virtual human and its application in chemical 
safety assessment may be closer at hand than anticipated here-
tofore.
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Mind the gap: Improving 
literature search skills to access 
the most relevant scientific 
and tech knowledge
David Vanneste Straccia, Fabrizio Rossi and  
Marco Straccia
FRESCI by SCIENCE&STRATEGY SL, Barcelona, Spain
marco.straccia@fre-sci.info 

About 20 million scientists in the world publish roughly five pa-
pers per minute, with an increasing trend of 8-9% per year. Such 
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shown between the increase in allergic diseases such as asthma 
and increased exposure to air and traffic (Murrison et al., 2019). 
As combustion engines are one of the most important sources of 
air pollution, its emission regulations have become increasingly 
stringent in recent decades. Consequently, new strategies have 
been and are developed to improve engine combustion and effi-
ciency and exhaust after-treatment. However, which biological 
mechanisms are linked to which emission components are not 
yet clear.

The aim of this presentation is to provide an overview of the 
current state of research and clinical aspects in this field, with a 
focus on the available in vitro lung models for studying pulmo-
nary toxicity, inflammation, and immune effects. Data are pre-
sented that show that the combination of an air-liquid interface 
exposure system and 3D lung-cell culture model provides a suit-
able tool for rapid and reliable investigations of complete exhaust 
toxicity as well as the effects of particulate fraction, i.e., filtered 
exhaust (Bisig et al., 2018; Steiner et al., 2016). Such studies pro-
vide important results for new and improved emission technolo-
gies in the early stages of product development and will also help 
to correlate the source of exposure with the adverse immune ef-
fects observed in humans.
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New ideas for systemic 
toxicity: Outcome of an EPAA 
blue sky workshop
George Daston1, Catherine Mahony2, Barbara Birk3, 
Irene Manou4, Boris Mueller5, Thomas  
Steger-Hartmann6, Evita Vandenbossche7 and  
Maurice Whelan8
1Procter & Gamble, Cincinnati, OH, United States; 2Procter & Gamble, 
London, United Kingdom; 3BASF, Ludwigshafen, Germany; 4EPAA, 
Brussels, Belgium; 5Symrise AG, Holzminden, Germany; 6Bayer AG, 
Berlin, Germany; 7Unilever, Sharnbrook, United Kingdom; 8European 
Commission, Joint Research Centre (JRC), Ispra, Italy
daston.gp@pg.com 

EPAA held a blue sky workshop more than ten years ago to 
brainstorm about how new technologies in biotechnology, 
chemistry and computation could be applied to the problem of 

The presentation will summarize the results of the initial work-
shop and discuss the level of implementation in the light of the 
recent developments.
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Case studies of industrial adoption 
using microphysiological systems
Lorna Ewart1 and Adrian Roth2
1Emulate Bio, Boston, MA, United States; 2Hoffman La Roche, Basel, 
Switzerland
lorna.ewart@emulatebio.com 

The Pharmaceutical industry has implemented a broad array of in 
vitro systems to support preclinical evaluation of new drug candi-
dates. Microphysiological Systems (MPS) are considered to fur-
ther improve prediction of safety and efficacy of new drug candi-
dates prior to their use in humans. MPS-based assays are increas-
ingly becoming part of the internal decision-making processes 
within Pharma and this session aims to present case studies of in-
dustrial adoption while discussing their impact on the 3Rs.
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Exposure of lung cell models 
to complete unfiltered and 
filtered exhaust from gasoline/
diesel cars and comparison 
with findings in humans
Barbara Rothen-Rutishauser1, Alke Petri-Fink1 and 
Christoph Bisig2
1Adolphe Merkle Institute, University of Fribourg, Fribourg, Switzerland; 
2Comprehensive Molecular Analytics, Helmholtz Center Munich, Munich, 
Germany
barbara.rothen@unifr.ch 

Pollution from vehicles is a major environmental problem due to 
the various components in the exhaust gases emitted into the at-
mosphere. Many studies clearly show the link between air pollu-
tion and a wide variety of human respiratory and systemic health 
complications (Riediker et al., 2019). In addition, a link has been 

https://doi.org/10.1016/j.envpol.2017.12.061
https://doi.org/10.1172/JCI124612
https://doi.org/10.1186/s12989-019-0302-8
https://doi.org/10.1007/s00204-016-1736-5
mailto:daston.gp@pg.com
https://doi.org/10.14573/altex.1603161
mailto:lorna.ewart@emulatebio.com
mailto:barbara.rothen@unifr.ch


Oral PresentatiOns

ALTEX Proceedings 9 (1), 2021, Maastricht 202134

of read-across, but they have the potential to support assessments 
for chemicals that have no analogs.
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Strategizing to optimize the 
development and use of animal-
free antibodies in the U.S.
Katherine Groff
PETA Science Consortium International e.V., Stuttgart, Germany
katherineg@thepsci.eu 

Building on the Scientific Advisory Committee of the Europe-
an Union Reference Laboratory for Alternatives to Animal Test-
ing (EURL ECVAM) findings that the use of animal-free recom-
binant antibodies would improve scientific reproducibility, the  
National Toxicology Program Interagency Center for the Evalu-
ation of Alternative Toxicological Methods (NICEATM) and the 
PETA International Science Consortium Ltd. convened the ex-
pert meeting “Developing strategies to increase the use of re-
combinant antibodies” in December 2019. Meeting participants 
identified parameters that animal-free recombinant antibodies 
would need to meet in order to achieve broader use through-
out the scientific community and challenges that have hindered 
their adoption despite their scientific benefits. With this back-
ground, participants outlined a pathway that will foster a large-
scale transition to animal-free recombinant antibodies, concen-
trating on the largest antibody market – antibodies produced for 
basic research. Meeting participants identified promising activ-
ities to increase awareness about the capabilities of animal-free 
recombinant antibodies and currently available resources and to 
increase funding and infrastructure for their development and 
validation. Committees on funding, partnerships, validation, and 
education and awareness were established to carry out these ac-
tivities. The objective of this presentation is to provide an over-
view of barriers to the use of animal-free recombinant antibod-
ies in the United States and how the committees are addressing 
these barriers.
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predicting repeated-dose toxicity. Many of the ideas from that 
workshop led to the SEURAT program, which developed re-
search tools that could support read across and ab initio ap-
proaches. Despite progress, there is still no agreed upon ap-
proach for systemic toxicity replacement, and little uptake into 
regulatory processes. EPAA held a second blue-sky workshop 
in Fall 2019 to consider whether new technologies should be 
incorporated into a replacement strategy, and to take stock of 
whether current and foreseen replacement approaches will meet 
regulatory needs. The participants included scientists from ac-
ademia, industry and government, including regulators. The 
participants agreed that we are on the right track using read-
across workflows that build upon historical toxicology testing 
data supported by biotechnology and computation. It was also 
clear that we will need a much deeper understanding of systems 
biology and how perturbations lead to adverse outcomes. Spe-
cific recommendations included development of comprehen-
sive ontology of modes of toxicity, global cataloging of biolog-
ical responses to toxicants through ‘omics, better understanding 
of 3D protein structure and how small molecules interact with 
macromolecules, and higher order biological and computation-
al models (like organoids and virtual organs) that allow inter-
rogation of the link between initial interaction at the molecular 
level and adverse outcome. Case studies will be important in 
helping regulators understand how alternative approaches are 
used. The participants also urged data to be shared publicly to 
accelerate progress. The full recommendations of the workshop 
will be presented at the conference.
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Cheminformatics and gene 
expression data: Linking chemical-
biological interaction to outcome
George Daston
Procter & Gamble, Cincinnati, OH, United States
daston.gp@pg.com 

Adverse outcomes in vivo are the culmination of a series of steps 
that begin with the interaction of an exogenous chemical and 
its molecular target. Organizing toxicity information based on 
chemical structure and mode of action (usually at the molecu-
lar level) provides a foundation for selecting higher order mod-
els and assays to fill in the rest of an adverse outcome pathway 
(AOP). We are developing ontologies for several modes of tox-
icity, beginning with developmental toxicity and hepatotoxicity. 
Gene expression data are being used to verify similar actions of 
chemicals and to help identify pathways by which chemicals act. 
This, in turn, informs the selection of appropriate models for fur-
ther investigating the mode of action leading to a particular out-
come. The initial applications of these approaches are in support 
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Part 2, an expert meeting was organized in November 2019. Pri-
or to this meeting, experts were surveyed to propose potential 
validation set chemicals (OECD, 2018) with known activity in 
at least one of the methods/mechanisms of action: 87 chemicals 
were initially suggested. During the meeting, these initial pro-
posals were reduced to a short list of 51 chemicals, including 
negative control chemicals, which in the collective opinion best 
cover the methods and their modes of action. The shortlist will 
undergo further refinement over the coming months to yield 30 
validation set chemicals.
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AOPs for endocrine disruptors
Sharon Janette Munn
DG-JRC European Commission, Ispra, Italy
Sharon.Munn@ec.europa.eu 

The regulatory requirement for identifying chemicals as endo-
crine disruptors implicitly or explicitly requires data identifying 
an adverse effect in animals and mechanistic data indicating an 
endocrine mode of action. A variety of guideline test methods are 
available for evaluating the endocrine hazard of chemicals, but 
few include both of these types of data and it is general anticipat-
ed that information generated by different test methods will be 
needed in order to reach a conclusion. This presentation will pro-
vide examples on how endocrine data are integrated and discuss-
es the strengths and weaknesses of the approach.
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EU-NETVAL Thyroid  
Validation Study: Chemical 
selection strategy
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Ingrid Langezaal1, Sharon Munn1, Gea Oliveri Conti11, 
Alicia Paini1, Daniel Pickford12, Anna Bal-Price1,  
Kostja Renko10, Tammy Stoker7, Jukka Sund1, Michael 
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As a follow up on the European framework for Endocrine Dis-
ruptors (EC, 2018), EURL ECVAM is coordinating the valida-
tion of 18 thyroid-targeted test methods (OECD, 2014). The aim 
is to assess the potential of chemicals to disrupt the thyroid hor-
mone (TH) axis, including various modes of action. Fourteen 
laboratories from the European Union Network of Laboratories 
for the Validation of Alternative Methods (EU-NETVAL), are 
participating in this two-part validation study:

Part 1, currently ongoing, aims to define the methods by stan-
dard operating procedures (SOPs) with assessment of reproduc-
ibility and reliability. Known positive/negative control and ref-
erence chemicals, respective for each method (OECD, 2018) are 
being used, identified previously during test method research and 
development.

Part 2 aims to assess the overall relevance of the test methods, 
using 30 validation set chemicals, selected on the basis of known 
modes of action and available in vivo study data screened using 
all 18 methods.

A challenge for the success of this validation study is the ap-
propriate selection of relevant validation set chemicals to be test-
ed, which should cover the range of expected response from the 
various modes of action. In support of the chemical selection for 
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Mimicking human lung tumour 
complexity in 3D in vitro tumoroids 
cultured at the air-liquid interface 
for predicting the efficacy of inhaled 
anti-cancer drugs in NSCLC patients
Dania Movia1, Despina Bazou2 and  
Adriele Prina-Mello1
1Trinity College Dublin, Dublin, Ireland; 2Mater Misericordiae University 
Hospital, Dublin, Ireland
dmovia@tcd.ie 

With 353,000 deaths every year, lung cancer is the leading cause 
of cancer-related deaths worldwide. Non-Small-Cell Lung Can-
cer (NSCLC) is its most common form (incidence, ~85%), and 
adenocarcinoma is the most frequent NSCLC subtype (~50%).

Lung cancer has no cure. Seven out of eight patients die with-
in five years from diagnosis. Of these, 80% die within one year. 
Thus, there is a critical need of developing more effective treat-
ments against such disease. Inhalation has demonstrated sever-
al advantages over other drug-administration routes in NSCLC 
treatment. Due to oversimplification, technical limitations and 
interspecies differences, however, currently available preclinical 
(in vitro/animal) models do not support the development of in-
haled chemotherapeutics.

Here, we present our advances in the development of hu-
man-relevant, tissue-mimetic in vitro models that closely mimic 
patient responses and are compatible with testing inhalable an-
ti-NSCLC drugs (Movia et al., 2018, 2019). Our in vitro models 
are formed by growing, for the first time, 3D tumoroids of hu-
man adenocarcinoma (A549) cells in the presence (co-culture) or 
absence (mono-culture) of human fibroblasts (MRC-5 cell line) 
at the Air-Liquid Interface (ALI). The in vitro models developed 
were tested for their response to four benchmarking chemothera-
peutics. Results demonstrated clinically relevant MultiDrug Re-
sistance (MDR). The signalling pathways of the culture MDR, in 
fact, reproduced those found in NSCLC patients. Notably, such 
pathways were influenced by the cancer cell-fibroblast cross-
talk, which was mediated in vitro through TGF-β1 release and 
subsequent activation of the PI3K/AKT/mTOR pathway, as per 
in vivo conditions. Finally, compatibility with testing drugs ad-
ministered as a liquid aerosol by a clinical nebulizer was demon-
strated.

In conclusion, our data demonstrate that our in vitro mod-
els provide a first alternative to animal studies for the efficacy 
screening of inhaled chemotherapeutics, thus opening new re-
search avenues in the development of more effective anti-NS-
CLC drugs.
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The impact of the CAAT 
publication series on ALTEX
Sonja von Aulock
ALTEX Edition, Kreuzlingen, Switzerland
editor@altex.org 

The recognition of the journal ALTEX (https://www.altex.
org) as a popular venue to publish high-quality work relevant 
to the 3Rs took off ten years ago and has continued to grow 
since then as evidenced by the journal’s impact factor, sub-
mission numbers, number of manuscripts published per year, 
breadth of subjects covered, and number and diversity of con-
tributors. A large portion of this development is attributable to 
publications coming from CAAT and CAAT-Europe during 
this time, i.e., the Food for Thought … series (started in 2007),  
t4 reports and t4 workshop reports (started in 2008), the Bench-
Marks series (started 2018), and numerous original publica-
tions. Food for Thought … are opinion articles that challenge 
the status quo and envision scientific strategies for new devel-
opments. t4 workshop reports bring interdisciplinary leaders 
together to cooperate on formulating expert opinions and to set 
out a path towards a common goal, and the BenchMarks arti-
cles aim to improve the quality of science in the field by high-
lighting technical challenges and shortcomings. Many of the 
authors and reviewers ALTEX has worked with through these 
unique and highly cited formats continue to return as contrib-
utors or to recommend ALTEX to others. Regular updates on 
CAAT activities, titled CAATfeed, inspired the Corners sec-
tion where participating institutions can relate their 3R relevant 
news to the community. The fruitful collaboration between 
CAAT/CAAT-Europe and ALTEX has enabled ALTEX to 
grow and mature as a journal and thereby to promote the field 
of new approach methods by showcasing high-level human- 
relevant science.
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sue-based in vitro models is of upmost importance. The discov-
ery of self-forming retinal organoids (ROs) derived from hu-
man induced pluripotent stem cells (hiPSCs) is a promising ap-
proach to model the complex stratified retinal tissue. Yet, ROs 
lack vascularization and cannot recapitulate the important phys-
iological interactions of matured photoreceptors and the retinal 
pigment epithelium (RPE). One promising approach to recapit-
ulate human biology in vitro is by combining hiPSC technology 
with microfluidic devices tailored to create microphysiological 
environments and recapitulate 3D tissue structure and function. 
Such organ-on-a-chip platforms or microphysiological systems 
combine human genetic background, in vivo-like tissue struc-
ture, physiological functionality, and “vasculature-like” perfu-
sion.

Using microfabrication techniques, we have developed the ret-
ina-on-chip (RoC), a novel microphysiological model of the hu-
man retina integrating more than seven different essential reti-
nal cell types derived from hiPSCs. It provides vasculature-like 
perfusion and enables, for the first time, the recapitulation of 
the interaction of mature photoreceptor segments with RPE in  
vitro. We show that this interaction enhances the formation of 
outer segment-like structures and the establishment of in vi-
vo-like physiological processes such as outer segment phagocy-
tosis and calcium dynamics. In addition, we demonstrate the ap-
plicability of the RoC for drug testing, by reproducing the retino-
pathic side-effects of multiple compounds. The developed RoC 
has the potential to promote drug development and provide new 
insights into the underlying pathology of retinal diseases.
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Communicating animal research: 
A PLOS ONE perspective
Alejandra Clark
Public Library of Science, Cambridge, United Kingdom
aclark@plos.org 

Scientific advance relies on transparency, rigour and reproduc-
ibility. The use of animals in scientific research is central to bio-
medical disciplines and brings with it the responsibility to maxi-
mize the knowledge gained from in vivo research. Improving the 
quality of reporting of published studies and sharing of the data 
are key in working towards reproducibility in research findings. 
Since its inception, the open access multi-disciplinary journal 
PLOS ONE has striven to publish work that is reproducible, as 
well as rigourously and ethically conducted. We will be discuss-
ing the policies and initiatives the journal has driven around re-
search involving animals, and our commitment to promoting re-
producibility and transparency in the biomedical fields.
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Moderated panel discussion:  
Is it time to say “Bye bye Buehler”?
Janine Ezendam
National Institute for Public Health and the Environment (RIVM), 
Bilthoven, The Netherlands
janine.ezendam@rivm.nl 

The goal of this workshop is to discuss opportunities and chal-
lenges to replace the Buehler test that has been used for decades 
with new approach methods (NAMs) for skin sensitization. 
During this workshop, the audience will hear presentations on 
the current status of NAMs for skin sensitization as well as how 
these are being used in different regions of the world. During this 
moderated panel discussion the audience as well as the present-
ers of the workshop are invited to discuss if it is possible to re-
place the Buehler test. The aim of this panel discussion is to iden-
tify the most important drivers and barriers that influence the ac-
ceptance and use of the NAMs. A better understanding of these 
aspects can be used to build confidence in NAMs for skin sensiti-
zation and may ultimately make the Buehler test redundant.
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Eye-on-chips: Next-generation 
microphysiological in vitro 
models for ophthalmology 
research and ocular toxicology
Peter Loskill1,2
1Faculty of Medicine, Eberhard Karls University Tübingen, Tübingen, 
Germany; 2Fraunhofer Institute for Interfacial Engineering and 
Biotechnology IGB, Stuttgart, Germany
peter.loskill@uni-tuebingen.de 

The devastating effects and incurable nature of hereditary and 
sporadic retinal diseases such as Stargardt disease, age-related 
macular degeneration or retinitis pigmentosa urgently require 
the development of new therapeutic strategies. Additionally, a 
high prevalence of retinal toxicities is becoming more and more 
an issue of novel targeted therapeutic agents. Ophthalmolog-
ic drug development, to date, largely relies on animal models, 
which often do not provide results that are translatable to human 
patients. Hence, the establishment of sophisticated human tis-
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What is the analysis of biomedical 
research literature teaching us about 
the use of non-animal models?
Marco Straccia
FRESCI by SCIENCE&STRATEGY SL, Barcelona, Spain
marco.straccia@fre-sci.info 

Originality is the seed of innovation. Original ideas, questions 
and approaches are rewarded in life science with high-impact 
factor publications. High-impact factor publications give us vis-
ibility and the possibility to apply for new funding and to ask 
more original questions to start again. This is an established re-
ward system in life science. Every researcher is trying to be as 
much as original is possible to keep up in this system. One of the 
key factor to be truly original is studying thoroughly the state of 
art, for not reinventing the wheel and to add real value. Howev-
er, after screening more than 250,000 publications, my team and 
I think that a large number of researchers are not good as they 
should in studying the state of the art. And most importantly, we 
start believing that originality is hampering non-animal models 
research.

Our literature review analysis in four fields of biomedical re-
search has revealed most of the time poor originality and ma-
ny limitations in our way of planning, developing, characterizing 
and using non-animal models. However, thanks to this enormous 
project funded by the European Commission, we are now able to 
propose some working solutions to improve the originality of our 
research and to offer more relevant non-animal models for their 
use. And one of them is collaboration.

Presentation: Oral

118

Barriers and challenges facing 
the replacement of animal-
derived antibodies (ADAs)
Alison Gray
AFABILITY, Nottingham, United Kingdom
draligray@live.com 

Animal Friendly replacement methods for Animal Derived An-
tibody (ADA) production have been available 20+ years. Yet 
despite their unequivocal scientific advantages over vintage an-
imal immunisation-based techniques, uptake has been poor. 
ADAs continues to be relied upon in every scientific discipline 
for immune-analysis, including safety and batch testing, health 
care management, therapeutics, R&D and even cosmetics effi-
cacy testing, where animal procedures are supposedly banned in 
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From research to innovation: 
Business in life sciences
Marco Straccia
FRESCI by SCIENCE&STRATEGY SL, Barcelona, Spain
marco.straccia@fre-sci.info 

We become scientists because we all want the world to be a bet-
ter and healthy place. In addition, science and research is the 
most energizing and stimulating experience your brain can live. 
As researchers, we live everyday asking questions with no an-
swers. The adrenaline pumps up when you start generating bits 
and pieces of results and having some hints about a plausible, 
but a still very preliminary, answer. Then we shift to depression 
when we realize months of experiments were just on the wrong 
direction. However, we are quickly back to our desk with tons of 
articles and a new experimental plan to crash the bench. Finally 
you publish your scientific results, your endorphins and seroton-
ins levels are at the top. You party all night and the next morn-
ing you start again. Will this article really make the world a bet-
ter place? You spread your idea into the world, but you still need 
someone able to understand that idea and transform it into some-
thing real that people can benefit of. And business is a very key 
piece in this process, named innovation. This is why some of us 
go from research to business to keep pushing science to make our 
world a better place.
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Reproducibility crisis in 
preclinical research
Toni Andreu
EATRIS, Amsterdam, The Netherlands
toniandreu@eatris.eu 

Several studies have demonstrated that quality and reproducibil-
ity represent major issues in the preclinical development of the 
translational pipeline, particularly in the process of drug devel-
opment. Up to 50% of the investment at the preclinical level is 
mostly wasted. The cause of this lack of reproducibility due to 
elements that are actionable and the result of this situation leads 
to a high attrition rate in the drug development pipeline, partic-
ularly in clinical trials at stage II where the novel molecule con-
fronts for the first time the clinical situation for which the drug 
was designed for. Challenges and opportunities for tacking this 
challenge will be discussed during the session.
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Next generation risk assessment  
for consumer safety: What  
do we need from validation?
Carl Westmoreland, Gavin Maxwell, Maria Baltazar, 
Alistair Middleton, Paul Russell, Matt Dent and  
Paul Carmichael
Unilever SEAC, Sharnbrook, United Kingdom
carl.westmoreland@unilever.com 

The principles identified by the International Cooperation on 
Cosmetics Regulation for the use of new approach methodolo-
gies (NAMs) in Next Generation Risk Assessment (NGRA) in-
clude that risk assessments should be designed to prevent harm in 
consumers, be exposure-led and that any data generation should 
be tiered and iterative. Assessments should be based on robust 
and relevant methods and strategies (Dent et al., 2018).

An approach to the evaluation of NAMs for use in NGRA for 
both skin allergy and systemic effects will be discussed. In both 
cases, detailed information on levels of exposure to benchmark 
substances that can cause adverse effects in humans drive the eval-
uation process: either through (1) known levels of skin exposure to 
materials with documented evidence regarding the ability of that 
exposure to induce skin sensitisation; or (2) systemic exposure es-
timates (using physiologically-based kinetic modelling; Moxon et 
al., 2020) for materials with documented evidence regarding the 
ability of that exposure to induce systemic adverse effects.

In this context, two approaches to the evaluation of NAMs for 
use after an initial in silico NGRA tier will be described: (1) an 
approach for skin allergy using experimental data from DPRA, 
hCLAT, Keratinosens™ and U-Sens™ assays and a Bayesian 
probabilistic model to estimate human sensitiser potency (Reyn-
olds et al., 2019) and (2) an approach for systemic effects using 
SafetyScreen44™, Cell Stress Panel (Hatherell et al., 2020) and 
BioSpyder Tempo-Seq, high throughput transcriptomic data.

This approach to evaluation of NAMs for use in NGRA seeks 
to establish a fit-for-purpose, robust and reproducible set of bio-
activity assays that can be used to generate margins of safety for 
chemicals when combined with information on levels of con-
sumer exposure.
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the EU but where antibody production as a scientific procedure 
is overlooked (Gray et al., 2016a,b). Widespread resignation to-
ward antibody quality, originating from the inherent shortcom-
ings of ADAs is incorrectly perceived as an unavoidable hurdle. 
The reasons for poor uptake of replacement methods are not due 
to lack of replacement options, or molecular properties of An-
imal Friendly Affinity-reagents (AFAs) themselves, since these 
are well developed. Instead a tangled web of issues including a 
propensity toward existing methods, significant scientific mis-
conceptions regarding their replacements; perceived econom-
ic and contractual constraints; lack of guidance regarding avail-
ability; limited access to genuine catalogue AFAs; focus on the 
more lucrative therapeutics market preventing its widespread 
commercial diffusion; and a lack of focus on ADAs as a scientif-
ic procedure and subsequent enforcement of Directive 2010/63/
EU. Collectively, this means large scale generic project applica-
tions proposing the use of hundreds or thousands of animals for 
broad scale antibody generation are still authorized in EU mem-
ber states. In addition, there is a resounding impact on the scien-
tific community of using non-specific reagents in terms of cost, 
time and resources and society continues to suffer unquantifiable 
repercussions on diagnosis and health management (Bradbury et 
al., 2015). We are now facing an exciting new era, where these 
barriers and challenges are being confronted. AFABILITY, EU-
RL-ECVAM and partners are collaborating to ensure uptake of 
replacement methods for ADA production is a global achieve-
ment (https://publications.jrc.ec.europa.eu/repository/; Groff et 
al., 2020)
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Recombinant antibody 
technology: Taking antibodies 
from bench to bedside
Lia Cardarelli1,2 and Sachdev S. Sidhu1,2
1Toronto Recombinant Antibody Centre, Toronto, Canada; 2University of 
Toronto, Toronto, Canada
lia.cardarelli@utoronto.ca 

To understand protein function, researchers require antibodies 
(Abs) against proteins to use as specific probes to assess protein 
function and location. Interest in Abs has been further spurred by 
their emergence as a major therapeutic breakthrough over the last 
decade for the treatment of cancer and other devastating diseases. 
Most monoclonal Abs (mAbs) are produced by hybridoma meth-
ods, which have changed little since their inception decades ago. 
The hybridoma technology suffers from several drawbacks: the 
difficult and labour-intensive development of a hybridoma, the 
immune bias of animal repertoires, and the controversial use of 
research animals. In recent years, research in protein engineer-
ing has given rise to “synthetic antibodies” which use man-made 
antigen-binding sites and thus circumvent the need for animals. 
We have developed synthetic antibodies that use a single human 
framework and limited chemical diversity restricted to regions of 
the antigen-binding site. Libraries of Ab fragments are displayed 
on phage particles. Each particle displays a unique Ab which en-
capsulates a vector that contains the encoding DNA. Phage pools 
containing billions of unique Abs are used in selections to isolate 
Abs that recognize specific antigens, and the sequence of each 
Ab is decoded by sequencing the linked DNA. The linked DNA 
sequences can be used to produce the Ab directly from bacteria 
or mammalian cells. These features of phage display technolo-
gy obviate many of the limitations of hybridoma methods and 
are suited to high-throughput applications since the process relies 
on simple molecular biology techniques. Furthermore, synthetic 
Ab engineers are not limited by nature’s Ab formats; the build-
ing blocks encoding mAbs can be easily combined to produce 
Abs which bind specifically to multiple targets within the same 
protein. Overall, the synthetic Ab field is poised to revolutionize 
the mAb market and provide novel tools and treatments for hu-
man disease.
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Not in our back yards: 
OneHealth implications of the 
international primate trade
Lisa Jones-Engel
People for the Ethical Treatment of Animals, Seattle, WA, United States
LisaJE@peta.org 

The OneHealth initiative recognizes that the environment, do-
mesticated animals, wildlife and public health are all part of the 
same, dynamic system. Using the OneHealth multidisciplinary 
framework, I will demonstrate that the intentional introduction 
of tens of thousands of monkeys into non-native ecosystems via 
“monkey farming” has the potential for significant disruptions in 
animal, human and environmental health. Hendry County, Flor-
ida is the epicenter for the commodification of macaques used 
in research in the United States. Here, thousands of primates are 
imported and stockpiled year-round in breeding and research fa-
cilities. The poor conditions that these primates are confined in 
are well known and documented. The importation companies 
cite Hendry County as an “ideal environment for nonhuman pri-
mates” noting the “tropical climate”, “agricultural mindset of the 
labor force” and the “knowledge base of environmental and reg-
ulatory agencies”. What is not acknowledged is that these mon-
key farming facilities are situated amongst commercial agricul-
tural and livestock operations, residential farms, craft breweries 
and restaurants that rely on the rich agricultural lands in this poor, 
rural community. The macaques warehoused in Hendry County 
often arrive naturally infected with parasites, bacteria, mycobac-
teria, and viruses, many of which may present a public health 
concern. Crammed into poorly designed indoor/outdoor facili-
ties the primates generate waste water contaminated with feces, 
urine, and blood. Additionally, macaques are attractive hosts for 
the mosquitos that can transmit vector-borne pathogens such as 
Zika, dengue and West Nile virus. The practice of monkey farm-
ing is a critical link in the use of primates for research. By draw-
ing attention to the public health risks of warehousing large num-
bers of monkeys in places like Hendry County we may be able to 
break the supply chain and hasten the end of the use of primates 
in research.
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Caring for those caring for 
research animals: Developing 
a global corporate resiliency 
building program
Judy Murray1, Patricia Turner1,2 and Cassie Bauer3
1Charles River Laboratories, Wilmington, MA, United States; 2University 
of Guelph, Guelph, Ontario, Canada; 3Charles River Laboratories,  
Ashland, OH, United States
judy.murray@crl.com 

In recent years, there is increased recognition of the impact that 
compassion stress and compassion fatigue have on mental health 
and well-being as occupational hazards for veterinary and re-
search animal facility personnel. These are normal consequence 
of caring people giving to others while not taking time to care 
for themselves. Those working with research animals can be pro-
foundly affected by their work, including feelings of grief and 
sadness, or a sense of loss that they may not be able to articu-
late. Left unaddressed, caregivers may become desensitized and 
numb, which can affect the animals that they are entrusted to care 
for, making this not only a human issue, but potentially an animal 
welfare issue. To address the effects of compassion stress and 
compassion fatigue, we developed and administered surveys, 
both internally and within the larger laboratory animal communi-
ty in North America and Europe, looking at root causes and cop-
ing mechanisms to help individuals deal with feelings of com-
passion fatigue. These surveys were used to develop an impactful 
corporate program to meet the needs of personnel across multiple 
sites. The program provides training sensitizing management to 
compassion fatigue, their role in helping personnel deal with dif-
ficult situations at work, and ways to support building resiliency 
within their employees. A network of “resiliency building am-
bassadors” to extend the program to multiple sites across the or-
ganization, focusing on tools for building resiliency, peer coun-
seling through empathetic listening, personal wellness, providing 
tributes to research animals worked with, enhancing communi-
cations during research projects, promoting animal adoption and 
rehoming programs. Focused training for frontline leaders, hu-
man resource representatives, and veterinary personnel to fur-
ther support personnel and create an emotionally engaged culture 
within the facility. The program includes flexibility for sites to 
select content to ensure that culturally appropriate tools and ma-
terials are available across sites.
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The 6 Principles of Animal Research 
Ethics – Questions and application
Margaret S. Landi1 and Adam Shriver2
1GSK Pharmaceuticals, Collegeville, PA, United States; 2Oxford Uehiro 
Centre for Practical Ethics & Wellcome Centre for Ethics and Humanities, 
University of Oxford, Oxford, United Kingdom
margaret.s.landi@gsk.com 

The recent publication of Principles of Animal Research  
Ethics, 2020, Oxford University Press by Tom Beauchamp and 
David DeGrazia outlines the Beauchamp-DeGrazia Framework 
of Principles (Beauchamp and DeGrazia, 2020). This presen-
tation will explore the existing ethical gap during IACUC (or 
equivalent) review, even with the application of Harm/Benefit 
analysis and the 3Rs of Replacement, Reduction and Refine-
ment. This gap exists because HBA and 3Rs do not include a 
robust enough framework for ethical debate on animal stud-
ies. Beauchamp and DeGrazia’s analysis of the gap resulted in  
3 premises: (1) sentient animals have moral status and therefore 
are not merely tools of research, (2) the only possible justifica-
tion for (non-therapeutically) harming animals with moral sta-
tus, including animal research subjects, is the prospect of sub-
stantial and otherwise unattainable social benefits, and (3) any 
permissible harming of animals in research is limited by con-
siderations of animal welfare. In turn these premise lead to two 
core values of social benefit and animal welfare. The principle of  
Social Benefit in turn has 3 principles: (1) The Principle of No 
Alternative Method, (2) The Principle of Expected Net Benefit 
and (3) The Principle of Sufficient Value to Justify Harm. The 
Principles of Animal Welfare include an additional three princi-
ples: (1) The Principle of No Unnecessary Harm, (2) The Prin-
ciple of Basic Needs and (3) The Principle of Upper Limits to 
Harm. This session will examine these new principles and what 
they can mean in the future, from the perspective of laboratory 
animal medicine, governance, ethics and philosophy.
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ture-based assays for assessing the effects of substances in hu-
mans. Biology-inspired microphysiological systems provide pre-
clinical insights into the absorption, distribution, metabolism, 
and toxicity of substances in vitro by using cocultures of human 
three-dimensional organotypic cultures.

Here, we describe a coculture of a human lung equivalent from 
the commercially available bronchial MucilAir™ culture and 
human liver spheroids from the HepaRG™ cell line. The cocul-
ture has been designed to address the potential toxicity of inhaled 
compounds and directly predict their effects and metabolism in 
a trans-organ environment. For this, we have developed a new 
HUMIMIC Chip design and created appropriate coculture con-
ditions with regard to medium supply and oxygenation of the or-
gan cultures. The tissue constructs were integrated into separate 
culture compartments of the closed circulatory perfusion system, 
interconnected by microfluidic channels, and cultivated for 14 
days. This helped demonstrate that the viability and homeosta-
sis of the tissue cultures could be maintained over longer culti-
vation periods. The morphology of MucilAir™ tissues was addi-
tionally evaluated by histological analysis and their functionality 
by measurement of transepithelial electrical resistance and cilia 
beating frequency. Furthermore, immunohistochemical analysis 
and quantification of albumin secretion helped verify liver tis-
sue function in the coculture. The connection between lung and 
liver tissues and the ability of the liver to metabolize compounds 
present in the medium was demonstrated by using aflatoxin B1, a 
known hepatotoxicant and carcinogen. Indeed, aflatoxin B1 tox-
icity in chips containing lung and liver tissues was lower than 
that in chips containing lung tissues only.

In summary, the new HUMIMIC Chip setup enables exposure 
studies for investigating the toxic effects of inhaled substances 
on a trans-organ level, emulating more closely the systemic ef-
fects of the substance in the human body.
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European lessons learned from 
REACH submissions using  
NAM skin sensitisation data
Laura H. Rossi
Europea Chemicals Agency, Helsinki, Finland
laura.rossi@echa.europa.eu 

The REACH standard information requirements were amended 
in May 2017 to include sequential testing strategy when new in-
formation needs to be generated for a chemical substance. As a 
first step in vitro/in chemico studies need to be generated. In case 
the in vitro/in chemico methods are not applicable for the sub-
stance or the results obtained from such studies are not adequate 
for classification and risk assessment an in vivo study can be per-
formed (Local Lymph Node Assay as a first choice of assay). In 
addition, the REACH regulation was amended to include infor-
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Needs for application of air-liquid- 
interface models in risk  
assessment of inhaled compounds
Yvonne Staal, Rob Vandebriel and Hedwig Braakhuis
RIVM, Bilthoven, The Netherlands
yvonne.staal@rivm.nl 

Technical developments have resulted in systems that can be 
used to expose cells via the air to mimic inhalation exposure. In 
parallel, in vitro models for the respiratory tract have been im-
proved greatly to have more commonalities with the human re-
spiratory tract. There are, however, some steps that need to be 
taken for the application of these in vitro models in human risk 
assessment. The main topics to address are how the dosing and 
the effect can be translated from human exposure to in vitro mod-
els and vice versa. Translation of human dose to in vitro concen-
tration needs to consider airway deposition and deposition on the 
cells in the in vitro exposure system that is used for exposure. In 
addition, for application in risk assessment, also the in vitro con-
centration needs to be extrapolated to human inhaled concentra-
tion. The health effect, and thereby the in vitro model is driven by 
the toxicological hypothesis as the cell model should allow for 
measurement of the parameter of interest. For most in vitro ef-
fects the translation to human health effects remains a challenge. 
Probably, multiple readouts need to be combined to translate in 
vitro effects to human health effects. This presentation will intro-
duce the session on the translation of inhaled concentrations and 
effects in Air-Liquid-Interface (ALI) cultured cell models to hu-
man effects. Information needs on deposition in human airways 
and in in vitro models will be addressed and the extrapolation of 
in vitro effects to human health effects will be discussed using an 
Adverse Outcome Pathway (AOP) approach.
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Microphysiological system 
coculture approach for bronchial 
lung and liver models for 
substance exposure studies
Katharina Schimek1, Stefan Frentzel2, Karsta Luettich2, 
David Bovard2, Isabel Rütschle1, Laura Boden1, Felix  
Rambo1, Annika Winter1, Uwe Marx1 and Julia Hoeng2
1TissUse GmbH, Berlin, Germany; 2PMI R&D, Philip Morris Products 
S.A., Neuchâtel, Switzerland
katharina.schimek@tissuse.com 

The restricted complexity of current organ models and the lack 
of interorgan communication limits the predictability of cell cul-

mailto:laura.rossi@echa.europa.eu
mailto:yvonne.staal@rivm.nl
mailto:katharina.schimek@tissuse.com


Oral PresentatiOns

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 43

2. Implementation of better handling techniques
3. Compassion fatigue
4. Boxless events
5. Celebration of our commitment to ethical engagement of an-

imals in research through the annual Global Biomedical Re-
search Awareness Day (BRAD)
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An international data crowdsourcing 
project to understand and  
minimise aggression in group-housed  
male laboratory mice
Katie Lidster1, Kathryn Owen1, William Browne2  
and Mark Prescott1
1National Centre for the Replacement, Refinement and Reduction of 
Animals in Research (NC3Rs), London, United Kingdom; 2University of 
Bristol, Bristol, United Kingdom
mark.prescott@nc3rs.org.uk 

Aggression in group-housed laboratory mice is a serious animal 
welfare concern. Further understanding of the causes of aggres-
sion could have a significant positive impact on a large number of 
animals worldwide. The NC3Rs led a crowdsourcing project for 
animal technicians to collect data on the prevalence and poten-
tial triggers for mouse aggression. The crowdsourcing approach 
allowed data to be collected from multiple institutions and is the 
first time such an approach has been applied to a laboratory ani-
mal welfare problem. Technicians observed group-housed, male 
mice during daily routine cage checks and recorded all incidents 
of aggression-related injuries. Data was anonymised and analysed 
to calculate prevalence and identify factors contributing towards 
cage aggression. In total, 44 facilities from nine countries partic-
ipated in the study and data was collected by 143 animal techni-
cians. A total of 788 incidents of aggression-related injuries were 
reported across a sample population of 137,580 mice. The mean 
facility-level prevalence of aggression-related incidents reported 
across facilities was equivalent to 15 in 1,000 mice. Key factors 
influencing the prevalence of aggression included strain; number 
of mice per cage; how mice were selected into a cage; cage clean-
ing protocol; and transfer of nesting material. The study results, 
along with the current published literature, were used to formu-
late practical recommendations for minimising aggressive be-
haviour in mouse facilities (Lidster et al., 2019).
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Lidster, K., Owen, K., Browne, W. J. et al. (2019). Cage aggres-

sion in group-housed laboratory male mice: An international 
data crowdsourcing project. Sci Rep 9, 15211. doi:10.1038/
s41598-019-51674-z 
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mation on skin sensitisation potency for skin sensitising sub-
stances.

After the last registration deadline of 31 May 2018 for the low-
er tonnage substances (manufactured or imported at 1 to 100 
tonnes per annum per registrant) a data mining exercise was per-
formed to investigate the strategies that the registrants have tak-
en for the endpoint of skin sensitisation. The results presented in 
this report are based on registration data extracted from the IU-
CLID database on 31 July 2019. This dataset includes practically 
all registrations submitted as part of the third REACH registra-
tion deadline in May 2018. From this data mining more in-depth 
assessment was performed on cases where in vitro/in chemico 
data was used to fill the REACH information requirement for 
skin sensitisation. The presentation will provide more in-depth 
information on the approaches used and conclusions made by 
the registrants, i.e., number of substances where solely in vitro/
in chemico methods were used, number of substances where in 
vitro/in chemico methods were used in combination with in vi-
vo methods, substances having in vivo results only, and what was 
the reasoning for the selected approaches.
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Culture of care at Novartis – 
The path for better science
Birgit Ledermann
Novartis Pharma AG, Basel, Switzerland
birgit.ledermann@novartis.com 

Through a multitude of peer-reviewed research, it has become 
clear that animal care and welfare is a critical factor in the qual-
ity of the scientific results obtained from animal research. Ani-
mal care and welfare staff have key insights to contribute to deci-
sion-making regarding housing, handling and euthanasia that can 
improve the quality of scientific results. A good culture of care 
engages staff and facilitates this collaboration. Developing and 
growing a culture of care requires openness, transparency and 
the commitment of the institution’s senior leaders.

In order to ensure high animal welfare standards and a culture 
of care, Novartis established a global animal welfare organiza-
tion in 2005. This organization sets, implements and monitors 
global animal welfare studies and procedures pursued internal-
ly and with external partners at a local and global level. The team 
works in close collaboration with our global laboratory animal 
service organization that provides daily care to our animals, in-
cluding 24/7 access to specialty trained veterinarians.

In addition, Novartis is committed to the 3Rs principles of Re-
duction of animal numbers, Refinement (improving the animal’s 
experience in research) and Replacement (replacement of ani-
mals with non-animal methods).

Examples for a good culture of care will be given for
1. Global and local annual 3Rs awards

mailto:mark.prescott@nc3rs.org.uk
https://doi.org/10.1038/s41598-019-51674-z
https://doi.org/10.1038/s41598-019-51674-z
mailto:birgit.ledermann@novartis.com


Oral Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 202144

141

Tradition, not science,  
is the basis of animal model 
selection in drug development
Désirée Veening-Griffioen1, Guilherme Ferreira1, 
Wouter Boon2, Christine Gispen-de Wied3,  
Huub Schellekens1, Ellen Moors2 and  
Peter van Meer1,4
1Utrecht Institute of Pharmaceutical Sciences, Utrecht University, Utrecht, 
The Netherlands; 2Copernicus Institute of Sustainable Development, 
Utrecht University, Utrecht, The Netherlands; 3Gispen4RegulatoryScience: 
advies en educatie, Bilthoven, The Netherlands; 4Medicines Evaluation 
Board, Utrecht, The Netherlands
d.h.veening-griffioen@uu.nl 

National and international laws and regulations exist to protect 
animals used for scientific purposes, e.g., Directive 2010/63/EU. 
Therefore, we investigated how animal model selection was re-
ported in project application forms for animal procedures for 
scientific purposes (Veening-Griffioen, 2021). We evaluated the 
choice of a specific animal model using thematic content analy-
sis in project application forms, issued in 2017-2019 by the na-
tional Central Authority in the Netherlands. In total, 125 animal 
models for translational and applied research, from 110 project 
applications were assessed. Explanations to select a specific mod-
el included: the model’s availability (79%); the availability of ex-
pertise (62%); and the model showing similar disease pathology/
symptoms (59%). Therefore, current selection of a specific ani-
mal model seems to be based on tradition rather than its poten-
tial predictive value for clinical outcome. The applicants’ explana-
tions for the implementation of the 3Rs principles (replacement, 
reduction and refinement) as to the animal model were often un-
specific: replacement was achieved by using data from prior in 
vitro studies, reduction by optimal experimental design and any 
statistics, and refinement by reducing of discomfort. Additional-
ly, due to the need for a test model with high complexity (47%) 
and intactness (30%), the full replacement of animal models with 
alternative (non-live animal) approaches was thought unachiev-
able. Without a clear, systematic and transparent justification for 
the choice of a specific animal model, the likelihood of poorly 
translatable research remains. It is not only up to the researcher to 
demonstrate this, as ethical committees and funding bodies can 
provide positive stimuli to drive this change.
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Innovative strategies  
in biomedical research: 
Which models?
Laura Gribaldo
JRC-EC, Ispra, Italy
laura.gribaldo@ec.europa.eu 

Animal models have been traditionally used in biomedical re-
search to recapitulate human disease features and develop new 
drugs, as they are generally supposed to resemble some of the 
major hallmarks of human diseases. However, these animals do 
not develop the disease as it occurs in humans, and their use has 
not paved the way to the development of drugs effective in hu-
man patients for many highly prevalent non-communicable dis-
eases, such as Alzheimer disease. Indeed, despite conspicuous re-
search and economical endeavors, the clinical failure rate in drug 
development still remains very high, with an overall likelihood 
of approval from Phase I of about 9.6%. On the other hand, en-
hanced human clinical trials utilizing micro- dosing, and more 
representative study populations and durations, as well as sur-
rogate human tissues, advanced imaging modalities and human 
epidemiological, sociological and psycho- logical studies, may 
increase our understanding of illness etiology and pathogene-
sis, and facilitate the development of safe and effective pharma-
cologic interventions. Particularly when human tissues are used, 
non-animal models may generate faster, cheaper results, more re-
liably predictive for humans, whilst yielding greater insights in-
to human biochemical processes. A first effort to gather existing 
knowledge about non-animal models of highly prevalent human 
diseases has been made by the Joint Research Centre of the Euro-
pean Commission. The final goal is to disseminate and improve 
knowledge sharing on potentials and limitations of human based 
models at different levels: scientific communities, universities 
and secondary schools, national committees for animal welfare 
and the public at large.
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Do we act like car salesmen  
or airline pilots? Preparing for 
robust and humane research
Adrian Smith1, Eddie Clutton2, Elliot Lilley3, Kristine 
Eraker Aasland Hansen4 and Trond Brattelid5
1Norecopa, Oslo, Norway; 2Royal (Dick) School of Veterinary Studies, 
Edinburgh, United Kingdom; 3Research Animals Department, RSPCA, 
Southwater, United Kingdom; 4Norwegian University of Life Sciences, Oslo, 
Norway; 5Western Norway University of Applied Sciences,  
Bergen, Norway
adrian.smith@norecopa.no 

Many explanations for the so-called “reproducibility crisis” in 
science focus on the “mathematical” aspects of planning and con-
ducting preclinical experiments, such as the appropriateness of 
statistical analyses, or the failure to prevent bias. Whilst undeni-
ably important, this approach ignores the many animal-related 
factors which produce artefacts and reduce both internal and ex-
ternal validity. Unfortunately, it is more difficult to produce met-
rics which reflect these factors or attempts to avoid them.

The last few decades have seen major advances in most aspects 
of laboratory animal husbandry and care. It is unreasonable to 
expect scientists (who use animals in their research – but whose 
main focus is naturally elsewhere) to be fully aware of current 
“best” practice. Scientists need guidance before embarking on an-
imal-based experiments and this should be provided at the ear-
liest possible stage by key personnel from the animal facility in 
which the research is to be conducted.

The PREPARE guidelines for planning animal research and 
testing are an attempt to provide an overview of the issues which 
should be considered, from day one. Unlike reporting guidelines, 
they are not intended to be a mandatory requirement. They were 
conceived over a 30-year period to be a voluntary aide memoire 
for scientists. The PREPARE checklist, currently available in 25 
languages, provides a quick overview of 15 central topics, but im-
portantly, the PREPARE website expands on each of these topics 
and provides links to the latest advances within each area (https://
norecopa.no/PREPARE). A 3-minute cartoon film describing the 
guidelines and drawing parallels from the aviation industry, is al-
so available, with optional subtitles in 8 languages (https://nore-
copa.no/PREPARE/film).
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Cellular cross-talk-induced secretion 
of interleukin-10 (IL-10) in an 
organotypic human melanoma model 
directs monocyte differentiation 
to an M2-like phenotype
Elisabetta Michielon1, Marta López González2,  
Judith L. A. Burm1, Taco Waaijman1, Ekaterina S. 
Jordanova3, Tanja D. de Gruijl2 and Susan Gibbs1,4
1Department of Molecular Cell Biology and Immunology, Amsterdam 
UMC, Vrije Universiteit, Amsterdam, The Netherlands; 2Department of 
Medical Oncology, Amsterdam UMC, Vrije Universiteit, Cancer Center 
Amsterdam, Amsterdam Infection & Immunity Institute, Amsterdam,  
The Netherlands; 3Center for Gynecologic Oncology Amsterdam (CGOA), 
Amsterdam UMC, Vrije Universiteit, Amsterdam, The Netherlands; 
4Department of Oral Cell Biology, Academic Centre for Dentistry 
Amsterdam (ACTA), University of Amsterdam and Vrije Universiteit, 
Amsterdam, The Netherlands
e.michielon@amsterdamumc.nl 

The melanoma microenvironment promotes immune escape and 
tumor progression, contributing to failure of melanoma therapies 
in a large group of treated patients. While two-dimensional (2D) 
cultures lack tissue context, animal models poorly predict human 
immune responses, with the result that potential new drugs fail in 
the clinical setting. This highlights a pressing need for more phys-
iological human melanoma models. Here, we established an in 
vitro three-dimensional (3D) reconstructed organotypic human 
melanoma (Mel-RhS) model to investigate tumor formation and 
progression over a six-week period. Tumor nests were observed 
to develop over time and to spread towards the dermis, disrupt-
ing the basement membrane. This coincided with the secretion 
of matrix metalloprotease 9 (MMP-9) by melanoma cells. These 
features resemble the early stages of in vivo melanoma invasion. 
Interestingly, while interleukin-10 (IL-10) could not be detected 
in monolayers of the employed SK-MEL-28 melanoma cell line, 
the cellular crosstalk in the 3D model led to IL-10 expression by 
the melanoma cells, as well as by the surrounding keratinocytes 
and fibroblasts. This resulted into a higher secretion of IL-10 in 
comparison to healthy controls, thus suggesting the generation 
of an immune suppressive Mel-RhS microenvironment. Indeed, 
Mel-RhS-derived culture supernatants interfered with mono-
cyte-to-dendritic-cell differentiation, skewing them towards a 
tolerogenic M2-like macrophage phenotype instead, which was 
partly prevented upon IL-10 blockade. Thus, the Mel-RhS 3D 
configuration recapitulated a role for IL-10 in metastatic immune 
escape through misdirected myeloid differentiation, demonstrat-
ing the potential of the Mel-RhS in research on melanoma de-
velopment and invasion in the setting of an immune competent 
model. In the future, the Mel-RhS may also provide a novel in vi-
tro tool for preclinical testing of immune modulatory therapeu-
tics.
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participants (~50%) believed that alternatives were available that 
could be considered an improvement over CO2, but they per-
ceived barriers to implementing these alternatives. These barri-
ers included: 1) financial, 2) regulatory, 3) safety, 4) research, and  
5) institutional culture constraints. Few participants described 
the lack of scientific evidence for refinements as an issue. We con-
clude that participants are concerned about the effects on CO2 on 
animal welfare, but that perceived barriers to implementing al-
ternatives appear largely related to operational limitations. These 
results suggest that new research should focus on how these insti-
tutional barriers may be overcome. We speculate that addressing 
these barriers may improve the adoption of other refinements to 
laboratory environments.
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Bioengineered 3-dimensional 
lung organoids as an alternative 
to patient-derived xenograft 
models of small cell lung cancer
Chandani Sen1, Delilah Freund1, David Shia1, Dan 
Wilkinson1, Bruce Dunn2 and Brigitte Gomperts1,3,4,5
1UCLA Children’s Discovery and Innovation Institute, Mattel Children’s 
Hospital UCLA, Department of Pediatrics, David Geffen School of 
Medicine, UCLA, Los Angeles, CA, United States; 2UCLA Department 
of Bioengineering, Materials Science and Engineering, Samueli School of 
Engineering, UCLA, Los Angeles, CA, United States; 3Pulmonary Medicine, 
David Geffen School of Medicine, UCLA, Los Angeles, CA, United States; 
4Jonsson Comprehensive Cancer Center, UCLA, Los Angeles, CA, United 
States; 5Eli and Edythe Broad Stem Cell Research Center, UCLA, Los 
Angeles, CA, United States
csen@mednet.ucla.edu 

Lung cancer is the major cause of cancer death in both men and 
women worldwide showing the lowest 5-year survival rate among 
all cancer types. Small cell lung cancer (SCLC) is a highly met-
astatic, neuroendocrine sub-type representing about 10% of all 
lung cancers. Therapeutic discovery for SCLC is extremely chal-
lenging due to the relapse of the disease with chemoresistance. 
Most of the drugs fail in the pre-clinical and clinical trial phase 
because the existing drug testing models are unable to recapitu-
late the actual tumor pathophysiology. Patient-derived xenografts 
(PDX) are considered the gold standard for drug development in 
pre-clinical settings, but this has several limitations, including 
chances of engraftment failure, long development timeline, dis-
similarity of tumor microenvironment between human and mu-
rine models, substantial cost, and a huge sacrifice of animal lives.

To address these issues, here, we present a bioengineered 3-di-
mensional (3D) lung SCLC organoid model to study tumor 
growth kinetics and response to chemotherapy. We custom made 
functionalized alginate microbeads coated with human lung fi-
broblasts and heterogeneous SCLC cell lines in a specially de-
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Rethinking validation: Building 
confidence in human models 
through biologically based design
Rebecca Clewell
21st Century Tox Consulting LLC, Chapel Hill, United States
rclewell@21stcenturytox.com 

Validation of new approach methods is currently based on com-
parisons to in vivo animal data, assessing how well these alterna-
tive methods reproduce past results of organism level toxicity in 
intact animals. However, the cost and time associated with these 
traditional validation approaches are prohibitive to rapid adop-
tion of new approaches, and reliable in vivo models are not avail-
able for all toxicological endpoints of interest. Thus, we must con-
sider new strategies for validation of new approach methods. One 
such approach is a biologically based validation process taking 
advantage of the advances in our understanding of biology and 
medicine to identify the key components of biological pathways 
(Adverse Outcome Pathways; AOPs) and incorporation of these 
key events into the test system. Thus, the focus is on the design 
of the system and strategic testing of the system with meaningful 
controls. Case studies will be presented to demonstrate the value 
in using AOP-structured approaches to increase the utility and 
predictivity of in vitro assays, not only for potential hazard iden-
tification, but also for quantitative risk assessment, e.g., setting a 
point of departure (PoD).
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Perceived barriers to implementing 
refinements in euthanasia for rodents
Lucia Amendola, Michael Brunt and Daniel M. Weary
University of British Columbia, Vancouver, Canada 
luciamendola@gmail.com 

Carbon dioxide (CO2) inhalation induces negative affective states 
(including anxiety, fear and distress) in laboratory rodents, but 
many laboratories continue to use this as an euthanasia meth-
od. Refinements that are less aversive than CO2, such as over-
dose via inhalant anesthetics, are not widely adopted. To better 
understand perceived barriers to adopting alternative methods, 
we conducted an online survey of Canadian (n = 209) and Euro-
pean (n = 410) laboratory animal professionals and researchers. 
Very few participants (14% in Canada and 22% in Europe) had 
favorable views on the use of CO2, but approximately 50% of re-
sponders still used this gas to euthanize laboratory rodents. Par-
ticipants’ responses focused on the animal’s experience, practical 
considerations, and how these issues should be balanced. Many 
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A simple-to-use model to 
work purposeful and focused 
with culture of care
Thomas Bertelsen
Novo Nordisk A/S, Maaloev, Denmark
tsbt@novonordisk.com 

Culture of Care can be a powerful and efficient tool to ensure, 
promote and advance animal welfare and the practical applica-
tion of the 3 Rs – or it can be a meaningless phrase with no im-
pact on these parameters. Approaches on how to work with Cul-
ture of Care has recently been published by Robinson et al. (2019) 
and Hawkins and Bertelsen (2019). Each user-establishment has 
its own and unique Culture of Care which requires a tailor-made 
attention to address the relevant challenges and issues.

This presentation takes the differences of each user-establish-
ment into account and provides an universally applicable and op-
erational overview of a working model of 1) how to assess the ac-
tual Culture of Care of the individual user-establishment and how 
to identify relevant topics and challenges required for change, 2) 
how to work determined and focused with Culture of Care by de-
ploying different approaches at different levels to manage and di-
rect the required initiatives for changes and 3) how to measure 
the effectiveness of the Culture of Care – and the effect of sub-
sequent implemented changes – in terms of delivering a positive 
impact on animal welfare and the practical application of the 3 
Rs, e.g., by using relevant Key Performance Indicators (KPIs). 
The model is simple and coherent and yet comprehensive as it 
covers the most relevant aspects of working with Culture of Care.
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signed bioreactor to build a 3D model of distal human lung with 
SCLC tumors. We found that SCLCs in the 3D model prolifer-
ated and invaded the microbeads and formed co-culture 3D tu-
mors within a very short duration (72 h). We compared this bio-
engineered model with patient tumors and found it to reproduc-
ibly recapitulate the pathology and immunophenotyping of the 
patient tumors. When treated with dose courses of chemother-
apy drugs, Cisplatin and Etoposide, alone or in combination, the 
model showed significantly higher drug resistance than the 2D 
cell cultures with a relapsing pattern similar to that of the existing 
PDXs. Being amenable to high throughput drug screening, this 
co-culture model can be a faster and advanced alternative to ani-
mal PDX models to study SCLC.
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Applying the 3Rs principles in  
wildlife research  
through non-invasive methods
Miriam A. Zemanova
Centre for Compassionate Conservation, University of Technology Sydney, 
Sydney, Australia
miriam.andela.zemanova@gmail.com 

Research in ecology and wildlife biology remains crucial for in-
creasing our knowledge and improving species management 
and conservation in the midst of the current biodiversity crisis. 
However, obtaining information on population status often in-
volves invasive sampling of a certain number of individual ani-
mals. Marking and sampling practices include taking blood and 
tissue samples, toe-clipping of amphibians and rodents, or using 
implants and radio-transmitters – techniques that can negative-
ly affect the animal. Wildlife research may then result in a funda-
mental conflict between individual animal welfare and the wel-
fare of the population or ecosystem, which could be significant-
ly reduced if non-invasive research practices were more broadly 
implemented. Implementation of non-invasive methods could 
be guided by the so-called 3Rs principles for animal research 
(Replace, Reduce, Refine), which were proposed by Russell and 
Burch more than 60 years ago (Russell et al., 1959) and have be-
come a part of many animal protection legislations worldwide. 
However, the process of incorporating the 3Rs principles into 
wildlife research has been unfortunately rather slow and their im-
portance overlooked (Zemanova, 2017, 2019). I will provide an 
overview of the most common practices in wildlife research, dis-
cuss their potential impact on animal welfare, and present avail-
able non-invasive alternatives (Zemanova, 2020).
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CD62E interaction mediates the adhesion of non-small cell 
lung cancer cells on brain endothelial cells: implications for ce-
rebral metastasis. Int J Mol Sci 18, 1474.

Jassam,S. A., Maherally, Z., Ashkan, K. et al. (2019). Fucosyl-
transferase 4 and 7 mediates adhesion of non-small cell lung 
cancer cells to brain-derived endothelial cells and results in 
modification of the blood-brain-barrier: In vitro investigation 
of CD15 and CD15s in lung-to-brain metastasis. J Neurooncol 
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Multi-endocrine disruptors 
screening in zebrafish
Iñaki Iturria, Celia Martí, Arantza Muriana and  
María José Mazón
Biobide, San Sebastian, Spain
altuna@biobide.es 

In vitro tools are inexpensive and scalable for high-throughput 
platforms; however, they pose low relevance to vertebrate species. 
On the other hand, work with adult animals is expensive and rep-
resents ethical issues. Small fish like zebrafish (Danio rerio) are 
an excellent alternative to in vitro and in vivo model. They offer a 
unique experimental system where screening assays can be per-
formed at the whole animal level, being at the same time compat-
ible with the 3R principles (replacement, reduction and refine-
ment in animal testing).

Endocrine disruptors (EDCs) are chemicals that by interfering 
with the endocrine system can have an adverse effect at develop-
mental, neurological, immune and reproductive levels. Thyroid 
Disrupting (TD) compounds specifically alter the function of the 
thyroid gland through the interference with the synthesis, trans-
port and/or binding of the thyroid hormones. The negative im-
pact of EDCs is becoming a real public health issue, therefore the 
necessity of tests to assess the potential risk of new chemicals be-
fore they are marketed is increasing.

The zebrafish is currently used as a model for the evaluation 
of acute and developmental toxicity and for the screening and 
testing of potential endocrine disrupters (EDCs), as described in 
the OECD Guidelines. The two major endpoints used to evaluate 
EDCs, vitellogenin concentration and change in sex ratio, have 
several limitations. With the purpose of expanding the number of 
tests available to identify estrogenic, androgenic, and thyroid dis-
rupting substance, we evaluate gene expression of 4 biomarkers 
in 5 dpf zebrafish larvae after exposure, from 48 hpf to 10 com-
pounds reported as EDCs. A transgenic strain, expressing fluo-
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All-human, dynamic, in vitro,  
3D blood brain barrier models for 
drug delivery and cancer  
metastasis studies; basal laminae 
protein types define TEER 
and transient opening can be 
demonstrated, reflecting human 
xenograft model findings
Geoffrey John Pilkington and Zaynah Maherally
University of Portsmouth, Portsmouth, United Kingdom
Geoff.pilkington@port.ac.uk 

The blood brain barrier (BBB) functions as a barrier to toxins 
reaching the brain. It also, however, hampers delivery of thera-
peutics for neurological diseases – including malignant tumours 
– to the brain. Attempts to model the human BBB in vitro in or-
der to closely investigate the functional complexity of the barri-
er have largely been based around the use of vascular endotheli-
al cells derived not from the brain, but from other organs, or, in-
deed even from other species (both in vitro and in vivo). We have 
engineered 3D dynamic (shear stress/flow) models from human 
brain-derived cells (endothelial cells, astrocytes and pericytes) 
and vascular basal lamina proteins which yield hithero unreport-
ed high TEER levels of > 1,200 ohms, akin to those reported in 
situ. (Maherally et al., 2018). These values were achieved by the 
specific use of perlecan and agrin (where previously knock down 
of these proteins in laboratory mice had been reported to total-
ly disrupt the BBB). Our new models, constructed under human 
serum supplementation and oxygen levels of 0.1% to 20% have 
been successfully used to investigate NSCLC metastasis to the 
brain (Jassam et al., 2015, 2017, 2019) as well as in in vitro exper-
iments to “verify” the transient opening of the barrier in human 
melanoma to brain metastasis in xenografts by way of A16ApoE 
(Aasen et al., 2019). These 3D all-human in vitro BBB models are 
not only more representative of the human brain in situ than in 
vitro and in vivo animal models, but they pave the way for ac-
curate pre-clinical assessment of therapeutic drug delivery to the 
brain for a wide range of neurological disorders and diseases, in-
cluding malignant brain tumours.
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The international regulatory 
roadmap to enhance developmental 
neurotoxicity testing
Magdalini Sachana
Organisation for Economic Co-operation and Development (OECD),  
Paris, France
magdalini.sachana@oecd.org 

Since its release, the use of the OECD in vivo developmental neu-
rotoxicity (DNT) test guideline has been limited in most regula-
tory sectors, making difficult the access to DNT data that is re-
quired to guide the safety assessment of chemicals. This fact in-
creased the concern related to the DNT endpoint within the 
regulatory community as well as the society that witnessed an in-
crease of the neurodevelopmental disorders the last decade that 
could not only be explained by genetic factors. Regulators and 
scientists identified as priority the need to better capture DNT 
mechanistic information for chemicals through the development 
of rapid and high throughput tests that could eventually lead to 
an improved understanding of chemically induced DNT and 
support the interpretation of available in vivo results.

This presentation aims to highlight how a series of workshops/
meetings on DNT in the last decade led to a consensus among 
stakeholders that there is need for an in vitro DNT testing battery 
that relies on key neurodevelopmental processes (e.g., prolifera-
tion, differentiation, synaptogenesis, etc.) and is complemented 
by alternative species (e.g., zebrafish) assays. The presentation al-
so explores the implementation of the battery within mechanisti-
cally informed integrated approaches for testing and assessment 
(IATA) through relevant case studies.

Overall, the presentation will focus on the OECD DNT guid-
ance on in vitro testing battery that is under developmental that is 
an international effort and the activities that are ongoing to facil-
itate its finalization.
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rescence coupled to the induction of thyroglobulin was also used 
to evaluate 9 environmentally relevant TD substances.

This screening methodology showed to be a sensitive and cost-ef-
fective assay to screen and evaluate potential EDCs chemicals.
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An analysis of the limitations 
and uncertainties of in vivo 
developmental neurotoxicity testing 
and assessment to identify the 
potential for alternative approaches
Martin Paparella1, Susanne Hougaard Bennekou2  
and Anna Bal-Price3
1Medical University Innsbruck, Innsbruck, Austria; 2Technical University of 
Denmark, Copenhagen, Denmark; 3European Commission Joint Research 
Centre, Ispra, Italy
martin.paparella@i-med.ac.at 

Limitations of regulatory in vivo developmental neurotoxic-
ity (DNT) testing and assessment are well known, such as the 
3Rs conflict, low throughput, high costs, high specific expertise 
needed and the lack of deeper mechanistic information. More-
over, the standard in vivo DNT data variability and the exper-
imental animal to human real-life extrapolation is uncertain. 
Here, knowledge about these limitations and uncertainties is 
systematically summarized and visualized. We also outline a hy-
pothesis how alternative, fit-for-purpose Integrated Approaches 
to Testing and Assessment (IATAs) for DNT could improve cur-
rent standard animal testing: Relative gains in 3Rs compliance, 
reduced costs, higher throughput, improved basic study design, 
higher standardization of testing and assessment and validation 
without 3Rs conflict, increasing the availability and reliability of 
DNT data. This could allow a more reliable comparative toxici-
ty assessment over a larger proportion of chemicals within our 
global environment. The use of early, mechanistic, sensitive in-
dicators for potential DNT could better support human safety 
assessment and mixture extrapolation. Using kinetic modelling 
ideally these could provide – eventually context dependent – at 
least the same level of human health protection. Such new ap-
proaches could also lead to a new mechanistic understanding 
for chemical safety, permitting determination of a dose that is 
likely not to trigger defined toxicity traits or pathways, rather 
than a dose not causing the current apical organism endpoints. 
The manuscript shall motivate and guide the development of 
new alternative methods for IATAs with diverse applications 
and support decision-making for their regulatory acceptance.
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a reliable assessment of more chemicals can be achieved, leading 
to improved environmental protection.
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An in vitro 3D fracture gap model  
as a tool for  
preclinical testing procedures
Moritz Pfeiffenberger1,2, Alexandra Damerau1,2,  
Paula Hoff3, Frank Buttgereit1,2, Timo Gaber1,2  
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1Department of Rheumatology and Clinical Immunology, Charité 
University Hospital, Berlin, Germany; 2German Rheumatism Research 
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moritz.pfeiffenberger@charite.de 

Approximately 10% of fractures lead to significant fracture heal-
ing disorders. To address the clinical need and to study the in-
fluence and efficacy of potential therapeutics, we developed an 
in vitro 3D fracture gap model (FG model), consisting of human 
cells and composed of an in vitro fracture hematoma model (FH 
consisting of peripheral blood and MSCs) co-cultivated with scaf-
fold-free bone-like constructs (SFBC), correspondingly pro-
duced from autologous MSCs.

To proof the validity of the established in vitro FG model, we 
here studied the impact of (i) the bone-like construct on the in 
vitro FH model with regard to its osteogenic induction capaci-
ty and (ii) the iron chelating hypoxia-inducible factor stabilizer 
deferoxamine (DFO) known to enhance bone healing.

We co-cultivated the FH and the SFBC for 48 h under hypox-
ic conditions (n = 3). To analyze the impact of the SFBC on the in 
vitro FH model, we cultivated the FG models in medium w/o os-
teogenic supplements. Furthermore, we incubated the FG mod-
els w/o 250 µmol DFO. After incubation, we evaluated gene ex-
pression of osteogenic (RUNX2, SPP1), angiogenic (VEGF, IL8), 
inflammatory (IL6, IL8) and hypoxia-adaptation (LDHA, PGK1) 
markers and secretion of cytokines/chemokines.

Here, we demonstrate that the SFBCs induced the upregulation 
of osteogenic markers within the FHs irrespective of the supple-
mentation of osteogenic factors in the medium. Furthermore, we 
observed an upregulation of hypoxia-related, angiogenic and os-
teogenic markers under the influence of DFO and the downreg-
ulation of inflammatory markers compared to the untreated con-
trol, also confirmed on protein level.

In summary, we demonstrate that our in vitro FG model pro-
vides all osteogenic cues to induce the initial bone healing pro-
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Limitations and uncertainties of acute 
fish toxicity assessments can be 
reduced using alternative methods
Martin Paparella1, Stefan Scholz2, Scott Belanger3, 
Pascal Bicherel4, Thomas Braunbeck5,  
Kristin Connors6, Christopher Faßbender7,  
Marlies Halder8, Adam Lillicrap9, Roman Liska10, 
Kristin Schirmer11,12,13, Gilly Stoddart14,  
Paul Thomas4 and Susanne Walter-Rohde15
1Medical University Innsbruck, Innsbruck, Austria; 2UFZ – Helmholtz 
Centre for Environmental Research, Department of Bioanalytical 
Ecotoxicology, Leipzig, Germany; 3The Procter and Gamble Company 
(retired), Cincinnati, OH, United States; 4Knowledge & Research in 
Environment And Toxicology in Silico (KREATiS), L’Isle d’Abeau, France; 
5Aquatic Ecology & Toxicology, University of Heidelberg, Heidelberg, 
Germany; 6The Procter and Gamble Company, Cincinnati, OH, United 
States; 7PETA International Science Consortium Ltd., London, United 
Kingdom; 8European Commission Joint Research Centre (retired), 
Ispra, Italy; 9Norwegian Institute for Water Research (NIVA), Oslo, 
Norway; 10European Commission Joint Research Centre, Ispra, Italy; 
11Eawag, Swiss Federal Institute of Aquatic Science and Technology, 
Dübendorf, Switzerland; 12EPF Lausanne, School of Architecture, Civil 
and Environmental Engineering, Lausanne, Switzerland; 13ETH Zürich, 
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Information about acute fish toxicity is routinely required in 
many jurisdictions for environmental risk assessment of chemi-
cals. This information is typically obtained using a 96-hour juve-
nile fish test for lethality according to OECD test guideline (TG) 
203 or equivalent regional guidelines. However, TG 203 has nev-
er been validated using criteria currently required for new test 
methods including alternative methods. Characterization of 
the practicality and validity of TG 203 is important to provide 
a benchmark for alternative methods. This contribution system-
atically summarizes the available knowledge about limitations 
and uncertainties of TG 203, based on methodological, statis-
tical, and biological considerations. Uncertainties stem from 
the historic flexibility (e.g., use of a broad range of species) and 
constraints of the basic test design (e.g., no replication). Other 
sources of uncertainty arise from environmental safety extrapo-
lation based on TG 203 data. Environmental extrapolation mod-
els, combined with data from alternative methods, including 
mechanistic indicators of toxicity, may provide at least the same 
level of environmental protection. Yet, most importantly the 3R 
advantages of alternative methods allow a better standardization 
and characterization, and an improved basic study design. This 
can enhance data reliability and thus facilitate the comparison 
of chemical toxicity, as well as the environmental classifications 
and prediction of no-effect concentrations of chemicals. Com-
bined with the 3R gains and the potential for higher throughput, 
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tices for protected elements in the area of chemical safety test-
ing (OECD, 2019a), and accompanies the transition to innova-
tive methods in many different ways. This support is important 
for innovative thinkers to continue to engage and propose sci-
ence-based solutions to regulators.

On the other hand, the regulatory community requires reliable, 
robust and transparent methodologies that they can rely upon for 
the safety evaluation of chemicals. These two communities need 
to dialogue early on to develop solutions that meet all standards 
and receive acceptance in practice.

Recently, cloud-based prediction models have introduced the 
premise of machine-learning algorithms and artificial intelli-
gence into future regulatory standard test methods. The OECD 
Test Guidelines and Good Laboratory Practice frameworks are 
adapting and contemplating additional principles, guidance and 
guidelines needed by countries, to ensure that Mutual Accep-
tance of Data continues to be a reality that countries and industry 
can benefit from (OECD, 2019b).
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More than 3Rs – The 3Vs and 
the ethics of animal research
Hanno Wuerbel
University of Bern, Bern, Switzerland
hanno.wuerbel@vetsuisse.unibe.ch 

The use of animals for research is regulated on the explicit un-
derstanding that no unnecessary harm is imposed on animals. 
This is the legal basis of the 3Rs principle (replace, reduce, re-
fine), which serves to minimize harm to animals in research. Re-
searchers using animals must be able to explain why they cannot 
achieve the expected knowledge without using animals (replace), 
by using fewer animals (reduce), or by using less harmful pro-
cedures (refine). Whether the use of animals is legitimate, how-
ever, depends also on the expected benefit of the research. Un-
less study findings are scientifically valid and reproducible, ani-
mals may be harmed for inconclusive research. Indeed, research 
on the quality of research (meta-research) has revealed consider-
able threats to the validity and reproducibility of animal research. 
These include poor animal models threatening the validity of 
what is being studied (construct validity), a lack of scientific rigor 

cess, supplementary enhanced by DFO. Therefore, we believe that 
our model is able to mimic the human fracture gap situation in 
order to study the influence and efficacy of potential therapeutics.
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Developing an integrated approach 
to testing and assessment  
for non-genotoxic carcinogens
Nathalie Delrue
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nathalie.delrue@oecd.org 

There is no regulatory requirement to address non-genotox-
ic endpoints, thus in jurisdictions where the rodent cancer bio-
assay is not used or waived, it appears likely that non-genotox-
ic carcinogens (NGTxC) remain unidentified. A project for the 
development of an Integrated Approach to Testing and Assess-
ment (IATA) for NGTxC started at the OECD in 2015. IATA are 
science-based approaches for chemical hazard characterization 
that rely on an integrated analysis of existing information cou-
pled with the generation of new information using testing strat-
egies. The project under development is led by the United King-
dom and supported by an OECD group of experts in the field. It 
aims to identify and prioritize promising assays for inclusion in 
an IATA and develop an IATA that will assist regulators in their 
assessment of NGTxC in order to address the regulatory gap. The 
presentation will describe the project and methodology used and 
will provide an update on the status of the work and expected 
next steps.
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Innovative technologies 
integrating standardized 
regulatory test methods: 
Challenges and perspectives
Anne Gourmelon
OECD, Paris, France
anne.gourmelon@oecd.org 

Modern technologies supported by good science are progressive-
ly bringing innovative solutions to move away from animal test-
ing. On the one hand, innovation comes with costs and the re-
sulting intellectual property needs both to be protected and to 
remain accessible to users. OECD promotes good licensing prac-
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Tools to support application of 
physiologically based kinetic 
modelling in safety assessment
Judith Madden1, Courtney Thompson1, Steven Webb2, 
David Ebbrell1, Peter Penson1, Yu-Mei Tan3  
and Alicia Paini4
1School of Pharmacy and Biomolecular Sciences, Liverpool John  
Moores University, Liverpool, United Kingdom; 2Syngenta,  
Jealott’s Hill International Research Centre, Bracknell, United Kingdom; 
3US Environmental Protection Agency, Office of Pesticide Programs,  
Health Effects Division, Research Triangle Park, NC, United States; 
4European Commission Joint Research Centre (JRC), Ispra, Italy
j.madden@ljmu.ac.uk 

The development of non-animal alternatives in safety assessment 
is a priority area across multiple sectors. Read-across is increas-
ingly being used, whereby information from data-rich (source) 
chemicals can be leveraged to infer information for data-poor 
(target) chemicals, provided that source and target chemicals 
are suitably “similar”. In order for any chemical to elicit an effect, 
the chemical must possess intrinsic activity and be able to reach 
the relevant site of action at an appropriate concentration. Phys-
iologically based kinetic (PBK) models can be used to predict 
time-concentration profiles for chemicals in blood and/or or-
gans so enabling a more accurate description of internal expo-
sure that can inform safety-assessment decisions. PBK models 
require a wide range of data and are time-consuming to gener-
ate. As an increasing number of models have now been published 
in the literature, these can be used as templates for other chemi-
cals of interest – as demonstrated by Lu et al. (2016) and Paini et 
al. (2021). Development of this concept requires information re-
garding the chemicals for which such models exist, and a meth-
od to identify which of these chemicals is “similar” to the target; 
this EPAA-funded project, is addressing these issues. A systemat-
ic review of published PBK models, has been completed, result-
ing in a readily searchable dataset of such models identified for 
over 1,400 unique chemicals. The chemical space coverage of the 
models, compared to the chemical space of food additives, drugs 
and industrial chemicals has been ascertained. Work to develop a 
method by which appropriate “similar” chemicals can be identi-
fied is on-going and preliminary results are discussed.

Acknowledgement: The funding of the European Partnership for 

in experimental design and conduct questioning the inferences 
drawn from the results (internal validity), and rigorous genetic 
and environmental standardization limiting the generalizability 
and reproducibility of the results (external validity). I therefore 
propose a more explicit assessment of these three key aspects of 
the scientific validity of animal research (construct validity, in-
ternal validity, external validity) when reviewing grant proposals, 
study protocols, and publication manuscripts. This is what I refer 
to as the 3Vs principle (Würbel, 2017). As with the application of 
the 3Rs principle, there is no need for a fixed checklist approach. 
Instead, appropriate criteria for assessing the 3Vs could be de-
fined according to the decisions to be taken (e.g., project funding, 
protocol approval, publication). Together with the 3Rs, promot-
ing the 3Vs in animal research will help us avoid wasting animals 
for inconclusive research and imposing unnecessary harm on re-
search animals.

Reference
Würbel, H. (2017). Lab Anim 46, 164-166. doi:10.1038/ 

laban.1220 

Presentation: Oral

178

Overview of research 
program for user-driven MPS 
development in Japan
Hitoshi Naraoka
Stem Cell Evaluation Technology Research Association, Ibaraki, Japan
naraoka@scetra.or.jp 

In 2017, the National MPS project supported by the Japan Agen-
cy for Medical Research and Development (AMED), called 
AMED-MPS was launched in Japan.

AMED-MPS consists of 3 research programs: 1) Cell sup-
ply and MPS model development of four organs: liver, gut, kid-
ney and blood-brain barrier, 2) Device Manufacturing, and  
3) Standardization for quality control and regulatory develop-
ment, Central Research Center (CRC), and headquarters (HQ): 
decision-making body in AMED-MPS.

Noteworthy, senior managers and researchers in pharmacoki-
netics, safety/toxicity fields from domestic pharmaceutical com-
panies participate in the project as a member of HQ and research 
partners.

Each research program, CRC and end-users are closely collab-
orating with all program members and are conducting research 
and development to transfer newly-developed MPS technologies 
from academia into practical use in end-users.

Here, we present the overview of AMED-MPS and a case ex-
ample of user-driven MPS research and development.
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opment, is mapped in great detail. This multi-dose-level study 
was designed to enable conclusions about quantitative limits be-
tween adaptive and adverse changes in the thyroid system, and 
which parameters should be assessed as essential to make that 
verdict. The qAOP will inform the design of an in silico predic-
tion tool for liver-thyroid-brain development disruption and 
which in vitro assays are required to feed the in silico tool for 
toxicity predictions in an animal-free strategy. The application of 
in vitro assays and computational models in regulatory toxicolo-
gy could revolutionize endocrine data interpretation and chemi-
cal hazard and risk assessment.
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(Q)SARs in the AOP-Wiki 
and OECD IATA case studies 
project: A brief snapshot
Lidia Ceriani1, Manuela Pavan2, Arianna Bassan2, 
Romualdo Benigni3, Gavin Maxwell4 and  
Catherine Willett5
1Humane Society International, Brussels, Belgium; 2Innovatune srl,  
Padova, Italy; 3Alpha-PreTox, Rome, Italy; 4Unilever, Sharnbrook,  
United Kingdom; 5Humane Society International, Washington, DC,  
United States
lceriani@hsi.org 

Constant efforts to develop more efficient Quantitative Struc-
ture-Activity Relationship ((Q)SAR) techniques and models aim 
to effectively improve drug discovery and predictive (eco)toxi-
cology applications, among many others. The use of QSARs is 
also well-accepted by the OECD to characterize Molecular Initi-
ating and Key Events (MIE, KE) of Adverse Outcome Pathways 
(AOPs), or as part of Integrated Approaches to Testing and As-
sessment (IATA) (OECD, 2016). Considering the potential appli-
cations of (Q)SARs, it was decided to explore their effective use, 
as a predictive method, within the AOP-Wiki, and the published 
OECD IATA Case Studies, also including the 12 Defined Ap-
proaches (DAs) for assessing Skin Sensitization (OECD, 2017). 
At time of writing, among the 1285 MIEs/KEs totally available in 
the AOP-Wiki, 946 have an empty “How it is measured and de-
tected” section. Of the remaining 339 MIEs/KEs, only 11 were 
found to report computational applications as detection meth-
ods, such as SAR, molecular docking, in silico homology mod-
elling, and a computational model simulating a biological envi-
ronment. Whereas a good implementation of (Q)SARs was no-
ticed in the IATAs and DAs, since 11 of the 15 IATA and 7 of 
the 12 DA case studies embedded the use of in silico tools, such 
as the OECD (Q)SAR Toolbox, TIMES-SS, and others. Overall, 
this analysis shows that the use of (Q)SARs is still underutilized, 
especially for AOPs, despite the wealth of information and the 

Alternative Approaches to Animal Testing (EPAA) is gratefully 
acknowledged.

Disclaimer: The views expressed in this abstract are those of the 
authors and do not necessarily represent the views or policies of 
the U.S. Environmental Protection Agency.

References
Lu, J. et al. (2016). PLoS Comput Biol 12, e1004495. doi:10.1371/

journal.pcbi.1004495 
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Identifying human thyroid  
disruptors in the 21st century  
needs a real paradigm shift  
in risk assessment approaches
Aldert Piersma1, Mira Wenker2, Anita Boelen3,  
Timo Hamers4, Ellen Hessel1 and Manon Beekhuijzen2
1RIVM, Bilthoven, The Netherlands; 2Charles River Laboratories, 
Den Bosch, The Netherlands; 3Amsterdam University Medical Center, 
Amsterdam, The Netherlands; 4Free University, Amsterdam,  
The Netherlands
aldert.piersma@rivm.nl 

The enhanced attention for chemical-induced disruptive endo-
crine pathway modulation leading to adverse health effects has 
resulted in the incorporation of mandatory endocrine param-
eters into existing guideline-based animal studies for chemical 
safety assessment. The interpretation of endocrine parameter 
changes is challenging since they offer mechanistic insight but 
are not indicative of adversity per se. They should be causally re-
lated to an observed adverse outcome in order to infer that the 
endocrine change was indeed indicative of adversity. Hormone 
systems guard homeostasis in the body, providing continuous 
adaptation to the ever changing external and internal environ-
ment. Changes within homeostatic ranges are not adverse. Ex-
isting animal study protocols require only limited assessment of 
adversity, so that observed endocrine changes cannot always be 
readily interpreted as either adaptive or adverse. Likewise, a host 
of in vitro assays enable monitoring effects on isolated elements 
of the hypothalamic-pituitary-thyroid hormone axis, but do not 
inform about an integral adverse effect at the level of the intact 
individual. In a current CEFIC-LRI sponsored project a quanti-
tative adverse outcome pathway (qAOP) is designed based on a 
study in pregnant rats in which the pathway connecting hepatic 
metabolism changes, consequent thyroid hormone axis modu-
lation, and downstream adverse effects on perinatal brain devel-
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expressed, indicative for the brain to thoracic region of the spi-
nal cord. Exposure of ESTn to chemicals that affect early neural 
differentiation showed a typical regulation of Hox genes. For ex-
ample, valproic acid, cyproconazole, hexaconazole and flusilazole 
upregulated Hox4 and 5 genes and downregulated Hox8 and 9 
genes, while carbamazepine showed an opposite trend. These re-
sults suggest that the latter compound accelerated differentiation, 
while the former compounds inhibited differentiation. This study 
provides insight in the biological domain of ESTn and the effects 
of chemicals on early neural differentiation. This method may be 
applied to other stem cell-based neural in vitro systems and may 
be useful in a testing strategy for screening chemicals for their 
neurodevelopmental toxic potential.
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A walk through 10 years of  
CAAT-Europe’s highlights:  
(2012) A roadmap for  
the development of alternative  
(non-animal) methods  
for systemic toxicity testing
Michael Schwarz
Eberhard Karls University Tübingen, Tübingen, Germany
michael.schwarz@uni-tuebingen.de 

In 2012, a landmark paper appeared in ALTEX, authored by Da-
vid Basketter and co-authored by 34 scientists from 8 European 
countries and the US. The report is introduced by a well-known 
bon mot of Winston Churchill “This report, by its very length, 
defends itself from the risk of being read”, already indicating that 
it is a very comprehensive summary of the “alternative” systems, 
methods and technologies existing at the time of appearance of 
the report, aiming to ultimately replace animal experimentation. 
The following endpoints were addressed in the paper: toxicoki-
netics, skin sensitization, repeated dose toxicity, carcinogenici-
ty, and reproductive toxicity. It is not the description of the state 
of the art, which makes this now highly cited report so valuable 
– not unexpectedly there were quite a number of new develop-
ments in the field; it is the description of information gaps and 
the general and partly detailed advice, where future research in 
the field should be directed at. This clearly assisted in the guid-
ance of research in subsequent large European cooperative FP7 
and Horizon2020 projects including ChemScreen, Seurat-1, and 
EU-ToxRisk. This presentation will not aim, however, to sum-
marize the Basketter et al. paper, but rather give a personal view 
on where research in the field of “alternatives” might go.

Reference
Basketter, D. A., Clewell, H., Kimber, I. et al. (2012) A roadmap 

models available in the literature. Indeed, further investigation 
of the literature explores the availability of existing (Q)SARs for 
the prediction of selected MIEs and KEs lacking measurement 
methods.
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Colinear Hox gene expression  
in the neural embryonic stem  
cell test (ESTn) defines its 
biological domain and reveals 
effects of compounds
Victoria Cathérine de Leeuw1,2, Ellen Hessel3 and 
Aldert Piersma1,2
1Centre for Health Protection, National Institute for Public Health and 
the Environment (RIVM), Bilthoven, The Netherlands; 2Institute for Risk 
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Environment (RIVM), Bilthoven, The Netherlands
victoria.de.leeuw@rivm.nl 

Hox genes are a family of highly conserved genes expressed in a 
colinear manner along the neural tube, defining the body plan 
and specificity of (neural) cells during development. Recent stud-
ies have shown that embryonic stem cells harbor a self-organiz-
ing capacity that show colinear expression of Hox genes in vi-
tro. In this study we show that the neural embryonic stem cell 
test (ESTn) also presents this typical wave of Hox gene expres-
sion. This may provide a useful read-out in ESTn for the effects 
of chemicals on early neural differentiation. Using our existing 
microarray data set of the first seven days of ESTn differentiation 
we could define the developmental domain of the test based on 
gene expression of morphogens, signaling proteins as well as Hox 
genes. During embryonic body formation in the first three days 
of differentiation, key signaling molecules for anterior-posterior 
patterning such as Fgf8 and Wnt3 were upregulated. By adding 
exogeneous retinoic acid for two days, a wave of Hox gene expres-
sion was unleashed, which presented a similar expression pattern 
as in vivo. After seven days of differentiation, Hox1-9 genes were 
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whether this initiative is worthwhile. Those interested in adding 
content to the Wiki may contact Adrian Smith (adrian.smith@
norecopa.no).
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EPAA efforts to promote and build 
confidence in the use of 3Rs
Rob Roggeband1, Franz Lamplmair2, Irene Manou3 
and Zvonimir Zvonar3
1Procter & Gamble, Brussels, Belgium; 2European Commission DG 
GROW, Brussels, Belgium; 3EPAA, Brussels, Belgium
roggeband.r@pg.com 

The EPAA (European Partnership for Alternative Approaches 
to Animal Testing) operates since 2005 as a voluntary collab-
oration between the European Commission, Companies and 
Associations from 8 industry sectors that work together to ac-
celerate the development, validation and acceptance of alter-
native approaches to animal testing. In addition to 3Rs-related 
specific projects, the EPAA supports several dissemination and 
training activities that raise awareness and build confidence in 
new approach methodologies. Through the “3Rs Science” and 
“Refinement prizes”, young scientists and laboratory techni-
cians receive recognition and a financial award for important 
achievements. Each year, the EPAA also supports young scien-
tists with outstanding work on alternatives to attend a high-pro-
file scientific event and present their work. The student grants 
facilitate participation of young researchers in high-profile sci-
entific conferences in Europe, such as ESTIV (European Soci-
ety of Toxicology In Vitro), EUSAAT (European Society for 
Alternatives to Animal Testing), the World Congress on Alter-
natives and Animal Use in Life Sciences, EUROTOX or FELA-
SA (Federation of European Laboratory Animal Science Asso-
ciations). Building confidence in new approach methodologies 
among users from industry, academia and regulatory authori-
ties is achieved through specific training activities supported 
by EPAA. Examples include two training videos on OECD ac-
cepted alternative methods for Eye Irritation (BCOP) and Pho-
totoxicity (3T3 NRU) that have been developed earlier in col-
laboration with the Institute for In Vitro Sciences (IIVS). These 
videos are freely available via the EPAA website and YouTube, 
with subtitles available in several languages. In the area of skin 
sensitization, training and knowledge-sharing workshops on 
the use of alternatives in regulatory decision-making have been 
organized regularly by the EPAA. Some of these workshops 
have been hosted previously by the European Chemicals Agen-
cy, in Helsinki, and an EPAA-sponsored training is organised 
as satellite event to the WC11 in Maastricht.
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for the development of alternative (non-animal) methods 
for systemic toxicity testing. ALTEX 29, 3-91. doi:10.14573/ 
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A refinement Wiki
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Viola Galligioni10, Sabine Bischoff11, Lucy Whitfield12 
and Øyvind Wærenskjold13
1Norecopa, Oslo, Norway; 2Freie Universität Berlin, Berlin, Germany; 
3Moorside Services, West Yorkshire, United Kingdom; 4University  
of Zurich, Zurich, Switzerland; 5University of Dundee, Dundee, United 
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Discussions about improving animal welfare and experimental 
design are an everyday part of the lives of all who use or care 
for animals in research. Many suggestions for improvements 
are easily accessible in textbooks or scientific papers. However, 
these suggestions are often more general in nature.

A number of discussion forums now exist, where specific re-
finements and new ideas can be shared. They allow discussions of 
techniques which do not warrant publishing as a scientific paper 
at that stage. However, many forums do not have easily search-
able archives, so valuable ideas can easily be forgotten over time.

To bridge the gap between scientific papers and discussion 
groups, we have constructed a Refinement Wiki (https://noreco-
pa.no/Wiki). We foresee a number of uses:
1. Rapid dissemination of refinement techniques where resources 

or interest in writing full-scale scientific papers are unavailable
2. As a hub where those investigating the effects of a potential re-

finement strategy in a multi-lab study can identify collabora-
tors

3. Creation of pages encouraging colleagues to share experiences 
or develop new strategies to solve a problem he contents of the 
Wiki are not curated. The quality of the Wiki is determined by 
registered bona fide members of the research animal commu-
nity. No one else can add, delete or comment upon material.

The Wiki is an integral part of Norecopa’s website: https://no-
recopa.no. Wiki content is retrievable from Norecopa’s main 
search engine. In addition, the Wiki has its own search engine. 
We have written a simple instruction manual to keep the thresh-
old for adding new content as low as possible.

We hope that this Wiki will help to accelerate the introduction 
of refinement methods. It is now up to the community to judge 
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partners are committed to pooling knowledge and resources to 
support and accelerate the development, validation and regula-
tory acceptance of alternative approaches. The overall aim is the 
replacement, reduction and refinement (3Rs) of animal use in 
regulatory testing.

The presentation will describe the set up and functioning of the 
EPAA and its activities, and it will provide examples of projects 
supported by the partnership. The examples relate to the areas of 
Skin sensitization and Carcinogenicity testing in agrochemicals.

The presentation will also point to the new EU institutional set 
up, highlight major upcoming events, and look at the next EPAA 
Action Programme.

To illustrate the EPAA’s work four ongoing projects will be pre-
sented in detail by the project leaders later in this session: “New 
ideas for assessing systemic toxicity”, “Harmonisation of 3Rs in 
Biologicals”, “Optimal duration of non-clinical studies to assess 
the safety of monoclonal antibodies” and “Application of Physio-
logically-Based Kinetic Modelling in Safety Assessment”.

For the EU, who has been pioneering progress in refining, re-
ducing and replacing animal testing ever since animal welfare has 
been enshrined in the Treaties (EU, 2012), both within Europe 
and by using its strong international role as a regulator of mar-
kets, this is a priority partnership to foster mutual understand-
ing and continued dialogue between scientists, regulators and in-
dustry.

Reference
EU – European Union (2012). Article 13 of the Consolidated ver-

sion of the Treaty on the Functioning of the European Union; 
previously: Protocol on Protection of Welfare of Animals (An-
nex to Treaty of Rome). OJ C 326, 47-390. http://data.europa.
eu/eli/treaty/tfeu_2012/oj
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A human-derived proximal tubule-
on-a-chip replicates ASO-induced 
kidney injury biomarkers
Tom Nieskens, Otto Magnusson and Anna-Karin 
Sjögren
CVRM Safety, Clinical Pharmacology and Safety Sciences, R&D, 
AstraZeneca, Gothenburg, Sweden
tom.nieskens@astrazeneca.com

Antisense oligonucleotides (ASOs) are an increasingly import-
ant therapeutic modality within the portfolio of the pharmaceu-
tical industry. When tested in the clinic, SPC5001 ASO induced 
acute kidney injury (AKI). Preclinical mouse studies did not 
show any kidney-related safety concerns, suggesting human-de-
rived in vitro models may be required. Therefore, we evaluated 
if SPC5001 induced toxicity and a clinically relevant biomarker 
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Reproductive toxicity and 
developmental toxicity addressed 
in REACH registration dossiers
Costanza Rovida
CAAT-Europe, Konstanz, Germany
costanza.rovida@chimici.it 

In 2011, ALTEX published a report on how reproductive and de-
velopmental toxicity were addressed in the first REACH deadline 
of 2010 (Rovida et al., 2011). The analysis of reproductive and de-
velopmental toxicity data in 400 records randomly selected in the 
ECHA database revealed a general lack of compliance with the 
provisions of the REACH regulation. A broad variety of existing 
data was used, and the read-across opportunity was very much 
exploited. Some new in vivo tests were performed in spite of the 
legal requirement to make a public proposal beforehand and wait 
for authorization by ECHA. In vitro tests were completely absent, 
even though there were many tests that could be applied to com-
plement either read-across strategies or partially reliable existing 
data.

In 2016, ECHA started a massive control of the registration 
dossiers and it is now asking for many new in vivo tests to fix the 
problems that were already revealed in this analysis. Unfortu-
nately, read across strategy to waive new in vivo tests is very often 
rejected, even if a proper justification would be possible and ac-
ceptable. This is an important message that deserves dissemina-
tion among the registrants.

An estimate of the number of animals that have been used until 
now will be also presented.

Reference
Rovida, C., Longo, F. and Rabbit, R. R. (2011). How are reproduc-

tive toxicity and developmental toxicity addressed in REACH 
dossiers? ALTEX 28, 273-294. doi:10.14573/altex.2011.4.273 
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A public private partnership 
facilitating development and 
uptake of 3R approaches
Franz Lamplmair
European Commission, Brussels, Belgium
Franz.Lamplmair@ec.europa.eu 

As a public private initiative, the EPAA (European Partnership 
for Alternative Approaches to animal testing) is a voluntary col-
laboration between the European Commission, companies and 
European trade associations from seven industry sectors. The 
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signatures of circulating miRNAs and that this approach might 
be useful as minimally invasive diagnostic “liquid biopsies” en-
abling the interrogation of underlying molecular mechanisms of 
injury in distant tissues. Our study demonstrates for the first time 
that signatures of circulating miRNAs show specificity for liver 
injury phenotypes and, once validated, might become useful for 
diagnosis of organ pathologies as “liquid biopsies” for studying 
effects of drug candidates during clinical and preclinical drug 
development.
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The clinical translation of  
high-profile animal-based research 
reported in the UK national press
Jarrod Bailey1 and Michael Balls2
1Center for Contemporary Sciences, Hexham, United Kingdom; 
2University of Nottingham, Norwich, United Kingdom
jarrod.bailey@contemporarysciences.org 

Exaggeration of the significance of biomedical research discov-
eries and breakthroughs, and their translation to human benefit, 
are two important, contentious, and ongoing issues. These are of 
particular concern for animal research, which has considerable 
associated ethical costs. One consequence of such exaggeration 
in the media may be false public optimism and confidence in an-
imal experiments. Prompted by these considerations, we exam-
ined reports of animal biomedical “breakthroughs” published in 
the UK national press in 1995 (20 years prior to the inception 
of this project), asking how many had resulted in approved in-
terventions and human benefit. Media reports were identified in 
the “Nexis” media database (LexisNexis.com). To facilitate fol-
low-up and reduce ambiguity, the inclusion criteria were that 
the intervention should be specific (e.g., named drug, gene, or 
biomedical pathway), and that there should be claims of clini-
cal promise. Follow-up included examination of scientific liter-
ature databases, regulatory repositories, clinical trial databases, 
the World Health Organisation website, and other sources of sci-
entific information. We found that the human relevance of animal 
studies is commonly over-stated in the media, prematurely im-
plying often-imminent “breakthroughs” that rarely result in hu-
man benefit. This is consistent with exaggeration in institutional 
press releases, scientific papers, online news etc., and with in-
creasing evidence of the generally poor clinical translation of an-
imal research. It is imperative that more caution, honesty and ob-
jectivity is applied to reporting of animal data with regard to hu-
man relevance and benefit, and that the public views such news 
with greater caution. There are implications for the policies of 
governments, regulators, research funders, advocates and practi-
tioners of animal research, and other stakeholders. Greater appre-
ciation of the poor translation of animal experiments to humans 

response in chip-cultured human-derived renal proximal tubule 
epithelial cells (HRPTEC). When chip-cultured HRPTEC were 
exposed to nephrotoxic ASO SPC5001 and safe ASO 556089 for 
48 h, downregulation of their respective target mRNA, PCSK9 
and MALAT1, was observed, referred to as productive uptake. 
Moreover, lactate dehydrogenase was released into the chip per-
fusate at the highest concentration (5 µM) of SPC5001 ASO only, 
indicating cytotoxicity. Furthermore, kidney injury biomarkers 
were released into the chip perfusate upon continuous exposure 
to SPC5001 ASO for 20 days, including kidney injury molecule 
1, neutrophil gelatinase-associated lipocalin, clusterin, osteo-
pontin and vascular endothelial growth factor, each demonstrat-
ing unique time-dependent profiles. In conclusion, we have de-
veloped a human-derived proximal tubule-on-a-chip capable of 
replicating the release of injury biomarkers following exposure to 
a nephrotoxic ASO. Future validation using a larger set of ASOs 
will fully elucidate its translational value.
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Serum microRNA signatures as 
“liquid biopsies” for interrogating 
hepatotoxic mechanisms 
and liver pathogenesis
Julian Krauskopf1, Florian Caiment1, Shelli 
Schomaker2, Roscoe Warner3, Kent Johnson3,  
Jos Kleinjans1 and Jiri Aubrecht2
1Department of Toxicogenomics, Maastricht University, Maastricht,  
The Netherlands; 2Drug Safety Research and Development, Pfizer, 
Inc., Groton, CT, United States; 3Pathology Department, University of 
Michigan, Ann Arbor, MI, United States
j.krauskopf@maastrichtuniversity.nl 

Drug-induced liver-injury (DILI) is a leading cause of acute liv-
er failure and the major reason for withdrawal of drugs from the 
market. Preclinical evaluation of drug candidates has failed to 
detect about 40% of potentially hepatotoxic compounds in hu-
mans. At the onset of liver injury in humans, currently used 
biomarkers have difficulty differentiating severe DILI from 
mild, and/or predict the outcome of injury for individual sub-
jects. Therefore, new biomarker approaches for predicting and 
diagnosing DILI in humans are urgently needed. MicroRNAs  
(miRNAs) released into the peripheral circulation upon cellu-
lar injury have shown a promise as a new class of tissue-specif-
ic biomarkers. Using next generation sequencing, we examined 
profiles of serum circulating miRNAs in subjects with acciden-
tal acetaminophen overdose, hepatitis B infection, liver cirrhosis 
and type 2 diabetes as well as gender- and age-matched healthy 
subjects with no evidence of liver disease. We are first to show 
that different types of hepatic liver impairments feature distinct 
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In-vitro inhalation experimentation 
design and dosimetry considerations 
for in-vitro to in-vivo prediction 
of respiratory toxicity
Detlef Ritter and Katharina Schwarz
Fraunhofer ITEM, Hannover, Germany
detlef.ritter@item.fraunhofer.de 

Investigating biological effects upon inhalation has its applica-
tion in pharmaceutical research and toxicology. State-of-the-art 
biological models include a wide range from cell-free approach-
es over singe cell lines to more complex models such as 3D-sys-
tems and ex vivo models such as precision cut lung slices (PCLS) 
or the isolated perfused lung (IPL). Especially air-liquid interface 
(ALI) culture models have come into focus during the last years 
due to relevance, efficiency and versatility. However, to provide 
relevant data for in vitro to in vivo prediction of effects, the whole 
experimental concept has to be aligned to this objective including 
generation of test aerosols, consideration of adequate controls, 
definition of reference substances and characterization of the test 
setup. Based on inclusion of these aspects and careful dosimetry 
considerations, meaningful in vivo prediction may result. As an 
example, an in vitro inhalation model for testing dry powder fun-
gicide aerosols is presented. It includes generation of highly con-
centrated aerosols from small amounts of powders, exposure of a 
human lung alveolar epithelial ALI cell model (A549) in an opti-
mized exposure device (P.R.I.T.® ExpoCube®), determination of 
cytotoxicity and dosimetry considerations. Whereas the focus of 
this model is local acute toxicity in the lung, physiological effects 
were investigated in parallel in an IPL approach enabling inves-
tigation of physiological effects related to breathing mechanics, 
such as reduction of tidal volume or dynamic lung compliance 
and the relative increase in lung weight. Correlation of the in vi-
tro and ex vivo derived dose values to literature data from acute in 
vivo animal inhalation studies showed very promising prediction 
of LD50 values and respiratory effects.

As a result, it is concluded, that – based on adequate experi-
mental concepts – present alternative models are able to deliver 
substantial data for prediction of respiratory effects from inha-
lation of airborne substances, such as gases, vapors or aerosols.
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should result in a reappraisal of how animal research is approved 
and commissioned, with much more focus on alternatives, which 
are more human-relevant and humane.
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Sensitivity of mouse behavioral 
tests of anxiety to anxiolytic drugs 
approved for treatment of anxiety 
in humans: A systematic review
Marianna Rosso, Bernhard Voelkl and Hanno Würbel
Animal Welfare Division, Veterinary Public Health Institute, Vetsuisse 
Faculty, University of Bern, Bern, Switzerland
marianna.rosso@vetsuisse.unibe.ch 

Anxiety disorders are amongst the most common mental health 
conditions, requiring still new and better treatments. Animal 
models play an important role in the preclinical phase of drug de-
velopment, as new drugs require testing to ensure safety and ef-
ficacy. However, the sensitivity of widely used behavioral tests 
for anxiety has been questioned, as they often fail to replicate the 
same results in different model organisms or with different anx-
iolytic compounds. We identify here a potential cause for a defi-
cient animal to human translation and a wasteful use of animal 
lives. Thus, we investigated the sensitivity of outcome measures 
of mouse behavioral tests of anxiety to anxiolytic drugs approved 
for the treatment of anxiety in humans. We conducted a quan-
titative systematic review of research papers that tested anxio-
lytic drugs used in humans against a control treatment using the 
most common behavioral tests for anxiety in mice. PubMed and 
EMBASE databases were searched on 21.8.2019 for studies pub-
lished in English and 822 papers were identified for inclusion. 
Reported effects and effect sizes for specific compounds varied 
widely between studies. Meta-analyses were performed on size 
of treatment effects on outcome measures, as standardized mean 
differences (Hedges’ g). Overall, we found weak or no effects 
of most anxiolytic drugs on a wide range of outcome measures, 
questioning the sensitivity of these tests to a broad range of anxi-
olytic drugs, other than benzodiazepines. Additionally, we found 
high heterogeneity (I2) across most outcome measures and as-
sessed an overall high risk of bias. Our results call for further 
investigation of the construct validity and predictive validity of 
preclinical tests of anxiety in view of more responsible research. 
Thus, better preclinical tests will improve translational power, 
while reducing the use of animals for inconclusive research.
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Engineering a dynamic model of  
the alveolar interface for  
the study of aerosol deposition
Roberta Nossa1, Joana Costa1, Ludovica Cacopardo1, 
Hana Barosova2, Anne Bannuscher2,  
Alain Rohrbasser2, Barbara Rothen-Rutishauser2  
and Arti Ahluwalia1,3

1Research Center “E. Piaggio” of the University of Pisa, Pisa, Italy; 
2Adolphe Merkle Institute, University of Fribourg, Fribourg,  
Switzerland; 3Department of Information Engineering, University  
of Pisa, Pisa, Italy

roberta.nossa@gmail.com 

To study the complex interaction between inhaled particles 
and lung tissue, both in vitro and in vivo models can be used. 
However, traditional in vitro models cannot reproduce the en-
tire complexity of the alveolar environment, while in vivo mod-
els do not consider interspecies differences, are expensive and 
pose ethical problems. To overcome these issues, an innovative 
bioreactor was developed. This system, named DALI (Dynam-
ic model for ALveolar Interface), consists of an aerosol genera-
tor and a bioreactor with a moving membrane placed between 
an air-liquid interface to simulate physiological lung muscle 
stretching. An electrospun membrane made of Bionate® was 
selected as support of the alveolar barrier, since it was shown 
to be porous, biocompatible, cell adhesive and highly elastic, 
allowing for cyclic stretching of the membrane. To mimic nat-
ural breathing, an external compressed air system was used to 
stretch the elastic membrane. Finally, a Quartz Crystal Micro-
balance was integrated to quantify the aerosolized nanoparti-
cles on the cell layer.

The bioreactor was validated in terms of liquid and air tight-
ness, biocompatibility, and capability of applying a cyclic strain. 
Preliminary biological studies were performed to investigate the 
effects of flow and mechanical stretch on the cells. Human al-
veolar epithelial cells were cultivated within the bioreactor un-
der fluidic dynamic conditions, applying a cyclic mechanical 
strain on the cells (5% linear strain, corresponding to the normal 
breathing (Felder et al., 2019)). Biological experiments suggested 
the suitability of the system for the culture under flow. Further 
studies will be performed to optimize cell culture under stretch 
conditions.

To conclude, the system could help in bridging the gap be-
tween in vivo and in vitro models, overcoming some of the short-
comings of traditional in vitro models.

This work has received funding from the European Union’s 
H2020 research and innovation programme under grant agree-
ment No. 760813 (PATROLS).
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Update on innovative  
approaches to share organs 
and tissues in science
Annemarie Lang1,2 and Paulin Jirkof3
1Department of Rheumatology and Clinical Immunology, Charité-
Universitätsmedizin Berlin, Berlin, Germany; 2AniMatch UG 
(haftungsbeschränkt), Berlin, Germany; 3Department Animal Welfare  
and 3Rs, University Zurich, Zurich, Switzerland
annemarie.lang@charite.de 

The reduction of lab animal usage can be achieved by, e.g., im-
proved statistical and experimental planning, in-depth pre-anal-
ysis in suitable cell culture models or conscious handling of bi-
ological resources and materials that are left during the animal 
experiments. Therefore, sharing of organs and tissues of animals 
sacrificed for scientific purpose, surplus animals or those used 
for organ collection under anesthesia or for educational purpos-
es provides the great opportunity to sustainably reduce the an-
imal number. This has also been taken into account by the Eu-
ropean directive 2010/63/EU, which includes the request that 
“Member States shall facilitate, where appropriate, the establish-
ment of programs for the sharing of organs and tissues of animals 
killed.” (Recital 27 and Article 18 2010/63/EU). Therefore, sev-
eral small initiatives can be identified in Europe which are most-
ly focusing on biobanking of one specific animal species (EU  
PRIMNET, MIDY), tissue (NERD) or disease model (SEARCH-
Breast, SharmUK). A more general approach was launched un-
der the name AniMatch (http://www.animatch.eu) – an inno-
vative web-based platform that allows scientists to register and 
publish or search for offers to facilitate the multiple use of fresh-
ly killed animals. The overall number of scientists and animal 
welfare bodies is convinced of the resource-sparing and morally 
sustainable approach of those initiatives. Nevertheless, challeng-
es are seen in the additional effort needed as well as in the lack 
of incentives which need to be addressed and discussed. Within 
the presentation, the goals, advantages and limitations of those 
initiatives will be presented in accordance with a current update 
on acceptance and challenges within the scientific community. 
We will also highlight experiences from the use of AniMatch in 
Switzerland and discuss options for progress. Besides the moral 
exculpation for scientists, sharing initiatives provide a cost-effi-
cient way to use existing infrastructure and to conserve resources 
in accordance with reducing lab animal usage.
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Our data provide evidence that our human 3D joint model 
mimics the main features of human RA and may serve as a pre-
clinical tool for the evaluation of anti-inflammatory drugs in a 
pathophysiological human setup.
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Clicker/target training of research 
animals as a refinement
Kathryn Bayne
AAALAC International, Frederick, MD, United States
kbayne@aaalac.org 

The use of clicker or target training is well established among 
animal behaviorists and trainers working with pet animals, 
especially dogs. However, these methods of training are less 
commonly used with the diversity of research animals at our 
institutions. The majority of reports regarding the use of pos-
itive reinforcement training (PRT) with research animals re-
fer to nonhuman primates, dogs and swine. Through the use 
of PRT, these animals are trained to cooperate with a variety of 
common procedures, such as weighing, blood sampling, urine 
collection, etc. However, there are numerous opportunities to 
broaden the spectrum of animals that can be trained to volun-
tarily engage in a task, as well as the goal of the PRT. This pre-
sentation will describe the principles of clicker and target train-
ing as methods of PRT, as well as a successful approach to im-
plement this type of training program at your institution. Using 
the cat as an example, a method for promoting well-socialized 
animals and to aid group housing strategies will be described. 
The value of including PRT as a husbandry and experimental 
Refinement will be discussed.
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Looking back at 5 years  
providing 3Rs training in Europe:  
An SME perspective
Francois Busquet
Altertox, Ixelles, Belgium
francois.busquet@altertox.be 

Existing 3Rs Education and Training (E&T) courses cover an-
imal research and animal testing. When it comes to alternative 
test methods, it is well admitted that validation studies and reg-
ulatory acceptance of alternative test methods are a long process 
but not the end of the journey to become part of routine use of the 

Reference
Felder, M., Trueeb, B., Stucki, A. O. et al. (2019). Impaired 

wound healing of alveolar lung epithelial cells in a breathing 
lung-on-a-chip. Front Bioeng Biotechnol 7, 3. doi:10.3389/
fbioe.2019.00003 
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The human-based in vitro  
3D arthritic joint model  
for preclinical drug testing
Alexandra Damerau1,2, Moritz Pfeiffenberger1,2,  
Frank Buttgereit1,2, Timo Gaber1,2 and  
Annemarie Lang1,2
1Charité – Universitätsmedizin Berlin, corporate member of Freie 
Universität Berlin, Humboldt-Universität zu Berlin, and Berlin Institute of 
Health, Department of Rheumatology and Clinical Immunology, Berlin, 
Germany; 2German Rheumatism Research Centre (DRFZ) Berlin, a 
Leibniz Institute, Berlin, Germany
Alexandra.Damerau@charite.de 

Our ultimate goal is to study the influence of potential drug can-
didates in an experimental setting of arthritis. Although a variety 
of models for RA already exists, they either employ phylogenet-
ically distant species or rely on human cells cultured in an over-
simplified environment and are not able to reflect the human dis-
ease in all aspects. Hence, we developed a complex human in vi-
tro 3D joint model to study the influence of the main cytokines 
involved in the inflammatory response of RA and the potential of 
therapeutic treatment.

Well characterized human bone marrow-derived mesenchy-
mal stromal cells (hMSCs) were used to develop a 3D bone and 
a 3D cartilage component. The 3D bone model was developed by 
successfully seeding hMSCs on a β-TCP scaffold. Osteogenic dif-
ferentiation was verified demonstrating an increase in miner-
alized bone volume and the induction of bone-related gene ex-
pression. Chondrogenic phenotype was verified by Alcian Blue 
staining and by the reduced expression of COL1A1 and abundant 
expression of COL2A1 on protein level. Co-cultivation of both 
components leads to formation of an interconnection between 
the two 3D components. Cytokine stimulation induces the up-
regulation of matrix-degrading metalloproteases particularly in 
the cartilage component. In addition, a cytokine-induced upreg-
ulation of the inflammation markers IL8 and TNF, the metabol-
ic marker LDHA and the angiogenic marker VEGF can be ob-
served in bone and cartilage. All these cytokine-mediated effects 
are antagonized with a cocktail of specific immunomodulatory 
drugs. Modeling the synovial membrane, we successfully created 
a confluent hMSC cell layer. In response to cytokine stimulation, 
the synovial membrane showed an upregulation of IL6, HIF and 
MMP13 expression on mRNA level.
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Developing an in vitro model of 
glucocorticoid-induced osteoporosis
Annemarie Lang1,2, Karoline Diesing1,  
Alexandra Damerau1,2, Angelique Wolter1,2,  
Moritz Pfeiffenberger1,2, Timo Gaber1,2  
and Frank Buttgereit1,2
1Department of Rheumatology and Clinical Immunology, Charité-
Universitätsmedizin Berlin, Berlin, Germany; 2German Rheumatism 
Research Center, Berlin, Germany
annemarie.lang@charite.de 

The healthy bone homeostasis is characterized by a balanced, 
dynamic and continuous remodeling process based on spe-
cialized cells such as osteoblasts, osteocytes and osteoclasts 
(Scheinpflug et al., 2018). Glucocorticoids (GCs) are common-
ly used to treat patients with inflammatory diseases. Howev-
er, long-term treatment with GCs can potentially lead to sev-
eral adverse effects such as the inhibition of osteoblast pro-
liferation and the increase of osteoclastic activity resulting in 
osteoporosis (Buttgereit, 2020). Hence, the aim of our project 
is to i) develop an in vitro trabecular human bone model, ii) 
integrate this bone model into a perfusion system to acceler-
ate mineralization and provide biomechanical stimuli and iii) 
applying prednisolone to induce osteoporosis. Here we pres-
ent our initial results describing the successful differentiation 
of osteoblasts and osteoclasts in a 3D environment, and the ac-
complished integration of the bone model into a perfusion sys-
tem. In a first step, different cultivation conditions were tested 
to allow optimal osteogenic or osteoclastic differentiation. To 
this end, a) human bone marrow derived mesenchymal stro-
mal cells (hMSCs) were treated with osteogenic medium, and 
b) peripheral blood-derived monocytes were differentiated in-
to osteoclasts by supplementation of M-CSF/RANKL. Calcifi-
cation of hMSCs was evaluated via Alizarin-red staining. Os-
teoclasts were identified by immunofluorescence staining as 
multinucleated (DAPI) giant F-actin ring forming cells owing 
TRAP and Cathespin K activity. Additional gene expression 
analyses confirmed the up-regulation of osteoclast-specific 
genes. In parallel to the monolayer cultures, cells were success-
fully transferred on β-tricalcium phosphate – a suitable bo-
ny-like scaffold. Furthermore, first experiments in a dynamic 
bioreactor platform (OSPIN GmH) were conducted to evalu-
ate the influence of shear stress on the cells and model systems. 
By combining several cell types, a suitable scaffold and biome-

new technologies. Multiple initiatives exist to facilitate and im-
prove the confidence of end-users, be a regulator, be a test pro-
vider or be a test performer. This diversity of end-users com-
plexifies the needs and expectation for 3Rs E&T. Therefore, spe-
cific solutions need to be provided accordingly. Most of the 3Rs 
E&T formats are already covered with theory thanks to webinar, 
massive open online course or lectures at university and practice 
with hands-on training or case studies. However, some gaps al-
ways exist since it is almost impossible to be at the same pace as 
technology evolves. Currently most of the recognition and ac-
creditation of such 3Rs E&T are mainly centralized by scientific 
societies and universities. Therefore, there is limited opportuni-
ty for private sector and NGOs to feed in curricula in this field 
in spite of the multitude of initiatives and efforts. This talk in-
tends to describe some of the accreditation mechanism and dis-
cuss ways to improve the effectiveness and recognition of 3Rs 
E&T courses coming from other sectors.

Presentation: Oral

235

Gender inequality in science – 
Finding the end of the rainbow
Annemarie Lang1 and Francois Busquet2
1Department of Rheumatology and Clinical Immunology, Charité-
Universitätsmedizin Berlin, Berlin, Germany; 2Altertox, Ixelles, Belgium
annemarie.lang@charite.de 

“The story of women’s struggle for equality belongs to no single 
feminist nor to any one organization but to the collective efforts 
of all who care about human rights.” (Gloria Steinem, world-re-
nowned feminist, journalist and activist.) Thus, gender inequal-
ity and missing diversity are major issues that we need to ad-
dress together as community. Although the scientific community 
is recently taking action and stimulating discussions, the problem 
persists. Women in science, technology, engineering, and math-
ematics (STEM) mainly face challenges regarding gender bias 
in publications and third-party funding, pay disparity and ha-
rassment at the workplace (Huang et al., 2020; Raymond et al., 
2019). In addition, it has been reported that women are under-
represented in PhD programs especially focusing on maths and 
engineering. However, sexual identity can also be a reason for 
unfair treatment and discrimination that seems to be more pro-
nounced in science than other areas. Hence, it is obvious that one 
needs to find ways to promote recognition of gender intersec-
tionality, equity, and inclusivity of all gender and LGBT+ in ac-
ademia (Gibney, 2019). Diversity benefits science and should be 
acknowledged as such.

References
Gibney, E. (2019). Nature 571, 16-17. doi:10.1038/d41586-019-

02013-9 

https://doi.org/10.1073/pnas.1914221117
https://doi.org/10.1016/S0140-6736(19)30280-6
mailto:annemarie.lang@charite.de
mailto:annemarie.lang@charite.de
https://doi.org/10.1038/d41586-019-02013-9
https://doi.org/10.1038/d41586-019-02013-9


Oral Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 202162

tial equations considering, e.g., the change in cell numbers and 
Col II concentrations in different areas of the constructs to in-
clude spatial resolution over time. By combining methods used 
in biological research and those used in mathematical systems 
biology, we aim at developing a valid, efficient and attractive al-
ternative approach to test possible treatments for OA, examine 
underlying mechanism of OA and cartilage repair to further 
support translation in OA research.
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Application of in silico 
models to support decision 
making in toxicology
Anax Oliveira
Lhasa Limited, Leeds, United Kingdom
anax.oliveira@lhasalimited.org 

Chemical toxicity has traditionally been assessed using in vivo 
tests to ensure human safety. However, animal testing is gener-
ally disfavoured by both regulatory bodies as well as the public, 
and the human relevance of data from such animal models is de-
batable. Consequently, in silico models are becoming an increas-
ingly important tool to support decision-making within toxicol-
ogy, but knowledge of how to assess and apply such models re-
mains critically important if they are to be used effectively. Whilst 
the OECD principles for the regulatory use of (Q)SAR models 
provide a useful starting point (especially for model developers) 
these alone are not sufficient to guide a user to a safe, support-
ed and confident decision (OECD, 2014). This talk will describe:
(1) how positive and negative predictions from classical in sili-

co models (expert knowledge-based and statistical-based sys-
tems) can be used within ICH M7 to predict in vitro muta-
genicity; and in combination with in vitro assays to predict 
skin sensitisation hazard and potency.

(2) how to leverage machine learning and artificial intelligence 
(AI) to develop a secondary pharmacology model which can 
learn from multiple proprietary datasets without disclosure 
of confidential structures (federated learning).

(3) how to use an expert knowledge-based system to replace a 
human expert and update dermal sensitisation thresholds 
(DSTs) used in quantitative risk assessment (QRA).

(4) how to explore toxicity by linking existing knowledge and as-
say data to adverse outcome pathways (AOPs).

These examples will illustrate how in silico models are applied 
within toxicology, including how to assess the confidence in each 
prediction, and how to use supporting information as evidence 
that allows a model to be challenged.

Reference
OECD (2014). Guidance Document on the Validation of (Quan-

titative) Structure-Activity Relationship [(Q)SAR] Models. 

chanical stimuli (perfusion), we aim to provide a valid testing 
platform to study underlying disease mechanism and for drug 
development.
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modelling to study cytokine-
driven cartilage degradation
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annemarie.lang@charite.de 

The importance of articular hyaline cartilage becomes clear 
when cartilage is destroyed such as in osteoarthritis (OA). Car-
tilage destruction is accompanied by a tremendous loss of life 
quality due to deprivation of agility and flexibility, morning 
stiffness, and pain during every step. Understanding the patho-
physiological processes of cartilage degradation requires ade-
quate model systems to develop new therapeutic strategies. Our 
project aimed at computing an in silico model based on the re-
sults of our recently developed in vitro OA model to enhance 
validity and translatability towards a more sophisticated simu-
lation of OA. In detail, the used 3D in vitro model was based 
on 3D chondrogenic constructs generated solely from human 
bone marrow derived mesenchymal stromal cells (hMSCs). Our 
chondrogenic in vitro model revealed the expression of the car-
tilage specific markers collagen 2 (Col II) and aggrecan and the 
deposition of glycosaminoglycans in in the extracellular matrix. 
The cell concentration was slightly decreased over 3 weeks of 
untreated cultivation. After stimulation with pro-inflammato-
ry cytokines, the constructs showed an increased expression of 
inflammatory markers (IL-1, -6 and -8) and matrix degrading 
enzymes (matrix metalloproteinase-1, -3 and -10) compared to 
untreated controls. During histological and histomorphometric 
analysis, we observed a decreased compactness of extracellular 
matrix, a loss of Col II, a significantly reduced cell concentra-
tion, and altered cell morphology. As a subsequent mathemat-
ical strategy, we described the biological processes by differen-
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the protection of animals used for scientific purposes. A work-
ing document on the development of a common education and 
training framework to fulfil the requirements under the Direc-
tive. Brussels, 19-20 February 2014

Guidance for Continuing Professional Development (CPD) in 
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Replacing fetal bovine serum (FBS) –  
Innovative alternatives  
and transition strategies
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Fetal bovine serum (FBS) has been used for decades as a supple-
ment in a wide range of cell culture applications in cell-based re-
search, drug discovery, diagnostics, toxicity testing, cell thera-
py, in vitro fertilization, human and animal vaccine production, 
and biopharmaceutical manufacturing. FBS has been considered 
rather unique in its universal capacity to support the growth of 
multiple cell types in culture (van der Valk et al., 2018). Although 
widely used, there are various reasons to find suitable alternatives 
to the use of FBS: amongst them the ill-defined nature, animal 
welfare considerations, and economic issues, sourcing and sup-
ply, xenogenic properties and pathogen safety issues. Still, FBS is 
the most widely used growth factor supplement for the expansion 
of human cell therapy products (Bieback et al., 2019). However, 
there has been a strong impetus from regulatory agencies and 
biomedical professionals in the field to develop methods for cell 
expansion that do not utilize animal products in their production 
process. Human platelet lysate (hPL) has been identified as a pos-
sible growth supplement contender – rich in growth factors and 
produced in most cases from expired platelets (PLTs) – that can 
be used to replace FBS. hPL is essentially the product of lysing 
human PLTs typically involving freezing and thawing to release 
trophogens and growth factors. Especially in protocols to man-
ufacture mesenchymal stem/stromal cells (MSCs) for clinical 
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According to Directive 2010/63/EU, we have to ensure compe-
tence levels of personnel involved in animal experiments includ-
ing those “designing procedures and projects”. The importance 
of this is emphasized by observations that many research find-
ings within animal research are questionable due to poor meth-
odology (Macleod et al., 2015). In order to improve the quality, 
guidelines like PREPARE (Smith et al., 2017) and ARRIVE have 
been introduced. Adhering to these guidelines requires thorough 
knowledge of statistics, animal or other models and of potential 
bias risks. All of these can be specific for different experiments. 
It is important to establish how well researchers can comply with 
the guidelines when designing experiments.

We considered that assessment methods should be available in-
dependent of training and as an aspect of lifelong learning in an-
imal science (Dutch CPD document, 2018). Moreover, establish-
ing competences on the job is a prerequisite.

For this purpose, we designed an assessment consisting of a 
criterion guided interview (CGI) and a rubric that addresses rel-
evant learning outcomes, that fulfil education requirements un-
der the Directive (Working document, 2014). Some were revised 
to ensure hands-on application of these outcomes. This includes 
responding to the challenges within the current research culture.

During the CGI the work protocol is used as a “portfolio” to 
assure relevance in daily practice. The assessment is continuous-
ly validated within the field, using a network of principle investi-
gators as co-assessor. To ensure validity and reliability, assessors 
have been trained.

In a first trial, we experienced that a CGI not only allows to 
identify competence, but also has enormous potential to help the 
participant to develop further (assessment for learning). It can al-
so be used as a formative learning tool earlier in the training and 
is appreciated as such during the final assessment. To see an ex-
ample CGI go to https://youtu.be/UP2vEbJMnPI.

References
Education and Training Framework. National Competent Au-

thorities for the implementation of Directive 2010/63/EU on 

https://www.ncadierproevenbeleid.nl/documenten/publicatie/19/25/leven-lang-leren/lven-lang-leren
https://www.ncadierproevenbeleid.nl/documenten/publicatie/19/25/leven-lang-leren/lven-lang-leren
https://www.ncadierproevenbeleid.nl/documenten/publicatie/19/25/leven-lang-leren/lven-lang-leren
https://doi.org/10.1371/journal.pbio.1002273
https://doi.org/10.1371/journal.pbio.1002273
mailto:karen.bieback@medma.uni-heidelberg.de
https://doi.org/10.1787/9789264085442-en
mailto:i.a.c.w.tiebosch@uu.nl
https://youtu.be/UP2vEbJMnPI


Oral Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 202164

base, working sessions with experts, reflection and culture inter-
ventions, and a personalized final assessment.

The pilot demonstrated great potential in creating awareness 
of the importance of good experimental design, well-motivat-
ed choice of (animal) models and a good statistical plan and in-
creases the knowledge on these topics. More importantly how-
ever, the setup allows for direct implementation of the acquired 
knowledge. Further development could be directed towards bet-
ter preparation towards the flipped classroom approach, intensi-
fying training in statistics, and further integration of the culture 
sessions. This will strengthen the effect on participants’ experi-
mental designs and overall quality of future animal experiments. 
Additionally, also due to the assessment and certification, it will 
establish “designing procedures and projects” as a validated com-
petence.
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Alzheimer’s disease (AD) is a common neurodegenerative dis-
order characterized by progressive memory loss with an in-
creased prevalence. Although up to 5% of all AD cases can be 
assigned to specific gene mutations (familial AD, fAD), the vast 
majority of AD cases is sporadic (sAD). This strongly suggests 
that environmental factors may contribute to the development 

use, hPL has been established as a safe substitute to FBS (Bieback, 
2013). Still issues remain, such as ill-defined nature and econom-
ic issues. In terms of standardization, chemically defined media 
appear as the ultimate achievement. Since these media need to 
maintain all key cellular and therapy-relevant features of the tar-
get cells, the development of chemically defined media is still – 
albeit highly investigated – only in its beginning.
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There is a growing concern about the poor quality of animal re-
search, based on observations that many research findings within 
animal research are questionable due to poor methodology (Ma-
cleod et al., 2015). With the ambition to improve the quality of 
animal research, Utrecht University, University Medical Center 
Utrecht have joined forces. They are contributing to the change 
of the current research culture.

As a first step towards this ambition, we developed an inter-
nationally oriented learning track for PhD students in animal 
research, using Educational Design Research (EDR) as a meth-
odological framework (Plomp, 2013). Based on the educational 
concepts of connectivism (Siemens, 2005), personalized learn-
ing and workplace-based learning, the learning track consists 
of several online and face-to-face learning activities (i.e., blend-
ed learning). It focusses on the competence of “designing proce-
dures and projects” (Working document, 2014), with the aim to 
deliver an executable work protocol at the end. Key components 
of the learning track are a diagnostic assessment with personal-
ized feedback at the start, a free to use online knowledge data-

https://doi.org/10.1371/journal.pbio.1002273
https://doi.org/10.1371/journal.pbio.1002273
mailto:j.briede@maastrichtuniversity.nl
https://doi.org/10.1159/000354061
https://doi.org/10.1016/j.jcyt.2019.06.00
https://doi.org/10.14573/altex.1705101
mailto:i.a.c.w.tiebosch@uu.nl


Oral Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 65

cating activity (i.e., that an endocrine mechanism may be pres-
ent) in these initial tests usually trigger further higher tier in vivo 
assays. These provide data on adverse effects on endocrine-rele-
vant endpoints over more extensive parts of the life cycle of the 
organism. Higher tier assays are very animal and resource-inten-
sive and technically challenging to conduct. The identification of 
endocrine disrupting properties is an area which could use large 
numbers of animals (Lagadic et al., 2019), contradicting stipu-
lations set out within many regulatory frameworks that animal 
studies be conducted as a last resort.

In February 2020, the NC3Rs in collaboration with HESI 
hosted a workshop “Investigating endocrine disrupting prop-
erties in fish and amphibians: Opportunities to apply the 3Rs”. 
Over 50 delegates attended from North America and Europe, 
across academia, consultancies, regulatory agencies and indus-
try (contract research organizations, agrochemicals, industrial 
chemicals, consumer products and pharmaceuticals). They dis-
cussed the challenges and opportunities in applying refinement 
and reduction approaches within the current mandatory ani-
mal tests, and in more widely utilizing replacement approaches 
– including in silico, in vitro and embryo models. Steps need-
ed to enable the application of 3Rs approaches in practice were 
also identified. This presentation provides an overview of the 
workshop discussions.
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For better or for worse, society has been transformed by so-
cial media (Britton et al., 2019). Twitter – a social microblog-
ging platform created in 2006 – claims 321 million active users 
in 2018. Approximately 500 million tweets are tweeted each day. 
Thanks to the development of a specific twitter application, more 
than 700,000 tweets were collected from October 2014 to March 
2020 based on the following hashtags: #animaltesting OR #ani-
malfreetesting OR #animalfreetests OR #animalexperiments OR 
#3Rs OR #3R OR #BeCrueltyFree OR #endanimaltesting OR 
#stopanimaltesting OR #stopvivisection. Based on this unprece-

of AD. Emerging evidence suggests that exposure to exogenous 
chemicals including heavy metals, pesticides and air pollutants 
may contribute to AD. In the Interreg-EU project “Memories” 
(http://www.herinneringen.eu) we used different bioinformatics 
approaches to analyze sequencing data from AD-related iPSC 
cortical neuron models as well as human tissue (blood plasma, 
cerebrospinal fluid (CSF), tissue of different human brain areas) 
with the aim to develop new biomarkers, e.g., miRNA profiles 
as early diagnostic tools of sAD. MiRNAs are small non-coding 
RNA molecules that influence gene regulation of essential bio-
logical pathways. The primary goals of this project is to develop 
a specific biomarker for sAD based upon profiles of blood plas-
ma circulating miRNA (van den Berg et al., 2020). Secondly, by 
comparing these profiles with miRNA and mRNA profiles ob-
tained from patients and iPSC-derived cortical neuronal models, 
a better interpretation of the biological mechanisms involved in 
the development of sAD. We used sequencing data from mRNA 
and miRNA expression profiles from iPSC-derived human corti-
cal neuron models exposed to various environmental chemicals. 
Data of changes in m(i)RNA expression were also be obtained 
from tissue of different brain areas, and from circulating miR-
NA (cmiRNA) profiles in cerebrospinal fluid (CSF) and blood 
plasma of AD patients. We investigated if profiles of cmiRNA 
in blood can be used as a diagnostic tool in by reflecting initia-
tion and progression of Alzheimer’s disease and can be correlat-
ed with miRNA profiles in different tissues and in specific af-
fected areas of the brain.
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Regional regulations are starting to explicitly require that endo-
crine disrupting properties be investigated as part of the safety 
assessment process (EFSA/ECHA, 2018). This can include con-
ducting new vertebrate tests for substances already on the market. 
Different jurisdictions are utilizing different approaches. Howev-
er, all share common themes of testing for endocrine activity and 
adverse effects. Testing for activity usually involves in vitro and in 
vivo assays on selected endocrine pathways. For ecotoxicological 
evaluation, these assays can be performed across various animal 
species including mammals, amphibians and fish. Results indi-
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bit/; Big data for better health outcomes, https://bd4bo.org/) or 
at European Commission level (e.g., DG ENV, 2019/1010/EU). 
Last but not least the author will describe the adoption of a pi-
lot project funded by the EP on “Feasibility on a common open 
platform on chemical safety data, https://etendering.ted.europa.
eu/cft/cft-display.html?cftId=5516” currently led by the Europe-
an Commission. The goals of the pilot project are to facilitate 
seamless sharing of data between authorities and provide pub-
lic access to researchers, regulators, industry and the citizen at 
large. This will promote: a) transparency and trust in EU deci-
sion making, b) research and data analytics, c) innovation d) less 
animal testing & more predictive toxicology, and e) better regu-
latory decision making and informed consumer choices.
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The magnitude, duration, frequency, and route of exposure can 
all dramatically influence the toxicity exhibited by a compound. 
The ability to fully understand in-use scenarios and the subse-
quent local and systemic exposure metrics can inform the de-
gree of hazard data needed to support a risk (exposure x haz-
ard) based approach. Tiered approaches are utilized for the ex-
posure assessment and initially rely on conservative worst-case 
assumptions (e.g., 100% absorption) which can be refined if 
needed. In some cases, exposure-based waiving using thresh-
olds of toxicological concern (TTC) may be sufficient to assess 
the safety of materials with very low exposure. Higher expo-
sures may require an understanding of the amount of ingredi-
ent that can get into the body and this information can then be 
used for the human safety assessment as well as inform the dose 
range for in vitro assays. Experimental (e.g., skin penetration) 
and computation approaches (e.g., physiologically based kinet-
ic (PBK) modelling) are important tools for increasing under-
standing of exposure in a tiered approach. Characterizing the de-
gree of uncertainty at each stage is important and is considered 
when assessing if the data is suitable for the purpose or if further 
studies are required. The current presentation will discuss tiered 
approaches to exposure assessment, both local and systemic, 
and how such knowledge can be used in a human safety risk as-
sessment and to guide relevant doses for in vitro hazard assess-
ment. Example exposure assessments will be provided for single 
chemical exposures as well as product exposures.
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dented analysis, the authors were able to 1) identify the absolute 
number of users as well as its variation over the last seven years, 
2) the popular tweets 3) extracting new hashtags from pre-de-
fined ones 4) differentiate users that are “preaching to the choir” 
or “singing from the rooftop” (Côté and Darling, 2019). More-
over, a Twitter sentiment analysis in R-language was performed 
resulting in classification emotion content of the tweets ranging 
from anger to surprise or joy with a majority of fear. Further-
more, elasticsearch was now included to further refine the data-
base analysis. Thanks to this weight of evidence, the author ar-
gues that by communicating on social media, peers are able to 
interact further and revolutionize the way science is shared and 
spread (Glausiusz, 2019).
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ECHA (European Chemicals Agency), EFSA (European Food 
Safety Authority) and EMA (European Medicines Agency) are 
related to the Committee on Environment, Public Health and 
Food Safety (ENVI) at the European Parliament (EP). All three 
agencies play an important role in collecting safety data for all 
manufactured goods that are introduced to the EU market. In all 
sectors represented by the agencies, similar types of data (tox-
icological endpoints) are collected, but they differ in format, 
transparency and confidentiality level assigned to them. Such 
differences are not due to legal requirements, but they are most-
ly linked to EU Agency internal policies. The lack of harmoni-
zation has dire consequences for the implementation costs of EU 
regulations, for the performance of the different industry sec-
tors and for the excessive/redundant use of animals for safety 
testing. Moreover, the efficacy of the agencies themselves is re-
duced. This oral presentation intends to provide an overview of 
the current big data initiatives (e.g., OpenFoodTox, https://data.
europa.eu/euodp/data/dataset/openfoodtoxefsa-s-chemical-haz-
ards-database) at the EU agency level, collaborative activities at 
stakeholder level (e.g., AMBIT; http://cefic-lri.org/toolbox/am-
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Several theoretical frameworks describing a tiered approach for 
NGRA have been published over the past few years (Berggren et 
al., 2017; Dent et al., 2018), but concrete next generation risk as-
sessment (NGRA) examples of how to analyze, integrate and in-
terpret all the data obtained from new approach methodologies 
(NAMs) in order to inform a safety decision are still lacking.

In this work, we set out to integrate currently available NAMs 
in a hypothetical safety assessment of 0.1% coumarin in in face 
cream and body lotion to make a safety decision without using 
any in vivo animal data (Baltazar, submitted). Internal concen-
trations (plasma Cmax) were estimated using a physiological-
ly-based kinetic (PBK) model for dermally applied coumarin 
(Moxon et al., 2020). Biomarkers were selected to provide ev-
idence of whether coumarin may cause specific cellular effects 
(Eurofins Safety44™ screen and BioMap® Diversity 8 Panel) 
or non-specific effects (in vitro cell stress panel (Hatherell et al., 
submitted) and high-throughput transcriptomics). In addition, 
in silico alerts for genotoxicity were followed up with the Tox-
Tracker® tool.

The PoDs from the in vitro assays were compared to exposure 
estimates (plasma Cmax) to calculate a margin of safety (MoS) 
distribution which is used in the risk assessment decision. The 
predicted Cmax values for face cream and body lotion were low-
er than all PoDs with a MoS higher than 100. Furthermore, we 
can conclude that coumarin is not genotoxic, does not bind to any 
of the 44 targets and does not show any immunomodulatory ef-
fects at relevant exposures.

The continued development and application of NAMs in a de-
cision-making context will play an increasing role in fulfilling 
the ambition to assure safety of novel ingredients without the 
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Humane end-points tailor made
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With the term “humane end-point” appearing in the Directive 
2010/63/EU Member States are required to implement the use. 
Humane end-points are traditionally defined as, “the earliest indi-
cator in an animal experiment of severe pain, severe distress, suf-
fering or impending death”. However, with a strong movement 
to reduce severe suffering in animal experimentation we advo-
cate a more recent definition for humane end-points (Hendriksen 
et al., 2010) as “a refinement strategy during the experimental 
design phase to ensure minimized pain, suffering or distress ex-
perienced by animals during an experiment”. With this use gen-
eral operating procedures or guidelines for a research field are 
less applicable since humane end-points are per definition part of 
the experimental design of a singular experiment.

In practice this means that the humane end-points are reviewed 
in light of the specific research question, procedures, animals 
used and critical phases in the study. This results in more tailor 
made end-points that ensure minimizing suffering while keep-
ing maximal scientific benefit. With a focus on pre-clinical end-
points in practice this means that welfare evaluation is not a stan-
dard procedure. All animals are monitored in line with the design 
specific end-points at hand.

This review and labor intensive process in monitoring the an-
imals does yield that procedures prospectively classified as mild 
to never reach the severe category because humane end-points 
are set in the moderate category. An example of a tailor made hu-
mane endpoint considering tumor size is keeping the tumor bur-
den limited to the minimum required for a valid scientific out-
come (Workman et al., 2010). Practice shows that a reduction of 
the traditional maximum tumor size is often possible when con-
sidering science and design.
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2018). To extend our model, we have screened an open sourced 
library from Astra Zeneca consisting of 13,000 well bio-anno-
tated chemical leads with maximal coverage of target activities. 
Hit analysis revealed cyclin dependent kinases (CDK2/4) inhibi-
tors regulating the C/EBPalpha pathway is driving reversal of the 
phenotypic effect. CDK2/4 protein levels are shown to be elevat-
ed in patients with fatty livers (Jin et al., 2016). These results, to 
be presented, provide a proof of concept that hiPSC-derived he-
patocytes are amenable to high-throughput screening and exhibit 
sufficient metabolic function to be used for drug efficacy studies 
for NAFLD.
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Human iPS cell-derived hepatocyte-like cells (hiPSC-HLCs) is 
now commercially available, but their metabolic functions are 
still not comparable to real hepatocytes. Three-dimensional (3D) 
multicellular spheroid culture is well known as a technique for 
enhancing liver functions in primary cells as well as liver cancer 
cell lines. hiPSC-HLCs, however, have relatively low aggrega-
tion property, it is difficult to stably form spheroids by conven-
tional methods. The objective of this study is to confirm whether 
hiPSC-HLCs can be efficiently converted into spheroids and ex-
hibit metabolic maturation as hepatocytes. ReproHepato (Repro-
CELL, Yokohama, Japan) was used as commercially available 
hiPSC-HLCs. In order to forcibly aggregate hiPSC-HLCs, we 
applied a method using 3% methylcellulose (MC) medium (Ko-
jima et al., 2012). After thawing a frozen vial, hiPSC-HLCs were 
suspended in a culture medium at 2 × 106 cells/mL, and 1 µL of 
the cell suspension was injected into 3% MC medium. The 2000 
cells gathered in 10-30 min and formed multicellular spheroid in 
24 h. The spheroid was able to be removed from the MC medium 
without collapse and stably cultured in an ultra-low attachment 
12-well plate at least 2 weeks. We then examined the expression 
of CYP3A4, CYP2B6 and CYP1A2 genes. After culturing for 6 
days from the injection, the expression levels of these enzyme 
genes were almost the same as those in the two-dimensional con-
trol culture. By culturing for 14 days, the expression of the genes 
was improved several hundred times. The time-course observa-

need for any animal testing, but confidence in NAMs will only 
come with learning by doing and sharing more case studies.
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Phenotypic high throughput 
screening in a human iPSC-derived 
hepatocyte model of steatosis 
reveals inhibitors of ER-stress 
induced lipid accumulation
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Liver fat deposition characterizes non-alcoholic fatty liver dis-
ease (NAFLD) which, when associated with endoplasmic retic-
ulum (ER), autophagic, and oxidative stresses and other hepa-
tocellular damage, can progress to non-alcoholic steatohepatitis 
(NASH). NAFLD is a growing worldwide heath issue affecting 
one-third of the population including 75-92% of the obese pop-
ulation of which 37% progress to NASH. There are currently no 
drugs approved for the treatment of NAFLD/NASH and a lack of 
pre-clinical models of disease. In vitro models that better predict 
a drug response with a particular mechanism of action related to 
the disease signature that can be used for discovery of a small 
molecule that decreases hepatic fat and alleviates associated cel-
lular stresses would represent a major breakthrough in human 
therapeutics for treatment of severe NAFLD/NASH. We have re-
ported on phenotypic ER stress-induced TAG accumulation as-
say in iPSC-Hep which recaptures several metabolic changes 
characteristic of steatosis associated with NAFLD (Parafati et al., 
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os, and the safety decisions based on in vitro points of departure 
compared to those using more traditional risk assessment ap-
proaches. These data will be used to develop a statistical mod-
elling framework for characterising uncertainties in the margin 
of safety distributions, which can then be used as part of an ex-
pert-based assessment of an appropriate MoS for a given risk 
assessment.
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Qualification of cardiac 
microphysiological models 
for drug screening
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Animal models are 78% accurate in determining whether drugs 
will alter contractility of the human heart. Cardiomyocytes from 
human induced pluripotent stem cells (hiPSC-CMs) are increas-
ingly recognized as valuable for determining the effects of drugs 
on ion channels but do not always accurately predict contractile 
responses of the human heart. This is in part attributable to their 
immaturity but sensitivities of measurement tools may also be 
limiting. Here, we benchmarked our hiPSC-CM based micro-
physiological models through a blinded drug study. Furthermore, 
we develop a method for systematic validation of drug-induced 
changes in the cardiac excitation-contraction coupling.

To evaluate the suitability of hiPSC-CMs for predictive safe-
ty pharmacology, we quantified changes in contractility, voltage 
and Ca2+ handling simultaneously in 2D monolayers with our in-
house developed Triple Transient Measurement (TTM) system 
(van Meer et al., 2019). Furthermore, we developed an hypoth-
esis-based statistical algorithm that identifies mechanisms of ac-
tion. Subsequently, we evaluated a set of drugs with known posi-
tive, negative or neutral inotropic effects.

Using the TTM system we were able to identify 78% of the 
expected drug-induced effects accurately in our in vitro model. 

tion showed that the expression level of the genes gradually in-
creased from day 6. Other CYP genes, conjugation enzymes, and 
transporters were also induced by the 3D culture. Besides, genes 
for amino acid, sugar, and urea metabolizing were upregulated in 
the spheroid culture condition. These results indicate that forma-
tion of multicellular spheroids play a pivotal role for metabolic 
maturation of hiPSC-HLCs.
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Evaluation of a new approach 
methodology toolbox for  
the next generation risk 
assessment of systemic toxicity
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Over recent years a number of New Approach Methodologies 
(NAMs) have been developed to evaluate the bioactivity of 
chemicals within a Next Generation Risk Assessment (NGRA) 
context. NGRA is an exposure-led hypothesis-driven approach 
that works to integrate New Approach Methodologies (NAMs) 
into a safety decision for consumers. There is a need to conduct 
and share case studies of ab initio NGRA to build confidence in 
the ability to use only NAMs in risk assessment. A forthcoming 
publication presents the risk assessment of 0.1% coumarin in a 
face cream and body lotion using in vitro assays to determine 
consumer safety (Baltazar et al., submitted), however the appli-
cability of these techniques for other compounds needs to be as-
sessed to give confidence in this approach moving forward.

This work focuses on an approach to evaluating three NAMs 
(high throughput transcriptomics, in vitro cellular stress (Ha-
therell et al., submitted) and the Eurofins Safety44® Screen) 
with respect to their use in systemic toxicity risk assessments. 
These assays, together with approaches to estimate the relevant 
human exposure, such as physiologically-based kinetics model-
ling, skin penetration and free concentration work, could form 
a core toolbox within an NGRA framework and provide in vi-
tro points of departure for calculation of a margin of safety. To 
build confidence in the use of this toolbox, data will be gener-
ated for 30-50 compounds with identifiable human use scenari-
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opment by changes in TH availability. The in vitro studies focus 
on: 1) high-throughput screening of large compound libraries for 
inhibition of deiodinases, dehalogenases and cell membrane TH 
transporters, yielding training sets for QSAR development; 2) as-
says for disruption of TH membrane transporters in physiologi-
cal barriers in placenta, brain, and choroid plexus; 3) 3D models 
for disruption of neural cell fate using mouse neurospheres and 
iPSC derived human brain organoids.

The SCREENED project develops in vitro assays based on ro-
dent and human thyroid cells organized in 3D constructs to mim-
ic the structure and function of the native thyroid gland. These in-
clude 3D organoid based on stem cell derived thyrocytes (SCDT) 
and on decellularized thyroid stromal matrix repopulated with 
SCDT, and bioprinted constructs based on SCDT able to mim-
ic the spatial and geometrical features of a native thyroid gland. 
These constructs are hosted in modular microbioreactors with 
sensing technology and controlled culture conditions.
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Retrospective evaluation of 
animal and non-animal modelling: 
Efficacy-related examples 
informing organisational practices 
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Research into clinical phase, efficacy-related attrition in the 
pharmaceuticals sector has been partly linked in publications and 
analyst reports to an erosion of confidence in animal studies as a 
predictive modelling platform (Harrison, 2016). GSK is working 
to optimise the translational relevance of preclinical modelling 
strategies and improve future delivery of successful medicines to 
patients. Specifically, the GSK Animal Research Strategy team 
has supported this by leading efforts to leverage retrospective 
knowledge, from animal and non-animal models and by sharing 
learnings with stakeholders to continuously improve modelling 
practices in the organisation.

Efficacy-focused case examples will be shown from small 
molecules and biologics that reached clinical phases (predom-
inantly phase II) and have been evaluated retrospectively via 
After Action Reviews (AARs) for preclinical-clinical concor-
dance. Through integration of biology/pathobiology and “pillars 
of pharmacology” evidence (focusing on animal and non-ani-
mal models) and by relating this to clinical trial designs and out-
comes, these reviews highlighted several themes for continuous 
improvement. These included biological and technical aspects, 
increasing alignment preclinically to clinical intent, and differ-

Furthermore, we were able to pick up over 80% of the mecha-
nistic changes in excitation-contraction coupling. While we will 
continue to strive for a 100% accuracy, these results indicate  
hiPSC-CM based microphysiological systems can be a serious 
alternative to certain animal models currently used. Rewarded 
with the Hugo van Poelgeest Price, this work forms the basis of 
ongoing research identifying whether certain animal models can 
be replaced in cardiotoxicity testing.

Acknowledgments: We gratefully thank all researchers contrib-
uting in the CRACKIT InPulse project, especially A.Krotenberg, 
L.Sala, U. Saleem, P. Katili, N. Mohd Yusof, I.Mannhardt, T.  
deKorte, M. Vlaming, K. McGlynn, J. Nebel, A. Bahinski, K. Harris,  
E. Rossman, X. Xu, F. Burton, G. Smith, P. Clements and A. Hansen.  
We thank NC3Rs for financial support, Ncardia for providing Plu-
ricytes and GlaxoSmithKline for providing test compounds.
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strategies for identifying thyroid-
active chemicals impacting 
environmental and human health
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To support the EU strategy on endocrine disruptors, and JRC and 
OECD work on the methodology for their assessment, eight proj-
ects were funded by the EU Horizon 2020 Research and Innova-
tion Programme and form together the EURION cluster. Within 
EURION, three projects focus on novel improved approaches for 
the identification of thyroid hormone (TH) disruptors.

The ERGO project aims to identify and develop TH disrup-
tion-related biomarkers and endpoints for linkage of effects be-
tween vertebrate classes. The strategy is based on Adverse Out-
come Pathway (AOP) network covering various modes of TH 
disruption. An in vitro bioassay battery is set up to address iden-
tified cross-species priority molecular initiating/key events and 
to support in vivo studies. The models for studying the priori-
tized endpoints include human/mammalian cell lines from thy-
roid, liver and neural stem cells.

The ATHENA project develops new testing strategies for the 
identification of chemicals that adversely affect fetal brain devel-
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information on use scenario and chemical features. Parabens 
are Cramer Class I, but the exposure exceeds by far the thresh-
old of toxicological concern (TTC) value. Read across shows 
robust studies available with a need to prioritize developmen-
tal and reproductive toxicities. In Tier 1 we focused on deter-
mining the bioavailability of the parabens, and thus the sys-
temic concentration. We used in vitro experiments (e.g., plas-
ma protein binding, hepatic clearance in human hepatocytes) 
to parametrize a physiologically based biokinetic (PBBK) 
model. These data have the potential to be used for a conclu-
sion based internal TTC (iTTC), and a dedicated LRSS proj-
ect is under development. We moved to Tier 2, where the focus 
is on specific targeted testing, to also explore modes of action 
and toxicodynamic (e.g., docking studies, ToxCast® data, en-
docrine receptor assays, transcriptomics). The conclusion on 
the safety, here, is based on read across using both chemical 
and biological similarities.
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Semantic modelling of  
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the implementation  
in reproducible workflows
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The purpose of Adverse Outcome Pathways is to organize mech-
anistic knowledge on toxicological processes upon exposure to a 
stressor leading to an Adverse Outcome in a series of Key Events 
(KEs). It aims to facilitate the replacement, reduction, refinement 
(3Rs) of animal testing in risk assessments (Ankley et al., 2010; 
Burden et al., 2015). Qualitative descriptions of AOPs are gener-
ally stored in the public AOP-Wiki. However, its content remains 
relatively isolated and is only manually queryable or through 
downloading the full dataset.

We tackled this AOP-Wiki limitation by FAIRifying into the 
AOP-Wiki Resource Description Framework (RDF), including 
semantic annotations and persistent identifiers for chemicals and 
proteins. The RDF allows flexible queries to extract information 
through a SPARQL endpoint, e.g., from coding environments, 
such as Jupyter notebooks. As a demonstration, we developed a 
notebook that adds information to an AOP of interest and finds 
and extracts supporting experimental data from ToxCast and  
TG-GATES based on the molecular targets and stressor chem-
icals, and identify the affected molecular pathways underlying 
KEs using WikiPathways (Slenter et al., 2018).

ences between endpoints measured and hypotheses articulated. 
This work also highlighted opportunities to integrate information 
across disciplines and solved perceived challenges in re-using 
historical information and appreciating past decisions.

The approach taken in the AARs resulted in a robust process 
to access and evaluate relevant content from projects retrospec-
tively.

The experiences from the AAR subset are being applied to in-
form and improve current practice, shape ongoing strategy to 
continually improve animal research, advance non-animal con-
siderations, story-tell potential challenges to discovery leaders 
and to shape organisational practices around decision-making 
and data capture.
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A case study combining read-across  
and NAM, the example  
of propylparaben in systemic 
toxicity, from A to Z
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The Long Range Science Strategy (LRSS) is Cosmetics Europe 
(CE) research program on new generation risk assessments 
(NGRA) based on new approach methodologies (NAMs). It 
includes a series of case studies, and one of them is on par-
abens. We use a tiered workflow, coming from the Seurat-1 
program and published by the OECD. The goal is to perform 
a safety assessment of parabens with long or branched later-
al chain based on existing information from the parabens that 
have short lateral chain and for which toxicokinetics and tox-
icodynamics information are available. At Tier 0 we collected 

mailto:marvin.martens@maastrichtuniversity.nl
https://doi.org/10.1038/nrd.2016.184
mailto:mklaric@cosmeticseurope.eu


Oral PresentatiOns

ALTEX Proceedings 9 (1), 2021, Maastricht 202172

portation of pregnant cows can cause distress and suffering and 
can trigger (premature) birth and even abort, especially in the late 
stages of gestation.

Moreover, blood harvesting for FBS production lacks binding 
regulations, resulting in a legal grey area and therefore opens the 
door for mistreatment or even fraud to the detriment of animals, 
scientists and patients.

However, alternatives to FBS do exist and further use and de-
velopment of ethical acceptable substitutes should be promoted. 
In our presentation we argue that instead of justifying FBS col-
lection as a necessary evil and continuing to use a product that is 
questionable for a variety of reasons, the way forward should be 
a substantial change that starts from the way we treat farm ani-
mals and spans the replacement of FBS by alternatives that are 
more humane and scientifically sound.
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Key learnings from in vitro vapor  
and direct liquid exposure  
studies for acute respiratory toxicity
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The 3M Strategic Toxicology Laboratory is working to incor-
porate in vitro screening Air Liquid Interface (ALI) tools to as-
sess the acute respiratory toxicity potential for new chemicals. 
Studies have examined multiple aspects of the experimental de-
signs, including different ALI cell culture systems, dynamic va-
por and liquid phase exposure methods, viability measurements 
and post-exposure periods. The goal is to better understand the 
critical parameters of the cell systems and exposure methods to 
enable the development of a consistent screening model, while 
gaining insight into the dosimetry. Acrolein has been used as a 
model respiratory toxicant to help evaluate the various parame-
ters. With acrolein, the two different ALI models, A549 and Epi-
Airway™, showed similar responses, with cell viability (based 
on MTT) decreasing as a function of acrolein exposure concen-
tration, both during dynamic vapor exposure and direct liquid 
exposures. Post-exposure viability determination has shown to 
be a critical parameter for evaluation, as viabilities generally de-
creased from immediate post-exposure to the 20/24-hour post ex-

Overall, the AOP-Wiki RDF improves the accessibility and in-
teroperability of the database, providing additional ways of que-
rying the data and enabling the implementation in automated 
workflows. By focusing on increasing the machine-readability of 
AOPs and using consistent vocabularies and ontologies, AOPs 
become an increasingly useful tool for integrating toxicological 
knowledge and data, thereby increasing the effectiveness of the 
concept and addressing the 3Rs in toxicological studies.

Funding: This project has received funding from the European 
Union’s Horizon 2020 (EU 2020) research and innovation program 
under grant agreement no. 681002 (EU-ToxRisk) and EINFRA- 
22-2016 program under grant agreement no. 731075 (OpenRisk-
Net).
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Dam transportation, fetal  
suffering and legal objections –  
Why fetal bovine serum  
should be a thing of the past
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Fetal bovine serum (FBS) is a supplement widely used in cell and 
tissue culture to enhance cell growth and division, despite its ma-
ny scientific disadvantages being widely discussed in the scien-
tific community (van der Valk et al., 2018). Over and above this, 
ethical and legal considerations should play a more substantial 
role in the discussion on the use of FBS. This is because FBS is 
derived from the blood of bovine fetuses after their removal from 
the slaughtered dam. Fetal blood is harvested by cardiac punc-
ture. This is usually performed without stunning or anesthesia of 
the fetus, resulting in massive ethical and animal welfare con-
cerns, as potential pain and suffering cannot be excluded (van 
der Valk et al., 2004). But ethical considerations should not only 
include the fetuses but start as early as with the dams, as trans-
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ing in 48 criteria for review by a panel of senior researchers from 
9 countries. 38 criteria reached consensus, resulting in a provi-
sional checklist for appraisal of in vitro studies in brain tumour 
research.

Conclusion: Through a systematic process of collating criteria 
and subjecting these to expert review, SAToRI-BTR has result-
ed in preliminary guidance for appraisal of in vitro brain tumour 
studies. Further development of this guidance, including investi-
gating strategies for adaptation and dissemination across differ-
ent sub-fields of brain tumour research, as well as the wider in  
vitro field, is planned.
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The OECD IATA Case Studies 
Project – Five years of shared 
experience in the integration of new 
methods in a regulatory context
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Integrated Approaches to Testing and Assessment (IATA) are 
pragmatic, science-based approaches for chemical hazard char-
acterization that rely on an integrated analysis of existing infor-
mation coupled with the generation of new information using 
testing strategies. IATA follow an iterative approach to answer 
a defined question in a specific regulatory context, considering 
the acceptable level of uncertainty associated with the decision 
context. IATA range from more flexible, non-formalized judg-
ment-based approaches to more structured, prescriptive, rule-
based approaches and can include a combination of methods 
from one or many methodological approaches.

The OECD IATA Case Studies Project provides a forum for 
countries to explore the use of novel methodologies in IATA 
within a regulatory context. There is a scientific exchange on 
how novel methods are applied to assess the hazard of chemicals 
and establish common approaches for the use of these methods.

The project was launched in 2015 to increase experience with 
the use of IATA by developing case studies, which constitute ex-
amples of predictions that are fit for regulatory use. This proj-
ect reviews case studies submitted from member countries and 
stakeholders every year. The review results are discussed in a 

posure time-point. Sequential liquid exposures produced EC50 
values well aligned with dynamic vapor exposures, compared to 
single liquid exposures. Quantification of the vapor concentra-
tions during exposure has been important to understand the do-
simetry relationship between liquid and vapor phase exposures. 
Direct mathematical conversion from a liquid (µg/mL) into va-
por (ppm in air) concentration results in thousands-fold higher 
exposure estimates compared to vapor concentrations that elicit 
the same effects on cellular viability; however, calculation of ex-
posure on a mass per tissue surface area basis resulted in mean-
ingful comparison between these two modes of exposure. These 
data are valuable to understanding and effectively communicat-
ing the results of different in vitro ALI respiratory toxicity mod-
els using vapor and liquid phase toxicant exposure.
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Background: Considerable interest exists in the potential of in 
vitro studies to address questions related to clinical use of drugs 
and the pathobiology of tumours (NC3Rs, 2020). Agreement is, 
however, required on how to assess quality, quantity and human 
relevance of such studies alongside adequate reporting (Hartung 
et al., 2019). The SAToRI-BTR (Systematic Approach To Re-
view of In vitro methods in Brain Tumour Research) project fo-
cuses on seeking consensus as to how brain tumour studies using 
in vitro methods should be evaluated.

Objectives: To identify criteria for evaluating quality and hu-
man relevance of in vitro brain tumour studies; to assess the ac-
ceptability of such criteria to senior scientists in the field.

Methods: Potential criteria for evaluation were identified 
through: an online survey of brain tumour researchers; inter-
views with scientists, clinicians, regulators, and journal editors; 
analysis of relevant reports, documents and published studies. 
A preliminary set of criteria for quality appraisal was compiled 
through content analysis. In stage two, the criteria were reviewed 
by an expert panel (Delphi process).

Results: Methods for and quality of review of in vitro studies 
were found to be highly variable with a need for improved re-
porting standards. 129 preliminary criteria were identified; du-
plicate and highly context-specific items were removed, result-
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as shown by trans-endothelial electrical resistance and low so-
dium fluorescein permeation and maintain their phenotype in 
the Chip4. Furthermore, metabolization and permeation charac-
teristics of propranolol and atenolol were comparable to the in  
vivo situation underlining the high physiological relevance of the 
system.

In future, we are planning to use the Chip4 to generate relevant 
PBPK data of test substances including intestinal uptake, metab-
olization, blood-brain barrier permeation/transport and renal ab-
sorption.

References
Appelt-Menzel, A., Cubukova, A., Günther, K. et al. (2017). Es-

tablishment of a human blood-brain barrier co-culture mo-
del mimicking the neurovascular unit using induced plu-
ri- and multipotent stem cells. Stem Cell Reports 8, 894-906. 
doi:10.1016/j.stemcr.2017.02.021 

Koenig, L., Ramme, A., Faust, D. et al. (2018). Production of 
human induced pluripotent stem cell-derived cortical neuro-
spheres in the DASbox® mini bioreactor system. Application 
Note 364, 1-12.

Lippmann, E. S., Al-Ahmad, A., Azarin, S. M. et al. (2015). A 
retinoic acid-enhanced, multicellular human blood-brain bar-
rier model derived from stem cell sources. Sci Rep 4, 4160. 
doi:10.1038/srep04160 

Ramme, A. P., Koenig, L., Hasenberg, T. et al. (2019). Autolo-
gous induced pluripotent stem cell-derived four-organ-chip. 
Future Sci OA 5, FSO413. doi:10.2144/fsoa-2019-0065 

Presentation: Oral

293

Remove ATT, TABST & LABST.  
How far away are we  
to global harmonization 
for those safety tests?
Laura Viviani
Humane Society International, Basel, Switzerland
lviviani@hsi.org 

Many institutions and organization have been working inde-
pendently or jointly to remove those obsolete safety testing from 
the production and batch release testing for human (ATT) and 
veterinary vaccines (TABST, LABST). Many regulatory agen-
cies and international organizations have successfully introduced 
waivers or have deleted them (Viviani et al; Lei et al). How far 
away are we from the global elimination of those tests? What is 
the role of international organizations in promoting the change 
towards animal-free safety testing? Humane Society Internation-
al is presenting its work under the Animal Free Safety Assess-
ment Collaboration (http://www.afsacollaboration.org) to en-
gage industry and regulators in countries like Russia, India, Chi-
na, South Korea, Brazil to promote this important change that 

project meeting. More than 20 case studies have been reviewed 
and the lessons and learnings summarized in consideration doc-
uments (see: http://www.oecd.org/chemicalsafety/risk-assess-
ment/iata-integrated-approaches-to-testing-and-assessment.
htm).

Most IATA approaches discussed have involved the use of new 
approach methods (NAMs) to support read-across within chem-
ical categories or between analogues. Increasingly, the strate-
gies are also driven by knowledge of adverse outcome pathways 
(AOPs) or knowledge of the mode of action. In addition, the use 
of information on metabolism is being applied to inform group-
ing and read-across. The case studies draw on multiple methods 
from in silico, in vitro and existing in vivo data to build weight of 
evidence approaches to inform chemical assessment.
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Modeling blood-brain barrier 
permeation in the autologous 
stem cell-derived Chip4
Leopold Koenig1,2, Anja Ramme1, Daniel Faust1,  
Uwe Marx1, Roland Lauster2 and Eva-Maria Dehne1
1TissUse GmbH, Berlin, Germany; 2Technische Universität Berlin, 
Medizinische Biotechnologie, Berlin, Germany
leopold.koenig@tissuse.com 

Over the last years microphysiological systems have been in-
creasingly accepted by academia and industry as a valuable tool 
in drug development to test substances for their safety and effi-
cacy. Current systems still face the problems of heterogeneous 
tissue sources, hindering the development of patient specific 
chip systems. To overcome these limitations, we recently devel-
oped the autologous TissUse Chip4 combining miniaturized hu-
man intestine, liver, brain and kidney equivalents derived from 
one single human induced pluripotent stem cell (hiPSC) line 
(Ramme et al., 2019).

Understanding the ability to pass the blood-brain barrier 
(BBB) is crucial for assessing safety and efficacy in the develop-
ment of neurological-active compounds. Therefore, we have en-
hanced our neuronal model (Koenig el al., 2018) by introducing 
blood-brain barrier specific endothelial cells (BBB-ECs).

Here, we present results from the adaption of the new neuro-
vascular model to the Chip4. Furthermore, we show results of 
first tests with propranolol and atenolol and their metabolization 
and permeation across the model of the BBB. To produce enough 
neuronal models, we use a large-scale neuronal induction proto-
col in a fully defined and controlled DASbox® bioreactor sys-
tem. The neuronal spheroids are then combined in a commercial 
Transwell® model with state-of-the-art hiPSC-derived BBB-ECs 
(Appelt-Menzel et al., 2017; Lippmann et al., 2015), to sepa-
rate the neuronal compartment from the rest of the system. The 
BBB-ECs form a tight monolayer on the Transwell membranes 
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SEARCHBreast: A virtual bioresource 
to facilitate the sharing of 
surplus animal materials derived 
from breast cancer studies
Valerie Speirs
University of Aberdeen, Aberdeen, United Kingdom
valerie.speirs@abdn.ac.uk 

The contributions that animal models have made to oncology re-
search are well recognised and documented. Following this has 
been a strong desire to observe best practice in the use of ani-
mals in cancer research and the Workman guidelines (Workman 
et al., 2010) have impacted on researchers aiming to address the 
3Rs (Replacement, Refinement, and Reduction). However, there 
is significant surplus material generated from most animal stud-
ies and this is often archived in-house, stored indefinitely and fre-
quently never re-visited, hence representing a considerable un-
tapped resource. We used this opportunity to develop a virtual 
bioresource called SEARCHBreast (Sharing Experimental Ani-
mal Resources, Coordinating Holdings – Breast) which makes 
what is frequently a hidden resource of leftover material derived 
from animal studies in breast cancer more visible and accessible 
to scientists. I will outline the development of SEARCHBreast 
and describe some of the challenges faced in its adoption by the 
breast cancer research community.
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Fish cell lines of rainbow trout as 
alternatives to fish in environmental 
risk assessment: Where we  
stand and where we need to go
Kristin Schirmer1,2,3, Melanie Fischer1 and  
Julita Stadnicka-Michalak1
1Eawag, Swiss Federal Institute of Aquatic Science and Technology, 
Dübendorf, Switzerland; 2EPF Lausanne, ENAC, Lausanne, Switzerland; 
3ETH Zürich, Department of Environmental Systems Science, Zürich, 
Switzerland, 
kristin.schirmer@eawag.ch 

Millions of fish are used every year in the safety testing of chem-
icals and water samples. Three OECD certified tests are most 
commonly employed: fish acute toxicity test (OECD 203), the 

reduces the burden on animals, the final costs of the vaccines, 
and accelerates their release time to the market.
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Integrating innovative methods 
to predict a regulatory hazard 
endpoint: A regulatory perspective
Monique Perron
U.S. EPA, Washington, DC, United States
perron.monique@epa.gov 

The United States Environmental Protection Agency’s (U.S. 
EPA) Office of Pesticide Programs (OPP) regulates the use of all 
pesticide chemicals. To evaluate potential risks to humans, the 
OPP evaluates exposures from multiple routes as part of the hu-
man health risk assessment. Whole animal studies are typical-
ly required and/or used to evaluate inhalation exposures; how-
ever, regulatory statutes provide the EPA with the flexibility to 
modify the actual studies required on an individual chemical ba-
sis. Therefore, the Agency may use data from alternative meth-
ods and strategies to satisfy data requirements. The EPA’s strat-
egy to reduce animal testing relies heavily on the development 
and implementation of new approach methodologies (NAMs). 
NAMs have been adopted as a broadly descriptive reference to 
any non-animal technology, methodology, approach, or combi-
nation thereof that can be used to provide information on chemi-
cal hazard and risk assessment. This presentation will discuss the 
process taken thus far by the U.S. EPA, including challenges and 
the Agency’s needs, to implement an alternative approach to re-
fine inhalation risk assessment for a contact irritant.
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The integration of in vitro chemical 
transplacental passage into a 
generic PBK model for pregnancy
Styliani (Stella) Fragki1, Aldert H. Piersma1,2, Marco 
Zeilmaker1, Conny van Oostrom1, Rudolf Hoogenveen3 
and Paul Schwillens3
1Center for Health Protection, RIVM, National Institute for Public Health 
and the Environment, Bilthoven, The Netherlands; 2Institute for Risk 
Assessment Sciences, Utrecht University, Utrecht, The Netherlands; 
3RIVM, National Institute for Public Health and the Environment, 
Bilthoven, The Netherlands
stella.fragki@rivm.nl 

With the increasing application of cell culture models as prima-
ry tools for predicting chemical safety, the quantitative extrapo-
lation of the effective dose from in vitro to in vivo (QIVIVE) has 
become increasingly important. For developmental toxicity this 
requires scaling the in vitro observed concentration effect levels 
to in vivo fetal exposure, by integration of in vivo kinetics, in-
cluding information on transplacental transfer. This transport of 
substances across the placenta barrier, has been studied here with 
the use of the BeWo cell system, an in vitro model mimicking in 
vivo passage of a chemical from maternal blood across a one-
cell barrier into the embryo. Six model compounds with known 
embryotoxic potential have been applied. The in vitro BeWo as-
say results were thereafter incorporated as generic QIVIVE of 
transplacental transport of xenobiotics in Physiologically Based 
Kinetic (PBK) modelling. For this purpose, an existing gener-
ic PBK model was extended specifically for the rat pregnancy. 
This included the adaptation of the model to account for maternal 
body changes during pregnancy, as well as the addition of a spe-
cific fetoplacental sub-compartment. The obtained PBK-predic-
tions were compared with in vitro developmental toxicity data of 
the respective chemicals, as taken from the open literature. The 
BeWo results illustrated different transport profiles of the chem-
icals across the BeWo monolayer, allocating the substances in-
to two distinct groups: the “quickly-transported” and the “slow-
ly-transported”. Exposure PBK-simulations during gestation 
demonstrated satisfactory kinetic predictions, at least for some of 
the compounds, when compared to experimentally measured ma-
ternal blood and fetal concentrations. Comparisons of PBK-pre-
dicted concentration-response curves with in vitro concentra-
tion-response curves, advocate the Cmax or average exposure as 
the best dose metric for developmental toxicity, depending each 
time on the chemical. Overall, the in vitro to in vivo comparisons 
suggest a promising future for the application of such approaches 
in chemical risk assessment.
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fish early life stage test (OECD 210) and a test to determine 
chemical bioconcentration factors (OECD 305). In order to start 
reducing or even replacing these tests, we have developed ex-
perimental strategies that evolve around permanent cell lines of 
rainbow trout (Oncorhynchus mykiss), one of the species sug-
gested in the above-mentioned OECD guidelines.

Chemicals are assumed to be taken up mainly via the gill or the 
intestine. The liver, on the other hand, is considered as a major 
site for chemical biotransformation. Thus, we focus our research 
on three cell lines derived from rainbow trout gill (RTgill-W1), 
intestine (RTgutGC) and liver (RTL-W1). Exposure of cells to 
chemicals is combined with quantification of chemical exposure 
and with mechanistic computational models as appropriate. As a 
result, we have devised strategies to predict:
(i) fish acute toxicity using the RTgill-W1 cell line. The so-

called RTgill-W1 cell line assay has undergone valida-
tion (Natsch et al., 2018; Tanneberger et al., 2013) and 
round-robin testing (Fischer et al., 2019); it has been adopt-
ed by ISO (ISO standard 21115) and by OECD (April 2021) 
as the first in vitro ecotoxicology test guideline;

(ii) bioconcentration factors based on chemical biotransforma-
tion rate constants derived with the gill, the gut and the liver 
cell line (Stadnicka-Michalak et al., 2018);

(iii) chemical impact on fish growth based on RTgill-W1 cell 
population growth over the course of several days in the ab-
sence or presence of chemical (Stadnicka-Michalak et al., 
2015).

These approaches will be introduced and the journey to interna-
tional standardization and regulatory acceptance discussed using 
the RTgill-W1 cell line assay as example.
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Identification of appropriate methods 
for severity assessment in a widely 
used mouse model of acute colitis
Birgitta Struve, Laura Wassermann, Nora Weegh, 
André Prof. Bleich and Christine Haeger
Institute for Laboratory Animal Science and Central Animal Facility, 
Hannover Medical School, Hannover, Germany
haeger.christine@mh-hannover.de 

Introduction: According to the EU Directive 2010/63, recogniz-
ing and minimizing pain, suffering, and harm of laboratory ani-
mals is a legal requirement and essential for both scientific and 
ethical reasons. To detect signs of diminished well-being, it is 
crucial to choose sensitive parameters which allow the required 
classification into mild, moderate, or severe experimental sever-
ity. We compared and assessed the respective merits of different 
behavioral and physiological methods for severity assessment in 
laboratory mice in a model of chemically induced, acute colitis in 
an effort to refine this model.

Methods: 12-week-old female C57BL/6J mice were exposed 
to 0.0 %, 1.5 %, or 2.5 % dextran sulfate sodium (DSS) via drink-
ing water for five consecutive days. Over the course of disease, 
we compared species-specific burrowing behavior and a compos-
ite pain score with physiological parameters like body weight, 
clinical scoring, corticosterone levels, and fecal occult blood.

Results: The acute colitis had an observable impact on burrow-
ing behavior, the composite pain score, and other physiological 
parameters. With the lower dose of 1.5 % DSS, the burrowing 
tests and the composite pain score were superior in detecting dis-
ease severity, whereas body weight remained stable. No impact 
on corticosterone was detectable and fecal occult blood did not 
correlate with colitis severity.

Conclusion: Physiological parameters and clinical scoring 
should always be monitored in severity assessment. Neverthe-
less, behavioral tests will provide a substantial added value to the 
refinement. Changes in burrowing behavior reflected pain that 
was not evident in clinical scoring. Additionally, the composite 
pain score detected impairment of animals earlier in the course of 
colitis than clinical scoring or body weight.
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Human iPS cell-based models 
for predictive toxicology
Yasunari Kanda
NIHS Japan, Kawasaki, Japan
kanda@nihs.go.jp 

To improve alternatives to animal testing, new approach meth-
odologies has been emerged to provide information in terms of 
chemical hazard and risk assessment. To date, many strategies, 
such as human induced pluripotent stem cell (iPSC)-based mod-
els, organ-on-a-chip (also called micro physiological system), 
mini organs that more closely mimic native tissue function has 
shown great potential for various applications, such as safety as-
sessment. Based on two-dimensional (2D) differentiation pro-
tocols from iPSCs to mimic features of tissues in vitro, in vitro 
safety studies using iPSC-cardiomyocytes have demonstrated 
their ability to inform on drug-induced cardiotoxicities (Kanda 
et al., 2018; Blinova et al., 2018). In addition, iPSC-neurons are 
expected to provide mechanistic data toward developmental neu-
rotoxicity testing. Recently, increasing attention has been paid to 
iPSC-derived organoids or 3D culture system that are mini-or-
gan models to recapitulate human tissue function (Yamada et 
al., 2019). However, these 3D organoid models are various and 
have not been validated well. Good cell culture practice should 
be considered for the organoids (Pamies et al., 2017). Thus, ef-
fective utilization of these advances requires an understanding of 
their advantages and limitations for practical application. Here I 
would like to provide an overview of how to generate human or-
ganoids in vitro and discuss the exciting challenges for human 
iPSC-based models and future perspectives toward safety assess-
ment.
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cell components and readout parameters for an accelerated 
monocye activation test (MAT). Drug Test Anal 9, 260-273. 
doi:10.1002/dta.1973 

Trunk, S., Muellerbader, P., Hennig, U. et al. (2019). Inflamma-
tory potential of cotton-based surgically invasive devices: Im-
plications for cardiac surgery. J Biomed Mater Res B Appl Bio-
mater 107, 1877-1888. doi:10.1002/jbm.b.34280 
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Organoid-based expansion of  
airway epithelial cells from 
clinical samples with low cell 
numbers for modelling effects 
of cigarette smoke exposure
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The effect of exposure to airborne toxicants such as those present 
in cigarette smoke (CS) can be studied in airway epithelial cells 
(AEC) cultured at the physiological air-liquid interface (ALI), 
but establishment of such cultures requires substantial cell num-
bers that cannot always be obtained from patients. Recent stud-
ies show that 3D organoid cultures can be initiated from sam-
ples with limited AEC numbers, such as bronchoalveolar lavage 
(BAL; Sachs et al., 2019). Aim of the present study was to com-
pare expansion of AEC using 3D organoid culture to convention-
al 2D plastic-basic expansion for establishment of ALI cultures, 
and study whether such cultures can be used for exposure to CS. 
AEC were obtained from tracheal aspirates (TA) from preterm 
newborns, and from BAL or bronchial tissue (BT) from adults. 
TA and BAL cells were 3D-expanded, whereas cells from BT 
were expanded in 3D and 2D. Following expansion, AEC were 
cultured at ALI to induce differentiation. The impact of cell or-
igin and 2D or 3D expansion was assessed with respect to (i) 
cellular composition; (ii) response to CS exposure; (iii) effect 
of Notch inhibition or IL-13 stimulation on cellular differentia-
tion. Well-differentiated ALI cultures were established from all 
samples and cellular compositions were comparable. All 3D-ex-
panded cultures showed a similar oxidative stress and unfold-
ed protein response following CS exposure, but different from 
the 2D-expanded cultures. Additionally, TA- and BAL-derived 
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The monocyte activation test (MAT)  
for medical devices: An alternative 
test method for the detection  
of pyrogen- and material-induced  
immune activation
Sandra Stoppelkamp, Pia Muellerbader, Melanie Wolf, 
Hans-Peter Wendel and Meltem Avci-Adali
Department of Thoracic, Cardiac and Vascular Surgery, Clinical Research 
Laboratory, University Hospital Tuebingen, Tuebingen, Germany
sandra.stoppelkamp@klinikum.uni-tuebingen.de 

The safety of medical devices is the top priority for manufac-
turers, but the diversity of materials and applications compli-
cates regulations and necessary tests. Usually, the length and na-
ture of the contact to the human body define the risks and lim-
its. Contaminating pathogens on medical devices, e.g., bacteria 
or yeasts, and their components (e.g., endotoxin, lipoteichoic ac-
id, zymosan, flagellin) (Stoppelkamp et al., 2016) have the abil-
ity to induce fever due to their pyrogenicity. In some cases, the 
materials themselves can trigger a pyrogenic/inflammatory re-
sponse (Trunk, 2019). In the ISO 10993-11 guideline Appendix 
G (specifying tests for systemic toxicity) pyrogenicity is divided 
into either endotoxin-induced or material-induced, where mate-
rial-induced pyrogenicity is summarized as being derived from 
“non-endotoxin related factors” (DIN EN ISO 10993-11:2017, 
Biological evaluation of medical devices). These factors are to 
be tested by the rabbit pyrogen test (RPT), while endotoxins are 
to be tested by an endotoxin test. The listed non-endotoxin relat-
ed factors are endogenous pyrogens, prostaglandins, exotoxins, 
neurotransmitters, inductors (e.g., polyadenylic acid), some met-
als and substances such as morphine, dinitrophenol, and naph-
thylamine. No reference is made to non-endotoxin pyrogens 
(e.g., zymosan, etc.) and abiotic substances. For the latter, in par-
ticular, the material-induced pyrogenicity should be taken into 
account. Our laboratory has applied the MAT on diverse medical 
devices and showed that an inflammatory response from patho-
gen-derived endotoxins and non-endotoxins can be distinguished 
from material-induced pyrogenicity. Moreover, the intended use 
of a particular medical device should be taken into account when 
judging the pyrogenic risk. Cotton-based abdominal swabs, for 
example, are commonly used during surgery and their excel-
lent adsorptive and hemostyptic properties are valued. In cardiac 
surgery using the heart-lung machine, however, activated blood 
could re-enter circulation and start an inflammatory cascade. In 
this session, data of different medical device categories tested by 
the MAT will be shown and the potential use of the method to re-
place RPT for non-endotoxin pyrogens discussed.
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to 80% on the Fluorescein transfer, confirming the barrier integ-
rity. The Papp values of permeability controls amoxicillin (10.4 
± 2.3 cm/s) and antipyrine (48.3 ± 6.4 cm/s) were in the literature 
range for both methodologies. Determining the relative amoxi-
cillin Papp to the reference compound antipyrine (22 ± 3%) fa-
cilitates the comparison among substances in different run exper-
iments or laboratories and guarantee reproducibility and the set-
up of historical control data.

The established protocol may be combined with other in vitro 
or in silico strategies as an animal-free approach to assess devel-
opmental toxicity.
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Transferability challenges with 
modern technology and how to 
overcome them – A case study 
of the GARD assays from a test 
method developer’s perspective
Axel Erland Sjöblad1 and Henrik Johansson2
1SenzaGen AB, Lund, Sweden; 2SenzaGen AB, Malmö, Sweden
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Predictive toxicology is currently going through paradigm shifts, 
both relating to the movement from animal-based assays towards 
in vitro, in chemico and in silico methods, and the increased fo-
cus on mechanistic understanding of investigated toxicologi-
cal endpoints. This shift is accelerated by innovative predictive 
methods, oftentimes associated with substantial investments in 
research and development. While sufficient levels of transparen-
cy, reliability, transferability and test method availability are re-
quired for regulatory acceptance, an opportunity for test method 
developers to get a return on investment should be secured.

The case of skin sensitization constitutes an example of prom-
ising implementation of alternative methods in a regulatory 
framework. To this end, the Genomic Allergen Rapid Detection 
(GARD) platform is a next-generation in vitro testing strategy 
framework for assessment and characterization of chemical sen-
sitizers. The GARD platform integrates state-of-the-art techno-
logical components, including omics-based evaluation of tran-
scriptional patterns of endpoint-specific genomic biomarker sig-
natures, machine learning-assisted classification-models and 
a streamlined analysis pipeline facilitated by cloud-based soft-
ware.

Currently, both the GARDskin and the GARDpotency assays 
are the subject of review for regulatory acceptance. While the 
submitted and published data clearly demonstrates added val-
ues that positively contribute to existing and proposed strategies 
for hazard and risk assessment and characterization, the reliance 
on advanced technological components have also posed specific 
challenges for method transferability and regulatory acceptance. 

cultures were less sensitive to modulation of differentiation by 
DAPT or IL-13 than BT-derived cultures. We conclude that or-
ganoid-based expansion of clinical samples with low epitheli-
al cell numbers, such as TA from preterm newborns, is a valid 
method to establish ALI cultures, and that the method of expan-
sion affects the response to CS.

Funding: This study was supported by a grant from The  
Netherlands Organization for Health Research and Development 
(ZonMw; grant # 114021508).
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Optimization of an in vitro placental 
transfer assay for screening purposes
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Robert Landsiedel1
1BASF SE, Ludwigshafen, Germany; 2University of Wageningen 
(Netherlands), Ludwigshafen, Germany
barbara.birk@basf.com 

Embryotoxicity is an essential toxicological endpoint of chem-
icals and drugs. Alternative methods to animal testing are being 
developed for developmental toxicity and applied already for 
screening purposes. Nevertheless, without transfer of an active 
substance via the placenta, potential direct effects on the embryo 
can be neglected. Therefore, considering the kinetic parameter 
“placental transfer” is necessary. The in vitro placental transfer 
model can be used to determine the placental transfer rate by de-
termining the apparent permeability coefficient (Papp value) of 
a substance.

Using a trophoblastic cell line (BeWo b30) on a transwell sys-
tem, a cell barrier is formed separating the apical (represent-
ing maternal side) from the basolateral (representing fetal side) 
compartment. However, varied protocols exist with insufficient 
characterization. In this study methodology is optimized (week-
end-free time schedule) and characterized to enable screening 
processes.

Characterization parameters included are trans-epithelial elec-
trical resistance (TEER), fluorescein transfer (paracellular con-
trol), histology, immunohistochemistry of cell tight junctions 
and transfer of permeability controls amoxicillin (low) and an-
tipyrine (high). The optimization alters the frequency of medi-
um change. Stable cell layer integrity was observed on day 6. 
The TEER increased from day 3 to day 6 reaching a value of 
~40 Ω·cm2. This increasing was followed by a decreased of up 
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Re-homing rodents: 
Opportunities and challenges
Pascalle Van Loo, Monique Janssens and  
Wim de Leeuw
Animal Welfare Body of Utrecht University and University Medical Center 
Utrecht, Utrecht, The Netherlands
p.l.p.vanloo@uu.nl 

The EU Directive 2010/63/EU (EU, 2010), which is implement-
ed by all member states, stipulates that animals used or intend-
ed to be used in procedures may be re-homed, provided that 
the health state of the animal allows it, that there is no danger 
to public health, animal health or the environment, and that the 
well-being of the animal is safeguarded. The Australian Code 
for the Care and Use of Animals for Scientific Purposes (Austra-
lia, 2013) goes beyond that, stating that opportunities to re-home 
animals should be considered wherever possible. As far as we 
know, no other legislation or guidelines on laboratory animals in-
clude a paragraph on the re-homing of laboratory animals. Nev-
ertheless, good re-homing schemes contribute to a culture of care 
that many research institutes are attempting to cultivate.

Existing re-homing schemes have largely focused on species 
such as dogs, cats, and non-human primates, with good results. 
But what about rodents? Should we promote that rodents are in-
cluded in institutional re-homing schemes? Can we safely re-
home rats and mice, and if so, how?

During 2019 and 2020, the Utrecht Animal Welfare Body has 
started re-homing rodents in close cooperation with several an-
imal welfare organizations. In this presentation we will discuss 
the criteria necessary for a successful re-homing scheme for ro-
dents. We will offer insight in our strategies and partnerships, and 
share the views and experiences from animal caretakers, adopt-
ing homes and intermediary organizations, including the media.

Acknowledgements: This project has been made possible by sup-
port from Animal Rights, animal shelter “Het Knagertje”, the 
Dutch Society for the Protection of Animals and the Help and 
Re-homing of Pets Foundation (SHHH).
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In this session, we share our view of such hurdles and how they 
can be overcome. The presentation will be based on real case ex-
periences acquired throughout the validation processes. The spe-
cific challenges discussed relates to topics such as intellectual 
property right protection, GLP-compliance of cloud-based appli-
cations, prediction model transparency and investments associ-
ated with instrumental hardware. In summary, we illustrate the 
importance of continuous dialogue and collaboration between 
stakeholders in order to ultimately benefit both the innovation 
sector and the society at large.
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RHE-LC, reconstructed epidermis 
including Langerhans cells,  
a useful tool for skin immunity 
study and evaluation
Florent Sahuc1, Damien Benas1, Christian Pellevoisin2 
and Jean-Marc Ovigne1
1EPISKIN SA, Lyon, France; 2L’Oréal, Aulnay-sous-Bois, France
florent.sahuc@rd.loreal.com 

Langerhans cells are epidermal antigen-presenting cells. They 
are key players in a wide range of immune-mediated skin re-
sponses and skin disorders. Availability of reconstructed human 
epidermis containing Langerhans cells opens new possibilities 
for research and development in dermatology and cosmetics.

SkinEthic™ RHE-LC (EPISKIN SA) model is reconstructed 
on a polycarbonate filter membrane by seeding human prima-
ry keratinocytes with CD34+ derived cells and cultivated for 17 
days. Characterization of the model is done by histology and im-
munostaining (CD207) and Transmission Electron Microscopy 
(Birbeck granules). Functional responses of the resident Langer-
hans cells are assessed by RT-qPCR studies (CCR7 and CD86) 
after topical or systemic exposure of the tissues to chemical sen-
sitizers (PPD, DNCB, Isoeugenol).

Immunolabelling of the SkinEthic™ RHE-LC tissues with 
CD207 antibodies show regular repartition of Langerhans cells 
in the reconstructed epidermis. 24 h hours after exposure to sen-
sitizers, Langerhans cells activation is shown by the upregulation 
of CCR7 and CD86 expressions.

These results show that SkinEthic™ RHE-LC is a functional 
model of human skin able to mimic some mechanisms of human 
exposure to skin sensitizers. The SkinEthic™ RHE-LC model is 
therefore expected to be a useful tool for skin immune response 
studies.
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The biotransformation and 
bioaccumulation of ionizable organic 
compounds in rainbow trout  
cell lines
Fabian G. P. Balk1,2, Julita Stadnicka-Michalak1, 
Juliane Hollender1,3 and Kristin Schirmer1,2,3
1Eawag, Swiss Federal Institute of Aquatic Science and Technology, 
Dübendorf, Switzerland; 2EPF Lausanne, ENAC, Lausanne, Switzerland; 
3ETH Zürich, Department of Environmental Systems Science, Zürich, 
Switzerland
fabian.balk@eawag.ch 

The assessment of chemicals for their bioaccumulative potential 
requires in vivo testing with fish. These tests are resource intense, 
costly, time consuming and of high ethical concern due to the 
sacrifice of animals. Therefore, alternative in vitro models are be-
ing sought to replace these tests.

Recently, it has been demonstrated that in vitro bioassays 
with rainbow trout (Oncorhynchus mykiss) cell lines from liver 
(RTL-W1), gill (RTgill-W1) and gut (RTgutGC) can be used to 
determine biotransformation rate constants and, by means of in 
vitro-to-in vivo extrapolation, predict bioconcentration of a neu-
tral organic compound (benzo(a)pyrene) in rainbow trout (Stad-
nicka-Michalak et al., 2018a). However, the usability of these 
cell lines to assess the biotransformation and bioaccumulation 
of ionizable organic compounds (IOCs) has not yet been inves-
tigated. IOCs comprise a large proportion of the chemicals in 
commerce (Franco et al., 2010) and are ubiquitously detected in 
the environment and biota (Schlüsener et al., 2015; Munz et al., 
2018). Therefore, we have started to explore how well fish cell 
lines represent the uptake of IOCs into fish. Based on the avail-
ability of high-quality in vivo data and the substance’s charge 
state at physiological pH, three cationic and four anionic sub-
stances were selected. Among the selected IOCs are pesticides, 
pharmaceuticals and surfactants. In a first step, non-toxic chem-
ical concentrations were determined (Stadnicka-Michalak et al., 
2018b) and chemical analytical procedures established such that 
chemical starting concentrations can safely be tested at concen-
trations at least 20x above quantification limits. Cell exposure is 
then performed over 48 h, during which cells and exposure medi-
um are sampled to derive chemical specific uptake and elimina-
tion rates. These rates are used in a toxicokinetic model to derive 
bioconcentration factors and compared to in vivo bioconcentra-
tion factors from literature. The conceptual approach and first ki-
netic rates and bioconcentration factors will be presented.
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In the last 5 years, initiatives on decision-making supported by 
New Approach Methodologies (NAMs) have made progress and 
delivered several pragmatic tools. In addition to the capability 
building effort, other challenges related to increasing confidence 
and fostering the implementation of these approaches globally 
are being addressed. The Cosmetics Europe Long Range Science 
Strategy (LRSS) is an initiative that aims to develop human-rel-
evant safety assessment approaches for cosmetic ingredients. 
Case studies are the backbone of the science strategy. They of-
fer the opportunity to proof check the validity of the approaches 
being developed, while highlighting strengths and limitations of 
the NAMs used and gaps which warrant further effort. For sys-
temic toxicity, different types of safety assessment are addressed 
within the LRSS, including the threshold of toxicological con-
cern (TTC), development of an internal TTC (iTTC), next-gener-
ation read-across and ab initio approaches.

We have conducted case studies based on caffeine and propyl-
paraben, which illustrate the use of NAM-based toxicodynam-
ic information combined with toxicokinetics for systemic toxic-
ity assessment. The safety assessment is exposure-led, hypoth-
esis-driven and builds on a Next Generation Risk Assessment 
(NGRA) workflow. One feature of the NGRA is to derive mar-
gins of internal exposure using bioactivity data from NAMs in 
combination with exposure. It is hoped that the learnings from 
these case studies will be leveraged to elaborate guidance docu-
ments on applying NGRA.
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The observed adverse effects in the in vivo safety studies that 
were most commonly discussed were pulmonary thrombosis, ef-
fects caused by cell entrapment due to high doses, immunologi-
cal effects, and effects that were difficult to interpret.

Thus, clinical data played the most crucial role in terms of 
product safety assessment. We envisage that a gradual shift to-
ward animal-free safety testing of CBMPs will be the future 
trend in the development of such products.
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Rehoming rodents –  
Perspective and experience of an 
animal welfare organisation
Julika Fitzi-Rathgen
Swiss Animal Protection (SAP), Basel, Switzerland
julika.fitzi@tierschutz.com 

Animals that are notably useful for humans/human health like 
laboratory animals and as a (negative) consequence, are denied a 
species-appropriate life, are particularly gladly supported by an-
imal welfarists. Adopters are therefore usually happy when re-
homing them and willing to give a lot in return.

Generally, high demands are placed on rehoming laborato-
ry animals (e.g., specific expertise, suitable housing conditions, 
well-planned procedures). Rehoming concepts must be spe-
cies-specific including different requirements for the donor, in-
termediary organizations/persons as well as new owners. Aspects 
relating to animal health, prior castration, transport equipment, 
species-specific knowhow, rehoming experience, animal-friend-
ly husbandry etc. must be taken into account. New animal own-
ers must be carefully selected, while ensuring high standards of 
housing conditions, species-knowledge, sufficient time as well 
as species-appropriate husbandry conditions. In addition, it must 
be ensured when rehoming through animal welfare organizations 
that acceptance for control services (before and after the animals 
are handed over) as well as signing protection treaties is given.

Successful rehoming projects require sensitivity, good com-
munication and cooperation from all parties involved. Last but 
not least, financial considerations and agreements are also re-
quired. Currently rehoming projects are financed privately main-
ly by animal welfare organizations. The adopters also make sub-
stantial contributions. Sometimes also researchers contribute 
with private funds.

From an animal welfare point of view, rehoming-projects must 
ensure, in the sense of a comprehensive culture of care concept, 
the whereabouts of laboratory animals after experimentation are 
well thought out and rehoming is taken into account whenever 
possible. Rehoming funding must be given space, ideally already 
proactively together with the submission of the application for 
the animal experiment project. Private funding should be seen 
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Cell-based medicinal products (CBMPs) consist of viable cells 
of human origin. Different animal species display different cell 
surface markers, activation factors, expression pattern of specific 
genes, and possess distinct immune system components making 
testing for toxicity challenging.

A project was launched under auspices of the Ministry of Ag-
riculture, Nature, and Food Quality of the Netherlands, with the 
objective to study the possibility whether CBMPs could be de-
veloped safely for human use without animal testing.

By analyzing CHMP Scientific Advice reports written for 84 
CBMPs in 2013 to 2019, our research revealed that approximate-
ly 70% of human cell products were tested in animals for toxic-
ity. Only 5~12% of total products were tested with animal-free 
methods. No animal toxicity studies were performed with den-
dritic cell-based products. The performed toxicity studies were 
general toxicity (55%), immunogenicity (29%), safety pharma-
cology (19%), and a very low number of reproductive toxic-
ity studies (2%). Animal models were roughly divided into ro-
dents (mice or rats), large animals (pigs, sheep, goats, horses, and 
dogs), and non-human primates.

When analyzing the safety package of products without in vivo 
toxicity studies, we found that the informativeness of the safety 
package predominantly relied on already available clinical expe-
rience and subsequently on in vitro safety studies.
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sight on quality on scientific research, i.e., competent personnel, 
implementation of the 3Rs and experimental design for every ex-
periment.

A group of people already in charge for the responsibilities as 
mentioned has taken the initiative to make an education program 
for art13f3a officers to stimulate and harmonize a high standard 
for culture of care and animal experimentation in all establish-
ments in the Netherlands. The need for substantial qualification 
to oversee animal welfare and quality of animal research will be 
discussed.
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Bone is surprisingly dynamic and harbors a variety of cell types. 
Unlike other tissues, it is constantly renewed by a coordinated in-
teraction of bone-forming (osteoblasts) and bone-resorbing (os-
teoclasts) cells in a process called remodeling. It is thus challeng-
ing to recreate bone and its developmental steps in vitro. Hith-
erto, most of the current models focus on aspects relevant only 
within a certain biological context and do not consider all key 
features of bone like mechanical stress, hypoxia, the composi-
tion of the extracellular matrix and its different cell populations 
(Scheinpflug et al., 2018). Consequently, animal models are still 
the gold standard to explore bone biology and pathology, al-
though it becomes more and more evident that species-specific 
differences in physiology hamper the translation of results ob-
tained from animal models to humans (Knight, 2007).

In our project, we aim to establish a 3D human in vitro mod-
el to simulate bone development in a more physiologic man-
ner. Therefore, we combine a 3D aggregate, generated from pri-
mary osteoblasts, with an in-house designed micro-physiolog-
ical system, able to regulate oxygen saturation and mechanical 
load, to create a “bone-on-a-chip”. We established two protocols 
for aggregate generation. One approach is based on bio-assem-
bly strategies, starting with osteoblast aggregates, while the oth-
er approach uses 3D printing for organoid generation. Our data 
demonstrate a donor-dependent variation of mineralized matrix 
components for the different bio-assembled samples. In printed 
aggregates, we observed an elevated alkaline phosphatase ac-
tivity as well as an extracellular increase in inorganic phosphate 

very most as initial funding and be replaced by an adequate re-
search budget.

In this talk I will present you our concept and experiences of 
rehoming laboratory rats, mice and rabbits.
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Department, Biomedical Primate Research Centre, Rijswijk, The 
Netherlands; 7Animal Welfare Body, Amsterdam University Medical 
Center, Amsterdam, The Netherlands
c.kunne@vu.nl 

Directive 2010/63/EU assumes an animal welfare body that must 
follow the development and outcome of projects at establishment 
level, foster a climate of care and provide tools for the practical 
application and timely implementation of recent technical and 
scientific developments in relation to the principles of replace-
ment, reduction and refinement, the 3Rs, in order to enhance the 
life-time experience of the animals. Therefore, according to art 
26.2 the animal-welfare body must include the person or persons 
responsible for overseeing the welfare and care of the animals 
and, in the case of a user, a scientific member.

Since 1977 the Netherlands has an act on laboratory animal ex-
periments. In the decree on animals used in animal experiments 
(1985) training requirements for an animal welfare officer were 
described such as: Master’s degree on (veterinary) medicine, or 
biomedical science, PhD and/or experienced with laboratory an-
imal science experiments, supplemented with a special postdoc-
toral laboratory animal science course (26 weeks).

The revised Dutch Act on Animals used for scientific purpos-
es (2014) combines the Directive to the already present require-
ments for animal welfare body with art13f3a: a person respon-
sible for overseeing the welfare and care of the animals. The 
qualifications for this art13f3a person however have not been de-
scribed. In practice, the Netherlands brings the responsibility as 
described in art 26.2 together with the implementation of over-
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DORA declaration, open science  
and its impact on  
the assessment of (animal)research
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ZonMw – The Netherlands Organisation for Health Research and 
Development, The Hague, The Netherlands
e.oort@zonmw.nl 

The San Francisco Declaration on Research Assessment  
(DORA) is a worldwide initiative published in 2012. It aims to 
focus on a broader set of assessment criteria for research and re-
searchers, rather than purely focusing on bibliometric indicators 
like citation numbers or the H-index. By doing this, the goal is to 
ensure that hiring, promotion and funding decisions are based on 
the qualities of research that are most desirable, namely insight, 
impact, reliability and re-usability.

In 2019, also the Dutch Royal Academy of Science (KNAW), 
the Dutch Research Council (NWO) and ZonMw1 signed the 
Declaration. By endorsing the DORA principles and the move-
ment towards Open Science, ZonMw commits itself to work on 
adapting current assessment procedures. For a selection of pro-
grams, the DORA principles were implemented, asking appli-
cants to describe their academic profile in narrative form. The 
narrative addresses collaborations, educational activities, re-
search focus, vision, and good research practices instead of their 
usual publication output alone. Changes in research assessment 
should also impact the way we assess (animal) research. For ex-
ample, specific assessment criteria for animal-based research 
can be whether or not preregistration of animal studies is per-
formed, whether Publication and Prepare guidelines (e.g., AR-
RIVE and PREPARE) were followed or whether all results are 
published (neutral/negative) by the researcher (see also abstract 
#951). Another potential criterion is whether systematic review 
of animal studies has been conducted to support the chosen 
model and hypothesis of grant applications. Some potential as-
sessment criteria are currently being piloted within a few fund-
ing programs.

in static culture when compared with samples within the mi-
cro-physiological system. In addition to alterations in the cell’s 
morphology as shown by cytoskeleton staining, this could indi-
cate the induction of osteocytogenesis within the micro-physio-
logical system.

In the long term, such a “bone-on-a-chip” may provide a mean-
ingful alternative to reduce and replace animal testing in basic re-
search and toxicology.
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NC3Rs resources to improve  
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in vivo and in vitro experiments
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Many factors influence the reproducibility of preclinical exper-
iments, with issues around suboptimal experimental design and 
incomplete reporting estimated to account for half of irrepro-
ducible research (Freedman et al., 2015). Researchers can have 
limited knowledge and understanding of experimental design 
and statistics and may not appreciate the importance of rigorous 
methodology. This has an impact on the way they design, con-
duct and report experiments, and it also affects the way they as-
sess manuscripts and grant proposals in their capacity as journal 
editors, reviewers and funding panel members. The NC3Rs has 
developed a suite of tools to support researchers to improve. This 
includes the recently revised ARRIVE guidelines (Percie du Sert 
et al., 2020b) and accompanying Explanation and Elaboration 
document (Percie du Sert et al., 2020a), and the online Experi-
mental Design Assistant which provides bespoke feedback on in-
dividual experimental plans (Percie du Sert et al., 2017). These 
resources provide extensive guidance on how to design, conduct 
and analyse animal experiments, and what crucial information to 
report in scientific publications. Additional resources are current-
ly being developed to improve the design and reporting of in vi-
tro research.
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Harmonisation of the three Rs  
in biologicals
Katrin Schutte1 and Blaise Descampe2
1EU Commission, Brussels, Belgium; 2GSK, Wavre, Belgium
katrin.schutte@ec.europa.eu 

The European Partnership for Alternative Approaches to Animal 
Testing (EPAA) project team on Global Harmonisation of 3Rs 
in Biologicals is working towards harmonization of testing re-
quirements for vaccines and other biological products in differ-
ent geographies. The team is working since 2015 to encourage 
the deletion of general safety tests (GST, e.g., abnormal toxici-
ty tests (ATT) in mice or guinea pigs, target animal batch safety 
tests (TABST)) for vaccines from legal requirements and guid-
ance documents, such as pharmacopoeia monographs, WHO rec-
ommendations, and OIE guidelines. Advanced in-process con-
trols, validation of the manufacturing process and release testing 
complying with international standards are also part of modern 
vaccine development and render the general safety test in ani-
mals obsolete. The presentation will summarize progress in this 
area since the WC10 in 2017. Key achievements were the com-
plete removal of the ATT from European Pharmacopoeia mono-
graphs, the WHO ECBS recommendation to discontinue inclu-
sion of the GST in all future WHO Recommendations, guidelines 
and manuals for biological products, reference to VICH guide-
lines 50 & 55 being introduced in the OIE manual and the dele-
tion of the ATT or allowance for waivers when consistent pro-
duction is proven, e.g., India, Brazil, Argentina, South Africa. 
Ideas for tackling the remaining harmonization challenges in this 
area will be discussed.
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Achieving reproducibility through 
responsible animal research
Nicola Osborne
Responsible Research in Practice, Horsham, United Kingdom
nikki@responsibleresearchinpractice.co.uk 

Improving reproducibility in preclinical studies will require ma-
ny individuals to take action. But how is this achievable when 
we all work in different environments and have varying levels of 
knowledge, experience, habits, pressures and support?

One practical tool that can help is a checklist. They break com-
plex tasks down into an ordered sequence of steps that trans-
forms understanding and makes consistent results achievable. 
Checklists clarify what is required to: help us be organised; moti-
vate us to take action and complete tasks; improve efficiency and 
reduce stress by supporting us to make less mistakes; improve 
self-confidence and support individuals to implement good prac-
tice. They are a valuable tool that puts everyone on the same lev-
el, without judgement or presumptions.

What checklists cannot do is: make individuals read or imple-
ment them, provide the answers or replace the thought processes 
that individuals need to go through when planning, conducting, 
analysing or communicating their research. These aspects are in-
fluenced by the local research culture and the individuals with-
in it.

In this talk I will share with you my personal checklist for re-
sponsible animal research with links to freely available tools 
(MERIDIAN, 2020), resources (PREPARE, 2018) and guidance 
(UKRIO, 2019; UKRN, 2020) to help incorporate it into our dai-
ly research practices. I will also share what I believe to be key 
points to consider in relation to how good training and support 
programmes can influence local research cultures (Insight blogs, 
2020).
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Reimagining preclinical studies 
through digital transformation; 
leveraging computer vision, 
machine learning, mixed reality 
& informatics platforms to 
maximize data quality and clinical 
relevance of preclinical studies
Szczepan Baran, Daniel Basta, Candice Brotchie-Fine, 
Emma Crooker, Abbie Griggs, Jacob Lafauce,  
Austin Lanham, Stephen Lurvey, Amy Kilpatrick,  
Abbey McGrath, Dean Moreton and Elizabeth Theve
Novartis Institutes for BioMedical Research (NIBR), Inc., Cambridge, 
United States
szczepan.baran@novartis.com 

As new technologies emerge, it is imperative to keep abreast of 
them so that we can leverage them for animal wellbeing and sci-
entific impact of animal studies. Computer vision and machine 
learning allow for continuous and noninvasive animal monitor-
ing for changes in behavior, physiology and environment. These 
monitoring technologies provide an opportunity to optimize pre-
clinical toxicology and efficacy studies by collecting physiolog-
ically and translationally relevant data, assessing disease states 
and safety more objectively and with quantitative measures. 
Tele-clinical assessment allows animal technicians to connect 
with veterinarians and scientists in real-time and expedite deci-
sions. Integration of these technologies into informatics platform 
makes animal data accessible, retrievable and learnable, and in-
crease efficiencies of daily processes. Engaging with these tech-
nologies enhances clinical assessments and training and results 
in real-time actionable insight, faster decisions, reduced biocon-
tamination and noncompliance risks, increases harmonization 
and clinical relevance.
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Advancing three Rs under a 
European Parliament pilot project
Katrin Schutte
European Commission, Brussels, Belgium
katrin.schutte@ec.europa.eu 

The European Parliament provided funding to the European 
Commission under a Pilot Project to promote the use of alter-
natives to animal testing in the EU through information sharing 
and education activities. The project aims to promote existing al-
ternatives, facilitate development and validation of new alterna-
tives, foster exchanges of information, knowledge and best prac-
tices and to provide tools for education and training to facilitate 
the application of the Three R’s principle – to Replace, Reduce 
and Refine the use of animals used for scientific purposes – in 
line with Directive 2010/63/EU. Today’s users and future scien-
tists are the targets of this project. The Pilot Project consists of 
three separate, identifiable pillars:
1. To develop six open access (on-line) eLearning modules of 

which two will focus on alternatives (“How to search for 
non-animal alternatives” and “Development of non-animal al-
ternatives with a view to their use in regulatory context”); the 
other four modules will focus on the implementation of the 
Three Rs covering “project design” (levels I and II), “project 
evaluation” and “application of severity assessment frame-
work”. These modules will help providing much needed con-
sistency across the EU on key elements that are crucial for the 
correct application of the legislation.

2. To support the Education and Training Platform for Labora-
tory Animal Science (ETPLAS), which links Member State 
authorities, course providers and course accreditors, as a one-
stop-shop for information on training and assessment tools for 
those tasked with evaluation of Learning Outcomes and com-
petence assessment. ETPLAS will also host the six eLearning 
modules.

3. To develop guidance for decision-makers in educational or-
ganizations to facilitate the incorporation of the Three Rs into 
their curricula at three levels of education, i.e., high schools, 
universities and professional education.
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Acute inhalation toxicity after 
inhalation of ZnO nanoparticles: 
Lung surfactant function 
inhibition in vitro correlates with 
reduced tidal volume in mice
Emilie Da Silva1,2, Søren T. Larsen2, Jitka S. Hansen2, 
Alexander C. Ø. Jensen2, Ismo K. Koponen2 and  
Jorid B. Sørli2
1Department of Environmental Engineering, Technical University of 
Denmark, Kgs Lyngby, Denmark; 2National Research Center for the 
Working Environment, Copenhagen, Denmark
eds@nfa.dk 

ZnO nanoparticles (NPs) exposure, by inhalation of consumer 
products or during industrial processes, can induce acute inhala-
tion toxicity. The toxicological mechanisms underlying the acute 
effects on the lungs have long focused on the phagolysosomal 
dissolution of ZnO NPs in macrophages followed by the release 
of free Zn2+ ions. We propose an alternative mechanism based on 
the direct interaction of ZnO NPs with the lung surfactant (LS) 
layer covering the inside of the alveoli. This hypothesis was test-
ed by 1. investigating the effect of both ZnO NPs and Zn2+ ions 
on the function of LS in vitro using the constrained drop surfac-
tometer, and 2. examining the role of lung macrophages in the 
acute toxicity of inhaled ZnO NPs. LS function was inhibited in a 
concentration-dependent manner during exposure to ZnO NPs in 
vitro, whereas exposure to Zn2+ ions did not show any effect on 
the function. Our results suggest that the ZnO NPs themselves, 
rather that the free zinc ions, are the causative agent for acute in-
halation toxicity. In vivo, mice were treated with Clodrosome®, 
a drug that depletes alveolar macrophages, or Encapsome®, the 
empty carrier of the drug. After macrophage depletion, the mice 
were exposed to an aerosol of ZnO NPs in whole body plethys-
mographs and the breathing patterns were recorded continuously. 
Both groups of mice treated with Clodrosome® or Encapsome® 
developed shallow breathing (reduced tidal volume) shortly after 
the onset of exposure to ZnO NPs. Thus the mechanism of acute 
toxicity of inhaled ZnO NPs was macrophage-independent.
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Establishing scientific confidence  
in a cell-free method to  
predict acute inhalation toxicity
Emilie Da Silva1,2, Chiara Autilio3, Antonio Cruz3,  
Yi Y. Zuo4, Jesus Perez-Gil3 and Jorid B. Sørli2
1Department of Environmental Engineering, Technical University  
of Denmark, Kgs Lyngby, Denmark; 2National Research Center  
for the Working Environment, Copenhagen, Denmark; 3Faculty of  
Biology, Complutense University, Madrid, Spain; 4Department  
of Mechanical Engineering, University of Hawaii at Manoa, Honolulu,  
HI, United States
eds@nfa.dk 

Acute inhalation toxicity testing for regulatory purposes relies on 
the use of rodents according to the OECD test guidelines 403, 
433 and 436. Apart from the ethical concerns of exposing animals 
to toxic chemicals, in vivo testing is expensive and time-consum-
ing. In addition, the use of death or evident clinical signs of toxic-
ity gives no insight about the mechanism of toxicity of the tested 
chemicals. Alternative methods are much needed. In this presen-
tation, the reliability and relevance of a cell-free method based 
on the monitoring of lung surfactant biophysical function during 
exposure to a test chemical for predicting acute inhalation toxic-
ity will be discussed. The method addresses the first key event of 
the newly proposed adverse outcome pathway AOP 302, start-
ing from the molecular initiating event interaction of a substance 
with lung surfactant and leading to the adverse outcome of acute 
inhalation toxicity. Indeed, lung surfactant is the first barrier that 
inhaled substances encounter once at the alveolar airspaces. Its 
main function is to regulate the surface tension at the respiratory 
air-liquid surface to avoid alveolar collapse in vivo and, thereby, 
acute inhalation toxicity. Insights in the mechanism of toxicity of 
three chemicals towards the lung surfactant complex at the mo-
lecular level will be shown using a combination of imaging tech-
niques and biophysical assays. The current applicability domain 
of the method will be explored. Finally, a case study for the re-
producibility within laboratory will be presented. This cell-free 
method is a promising candidate for prioritization and screening 
of chemicals, and its inclusion in an integrated approach to test-
ing and assessment will contribute to the reduction of the use of 
rodents for acute inhalation toxicity testing.
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In vitro irritation testing of medical 
devices: Validation and acceptance
Wim De Jong1, Kelly Coleman2, Sebastian Hoffmann3, 
Michelle Lee4, Helena Kandarova5, Silvia Letasiova6, 
Liset De La Fonteyne7, Christian Pellevoisin8,  
Yuji Haishima9, Michael Bachelor10, Audrey Turley4 
and Thor Rollins4
1National Institute for Public Health and the Environment (RIVM) 
(retired), Bilthoven, The Netherlands; 2Medtronic plc, Minneapolis, 
MN, United States; 3seh consulting + services, Paderborn, Germany; 
4Nelson Laboratories, Inc., Salt Lake City, UT, United States; 5Slovak 
Academy of Sciences, Bratislava, Slovakia; 6MatTek In Vitro Life Science 
Laboratories, Bratislava, Slovakia; 7National Institute for Public Health 
and the Environment (RIVM), Bilthoven, The Netherlands; 8EpiSkin, 
Lyon, France; 9Division of Medical Devices, National Institute of Health 
Sciences, Tokyo, Japan; 10Boston Scientific, Marlborough, MA,  
United States
kelly.p.coleman@medtronic.com 

Assessment of dermal irritation is an essential component of the 
safety evaluation of medical devices. In 2016-2017, an interna-
tional round robin validation study was conducted to determine if 
reconstructed human epidermis (RhE) assays could be an accept-
able replacement for the rabbit skin irritation test required by ISO 
10993-10. Two RhE models were evaluated: EpiDerm™ (Mat-
Tek, Inc.) in 18 laboratories and SkinEthic™ RHE (EpiSkin, SA) 
in eight laboratories. Four irritant polymers and three non-irri-
tant controls were obtained or developed and certified prior to 
use. Blinded polymer samples were extracted with sesame oil 
and saline per ISO 10993-12. The apical surfaces of tissues were 
dosed with 100 μL extract aliquots. Positive and negative solvent 
controls were included. Tissues were kept in humidified incuba-
tors at 37°C with 5% CO2. Incubation times were 18 hours (Epi-
Derm™) and 24 hours (SkinEthic™ RHE). After incubation and 
rinsing with PBS, cell viability was determined by the colorimet-
ric MTT reduction method. Cell viability reduction greater than 
50% was indicative of skin irritation. Both the EpiDerm™ and 
SkinEthic™ RHE tissues were able to correctly identify virtual-
ly all of the irritant polymer samples either in the saline, sesame 
oil or both solvent extracts. These results indicate that RhE tissue 
models can detect the presence of strong skin irritants at low lev-
els in dilute medical device polymer extracts, and therefore are 
suitable replacements for the rabbit skin irritation test. This work 
was published in an August 2018 open access special issue of 
Toxicology In Vitro. In addition, the new ISO 10933-23 standard 
on irritation testing of medical devices was based on our results. 
This global standard, which will be published in late 2020, states 
that RhE in vitro assays are the preferred method for irritation 
testing of medical devices.
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Optimal duration of safety studies 
with monoclonal antibodies
Peter van Meer1, Leon van Aerts1, Lucinda Weir2, 
David O. Clarke3, Irene Manou4, Helen Prior5 and 
Katrin Schutte6
1Medicines Evaluation Board, Utrecht, The Netherlands; 2Glaxo Smith 
Kline, Hertfordshire, United Kingdom; 3Eli Lilly, Indianapolis, IN, United 
States; 4European Partnership for Alternative Approaches to Animal 
Testing, Brussels, Belgium; 5National Centre for the Replacement, 
Refinement and Reduction of Animals in Research (NC3Rs), London, 
United Kingdom; 6European Commission, Brussels, Belgium
p.v.meer@cbg-meb.nl 

In order to evaluate the safety and efficacy of new drugs, it is of-
ten necessary to conduct animal studies according to internation-
al guidance. Stakeholders are increasingly aware that this must 
be done in line with 3Rs principles. Re-evaluation of regulatory 
guidance (a 4th R) can further provide opportunities to restrict the 
use of animals in safety and efficacy studies to those which pro-
vide meaningful information that is relevant to humans. This EP-
AA-supported project aims to analyze whether long term toxici-
ty studies (up to 6 months duration) with monoclonal antibodies 
identify new relevant safety findings. A preliminary evaluation 
of marketed products suggests that long term studies may not al-
ways be needed. In collaboration with EPAA industry partners, 
NC3Rs and MEB, a survey was developed to identify whether 
long term safety studies of non-marketed molecules, as well as 
marketed products, result in novel relevant safety findings. The 
consortium consists of 15 companies from Europe and USA with 
commitment to submit anonymized study data for compounds 
with short- and long-term studies in relevant toxicology species. 
Based on these data, the consortium aims to:
1. Establish criteria on the basis of which decisions can be made 

on the need and duration of non-clinical safety studies for 
monoclonal antibodies, based on approved and non-approved 
drug development programs

2. Establish regulatory consensus based on scientific facts that 
these criteria are acceptable as a justification to deviate from 
the guidelines in future marketing authorization applications

3. Initiate discussions to document these criteria in regulatory 
guidance documents
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Herrmann, K. (2019). Refinement on the way towards re-
placement: Are we doing what we can? In K. Herrmann 
and K. Jayne (eds.), Animal Experimentation: Working To-
wards a Paradigm Change (3-64). Volume 22. Leiden: Brill. 
doi:10.1163/9789004391192_002 

Herrmann, K. and Flecknell, P. A. (2019). Retrospective review 
of anesthetic and analgesic regimens used in animal research 
proposals. ALTEX 36, 65-80. doi:10.14573/altex.1804011 

Holley, T., Bowe, G., Campia, I. et al. (2016). EUR – Scientific 
and Technical Research Reports.
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Skin sensitization testing 
strategy for Japan
Takao Ashikaga
National Institute of Health Sciences, Kawasaki, Japan
takao.ashikaga@nihs.go.jp 

Recently, various in vitro skin sensitization tests have been listed 
in the OECD Test Guidelines. However, skin sensitization pro-
cess cannot be covered by a single in vitro test due to its com-
plexity. Therefore, the Guidance document based on integrated 
approaches to testing and assessment (IATA) has been published 
by OECD, and the Guideline is being developed. Here, Kao’s ITS 
and STS models and Shiseido’s artificial neural network (ANN) 
model are introduced as examples of IATA case studies devel-
oped in Japan. The sequential testing strategy (STS) is a straight-
forward decision tree based on DPRA and h-CLAT (addressing 
Key Events 1 and 3 of the AOP). The approach predicts three 
LLNA potency classes (strong, weak, and non-sensitizing). The 
integrated testing strategy (ITS) is a scoring-based decision tree 
that uses data from DPRA and h-CLAT and Derek Nexus, and 
covers Key Events 1 and 3. These two approaches were select-
ed as candidates of defined approaches for the OECD Guideline. 
The ANN model is a non-linear statistical model that combines 
multiple in vitro and in silico parameters covering Key Events 
1-3. The model predicts the LLNA EC3 value. In 2018, the Min-
istry of Health, Labor and Welfare, Japan published a Guidance 
on an evaluation system that combines multiple in vitro tests 
for the evaluation of safety for cosmetics and quasi-drugs. On-
ly when all three tests are negative, skin sensitization could be 
judged as negative. This defined approach is called bottom-up 3 
out of 3 model and has predictivity with very few false negatives 
but potentially many false positives. In addition, two defined ap-
proaches were included in the Guidelines for Agricultural Chem-
ical Registration Application issued in 2019. Current situation in 
Asia (e.g., South Korea, China and ASEAN) will be introduced, 
too.
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Education and training to 
fully implement refinement 
methods in practice
Kathrin Herrmann
Johns Hopkins Center for Alternatives to Animal Testing (CAAT), 
Baltimore, MD, United States
kherrma1@jhu.edu 

Retrospective reviews of the implementation of refinement 
methods in practice revealed that the knowledge we have 
gained from refinement research is not fully applied in prac-
tice and thus, laboratory animals may endure unnecessary suf-
fering (Herrmann and Flecknell, 2018a,b, 2019). Experimental 
refinements, including those related to anesthesia and analgesia 
protocols, less-inhumane endpoints and killing methods, were 
reviewed in over 500 basic and applied animal research pro-
posals. Furthermore, a literature review was conducted to as-
semble the latest best practice-approaches in regard to housing 
and care. In all areas of refinement reviewed, inadequacies in 
the application of available approaches that could help to re-
duce unnecessary pain, distress and suffering of animals used 
in science were detected. One potential explanation that was 
identified in the review was that researchers might not be suffi-
ciently aware of existing refinement methods. This situation is 
understandable considering a recent international survey, con-
ducted by the European Commission’s Joint Research Centre, 
which found that very few courses could be identified at uni-
versity level that are specifically teaching the 3Rs (Herrmann, 
2019). To help remedy this situation, an 8-week module-based 
course for university students and early career scientists is be-
ing established at Johns Hopkins University to teach about best 
practice-approaches in refinement and to foster a culture of care 
for laboratory animals. Several modules cover housing and ex-
perimental refinement; others address what might be termed re-
finements of planning, including identifying the most appropri-
ate research model, analyzing data properly, and reporting re-
sults comprehensively. Also discussed are the consequences of 
poor refinement method use for the animals’ welfare and for the 
validity of collected data. The lectures are complemented by in-
terviews with experts in laboratory science to explore reasons 
for the currently low refinement implementation rates and to 
find possible approaches to improve the situation.
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Establishment of a comparative 
in vitro assay for developmental 
toxicity evaluation by assessing 
fetal anemia using embryonic 
erythroid cells derived from human 
and rat pluripotent stem cells
Koji Asano, Yasuhiko Takahashi, Manako Ueno, 
Takako Fukuda, Mitsuhiro Otani, Sachiko Kitamoto 
and Yoshitaka Tomigahara
Sumitomo Chemical Co., Ltd., Osaka, Japan
asanok3@sc.sumitomo-chem.co.jp 

To assess developmental toxicity of chemicals is of significant 
importance. However, the relevance of animal testing for the 
evaluation of the effects of chemicals in humans is limited be-
cause of the species differences between humans and animals, in-
cluding biosynthetic pathways. For example, some N-phenylim-
ide herbicides are reported to cause developmental toxicity in 
rats but not in rabbits by suppressing heme production in em-
bryonic erythroid cells. In this study, we established a compar-
ative in vitro assay for developmental toxicity evaluation by as-
sessing fetal anemia using embryonic erythroid cells differenti-
ated from human induced pluripotent stem cells (hiPSCs) and 
rat embryonic stem cells (rESCs). Erythroid cells obtained from 
hiPSCs and rESCs by our newly refined differentiation meth-
od showed erythroid characteristics, e.g., heme production and/
or glycophorin A expression, and had the embryonic feature of 
expressing a high level of ε-globin. These embryonic erythroid 
cells derived from hiPSCs and rESCs were treated with flumiox-
azin, a widely used N-phenylimide herbicide that causes rat-spe-
cific developmental toxicity, and dihydroartemisinin (DHA), an 
anti-malarial drug that causes depletion of embryonic erythroid 
cells in various species tested. As a result, a dose-related reduc-
tion in heme synthesis occurred in rat erythroid cells treated with 
both flumioxazin and DHA. This result was consistent with the 
reported in vivo data obtained from rats. In contrast, flumioxazin 
had no effect on either heme synthesis or cell proliferation in hu-
man cells, although DHA caused a reduction in cell number and 
heme content. These results indicate a possible qualitative differ-
ence between human and rat erythroid cells in their response to 
flumioxazin and the improbability of anemia leading to develop-
mental toxicity in human embryos. This study demonstrated the 
usefulness of this pluripotent stem cell-based comparative assay 
system for future toxicological and mechanistic studies of devel-
opmental toxicity.
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Alternatives to animal testing in 
vaccine manufacturing and release
Denison Chang, Kylie Turner, Assyl Naddi, Jenny 
Phillips, Alison Davis, Martin Snowball, Huub 
Brouwers and Robert Dempster
Virbac (Australia) Pty Ltd, Sydney, Australia
denison.chang@virbac.com.au 

On average, Virbac Australia sells 32 million doses of livestock 
vaccines per year. Those vaccine doses in turn protect about 29 
million animals (cattle and sheep) per year. Every batch of vac-
cine manufactured and sold by Virbac Australia undergoes strin-
gent tests to ensure their safety, efficacy and quality. Most of 
these tests, especially tests for product release (potency testing), 
are performed according to international regulatory guidelines, 
such as the British or European Pharmacopoeia or the USDA’s 
guidelines as laid down in Code of Federal Regulations 9. These 
guidelines unfortunately prescribe the use of significant numbers 
of laboratory animals. In line with the 3R principles to replace, 
reduce and refine animal use, Virbac Australia is committed to 
reducing (and eventually eliminating entirely) the number of ani-
mals used in the manufacture and release of vaccines. Virbac has 
an ongoing program to develop, validate, register and implement 
in vitro assays to replace our current animal-based tests. This pre-
sentation focuses on the first phase of Virbac’s in vitro program, 
which involves the development, validation and implementa-
tion of immunoassays as replacements for product potency tests 
requiring LD50-type assays. The in vivo potency tests to be re-
placed by immunoassays are: i) mice serum neutralization tests, 
which evaluates the antibody response of vaccinated rabbits in 
mice by assessing the dilution of rabbit serum which can protect 
mice from lethal amounts of toxin; and ii) guinea pig challenge, 
where vaccinated guinea pigs are challenged with virulent cul-
tures of Clostridium chauvoei. The latter is a prescribed product 
batch release potency test for Blackleg vaccine. We believe Vir-
bac is the first Australian manufacturer to locally register and use 
a non-LD50-type assay to release Blackleg vaccine. Here we de-
scribe the development, validation and discussions with the Aus-
tralian Pesticides and Veterinary Medicines Authority (APVMA) 
leading to registration.
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different research fields. The aim of TPI Utrecht is to effectively 
support and further boost the transition.

TPI Utrecht has the ambition to create a safe environment for 
all parties involved, that all strive for scientific excellence. We 
recognize that diversity makes us stronger, and therefore seek out 
inclusion of differences. We insist on a culture of respect and rec-
ognize that words and actions matter. Communication is a central 
element in all our activities.

TPI Utrecht will have a dense agenda of inspirational sessions 
driven by our ambassadors of innovation; connection with the 
several research groups will create out-of-the box ideas and new 
opportunities for grant application geared to achieve better hu-
man and animal health. We strongly believe in innovation of edu-
cation: we will work on new technology and curricula.

In our presentation, we will share our strategy, our short term 
and long terms plans, and our accomplished and ongoing activ-
ities. We will talk about our struggles and seek for feedback and 
collaboration.
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A European Commission funded 
project to develop learning  
outcomes and assessment tools  
to facilitate harmonization of  
LAS education and training in Europe
Jan-Bas Prins1,2, Anne-Dominique Degryse3,  
Ismene Dontas4, Lucy Whitfield5,  
Madeleine Le Greves6 and Nuno Franco7
1Leiden University Medical Centre, Leiden, The Netherlands; 2The Francis 
Crick Institute, Leiden, The Netherlands; 3ETPLAS, Castres, France; 
4University of Athens, Kifissia, Greece; 5University of Sheffield, Sheffield, 
United Kingdom; 6University of Uppsala, Uppsala, Sweden; 7University of 
Porto, Porto, Portugal
jan-bas.prins@crick.ac.uk 

In the EU, Education and Training are the responsibility of the 
individual Member States (MSs). Standards may differ between 
MSs, affecting the free movement of personnel. Course certifi-
cates obtained in one MS may not be accepted by the authorities 
of another MS. In 2018, the European Commission awarded a 
grant to ETPLAS, the Education and Training Platform for Lab-
oratory Animal Science, to develop Learning outcomes and as-
sessment tools for LAS education and training in line with the 
EU Education and Training Framework guidance. Five working 
packages (WPs) were created with representatives from stake-
holder groups such as course providers and accreditation bodies. 
Their respective objectives are to develop guidance for produc-
ing assessment criteria of Learning Outcomes (LOs), to set-up a 
database of assessment criteria for core modules and function A 
specific modules, to establish a question database for theoreti-
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21st-century toxicology and 
regulatory testing:  
An update from Japan
Hajime Kojima
National Institute of Health Sciences (NIHS), Kawasaki, Japan
h-kojima@nihs.go.jp 

The Japanese Center for the Validation of Alternative Methods 
(JaCVAM) has a dual purpose: to promote the Replacement, 
Reduction, and Refinement in animal experiments for the eval-
uation of chemical substance safety in Japan, and to establish 
guidelines for new alternative experimental methods through in-
ternational collaboration. Many areas of toxicity testing, such as 
genotoxicity, pyrogenicity, phototoxicity, skin sensitization, and 
eye or skin irritation/corrosion, have ongoing test method vali-
dations being coordinated by JaCVAM. These validation studies 
include international experts on every management team, and are 
in various stages of development, where some have recently led 
to regulatory adoption via the Organization for Economic Coop-
eration and Development (OECD) Test Guidelines and/or gov-
ernment recommendations.

For the systemic toxicological endpoints of repeated dose tox-
icity, immunotoxicity and developmental toxicity, new test meth-
ods are expected to be developed in the future worldwide. I be-
lieve Japan will make a significant contribution to these devel-
opments in the Japanese projects such as the OECD projects, the 
AI-SHIPS project – a METI contract research project to develop 
a state-of-the-art, AI-based chemical safety prediction system us-
ing big data, the Japan Agency for Medical Research and Devel-
opment (AMED) Regenerative medicine projects and AMED – 
the Microphysiological Systems (MPS) project.
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The transition to animal-free 
innovation: The Utrecht approach
Daniela Salvatori1,2 and Monique Janssens1,2
1TPI Utrecht, Utrecht, The Netherlands; 2Utrecht University, Utrecht,  
The Netherlands
m.r.e.janssens@uu.nl 

The Dutch government has established a Transition Programme 
for Innovation without the use of animals (TPI). The TPI pro-
gramme is bringing people and organizations together in order to 
accelerate innovation towards better science with less animals.

Utrecht University, the University Medical Centre Utrecht and 
the University of Applied Sciences Utrecht have decided to ac-
tively embrace the challenge and have recently founded a joint 
TPI Utrecht working group, with ambassadors who represent the 
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Current status of the OECD project  
on integrated approaches to testing 
and assessment for acute fish toxicity
Christopher Faßbender1, Scott Belanger2,  
Pascal Bicherel3, Thomas Braunbeck4, Kristin 
Connors2, Marlies Halder5, Aude Kienzler5,  
Laura Langan6, Heike Laue7, Adam Lillicrap8, 
Jannicke Moe8, Kristin Schirmer9, Stefan Scholz10, 
Gilly Stoddart1, Susanne Walter-Rohde11 and  
Martin Paparella12
1PETA Science Consortium International e.V., Stuttgart, Germany; 
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Dessau-Roßlau, Germany; 12Division of Medical Biochemistry, Biocenter, 
Medical University Innsbruck, Innsbruck, Austria
christopherf@piscltd.org.uk 

The acute fish toxicity test (OECD Test Guideline 203), which 
uses 96 h lethality as the endpoint, is required in various regula-
tory frameworks and is one of the most frequently used aquatic 
toxicity tests. This represents a very significant animal welfare 
concern. Moreover, while knowledge and concerns about the sci-
entific limitations of individual fish tests in terms of reproducibil-
ity and relevance to environmental protection are growing, more 
scientifically advanced methods are being developed and im-
proving toxicity assessment. Therefore, Integrated Approaches 
to Testing and Assessment (IATAs) for acute fish toxicity are of 
high environmental, scientific and social interest. IATAs structure 
and guide the combination of existing information, computation-
al tools, mechanistic information from the molecular and cellular 
levels (e.g., using fish cells), information from species of lower 

cal core and function A specific modules, to establish a database 
of assessment of common practical tasks (DOPS) for Function 
A persons, and to establish the required IT infrastructure on the 
ETPLAS platform. The deliverables of WP 1 through 4 will be 
made available through this new ETPLAS web-portal. Now, one 
year into the project, a progress report will be presented.
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Applying the 3Rs within 
regulatory toxicology studies 
in drug development
Helen Prior and Fiona Sewell
National Centre for the Replacement, Refinement and Reduction of 
Animals in Research (NC3Rs), London, United Kingdom
helen.prior@nc3rs.org.uk 

The UK National Centre for the Replacement, Refinement and 
Reduction of Animals in Research (http://www.nc3rs.org.uk) 
convenes international consortia to discuss opportunities to ap-
ply the 3Rs within toxicology programmes. Expert working 
groups of industry scientists, academics and regulators take an 
evidence-based approach to recommend efficiencies in study de-
signs and promote best practices to minimise animal use and re-
fine procedures that enhance animal welfare. Two case studies 
will be presented.

A recent data-sharing project involved 36 pharmaceutical com-
panies and regulatory bodies from the UK, Europe and USA (Pri-
or et al., 2020). Data on 172 compounds from 18 companies were 
analysed to investigate opportunities to use one, rather than two 
species for toxicity testing. The number of species and the target 
organ toxicities identified per species in different duration stud-
ies were determined. Results indicate that reduction to one spe-
cies for longer-term toxicity studies (as per ICH S6(R1)) could be 
applicable for a wider range of biologics, and small molecules /  
other modalities where two species toxicity testing is currently 
recommended.

We continue to monitor the impacts of our first cross-company 
data-sharing activity, which questioned the value of stand-alone 
acute toxicity studies during pharmaceutical development (Rob-
inson et al., 2008). These studies were historically required via 
two routes of administration to support the registration of any 
new medicine, to identify doses that caused major adverse effects 
and the minimum dose causing lethality. However, the group 
showed that more useful information was provided from oth-
er nonclinical studies (e.g., short-term maximum tolerated dose 
studies) and the acute tests were removed from ICH M3 guide-
lines in 2009. As a result, inclusion of acute oral toxicity data in 
UK clinical trial applications submitted to the MHRA has fallen 
from 86% of submissions in 2007 to almost zero in 2019.
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The mAb ELISA can detect antigen in a wide range of vac-
cines for human (D, T) and veterinary (T) use. This includes an-
tigen detection in the final lot in the presence of non-alumini-
um and aluminium based adjuvants. The assay is quantitative 
and can identify changes in antigen content for a vaccine that has 
been deliberately formulated to contain a graded series of antigen 
concentrations. The assay can detect antigenic changes follow-
ing exposure of non-adjuvanted toxoids and final lot vaccines to 
elevated temperature, suggesting that the ELISA may be stabili-
ty indicating.

Suitably validated immunoassays, such as the ones described 
here may be able to substitute for existing in vivo potency assays 
as part of a consistency approach.
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Reducing animal use in pharma by 
integrating electroencephalogram, 
behavior & cardio-hemodynamic 
readouts in freely moving rodents
Francesca Pibiri, Vijay Urmaliya, Ard Teisman  
and David Gallacher
Janssen Pharmaceutical, Beerse, Antwerpen, Belgium
fpibiri@its.jnj.com 

Although alternatives for animal research are rapidly evolving, 
in many conditions, animals cannot be fully replaced therefore 
continued efforts should be taken to Refine and Reduce the total 
numbers of animals.

In drug development, one of the top priorities is to select safe 
new drug candidates. One of the major problems, is the appear-
ance of drug-induced seizure/convulsions. The full complexity 
of this liability is not easily predicted from 2-D cell models. Con-
sequently, rats are traditionally used for the examination of cen-
tral nervous system (CNS) mediated behavioral, neuromuscular, 
autonomic and sensorimotor effects. Although liability for drug 
induced tremors/convulsions are explored in these observation-
al studies they are not suited for detection of seizures that do not 
develop convulsions. For these conditions electroencephalogram 
(EEG) assessments are needed (Authier et al., 2016). However, 
these are only applied when neurological concerns are identified. 
A second limitation of the traditional studies lies within the in-
terobserver variability and limited observation attention span. 
These could be improved with evolving computerized behavior-
al assessments.

Apart from CNS effects, hemodynamic liabilities are a great 
drug development concern. Chronic blood pressure/heart rate 
increases can increase morbidity & mortality in the clinic and 
should therefore be avoided (Picard et al., 2011).

To address these welfare concerns while at the same time re-
ducing and refining the animal studies, we aimed to combine 

trophic levels such as Daphnia and algae, and refinement meth-
ods using fish at life stages when they are less susceptible to pain 
and suffering than in adulthood (e.g., fish embryos). Through 
the OECD Test Guidelines Programme, Austria and the Interna-
tional Council on Animal Protection in OECD Programmes are 
working together with leading experts and the OECD VMG-Eco, 
to develop such IATAs. The related OECD project aims to en-
rich the Threshold Approach for Acute Aquatic Toxicity Testing 
(OECD Guidance Document 126) with new toxicological tools. 
The outcome of the research project “Strengthening Weight of 
evidence for FET data to replace acute Fish Toxicity (SWiFT)” 
funded by the CEFIC Long-range Research Initiative (LRI ECO 
51) will feed into the OECD project. In this presentation, prog-
ress towards developing IATAs will be discussed.

Disclaimer: The views, conclusions and recommendations pre-
sented are those of the authors and do not necessarily represent 
the policies or positions of the organizations to which they are 
affiliated.
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Improved product characterization 
using non-animal methods: 
Development of an immunoassay 
for diphtheria and tetanus vaccines
Rebecca Riches-Duit1, Laura Hassall1, Janny Westdijk2 
and Paul Stickings1
1National Institute for Biological Standards and Control, Potters Bar, 
United Kingdom; 2Intravacc, Bilthoven, The Netherlands
paul.stickings@nibsc.org 

Batch release testing for human and veterinary vaccines relies 
heavily on methods that involve animals – particularly for poten-
cy testing. Despite recent advances in the development of meth-
ods that refine or reduce animal use, there have been fewer de-
velopments that have resulted in complete replacement of an-
imals used for vaccine batch release. Our objective, as part of 
the VAC2VAC project, is to develop an immunoassay for assess-
ment of antigen content and quality in diphtheria (D) and tetanus 
(T) vaccines as an indicator of potency and to substitute for exist-
ing animal potency tests.

Relevant monoclonal antibodies (mAb) were selected for use 
as critical reagents in the assay based on their ability to bind na-
tive and/or detoxified antigen, adsorbed antigen and antigen that 
was altered following exposure to elevated temperature. Neutral-
ization tests were also used to select antibodies that target a rel-
evant functional epitope on the antigen. Affinity measurement 
and epitope competition studies were performed using Biacore 
to identify pairs of high affinity antibodies that have been used to 
develop a sandwich ELISA for D and T.
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concern. Agreements on the level of detail and uncertainty, ro-
bustness, predictive value, reproducibility and validation are a 
prerequisite to develop tools that can be trusted and that will be 
legally binding. A challenging aspect is to go beyond the present 
regulatory requirements and to develop animal-free innovations 
that can address exposure scenarios that vary in exposure route, 
intensity (dose, concentration), duration and frequency, includ-
ing short-term and long-term high exposures, following e.g., ac-
cidental release. To develop innovations that are fit-for-purpose, 
a multi-stakeholder collaboration is needed already in the devel-
opment phase of animal-free innovations, where regulators can 
inform on the regulatory needs and the criteria for acceptance.
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an animal-free human health assessment: Starting from the 
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EU expert working group proposals  
for common guidance on  
the creation and breeding of 
genetically altered animals (GAAs)
David Anderson
Pentlands Management Systems, Dundee, United Kingdom
davidbanderson911@gmail.com 

In 2017, around 30% of the 9.38 million animals used in the 
EU were genetically altered, with the proportion higher for 
mice 36%, and zebra fish 64%. Also, a further 1.3 million ani-
mals were used in the creation and breeding of Genetically Al-
tered Animals (GAA), and 6.1 million GAA reported as surplus 
in 2017 (EC, 2020; https://ec.europa.eu/environment/chemicals/
lab_animals/other_reports_en.htm)

The welfare and care of GAA animals are therefore important 
issues to consider in the context of animals bred and used for sci-
entific procedures.

In 2012, following a report from an Expert Working Group 
(EWG), the National Contact Points of the Member States of 
the EU endorsed a document providing guidance on the use of 
GAAs under Directive 2010/63/EU (https://ec.europa.eu/envi-
ronment/chemicals/lab_animals/pdf/corrigendum.pdf).

As GAA use increased, and new technologies in the creation of 
GAAs evolved, the European Commission convened, in 2018, a 
further EWG to update the 2012 document. Furthermore, the re-
quirements for the classification of different GAA lines for the 
purposes of project authorisation and reporting of GAAs had 
been identified as causing difficulties during the recent review of 
the Directive.

CNS and cardio-hemodynamic endpoints in one experimental in 
vivo study approach. Accordingly, we applied a radio telemetry 
platform for CNS and cardiovascular endpoints together with au-
tomated behavioral and temperature assessment. This method al-
lows continue measurements of EEG and cardio-hemodynamics 
in combination with behavioral video-monitoring, while rats are 
in pairs in their home-cage, without experimenter interference. 
The advantages of this model include an improvement of the an-
imal welfare with a decrease in stress levels, together with a re-
duction on the animals used.
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Towards an animal-free human 
health assessment:  
What are the regulatory needs?
Peter Bos, Liesbeth Geraets, Lianne de Wit-Bos  
and Jacqueline van Engelen
National Institute for Public Health and the Environment (RIVM), 
Bilthoven, The Netherlands
peter.bos@rivm.nl 

Societal concern for animal welfare and scientific concerns about 
the predictive power of animal models are driving forces for the 
development of animal-free approaches for the safety testing of 
chemicals. Despite the many interesting innovations, a paradigm 
shift towards an assessment of human health risks fully based on 
animal-free approaches is not foreseen within the next decade. 
To accelerate the use of animal-free innovations in the EU, it has 
multiple advantages to work bottom-up towards a new safety as-
sessment paradigm and to aim their development at better meet-
ing the current regulatory needs. The question then is what these 
needs are and what regulatory questions need to be answered? 
In relation to chemical safety assessment, management and com-
munication, a large number of different questions can be posed 
that may require the development of different tools and assess-
ment strategies (Bos et al., 2020). For instance, what basic in-
formation is needed within the context of the following areas of 
chemical safety assessment in the EU: 1) classification, label-
ling and packaging, 2) the derivation of health-based guidance 
values and product limits, 3) risk assessments of exposure sit-
uations of concern and 4) addressing specific topics of societal 
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This seminar will provide examples of the materials and dis-
cuss some of the practical and technological concerns associated 
with the delivery of training using online methods.

Presentation: Oral

441

Technology is moving GSK towards 
the substitution of animal-testing
Shahjahan Shaid
GSK Biologicals – Vaccines, Wavre, Belgium
Shahjahan.x.Shaid@GSK.COM 

GSK identifies, develops and manufactures innovative medi-
cines, vaccines and consumer healthcare products. GSKs animal 
studies are conducted with high standards of humane care and 
treatment. These studies represent a small but vital part of our 
procedures to develop future products and perform the manda-
tory release of vaccines. GSK’s moral responsibility has resulted 
in a company-wide strategy to reduce animal use by developing 
non-animal technologies (NAT) to test the safety and efficacy of 
new and existing vaccines. This 3R commitment is aligned with 
the active engagement in collaborative studies to sponsor 3R and 
to develop and validate NAT as alternatives to the use of animals.

Continuous engagement with external partners to assess tech-
nical solutions ensures a proactive reduction. Together with an 
annual systematic review on the animal use drives a strong effort 
on replacing animal testing in GSKs global vaccines strategy.

To guarantee transparency and compliance GSK actively com-
municates 3R efforts with regulatory authorities. In our engage-
ment we aim to co-build NAT by aligning industry and authority 
requirements to ensure the safety of the patient and to design ro-
bust methods for Quality release.

GSKs internal 3R program, has reduced the use of animals by 
30% since 2016 and is expected to reach 75% by 2025 in Vac-
cines Quality Control. This is achieved for in vivo potency assay 
in two steps; first a reduction followed with a replacement by an 
Immunochemical assay as foreseen for TBEV vaccines. Beside 
the ethical gains of 3R it also allows to release vaccines faster, 
with less variable methods and in a leaner procedure. This dis-
plays that 3R is a win-win for patients, regulators and manufac-
turer.

While continuing to work toward non-animal-based research 
and development, GSK remains committed to a culture of care 
acting ethically and practicing good animal welfare when animal 
use is still required.
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The EWG focussed on the development of welfare assessment 
schemes for the most commonly used GA species, and the meth-
ods by which such welfare information could be shared with sci-
entists using the GA animals, to promote informed husbandry 
and care practices, and to allow addressing specific needs as a 
result of GA.

The EWG also identified and made recommendations regard-
ing the key Three R elements which should be considered during 
the creation and breeding of GAAs.

The final elements considered by the EWG related to the ad-
ministrative requirements relating to the authorisation and re-
porting of GAAs.

Reference
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for scientific purposes in the Member States of the European 
Union in 2015-2017. COM/2020/16 final. https://eur-lex.eu-
ropa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020D-
C0016&-from=EN
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Distance learning resources to  
support training of  
animal welfare body members
Paul Flecknell1 and Jon Gledhill2
1Flaire Consultants Lt, Newcastle upon Tyne, United Kingdom; 2Newcastle 
University, Newcastle upon Tyne, United Kingdom
paul@flaireconsultants.com 

Members of animal welfare bodies (AWB) have varied back-
grounds and experience and hence have diverse training needs. 
They often have limited time available to undertake training, and 
within an institution the number of individuals that need training 
is usually small. This can present a challenge when trying to de-
liver face-to-face training of individuals. We strongly advocate 
providing such face-to-face learning opportunities, for example 
through training workshops, but distance learning solutions can 
complement these activities.

We have developed two e-learning modules, with the support 
of the European Commission, which will be of particular value 
in both the introductory and ongoing training of AWB members.

The first module which was designed primarily for project 
evaluators (EU25) has many aspects relevant to AWB members. 
The second is a new EC module (EU26) which covers the assess-
ment of severity in detail. This module has been developed for 
those with responsibilities for conducting or having oversight of 
research projects that use living animals. These two modules will 
be available for use, with open access, from early 2021.

We have also trialed the delivery of training to AWB members 
using webinars, with recordings available for download and re-
view after the sessions.
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Application of newly validated 
route-specific in vitro genotoxicity 
assays to support the safety 
assessment of cosmetic ingredients
Rolf Fautz1, Kerstin Reisinger2, Sebastian Hoffmann3, 
Nicola J. Hewitt4, Gladys Ouédraogo5, Julia Kenny6, 
Brian Wall7 and Stefan Pfuhler8
1Kao Germany GmbH, Darmstadt, Germany; 2Henkel AG & Co. KGaA, 
Duesseldorf, Germany; 3seh consulting + services, Paderborn, Germany; 
4Cosmetics Europe, Brussels, Belgium; 5L’Oréal, Aulnay-sous-Bois, 
France; 6GSK, Ware, United Kingdom; 7Colgate-Palmolive, Piscataway, 
NJ, United States; 8The Procter & Gamble Co., Cincinnati, OH, United 
States
rolf.fautz@kao.com 

New in vitro skin models have been established as follow up as-
says to improve the prediction of potential genotoxicity of cos-
metic ingredients in the absence of in vivo data. The reconstruct-
ed skin micronucleus test (RSMN) and RS Comet assays are now 
validated and have been accepted into the OECD test guideline 
development program. Here, we demonstrate their application to 
safety assessment by conducting a case study based on the oxi-
dative hair dye, 4-nitro-1,2-phenylenediamine (B24). The strat-
egy is based on an endpoint-triggered follow up of positive re-
sults from the Ames and in vitro micronucleus (MNvit) 2-test 
battery. For topically applied chemicals, the RSMN assay is rec-
ommended for MNvit positive chemicals, whereas, Ames posi-
tives should be tested in the RS Comet assay. B24 was positive in 
the Ames assay but negative in the MNvit assay; therefore, it was 
tested coded in the RS Comet assay. In experiment 1, B24 was 
non-cytotoxic and did not induce DNA breaks in keratinocytes 
or fibroblasts up to the lowest precipitating dose (50 mg/cm2). In 
experiment 2, in the presence of the repair inhibitor, aphidicol-
in, there was no statistical increases in %tail DNA that exceed-
ed the historical controls up to 50 mg/cm2. B24 was conclud-
ed to be negative, which is in accordance with negative results 
in the HPRT mammalian cell gene mutation assay. The conclu-
sion from this case study is that while B24 causes mutagenicity 
in bacteria, it is not genotoxic in mammalian cells or in a higher 
tier assay using human skin equivalents. The RS Comet assay al-
lows an assessment under the relevant exposed conditions, i.e., 
topically, and in a test system containing relevant metabolizing 
enzymes. Further case studies are under way to evaluate other 
scenarios from the testing strategy.

Acknowledgment: Funded by Cosmetics Europe and the German 
Ministry for Research and Education.
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In vitro to in vivo extrapolation  
for developmental toxicity potency 
of valproic acid analogues
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Elizabeth Donley3, Shannon Bell1, David Allen1, 
Warren Casey6 and Nicole Kleinstreuer4
1ILS, Research Triangle Park, NC, United States; 2FDA/NCTR, Jefferson, 
AR, United States; 3Stemina Biomarker Discovery Inc., Cambridge, MA, 
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NC, United States; 5Albert Einstein College of Medicine, Jefferson, AR, 
United States; 6NIH/NIEHS/DNTP, Research Triangle Park, NC, United 
States
xchang@ils-inc.com 

The devTOX quickPredict assay (devTOXqP) is a human in-
duced pluripotent stem cell biomarker-based assay developed as 
an alternative to animal tests to screen for developmental toxicity 
potential. The developmental toxicity potential (dTP) concentra-
tion from the devTOXqP assay indicates a chemical’s develop-
mental toxicity potency. Previous work showed that the potency 
ranking of dTP concentrations for valproic acid and its analogues 
was consistent with in vivo developmental toxicity. In this study, 
we applied in vitro to in vivo extrapolation (IVIVE) to address 
whether the devTOXqP dTP concentrations could quantitative-
ly predict the in vivo developmental toxicity lowest effect levels 
for these chemicals. We evaluated the impact of in vitro kinet-
ics, pharmacokinetic (PK) parameters, and different PK models 
on IVIVE outcomes. To evaluate the effect of in vitro kinetics, 
an equilibrium distribution model was applied to devTOXqP as-
say to translate nominal concentrations to free and cellular con-
centrations, which were used subsequently in IVIVE analyses. 
A one-compartment PK model, standard physiologically based 
pharmacokinetic (PBPK) models, and pregnancy-specific PBPK 
models were used for reverse dosimetry. The equivalent admin-
istered doses (EADs) that would result in maternal or fetal blood 
concentrations equivalent to in vitro activity concentrations were 
estimated by IVIVE. These EADs were compared to lowest ef-
fect levels in rat developmental toxicity studies and/or human 
therapeutic doses, and to EADs from a recent OECD case study 
publication derived using different sets of in vitro data. We al-
so explored a read-across approach incorporating structural sim-
ilarity information in data interpretation. Our preliminary results 
showed close agreement between EADs and in vivo rat lowest ef-
fect levels, indicating that the devTOXqP assay can quantitative-
ly predict developmental toxicity potential of chemicals at rele-
vant concentrations. 

Acknowledgment: This project was funded with federal funds from 
the NIEHS, NIH under Contract No. HHSN273201500010C.
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Bioprinting of humanized liver and 
lung models for infection studies
Johanna Berg1, Thomas Hiller1, Munir Al-Zeer1,  
Stefan Hippenstiel2, Andreas Hocke2,  
Beatrice Tolksdorf1 and Jens Kurreck1
1Technische Universität Berlin, Berlin, Germany;  
2Charité – Universitätsmedizin Berlin, Berlin, Germany
jens.kurreck@tu-berlin.de 

Generation of bioprinted 3D organ models is a new powerful ap-
proach to replace animal models. By using human cells, human-
ized organ models can be produced that provide valuable insights 
of physiological and pathological processes relevant to human pa-
tients (Weinhart et al., 2019). A bioprinter using pneumatic ex-
trusion technology was used to produce a humanized lung mod-
el (Berg et al., 2018). The alveolar epithelial cell line A549 was 
printed in a bioink consisting of alginate, gelatin and Matrigel. We 
demonstrate that the organ model is suitable to support viral repli-
cation of influenza viruses and may serve as tool to study infection 
biology. To the best of our knowledge, this was the first published 
study using bioprinted organ models for infection studies.

More recently, we improved the lung model. It now consists of 
a multicellular, bioprinted layer of human lung fibroblasts on top 
of which an alveolar epithelial cell line is seeded. Furthermore, 
macrophages were implemented into the model. The model is 
currently used to develop inhibitors for the SARS-coronavirus-2.

In a second approach, we generated a liver model consisting of 
HepaRG cells. The bioink contained human extracellular matrix 
and resulted in a liver model with high cell viability and desirable 
physiological parameters. The liver model was infected with hu-
man adenovirus 5, which causes severe hepatic infections in im-
munocompromised patients. In addition, we demonstrated that the 
bioprinted liver model is suitable to study transduction efficiency 
of adeno-associated virus (AAV) vectors (Hiller et al., 2018).

The presentation will also comprise work in progress on estab-
lishing clean bioprinting, i.e., the attempt to produces 3D organ 
models which are complete devoid of animal components such 
as FCS, Matrigel or gelatin (Berg and Kurreck, 2021). To this 
end, cells must be adapted to FCS-free media and new bioinks 
must be developed.

References
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Building trust in stem cell models 
for compound selection in 
pharma; a task worth the effort
Ard Teisman, Hua Rong Lu and David Gallacher
Janssen Pharma of JNJ, Beerse, Belgium
ateisman@its.jnj.com 

The discovery of the Yamanaka factors has opened the door to 
new innovative human-based stem cell models that could be ap-
plied in the drug candidate selection cascade within the pharma-
ceutical industry. Obviously, the promise of using human-based 
stem cell models is to improve translation of preclinical to clin-
ical effects. What experience tells us, is that despite their hu-
man make-up, today’s stem-cell models have some limitations. 
To name a few, cell maturation is a challenge and 2D morphol-
ogy in a dish does not fully reflect human 3D organ physiology. 
There are many ongoing initiatives that are trying to overcome 
these limitations in the future. Irrespective of this, the current 
surrogate models can have value in a screening cascade if one 
appreciates the pros and cons! For the use of cardiac safety eval-
uation, we optimized and characterized a fluorescent dye medi-
ated calcium transient assay, using an extensive set of clinical-
ly known compounds and evaluated the predictive value of the 
readouts (Van Ammel et al., 2019). Second to that we developed 
a system, that integrates the different readouts from the model in-
to a novel hazard score for potential risk for cardiac side effects  
(Kopljar et al., 2018). Although, this hazard scoring system re-
quires assay specific statistical tolerance interval analysis and 
readout specific weight factor settings, this method greatly facil-
itates the compound selection process in an objective manner in 
R&D and largely reduces the use of animals.
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Promoting transparency around 
animal research across regions
Susanna Louhimies
European Commission, Brussels, Belgium
susanna.louhimies@ec.europa.eu 

Transparency in the scientific use of animals is essential to pro-
vide reassurance for the adherence to the commonly agreed eth-
ical and socially acceptable animal care and use standards. It is 
a prerequisite for developing trust between the animal use com-
munities and society, and it is a key to making available the nec-
essary facts and data for informed decision-making, be it for pol-
icy development, research funding or simply to understand the  
status quo.

Accordingly, improved transparency was set as one of the key 
objectives for Directive 2010/63/EU. As a result, Member States 
publish non-technical project summaries of authorized projects 
using animals. Statistical reporting requirements on animal use 
were revised and more complete and comprehensive data are 
now available annually across the EU.

However, recently, the bar has been raised even higher. Reg-
ulation (EU) 2019/1010 on environmental reporting, adopted in 
June 2019, and the related Commission Implementing Decision 
2020/569/EU, adopted in April 2020, have introduced further re-
quirements to make information available in a timelier manner, 
and with access to all interested. Europe is pioneering a new lev-
el of transparency – one of the key tools to allow pursuing alter-
natives where these are most needed.
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Animal welfare body – Tasks  
and role
Susanna Louhimies
European Commission, Brussels, Belgium
susanna.louhimies@ec.europa.eu 

The Three Rs, to replace, reduce and refine the use of animals in 
science, must be given due consideration and implemented sys-
tematically when animal use is proposed. As part of the instru-
ments to implement this requirement, Directive 2010/63/EU(1) 
requires that establishments (user, breeder and supplying estab-
lishments) set up and maintain an Animal Welfare Body (Articles 
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Genetically altered animals (GAA) –  
Why the Three Rs are important
Susanna Louhimies
European Commission, Brussels, Belgium
susanna.louhimies@ec.europa.eu 

The legislation in the European Union protects, and sets out care, 
use and accommodation standards for, animals destined for sci-
entific procedures. The legislation makes specific reference to the 
creation and maintenance of genetically modified animal lines in 
its definition for a procedure.

In 2017, around 30% of the 9.38 million animals used in the 
EU for research and testing were genetically altered, with the 
proportion as high as 64% for zebra fish and 36% for mice. In 
addition, a further 1.3 million animals were used in the creation 
and breeding of genetically altered animal lines, and 6.1 million 
genetically altered animals were reported as surplus in 2017 (EC, 
2020a,b).

In the light of these numbers, it is clear that the requirements 
for a systematic application of the Three Rs are equally relevant 
for activities in relation to the creation and maintenance of ge-
netically altered animals. However, gene-editing may by its na-
ture pose specific issues that are not applicable for conventional 
animals. It is important, therefore, that due consideration is giv-
en to genetically altered animals from the choice of methods for 
gene-editing and tissue sampling to care and accommodation re-
quirements, which may differ greatly from those of convention-
al animals.

Gene-editing, by design, may result in intended adverse ef-
fects. It is therefore essential that information of any such ef-
fects and measures to limit these, such as by the environment or 
the use of humane end-points, is submitted with the animals to 
the institute where animals are planned to be used. Finally, there 
should be on-going efforts to limit and reduce surplus both from 
the perspective of colony management, improved anticipation of 
research needs and the reduction of non-desired genotypes.
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tween the globally harmonized system for the classification and 
labelling of chemicals (GHS) category 1 serious eye damage and 
category 2 eye irritation. To develop a single in vitro test to iden-
tify all GHS categories for eye irritation, we combined organo-
typic cornea models based on primary human cells with an elec-
trical readout system that measures the impedance of the test 
model. By employing a non-destructive measuring system based 
on impedance spectroscopy, we could increase the sensitivity of 
the test system. Moreover, the impedance measurement allowed 
for the first time to detect the persistence of irritative effects by 
repeated measurements in an in vitro model and thus to distin-
guish between all GHS categories. Substances that do not need to 
be labeled stayed above 60% normalized to the negative control. 
Category 1 substances reduced the tissue integrity after applica-
tion below 6% and the effect did persist over a period of 7 days. 
Category 2 substances however, could be identified by a decrease 
below 60% after the application of a category 2 chemical such as 
ethanol and increased again above 50% after 7 days. Thereby, all 
GHS categories of eye irritation could be identified by repeated 
measurements over a period of 7 days. Based on a novel predic-
tion model we achieved an accuracy of 78% with a reproducibil-
ity of 88.9% to determine all three categories of eye irritation in 
one single test (Lotz, C et al., 2018). This could pave the way to 
replace the Draize eye test.
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Network integration  
and modelling of dynamic drug 
responses at multi-omics levels
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Biology, Berlin, Germany; 2ETH, Functional Genomics Center, Zurich, 
Switzerland; 3Maastricht University, Toxicogenomics, Maastricht,  
The Netherlands; 4Roche Pharma Research and Early Development, Roche 
Innovation Center, Basel, Switzerland; 5Genedata AG, Basel, Switzerland; 
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Maastricht, The Netherlands
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A crucial step in developing alternatives to animal testing is to 
uncover in vivo relevant mechanisms from heterogeneous in vi-

26 and 27 of Directive 2010/63/EU). Member States may allow 
small users, breeders and suppliers to fulfil the tasks of the ani-
mal welfare bodies by other means.

Furthermore, even if the responsibility and foundation for a 
good culture care rests with everyone involved in the care and 
use of animals, the animal welfare bodies provide the key struc-
ture in developing and maintaining a good culture of care and 
bringing the Three Rs to life in the day-to-day activities of the 
establishment.

Animal welfare bodies are expected, within the establishment, 
to provide advice on the welfare and care of the animals, the ap-
plication of the Three Rs, review management and operational 
processes, follow the development and outcome of projects, and 
advise on rehoming.

To facilitate a uniform approach to the implementation of the 
legislation, an Expert Working Group was convened to address 
inter alia the structure, composition and tasks of animal wel-
fare bodies. National Contact Points of the Member States of the 
EU endorsed results of this work in a document on Animal Wel-
fare Bodies and National Committees (European Commission, 
2014)). It provides further guidance on the structure, composi-
tion and tasks of animal welfare bodies, and discusses the ways 
to achieve an effective animal welfare body.
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Replacing the Draize eye test: 
Impedance spectroscopy as a 3R 
method to discriminate between all 
GHS categories for eye irritation
Christian Lotz1, Carla Cleve2, Dilan Akyürek1, 
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For the toxicological endpoint of eye irritation, the first alterna-
tive test systems based on ex vivo or in vitro models have been 
developed and validated. However, besides all efforts, the Draize 
eye test is still not completely replaced by alternative animal-free 
methods because the alternative methods cannot distinguish be-
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A microphysiological system 
of human pancreatic islet 
microtissues and liver spheroids 
for modelling diabetes mellitus
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Pharmacokinetics, Research and Early Development, Cardiovascular, 
Renal and Metabolism (CVRM), BioPharmaceuticals R&D, AstraZeneca, 
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To date, animal models are a cornerstone for the investigation 
of complex multi-organ diseases such as type 2 diabetes melli-
tus. However, due to obvious genetic and physiological differ-
ences between humans and animals, these can only partly model 
pathogenesis and complications specific to humans. Therefore, 
we have developed an organ-on-a-chip model to study the inter-
play between pancreatic islets and the liver, two key organs in-
volved in the impaired glucose homeostasis characteristic for di-
abetes mellitus.

We demonstrated that human pancreatic islet microtissues 
and human liver spheroids can be maintained in a common cul-
ture medium for up to 15 days. Liver spheroid functionality, as 
shown by albumin secretion into the culture medium, was stable 
over the entire culture period. Islet functionality was investigat-
ed by insulin release into the culture medium as well as by a glu-
cose-stimulated insulin secretion of islet microtissues extracted 
from the chips at the end of the culture period. The analysis re-
vealed that prolonged hyperglycemia only impaired islet func-
tionality in islet single cultures while islet microtissues in co-cul-
ture remained functional. Islet-liver crosstalk was demonstrated 
by an in vitro glucose tolerance test measuring glucose and insu-
lin concentrations in response to a glucose load. Insulin secreted 
in the co-culture increased glucose utilization by the liver spher-
oids accelerating the rate of glucose disappearance from the cul-
ture medium, while the liver single culture alone did not regu-
late glucose levels as efficiently. As glucose levels fell, the insu-
lin concentrations in the medium decreased thus demonstrating 
a feedback loop between islet microtissues and liver spheroids, 
which reflects the functional human glucose regulation.

In the future, the established co-culture model could be used as 
a unique in vitro system for the study of type 2 diabetes mellitus 
pathogenesis as well as for efficacy testing of anti-diabetic drugs.
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tro data. This can effectively be realized by integrating the mo-
lecular activities in networks of interacting molecules.

We have developed a resource, ConsensusPathDB, that inte-
grates molecular interactions from multiple sources (Herwig et 
al., 2016). Part of the content is an integrated protein-protein in-
teraction (PPI) network that is used as a scaffold for the integra-
tion of multiple omics data (Barel and Herwig, 2018). We present 
an approach that integrates dynamic proteomics and transcrip-
tomics data and applies network propagation based on random 
walk with restart in order to identify disease-relevant network 
modules. We applied the approach to the problem of identify-
ing mechanisms of toxicity from anthracycline anti-cancer drug 
treatments. Anthracycline-induced cardiotoxicity represents a 
cumulative systemic effect over time and refers to changes in 
myocardial functions for example in left-ventricular ejection 
fraction (LVEF) as well as cardiac stress responses.

Time-resolved anthracycline treatment was measured in iP-
SC-derived 3D cardiac microtissues and dynamic changes in the 
proteome and transcriptome were charted. Data modelling re-
trieved a network module consisting of 170 interacting proteins 
such as mitochondrial proteins, proteins of the extracellular ma-
trix and sarcomere proteins that are relevant for multiple cardi-
ac disease processes. Furthermore, we identified 70% of the pro-
teins in cardiac biopsies of patients and show that selected candi-
dates correlate with clinical parameters.

We demonstrate that the network modelling approach is useful 
for i) integration of different omics data, ii) boosting function-
al content of omics data, iii) identifying modules of interacting 
molecules in vitro that are clinically transferable, and iv) comple-
menting missing information from single omics layers, in partic-
ular proteomics.
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a guidance document on the development and proper conduct of 
in vitro methods was released – GIVIMP (OECD, 2018). The 
OECD GIVIMP guidance document aims to disseminate critical 
in vitro method information (e.g., on roles and responsibilities in 
the process of method design, validation and guideline develop-
ment) and practical guidance (e.g., test system characterization, 
method performance, choice of reference & control items, SOP 
design) to test method developers. GIVIMP forms a solid foun-
dation to encourage at the national and international level fur-
ther initiatives. This will help to increase number and readiness 
of developed methods in the future, to facilitate and support their 
translational use as 3R-relevant in vitro tests and to improve the 
chance for successful guideline development and regulatory use.

Motivation and benefits of GIVIMP implementation from the 
developers’ perspective and respective examples from the ongo-
ing EU-NETVAL study on thyroid disruption will be presented.
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Global collaboration, harmonization 
and interdisciplinary efforts 
deliver mechanistic methods 
and integrated approaches for 
identifying human thyroid disruptors
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In house GIVIMP method validation 
as a key process for accelerating 
thyroid in vitro methods  
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Biosciences Inc., State College, PA, United States; 18University of 
Lausanne, Lausanne, Switzerland; 19Department Environmental Chemistry, 
IDAEA-CSIC, Barcelona, Spain; 20University of Tampere, Faculty of 
Medicine and Health Technology and FICAM, Tampere, Finland
kostja.renko@bfr.bund.de 

In vitro method development under quality assured conditions 
with a clear focus towards regulatory usability would be a perfect 
concept, but still too often it is wishful thinking. The vast majori-
ty of in vitro cell and tissue-based methods described in academic 
publications are innovative and of applied use, have mechanistic 
relevance, but lack scientific and quality considerations envisag-
ing regulatory acceptance. Hence, experimental design decisions 
and documentation prepared in the development process must be 
substantially amended for validation for regulatory purposes. For 
the presented EU-NETVAL thyroid validation study, this was the 
situation for many of the selected in vitro methods.

Even if quality assurance-like working habits and quality con-
trol strategies are more and more established in the academic 
field, dedicated guidelines to improve the situation for in vitro 
method development has been missing. Recently, as a joint ef-
fort by OECD, EURL ECVAM, a variety of regulatory author-
ities and experts from the industry and different member states, 
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Towards the replacement  
of fetal bovine serum  
in cell culture application:  
The example of A549 cells
Aline Chary1, Charlotte Stoffels1, Servane Contal1,  
Amy Clippinger2 and Arno Gutleb1
1Luxembourg Institute of Science and Technology, Belvaux, Luxembourg; 
2PETA International Science Consortium Ltd., London, United Kingdom
aline.chary@list.lu 

Fetal bovine serum (FBS), used as a supplement for cell culture 
media, presents significant scientific concerns, such as the pres-
ence of undefined components and batch-to-batch variation.

The aim of this study is to explore how to transition cells to 
FBS-free media, using the alveolar epithelial type II A549 cell 
line as an example. The final goal is the complete replacement of 
animal derived components for cell culture application in A549 
cells, which is commonly used in respiratory toxicology testing.

A549 cells were transitioned to different commercially avail-
able FBS-free media (i.e., XF212, HL-1, XVIVO, CNT-PRA, 
PneumaCult). After successful transition to FBS-free medium, 
different strategies were used to freeze cells (i.e., using medium 
containing 20%FBS + 10%DMSO, 10%DMSO only, 7.5%DM-
SO + 10%cell culture-grade bovine serum albumin or Profreeze 
and CNT-CRYO-50 freezing media). Of the tested options, the 
Profreeze freezing medium showed the best cell survival rates 
when freeze-thawing the cells.

A549 cells did not survive the direct replacement in any of the 
media; however, a gradual replacement (according to suppliers’ 
instructions) was successful for XVIVO and CNT-PRA media. 
After several passages in FBS-free conditions, A549 cells dis-
played different cell morphology (e.g., larger cells) dependent on 
the media used. The growth of the cells was evaluated and the 
doubling time of A549 cells is more than two times higher in al-
ternative media compared to the control with 10% FBS. Toxicity 
testing (cytokine analysis) is ongoing to determine if these differ-
ences in morphology and growth rate effect the functionality of 
these cells and if the use of a chemically defined medium allows 
for the generation of more reproducible results.

It is possible to replace animal derived components for the cul-
ture of A549 cells, which represents a considerable advance in 
the reproducibility of cell culture and that could be applied to 
many other cell lines.
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Concern over the potential for environmental chemicals to per-
turb hormone systems has led to the development and implemen-
tation of several OECD Test Guidelines for the screening and 
testing of endocrine disrupting chemicals. Although a number 
of methodologies have been developed to interrogate reproduc-
tive steroids, incorporation of test methods to evaluate disruptors 
of thyroid hormone signaling pathways has been limited, owing 
largely to the complexity of the thyroid system. Research efforts 
are funded by the European and International funding programs 
to support the necessary development of new methods and ap-
proaches in this field to complement the information gaps iden-
tified. Furthermore, the European Commission Joint Research 
Centre’s European Union Reference Laboratory for alternatives 
to animal testing (EURL ECVAM) has compiled several Thyroid 
Hormone Disruption (THD) in vitro methods with validation po-
tential, based on the OECD scoping paper (OECD, 2014) and 
with input from THD meetings and workshops. This large set of 
17 methods has been used as the starting point for validation of 
selected in vitro THD methods for the identification of modula-
tors of thyroid hormone signaling. Central to the validation exer-
cise is the selection of the chemical validation set. A chemical ex-
pert group proposed a list of 51 chemicals that has been reduced 
to a final set of 30 chemicals informed by the use of chemoinfor-
matics tools and Artificial Intelligence based (AI) tools, i.e., ma-
chine learning and text analytics. The symposium will illustrate 
how global collaboration, harmonization, interdisciplinary ef-
forts and increasing common awareness of common agreed regu-
latory information needs can deliver methods and approaches re-
sponding to current regulatory challenges for identifying human 
thyroid disruptors.

Reference
OECD (2014). New Scoping Document on In Vitro And Ex Vi-

vo Assays for the Identification of Modulators of Thyroid Hor-
mone Signalling. Series on Testing and Assessment, No. 207. 
OECD Publishing, Paris.
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Building an internal information 
infrastructure to disseminate 
surplus animals
Claudia Abramjuk
FEM, Charité Universitätsmedizin Berlin, Berlin, Germany
claudia.abramjuk@charite.de 

The Research Facilities for Experimental Medicine (FEM) of 
Charité Universitätsmedizin Berlin manage their animal popu-
lation with an online database. This database records all animals 
until they are no longer kept. Since the FEM also breeds its own 
lines, both breeding stock and experimental stock are documented. 
The number of so-called surplus animals is correspondingly high.

In accordance with the 3Rs, the number of animals should 
be kept to a minimum. The FEM therefore endeavors to ensure 
that animals which cannot be used in animal experiments to be 
passed to other working groups. Up to now, the transmission of 
animals at the experimental sites has been done orally or by in-
ternal circular mail. Then a solution with the database could be 
found and the FEM animal pool was established. At first this was 
also done at the experimental sites by animals given by research-
ers. In the meantime, the animal pool has been extended to the 
breeding sites, so that breeding animals can also be placed. Re-
searchers and animal caretakers can use the database to transfer 
surplus animals in the animal pool and also retrieve animals from 
the pool for their projects. In the sense of the 3Rs, researchers are 
requested to check whether animals from the pool can be used for 
their project before ordering animals externally.

In this presentation, the results of the currently ongoing test 
phase, the procedure, the animals called up, internal and official 
limitations are presented.
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Towards building harmonized  
and interoperable e-infrastructures 
for reproducible new approach  
toxicology – The OpenRiskNet  
concept
Thomas Exner1, Marvin Martens2, Tomaz Mohoric3, 
Tatyana Doktorova3, Egon Willighagen2, Chris Evelo2, 
Lucian Farcal3 and Barry Hardy3
1Seven Past Nine, Schopfheim, Germany; 2Maastricht University, 
Maastricht, The Netherlands; 3Edelweiss Connect, Basel, Switzerland
thomas.exner@sevenpastnine.com 

The paradigm shift in risk assessment from descriptive, ani-
mal-test-based to mechanistic new approach methods and espe-
cially the introduction of the adverse outcome pathway (AOP) 
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Safety sciences towards  
non-animal tests in China: Current 
status and perspectives
Xiaoting Qu1 and Shuangqing Peng2
1The Society of Toxicity Testing and Alternative Methods, Chinese 
Environmental Mutagen Society, Shanghai, China; 2The Society of Toxicity 
Testing and Alternative Methods, Chinese Environmental Mutagen  
Society, Beijing, China
tinaqu_sha@163.com 

With the recognition of the importance of 3Rs (Replacement, Re-
duction, and Refinement) in science and regulation, China has 
been undergoing a gradual shifting toward 21st-toxicity test-
ing paradigm. The newly effective Cosmetics Supervision and 
Administration Regulation (CSAR) and its subsidiary regula-
tions have marked shifting of safety assessment toward ingredi-
ent-based and exposure-oriented practice. This lays the founda-
tion for more widespread recognition and use of contemporary 
non-animal testing approaches, such as in vitro toxicity tests, 
computational modelling, and integrated approaches. Increasing 
alternative methods has been adopted in the Safety and Technical 
Standards for Cosmetics (STSC, 2015 version) since 2016. The 
recently issued Measures for the Environmental Management 
Registration of New Chemical Substances by MEE (Ministry of 
Ecology and Environment) has further harmonized with interna-
tional practice that increases acceptance of alternative methods 
and outlines several exemptions. The new regulation frameworks 
are expected to further promote the upgrading of the regulatory 
system and industrial engagement.

Continuous academic efforts have also pushed the boundaries 
forward. The Society of Toxicological Alternatives and Transla-
tional Toxicology under the Chinese Society of Toxicology and 
the Society of Toxicity Testing and Alternative Methods under 
the Chinese Environmental Mutagen Society have provided a 
scientific communications interface for government, enterprises, 
and academia via national/Asian conferences, training, and oth-
er activities. In 2018, alternative development proposal was in-
cluded in the latest national strategical document released by the 
China Association for Science and Technology. Monographs that 
addressed 21st-century toxicity and in vitro toxicology was pub-
lished or to be published. It is foreseen that multidisciplinary and 
cross-regional collaboration will further promote the translation 
of modern toxicology in China.
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sure systems, and proper dosimetry techniques. Petro-chemical 
industry supports the shift from in vivo towards in vitro testing 
and provided funding to study the effects of inhalation exposure 
to petroleum substances.

ALI inhalation experiments using a single compound (ethyl-
benzene-EB) and a complex mixture (gasoline-GO) were per-
formed. A generation facility was successfully developed to vol-
atilize EB and GO. A capillary dosing unit was connected to a 
jar containing a heated base plate. The compound was vaporized 
and mixed with a humidified air flow. Subsequently the humidi-
fied vapor flow was cooled down and guided towards the climat-
ic chamber (37°C) where 4-hour ALI cell exposure took place 
using the VITROCELL® 24/48 exposure system.

Applied dose was determined by combining microbalance 
consumption and airflows and verified using GC-FID and char-
coal sorbent tubes. Delivered dose was determined using differ-
ent sample preparation techniques. These techniques were com-
pared to select the most suitable method for sample preparation 
of cell cultures exposed to volatile organic compounds. Cell cul-
ture samples and cell culture medium were analyzed using Head-
space GC-MS.

For EB a significantly decreased mean cell viability of 86%, 
77%, and 47% was observed for exposure of A549 cells to a ap-
plied dose of EB of about 30,000, 40,000, and 50,000 mg/m3, re-
spectively. In a different experiment cells were exposed to a GO 
average concentration-range of about 5600, 8400, and 11,000 
mg/m3. Generation up to a maximum of 11,000 mg/m3 gave no 
effect on A549 cell viability. In both cases deposited dose was 
compared with in vivo data.
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Optimizing drug discovery 
by Investigative Toxicology: 
Current and future trends
Mario Beilmann
Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach an der Riss, 
Germany
mario.beilmann@boehringer-ingelheim.com 

Investigative Toxicology describes the de-risking and mechanis-
tic elucidation of toxicities, supporting early safety decisions in 
the pharmaceutical industry. Recently, Investigative Toxicolo-
gy has contributed to a shift in pharmaceutical toxicology, from 
a descriptive to an evidence-based, mechanistic discipline. This 
was triggered by high costs and low throughput of Good Labo-
ratory Practice in vivo studies and increasing demands for adher-
ing to the 3R (Replacement, Reduction and Refinement) princi-
ples of animal welfare. Outside the boundaries of regulatory tox-
icology, Investigative Toxicology has the flexibility to embrace 
new technologies, enhancing translational steps from in silico, 
in vitro to in vivo mechanistic understanding to eventually pre-

concept has resulted in the need for advanced protocol and data 
management concepts, access to a multitude of harmonized data 
sources and in silico tools to process all the different pieces of ev-
idence combining toxicodynamics and biokinetics. We will pres-
ent here new developments specifically targeting these demands 
performed in different projects funded by the European Union in 
the chemical and nanomaterial safety area.

Providing data, protocols and software services via indepen-
dent, semantically annotated application programming interfac-
es opens up new ways of assessing and producing all relevant in-
formation and integration into automated and reproducible risk 
assessment workflows. The infrastructure projects OpenRisk-
Net (https://openrisknet.org/) and NanoCommons (https://www.
nanocommons.eu/) are providing knowledge platforms and data 
warehouse concepts giving access to data from different Europe-
an, e.g., EU-ToxRisk, as well as international projects, including, 
e.g., new access routes to the TOX21 and TG-GATEs datasets, in 
a curated, harmonized and interoperable way. These can be ana-
lyzed and combined with computational/modelling approaches 
also on the OpenRiskNet platform. To demonstrate the flexibil-
ity of this new concept, workflows will be shown using differ-
ent data and knowledge bases and the semantically annotated and 
linked data therein to computationally generate key events and 
validate AOPs with experimental data re-usable, e.g., for the de-
velopment of (quantitative) AOPs and read-across applications 
in the case studies of EU-ToxRisk (https://www.eu-toxrisk.eu/).

Acknowledgments: This work was funded by the OpenRisk-
Net (Grant Agreement 731075), EU-ToxRisk (Grant Agreement 
681002), and NanoCommons (Grant Agreement 731032) proj-
ects within the Horizon 2020 Programme.
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Applied and delivered dose 
determination for ALI acute 
inhalation toxicity testing of a 
petroleum-derived substance
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Rob Brabers1, Hilda Witters1, Sylvie Remy1,2, Lieve 
Geerts1, Lize Deferme3 and Sandra Verstraelen1
1VITO NV (Flemish Institute for Technological Research), Mol, Belgium; 
2University of Antwerp, Department of Biomedical Sciences, Mol, 
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evelien.frijns@vito.be 

To reduce animal testing there is an increasing demand to imple-
ment in vitro alternatives for inhalation testing using human rel-
evant lung cell models, realistic air-liquid interface (ALI) expo-
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Animal welfare and animal ethics are fundamental topics for 
every researcher working with animals, and especially for animal 
facilities themselves. The implementation of the 3Rs is not pri-
marily about replacing animal experiments, but for the time be-
ing about a greater reduction and refinement of current research.
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European network of high-quality 
laboratories assessing efficiently 
the relevance of fully animal-free 
thyroid mechanistic methods
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ECVAM set up a consortium of more than 30 European labora-
tories (mostly GLP approved), called EU-NETVAL in 2013, to 
use these for upcoming validation studies based on their com-
petencies (technologies, technical equipment, scientific knowl-

dict human response. One major goal of Investigative Toxicolo-
gy is improving preclinical decisions, which coincides with the 
concept of animal-free safety testing. Currently, compounds un-
der preclinical development are being discarded due to the use 
of inappropriate animal models. Progress in Investigative Toxi-
cology could lead to humanized in vitro test systems and the de-
velopment of medicines less reliant on animal tests. To advance 
this field a group of 14 European-based leaders from the phar-
maceutical industry founded the Investigative Toxicology Lead-
ers Forum (ITLF), an open, non-exclusive and pre-competitive 
group that shares knowledge and experience. The ITLF collabo-
rated with the Centre for Alternatives to Animal Testing Europe 
(CAAT-Europe) to organize an “Investigative Toxicology Think-
Tank”, which aimed to enhance the interaction with experts from 
academia and regulatory bodies in the field. This talk highlights 
the start and the outcome of the joined activity on Investigative 
Toxicology.
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Implementation of the 3Rs 
in biomedical research
Birgit Reininger-Gutmann1,2 and Roberto Plasenzotti2,3
1Medical University Graz, Graz, Austria; 2RepRefRed Society Austria, 
Graz, Austria; 3Medical University Vienna, Graz, Austria
birgit.reininger-gutmann@medunigraz.at 

With the EU Directive 2010/63 and the revision of the law for 
animal experiments in Austria 2012, the 3Rs (Replacement, Re-
duction and Refinement of animal experiments) became a crucial 
issue for all persons involved in animal experiments. The Divi-
sion for Biomedical Research (BMF) of the Medical University 
of Graz divides the efforts of the 3Rs in five main pillars: 1. 3Rs 
in action is an internal platform of the Medical University of Graz 
stating that animals which are no longer used for a project or that 
had to be excluded are available to other researchers. During this 
time, the housing costs for these animals will be covered by the 
BMF. As a results numbers of animals at the Medical University 
of Graz have already been reduced and the acceptance of the 3Rs 
was strengthened. 2. Optimized animal husbandry by using in-
novative techniques. 3. Establishment of the Core Facility Alter-
native Biomodels and Preclinical Imaging with the focus on xe-
no-free cell culture, human autologous cell culture models and the 
establishment of a high-precision preclinical imaging center. 4. 
Development of an appropriate evaluated education/training plat-
form with modular structures in the field of animal experiments 
and innovative alternative technologies. Finally, 5. Co-founda-
tion and promotion of the RepRef Red society “Gesellschaft zur 
Förderung von alternativen Biomodellen” which is responsible 
for the organization of congresses, conferences, workshops and 
offers a platform for knowledge transfer in the field of alternative 
methods in Austria.
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In this keynote we will dive into this concept of patient digital 
twin, discuss the current state and sketch a future vision on its ap-
plicability. We will look at how the patient digital twin can trans-
form the healthcare industry, with applications in clinical space 
(for example in diagnosis, treatment selection, treatment plan-
ning and monitoring) but also in pre-clinical space (for example 
limiting the need for animal testing).

Apart from big promises there are also big challenges, so not 
only the vision and current status of developments will be dis-
cussed, but also the challenges that must be overcome and the 
limitations that we need to take into consideration.
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Complex in vitro models that could 
impact 3Rs in early drug discovery
Ger M. J. Janssen
Department of Pharmacology and Toxicology, Cardiovascular  
Research Institute Maastricht (CARIM), Maastricht University, Maastricht, 
The Netherlands

The pharmaceutical industry is continuing to face high R&D 
costs and low overall success rates of clinical compounds during 
drug development. There is a surge in demand for development 
and validation of disease relevant and physiological human cel-
lular models that can be implemented in early-stage discovery, 
thereby shifting attrition of future failures to a point in discov-
ery where the costs are significantly lower and where it could al-
so impact animal usage for safety and pharmacological testing. 
The current drug discovery paradigm involves lengthy and cost-
ly lead discovery and optimization campaigns, often using sim-
ple cellular models or animal models especially in Immuno-on-
cology with variable translational relevance to human disease or 
safety. This illustrates a failure to effectively and efficiently re-
produce human disease-relevant states at an early stage to steer 
target and compound selection before going to safety testing in 
animals, and then onto human clinical trials. Therefore, a fun-
damental question is, how do we recapitulate human biological 
complexity of a disease state in robust translational in vitro as-
says for interrogation to increase our success rate in late-stage 
drug discovery programs. The majority of new complex in vitro 
technologies that promise to be influential and more predictive in 
the next few years need to be qualified and customized for drug 
discovery efforts. Examples of time-dependent, multiplexed and 
multi-dimensional 3D cell culture approaches (eg spheroids, or-
ganoids and microphysiological systems) used to create more pa-
tient centric models in both safety and efficacy to better charac-
terize targets and progress molecules earlier in discovery will be 
described. These case examples will be used to elaborate on the 
importance and methodology to qualify these complex in vitro 
models and the translatability of these models to the clinic. Final-
ly, opportunities will be covered wherein we aspire to combine 

edge). Part of this network was considered for the development 
and validation of in vitro methods to target different modes of ac-
tion (MoA) of thyroid disruption.

In the first part, the developers of the selected methods were 
brought together with one EU-NETVAL lab each to define the 
method including SOP development, to assess robustness, trans-
ferability and within-laboratory reproducibility. In the second 
part, ~30 reference chemicals with known MoAs will be tested 
to define the relevance of each method. Depending on the avail-
able methods, the challenges for each MoA are being different: 
1) available peer-reviewed papers are old and the developer is 
no longer available 2) test systems not commercially available 
or not standardized 3) reference items do not show the expected 
outcome 4) method is not user-friendly and need to be adapted 
5) reproducibility of the method is not sufficient. Despite these 
challenges, in the first quarter of 2020 experimental work includ-
ing generation of SOPs was ongoing for most method. There are 
also success stories, where the transfer of the methods was al-
ready successful. Beyond the technical challenges, a putative de-
fined approach is still unclear and should be defined by consid-
ering the strengths and weaknesses of the in vitro methods under 
validation, the physiological feedback mechanism and the re-
spective in vivo data sources (animals, humans).

The final goal of the project is to set up a robust and reproduc-
ible tool box of relevant in vitro methods to predict thyroid dis-
ruption in the framework of the ECHA/EFSA Guidance on iden-
tification of endocrine disruptors (ECHA et al., 2018) and other 
global regulatory needs.

Reference
ECHA, EFSA et al. (2018). Guidance for the identification 

of endocrine disruptors in the context of Regulations (EU) 
No 528/2012 and (EC) No 1107/2009; EFSA J 16, e05311. 
doi:10.2903/j.efsa.2018.5311
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Digital twins for personalized 
healthcare
Jason E. Ekert
In Vitro In Vivo Translation, Research, GlaxoSmithKline,  
Collegeville, PA, USA

A digital twin is a virtual representation of its physical counter-
part, bringing together all relevant data of the physical part – 
preferably continuously updated with new data – and adding an 
intelligence layer on top of it to extract insights hidden in the data 
and predict future performance or issues. Whereas digital twins 
for devices or equipment are already known for quite some time 
in industries like Aerospace, Automotive and Energy, it’s a rel-
atively new concept in Healthcare. This is certainly true if we 
translate the digital twin concept to patients.
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Seeing with 2020 vision  
the future of chemical safety
Russell S. Thomas
US EPA, National Center for Computational Toxicology,  
Research Triangle Park, NC, USA

The current view of chemical safety suggests that challenges re-
main largely the same – tens of thousands of chemicals are cur-
rently in commerce, and hundreds more are introduced every 
year with only a small fraction of chemicals fully evaluated for 
potential human health risks. The scientific community has strug-
gled with integrating technological and computational advanc-
es to address these challenges due to the potential public health 
and regulatory implications of the underlying science, differenc-
es across regulatory jurisdictions and societal pressures, and the 
lack of clear standards for success. The endpoints and uncertain-
ties associated with these new technologies are qualitatively and 
quantitatively different than the traditional approaches. A 2020 
vision for chemical safety requires a multi-disciplinary effort 
across toxicology, exposure science, and chemical risk assess-
ment to bridge this gap and more effectively translate advances 
to regulatory decisions. The talk will highlight progress in these 
areas and provide a path to success for protecting public health 
and the environment. This abstract does not necessarily reflect 
U.S. EPA policy.
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Multi omics data integration to  
study the relevance of in vitro 
disease models through the creation 
of genomic interaction networks
Tim Kuijpers, Jos Kleinjans and Danyel Jennen
Department of Toxicogenomics, GROW School for Oncology  
and Developmental Biology, Maastricht University, Maastricht,  
The Netherlands
tim.kuijpers@maastrichtuniversity.nl 

Introduction: The integration of different omics data sets can 
provide a more holistic view of in vitro disease models. This 
could help to identify pivotal features on a molecular level and 
therefore might be a potential tool to deeper understand cellular 
mechanisms and assess their relevance for the human in vivo sit-
uation instead of solely investigating classical endpoints (Kro-
eger, 2006). Here, we propose a multi-layer Nonnegative Matrix 
Factorization (NMF) to detect both inter- and intra-relationships 
in all layers of omics information to extract signature profiles, 
which can be studied with genomic interaction networks.

computational modelling, AI/ML with Complex In Vitro Mod-
els (CIVMs) and ways to speed up the implementation/adoption 
process of CIVMs through working with regulatory bodies or 
interactions with organ-on-a-chip networks, 3Rs organizations, 
and consortia such as the IQ-MPS affiliate, or other Microphysi-
ological systems organizations.
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The animal protection quality 
certificate. Key figures for  
the improvement of animal welfare
Roberto Plasenzotti1,2 and Birgit Reininger Gutmann3,4
1Medical University Vienna, Vienna, Austria; 2RepRefRed Society Austria, 
Vienna, Austria; 3Medical University Graz, Graz, Austria; 4RepRefRed 
Society Austria, Graz, Austria
roberto.plasenzotti@meduniwien.ac.at 

The 3R concept was developed in 1959 by Russel and Burch to 
banish inhumanity from animal testing. After extensive discus-
sion, these principles were finally implemented in the EU Direc-
tive 2010/63, which imposed the obligation to implement them 
into national legislation of the member states. This signifies the 
demonstrable documentation of 3R procedures used in practice. 
The 3Rs are including Replacement and Reduction of animal ex-
periments per se as well as Refinement of the methods applied 
in animal experiments and in the husbandry and care of animals 
in order to reduce animal suffering to a minimum. The last years 
have shown that communication about direct Replacement meth-
ods is more popular and has a longer tradition than discussions 
about Refinement.

This could be due to a better measurability of the success of 
Replacement methods. However, it is more difficult to prove the 
effects of Refinement on animal studies. Despite urgent efforts to 
replace or at least minimize animal experiments, Refinement is 
the only way to ensure the welfare of animals during an experi-
ment. The improved methods in husbandry and experimentation 
automatically lead to a Reduction in the number of animals in in-
dividual experiments.

The Austrian 3R Initiative (RepRefRed Society) implement-
ed a tool for assessing the refinement Methods via the Quality 
Management System of an animal facility. With the implemen-
tation of the right key figures improvement of Refinement strate-
gies during housing and during experiments are easily to assess. 
This till will improve the animal welfare in animal research facil-
ities during housing and during animal experiments.
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Biokinetics and dose-response  
models to predict  
thyroid disruption effects
Annie Lumen1, Alicia Paini2, Nynke Kramer3 and 
Sandra Coecke2
1U.S. Food and Drug Administration, National Center for Toxicological 
Research, Little Rock, AR, United States; 2European Commission, Joint 
Research Centre, Ispra, Italy; 3University of Utrecht, Utrecht,  
The Netherlands
annie.lumen@fda.hhs.gov 

In order to make logic out of in vitro measurements for regulatory 
decision-making efforts are undertaken to extrapolate from the in 
vitro situation to in vivo by developing biokinetics and dose-re-
sponse models to predict thyroid disruption effects. An example 
of such a complex kinetics and dose-response model to predict 
thyroid function disruption due to iodine deficiency and expo-
sure to thyroid-active chemicals in near-term pregnant woman 
has been developed by Lumen et al. (2013). The model includes 
a physiologically based pharmacokinetic (PBK) pregnancy mod-
el for iodide and perchlorate and sub-models for thyroid hor-
mones T4 and T3. Efforts are undertaken for a global harmoni-
zation on the use of PBK models in regulatory decision-making 
(Sachana, 2019).

The Lumen model allows for the prediction of internal tar-
get-tissue specific concentrations of iodide, perchlorate, and thy-
roid hormones based on external administered dose, pharmaco-
kinetics, and mode of action of iodide and perchlorate. This first-
of-its-kind model was used by the U.S. EPA and U.S. FDA as 
a proof-of-concept model in the regulatory evaluations of per-
chlorate in food and drinking water (EPA, 2017; FDA, 2017). 
The model was further extended to a population level dose-re-
sponse model and captures severe iodine deficiency conditions 
incorporating the effects of feedback mechanisms of the hypo-
thalamus-pituitary-thyroid axis (Lumen et al., 2015, 2017a,b). 
The population model was used for reverse dosimetry applica-
tions using the available biomonitoring data of urinary iodide 
concentrations to reconstruct the iodide intake distribution (Lu-
men et al., 2017a). Inclusion of additional modes of action such 
as TPO inhibition and activation of thyroidal passive permeabili-
ties showed improvements in predictions (Willemin and Lumen, 
2016, 2017, 2019). PBK modelling, mode of action-based inter-
pretation and reverse dosimetry are a key tool for a real paradigm 
shift in regulatory evaluations of thyroid-active chemicals.
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Method: The multi-layer NMF method clusters the samples in 
a data set based on the combination of different omics measure-
ments. For each cluster, a genomic interaction network is built 
that contains information about gene – gene interactions, CpG 
site – gene interactions, compound – gene interactions (Compar-
ative Toxicology database) (CTD, 2017) and disease-gene asso-
ciations (DisGeneNet) (Piñero et al., 2019).

To evaluate the proposed workflow, we used DNA methylation 
and gene expression data from the 2019 Cancer Cell Line Ency-
clopedia (Ghandi et al., 2019), DNA methylation being a form of 
epigenetic control that plays an important role in gene regulation.

Results: For the 2019 Cancer Cell Line Encyclopedia, we have 
identified eight clusters that contain different gene and CpG sig-
natures. From these signatures, the genomic interaction networks 
are built to study gene – gene and CpG – gene interactions. Here, 
we focus on one cluster that contains only lymphoid neoplasms. 
A set of methylated genes are identified that could propagate their 
effect towards interacting genes, and might play a role in the on-
set of lymphoid neoplasms. Future case studies can be applied to 
investigate further in vitro disease models through the obtained 
genomic interaction networks, which could help to identify ex-
posure-related signatures on the omics layers.
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for Safety Assessment of Cosmetic Ingredients: Part 2. PDF: 
https://www.iccr-cosmetics.org/files/8315/4322/3079/ICCR_
Integrated_Strategies_for_Safety_Assessment_of_Cosmetic_
Ingredients_Part_2.pdf 

Berggren, E., White, A., Ouédraogo, G. et al. (2017). Ab initio 
chemical safety assessment: A workflow based on exposure 
considerations and non-animal methods. Comput Toxicol 4, 
31-44. doi:10.1016/j.comtox.2017.10.001 

Dent, M., Amaral, R.T., Da Silva, P. A. et al. (2018). Principles 
underpinning the use of new methodologies in the risk as-
sessment of cosmetic ingredients. Comput Toxicol 7, 20-26. 
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Mini Me – Tissue-on-a-chip  
as a mimic for patient response
John Greenman and Victoria Louise Green
University of Hull, Kingston upon Hull, United Kingdom
j.greenman@hull.ac.uk 

In the last 20 years, lab-on-a-chip (LOAC) has become a real-
ity. Microlitre volumes of fluids can be accurately flowed over 
specific areas of a device that can contain precisely patterned 
arrangements of cells, engineered tissues or patient biopsies. 
An important facet of the LOAC approach is that analytical sys-
tems can be reduced to a similar scale so they too can be inte-
grated onto the same platform (Whitesides, 2006) allowing ac-
curate and precise characterisation of metabolites/biomarkers 
of interest.

In 2012 the National Institute of Health’s partnership with the 
Defense Advanced Research Projects Agency and the US FDA, 
facilitated a step change in LOAC research by commencing a 
$70 million, 5-year plan, supporting 17 projects. The principal 
aim of this initiative was to develop new models for the effi-
cient screening of drugs in a cost-effective manner by reducing 
attrition and overall drug pipeline costs (NCAT, 2019).

An additional advantage of the organ-on-a-chip (OOAC) ap-
proach is that it has the potential to reduce and, in some instanc-
es, replace animal models. The multidisciplinary group in Hull 
have been working on designing, fabricating and characterizing 
devices, made from either glass or polymers that can maintain 
fresh tissue biopsies in a functional state since 2008. Biopsies 
from human tissues, including head & neck squamous cell car-
cinoma, glioblastoma, thyroid and colorectal carcinoma, nor-
mal liver and heart have all been studied. These samples have 
been subjected to different chemotherapeutic drugs and irradia-
tion regimens with response being monitored using a variety of 
analytical techniques (Riley et al., 2019; Kennedy et al., 2019).

For widespread adoption of OOAC for drug screening and a 
personalised therapeutic selection tool, it must mimic the human 
system better than the current 2D, 3D or animal models. The 

Lumen, A. and George, N.I. (2017a). Estimation of iodine nu-
trition and thyroid function status in late-gestation pregnant 
women in the United States: Development and application of 
a population-based pregnancy model. Toxicol Appl Pharmacol 
314, 24-38. doi:10.1016/j.taap.2016.10.026 

Lumen, A. and George, N.I. (2017b). Evaluation of the risk of 
perchlorate exposure in a population of late-gestation pregnant 
women in the United States: Application of probabilistic bi-
ologically-based dose response modeling. Toxicol Appl Phar-
macol 322, 9-14. doi:10.1016/j.taap.2017.02.021 

Sachana, M. (2019). An international effort to promote the regu-
latory use of PBK models based on non-animal data. Comput 
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Overview of exposure-led, 
hypothesis-driven animal-free 
safety assessment of cosmetics
Catherine Willett
Humane Society International, Washington, DC, United States
kwillett@hsi.org 

The AFSA Cosmetics education and training program was creat-
ed to facilitate global capacity and confidence building in cosmet-
ic safety assessment without the generation of new animal test-
ing data. The program follows the International Cooperation on 
Cosmetics Regulation (ICCR; comprised of regulators and sci-
entists from Brazil, European Union, Japan, and United States) 
principles and is based on the “next generation risk assessment” 
workflow designed in the European Union Framework Program 
7 project Safety Evaluation Ultimately Replacing Animal Test-
ing (SEURAT-I). The AFSA project has organized the NGRA 
process into 8 modules for development: Problem Formulation, 
Consumer Exposure, In silico Tools, Exposure-based waiving, 
Internal Exposure, In vitro Data Synthesis, and the Overall Risk 
Assessment. The modules are being developed for product de-
velopers and evaluators that have different levels of experience 
with the NGRA process. My talk will introduce NGRA and the 
project modules and how they fit together to provide comprehen-
sive information on animal-free safety assessment of cosmetic 
products and ingredients. This symposium presents sample el-
ements of these modules: exposure-based safety assessment of 
cosmetics, application of in silico models, an endpoint-specific 
case study and wrapping up with a presentation on bringing it all 
together – integration of new approach methodologies for cos-
metic safety decision making.
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es for chemical safety in Shanghai on 10th and 11th April 2019. 
Like the rest of world, significant scientific progress has been 
made over the last decade in China on non-animal approaches 
to chemical safety. In particular, the use of new approach meth-
odologies (NAMs) for making consumer safety risk assessment 
decisions was reviewed in light of recent advances in this area 
as summarised by the International Cooperation on Cosmetics 
Regulation (ICCR; Dent et al., 2018). The first day of the work-
shop reviewed developments in in vitro models in China (includ-
ing organ-on-a-chip technology and 3D bio-printing) as well as 
advances in omics technologies (including dose-dependent tran-
scriptomic approaches for screening and prediction of chemi-
cal toxicity) and computational modelling. There was also dis-
cussion of regulatory developments and approval of alternative 
methods in China (including recent adoption of OECD non-an-
imal methods into Chinese technical guidance). The workshop 
then focussed on the future of non-animal approaches for chem-
ical safety in China with breakout groups identifying needs for 
the future in 5 defined areas (1) in vitro models (2) in silico mod-
els (3) regulatory science (4) education and training and (5) ap-
plication in next generation risk assessment. Several opportuni-
ties were identified to accelerate the scientific and regulatory ad-
vances in adoption of non-animal approaches for chemical safety 
in China including opportunities through global international 
partnerships with global scientific programmes.
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Breaking the lock-in to animal 
research within academia
Pandora Pound
Safer Medicines Trust, Kingsbridge, United Kingdom
pandora@safermedicines.org 

New approach methodologies (NAMs) are developing in leaps 
and bounds, yet the rate at which they are being adopted to re-
place the use of animals in research is frustratingly slow. The 
problem of “lock-in” to animal research is often referred to in 
this context, following Frank (2005) who first applied the con-
cept to this field.

I consider our cultural attachment to animal research, as well 
as some of the key features that lock us into the paradigm, includ-
ing aspects of animal research regulation and current efforts to 
improve the quality of animal studies. Insights from the philoso-
phy of science (e.g., Kuhn, 1962; Lakatos, 1970; Laudan, 1977) 
suggest that the slow rate of change and the types of challenges 
faced by those attempting to replace animal research with NAMs 
are typical for a scientific revolution. I consider how we can use 

presentation will showcase studies attempting to demonstrate 
where the tissue-containing devices begin to fulfil these criteria.
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China: Current progress and outlook
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In collaboration with pioneering Chinese scientists across reg-
ulatory laboratories, research institutes and universities, Unile-
ver organised a scientific workshop on non-animal approach-
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strategy by Roche and Emulate to develop an Alveolus Lung-
Chip model utilizing primary epithelium cultured with endotheli-
al and immune cells. Our strategy has benefited from clinical and 
non-human primate findings with different Roche TCBs to opti-
mize the predictive potential of the models and to validate them 
through back translation. Additionally, this approach allowed us 
to elucidate potential mechanism of action of TCBs for predic-
tion of unforeseen safety concerns and improve human risk as-
sessment.
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KCs, MOAs and AOPs – Mutually 
informative, not mutually exclusive
Patience Browne
OECD, Paris, France
patience.browne@oecd.org 

Adverse Outcome Pathways (AOPs) were conceived as a frame-
work to organize data and help inform decisions regarding chem-
ical safety. Since 2012, OECD had provided a platform for AOP 
information and development, and though they are now part of 
modern toxicology, the use of AOPs for regulatory decisions is 
still limited. Other strategies exist for organizing and evaluat-
ing toxicological data, such as Mode of Action (MOA) and Key 
Characteristics (KC) approaches, which require a less thorough 
understanding of the biological sequence of events linking chem-
ical exposure and the apical effect on organisms and do not im-
pose a linear relationship on complex physiological interactions. 
OECD is reconsidering how to bridge the substantial gap be-
tween AOP development and regulatory application. In the ex-
amples provided in this session, there are varying levels of un-
derstanding of the events linking a molecular initiating event to 
an adverse outcome, yet each example can be used in a regula-
tory setting. Furthermore, each example can be overlaid onto an 
AOP framework and used to identify gaps in biological under-
standing, develop tools to measure intermediate effects, and aid 
development of predictive models. At first glance, these may ap-
pear to be competing approaches for organizing data, but we pro-
pose they can be mutually informative and may be deployed for 
different purposes. For example, KCs may be used to search for 
available data and also viewed as molecular initiating events or 
early key events in AOPs. Ultimately, something less than a com-
plete AOP may be perfectly adequate for reproducible, reliable 
prediction of an in vivo outcome and reduce the need for animal 
testing for some types of toxicity.
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insights from the philosophy of science, as well as research in-
to the diffusion of innovations, to overcome some of the barri-
ers, break the lock-in to animal research and hasten this particu-
lar scientific revolution.
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Safety testing of biologics with 
an organs-on-chip platform: 
Lessons learned from the unique 
Roche Emulate partnership
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1Roche Innovation Center Basel, Basel, Switzerland; 2Emulate Inc., 
Boston, United States; 3Roche Innovation Center Zürich, Zürich, 
Switzerland
lauriane.cabon@roche.com 

T-cell bispecific (TCBs) antibodies are an innovative tool for har-
nessing the immune system to fight cancer. TCBs simultaneous-
ly bind to a T-cell and a tumor antigen resulting in tumor killing. 
TCBs efficacy relies in part to the ability of the T-cell to access 
the tumor tissue, while their safety is driven by levels of expres-
sion of the tumor antigen in normal tissues. Traditional preclin-
ical safety assessment is challenged by the poor translatability 
of animal to human immune responses. In addition, expression 
levels and localization of target antigens often differ between 
species and are rarely recreated in conventional in vitro models. 
Therefore, our aim was to develop complex human cell-based 
models that could better predict off-tumor, on-target TCB tox-
icities. In this presentation, we will describe the joint research 
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Bringing it all together – 
Integration of new approach 
methodologies (NAMs) for 
cosmetic safety decision-making
Paul Russell
Unilever Safety & Environmental Assurance Centre, Sharnbrook,  
United Kingdom
paul.j.russell@unilever.com 

Exposure-based approaches and hypothesis-driven data genera-
tion form the basis of non-animal cosmetic safety assessments. 
These approaches are often described as New Approach Method-
ologies (NAMs) and can include computational models and hu-
man-relevant in vitro assays which are applied in combination 
to provide information on ingredient hazard and risk assessment.

Established approaches such as physiologically based kinetic 
(PBK) modelling, exposure-based waiving, predictive chemis-
try, History of Safe Use approaches and internationally accepted 
(OECD) in vitro methods enable the risk assessment of many in-
gredients in the context of how individuals are exposed to them 
within normal use. However, for more novel, higher exposure 
materials bespoke assays are required to understand biological 
effects from both a targeted perspective to ensure identification 
of the most sensitive effects, and broader screening approaches 
to ensure adequate biological coverage. The ability to confident-
ly determine adequate margins of safety are essential to ensure 
the protection of consumers.

In this session, we have heard how external exposure is assessed, 
how PBK modelling informs internal exposure estimates, and have 
seen examples of NAMs for cosmetic safety. Here we present end-
to-end case studies based on a non-animal risk assessment frame-
work. In-use exposure scenarios will be used to illustrate how 
NAMs are applied in a hypothesis-driven ab initio approach to as-
sure the safety of ingredients in consumer goods. Consideration 
will be given to assumptions and sources of uncertainty in the risk 
assessment and how they contribute to decision making.
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3Rs approach for potency testing 
of human combined DTaP vaccines: 
Current status and next steps
Emmanuelle Coppens
Sanofi Pasteur, Marcy l’Etoile, France
emmanuelle.coppens@sanofi.com 

Human vaccines containing diphtheria (D), tetanus (T) and acellu-
lar pertussis (aP) antigens are still currently tested for potency with 
assays entailing the use of laboratory animals. This testing is per-
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Meningococcal group B vaccine: 
A journey towards a complete 
animal test free release process
Orazio Oliverio
GSK, Siena, Italy
orazio.x.oliverio@gsk.com 

Meningococcal disease is caused by a gram-negative diplococ-
cus, Neisseria meningitidis. 4CMenB is a Meningococcal group 
B vaccine indicated for active immunization to prevent invasive 
disease caused by serogroup B.

According to the European Pharmacopoeia and the Code of 
Federal Regulation, the release process established a series of 
quality control tests to guarantee its potency, purity, safety and 
pyrogenicity. The following in vivo tests have been part of the 
release testing panel: (RPT) Rabbit Pyrogen Test; (ATT/GST) 
Abnormal Toxicity/General Safety Test; (MDRP) Multi Dilution 
Relative Potency.

In accordance with the company’s commitment to 3Rs princi-
ples, we focused on the waiver of those tests without any added 
values (Reduction), and on moving testing process from in vivo 
to in vitro (Replacement), with the final purpose to achieve the 
complete replacement of animals use.

From 2010, European Pharmacopoeia allows use of MAT 
(Monocyte Activation Test) to replace RPT, and in 2013, GSK 
started collaboration with NIBSC for development of this as-
say. MAT test is now licensed to release our vaccine in almost 
all markets.

Approval by CBER of removal of the GST for US market was 
also possible due to demonstrated consistency of the manufactur-
ing process and due to the FDA decision to remove the test.

Finally, we are about to request for approval an in-house de-
veloped IVRP (In Vitro Relative Potency) assay. This ELISA test 
is intended to substitute the currently approved in vivo potency 
assay. IVRP method has been successfully validated and will be 
submitted soon to Health Authorities worldwide.

Although the set-up and validation of the new in vitro methods 
have been particularly demanding, GSK has maintained focus on 
its 3Rs program and we are confident that in due time we will be 
able to obtain the final approval for the remaining in vitro meth-
ods, to complete successfully our journey.
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ponents that are waste products of the meat industry. (e.g., gel-
atin; bovine cornea). Level 5: in vitro with test components that 
have previously been exposed to animal product (e.g., human cell 
lines originally derived in FBS; some human tissue models). Lev-
el 6: in vitro animal-product-free with test components derived 
ethically from humans. Level 7: in vitro animal-product-free, ful-
ly defined. Any cell culture method using FBS is classified as  
Level 2 – only one level up from animal testing – due to the suf-
fering involved. While Level 7 tests are desirable both scientif-
ically and ethically, this is not always possible using currently 
available culture systems. However, even small changes, such as 
a switch from FBS to human serum, can elevate a test from Lev-
el 2 to Level 5/6. We will look at examples where this approach 
has been used to adapt skin sensitisation tests accepted at OECD 
level.

Reference
van der Valk, J. and Gstraunthaler, G. (2017). Foetal bovine se-

rum – A pain in the dish? Altern Lab Anim 45, 329-332.
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Implementing transparency 
in Portugal
Ana Isabel Santos1,2
1NOVA Medical School, NOVA University Lisboa, Lisboa, Portugal; 
2FELASA, Lisboa, Portugal
aisantos@nms.unl.pt 

The Portuguese Transparency Agreement was initiative initiat-
ed by the Portuguese scientific community in collaboration with 
the European Animal Research Association (EARA) to promote 
a more consistent approach to communicating the scientific, eth-
ical and moral justifications for animal research in Portugal. The 
signatories have committed to proving open and transparent in-
formation about the research involving animals and the standards 
of animal care and welfare carried out in the institution. The sig-
natories only use animal models in research when there are not 
validated alternative methods.

Signing the Portuguese Transparency Agreement has given 
the organisations the opportunity of building a collective insti-
tutional approach to improving openness and transparency with 
the public, has helped to commit the researchers to be prepared 
to provide information to the media and the general public on the 
conditions under which animal research is carried out and how 
the results obtained, has brought scientists to build up an engage-
ment in a dialogue with the society to improve the level of under-
standing the reasons why animals are still needed for biomedical 
research. The next steps will be presented and discussed.
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formed in the frame of mandatory quality control which implies 
for vaccine manufacturers to comply to different regulations ap-
plicable worldwide and not necessarily harmonized. Current meth-
ods are either challenge assays (evaluation of level of protection 
after vaccination followed by challenge with the pathogen) or se-
rological assays (evaluation of level of antibody production after 
vaccination). The serological assays allow to achieve refinement 
(no clinical signs or death inflicted to animals) and reduction in the 
number of animals used when applying a single dilution assay.

As a further step in 3Rs, Sanofi Pasteur is currently implement-
ing a single-dilution immunogenicity assay (SIA) allowing for a 
simultaneous assessment of potency for all antigens. The assay, its 
readout and its associated challenges will be described in the pre-
sentation.

Furthermore, a full in vitro approach to evaluate D, T and aP po-
tency is being developed. This new in vitro testing approach will be 
able to reflect both antigen content and functionality, detect antigen 
alteration (stability indicating) and antigen differences relevant for 
production process. It will ensure the consistency of the product 
and maintain the link with batches found efficacious through clin-
ical studies and routine use. As ultimate goal, it will allow to com-
pletely remove the use of animals for quality control potency test-
ing for human D, T, aP containing vaccines once hurdles for world-
wide regulatory acceptance have been over-crossed.
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What is truly animal-free 
testing? Moving towards animal-
product-free in vitro systems
Carol Treasure, Chris Longmore, Fiona Jacobs  
and Bushra Sim
XCellR8 Ltd, Techspace One, Keckwick Lane, Daresbury, United Kingdom
carol.treasure@x-cellr8.com 

Animal testing on cosmetics was banned in Europe in 2013, with 
similar bans following in other regions, but most “non-animal” 
methods still use a variety of animal-derived components and 
therefore cannot be described as truly animal-free. One major 
concern is the ongoing, widespread use of foetal bovine serum 
(FBS) in cell culture, even for human cell lines. Since FBS is de-
rived from blood extracted by cardiac puncture of living, unan-
aesthetised calf foetuses, it has been questioned whether this pro-
cess should be re-classified as a live animal procedure (van der 
Valk et al., 2017). At XCellR8, we have developed a 7-point scale 
that classifies test methods according to the level of animal suf-
fering involved. Level 1: in vivo testing. Level 2: in vitro with test 
components that involve live animal suffering (e.g., FBS). Lev-
el 3: in vitro with test components that require “humane” animal 
sacrifice (e.g., rat liver extract). Level 4: in vitro with test com-
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Introduction of KSAAE
Bae-Hwan Kim
Secretary General of Korean Society for Alternative to Animal 
Experiments, Seoul, South Korea
ksaae2007@naver.com 

The aim of Korean Society for Alternative to Animal Experi-
ments (KSAAE) is to invigorate research on developing new test 
methods that would minimize the suffering of experimental ani-
mals and reduce the number of animals used, and ultimately re-
placing the use of laboratory animals in connection with animal 
experiments that are inevitably performed for human health, wel-
fare, and academic development. Also, the aim of KSAAE would 
include the promotion of the public understanding through the 
exchange and education of related scientific information.

The foundation of the KSAAE is originated from the Research 
Association for Alternative to Animal Experiments that was es-
tablished in July 2006, which later became KSAAE. The found-
ing general meeting and the formal launch of KSAAE took place 
in National Institute of Toxicological Research of Korea in Feb-
ruary 2007.

In addition to the establishment of the KSAAE, the Jour-
nal of Alternative to Animal Experiments, an official journal of 
KSAAE, was launched to publish the results of research related 
with alternative to animal experiments.

Since its inception, the KSAAE has held international confer-
ences once or twice a year and has continuously published the of-
ficial journal to encourage the study of alternative to animal ex-
periments in Korea.

In March 2013, the European Union has banned the sales of 
animal tested cosmetics, and in December 2013, the Regulation 
on the Evaluation of Functional Cosmetics in Korea was amend-
ed to apply the alternative test to animal experiments approved 
by the OECD or the Korean FDA. Recently, there is an increas-
ing demand for development of alternative to animal experi-
ments in academia, industry, and government sides.

In line with the recent changes in concept for animal exper-
iments to alternative studies worldwide, it is expected that the 
studies on alternatives to animal experiments will be more ac-
tively conducted, and the KSAAE will continuously support 
these efforts.
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Inclusive culture of care  
at a global CRO: A necessary 
adjunct to governance
Ghislaine M. Poirier
Covance, Harrogate, United Kingdom
ghislaine.poirier@covance.com 

It has long been known that a robust governance and a rich culture 
of care are two necessary pillars supporting the delivery of high 
standards of care by health care organizations. Whilst a strong 
governance framework provides the means to ensure that appro-
priate standards are adequately embedded, timely implement-
ed and regularly monitored, a rich culture supports high quality 
health care by enabling, motivating and empowering employees 
to express their compassionate feelings and to take appropriate 
decisions in a timely manner when facing unexpected situations. 
As a global preclinical contract research organization conduct-
ing tests in animals to assess the safety of drugs, medical devices 
and chemicals, Covance works in a highly regulated (external-
ly and internally) and process-driven environment including ani-
mal welfare, drug discovery and development, and good labora-
tory practices (GLP), regulations (Directive 2010/63/EU of the 
European Parliament and of the Council of 22 September 2010 
on the protection of animals used for scientific purposes (https://
eur-lex.europa.eu/eli/dir/2010/63/2019-06-26), Guidance on 
the Operations of the Animals (Scientific Procedures) Act 1986 
(https://assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/662364/Guidance_on_
the_Operation_of_ASPA.pdf), Animal Welfare Act and Animal 
Welfare Regulations (https://www.aphis.usda.gov/animal_wel-
fare/downloads/AC_BlueBook_AWA_508_comp_version.pdf), 
Guide for the Care and Use of Laboratory Animals (https://olaw.
nih.gov/sites/default/files/Guide-for-the-Care-and-Use-of-Lab-
oratory-Animals.pdf) and guidance. In 2019, Covance reached 
out to more than 5,000 employees to renew our commitments to 
animal welfare using a modern approach based on inclusiveness 
and designed to facilitate the expression of emotional bonding 
and compassion. The presentation will review strategies to pre-
pare, implement and continuously nurture a culture of care glob-
ally in a complex setting. It will also discuss how an all-inclusive 
and actively supported culture of care complement governance 
mechanisms in their common goal of ensuring responsible re-
search characterized by respect for animals and focus on the 3Rs, 
data quality and regulatory compliance.
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ropean Commission Joint Research Centre’s European Union 
Reference Laboratory for Alternatives to Animal Testing (EURL 
ECVAM) is working on developing and validating innovative, 
mechanistic methods and approaches based on current harmo-
nized scientific and quality standards complying with the GCCP 
principles and the GIVIMP guidance document (OECD, 2018) 
and is crowdsourcing for introducing stem cells and stem-cell-
derived methods into the required regulatory test batteries. Key 
instruments to disseminate globally harmonized good cell, tis-
sue and method practices are published principles and guidance, 
conferences, face-to-face meetings, training, webinars, templates 
(Krebs et al., 2019), reporting and evaluation tools (e.g., http://
www.scirap.org/) and e-learning training materials.
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Identifying optimized decision 
criteria and experimental 
designs by simulating preclinical 
experiments in silico
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Gamboa1,2
1Charité – Universitätsmedizin Berlin, Berlin, Germany; 2Berlin Institute 
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Low statistical power in preclinical experiments has been re-
peatedly pointed out as a roadblock to successful replication 
and translation. To increase reproducibility of preclinical ex-
periments under ethical and budget constraints, it is necessary 
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Good Cell Culture Practice for stem 
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The first guidance on Good Cell Culture Practice (GCCP) dates 
back to 2005 (Coecke et al., 2005). With the availability of hu-
man induced pluripotent (2006) stem cells, the potential applica-
tions of human cell culture models have been greatly broadened. 
When using stem cells and stem-cell-derived models in research, 
product development, testing and manufacture of biotechnology 
products and cell-based medicines, it remains critical to include 
aspects of quality assurance. As such, the original set of GCCP 
principles of best practice can be used as a basis to assure good 
cell and tissue practices and conditions when working with stem 
cell derived test systems in simple set-ups or in very technolog-
ical advanced formats (Pamies et al., 2017). GCCP and its next 
generation principles (GCCP 2.0) are intended as guidance to ob-
tain reliable and relevant study data. Applying GCCP as part of 
overall Good In Vitro Method Practices (GIVIMP; OECD, 2018) 
by the global life science community is leading to more harmo-
nization of in vitro method related processes and procedures. Re-
searchers are key players to ensure use of such best scientific and 
quality practices and are ideal ambassadors to use them in the 
novel generation of stem cell and tissue-based methods. The Eu-

http://www.scirap.org/
http://www.scirap.org/
https://doi.org/10.14573/altex.1909271
https://doi.org/10.14573/altex.1607121
https://doi.org/10.14573/altex.1710081
mailto:meggie.danziger@charite.de
mailto:sandra.coecke@ec.europa.eu


Oral PresentatiOns

ALTEX Proceedings 9 (1), 2021, Maastricht 2021116

that regulates animal use for scientific purposes reflects the 3Rs 
principles and ethical review process. The Act was introduced in 
2008 and has been revised a total of 27 times. The Minister of Ag-
riculture, Food and Rural Affairs supervises IACUCs and has an-
nounced the 3rd five-year (2020 to 2024) master plan to promote 
animal welfare and IACUC function. One of six main themes 
in the plan strengthens the ethical review policies for laborato-
ry animal use, for the first time as a focused theme that is prop-
erly budgeted, in contrast with the previous two five- year plans 
that began in 2010. The framework for IACUC membership ap-
pointments was revised in 2013 and 2017, with a minimum of 
four hours of mandatory education is required beforehand. The 
Commissioner of the Animal and Plant Quarantine Agency is re-
sponsible for providing course guidelines (Notice 2017-33) and 
for either conducting a course directly or designating a course 
organizer. The Bioethics Information Centered (BIC) Study was 
approved as a course organizer in October 2018, and this status 
has been renewed every year since then. The first two authors 
have published an article reviewing course curricula, based on 
the legal requirements and types of training programs conduct-
ed by two Korean government regulatory agencies: the Animal 
and Plant Quarantine Agency and the Ministry of Food and Drug 
Safety. By the end of 2019, a total of 410 IACUCs and 2,451  
IACUC members had registered and a total of 3,194 IACUC 
members had been trained since 2008. This paper will summa-
rize the progress and challenges associated with these training 
experiences.
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to devise strategies that improve the efficiency of confirmato-
ry studies.

To this end, we simulate two preclinical research trajectories 
from the exploratory stage to the results of a within-lab replica-
tion study based on empirical pre-study odds. In a first step, a de-
cision is made based on exploratory data whether to continue to 
a replication. One trajectory (T1) employs the conventional sig-
nificance threshold for this decision. The second trajectory (T2) 
uses a more lenient threshold based on an a priori determined 
smallest effect size of interest (SESOI). The sample size of a po-
tential replication study is calculated via a standard power analy-
sis using the initial exploratory effect size (T1) or using a SESOI 
(T2). The two trajectories are compared regarding the number of 
experiments proceeding to replication, number of animals tested, 
and positive predictive value (PPV).

Our simulations show that under the conventional significance 
threshold, only 32 percent of the initial exploratory experiments 
progress to the replication stage. Using the decision criterion 
based on a SESOI, 65 percent of initial studies proceed to rep-
lication. T1 results in the lowest number of animals needed for 
replication (n = 7 per group) but yields a PPV that is below pre-
study odds. T2 increases PPV above pre-study odds while keep-
ing sample size at a reasonably low number (n = 23 per group).

Our results reveal that current practice, represented by T1, im-
pedes efforts to replicate preclinical experiments. Optimizing de-
cision criteria and experimental design by employing easily ap-
plicable variations as shown in T2 keeps tested animal numbers 
low while generating more robust preclinical evidence that may 
ultimately benefit translation.
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The first twelve years
Gwi Hyang Lee1,2, In Ha Yoon2, Mi Suk Jeong2,  
Young-Shin Joo3, Seung Yeon Kim4, Barney Reed5, 
Lynette Hart6 and Byung In Choe1
1Nicholas Cardinal Cheong Graduate School for Life, The Catholic 
University of Korea, Seoul, South Korea; 2Korea Information Center for 
the 3Rs, BIC Study, Seoul, South Korea; 3Laboratory Animal Research 
Center, The Catholic University of Korea, Seoul, South Korea; 4Animal 
Research Facility, International Vaccine Institute, Seoul, South Korea; 
5Animals in Science Department, RSPCA, West Sussex, United Kingdom; 
6School of Veterinary Medicine, University of California, Davis, Davis, 
CA, United States
shelf@bicstudy.org 

 
The Institutional Animal Care and Use Committee (IACUC) is 
responsible for oversight of animal care and use program and 
its components, as described in the Korean Animal Protection 
Act Article 26 (IACUC Function). The Animal Protection Act 
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Microglia, the tissue macrophages of the central nervous system 
(CNS), are the principal resident cells that drive inflammatory 
responses. They modulate both innate and adaptive immune re-
sponses that occur in the CNS and are key players during brain 
homeostasis as well as during neurodevelopmental and neurode-
generative disorders. Detailed knowledge of their cell biology is 
therefore of pivotal importance, but it has proved difficult to set 
up reliable in vitro methods.

Recent studies have demonstrated that even the RNA tran-
scriptomes of primary microglia in vitro cultures only partially 
recapitulate that of in vivo microglia. With the aim to character-
ize bottlenecks and master regulators, we have exposed primary 
microglia from adult rhesus macaques to a variety of different 
culture conditions, and compared their transcriptomes to those 
of mature, homeostatic in vivo microglia. Regardless of culture 
conditions, we found major differences in the gene expression 
profiles of in vitro and in vivo microglia. which is in line with re-
cent data from other labs. Analysis of the differentially expressed 
genes enabled us to develop a new, partially serum-free, mono-
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Round table: Industry and public 
sector partnerships in education  
to foster the implementation  
of alternative methods to animals 
in education and risk assessment: 
An overview with special 
reference to Indian context
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Alternatives to Animal Experiments-India, Bharathidasan University, 
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In India “alternatives” is not a priority. The regulatory authori-
ties, other than CPCSEA, enact laws but do little to implement 
the change among academia and industry by way of motivation, 
facilitation and training. Therefore, Mahatma Gandhi-Doeren-
kamp Centre (MGDC), established at Bharathidasan University, 
Tiruchirappalli, by Doerenkamp-Zbinden Foundation, in a ten-
ured grant), took over this responsibility. MGDC was then taken 
over by UGC as National Centre for Alternatives to Animal Ex-
periments (NCAAE). Society for Alternatives to Animal Experi-
ments-India (SCAAE-I) has also been established. The chronol-
ogy is: MGDC (2009-2016)➞NCAAE (2016-2021)➞SCAAE-I 
(2018➚). PeTA-India, PfA and HSI-I push the academic endeav-
ors forward. The Center/Society liaises with open-minded in-
dustry partners in its endeavor. Thus, MGDC went into alliance 
with Episkin Academy, France; and In Vitro Admet Labs, USA, 
and conducts training workshops, one or more each year, at des-
ignated institutes/labs across the huge country. The trainers are 
doctoral students, researchers and technical personnel in CROs. 
The 3-4-day workshops concern in vitro toxicology in 2D and 
3D formats. Episkin Academy provides training in use of recon-
structed human epidermis in risk assessment of cosmetics/in-
gredients and/or medical devices. The In Vitro Admet Lab im-
parts training in integrated discrete multiple organ co-culture (Id-
MOC). The approach includes lectures and presentations on the 
principles and practices of IVT and the respective domains, and 
then takes on practical training to the end result and analysis. The 
philanthropy is par excellent- the alliance partners do not levy 
any charge. The cosmetic industry and academic community are 
greatly benefitted by the Episkin Academy training. Academ-
ic and research communities are benefitted by IdMOC training. 
Episkin Academy further awards prizes and travel grants to and 
through the Society. The University-Public Sector partnerships, 
thus, are models to emulate. More alliances are invited such as to 
empower the stakeholders and obviate animal experiments.
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Editors’ moral obligations – Profit,  
regulation and virtue
Gavin Jarvis
University of Cambridge, Cambridge, United Kingdom
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Ethics is the branch of knowledge or study dealing with mor-
al principles. These principles guide actions and choices made 
by individuals. A moral obligation is a constraint on action and 
choice that may arise from legal or ethical considerations. Un-
derlying principles that impose obligations on journal editors 
arise from considerations of profit, regulation and virtue.

To profit is to gain. Why might a journal exist? What do those 
responsible, e.g., learned societies and publishers, hope to gain 
from publishing a journal? What is their interest: financial re-
ward, prestige, impact, social good?

Journals and editors function within regulatory frameworks 
that may be internally or externally imposed. Most journals have 
“guidelines for authors”, which may be extensive and detailed or 
relatively light-touch. External frameworks include the Commit-
tee on Publication Ethics (COPE), founded in 1997. There are 
many other guidelines of relevance to journal editors that address 
specific issues: ARRIVE, CASP, FAIR, PREPARE, PRISMA, 
TOP to name but a few. Where do these regulations come from? 
Why are there so many and do they make journals better?

Dr Ed Pellegrino argued that any professional (doctor, lawyer, 
scientist, editor) should be both competent and virtuous. Such an 
editor embodies habits and instincts that inform choices that pro-
mote fundamental goods, irrespective of regulations or interests. 
A competent and virtuous editor does not require regulations to 
know that published science should be conducted ethically and 
be of a good quality.

These three dimensions of moral obligation must function har-
moniously and not in competition. Clarity as to whether “Open 
Science” and “Transparency” are interests, regulations or funda-
mental goods is essential and perhaps not so obvious. To act ef-
fectively and ethically, an editor must have clearly defined objec-
tives and follow a transparent regulatory framework. However, 
these must be built on a secure foundation of personal and insti-
tutional virtue.
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culture protocol for primary adult microglia, that yields high 
numbers of cells with a complex ramified morphology. Further 
analysis marked the importance of CNS-specific cues and the ex-
tracellular matrix. Based on these data we are now pioneering 
different 2D and 3D mono- and coculture systems, of which re-
sults will be presented. Our ultimate aim is to add the natural res-
ident inflammatory system to the in vitro toolbox to study CNS 
disorders. The optimization of in vitro microglia cultures is im-
portant to facilitate in vitro-in vivo translations and contributes to 
the replacement and reduction of animal research.
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Publication bias:  
The problem that needs to go away
Marcia Triunfol
Humane Society International, Washington, DC, USA
mtriunfol@hsi.org 

Publication bias: the problem that won’t go away. That’s the title 
of a 1993 study by Kay Dickersin, then at the Department of Ep-
idemiology and Preventive Medicine at the University of Mary-
land, and Yuan-I Min at the Johns Hopkins University. In their 
study, published in the Annals of the New York Academy of Sci-
ences, the two authors define publication bias as “any tendency 
on the parts of investigators or editors to fail to publish study re-
sults on the basis of the direction or strength of the study find-
ings.” Currently, publication bias is recognized as the preference 
of journals for publishing studies with positive results while re-
jecting those with negative ones. However, in February 2013, 
Dr. H. Shaw Warren, then a sepsis researcher at Massachusetts 
General Hospital, reported difficulties in publishing his research 
group’s study because reviewers did not accept his study’s main 
finding: mice are very poor models for mimicking human inflam-
matory diseases. Similar situation happened to a paper published 
by Dr. Hans Clevers’ group (Uterich University) in 2019 and, as 
reported by Dr. Donald Ingber (Harvard University), his research 
group has also encountered similar situation, many times. Epi-
sodes like these define a recently recognized type of publication 
bias in which editors and/or peer reviewers of specialized jour-
nals request animal data to validate studies produced using hu-
man biology-based approaches, such as human organoids. What 
are the roots of this type of publication bias? Some possible ex-
planations are a lack of understanding of how advanced alterna-
tives work, resistance to the new, conflict of interest, journal ed-
itorial policy, and sunk costs (tendency to continue an endeavor 
once an investment in money, effort or time has been made). In 
this round table we will discuss strategies to prevent this type of 
publication bias from happening.
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The development of  
alternative methods in China and  
the role of the industries
Shujun Cheng1 and Juan Du2
1School of Public Health, Shanghai Jiaotong University School of 
Medicine, Shanghai, China; 2Guangzhou Chn-Alternative Biotechnology 
Co., Ltd., Guangzhou, China
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The outspread of alternative methods to animal testing needs in-
dustries play an indispensable role. Under the situation of the top-
down banned the animal testing with great uncertainty, the Con-
sensus Center of Alternative Research and Evaluation Method 
(CCARE), jointly established by department agency, educational 
institutions and the cosmetics industries, promoted alternatives 
development in China during the past 12 years. CCARE activ-
ities have covered education, training, academic exchanges and 
scientific popularization. Taking the alternative methods based 
on the skin model as an example, in 2011, the me-too validation 
of OECD439 based on EPISKIN produced in Shanghai was car-
ried out by 5 multi-industry laboratories, which is only the vali-
dation activities completely in accordance with the OECD guide-
line still up to now. After validation, the inspection and quaran-
tine industry standards were formed, which now is used by many 
companies. At present, joint third-party inspection agencies and 
industries, the efficacy methods based on the full thick skin mod-
el T-SKIN has been developed, which can be used for research 
and testing for anti-photoaging, anti-oxidation, anti-PM2.5 pol-
lution, ozone, skin lesion repair, fungal infection. The organ-on-
a-chip platform which established by Chalet Co., has innovated 
a skin-on-chip system combine skin equivalent with hair follicle, 
sensory neuron, dendritic cell and adipocyte, which enrich the ef-
ficacy assessment tools. With the support of industries including 
in vitro system suppliers, third party laboratories and manufac-
tories, the consensus and development will be accelerated in the 
near future. (Fund by Guangzhou ETDZ International Scientific 
and Technological Cooperation Project, 2017GH11)
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Human liver-pancreas-heart 
microphysiological system for 
studying cardio-metabolic disorders
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The standard in vitro tools using single cell types or single or-
ganoids are not capable of replicating complex disease progress 
or homeostatic crosstalk of two or more organs, hampering the 
study of metabolic disorders. To address this challenge, we de-
veloped a human three-organ microphysiological system (MPS) 
including liver, pancreas and heart. We modified and extended 
our liver-pancreas model (Bauer et al., 2017) by replacing the 
HepaRG cell line with primary human hepatocytes and by in-
cluding human cardiac spheroids as a third organ to study car-
dio-metabolic diseases.

Liver spheroids were formed of primary human hepatocytes 
and human hepatic stellate cells, pancreatic islets were purchased 
from InSphero, and cardiac spheroids consisted of human in-
duced pluripotent stem cell derived cardiomyocytes and prima-
ry human cardiac fibroblasts. We coupled the microtissues using 
a multi-compartment chip platform with pulsatile flow of culture 
medium (Wagner et al., 2013). We equipped each tissue compart-
ment with a porous microcavity membrane to maintain proper 
three-dimensional architecture of spheroids and followed viabili-
ty and organ-specific functions over time. For analysis of cardiac 
spheroids, we optimized assay conditions for the live-cell meta-
bolic assay platform (Seahorse) to evaluate energy metabolism 
and used automated time-lapse imaging and a mathematical al-
gorithm to measure beating rate.

In a proof-of-principle three-organ study, all three microtissues 
remained viable over two weeks of culture as measured by lac-
tate dehydrogenase release. We showed that organ-specific func-
tions such as albumin and urea production of liver spheroids, glu-
cose-stimulated insulin secretion of islets, and beating rate of 
cardiac spheroids were stable over time.

Multi-organ models are key to improve studies on systemic 
disease progression that involves crosstalk of several organs. Our 
liver-pancreas-heart MPS is a promising tool to simulate com-
plex cardio-metabolic disorders in vitro and could potentially be 
used to investigate new drug target and therapies.
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Identification of endocrine disrupting 
chemicals in fish embryos
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Embryonic stages of fish are considered to feel no or less pain 
or distress. Therefore, European welfare regulations classify fish 
embryos as non-protected life stages. Hence, they are consid-
ered as alternative testing method. They share the small scale and 
high-throughput capacity with cellular in vitro models. In contrast 
to genuine in vitro methods, however, they reflect the complexi-
ty of an entire organism. This is of particular importance for iden-
tification of endocrine disrupting chemicals (EDCs), which may 
not only interact directly with hormone receptors but also inter-
fere with hormone synthesis and feedback loops of hormonal reg-
ulations. The latter would be difficult to address in cellular in vitro 
methods. Furthermore, endocrine disruption in fish embryos can 
be studied in the context of other modes of action beyond cytotox-
icity, e.g., (neuro)developmental toxicity. Typically, non-EDC ef-
fects can be tested within the same test setup for endocrine disrup-
tion. This enables to estimate the relevance of endocrine disruption 
with respect to other effects or to indicate if observed endocrine ef-
fects may relate to secondary unspecific responses. In the presen-
tation the different available methods for assessment of endocrine 
disruption in fish embryos and the pros and cons are discussed. As 
an example, the analysis of thyroid hormone disrupting chemicals 
in zebrafish using the transgenic strain tgmcherry is demonstrated. 
Disruption of hormone synthesis leads to the activation of the feed-
back loop for increased expression of thyroglobulin. Due to a con-
struct of the thyroglobulin promotor and the red fluorescent protein 
mcherry induction of thyroglobulin is monitored by an increased 
red fluorescence in the thyroid gland. By automated positioning of 
fish embryo and fluorescence microscopy, the thyroid gland fluo-
rescence is quantified and used to establish concentration response 
curves (Jarque et al., 2019). Furthermore, an approach for the par-
allel and automated assessment of (neuro)developmental toxicity 
is demonstrated (Teixido et al., 2019).
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Cartilage-on-chip: Towards improved 
models of osteoarthritic disease
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Osteoarthritis is an invalidating disease characterized by gradual ar-
ticular cartilage deterioration affecting 1.4 million Dutch and cost-
ing 18 billion-€ in 2018. The lack of translation power of current 
in-vivo and in-vitro models contributes to the estimated increase in 
treatment costs to 54 billion-€ in 2040. Consequently, the developed 
predictive model that accurately emulates the tissue’s microphys-
iology (e.g., organ-on-chip) is urgently needed. Articular cartilage 
is an avascularized structure comprising specialized cells (chondro-
cytes) experiencing both compression and shear stress generated 
through the sliding of the two bones. Our platform mimics the 3D 
structure of the tissue and incorporates multi-axial mechanical stim-
uli, as present in the joint (Paggi et al.,2020), emulating shear strain 
and physiological/hyper-physiological compression.

The platform, in polydimethylsiloxane, comprise three sections: 
a mechanical actuation chamber; a cell-hydrogel section; and a per-
fusion section, to provide nutrients. Human chondrocytes (hCHs) 
were cultured in agarose hydrogel within the platform using differ-
entiation medium. The cell projected area deformation was deter-
mined by applying 7 individual pressures from the mechanical ac-
tuation system. Cell viability was evaluated for different mechan-
ical stimulation conditions. Glycosaminoglycan production was 
assessed using Alcian blue and nuclear fast red on histology sections 
after 15 days of culture in the platform.

Cell area decrease is correlated to the cell location in the device 
with respect to the membrane and the applied pressure. The hCHs cul-
tured with hyper-physiological compression (> 20%) showed a sig-
nificant decrease in cell viability (day 3), while under physiological 
conditions (< 20%) they maintained their viability after 15 days of 
stimulation. hCHs were next cultured in static or dynamic conditions 
(compression or combination of compression and shear strain). Here, 
Glycosaminoglycan production demonstrated that a combination of 
compression and shear strain greatly enhance matrix formation.

This platform allows mimicking of healthy and hyper-physiolog-
ical stimulation, which is instrumental in studying disease progres-
sion and drug uptake and response.
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VitalTissue, an initiative to supply  
viable human materials to 
laboratories in the Netherlands
Evita van de Steeg1, Hannah M. Eggink1, Bert Tomson2,  
Cyrille Krul3, Henri Leuvenink4, Folkert van 
Kemenade5, Andre van Marle6, Peter Olinga7,  
Evert-Ben van Veen8, Walter Westerink9, Martje 
Fentener van Vlissingen5 and Wouter Zeeman10
1TNO, the Netherlands Organization for applied scientific research, 
Zeist, The Netherlands; 2Sanquin Blood Foundation, Amsterdam, The 
Netherlands; 3University of Applied Sciences Utrecht, Utrecht, The 
Netherlands; 4University Medical Center Groningen, Groningen, The 
Netherlands; 5Erasmus MC, Rotterdam, The Netherlands; 6Galapagos, 
Leiden, The Netherlands; 7Groningen University, Groningen, The 
Netherlands; 8MLC Foundation, The Hague, The Netherlands; 9Charles 
River Laboratories, Den Bosch, The Netherlands; 10Logiqol, Nieuwegein, 
The Netherlands
evita.vandesteeg@tno.nl 

Drug safety and efficacy testing is frequently performed in lab-
oratory animals, with limitations regarding extrapolation to hu-
mans. For the development of better translational methods, via-
ble human tissue or cells are preferred over animals and immor-
talized cell lines, especially since several human (tissue specific) 
models have become available by recent scientific developments 
(e.g., models based on human tissue or iPSC derived cells/organ-
oids). However, availability and access to high-quality viable hu-
man tissues is a hurdle for many researchers.

Here we present the initiative VitalTissue (http://www.vitaltissue.
nl; https://bit.ly/3rpuiP0), a platform that aims to supply surgical 
residual tissues to researchers in end-user laboratories in a (finan-
cially) sustainable and transparent way. The initiators of the proj-
ect have interviewed stakeholders (e.g., researchers, surgeons, pa-
tients) and conducted qualitative interviews and quantitative (on-
line) polls and conclude that there is a substantial unmet need for 
various types of human tissue, and that potential donors would gen-
erally consent to the use of their left-over tissues after medical pro-
cedures. We have addressed the legal, ethical, biosafety and logis-
tic issues involved in the supply chain, and developed protocols for 
the VitalTissue supply chain regarding criteria for sample specifica-
tion (tissue and donor inclusion criteria), logistics, and information 
management. Using these protocols, pilot studies were performed in 
which residual tissue (skin, liver, gut) were supplied from hospitals 
to researchers within the consortium in order to evaluate the (met-
abolic) viability of the human tissue samples. Future research will 
focus on the development of a framework for the long-term quali-
fication of suppliers and end users. Project governance includes the 
involvement of societal stakeholders and high-level public informa-
tion on the development of the tissue supply chain. In conclusion, 
VitalTissue is a promising initiative for a supply chain of residual 
human tissue samples, which is widely supported by multiple orga-
nizations with multidisciplinary expertise.
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Grouping/category approaches for read-across have evolved 
over the last decades as important risk assessment tools in order 
to attempt filling data gaps in particular for complex endpoints 
such as repeated dose or developmental and reproductive toxic-
ity without performing additional animal studies (ECHA 2014). 
To date many read-across cases fail to demonstrate toxicokinetic 
and toxicodynamic similarities. New concepts involving an inte-
grated application of in vitro and in silico tools are needed to bet-
ter characterize common properties of structural similar chemi-
cals, collectively called New Approach Methodologies (NAMs). 
EU-ToxRisk has developed a NAM-based read-across strategy 
(Escher et al., 2019) and systematically evaluated this strategy 
in several experimental case studies addressing repeat dose tox-
icity and developmental and reproductive toxicity. Case studies 
involved both in silico and in vitro animal-free approaches tar-
geting both toxicokinetics and toxicodymanics aspects. The case 
studies have been systematically reported using read-across re-
porting templates from ECHA and OECD, and subsequent-
ly been evaluated by an international regulatory authority panel 
under guidance of the OECD. These case studies have resulted 
in important learnings which led to an EU-ToxRisk read-across 
regulatory advisory document. These learnings will be present-
ed in this presentation. Altogether our work strongly encourag-
es the toxicological community to integrate a mechanism-based 
risk assessment and its regulatory acceptance for read-across as-
sessment.
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Advancing Three Rs education 
and training under a 
European Parliament Pilot 
Project at EURL ECVAM
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In accordance with Article 48 and Annex VII of Directive 
2010/63/EU on the protection of animals used for scientific pur-
poses, the JRC’s EU Reference Laboratory for alternatives to an-
imal testing (EURL ECVAM) provides support to develop, vali-
date and promote alternatives to animal procedures in the area of 
regulatory testing and in basic and applied research.

Recent EURL ECVAM studies have shown that although 
much Three Rs knowledge exists, its sharing could be improved 
especially between different fields of expertise through better co-
ordination, communication and outreach, and by more emphasis 
on targeted education and training initiatives.

With this in mind and benefitting from funding made available 
under a European Parliament Pilot Project (2018-2020), which 
aimed to promote alternatives to animal testing including the ap-
plication of the Three Rs, EURL ECVAM launched a project to 
investigate the feasibility of including the Three Rs in education-
al curricula. The project focused on high school, university and 
early career education levels and has produced the following: a 
guidance document that informs key education decision-makers 
on how to facilitate the incorporation of the Three Rs into their 
programs and curricula, specifications for educational resourc-
es that promote the Three Rs at the three levels of education and 
some practical resources that can be used at all levels. Under a 
sub-project with high school education specialists, lessons on the 
Three Rs have already been prepared and delivered to students 
under this pilot.
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Stable fixated osteotomies lead to moderate strain for the animals, 
while impaired fracture healing can only be modelled by a com-
bination with secondary diseases, procedures or instable fixation 
which might be accompanied by severe suffering of the animals. 
The selection of analgesics in bone healing models is restricted 
due to potential interfering properties of anti-inflammatory drugs. 
The application of analgesics via the drinking water might be a 
less stressful alternative to repeated injections. However, studies 
that address the efficiency of Tramadol, a widely used analgesic 
in bone-linked models, in the drinking water are scarce. Different 
recommendations exist regarding the dosage, and they widely dif-
fer from potentially under- to overdosing. In order to enhance the 
knowledge on refinement options and to effectively reduce lab an-
imal usage, we performed a refinement study embedded in a basic 
research mouse osteotomy study. We evaluated two commonly 
used pain management protocols, Tramadol (two concentrations) 
and Buprenorphine in the drinking water, for their efficiency and 
side effects on experimental readout in a mouse osteotomy mod-
el. By monitoring (i) general parameters of wellbeing, e.g., clin-
ical scoring, weight and (ii) model specific pain parameters, we 
reported that Tramadol at higher dosages does not provide ex-
tra benefit in pain reduction but negatively affects the wellbeing 
of the animals. Tramadol in the lower dosage or Buprenorphine 
seem to be sufficient in alleviating pain in this model. We are cur-
rently planning a follow-up study to further optimize our protocol 
with, e.g., intra-animal control for anesthesia effects, Tramadol 
application via the drinking water one day prior to surgery or the 
application of a sustained-release formulation of Buprenorphine. 
Our results gained in a “normal” mouse osteotomy model are of 
great importance to be transferred to animal models of impaired 
fracture healing in order to effectively apply refinement strategies 
and to reduce severe suffering.
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Use of non-animal models for 
the hazard identification of 
endocrine disrupting properties: 
A regulatory perspective
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European Food Safety Authority (EFSA), Parma, Italy
maria.arena@efsa.europa.eu 

The hazard identification of pesticides having endocrine disrup-
tion properties is conducted according to the guidance published 
by EFSA and ECHA in 2018 (ECHA and EFSA, 2018). The 
guidance implements the Regulation 2017/2100 and 2018/605 
for biocides and pesticides, respectively.

For investigating endocrine activity, the strategy in the ECHA/
EFSA Guidance (2018) suggests first conducting level 2 tests (in 
vitro mechanistic assays) (OECD 150, 2018) in order to reduce 
animal testing and facilitate the Mode of Action (MoA) analysis. 
However, negative results in vitro are not considered sufficient to 
demonstrate lack of endocrine activity in vivo due to the limita-
tions of the currently available in vitro test systems (lack of meta-
bolic system, no consideration of ADME, use of mammalian cell 
lines, only, etc.).

For non-target organisms, the ECHA/EFSA Guidance (2018) 
considers endocrine activity sufficiently investigated, if an “Am-
phibian metamorphosis assay” (AMA; OECD 231, 2009) is 
available for the thyroid modality and a Fish-Short Term Repro-
duction Assays (FSTRA; OECD 229, 2012) for estrogen, andro-
gen and steroidogenesis modalities.

Several embryonic assays, which are placed at level 3 of the 
OECD conceptual framework (OECD 150, 2018), are at differ-
ent stage of development. Those assays utilize eleutheroembry-
os, thereby relying on a more complex model (including kinetics, 
metabolic competence, developed organs etc.) without the pro-
tection of the chorion. Furthermore, since these models are used 
up to feeding stage, they are excluded from the definition of a 
laboratory animal according to Directive 2010/63/EU and thus 
are compliant with the 3R principles. An OECD test guideline 
has been recently published for one of those, the Xenopus Eleu-
theroembryonic Thyroid Assay (XETA; OECD 248, 2019).

The aim of this work is to present an overview of the assess-
ment strategy for the investigation of endocrine activity of the 
ECHA/EFSA Guidance focusing on the regulatory perspective 
regarding the inclusion of embryonic assays.
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Chemical read-across is commonly evaluated without partic-
ular knowledge about the biological mechanisms leading to 
the observed adverse outcomes in in vivo studies. The integra-
tion of data showing a shared mode of action, preferably in hu-
man-based test systems, will strengthen the read-across assess-
ment. EU-ToxRisk has applied high throughput transcriptomics 
approaches to provide mechanistic insight on similar mode-of-
action as well as potency of structural similar chemicals and/or 
chemicals with a identical molecular initiation event. In this pre-
sentation we will highlight the findings of high throughput tran-
scriptomics analysis of i) a panel of > 15 valproic acid (VPA) 
analogues that have various propensities to induce liver steato-
sis and ii) a panel > 10 mitochondrial pesticides, targeting com-
plex 1, 2 or 3 of the respiratory chain and causing mitotoxici-
ty. Primary human hepatocytes and the human HepG2 liver cell 
line were exposed to a concentration range of the chemicals and 
analyzed at 24 h. We used a TempO-Seq targeted high-through-
put screening assay to determine the differential expression of > 
3000 genes, reflecting all biological pathways. Systematic bioin-
formatics analysis of concentration response information of in-
dividual target genes and co-regulated gene networks allowed a 
systematic comparison of biological similarity and potency, as 
well as the identification of sensitive biomarkers to define liabil-
ity for steatosis and mitotoxicity. The presentation will explain 
the transcriptomics strategy, highlight the results and share the 
implications and opportunities for chemical safety testing.
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An industry perspective
Laurent Lagadic1, Lennart Weltje2, James R. Wheeler3 
and Véronique Poulsen4
1Bayer AG, R&D, Crop Science Division, Environmental Safety, Monheim 
am Rhein, Germany; 2BASF SE, Agricultural Solutions – Ecotoxicology, 
Limburgerhof, Germany; 3Shell International B.V., The Hague, The 
Netherlands; 4L’Oréal Research and Innovation, Aulnay-sous-Bois, France
laurent.lagadic@bayer.com 

Regulation (EU) 2018/605 and 2017/2100 outlining criteria for 
the identification of endocrine disruptors (ED) currently apply to 
pesticides and biocides, respectively. These rely upon the WHO/
IPCS definition, which requires the identification of a biological-
ly plausible link between an endocrine mode of action and ad-
verse effects that are, for environmental species, relevant at the 
population level. According to the agreed definition, demonstrat-
ing a lack of endocrine activity is sufficient to conclude that the 
ED criteria are not fulfilled. However, the tests recommended in 
the ECHA-EFSA ED Guidance (2018) to assess endocrine activ-
ity in aquatic vertebrates require a significant number of animals 
(cf. OECD TGs 229 and 231). To date industrial chemicals have 
been addressed on a case-by-case basis under the CoRAP proce-
dure where additional data are requested based on specific con-
cerns. However, discussions are on-going to amend the REACH 
information requirements for endocrine assessment. The situa-
tion is even more complicated for the environmental safety as-
sessment of cosmetic and personal care products, where the test-
ing on vertebrate animals is prohibited. To fulfill current and fu-
ture regulatory requirements for environmental ED assessment, 
the chemical industry is engaged in scientific initiatives to sup-
port (i) the use of cross-species extrapolation based on the evo-
lutionary conservation of endocrine pathways across vertebrate 
taxa (cf. the US-EPA software tool SeqAPASS), (ii) the develop-
ment of in silico approaches (e.g., QSAR bioactivity models for 
ER and AR), (iii) the development and validation of omics ap-
proaches and in vitro models, (iv) the validation of non-animal 
eleutheroembryonic assays, and (v) the implementation of inte-
grated mechanistic modeling approaches combining TK/TD and 
population models within the quantitative adverse outcome path-
way framework. We are optimistic that these engagements with 
developing policy and scientific approaches will contribute to ro-
bust approaches to the assessment of ED for environmental spe-
cies that employ fewer vertebrate animals.

References
ECHA (European Chemicals Agency) and EFSA (European 

Food Safety Authority) with the technical support of the Joint 
Research Centre (JRC) et al. (2018). Guidance for the iden-
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New read-across modules 
for safer chemicals
Ana Yisel Caballero Alfonso1,2, Domenico Gadaleta1, 
Yunierkis Perez Castillo3,4, Chayawan Chayawan1, 
Liadys Mora Lagares5,6, Marjana Novič6 and Emilio 
Benfenati1
1Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Department of 
Environmental Health Sciences, Laboratory of Environmental Toxicology, 
Milano, Italy; 2Jozef Stefan International Postgraduate School, Milano, 
Italy; 3Bio-Cheminformatics Research Group. Universidad de Las 
Américas, Quito, Ecuador; 4Escuela de Ciencias Físicas y Matemáticas, 
Universidad de Las Américas, Quito, Ecuador; 5Jozef Stefan International 
Postgraduate School, Ljubljana, Slovenia; 6Theory Department, Laboratory 
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ana.caballero@marionegri.it 

The reduction of in vivo tests to be conducted, have become in-
dispensable in terms of resources and animal benefits. The read-
across approach reduces the number of chemicals to be tested be-
cause the available information about the endpoints can be used to 
estimate those properties for untested substances. This study de-
scribes a general read-across assessment concept to support toxic-
ity characterization of chemicals by applying the modules devel-
oped within the framework of in3 project. The applied approach 
started with the implementation of different methodologies to 
select the most suitable analogues, where components as: struc-
tural similarity, physical-chemical similarities, structural alerts 
endpoint specific, and metabolism similarities were considered. 
Interpretable and flexible workflows implemented in KNIME 
were used to identify analogues, illustrating how in silico and in 
vitro tools can be combined within a read-across assessment to 
strength the read-across hypothesis. The analysis was based on 
diverse strategies combining supervised and unsupervised meth-
ods. Mechanistic knowledge such as structural alerts was generat-
ed and utilized, and case studies were conducted.
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Integration of in silico and in vitro 
NAM approaches to support read-
across: The EU-ToxRisk experience
Bob van de Water
Leiden University, Leiden, The Netherlands
b.water@lacdr.leidenuniv.nl 

There is a need for a paradigm shift in toxicology towards an 
animal-free, mechanism-based integrated approach to human 
chemical safety assessment involving both in silico and in vitro 
approaches that are referred to New Approach Methodologies 
(NAMs). The EU-ToxRisk project has embraced an integrated 
NAM-based chemical safety approach and united all relevant 
disciplines and stakeholders to establish pragmatic, solid read-
across procedures incorporating mechanistic and toxicokinetic 
knowledge. NAM approaches did include computational model-
ling approaches, high throughput molecular initiation event char-
acterization, apical endpoint evaluation in advanced test systems 
and high throughput transcriptomics. The toxicodynamics data 
was integrated with detailed toxicokinetics data. The EU-Tox-
Risk has systematically evaluated the application of these NAM 
tools in various case studies in the context of read-across. The 
EU-ToxRisk case studies demonstrate the feasibility for the ap-
plication of a mechanism-based testing strategy for animal-free 
chemical safety assessment. The presentation will exemplify the 
NAM-based testing approach and the implications as well as lim-
itations for future safety testing.
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Where are we now: Replacement 
of in vivo skin sensitisation assays
Emma Grange
Cruelty Free International, London, United Kingdom
emma.grange@crueltyfreeinternational.org 

There are a number of methods available for the evaluation of 
skin sensitisation potential. While historically in vivo assays 
have been the established choice, we have seen the emergence 
of non-animal methods and approaches. The development of an-
imal-free techniques, their ready adoption, and a concomitant re-
duction in the use of in vivo tests are essential in the drive to end 
all in vivo testing – in this presentation we will take a look at 
how far along are we are in this journey and the hurdles yet to 
be overcome. The OECD is instrumental to the progression and 
global harmonisation of test methods. We will delve into their 

LaLone, C. A., Villeneuve, D. L., Lyons, D. et al. (2016). Se-
quence alignment to predict across species susceptibility (Se-
qAPASS): A web-based tool for addressing the challenges of 
cross-species extrapolation of chemical toxicity. Toxicol Sci 
153, 228-245.

OECD – Organisation for Economic Co-operation and Devel-
opment (2009). Test No. 231: Amphibian Metamorphosis As-
say. OECD Guidelines for the Testing of Chemicals, Section 2. 
OECD Publishing, Paris. doi:10.1787/9789264076242-en 

OECD (2012). Test No. 229: Fish Short Term Reproduction As-
say. OECD Guidelines for the Testing of Chemicals, Section 2. 
OECD Publishing, Paris. doi:10.1787/9789264185265-en 

WHO/IPCS (2002). World Health Organisation International 
Program on Chemical Safety, Global assessment of the state-
of-the-science of endocrine disruptors, WHO/PCS/EDC/02.2.
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Advancing Three Rs education 
and training under a European 
Parliament Pilot Project
Judith van Luijk
Radboudumc, Nijmegen, The Netherlands
judith.vanluijk@radboudumc.nl 

In order to further promote the implementation of Directive 
2010/63/EU, the European Commission issued calls for a num-
ber of related projects last year. One of these projects is aimed at 
facilitating the uptake of non-animal alternatives by developing 
two e-learning modules. The contract for this project was award-
ed to a consortium consisting of SYRCLE, the Swiss 3R Com-
petence Centre, lnstitute for ln Vitro Sciences, Pharma Launcher 
and Ecorys UK. This consortium will develop two modules, i.e., 
one e-learning module focused on searching for existing non-an-
imal alternatives (including systematic reviews) and one mod-
ule targeted at researchers who want to develop reliable and rel-
evant non-animal alternatives for regulatory use taking into ac-
count Good In Vitro Method Practices (GIVIMP). The quality 
of the developed modules will be assessed by external review 
groups. The learning outcomes will be presented to the com-
mission along with the design of the assignments through which 
these outcomes will be realized.
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Auditing for GLP compliance, 
a regulatory study that relies 
heavily on computerized prediction 
models and complex in vitro 
techniques, where are the pitfalls 
and issues to care about
Martijn Baeten
Sciensano GLP Monitoring Authorithy Belgium, Dilbeek, Belgium
martijn.baeten@sciensano.be 

GLP and complex detection systems, test items and test systems: 
a current reality? New and complex test items, modern and in-
novative new technologies used in methods proposed for OECD 
test guidelines are challenging not only the scientific community, 
but also raise regulatory compliance issues. In the rapid evolving 
world, regulatory agencies are confronted with cloud-based ap-
plications, artificial intelligence with machine-learning process, 
block-chain, very complex test systems, test items, analytical 
equipment, pure in silico method (Q-SAR, predictive models) …

For the regulatory safety evaluation of chemicals (and other 
new complex test items), there is a regulatory compliance re-
quirement for these methods to be technically validated (accu-
rate, robust and reliable) to ensure the generation of scientific rel-
evant data. On the other hand, by respecting the GLP Principles, 
the test facility remains in full control of the integrity and the 
quality of the data.

With the implementation of complex methods, it has proven 
very difficult for end users (test facilities) to fully comply with 
the regulations when these new technologies have to be imple-
mented, as sometimes crucial steps are out of their control.

To that end, it is of very high importance that continuous dia-
logue and collaboration between industry and regulators could 
be established. In order for regulators to be able to adapt and cre-
ate new guidance on time, it is also important that the collabora-
tion between all stakeholders starts as early as possible.

The final goal of this approach is to ensure the integrity and the 
quality of non-clinical safety data in compliance with the GLP 
regulation and the scientific relevance of them, so that the OECD 
Mutual Acceptance of Data agreement could still provide all the 
trust needed and continue to be a reality where all stakeholders 
and regulators can rely on.

Presentation: Oral

test guidelines programme for skin sensitisation, look at the im-
portance of updating guidelines and ponder: when is it the right 
time to delete or narrow the application of an in vivo method and 
could we be close to saying “bye-bye Buehler”? Cruelty Free In-
ternational has expert stakeholder status at the OECD (as an ac-
tive member ICAPO, the International Council on Animal Pro-
tection on OECD Programmes), and also at the European Com-
mission, ECHA and at the European Centre for the Validation of 
Alternative Methods (as leader of Cruelty Free Europe).
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REACH and the 3Rs – 
Reinvigorating efforts towards 
the avoidance of in vivo testing
Emma Grange
Cruelty Free International, London, United Kingdom
emma.grange@crueltyfreeinternational.org 

The REACH regulation features mechanisms for the avoidance 
of testing on animals, but do they work? We will explore what 
these mechanisms are and evaluate their effectiveness. Although 
there has been some improvement to ECHA’s procedures follow-
ing pivotal board of appeal cases, we argue that there has been lit-
tle meaningful progress towards the ultimate Replacement goal 
of Directive 2010/63/EU. We will outline our view on the funda-
mental reasons for this and how the progression towards full re-
placement of all in vivo tests can be reinvigorated. As leader of 
Cruelty Free Europe, we have expert stakeholder status at the Eu-
ropean Commission, ECHA and at the European Centre for the 
Validation of Alternative Methods. We also are expert stakehold-
ers at the OECD (as an active member ICAPO, the International 
Council on Animal Protection on OECD Programmes). As an an-
imal protection organisation with privileged access to regulatory 
activities across Europe, we very much look forward to sharing 
and discussing our insights with you.

Reference
Taylor, K. (2018). Ten years of REACH – An animal protection 

perspective. Altern Lab Anim 46, 347-373.
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Translating animal model results  
to human disease
Giulia Moreni1, Ikrame Aknouch1, Morris Ras1, Lieke 
Brouwer1, René Spijker1, Koert Stittelaar2, Adithya 
Sridhar1, Katja Wolthers1 and Dasja Pajkrt1
1Amsterdam UMC, Amsterdam, The Netherlands; 2Wageningen University 
Research, Wageningen, The Netherlands
g.moreni@amsterdamumc.nl 

Animal models are extensively being used in virology, but the 
translatability of results from animal studies to humans is un-
known. In this study, we aim to systematically review the trans-
lation of poliovirus infection of humans, causing poliomyelitis, 
as this virus has been widely studied with the use of animal mod-
els. We investigated, for the first time, how poliovirus infection 
in animals compares to humans, taking into account the route of 
infection, cell entry, replication sites and, neurovirulence. We in-
cluded 34 articles on animal studies and 26 reviews on human 
poliovirus pathogenesis following the search of the Medline and 
Embase databases. Quality was assessed using the SYRCLE’s 
risk of bias tool for animal studies. We found poorly designed 
and conducted experiments: animal baseline characteristics were 
diverse, animal allocation and housing were never blinded or 
randomized. Overall, a high risk of selection, performance, and 
detection bias was observed. 27 different types of animal models 
were used, and results of animal and human studies were incon-
gruent. We hypothesize that the lack of standardization of polio 
animal studies has led to the use of a wide variety of animal mod-
els which makes studies using these models difficult to compare. 
Variation between animal models may further have resulted in a 
poor translation of animal-model results to human disease. This 
poor animal model standardization could reflect the poor predic-
tive value of animal model results for human virus disease.
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Iron fist & velvet glove: Expanding 
the implementation of the 3Rs
John R. Baumann
Indiana University, Indianapolis, IN, United States
baumannj@iu.edu 

While researchers in principle may support the expansion of the 
3Rs, they are not necessarily proactive in implementing them 
for their own research. This is, however, a role that the animal 
care and use program (ACUP) and especially the IACUC may 
and should play. This presentation offers a discussion of how the 
ACUP and IACUC may push researchers to further replace, re-
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Predictive value of PBK-model 
predictions based on in vitro 
and in silico input data as 
essential tool in next generation 
(animal-free) risk evaluations
Ans Punt1, Karsten Beekmann1, Eric Fabian2, Bennard 
van Ravenzwaay2, Paul Carmichael3, Ian Sorrell3 and 
Thomas Moxon3
1Wageningen Food Safety Research, Wageningen, The Netherlands;  
2BASF SE, Ludwigshafen, Germany; 3Unilever SEAC, Sharnbrook, 
United Kingdom
ans.punt@wur.nl 

A critical challenge facing next generation (animal-free) test-
ing strategies for chemical safety evaluations is the conversion 
of in vitro toxicity data into in vivo dose-response or potency in-
formation. Physiologically based pharmacokinetic (PBK) mod-
elling plays a crucial role in performing such quantitative in  
vitro-in vivo extrapolations (QIVIVE). To facilitate the applica-
tion of PBK models in next generation risk evaluations, it is im-
portant to gain confidence in the predictive value of these models 
when developed solely based on in vitro or in silico input param-
eters. In this study different in vitro and in silico input strategies 
for PBK-model development were evaluated with respect to their 
performance to predict peak plasma concentrations (Cmax) in 
humans. Cmax predictions were made for 562 studies (i.e., ex-
posure situations described in the literature with reported Cmax 
values) for 43 different compounds. Up to five orders of mag-
nitude differences between predicted and observed Cmax ratios 
were observed for certain compounds, depending on the input 
approach that was applied. Differences between the applied cal-
culation methods for partition coefficients contributed most to 
this wide range in Cmax outcomes. Different chemical character-
istics were explored to explain deviations between the predicted 
and observed Cmax values. Overall, the results obtained can be 
used to define strategies to reduce uncertainties in internal dos-
age predictions based on in vitro- and in silico-based PBK mod-
els and to define the applicability domain of the models.
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Establishment of a human 
multi-organ-chip platform 
to replace animal transplant 
models for preclinical evaluation 
of Treg cell therapies
Isabell Durieux1, Uwe Marx1, Eva-Maria Dehne1, 
Hendrik Erfurth1, Enrico Accastelli1, Jonas Jäger1, 
Petra Reinke2 and Hans-Dieter Volk2
1TissUse GmbH, Berlin, Germany; 2BIH Center for Regenerative 
Medicine, Berlin, Germany
isabell.durieux@tissuse.com 

The clinical development of advanced human cell therapies suf-
fers from a lack of adequate preclinical testing in laboratory an-
imals. The informative value of such (humanized) animal trials 
are limited due to their phylogenetic distance to humans and, es-
pecially, their lack of a human immune system. Due to the his-
tocompatibility mismatch between laboratory animals and the 
patient, challenges increase significantly once personalized reg-
ulatory T cell (Treg) therapy approaches for the prevention of 
transplant rejection are under evaluation. Adoptive transfer of 
Tregs is a therapeutic option to reshape intra-tissue immune im-
balance in transplant patients. It aims at supporting long-term 
function of allografts by overcoming the challenge of undesired 
immune reaction by the recipient.

Here, we used the HUMIMIC® multi-organ-chip platform to 
establish a next-generation human in vitro assay for predictive 
preclinical testing of Treg products. The platform enables co-cul-
ture of various human organ models but lacks blood micro-capil-
lary vessel structures covered with human endothelial cells.

For this purpose, we implemented a network of miniature  
vascularized channels in the organ compartments of the HU-
MIMIC® platform for two-organ co-culture exploring 3D print-
ing tools and endothelial self-assembly processes. The organ 
models and endothelial cells were generated from iPSCs of two 
different individual HLA-tested healthy persons emulating the 
recipient and the donor background. Finally, we aimed to qualify 
a HUMIMIC® based next-generation transplant rejection assay 
to evaluate both, safety and efficacy of Treg products in a uni-
versal repeated dose long-term assay environment. Multi-organ-
chip design and prototyping results are presented along with the 
results of iPSC-based differentiation of human endothelial cells, 
liver equivalents and kidney models for the establishment of the 
interconnected two-organ model. Furthermore, we present da-
ta on on-chip micro-vessel formation and co-culture over pro-
longed culture periods. Results will be discussed in the light of 
the assay potential to replace respective animal transplant mod-
els in use.
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duce and refine their use of animals using both the velvety glove 
approach (education, support, encouragement) and the iron fist 
approach (regulatory action).
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Animal welfare bodies: 
Initial training and continuing 
professional development
Nicole Linklater1,2
1LAS interactive GmbH, Marburg, Germany; 2University of Marburg, 
Marburg, Germany
linklater.n@las-interactive.de 

Directive 2010/63/EU requires Animal Welfare Body (AWB) 
to be set up by breeders, supplier and users (Art. 26). The AWB 
shall include at least the person or persons responsible for the 
welfare and care of the animals and, in the case of a user, a sci-
entific member. In Art 23 (2) it is laid down that all staff shall be 
adequately educated and trained. Guidelines regarding such ed-
ucation and training have been developed and a modular train-
ing was suggested (1). While training of staff mentioned in Art. 
23-26, as well as that of project evaluators, has been considered 
within the document, specific training needs for AWB person-
nel have not been addressed. As members of the AWB will most 
likely belong to one of the functions mentioned in Art 23 (2) of 
Directive 2010/63/EU, initial training could be covered by any of 
the core or function specific modules mentioned in the guidance 
document.

Today, no specific training programs have been established. 
Setting up (new) training schemes is time consuming and re-
quires additional resources. Online trainings can help close the 
gap to facilitate training and CPD. They fit into nowadays com-
plex work schedules and can be adapted to different educational 
needs for people from varied backgrounds within one platform. 
In this context, the e-Learning platform LAS interactive offers 
modular and customizable online training as well as a free infor-
mation portal. Content can be extended through collaborations. 
Another project, 3R-SMART, is currently being developed to 
serve as an education and training platform, focusing on a col-
laborative approach as well. As part of the LAS interactive and 
3R-SMART projects, we are currently working on developing a 
forum platform to assist collaboration and networking in labora-
tory animal science.

Reference
Education and Training Framework (2014). Working docu-

ment on the development of a common education and training 
framework to fulfil the requirements under the Directive.
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and lead the future of replacement, reduction and refinement. 
However, what background and profile young researchers should 
have to benefit from a (hopefully) increasingly favorable envi-
ronment for the 3Rs is uncertain.

The case can be made that the 3Rs do not constitute a scientific 
field “per se”, but rather aggregate and benefit from progress in 
different scientific fields that – either specifically for that purpose 
or as a secondary outcome – can be applied to replace, reduce, or 
refine animal experiments. In this regard, young scientists work-
ing on a wide range of disciplines can focus or redirect their sci-
entific activity to explore 3Rs-related challenges and opportuni-
ties. To be even aware of those, however, may require a level of 
understanding of past and current context of the 3Rs, as well as 
their ethical, scientific, and technical complexities, which is not 
part of the average scientist’s set of knowledge and skills, at any 
career stage, and may thus be far from their expertise or profes-
sional interest. Thus, it could be argued that there is also place for 
“de facto” 3Rs scientists, likely more generalists than specialists, 
that can be drivers for 3Rs innovation, by identifying emerging 
ethical and scientific challenges in animal research, bridging the 
gap between disciplines, and assembling and leading multidisci-
plinary consortia to address them.

This talk by a “Xennial” (between a “Gen Xer” and a Millen-
nial) somewhere between junior and senior scientist, will discuss 
possible approaches for young scientists to apply transferable 
skills and seize – or create – opportunities in order to become 
players, recognized professionals, and leaders in the 3Rs.
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STopTox: An in-silico alternative 
to animal testing for acute 
systemic and topical toxicity
Eugene Muratov1, Joyce Borba2, Vinicius Alves1, 
Rodolpho Braga3, Kirsten Overdahl4, Arthur Silva2, 
Carolina Andrade2, Judy Strickland5, Dave Allen5, 
Nicole Kleinstreuer6 and Alexander Tropsha1
1University of North Carolina, Chapel Hill, NC, United States; 
2Federal University of Goias, Goiania, Brazil; 3InSilicAll, LLC, 
Sao Paulo, Brazil; 4Duke University Nicholas School of the 
Environment, Durham, NC, United States; 5ILS, Research Triangle 
Park, NC, United States; 6NIEHS, Research Triangle Park, NC, 
United States
murik@email.unc.edu 

Acute toxicity tests are used to identify chemical hazards that 
cause toxic effects following very short exposure times. Since 
2009, animal testing for cosmetic products has been prohibited 
in Europe, and in 2016, US EPA published a guideline for waiv-
ing the so-called “6-pack” battery tests (acute oral toxicity, acute 
dermal toxicity, acute inhalation toxicity, skin irritation and cor-
rosion, eye irritation and corrosion, and skin sensitization) to 
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Advancing machine learning 
and artificial intelligence 
techniques for use in (semi-)
automatic literature reviews
Krystof Dibusz1, Tomas Novotny1, Miloslav Nic1, 
Bedrich Kosata1, Jan Horak1 and Fabrizio Rossi2
1EcoMole, Prague, Czech Republic; 2FRESCI, Barcelona, Spain
krystof@ecomole.com 

Use of machine learning and artificial intelligence techniques is 
spreading into a wide range of applications. Increasing speed of 
growth of the volume of published literature (peer-reviewed as 
well as grey) calls for efficient methods of processing large vol-
umes of texts and data to allow fact-based decision making by 
policy makers, researchers and other stakeholders. Team of ex-
perts in literature reviews will present how artificial intelligence 
and machine learning can help in processing large volumes of da-
ta in systematic reviews. Case studies will be presented showing 
efficiency of various algorithms especially for screening of rel-
evance of scientific literature to particular review questions and 
for subsequent (semi-)automatic extraction of key data.

Presented case studies will include the use of neural networks, 
support vector machines and other natural language processing 
algorithms for text clustering and named entity recognition in 
various scientific domains. In particular, comparison of perfor-
mance of the developed algorithms will be presented based on 
recently carried out systematic reviews where the retrieved liter-
ature was annotated by experts in toxicology, food safety, molec-
ular genetics and other scientific domains.

The presentation and the case studies will provide an over-
view of the state-of-the-art methods showing how artificial intel-
ligence can be used to minimize the workload of expert review-
ers, minimize the risk of errors in screening for relevance and ex-
traction of relevant data, while also discussing current limitations 
and issues associated with further development of fully automat-
ed systematic reviews in different scientific fields.
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3Rs leadership for young researchers
Nuno Henrique Franco
i3S, Universidade do Porto, Porto, Portugal
nfranco@ibmc.up.pt 

Growing social and political pressure for development and im-
plementation of the 3Rs will likely result in greater public and 
private investment, and therefore increase the number of oppor-
tunities for young researchers to obtain funding for, innovate on, 
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latability. Here, the EQIPD quality management system and its 
utility will be described and compared with other quality man-
agement systems used in drug development.
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Regulatory feedback on the  
EU-ToxRisk (NAM)-supported 
Read-Across Advisory Document
Matthias Herzler
German Federal Institute for Risk Assessment (BfR), Berlin, Germany
matthias.herzler@bfr.bund.de 

The EU-ToxRisk project is an integrated European “flagship” 
program driving mechanism-based toxicity testing and risk as-
sessment for the 21st century. The project aims at promoting the 
use of “New Approach Methodologies” (NAMs) for regulatory 
chemical risk assessment. Alignment with the views of risk as-
sessors from regulatory agencies therefore constitutes an import-
ant aspect of EU-ToxRisk. To this end, case studies are employed 
as a means of learning how NAMs can aid in addressing risk as-
sessment questions of regulatory relevance. Specifically, the 
first round of EU-ToxRisk case studies explored ways in which 
NAMs can support read-across (RAx) for regulatory purposes. In 
this context, the EU-ToxRisk Regulatory Advisory Board (RAB) 
issued recommendations on how to report NAMs for regulatory 
assessment; some of the underlying thoughts were later incorpo-
rated in a reporting template for cell-based toxicological methods 
published by Krebs et al. (2019). From the experience gained in 
the case studies as well as from the feedback given by represen-
tatives from regulatory agencies such as ECHA, EFSA, RIVM, 
or BfR, an EU-ToxRisk RAx approach was formulated in a pa-
per by Escher et al. (2019). As one of the “legacy products” of 
EU-ToxRisk, a “Read-Across Advisory Document” will be pro-
duced, to provide actors in industry and authorities with helpful 
practical advice on how to integrate NAMs into read-across strat-
egies employed in the regulatory context. This presentation pro-
vides feedback on that document from a regulator’s perspective.
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reduce animal testing of pesticides. The ultimate objective of 
our project is to develop STopTox (Systemic and Topical Tox-
icity) software as reliable in silico alternative to current in vivo 
“6-pack” toxicity testing approaches. We have compiled, curat-
ed, and integrated the largest publicly available dataset for these 
6-pack endpoints. These data were used to develop an ensem-
ble of QSAR models that were validated in compliance with the 
OECD principles. The compiled and curated STopTox dataset in-
cludes 11,941 compounds with activity measurements for at least 
one of “6-pack” endpoints. We have shown that STopTox models 
afford higher accuracy of predicting human outcomes than ani-
mal testing. Virtual screening of the REACH database using the 
developed QSAR models identified multiple potential toxicants. 
STopTox models can be employed to identify both putative tox-
icants and non-hazardous compounds with the same accuracy as 
when using 6-pack assays. The distinct features of StopTox soft-
ware include thorough data curation, rigorous external validation 
of models, transparent interpretation of models, ease-of-use, and 
intuitive interface. Models have been made available within our 
publicly accessible STopTox web portal (https://stoptox.mml.
unc.edu/).
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an industry perspective
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Many preclinical data, including those from animal studies, can-
not be reproduced due to methodological shortcomings, or is-
sues with internal and external validity of research data, with 
sometimes far-reaching consequences on drug development and 
translation to humans. The low drug development success rate 
is an important concern in the scientific community in general 
and in pharmaceutical industry. To address these issues, we have 
formed an Innovative Medicines Initiative (IMI) consortium of 
scientists at leading universities, pharmaceutical companies, 
contract research organizations, technology companies and sci-
entific associations, called the European Quality in Preclinical 
Data (EQIPD) consortium (https://quality-preclinical-data.eu/). 
Its goal is to investigate the variables that influence the quality 
of preclinical study data in drug research, to compare the quali-
ty of studies conducted by the pharmaceutical industry as well as 
academic research, to provide a training platform, and to devel-
op a fit-for-purpose, preclinical quality management system. The 
EQIPD quality management system aims to be a tailored work-
ing solution that will improve the research process, increase data 
quality in a lean and efficient way and contribute to better trans-
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assay (LLNA) data, and the predictivity of the evaluated DAs 
vs. HPPT and LLNA was characterized. The results of this ex-
ercise are presented alongside some learnings about limitations 
of HPPT data and deficiencies in the current GHS approach. The 
entire HPPT database is publicly available via the NTP Integrat-
ed Chemical Environment (https://ice.ntp.niehs.nih.gov/) and 
may assist in future evaluations of alternative skin sensitization 
methods and development of new models. This project was fund-
ed with federal funds from the NIEHS, NIH under Contract No. 
HHSN273201500010C. The views expressed above do not nec-
essarily represent the official positions of any federal agency.
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carolina.nunes@unil.ch 

The current guidelines for safety evaluation of chemicals are based 
on highly time-consuming and expensive animal tests. However, 
animals differ from humans in their way to handle chemicals and 
there are ethical concerns regarding their use. Thus, the develop-
ment and use of human-based models for toxicity testing is strong-
ly encouraged. Due to the high complexity of the brain, complex 
cell culture systems containing the main brain cell types, allowing 
a maximum of cell-to-cell interactions and recapitulating the main 
neurodevelopmental processes, are required for the evaluation of 
the adverse effects of chemicals on the nervous system. Here we 
use one model that fits all these requirements: the human iPSC-de-
rived cultures BrainSpheres (BS) comprised of electrophysiologi-
cally active neurons, astrocytes and oligodendrocytes able to form 
compact myelin sheaths around axons. To predict in vitro the un-
wanted effects of chemicals in humans, in particular after repeated 
exposure, distribution kinetics of these chemicals have to be estab-
lished. The concentration-effect relationships depend on the activ-
ity of the chemical and the sensitivity of the target, but also on the 
distribution of the compound in the in vitro system. Under the MS-
CA training network “in3”, BS were exposed to diverse chemicals 
in an acute and repeated way, then in vitro distribution kinetics 
and neurotoxicity were assessed. Results after amiodarone expo-
sure showed a nice parallel between its dose- and time-dependent 

proaches: The EU-ToxRisk project experience. Arch Toxicol 
94, 3581-3592. doi:10.1007/s00204-020-02866-4 
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ported read-across: From case studies to regulatory guidance 
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matthias.herzler@bfr.bund.de 

To support the evaluation of non-animal approaches for skin sen-
sitization assessment, we collected data for 2277 human predic-
tive patch tests (HPPTs; human maximization and human repeat-
ed insult patch tests) from more than 1700 publications. Each test 
was evaluated for reliability. Results from 2255 tests considered 
to be sufficiently reliable were further analyzed to better under-
stand strengths and limitations of HPPT data and develop a strat-
egy for using them to classify chemicals for their skin sensitiza-
tion potential under the Globally Harmonized System of Classifi-
cation and Labelling of Chemicals (GHS). HPPTs are performed 
with single doses making identification of thresholds uncertain 
and difficult to use as reference data for test method validation. 
To overcome this challenge, classification criteria from the GHS 
were extended using a decision tree to partly resolve ambiguity 
in the results. If an individual chemical in the database had mul-
tiple discordant test results, a weight-of-evidence approach was 
used to obtain a single classification for the chemical. This classi-
fication approach was applied to a reference list of substances to 
support the evaluation of defined approaches (DAs) for skin sen-
sitization proposed for inclusion in a new OECD guideline. Clas-
sifications were compared with those based on local lymph node 
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tion towards next generation (animal-free) risk assessment strate-
gies where these models will become a critical tool to translate in 
vitro toxicity data into human dose- or potency information.
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Three R challenges in the breeding  
of GA rodents
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Recently published EU statistics revealed that, in 2017, more 
than 5,5 million genetically altered (GA) animals are bred and 
not used further in approved procedures. Additionally, 642,832 
animals were reported under the (regulated) category of main-
tenance of established GA lines of which about 20% develop a 
harmful phenotype. These figures show that a large number of 
GA animals can be found in research animal facilities and, more-
over, a large proportion experiences pain, suffering or distress 
caused by the genetic alteration.

In Switzerland and EU member states, regulations and guide-
lines are in place to ensure welfare assessment of GA lines which 
require a classification of phenotype severity and an implemen-
tation of measures to reduce suffering and animal numbers. Ex-
perience with their practical application shows that uncertainties 
remain. For example, severity classification of harmful pheno-
types still seems to be performed largely on subjective basis and, 
hence, severity classification is unharmonized. Furthermore, ev-
idence-based research on severity assessment is scarce and it is 
not clear which observable or measurable parameters are of gen-
eral use for meaningful welfare assessment.

The number of animals produced in rodent animal facilities is 
one aspect of reduction. A reduction is possible by making better 
use of statistics, but also by refining the methods for evaluating 
the results obtained with these animals. Strategy calculations are 
complex in breeding of GA rodents and can only be done with 
powerful software. Currently, no tool is available to calculate all 
breeding strategies and compare which will produce the mini-
mum number of experimental animals. The project of the Insti-
tute for Laboratory Animal Sciences of the University of Zürich 

intracellular accumulation and neurotoxic effects. Astrocytes were 
the most sensitive cells, and a disruption of lipid metabolism was 
revealed by Temposeq analyses across exposure scenarios. Expo-
sure to paraquat affected mostly neurons, including the dopami-
nergic ones. TempoSeq analyses highlighted oxidative stress and 
estrogen receptor-mediated signaling pathways, the former being 
disrupted differently according to exposure duration. Altogether 
these data exemplify the versatility of the BS model, the impor-
tance of in vitro biokinetics and of omics data analyses for neuro-
toxicity testing.
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In the safety assessment of chemicals, safe levels in humans are 
generally based on animal toxicity data. Uncertainty factors for in-
terspecies differences in toxicokinetics and toxicodynamics are ap-
plied to translate animal data to a safe dose in humans. Generally, 
default factors are used, i.e., a factor 4 and 2.5 to account for in-
terspecies differences in toxicokinetics and -dynamics, respective-
ly. If quantitative data on interspecies differences in toxicokinetics 
are available, one may deviate from the default uncertainty factor 
for kinetic differences, thereby refining the safety assessment. The 
present study aims to assess whether applying in vitro metabolism 
data and in silico physiologically based kinetic (PBK) modelling, 
can be used to estimate differences in dose-dependent internal ex-
posure in rats and humans. In vitro clearance data obtained with rat 
and human primary hepatocytes were gathered from the literature 
(Louisse et al., 2020) and new data were obtained for a selection of 
chemicals in our own lab. These data were applied in our recent-
ly developed generic PBK modelling platform (Punt et al., 2021) 
to estimate relative differences in Cmax and AUC between rats 
and humans. A large variability in reported clearance values was 
identified, which partly relates to differences in applied study de-
signs. Differences in input values largely affect PBK model predic-
tions, indicating the need for harmonization of clearance methods. 
When applying median reported clearance values, predicted spe-
cies differences in internal exposure for some chemicals differed 
more than the kinetic interspecies subfactor of 4, indicating that for 
these chemicals, deviation from the standard uncertainty factor can 
be considered. Overall, it is expected that gaining experience with 
PBK models for interspecies evaluations may facilitate the transi-
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research on Alzheimer’s and Parkinson’s disease (AD/PD), the 
two most common and most studied neurodegenerative diseases.

Publications that appeared between 2013 and 2018, combin-
ing a specific mention of (a) AD or PD, (b) a relevant biological 
endpoint to said disease, and (c) a method or model system (e.g., 
“cell model”, “comput*” etc.) were retrieved. More than 13,000 
abstracts were screened, of which approx. 70% were rejected, 
primarily because of the use of animal-based methods or models. 
The remaining fraction described studies that develop, optimize 
or apply non-animal methods.

For PD, methods based on human primary or stem cells repre-
sented the highest fraction (35%), followed by human/patient ex 
vivo tissue and body fluids (16%), biochemical assays (15%), hu-
man-derived immortalized cell models (14%) and computation-
al/in silico methods (14%). For AD on the other hand, biochemi-
cal/cell-free models represented the most commonly used group 
of methods (27%), followed by human/patient ex vivo models 
(22%) and computational models (18%).

The resulting inventory of non-animal methods comprised 
568 different models, with detailed information about context 
and use. Answers to central questions “Why?”, “How?” and 
“What?”, as well as qualitative information related to the sta-
tus, relevance and potential of a given method were compiled. As 
such, the inventory allows for straightforward browsing of exist-
ing published methods, which aims to contribute to 3R knowl-
edge sharing and their increased adoption and acceptance in neu-
rodegeneration research and related fields.

In addition to the inventory itself, our literature screen pro-
vides a rich source of information to identify areas of focus and 
interest in relation to innovative methodological development for 
basic and translational research.
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on-a chip model” emulating 
immune cell-skin interactions
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Microphysiological systems enabling long-term co-culture of 
various human organ equivalents have become increasingly use-
ful for preclinical systemic drug testing (Ewart et al., 2018). Cur-
rently, these systems lack integration of systemic immunocom-

in collaboration with MathYou in Berlin intends to offer the sci-
entific community a software solution.

The presentation will emphasis current challenges of GA 
breeding with focus refinement of harmful phenotypes and re-
duction of animal numbers.
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The process for the deletion of ATT,  
TABST and LABST in India
Brinda Poojary
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India has been at the forefront among Asian countries in consid-
ering the implementation of alternative methods to animal test-
ing, and among the first to accept waivers to the Abnormal Tox-
icity Test. Regulatory authorities, human and veterinary vac-
cines manufacturers, and international non-profit organizations 
like HSI and HSI/India worked together to facilitate dialogue 
and the decision-making process to successfully delete ATT and 
are currently working to promote the deletion/implementation of 
the waivers for TABST and LABST. HSI/India is presenting the 
work done in collaboration with Indian stakeholders in the pro-
cess for these important changes, highlighting the drivers and the 
remaining barriers to complete this process.
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In light of the continued efforts to reduce, refine and replace ani-
mal testing in biomedical research (3R), we inventoried and eval-
uated non-animal methods currently in use for basic and applied 
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Validation in a regulatory context –  
A EURL ECVAM perspective  
on principles, practice and progress
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European Commission, Joint Research Centre (JRC), Ispra, Italy
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Validation is intrinsic to the scientific process. Within the bio-
medical research domain, growing concerns about the reproduc-
ibility and applicability of scientific results, particularly those 
generated using animal models, has put the topic of validation at 
the center of recent scientific discourse. Within the regulatory do-
main, formal validation has typically been a requirement for new 
test methods proposed as internationally recognized guidelines 
for generating toxicological data used in the hazard and risk as-
sessment of chemicals. In this context, the OECD defines valida-
tion to be “the process by which the reliability and relevance of a 
particular approach, method, process or assessment is established 
for a defined purpose”. Assembling the evidence can be tackled 
in different ways, such as the “modular approach” proposed by 
the EU Reference Laboratory for alternatives to animal testing 
(EURL ECVAM). Here, information on test definition, transfer-
ability, within and between laboratory reproducibility, predictive 
capacity, applicability domain and proposed performance stan-
dards can be gathered somewhat independently and can combine 
retrospective analysis of existing information with the prospec-
tive generation of new data, as appropriate. Moreover, it provides 
a flexible basis to design fit-for-purpose validation studies that 
address different objectives. With the emergence of Integrated 
Approaches to Testing and Assessment (IATA), based on using 
Adverse Outcome Pathways (AOP) to guide the optimal integra-
tion of in vitro and computational methods, validation needs to 
address both the methods and the IATA itself, including deter-
mining the applicability domain and identifying and characteriz-
ing sources of uncertainty. Here we review the requirements for 
validation and the underlying principles and describe how EU-
RL ECVAM has evolved its validation practice to keep pace with 
scientific progress and emerging regulatory needs. In addition, 
on-going validation studies in the areas of skin sensitization, de-
velopmental neurotoxicity and endocrine disruption (thyroid) are 
described as practically illustration.
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petence and therefore do not generate human immune responses. 
This hampers their use for the evaluation of vaccines, adjuvants 
and immune cell therapies as well as the investigation of mech-
anisms of organ rejection. Therefore, we are aiming to reliably 
mimic immune cell behavior on our microphysiological HU-
MIMIC platform.

Here, we present the development of a “skin allograft on-a-
chip model” which combines human skin biopsies with alloge-
neic peripheral blood mononuclear cells (PBMC) to emulate 
mechanisms of skin rejection (Marino et al., 2016). To distin-
guish between responses initiated by the co-culture environment, 
respective monocultures were performed in parallel. Tissue and 
cell behavior were investigated by immunohistochemical stain-
ing, detection of cytokine release patterns and by characteri-
zation of the present immune cell populations at relevant time 
points. PBMCs could be tracked in the skin until the end of the 
nine-day co-culture. Interestingly, mainly T cells survived and 
were more antigen-experienced in the co-culture. In addition, 
only the co-culture showed increased levels of IFN-gamma, Il-2 
and Il-17 from day seven onwards. Hence, our co-culture showed 
first signs of rejection and might also be suitable to investigate 
pathogenic mechanisms in chronic inflammatory diseases, e.g., 
psoriasis, or testing of novel therapeutic approaches in the future.

The next step will be the combination of our immune cell-skin 
co-culture assay with an in vitro generated 3D lymphatic matrix 
aiming to emulate the human lymph node functionality in vitro 
(Kraus et al., 2019). Therefore, we integrated a chip-compliant 
hydrogel including PBMCs on our platform. Additional results 
on these matrices will give insights into their cellular composi-
tion and micro-organoid formation as well as cytokine release 
patterns over a fourteen-day culture time.
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sment of the skin sensitisation hazard of functional polysiloxa-
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For more than twenty years EPISKIN has been an active play-
er in the development of alternative methods, whether by pro-
viding experimental systems based on reconstructed human 
3D tissues, by developing non animal methods (NAMs) or by 
supporting the implementation of these methods in industri-
al, academic and CRO laboratories. Validation of alternative 
methods and regulatory evolvements in many countries re-
sult in an increasing demand for support and training. In line 
with our commitment for dissemination of non-animal meth-
ods (NAMs), we created EPISKIN Academy in 2012 to (a) fa-
cilitate the deployment and acceptance of validated alternative 
methods and (b) prepare new generations of scientists and tox-
icologists to use these methods and to participate in the devel-
opment of future ones

In order to respond to the diversity of needs we have devel-
oped a modular program ranging from a short awareness and 
demonstration of these methods to full theoretical and practical 
laboratory training leading to certification. Our presence on 3 
continents has enabled us to build long-term partnerships with 
various public, academic and governmental actors in several 
countries. These collaborative approaches in education are best 
suited to reach the right audience and provide holistic solutions 
in which trainees can not only receive hands-on training in 
methods but also acquire the scientific and regulatory knowl-
edge essential to the success of these approaches. In 8 years, 
EPISKIN Academy has trained several hundred students, sci-
entists and toxicologists from public and private organizations. 
280 have been certified on OECD methods of corrosion and 
skin and eye irritation (TG431, TG439, TG 492). EPISKIN 
Academy is committed to accompany today challenges and to 
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In vitro approaches for skin 
sensitization of medical devices
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Skin sensitization, one of three the biocompatibility endpoints 
required for all medical devices (MD), is still based on in vivo ap-
proaches (ISO 10993-10). The need for nonanimal methods re-
lies not only on ethical reasons but also on scientific reasons as 
the accuracy of the commonly used animal tests (GPMT, Bue-
hler test, LLNA) barely reach 70% compared to human data. In 
2012, OECD proposed an Adverse Outcome Pathway (AOP) for 
skin sensitization and several in chemico and in vitro assays have 
been validated to be used in testing strategies. However, these 
OECD assays concern neat chemicals and use mainly cell lines 
cultivated in 2D which are not easily adapted to medical devic-
es extracts where potential leached sensitizers are diluted in po-
lar and nonpolar solvents. The recent validation of in vitro skin 
irritation methods for medical device extracts demonstrated the 
added value of reconstructed human models (RhE). For skin sen-
sitization, assays with RhE alone (Petry, 2018; Andres, 2017; 
Cotterez, 2018; Coleman, 2015) or in co-culture with 2D cells 
(Schellenberger et al., 2019) showed promising results for com-
plex test systems.

Skin sensitization is under discussion by the experts of the 
ISOTC194/WG8 to evaluate how it would be possible to adapt 
and validate the testing strategies proposed for pure chemicals 
to the specific context of MD. Unlike the situation of skin irrita-
tion, the existence of quantitative data for skin sensitization gen-
erated from human (NOAEL) or animal data (EC3) will facilitate 
production of reference test samples to robustly and comprehen-
sively evaluate adaptation of OECD methods to the context of 
medical devices products. This presentation will give an over-
view of different in vitro approaches for skin sensitization and 
will present the last results in medical devices context with meth-
ods based onto 3D models as test system.
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combination thereof that can be used to provide information on 
chemical hazard and risk assessment that avoids the use of lab-
oratory animals. As part of a shift towards NAMs, the next gen-
eration blueprint of computational toxicology at the U.S. Envi-
ronmental Protection Agency advocates the use of non-targeted 
high-throughput profiling (HTP) assays for initial characteriza-
tion of the biological activity of environmental chemicals. Ide-
ally, such assays should: 1) be capable of being deployed in a 
high-throughput concentration-response screening format for 
identification of potency thresholds for perturbation of cellular 
biology, 2) provide high content data that can be used to identi-
fy putative mechanisms of action and 3) be capable of being de-
ployed across a variety of human-derived in vitro cell models. 
To date, two high-throughput profiling assays have been identi-
fied by EPA that meet these criteria: high-throughput transcrip-
tomics (HTTr) using targeted RNA-Seq and high-throughput 
phenotypic profiling (HTPP) using Cell Painting. This presenta-
tion will provide a broad overview of the EPA Comptox Blue-
print and highlight progress on the use of HTP assays for screen-
ing of environmental chemicals, including experimental designs, 
laboratory and computational workflows, data management and 
analysis strategies relating to both of these assays. This presen-
tation will also provide examples or how information from HTP 
assays can potentially be used in next generation risk assessment 
(NGRA) applications such as bioactivity to exposure ratio (BER) 
analysis for chemical prioritization, putative mechanism of ac-
tion determination and read-across using chemical structure and 
biological profile similarity scoring methods. This abstract does 
not reflect USEPA policy.
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Culture of care and governance: 
Two sides of the same coin
Jan-Bas Prins1,2
1The Francis Crick Institute, London, United Kingdom; 2Leiden University 
Medical Centre, Leiden, The Netherlands
jan-bas.prins@crick.ac.uk 

The European Directive (2010/63/EU) talks about a “climate of 
care” (recital 31). However, the term most widely used is “Cul-
ture of care”. “Culture” is an umbrella term encompassing the so-
cial behaviours and norms of a society as a whole and behaviours 
and habits of individuals of this society. Since 2016, there is a 
Culture of Care network. This network promotes a mindset and 
behaviour that continuously and proactively works to advance 
laboratory animal welfare and the 3Rs. To establish a culture of 
care within a research institute, all stakeholders need to be on 
board wholeheartedly and work towards a common goal. This 
relies on good governance, where strategic vision, accountabili-
ty, and fairness are firmly rooted and based on sound ethical and 
moral standards. Both good governance and a culture of care are 

prepare the future of alternative methods in toxicology by en-
gaging, whenever possible, longterm partnerships with institu-
tional partners
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Good Practice: Key experimental 
details to highlight when 
drafting your research article
Fabrizio Rossi1, Michele Signore2 and Marco Straccia1
1FRESCI by Science&Strategy SL, Barcelona, Spain; 2FRESCI by 
Science&Strategy SL, Rome, Italy
fabrizio.rossi@fre-sci.info 

A paper draft is not only a preliminary version, but rather the con-
ceptual scaffold on which the key experiments to demonstrate a 
hypothesis or validate previous conclusions are mounted. Aside 
from filling an accepted consensus list of sections, a good draft 
must rely on experiments that are both well executed and well 
designed. Each of the pieces that will build the final draft must 
provide a solid piece of evidence, easily reproducible. The aim of 
this workshop is to provide a theoretical background of what is 
required to take into account when drafting a research article, and 
will provide the participants with guidelines, and a short check-
list to assess the solidity of their design.
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Perspectives on the use of high 
throughput profiling assays  
in next generation risk assessment
Joshua Harrill
US Environmental Protection Agency, Durham, NC, United States
harrill.joshua@epa.gov 

Recently, numerous scientific and regulatory organizations 
across the world have proposed the use of data from New Ap-
proach Methodologies (NAMs) for supplementing and increas-
ing the pace of chemical safety assessments as well as reduc-
ing the number of laboratory animals used in toxicity testing. 
NAMs are defined as any technology, methodology, approach or 
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Towards a regulatory 
application of Caco-2 advanced 
intestinal barrier model
Olimpia Vincentini, Valentina Prota,  
Serena Cecchetti, Francesca Maialetti, Flavia Barone 
and Isabella De Angelis
Istituto Superiore di Sanità, Rome, Italy
isabella.deangelis@iss.it 

It is a matter of fact that advanced in vitro models should be com-
plex as required to reflect the in vivo situation but simple and de-
fined enough to be reproducible and transferable. This implies 
that a careful definition of model parameters and/or experimental 
conditions is critical for their applicability to toxicological/phar-
macological studies.

Tri-culture model of intestinal barrier of Caco-2 cells co-cul-
tured with different intestinal cell types as muco-secretory cells 
(HT29-MTX) and lymphoblastoid cells (Raji B) was extensively 
utilized in evaluation of chemicals and nanomaterials (NMs) ab-
sorption. However, it still shows quite variability, which invali-
date its wider use as in vitro model of intestinal barrier.

A pilot study to standardize and optimize Caco-2 tri-culture 
model is running at ISS, in the perspective of its application to 
NMs translocation studies. The study is finalized to develop an 
OECD Guidance Document on the definition of an in vitro ap-
proach for gastro-intestinal fate of ingested NMs.

Several model parameters were considered as insert pore di-
mension, microfold cell (M cell) induction and characterization, 
mucus production. Different endpoints of M cell phenotype in-
duction on Caco-2/Raji B co-culture, such as transepithelial re-
sistance (TEER) decrease, ZO-1 protein expression, and barri-
er permeability to FITC-dextran and fluorescent silica nanopar-
ticles were evaluated. Mucus influence on silica nanoparticles 
absorption was also investigated.

Furthermore, to determine if a direct contact between the 
two cell types can better stimulate M cell induction, an inverted 
co-culture model was developed in which Caco-2 cells facing the 
basolateral compartment and Raji B cells were added to the api-
cal compartment. Both models, normal and inverted, were able 
to induce M cells transformation in Caco-2, but the latter seems 
to be more performant.

The study results furnish a relevant contribute to move this 
three-culture model versus regulatory context.

Acknowledgment: Supported by Italian Ministry of Health, sec-
tion 4145 REACH
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required to provide the best for the animals and the science. The 
challenge remains to ensure that the “culture of care” extends to 
the animals at all times.
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The beyond animal testing index: 
How to assess your institute’s 
contribution to the 3Rs?
Cyrille Krul1, Koen Stegmeijer2, Annick De Moor2, 
Debby Wijers3 and Jan-Bas Prins2
1University of Applied Sciences Utrecht, Utrecht, The Netherlands; 
2Leiden University Medical Centre, Leiden, The Netherlands; 3The Dutch 
Society of the Replacement of Animal Testing, Leiden, The Netherlands
jan-bas.prins@crick.ac.uk 

The transition to animal free innovation is an ambition with 
some urgency in the Netherlands and at the level of the Europe-
an Union. Animal free innovation is not a new initiative. Those 
innovations are generated where science and technology meet. 
Sometimes as a result of purposeful researching and building, 
more often in a more serendipitous way. The beyond animal test-
ing index (BATI) has been developed as a benchmark for re-
search institutes involved in fundamental and applied research 
using animals to compare their respective contributions to devel-
oping and implementing animal free innovations and in a more 
general sense to the 3Rs based on the information already present 
in academic institutes in the Netherlands. The BATI is developed 
after the Access to Medicine Index, which benchmarks pharma-
ceutical companies according to their efforts making their med-
icines widely available also in third world countries. The BATI 
was designed and drafted in 2018. The draft BATI was presented 
to stakeholders, such as governmental and health funding organi-
zations. Their feedback was included to produce the first version 
of the BATI. Currently a pilot among three academic medical 
centres is in preparation. Based on this pilot, further refinements 
of the BATI will be considered. As a benchmark tool, the BATI 
is expected to act as a stimulus for research institutes to learn and 
improve on their strategies towards the transition to animal free 
innovations, to identify gaps in the development of 3R technol-
ogies, and to monitor the effectivity of (inter)national policies.
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Exploring 3D bioprinting 
technology for the development 
of complex reconstructed skin 
model with hair follicle structure 
and automation of the fabrication 
of hair follicle spheroids
Carolina Motter Catarino1,2, Desiree Cigaran Schuck2, 
Lexi Dechiario3, Marcio Lorencini2 and Pankaj 
Karande3
1Rensselaer Polytechnic Institute, Curitiba, Brazil; 2Grupo Boticário, 
Curitiba, Brazil; 3Rensselaer Polytechnic Institute, Troy, United States
carolinamcatarino@gmail.com 

A variety of human skin models have been developed for applica-
tions in in vitro studies. Typically, these reconstructed skin mod-
els employ protein-based scaffolds along with human skin cells: 
fibroblasts and keratinocytes. A key limitation of these models 
is that they still fail in recapitulating the cellular and microenvi-
ronmental complexity, such as the presence of vasculature, mul-
tiple cell types (e.g., melanocytes, neural and immune skin cell) 
and adnexal structures (e.g., hair follicles, sebaceous and sweat 
glands), that are representative of human physiology.

In parallel, 3D bioprinting technology has been gaining at-
tention as a platform for tissue engineering given the possibil-
ity for precise cell positioning, flexibility, reproducibility, and 
high-throughput production. We have explored these advantages 
for the development of two models of the human hair follicle. For 
the reconstructed skin model, a bioink containing dermal papilla 
cell (DPCs) and human umbilical vein cells (HUVECs) was pre-
cisely printed within the gelled dermis. These cells formed spher-
oids inside the dermis which were enveloped by keratinocytes 
and melanocytes migrating from the epidermis through the ver-
tical opening left by the nozzle. The resulting model contained 
a hair follicle-like structures whose morphology and biomarker 
pattern mimics that of the native tissue. Additionally, we have 
developed a hair follicle spheroid model formed by a core of 
DPCs and HUVECs (step 1) enveloped by a sheath of epithelial 
cells (step 2). The resulting spheroid, generated in an automated, 
precise and reproducible manner by 3D bioprinting, also resem-
bled the structure of the native hair follicle and could potentially 
be used for high-throughput screening of substances.

The development of reconstructed skin models with increased 
complexity that better mimic the native tissue can have an im-
portant impact on the diversification of in vitro models available 
for safety and efficacy assessment of chemical compounds.
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Confronting publishing bias against  
in vitro approaches
Catharine E. Krebs, Ann Lam and Kristie Sullivan
Physicians Committee for Responsible Medicine, Washington, DC,  
United States
ckrebs@pcrm.org 

Publication of research is a necessary step in the dissemination 
and implementation of biomedical advances and plays a cen-
tral role in the advancement of researchers’ careers. Through 
the manuscript review process, editors and peer reviewers act 
as gatekeepers of biomedical research. This process is not unbi-
ased, though. During the review of biomedical manuscripts, in 
vivo validation of in vitro experiments is often requested or re-
quired. Some journals explicitly state that manuscripts with in vi-
vo animal evidence will be given higher priority for review over 
those with purely in vitro experiments. We argue this is a form 
of content-based bias. Whether implicit or explicit, bias against 
manuscripts reporting on in vitro methods is often unfounded 
and based on editors’ and reviewers’ preference, familiarity, or 
narrow expertise, leading to the evaluation of manuscripts not on 
merit (e.g., physiological relevance of the experimental model) 
but on irrelevant characteristics (e.g., a reviewer’s preference for 
in vivo experiments). This is particularly troubling in the context 
of the transparency and translatability crises plaguing animal re-
search. Bias against in vitro methods may contribute to addition-
al animal experiments being performed for the sole purpose of 
appeasing biased editors and reviewers, by untrained laborato-
ry personnel, and/or in a manner that lacks scientific rigor. Fur-
thermore, this bias stands in the way of innovation and uptake 
of more physiologically relevant approaches such as human cell-
based microphysiological systems and organoids, which have 
many advantages over the use of animals. Concrete steps to com-
bat bias against in vitro methods may include broadening in vitro 
expertise on editorial boards and in reviewer pools, conducting 
anti-bias training, and establishing open peer review. Ultimate-
ly, a major shift in the perception of in vitro methods will be re-
quired for the advancement of ethical, effective biomedical re-
search.
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stem cells to study neurological diseases and toxicity. ALTEX 
34, 362-376. doi:10.14573/altex.1609122 
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sant paroxethine exerts developmental neurotoxicity in an iP-
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Assessment of acute stress and 
anxiety by infrared thermography
Nuno Henrique Franco
i3S – Instituto de Investigação e Inovação em Saúde, Universidade  
do Porto, Porto, Portugal
nfranco@ibmc.up.pt 

Evaluating emotional states in animals often relies on behavior-
al indicators, thus being vulnerable to subjective biases and oth-
er factors, including observers’ experience. Therefore, more ob-
jective methods for assessing mental states in animals are need-
ed. Body temperature variations have been shown to be valuable 
physiological indicators of acute stress or anxiety, namely by 
the “hyperthermic stress response” associated with the fight or 
flight response, and observed in multiple homoeothermic spe-
cies, from mice to humans. Stress-induced hyperthermia can 
hence be used as an objective measure of the anxiogenic effect 
of stressors in laboratory animals – from environmental factors 
to common procedures – to inform the choice of the least stress-
ful methods, and to assess the efficacy of refinement measures.

Since the restraining necessary for measuring temperature by 
traditional methods is itself stressful, our lab has studied how 
infrared thermography can be used for non-invasive thermal as-
sessment of laboratory animals. We have established mean body 
surface temperature (MBST) as a robust parameter for moni-
toring temperature variation from thermal images of group-
housed, freely moving mice, as compared to the eye or tail 
(Gjendal et al., 2018). Following this, we developed “Thermo-
LabAnimal”, a software application that automatically removes 
the thermal background from images and detects and provides 
MBST of individual animals, even when group housed, if not 
overlapping (Franco et al., 2019) Our approach, which may 
be applied to other species and scientific purposes (also being 
studied in our lab, such as giving insight to pathophysiology of 
disease, and possibly signaling humane endpoints) has the ad-
vantages of allowing thermal assessment of laboratory animals 
with minimum impact on physiology or behavior, while elimi-
nating observer errors and biases.
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Applications of brain-model 
technology to study chemical induced 
neuro(developmental) disorders
Helena T. Hogberg1, Megan Chesnut1,  
Sevcan Gul Akgun Olmez1, Andre Kleensang1,  
Lena Smirnova1, Thomas Hartung1,2 and  
David Pamies,2,3
1Center for Alternatives to Animal Testing (CAAT), Johns Hopkins 
Bloomberg School of Public Health, Baltimore, MD, United States; 
2CAAT-Europe, University of Konstanz, Konstanz, Germany; 3Department 
of Physiology, University of Lausanne, Lausanne and Swiss Centre for 
Applied Human Toxicology (SCAHT), Lausanne, Switzerland
hhogber2@jhu.edu 

There is concern that environmental exposures contribute to the 
increased prevalence of neurodevelopmental and neurodegener-
ative disorders such as autism, ADHD, Parkinson’s and multiple 
sclerosis. However, very few compounds have been identified 
as (developmental) neurotoxicants due to limitation in current in  
vivo testing guidelines. Moreover, there is a lack of effective 
drugs to treat neurological disorder despite decades of research 
using current animal models in drug discovery. Pharmaceutical 
companies are desperately seeking human-relevant alternatives 
as more than 90% of drugs fail in clinical trial.

We have developed a reproducible iPSC derived human 3D 
neural cell model, comprised of differentiated neurons (gluta-
matergic, dopaminergic and GABAergic neurons) and glial 
cells (astrocytes and oligodendrocytes) (Pamies et al., 2016). 
The model has shown to be relevant for key cellular process-
es involved in neurodevelopment including proliferation, dif-
ferentiation, apoptosis, synaptogenesis, intracellular signaling, 
and network function. In addition, it presents unique features as 
it has shown de novo myelination. The failure to form or main-
tain myelin can disrupt neuronal signal transmission or trigger 
degradation of axons and can induce severe neurological symp-
toms and disorders such as multiple sclerosis, amyotrophic lat-
eral sclerosis and periventricular leukomalacia. The human 
model has been exposed to pesticides, environmental contam-
inants, pathogens, drugs and flame retardants to induce (de-
velopmental) neurotoxicity and disease assessed by omics and 
high content imaging approaches (Pamies et al., 2018; Abreu 
et al., 2017; Zhong et al., 2020). The model has the potential to 
become a human-relevant alternative to animals in toxicology 
and disease.
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Thus, clinical data played the most crucial role in terms of 
product safety assessment. We envisage that a gradual shift to-
ward animal-free safety testing of CBMPs will be the future 
trend in the development of such products.
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Regulatory consequences  
of the validation of replacement  
in vitro toxicity and  
antigenicity assays for Clostridium 
septicum vaccine antigens
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Keith Redhead5 and Lukas Bruckner6
1EDQM Council of Europe, Strasbourg, France; 2JRC, Ispra, Italy;  
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marie-emmanuelle.behr-gross@edqm.eu 

In 2016, 14 manufacturers and public sector control labora-
tories were enrolled into an international study run under the 
common aegis of the EDQM and the EPAA. The study al-
lowed the validation of Vero cell-based assays as alternatives 
to the mouse tests currently in use for in-process quality con-
trol of Clostridium septicum vaccines (toxicity: Minimum Le-
thal Dose, antigenicity: Total Combining Power). The results 
demonstrated that optimized Vero cell-based assays represent 
credible toxicity and antigenicity indicators as alternatives to 
the corresponding in vivo methods. Implementation of such 
cell-based testing for other cytotoxic antigens, using this study 
as a model, could ultimately result in large reductions of ani-
mal usage in the quality control of veterinary vaccines (Daas et 
al., 2020; Behr-Gross et al., 2021). In consequence, the experts 
of the group 15V of the European Pharmacopoeia launched 
the revision of monographs Clostridium septicum vaccine for 
veterinary use (0364), Clostridium novyi (type B) vaccine for 
veterinary use (0362) and Clostridium perfringens vaccine for 
veterinary use (0363). The revised texts were be submitted to 
public enquiry from July to September 2020. The outcome of 
the public enquiry will be presented and discussed – togeth-
er with the practical information obtained during the collab-
orative study and from a large field enquiry – at a workshop 
in Strasbourg (9-10 March 2021). In an effort to foster inter-
national harmonization for the implementation of the replace-
ment methods, the workshop jointly supported by the EDQM, 
EPAA and JRC/EURL ECVAM will be open to manufacturers 
and regulators from all over the world.

This talk will present both past and novel results from our re-
search group on the use and validation of infrared thermography 
for assessing stress and anxiety in laboratory mice.
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Animal-free testing of cell-based  
medicinal products
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Cell-based medicinal products (CBMPs) consist of viable cells 
of human origin. Different animal species display different cell 
surface markers, activation factors, expression pattern of specific 
genes, and possess distinct immune system components making 
testing for toxicity challenging.

A project was launched under auspices of the Ministry of Ag-
riculture, Nature, and Food Quality of the Netherlands, with the 
objective to study the possibility whether CBMPs could be de-
veloped safely for human use without animal testing.

By analyzing CHMP Scientific Advice reports written for  
84 CBMPs in 2013 to 2019, our research revealed that approx-
imately 70% of human cell products were tested in animals for 
toxicity. Only 5~12% of total products were tested with ani-
mal-free methods. No animal toxicity studies were performed 
with dendritic cell-based products. The performed toxicity stud-
ies were general toxicity (55%), immunogenicity (29%), safe-
ty pharmacology (19%), and a very low number of reproductive 
toxicity studies (2%). Animal models were roughly divided into 
rodents (mice or rats), large animals (pigs, sheep, goats, horses, 
and dogs), and non-human primates.

When analyzing the safety package of products without in vivo 
toxicity studies, we found that the informativeness of the safety 
package predominantly relied on already available clinical expe-
rience and subsequently on in vitro safety studies.

The observed adverse effects in the in vivo safety studies that 
were most commonly discussed were pulmonary thrombosis, ef-
fects caused by cell entrapment due to high doses, immunologi-
cal effects, and effects that were difficult to interpret.
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ny pharma companies to reduce time, costs and the use of animal 
models during the preclinical drug development.
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Advancing IATA in European 
chemicals  
regulatory decision-making
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maurice.whelan@ec.europa.eu 

The European Union (EU) has over 30 pieces of key legislation 
to regulate a vast range of chemicals used in a multitude of sec-
tors. Apart from facilitating the EU’s single market and support-
ing industrial innovation and competitiveness, the EU’s chemi-
cal acquis has also the important goal of protecting human health 
and the environment. A key provision in EU legislation is its con-
tinual adaptation to remain efficient and relevant. This includes 
the up-take of scientific and technical advances in hazard and risk 
assessment practice, with a strong preference for new approach-
es based on non-animal methods. Apart from societal pressure to 
move away from animal testing, there is also a growing scientific 
impetus for more human-relevant approaches such as complex in 
vitro methods using human-derived cells and tissues and compu-
tational modelling of human metabolism and biokinetics. How-
ever, as the tools become more sophisticated, solution-providers 
are challenged with how to optimally combine novel experimen-
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In-silico trials for drug safety 
and efficacy assessment
Cristian Trovato, Elisa Passini and Blanca Rodriguez
University of Oxford, Oxford, United Kingdom
cristian.trovato@gmail.com 

Preclinical assessment of drug-induced cardiotoxicity is still a 
challenge for pharmaceutical industry, which is in need of new 
tools for its accurate and early identification (Laverty et al., 
2011). In-silico trials using multiscale biophysically detailed 
human-based models have proven to be reliable as a new tool 
for pro-arrhythmic risk assessment, through the integration and 
augmentation of large and heterogenous clinical and experimen-
tal data with the most advanced computational and engineering 
techniques (Lancaster and Sobie, 2016).

Here, we present the most recent breakthroughs of our re-
search (Passini et al. 2017, 2019), with a particular focus towards 
the replacement, reduction and refinement of animals in research 
and clinical translation.

Computer simulations were conducted using a new computa-
tional model for human ventricular electrophysiology (Tomek et 
al., 2019), designed, calibrated and validated against a wide set 
of experimental datasets and protocols. A population of models 
was designed to reproduce biological variability and used to test 
40 reference compounds with a wide range of actions on cardi-
ac ion channels. Drug-induced changes in electrophysiology and 
contractility of human ventricular cardiomyocytes were investi-
gated at several concentrations and used to predict drug safety 
and efficacy. Several cellular properties were evaluated as bio-
markers.

In silico drug trials successful predicted drugs with clinical 
risk of drug-induced Torsade de Pointes (a ventricular arrhyth-
mia), achieving 90% accuracy. The electromechanical window, 
accounting both for electrophysiological and contractility chang-
es, was identified as the most reliable biomarker, even at low 
drug doses. Drug-induced electrophysiological effects were also 
in line with the experimental evidence for all drug classes.

In-silico drug trials showed higher accuracy than animal in vi-
tro and in vivo models for drug-induced pro-arrhythmic cardio-
toxicity. They are a powerful tool, already implemented in ma-
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Many implant procedures are elective, which allows a screen-
ing protocol to be performed in advance. This protocol should be 
performed with a small amount of blood from the patient in an in 
vitro test system with a test object having a surface similar to the 
implant material. By intensive contact of blood with material da-
ta can be obtained in a short period of time. The outcome of the 
tests could result in use of another type of material.
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Human skin stem cell-derived 
hepatic cells as a tool for toxicity 
testing and drug development
Joost Boeckmans, Alessandra Natale, Matthias 
Rombaut, Karolien Buyl, Vera Rogiers, Joery De Kock, 
Robim Marcelino Rodrigues and Tamara Vanhaecke
Department of In Vitro Toxicology and Dermato-Cosmetology, Faculty of 
Medicine and Pharmacy, Vrije Universiteit Brussel, Brussels, Belgium
joost.boeckmans@vub.be 

Human skin precursors (hSKP) are adult stem cells that can be 
cultured in vitro. hSKP can differentiate towards hepatic cells 
(hSKP-HPC), expressing a mixed phenotype of mature (ALB) 
and immature (EPCAM, NCAM2, PROM1) hepatocytes.

Their applicability for hepatotoxicity testing was evaluated by 
exposing the cells to reference compounds. Acetaminophen-ex-
posed hSKP-HPC predicted drug-induced “liver damage/ne-
crosis”, comparable with observations made for patients suffer-
ing from liver toxicity caused by acetaminophen overdose (Ro-
drigues et al., 2014). Exposure to sodium valproate resulted in a 
drastic increase of intracellular triglycerides and a compromised 
lipid metabolism similar to cellular responses in the liver of pa-
tients suffering from hepatic steatosis (Rodrigues et al., 2016). 
Furthermore, amiodarone provoked the formation of lamellar 
bodies and accumulation of phospholipids, typical features of 

tal and computational methods in a way that delivers the informa-
tion needed for regulatory decision-making. To this end, the EU 
contributes heavily to OECD efforts to establish the Integrated 
Approaches to Testing and Assessment (IATA) framework and its 
primary aim of bringing non-animal methods to bear in regulato-
ry domains. As scientists, end-users and regulators engage in de-
veloping and applying IATA in different risk assessment contexts, 
a number of issues are being grappled with. For example, how to 
strike the right balance between flexibility on one hand, to em-
brace the rapid evolution of the scientific toolbox, and formality 
on the other hand, motivated by expectations for validation and 
standardization to support implementation. Attention also needs 
to focus on understanding how best to characterize sources of un-
certainty within IATA and how to go about establishing their sci-
entific credibility to ensure acceptance and uptake.
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In vitro methods to assess 
thrombogenicity of medical  
devices and materials:  
Effects of donor specificity
Willem van Oeveren1 and Gerwin Engels2
1CEO Haemoscan, Groningen, The Netherlands; 2DO Haemoscan, 
Groningen, The Netherlands
w.vanoeveren@haemoscan.com 

Thrombosis and inflammation are responses of blood compo-
nents to any foreign body. With a few exceptions these responses 
should be kept to a minimum.

Implant materials are being tested extensively before clinical 
use with random fresh animal or human blood, with the assump-
tion that animal species and different human donors show a com-
parable response to a certain type of material, which resembles 
the response of an implant recipient (Blok et al., 2016, 2019).

However, thrombotic and inflammatory reactions are high-
ly different between individuals, resulting in either tolerance or 
in unacceptable high levels of activation with the same material. 
In particular, the extent of thrombosis shows marked differences 
between individual, which is shown by macroscopic evaluation 
(Reviakine, 2017).

This work aims to demonstrate the effect of individual respons-
es on activation biomaterials, to quantify deposition of thrombot-
ic elements by sensitive surface markers and to see if circulat-
ing blood activation markers correlate with blood element depo-
sition. By using an in vitro closed loop circulation model human 
blood could be tested multiple times on multiple materials in one 
experiment (Engels et al., 2016).

We found that response of blood from a certain donor was 
highly reproducible but results of platelet and fibrin deposition 
of different donors was up to three-fold different on the same ex-
perimental day.
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The presentation will discuss the options for operators in the 
food industry on the basis of the EU-legal framework. The hor-
izontal Directive 2010/63/EU on the protection of animals used 
for scientific purposes on the one hand makes compliance with 
the 3Rs principle a legal obligation in the EU since it came in-
to force in 2013. Non-animal alternative approaches to an exist-
ing animal method must be used if “another method or testing 
strategy for obtaining the result sought, not entailing the use of 
a live animal, is recognized under the legislation of the Union”. 
On the other hand, compliance with EU-food legislation in or-
der to ensure that food products and their ingredients are safe for 
consumers as well as for the environment at least currently still 
requires manufacturers to conduct some animal tests. Informa-
tion from non-animal strategies can increasingly be used as part 
of a Weight of Evidence assessment and for risk prioritization. 
The presentation will invite discussion how the acceptability of 
non-animal methods or approaches in the food sector could be 
accelerated.
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Use of NAM under REACH and  
globally
Mike Rasenberg
European Chemicals Agency (ECHA), Helsinki, Finland
mike.rasenberg@echa.europa.eu 

EU REACH (Registration, Evaluation, Authorisation and restric-
tion of CHemicals), is based on the utilization of OECD (Organ-
isation for Economic Co-operation and Development) Guide-
line Studies for classification and risk assessment, which, togeth-
er with exposure considerations leads to risk management in the 
supply chain and/or regulatory risk management.

The test guidelines are the basis for the “Globally Harmonized 
System of Classification and Labelling of Chemicals (GHS)”. 
This system addresses classification of chemicals by hazard 
types and proposes harmonized hazard communication elements. 
It aims at making this information available to enhance the pro-
tection of human health and the environment.

In REACH, the use of existing information, waiving, as well 
as the possible utilization of “alternatives”, puts animal testing as 
a last resort. Many of the attempts by industry to fulfil the infor-
mation requirements without testing, in particular for systemic 
toxicity, fail to meet the legal and scientific requirements, which 
will be elaborated.

As New Approach Methods (NAM) become available, they 
are integrated in the regulations, predominantly through the 
OECD programme. The NAMs that are integrated into the test 
guidelines programme, provide either specific (additional) infor-
mation of toxicological interest and/or replace existing (animal) 
tests. For more complex systemic toxicological endpoints, re-
placement with NAMs seems challenging.

phospholipidosis. This was accompanied by dysregulation of lip-
id metabolism- (SCD1, FASN, APOB) and lysosomal activity- 
(AP1S1, PLA2G15) related genes, accentuating the modulation 
of key mechanisms involved (Natale et al., 2018).

Recently, hSKP-HPC were also used to model non-alcoholic 
steatohepatitis (NASH), a severe liver condition characterized by 
steatosis and liver inflammation and for which no drug is current-
ly available (Boeckmans et al., 2018). Exposure of hSKP-HPC 
to factors associated with the development of NASH (fatty acids, 
insulin, glucose and inflammatory cytokines) induced intracel-
lular lipid accumulation and secretion of inflammatory chemok-
ines (CCL2, CCL7, CCL8, CXCL5). Furthermore, “hSKP-HPC 
NASH” showed activation of gene classes related to “chemotax-
is” and a similar transcriptional signature as observed in human 
NASH liver samples. Using this model, the anti-NASH proper-
ties of elafibranor, a clinical phase III compound, were investi-
gated. Elafibranor restricted the increased lipid load and dimin-
ished the secretion of inflammatory chemokines. Gene expres-
sion data also suggested that elafibranor inhibits chemotaxis in a 
NF-κB-dependent manner (Boeckmans et al., 2019).

Overall, hSKP-HPC represent a valuable, pragmatic human- 
based in vitro system for preclinical hepatoxicity assessment and 
anti-NASH drug development.
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Applicable legislation for non-animal 
approaches in the food system
Katrin Schutte
European Commission, Brussels, Belgium
katrin.schutte@ec.europa.eu 

Methods that can be used in toxicology and safety assessment 
are changing towards an increased application of non-animal ap-
proaches. Members of the International Life Sciences Institute 
(ILSI) Europe have formed an expert group to review possibili-
ties, opportunities and challenges for the use of non-animal test-
ing strategies in food safety research, which can ultimately be 
used in support of regulatory submissions for pre-market autho-
rization.
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Replacing the need for bovine blood 
products in early stage optimization 
of cardiac assist devices: Improving 
the international standard
Antony P. McNamee1,2, Geoff D. Tansley3,4,  
Jo P. Pauls3,4 and Michael J. Simmonds2
1The Medical Advances Without Animals Trust (MAWA), Hawker, 
Australia; 2Biorheology Research Laboratory, Menzies Health Institute 
Queensland, Griffith University, Gold Coast, Australia; 3School of 
Engineering and Built Environment, Griffith University, Gold Coast, 
Australia; 4Innovative Cardiovascular Engineering and Technology 
Laboratory, Critical Care Research Group, The Prince Charles Hospital, 
Chermside, Australia
a.mcnamee@griffith.edu.au 

Artificial organs for circulatory support are lifesaving systems 
that support or replace the function of failing organs in critical-
ly ill patients. While these devices enable complex lifesaving in-
terventions, increasing evidence implicates sub-optimal system 
design is likely to cause blood damage (not identified in earlier 
pre-clinical tests). Development processes of artificial organs are 
limited by international standards that recommend the use of bo-
vine blood for predicting success of human life-support systems. 
Thus, we aimed to compare the suitability of human and bovine 
blood for artificial organ haemocompatibility testing.

Human blood was sourced, tested, and compared to data ob-
tained from previous bovine blood studies for haematological 
and rheological parameters, including specific assessment for 
mechanical sensitivity of blood cells and high-shear tolerance.

Haematological assessment identified that when compared 
with bovine blood, human blood contains: ~25% more blood 
cells·µL-1; erythrocytes with ~25% larger diameter, ~50% larg-
er volume and surface area, and 10-15% less cytosolic haemo-
globin (implicating substantially decreased cytosolic viscosity). 
Rheological profiles were also identified to be drastically dif-
ferent; human plasma is approximately half the viscosity of bo-
vine plasma; however, as bovine erythrocytes do not aggregate, 
low-shear whole blood viscosity is markedly increased in human 
blood. Further, while human erythrocytes are substantially more 
deformable than bovine, human erythrocytes exhibit far greater 
susceptibility to shear-induced damage (i.e., half the strength of 
bovine blood).

Due to inherent biological differences that exist between hu-
man and bovine blood, it is likely that current bovine recommen-
dations have resulted in the development of nonrepresentative 
models of blood-device compatibility. To improve the outcomes 
and quality of life of patients receiving artificial organ therapies, 
future devices must be designed, tested, and optimised for hu-
mans; bovine blood is a poor model of human tissue and should 
not be used as a surrogate.
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ECHA (European Chemicals Agency) is an active participant 
to Accelerating the Pace of Chemical Risk Assessment (APCRA).  
APCRA is a government-to-government initiative to promote 
collaboration and dialogue on the scientific and regulatory needs 
for the application and acceptance of NAMs in regulatory deci-
sion making. APCRA began in 2016 with a workshop designed 
to bring together regulatory agencies from around the world to 
discuss the practical application of NAMs to chemicals manage-
ment. Until now, APCRA organized 4 workshops and initiated 
international collaborations on various case studies. This session 
will give an overview of the progress made so far.
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Remove ATT, TABST & LABST.  
The journey of how  
they became obsolete
Katrin Schutte
European Commission, Brussels, Belgium
katrin.schutte@ec.europa.eu 

The general safety tests like the abnormal toxicity test (ATT) in 
mice or guinea pigs for human vaccines and the laboratory an-
imal batch safety test (LABST) and target animal batch safety 
test (TABST) for veterinary vaccines are a key priority for glob-
al harmonization of legal requirements. Vaccines are produced 
for the global market, and discordance of legal requirements for 
their approval and market authorization as well as batch release 
testing greatly hamper the minimization of regulatory testing and 
related animal use. However, important progress has been made 
over the years towards agreement at global level that certain an-
imal tests, namely the general safety tests have become obsolete 
thanks to the introduction of modern vaccine development with 
validation of the manufacturing process, advanced in-process 
controls, and product release testing complying with internation-
al standards. This presentation will highlight important aspects 
of this journey, which besides scientific reasoning only required 
a thorough exploration of the reasons for prevailing interregion-
al differences in quality testing requirements and the building of 
trust and confidence.
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In silico modelling as a way to  
prioritize experiments and 
reduce experimental testing for 
osteoarthritis drug target discovery
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Tim Welting6 and Liesbet Geris1,2,7
1Prometheus, Division of Skeletal Tissue Engineering, KU Leuven, 
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3Department of Orthopedics, Erasmus MC, University Medical Center, 
Rotterdam, The Netherlands; 4Department of Otorhinolaryngology, 
Erasmus MC, Rotterdam, The Netherlands; 5Department of Biomechanical 
Engineering, Faculty of Mechanical, Maritime, and Materials Engineering, 
Delft University of Technology, Delft, The Netherlands; 6Laboratory for 
Experimental Orthopedics, Department of Orthopedic Surgery, MUMC+, 
Maastricht, The Netherlands; 7GIGA In silico medicine, University of 
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raphaelle.lesage@kuleuven.be 

The European Commission published a strategic document to 
shape the future research and innovation investment, which re-
peatedly mentions digital tools as an asset for healthcare (https://
www.vph-institute.org/news/2019-activities-and-achievements.
html; https://ec.europa.eu/research/pdf/horizon-europe/annex-1.
pdf), in line with the potential of in-silico research to achieve the 
3Rs. Indeed, computer modelling may help study various com-
plex diseases and therapeutic strategies while decreasing the ex-
perimental burden. Here, we present several aspects of our in-sil-
ico research in which we implemented computational solutions 
to understand the complexity of the osteoarthritis (OA) disease. 
These same tools are used to identify potential therapeutic strate-
gies, through endogenous (pharmacological) or exogenous repair 
(tissue engineering).

First, we aimed at extracting as much information as possi-
ble from published transcriptomics datasets by combining them. 
We gathered data from several mouse OA models and integrat-
ed them while removing the variation solely due to the technical 
batch effects. With unsupervised clustering, we showed that the 
biological information remained intact. The gain of information 
provided by the microarrays merger enabled us to infer a gene 
regulatory network (GRN) using machine learning algorithms.

The GRN complemented a biochemical interaction map of 
intracellular processes involved in cartilage cell (chondrocyte) 
differentiation. It resulted from the accumulation of decades of 
mechanistic knowledge. Not only did this map represent a new 
knowledge base, it was also translated it into a mathematical 
model for subsequent analyses. It enabled in-silico testing of hy-
potheses about intracellular control of chondrocyte fate decision.

Combining both approaches lead to a comprehensive mod-
eling tool to screen potential endogenous and exogenous thera-
pies for osteochondral diseases. We established an in vitro semi-
high throughput assay to validate the in-silico model predictions 
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In vitro coculture model (h-CLAT/RHE)  
composed of THP-1 cells and  
3D reconstructed human epidermis  
to assess activation and 
maturation of dendritic cells
Udo Bock, Jutta Lichter and Brunhilde Blömeke
Trier University, Environmental Toxicology, Trier, Germany
Bock@uni-trier.de 

The development of non-animal-based assays (NAMs) for test-
ing sensitization potential and potency of challenging materials 
with pronounced lipophilicity (e.g., fragrances or pharmaceutical 
actives) or polymers (e.g., medical devices or transdermal ther-
apeutic systems) is an increasingly important aspect. Innate im-
mune cells but also structural cells, for instance dendritic cells 
(DC) and keratinocytes are receptive to signals from their envi-
ronment and interact with each other. Therefore, we developed 
a co-culture model (h-CLAT/RHE) consisting of the combina-
tion of the OECD validated Human Cell Line Activation Test 
(h-CLAT) and a reconstructed human epidermis model (RHE) 
(Schellenberger et al., 2019). We placed THP-1 cells underneath 
the RHE, to be close to the in vivo situation, e.g., stratified layers 
of keratinocytes providing physical and chemical barrier proper-
ties. Furthermore, the integration of RHE allows the application 
of test materials to the skin surface, which enables testing of a 
wide variety of challenging materials and material states.

As endpoints, we analyzed the cell surface expression of the 
costimulatory molecule CD86. The adhesion molecule CD54 on 
collected THP-1 cells by flow cytometry. We proved the feasibil-
ity to use the selection criteria for hazard prediction of h-CLAT, 
namely a relative fluoresce induction of 1.5 and 2.0 for CD86 and 
CD54, respectively. In total, we identified 12 chemicals as skin 
sensitizer (including weak, moderate and strong sensitizer). Two 
molecules could be tested as sensitizers, which were negative in 
submerse coculture assay (COCAT) of THP-1 and HaCaT kerati-
nocytes (Hennen and Blömeke, 2017; Eskes et al., 2019).

In conclusion, we showed with a limited set of skin sensitiz-
ers that the implementation of keratinocytes using RHE with se-
lection criteria of the h-CLAT is possible. In addition, the set-up 
may be able to overcome issues of lipophilicity, solubility and 
testability of challenging materials in skin sensitization.
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IATA as the nexus of traditional 
bioassay and new approach methods 
data in human health assessment
Jason Christopher Lambert
U.S. EPA, Cincinnati, OH, United States
lambert.jason@epa.gov 

Identification of human health effects associated with potential 
exposures to 1000’s of data-poor commercial and environmen-
tal chemicals is significantly limited by the lack of traditional in 
vivo hazard and dose-response information however, absence of 
information is not equivalent to absence of risk. As such, effi-
cient and timely chemical assessment in a data-poor environment 
may be realized through a paradigm shift in which extant toxi-
cological information, albeit limited at times, is integrated with 
New Approach Methodologies (NAM)-based data in an Inte-
grated Approach to Testing and Assessment (IATA). IATA is a 
problem formulation based pragmatic approach to assembling 
and evaluating information from diverse chemical and biologi-
cal data streams, taking into account the acceptable level of un-
certainty associated with a given decision context. IATA may in-
clude data-mining and systematic review of existent in vivo tox-
icity information, -omics data, in vitro or ex vivo bioactivity, and/
or structure-activity such as QSAR and read-across, to answer 
questions in a fit-for-purpose assessment application or regulato-
ry decision context. IATA applications may range from identifi-
cation of sufficient traditional bioassay information to make a de-
cision, with NAM used in a data-gap filling mode, to a complete 
lack of traditional bioassay information with NAM data work-
ing in concert to serve as the basis for hazard identification and 
dose-response assessment. This session will provide insights in-
to IATA application and contextualize the scoping of information 
for various environmental chemical evaluation foci.

The views expressed in this abstract are those of the author and 
does not necessarily represent the views or policies of the United 
States Environmental Protection Agency
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Opportunities for use of 
IATA in Canada’s chemicals 
management plan
Tara Barton-Maclaren
Existing Substances Risk Assessment Bureau, Healthy Environments and 
Consumer Safety Branch, Health Canada, Ottawa, Canada
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Chemicals management faces global challenges including ag-
gressive assessment mandates, a rapidly changing chemical 

about promising drug targets for OA. We highlighted a synergis-
tic effect between two targets via that in-silico in vitro approach. 
A priori testing of conditions with this modelling approach could 
refine the drug discovery pipeline.
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Political campaigning: Where  
scientific and ethical  
arguments meet public policy
Emily McIvor
1People for the Ethical Treatment of Animals (PETA), Exeter,  
United Kingdom
EmilyMcIvor@peta.org.uk 

What drives change? Does the elimination of animal research 
and testing rely more on scientific progress or changing public 
attitudes? At EU level, politics is at least as important as science 
– not least because legal requirements are helping shape science 
funding and policy decisions. Within biomedical research new 
technologies allow previously unimagined opportunities to study 
human disease in humans, and in regulatory testing the relevance 
of animal methods is increasingly questioned. But other scien-
tific and policy developments are also important. Studies estab-
lishing the sentience of certain invertebrates led to new legal pro-
tections. Project evaluations as defined by Directive 2010/63/
EU must consider ethical aspects of animal use, and knowl-
edge of animal sentience and cognition is increasing – at some 
point, might an EU project evaluator consider that just as rodents 
should be housed in groups because they are social animals, 
maybe their use should be entirely avoided for more or less the 
same, or similar, reasons? Sadly, though, these developments are 
not enough. While many scientists and regulators remain open to 
change, conservatism and inertia present obstacles even when re-
placement of animal use is not only technically possible but sci-
entifically desirable. Within this context, it is essential for animal 
advocates to check that the right strategies are employed. Should 
we favour advancing science or political gain? Which stake-
holders should we work with, and is there anything we could or 
should be doing that is not currently prioritised? How far are we 
able to manage threats, such as those posed by other stakehold-
ers successfully campaigning for increases in animal test require-
ments – and, as ever, how do we expose the scientific limitations 
of animal use when many of those involved have an interest in 
defending the status quo?
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Scientific validity of non-animal- 
derived antibodies
João Barroso, Marlies Halder and Maurice Whelan
European Commission, Joint Research Centre, Ispra (VA), Italy
joao.barroso@ec.europa.eu 

Affinity reagents are binding molecules that have a high spec-
ificity for their unique target (antigen). They are crucial tools 
for research, diagnostics, therapeutic and regulatory applica-
tions. Based on their recognition properties and binding specific-
ity, protein-based antibodies are currently still the most import-
ant tools for the specific detection of proteins or other molecules. 
Animals are still widely used for the development and production 
of monoclonal and polyclonal antibodies as well as other affinity 
reagents despite the availability of alternative non-animal tech-
nologies for more than 20 years. In line with the legal require-
ments of EU Directive 2010/63/EU on the protection of animals 
used for scientific purposes, animals should not be used in pro-
cedures where a non-animal alternative that provides the same or 
higher level of information exists. For this reason, the EU Ref-
erence Laboratory for alternatives to animal testing (EURL EC-
VAM) mandated its Scientific Advisory Committee (ESAC) to 
review the available evidence and deliver an opinion on the sci-
entific validity of antibodies and non-antibody affinity reagents 
produced using animal-free technologies. The review focused on 
non-animal-derived antibodies generated by phage-display tech-
nology. Taking into consideration the available evidence, the ES-
AC concluded that non-animal-derived antibodies are mature re-
agents generated by a proven technology, being able to replace 
animal-derived antibodies in the vast majority of applications. 
They have no general or systematic disadvantages with respect 
to affinity, stability, shelf life and specificity, and offer significant 
scientific and economic benefits. Based on the ESAC Opinion, 
EURL ECVAM issued its own recommendation that the provi-
sions of Directive 2010/63/EU should be respected and the use of 
animals for the development and production of antibodies should 
no longer be authorized in the absence of robust and legitimate 
scientific justification (Barroso et al., 2020). An overview of the 
ESAC findings and of the EURL ECVAM Recommendation on 
non-animal-derived antibodies will be presented.
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landscape to new and more complex chemistries, a large pro-
portion of chemicals with little toxicological data available 
for prioritization and assessment and increasing pressure to 
reduce and eliminate animal testing. Under Canada’s Chemi-
cals Management Plan (CMP) there has been a progressive 
increase in the exploration and integration of computational 
tools and New Approach Methods (NAM), including Integrat-
ed Approaches to Testing and Assessment (IATA), to support 
specific regulatory applications and defined decision contexts. 
A barrier to the adoption of some NAMs in certain regulato-
ry contexts is the lack of harmonized, internationally recog-
nized guiding principles. To address this need, collaborative 
case studies conducted under programs such as the Organisa-
tion for Economic Co-operation and Development (OECD) IA-
TA project (Webster et al., 2019) and Accelerating the Pace of 
Chemical Risk Assessment (APCRA) (Kavlock et al., 2018) 
are exploring the application and interpretation of these new 
approaches and emerging data. As confidence continues to 
grow, the IATA framework is being examined to support pri-
ority setting, problem formulation and risk assessment activi-
ties. Examples of recent advancements in the application of  
IATA under the CMP will be presented. Key features include 
the use of computational approaches for analogue selection for 
read-across, data collected from traditional and NAM sourc-
es, and the development of workflows to generate predictions 
specific to the chemical space or groupings of interest. Based 
on experience to date, the use of IATA promises to provide a 
framework for the development and application of fit for pur-
pose approaches that incorporate evolving science to acceler-
ate screening, priority setting and chemical risk assessment in 
Canada.
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Australia; the Neurosurgical Research Foundation; the Can-
cer Council SA Beat Cancer Project; the Beat Cancer Project 
and Health Services Charitable Gifts Board, the Australian Re-
search Council (ARC), a Premier’s Research and Industry Fund 
grant provided by the South Australian Government Department 
for Innovation and Skills and the Medical Advances Without An-
imals trust (MAWA).
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Automating multi-organ-chip 
assays and analysis for improved 
standardization and reproducibility
Juliane Hübner1,2, Ann-Kristin Muhsmann1,2,  
Florian W. Huber1,2, Flora Kiss1, Leah Vauth1, Hendrik 
Erfurth2, Alexander Panner2, Christian Hoyer1,  
Felix Rambo2, Roland Lauster1 and Uwe Marx2
1Technische Universität Berlin, Institute of Biotechnology, Department 
Medical Biotechnology, Berlin, Germany; 2TissUse GmbH, Berlin, 
Germany
juliane.huebner@tu-berlin.de 

Microphysiological systems (MPS) are designed to mimic human 
organ function and physiology in vitro at the smallest biological-
ly acceptable scale. These systems pose an alternative approach to 
laboratory animals in academic and pharmaceutical research where 
they are envisioned to improve the current drug development pro-
cess. However, the performance of long-term in vitro assays using 
MPS requires high manual effort and work force. This hampers the 
adaption to industrial needs, where reproducibility and standard-
ization are essential demands. In addition, automation would fa-
cilitate the use of MPS for regulatory purposes (Marx et al., 2020).

Here we present our fully automated HUMIMIC AutoLab 
system for the standardized long-term cultivation of TissUse’s 
Multi-Organ-Chips. The system can operate 24 Multi-Organ-
Chips simultaneously, providing systemic pulsatile media cir-
culation and execution of all liquid handling steps under sterile 
conditions. For proof of concept, we transferred our well-estab-
lished manual co-culture assays with organ models such as liver, 
skin, intestine and bone marrow organoids on to the system. To 
this end, the HUMIMIC LabOS software enables the intuitive in-
put of all assay information and provides many data analyzation 
features such as pattern recognition for spheroid tracking or ma-
chine learning algorithms supporting, e.g., virtual staining. All 
handling procedures including media change, substance appli-
cation and sample extraction are executed automatically. In ad-
dition, the system allows for routine microscopic analyses such 
as bright field imaging and fluorescence measurements. A high 
comparability to the manually conducted assays, which were 
performed in parallel, was achieved. Data will be presented on 
assay specifications including compound treatment regimens, 
metabolic analysis, gene expression data and immunohistochem-
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A 3D-printed microplate insert  
for high-throughput and ultra-long 
term high resolution imaging  
of live human brain organoids:  
A new platform to replace  
animal models in brain cancer  
research
Mariana Oksdath Mansilla1, Camilo Salazar-
Hernandez1, Gökhan Cildir1, John Toubia1, Sally 
Perrin1, Melinda Tea1, Vinay Tergaonkar1,2,3,  
Santosh Poonnoose4,5, Rebecca Ormsby6, Stuart 
Pitson1, Michael Brown1,6,7, Lisa Ebert1 and  
Guillermo Gomez1
1Centre for Cancer Biology, SA Pathology and University of South 
Australia, Adelaide, Australia; 2Institute of Molecular and Cell Biology 
(IMCB), Agency for Science, Technology and Research (A-STAR), 
Singapore, Singapore; 3Department of Pathology, Yong Loo Lin School 
of Medicine, National University of Singapore, Singapore, Singapore; 
4Department of Neurosurgery, Flinders Medical Centre, Adelaide, 
Australia; 5South Australian Neurological Tumour Bank, College of 
Medicine & Public Health, Flinders University, Adelaide, Australia; 
6Cancer Clinical Trials Unit, Royal Adelaide Hospital, Adelaide, Australia; 
7School of Medicine, University of Adelaide, Adelaide, Australia
guillermo.gomez@unisa.edu.au 

In contrast to animal models, human brain organoids replicate 
the architecture and neuronal composition of the human brain, 
which is useful for the study of human brain development and 
disease. However, current methods for human brain organ-
oid culture are low-throughput and not suitable for long-term 
high-resolution imaging, which is required to study developmen-
tal processes and disease progression within physiologically rel-
evant time frames (i.e., days, weeks, months). Here we demon-
strate the utility of 3D-printed microplate inserts, which enable 
the scaling up of brain organoid culture and the growth of brain 
organoids in pre-defined XYZ coordinates. Together, these inno-
vations facilitate high-resolution and high-throughput imaging of 
brain organoids over long periods of time (up to 2 months). We 
show that brain organoids grown using 3D-printed microplate in-
serts do not significantly differ in terms of gene expression, tis-
sue architecture, and growth rates from brain organoids obtained 
using standard protocols. Finally, we applied this technology to 
visualize the growth of patient-derived glioblastoma stem cells 
as tumours within healthy brain organoids. Overall, this new bio-
engineering platform constitutes a significant advance that per-
mits high-throughput studies of several brain diseases using or-
ganoids and high-content phenotypic imaging, thereby replacing 
the use of animal models in brain cancer research.

Funding: This work was supported by grants from the Nation-
al Health and Medical Research Council of Australia (NHM-
RC); the Cure Brain Cancer Foundation; the University of South 
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Barriers to the implementation 
of animal-free alternatives 
and how to overcome them
Katy Taylor
Cruelty Free International, London, United Kingdom
katy.taylor@crueltyfreeinternational.org 

The field of alternatives research has accelerated in the past 
30 years, largely as a result of legislative pressures on specif-
ic sectors to end animal testing and/or use non-animal meth-
ods (NAMs). It is widely acknowledged that public pressure has 
played a significant part in encouraging these developments, par-
ticularly in the area of cosmetics and that this has had a positive 
impact on other sectors.

There are now NAMs for many of the standard animal tests 
that are typically required to test the safety of new chemicals and 
drugs. Unfortunately, the corresponding removal of the animal 
test is still forthcoming. The replacement of an animal test is a 
laborious and lengthy, scientific and bureaucratic process, from 
development to validation to adoption of a formal test method 
to regulatory acceptance which may require adoption in specific 
legislation before ending with the deletion of the corresponding 
animal test. Unfortunately, the process is often repeated for each 
sector in which the NAM is applicable.

There are many reasons why animal testing continues even af-
ter the adoption of a NAM. Some of these have little to do with 
the scientific limitations of the new tests. Human limitations, in-
cluding bureaucracy, political malaise, and entrenchment in the 
scientific community are as great, if not greater, barriers to the re-
placement of animals in testing. This presentation discusses the 
barriers to the implementation of NAMs and how these might be 
overcome. Better communication by regulators regarding their 
acceptance of NAMs supported by stronger enforcement are par-
ticularly important. Greater funding to develop replacements for 
animal tests is still very much needed. Central EU funding for 
example is only around 35 million Euro per year (0.4% of EU 
central science funds) and national funding by EU member states 
is less than 0.04% of their national science funds.
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ical staining confirming organoid viability and functionality.
While requiring less personnel resources and enabling a more 

standardized and reproducible operation of the Multi-Organ-
Chips, our AutoLab will also make it easier to run even more 
complex culture strategies leading to a near physiological organ 
maintenance.
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Advanced human cell  
models to support safety assessment 
of bi-specific antibodies
Adrian Roth
Hoffmann-La Roche, Basel, Switzerland
adrian_b.roth@roche.com 

The use of advanced human cell models presents a great oppor-
tunity to significantly improve drug development processes and 
to increase probability of technical success for the right candi-
dates to enter clinical testing. This approach allows 1) the study 
of human disease biology for target and biomarker identifica-
tion, 2) selection of the most promising drug molecules based 
on pharmacology, metabolism and safety, 3) testing drug com-
bination regimens and 4) addressing patient population specific 
effects by use of primary human cell models. The marriage of 
3D cell culture, microfluidics and engineering has given rise to a 
variety of platforms for micro-physiological systems. With rap-
idly evolving portfolios of the pharmaceutical industry, a high 
need for new tools to meet the challenges is evident. In particular, 
methods need to be developed to assess the efficacy and safety 
of an increasing number of antibodies that have no orthologous 
target in any non-clinical species. Likewise, a growing number 
of programs target immune-related pathways that are either not 
present in animals or show very different regulation compared 
to humans. While human cell systems are highly desirable for 
such drug development programs, establishment of cell models 
that are able to reproduce a physiologically relevant immune re-
sponse is not trivial and significant investments are needed be-
fore these models can be used reducing or even replacing ani-
mals. In order to win, technical advancements have been import-
ant for these models and sourcing of human cells will be key for 
the future. Once all these considerations have been brought to-
gether, such models will reach their potential to initiate a quan-
tum shift in the development of novel effective and safe drugs.
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Exploration of an animal-free  
drug development  
approach for tomorrow’s medicine
Roeland Hanemaaijer
TNO Metabolic Health Research, Leiden, The Netherlands
roeland.hanemaaijer@tno.nl 

A high attrition rate is observed during the expensive clinical 
phases of drug development, which has been frequently attribut-
ed to limitations in the translational aspects of preclinical models 
(both in vitro and in vivo). Given the ethical considerations inher-
ent to in vivo studies, the goal of this project was to study whether 
it is possible to integrate in vitro and in silico modelling technol-
ogies in such a way that this will give sufficient information to be 
able to start initial testing in human volunteers. The current study 
is a proof-of concept study aimed to identify hurdles that are en-
countered when attempting to perform animal-free drug develop-
ment; to pinpoint current technical limitations and to identify po-
tential solutions to overcome these hurdles. Although the devel-
oped approach is intended to be applicable to any given disease 
area, the current study was limited to NASH-associated liver fi-
brosis as a prototype disease as the number of patients with this 
disease is increasing rapidly while currently no effective drugs 
are available. In addition, the study was limited to the efficacy 
aspect of drug development since there are no harmonized reg-
ulatory guidelines to efficacy studies (unlike safety studies) and 
is therefore more open to innovative approaches. A transition to 
animal-free drug development requires establishment of how 
translatable in vitro models are to the pathophysiology of the pa-
tient population at target. For this, detailed knowledge of disease 
mechanisms is crucial. This was obtained by integration of in sil-
ico and in vitro modelling technologies, using data mining, text 
mining, experimental in vitro data and systems biology. First re-
sults from this approach will be presented
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Screening to assessment:  
Building confidence in  
bioactivity points of departure 
at Health Canada
Tara Barton-Maclaren
Existing Substances Risk Assessment Bureau, Healthy Environments  
and Consumer Safety Branch, Health Canada, Ottawa, Canada
tara.barton-maclaren@canada.ca 

Traditional approaches for chemical testing cannot keep pace 
with current regulatory demands for prioritization and risk as-
sessment. The past decade has seen significant efforts interna-
tionally that have provided strong scientific evidence for the utili-
ty of emerging technologies and alternatives to traditional testing 
approaches, or New Approach Methodologies (NAM), to rapid-
ly and effectively identify and assess hazard in support of a risk 
assessment paradigm shift. A number of Health Canada program 
areas have initiated efforts to advance the science and application 
of NAM, including moving toward the use of high-throughput 
and high content approaches to derive bioactivity-based points 
of departure (PODs), or POD-NAM, and for application in tiered 
testing paradigms. The POD-NAM is currently being explored as 
a protective estimate of traditional PODs to support hazard iden-
tification, or when coupled with exposure, to serve as a broad 
risk-based approach for prioritization and to inform screening 
level assessments. The case studies presented will demonstrate 
the utility of POD-NAM to identify priority substances and for 
further application in a tiered assessment paradigm with a fo-
cus on high throughput screening data analysis, in vivo toxicog-
enomics and comparisons with apical endpoints derived from 
conventional rodent tests (Gannon et al., 2019; Paul Friedman et 
al., 2020). This presentation will highlight the success to date in 
advancing the use of new technologies through case studies that 
illustrate the practical and positive impacts of modernization in 
decision-making contexts but will also acknowledge the short-
comings associated with in vitro approaches. The advancements 
discussed are the result of strong collaborations between the re-
search and regulatory communities, Internationally and across 
Health Canada Directorates and Branches demonstrating con-
fidence building through the refinement and implementation of 
emerging methodologies.
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Understanding nanomaterial  
risks in pulmonary infection:  
Effects of graphene related  
materials on healthy  
and Streptococcus pneumoniae  
infected 3D reconstituted 
human lung cells
Savvina Chortarea1, Susanne Nigg2, Werner Albrich2, 
Christian Kahlert2, Peter Wick1 and Tina Bürki1
1Laboratory for Materials-Biology Interactions, Empa, Swiss Federal 
Laboratories for Materials, Science and Technology, St. Gallen, 
Switzerland; 2Department of Infectious Disease, Kantonsspital St. Gallen, 
St. Gallen, Switzerland
savvina.chortarea@empa.ch 

The growing industrial and commercial production of graphene 
related materials (GRMs) and GRM-based products has led to an 
increased risk of potential human exposure and raised scientific 
and public concern about human health and safety. Even though 
human exposure to GRMs can occur via different pathways, the 
main exposure route for airborne GRMs is through the lungs, 
thus placing the respiratory tract at particular risk. Occupational 
exposure to GRM might occur repeatedly over a prolonged peri-
od of time, hence it is crucial to obtain a mechanistic insight into 
the lung toxicity of long-term, repeated, low dose administration. 
Another aspect to consider in GRM occupational exposure is that 
exposed individuals might suffer from respiratory bacterial in-
fections, caused by for instance Streptococcus pneumoniae (SP). 
Therefore, our aim was to investigate the chronic consequences 
of GRM exposure in both healthy and SP-infected reconstituted 
primary human bronchial epithelium to assess if GRMs increase 
the susceptibility to lung infections.

Our findings revealed that long term (up to three weeks), re-
peated exposures at realistic low GRM concentrations did not in-
duce significant biological responses in healthy cells, as demon-
strated by cytotoxicity, membrane integrity and cytokine pro-
filing measurements. However, preliminary results have shown 
that SP-infections on long-term GRM exposed cultures resulted 
in impairment of the barrier integrity and an increased bacteri-
al basolateral transmigration, indicating that exposed individuals 
may be more susceptible to SP bacterial infections. More exper-
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Promoting transparency in preclinical 
research: Preregistration of  
animal studies on an online platform
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University, Utrecht, The Netherlands; 3University Medical Center Utrecht, 
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Publication bias, selective outcome reporting and risk of oth-
er biases occurring limit the validity and reproducibility of ani-
mal studies and threaten their translational value (Voelkl et al., 
2018). Preregistration is a promising process to reduce these lim-
itations and create transparency. For clinical trials preregistration 
is standard however, this is not the case for animal study proto-
cols, whilst these form the basis for clinical research. In this ini-
tiative we have developed an online platform to preregister ani-
mal study protocols (Jansen of Lorkeers et al., 2014) and open to 
researchers worldwide.

An expert group on preclinical evidence synthesis designed the 
registration form which consists of 34 fields. Details of the study’s 
hypothesis, design, outcome measures (primary and secondary), 
measures to reduce bias and sample size rational are asked for. Au-
thors need to indicate whether their study is exploratory or con-
firmatory. Reference to publication(s) or data repositories can be 
provided. Protocols can be made publicly directly after submis-
sion or after an embargo period. This online platform aims to pro-
vide an overview of all executed animal studies, including those 
that remain unpublished and thus contribute to a reduction of pub-
lication bias and unnecessary duplication. It allows reviewers and 
researchers to access additional information on the study design. 
Finally, our initiative aims to increase awareness and transparency 
concerning risk of bias and selective outcome reporting and poten-
tially reduce these biases (Nosek et al., 2018).

We believe all stakeholders involved in animal research should 
encourage preregistration and call upon researchers, institutes, 
medical journals, funding bodies, policy and law makers, scientif-
ic societies and other parties involved to make prospective regis-
tration the standard and mandatory in animal research.
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The interest to adopt a change 
on TABST & LABST in Brazil
Marcos Vinícius de Santana Leandro Junior
Ministry of Agriculture, Livestock and Food Supply, Brasilia, Brazil
marcos.leandro@agricultura.gov.br 

In Brazil, the Ministry of Agriculture is the responsible for the 
veterinary vaccines regulations, that includes the Target Animal 
Batch Safety Test (TABST) and the Laboratory Animals Batch 
Safety Test (LABST). Because vaccine production has made 
significant progress through introduction of strict controls over 
starting materials and development of Good Manufacturing 
Practice, Quality Assurance and Control and Pharmacovigilance 
systems, a proper environment is in place in which these safe-
ty tests could finally become obsolete. The Ministry of Agricul-
ture is very interested in collaborating with key stakeholders to 
promote the waiver and – eventually – the deletion of TABST 
and LABST and its approach and activities are presented by Dr.  
Marcos Vinícius Santana Leandro, coordinator of veterinary 
medicines.
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Human hepatic in vitro models 
reveal distinct anti-NASH 
potencies of PPAR agonists
Joost Boeckmans, Alessandra Natale, Matthias 
Rombaut, Karolien Buyl, Joery De Kock, Vera Rogiers, 
Tamara Vanhaecke and Robim Marcelino Rodrigues
Department of In Vitro Toxicology and Dermato-Cosmetology, Faculty of 
Medicine and Pharmacy, Vrije Universiteit Brussel, Brussels, Belgium
joost.boeckmans@vub.be 

Background: Non-alcoholic steatohepatitis (NASH) is a highly 
prevalent, life-threatening, chronic liver disease characterized by 
hepatic lipid accumulation, inflammation and concomitant fibro-
sis. Up to date, no anti-NASH drugs have been approved. A ma-
jor reason is that in vivo studies have failed to accurately repro-
duce human NASH characteristics (Boeckmans et al.,2018).

Aim: To evaluate the anti-NASH properties of 8 peroxisome 
proliferator-activated receptor (PPAR)-agonists (bezafibrate, ela-
fibranor, fenofibrate, lanifibranor, pemafibrate, pioglitazone, ro-
siglitazone, saroglitazar) using human hepatic in vitro models 
and to develop an in vitro scoring system to classify compounds 
according to their anti-NASH potencies.

Methods: Primary human hepatocytes (PHH), HepaRG, 
HepG2 and skin stem cell-derived hepatic cells (hSKP-HPC) 

iments are conducted to determine whether chronic exposure to 
GRMs is critical for the invasiveness of lung infections.
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Hands-on experience  
with the application of NAMs for  
the registration of  
petroleum substances under REACH
Peter Boogaard1,2
1Shell International, The Hague, The Netherlands; 2Wageningen University, 
The Hague, The Netherlands
peter.boogaard@shell.com 

Although new approach methodologies (NAM) have progressed 
the regulatory acceptance of alternative testing methods for rela-
tively simple (lower tier) endpoints and well-defined chemicals, 
the challenge is in minimizing animal testing for the more com-
plex, higher tier human health endpoints for the risk assessment 
of complex- and multi-constituent substances such as UVCBs 
(Unknown or Variable composition, Complex reaction products 
and Biological materials).

Petroleum substances are a prototypical example of UVCBs. 
Regulators and industry have a common interest to define a process 
for (petroleum) UVCBs to ensure that there is no underestimation 
of hazards and at the same time minimize, or eventually eliminate, 
the use of animals in toxicology testing to ensure safe use.

Concawe (http://www.concawe.eu) has several ongoing re-
search efforts aiming to progress the risk assessment of petroleum 
UVCBs – focusing on either directly informing human health 
hazard assessments (e.g., reprotoxicity and carcinogenicity end-
points) as part of a “weight of evidence approach”, and indirect-
ly by informing and underpinning grouping and read-across ap-
proaches. Both are realistic short term applications of high con-
tent screening tools, and examples on how these are applied on 
petroleum UVCBs will be presented, with a particular focus on 
the integration of these and other relevant data types around a 
multi-year research consortium initiated in 2016 by Concawe: 
Cat-App (https://www.concawe.eu/cat-app/), which is, applying 
high-content screening data to underpin grouping and read-across 
under regulatory programs such as REACH (EC, 2006).

Reference
EC – European Commission (2006). Regulation (EC) No 

1907/2006 of the European Parliament and of the Council of 
18 December 2006 concerning the Registration, Evaluation, 
Authorisation and Restriction of Chemicals (REACH), estab-
lishing a European Chemicals Agency.
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data and conclusions, and ultimately decision-making. While the 
debate continues to unfold, initiatives aiming to reduce the risks 
of bias and to increase the reliability of preclinical data are being 
developed. Reporting guidelines and best practice recommenda-
tions have made important contributions, but there is still a need 
for enabling approaches. A common framework, with compre-
hensive evidence-based guidelines and practical tools would 
help scientists ask a scientific question, appropriately design ex-
periments to answer the question, and generate and share data 
that they and others will be able to rely upon.
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The use of existing information from well characterized sub-
stances to “read-across” to structurally similar uncharacterized 
chemicals is a widely used tool to fill data gaps in (eco)toxico-
logical profiles, however there are still limitations in its use and 
acceptance for regulatory purposes. This approach as an alter-
native to testing is of particular interest under regulatory frame-
works where animal testing should be performed as a last re-
sort, as with the EU REACH Regulation (Regulation (EC) No 
1907/2006 concerning the Registration, Evaluation, Authorisa-
tion and restriction of CHemicals), and where less experimen-
tal data is available (usually the case with high tier human health 
endpoints). Addressing more complex systemic toxicological 
endpoints (such as Repeated dose toxicity and Reproductive/
Developmental toxicity) with a read-across approach remains a 
challenge. Common reasons for rejection of a study include lack 
of data to/data does not support predictions based on toxicokinet-
ics, substance identity, chemical similarity/impact of the differ-
ence in moieties between target and source substances, and toxi-
cological similarity/observable trend in the toxicological proper-
ties of target and source substances. In this context, NAMs (New 
Approach Methodologies) could present a way forward to bridge 
identified gaps and increase the robustness of a proposed hypoth-
esis. An analysis of issues identified in read-across studies sub-
mitted under the EU REACH Regulation is presented, together 
with an overview of how NAMs could be used to support read-
across studies and potentially improve their acceptance within a 
regulatory framework.
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were triggered with factors that play a role in the onset of 
NASH. Lipid accumulation, secretion of inflammatory medi-
ators, ATP-content and apoptosis were measured to assess the 
in vitro NASH status. In addition, LX-2 human hepatic stellate 
cells were exposed to TGF-β to induce a pro-fibrotic response. 
Ultimately, anti-NASH potencies were graded according to an 
adapted version of the widely employed “non-alcoholic fatty 
liver disease (NAFLD)-activity score” that is used to evaluate 
liver biopsies.

Results: All evaluated in vitro models recapitulated key fea-
tures of NASH. The parenchymal models showed intracellular 
lipid accumulation and secretion of inflammatory chemokines, 
whilst LX-2 cells showed increased pro-fibrotic gene expression. 
PPAR-agonists attenuated lipid accumulation and inflammatory 
chemokine secretion in all models, but most stringently in PHH 
and hSKP-HPC. Additionally, PPAR-agonists reduced pro-fi-
brotic gene expression in TGF-β-stimulated LX-2 cultures. An 
in vitro scoring system based on PHH, hSKP-HPC and LX-2 cul-
tures showed that elafibranor, followed by saroglitazar and piogl-
itazone induced the strongest anti-NASH effects, corroborating 
clinical data (Boeckmans et al. 2020).

Conclusion: Human-based in vitro models can recapitulate 
several cellular NASH characteristics. Hence, a combination of 
in vitro NASH models can significantly contribute to the testing 
of anti-NASH properties of drug candidates.
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Data generated in nonclinical research studies drive deci-
sions with long-term consequences. Concerns about the extent 
to which these data can be relied upon, initially raised in evi-
dence-based scientific articles, have become part of a worldwide 
conversation on what is known as the “reproducibility crisis”. 
In neuroscience research, for example, systematic reviews, me-
ta-analyses and multicenter studies continue to demonstrate that 
multiple sources of bias and differences in practices can affect 
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Over the past decade, there has been an increased recognition 
of the need for new approaches for the hazard identification and 
screening of compounds with potential developmental neuro-
toxicity (DNT) (Bal-Price et al., 2015). Moreover, as DNT is 
a highly complex process brought about by many chemicals 
acting via multiple modes of action, identification of common 
key events within an adverse outcome pathway (AOP) network 
for human neurotoxicity is essential for the better depiction of 
chemical exposure and associated apical endpoints (Spinu et 
al., 2019). Importantly, data-driven models that combine in vi-
tro and in silico information have the potential to better predict 
toxicity compared with single methods, thereby enhancing the 
safety assessment. As such, this study aimed to investigate the 
applicability of the Bayesian approach to quantify a simplified 
AOP network for developmental neurotoxicity. Empirical da-
ta were used to predict the probability of a chemical inducing 
DNT associated key events. The model was based on a set of 
97 compounds, comprising pharmaceuticals, industrial chem-
icals and pesticides, of which 73 had in vivo DNT evidence. 
The Bayesian model was informed by details such as physico-
chemical properties, e.g., logarithm of the octanol-water parti-
tion coefficient (log P), blood-brain-barrier permeability, inter-
action with P-glycoprotein, as well as data from in vitro assays 
that utilised human neuroprogenitor cells and rat primary cor-
tical cells. The analysis was implemented in PyMC3, an open-
source Python package for Bayesian statistical modelling. The 
model incorporated diverse types of data and quantified all 
sources of uncertainty demonstrating the advantages of Bayes-
ian machine learning methods and their potential application to 
quantify an AOP network for hazard identification. Acknowl-
edgement: funding from the EU in3 Marie Skłodowska-Curie 
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A pathway and mechanism-based toxicity testing strategy for 
chemical safety assessment has been increasingly playing a piv-
otal role in the Next Generation Risk Assessment (US EPA 2014) 
without using animals. Many studies suggest that chemical-in-
duced mitochondrial toxicity could potentially result in multiple 
adverse effects in human. The present study was designed to es-
tablish a tiered toxicity pathway and mechanism-based approach 
to assessing chemical-induced mitochondrial toxicity. A group 
of chemicals labeled as cardiac and/or hepatic mitochondrial 
toxicants were studied for their cytotoxicity and mitochondri-
al damage in different human-originated cell models, including 
human induced pluripotent stem cell (hiPSC)-derived cells and 
three-dimensional (3D) cultured HepaRG cells. To identify rel-
evant biochemical (toxicity) pathways mediating mitochondrial 
injury biomarkers, a group of in vitro assays combined with com-
putational modelling were used to evaluate some adverse mito-
chondrial effects at different biological key events. Two path-
ways (PGC-1α/Nrf2) were recognized as toxicity pathways reg-
ulating mitochondrial oxidative stress and biogenesis which are 
critically involved in mitochondrial dysfunctions (Yuan et al., 
2016). Perturbation of these pathways was particularly import-
ant and considered to be linked to the adaptive/adverse effects in 
cells. Based on the in vitro data and in silico simulation, an inte-
grative analysis was performed to derive toxicological point of 
departure (POD) for cell death, oxidative stress, mitochondrial 
dysfunction, as biological pathway-altered doses (BPAD). More-
over, to extrapolate in vitro data to in vivo situations, physiolog-
ically based kinetic (PBK) models were also developed to pre-
dict the external dose levels. Our results indicate that the tiered 
toxicity pathway and mechanism-based strategy paves the way 
for assessing chemical-induced mitochondrial toxicity in humans 
without the need for animal testing.
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bition and activation of the DNL pathway could be demonstrat-
ed using reference inhibitors (ACCi and AKTi) and activators  
(LXRa). After miniaturization of the lipid accumulation assay 
to a 384-well plate format, a library of publicly available mode-
of-action chemical substances was screened to validate the rele-
vance of the model and to identify novel targets involved in the 
DNL.
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Perfluorooctanoic acid (PFOA) is a common industrial chemical 
found in in the blood of over 98% of the populace. Unlike most 
compounds, PFOA has an extremely long half-life of 2.7 years, 
bioaccumulating in the body to cause adverse effects including 
dyslipidemia and developmental toxicity. Currently, a limited un-
derstanding of PFOA toxicokinetics (TK) hampers an assessment 
of its safety. Animal data indicate that the half-life of PFOA is 
4-6 days in male rats, which is vastly different from that in hu-
mans. These divergent findings are attributed to species differ-
ences in transporter expression and suggest that extrapolation of 
animal-derived PFOA TK data may be unreliable. PFOA is met-
abolically inert and highly ionized at physiological pH, thus its 
disposition is likely driven by transport processes. Bottom-up 
physiologically based toxicokinetic (PBTK) modelling was used 
to predict the transporter-dependent disposition of PFOA and ra-
tionalize the mechanisms underpinning its long half-life. We con-
ducted in vitro uptake transporter assays for 8 transporters (OAT-
P1B1, 1B3, 2B1; OAT 1, 3, 4; URAT1 and NTCP) representing 

Action – Innovative Training Network under grant no. 721975 
and the Lorentz Centre workshop “e-Resources to Revolution-
ise Toxicology: linking Data to Decisions”.
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Steatosis, marked by increased intra hepatic triglyceride ac-
cumulation, is a hallmark of non-alcoholic fatty liver disease  
(NAFLD) and precedes the progression to non-alcoholic steato-
hepatitis (NASH) and liver fibrosis. Hepatic de novo lipogenesis 
(DNL), activated by glucose and insulin, is a major pathway in 
the development of steatosis and contributes to 38% of the in-
trahepatic triglyceride-palmitate content in NAFLD patients 
(Smith et al., 2020). Recent studies in both animal models and 
NAFLD patients demonstrated that a reduction in steatosis is as-
sociated with an improvement of NASH and hepatic fibrosis, in-
dicating the therapeutic potential of drugs acting on hepatic ste-
atosis (Harrison et al., 2019; Gapp et al., 2020). Currently there 
is a lack of human in vitro hepatocyte models that can support 
the identification of novel drugs inhibiting hepatic DNL. None of 
the existing models are described to be sensitive for insulin driv-
en DNL, while the available rodent hepatocyte models (ex vivo 
or precision-cut liver slices) have insufficient throughput for ef-
fective drug discovery. In collaboration with the lab of In Vitro 
Toxicology and Dermato-Cosmetology of the Vrije Universite-
it Brussel (VUB), we identified that the human hepatocyte-like 
cells (HLCs) (Natale et al., 2018; Boeckmans et al., 2019), de-
rived from skin precursor cells (hSKP), are uniquely sensitive to 
insulin driven DNL, shown by both gene expression and lipid ac-
cumulation readouts. We demonstrated that the sensitive HLCs 
showed an increased SREBP-1C expression, a key transcrip-
tion factor for DNL, upon insulin stimulation. Moreover, inhi-

https://doi.org10.1016/j.dib.2019.104093
https://doi.org10.1002/hep4.1443
https://doi.org10.1016/S0140-6736(19)32517-6
https://doi.org10.1016/j.toxlet.2017.11.014
https://doi.org10.1172/JCI134165
mailto:james_chan@sris.a-star.edu.sg
https://doi.org10.1007/s00204-015-1464-2
https://doi.org10.1007/s00204-019-02551-1
mailto:filip.beirinckx@glpg.com


Oral PresentatiOns

ALTEX Proceedings 9 (1), 2021, Maastricht 2021156

detected in the PET imaging scan. Thus, to recapitulate the he-
patic concentrations in the initial phase of RSV distribution, we 
excluded the biliary excretion kinetics from the model. After a 
0.91 µg RSV intravenous dose, simulated RSV area under the 
plasma concentration-time curve (AUC0-30min) and maximum 
plasma concentration (Cmax) were predicted within 1.5-fold of 
the observed data. Crucially, for hepatic RSV concentrations, the 
model recapitulated the observed hepatic concentrations accu-
rately. Simulated area under the liver concentration-time curve 
(AUC0-30min,liver) and maximum liver concentration (Cmax-
,liver) were predicted within 1.5-fold of the observed data. In 
summary, we validated the ability of fully bottom-up PBPK 
modelling to predict hepatic RSV concentrations. We demon-
strate the robustness of the bottom-up PBPK approach to predict 
the tissue time-course of xenobiotics, which in turn can be cor-
related with toxicodynamic readouts for risk assessment.
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Information on acute and chronic toxicity is required for environ-
mental hazard classification and labelling of chemicals. This in-
formation is typically obtained using a combination of standard 
tests with fish, Daphnia and algae. As indicated by Rawlings et 
al. (2019) replacing the acute fish toxicity test by the fish embryo 
acute toxicity test (FET) has a minimal impact on the final classi-
fication and labelling of acute toxicity. Thus, the FET represents a 
sensitive alternative model. We examined whether a similar rela-

uptake into the liver and kidney. Kinetic parameters obtained 
(Jmax, Km) were incorporated into the Simcyp® Simulator. Our 
simulations accurately reproduced the long half-life of PFOA (39 
days), and simulated plasma concentrations, area under the curve, 
volume of distribution and clearance values were within two-fold 
of observed clinical data (Elcombe et al. US 2013/0029928) for 
both single and multiple exposures. Our mechanistic model sug-
gests the long half-life of PFOA is primarily attributed to poor re-
nal clearance rather than biliary excretion. The accurate predic-
tion of the TK profile of PFOA opens new possibilities to predict 
TK parameters for other per- and polyfluoroalkyl substances, in-
cluding tissue concentrations and extrapolation to other popula-
tions such as the young, elderly and pregnant.

This work was supported by the Innovations in Food and Chem-
ical Safety Programme [H18/01/a0/J14] and NUS Pharmacy  
[C-148-000-003-001].
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Understanding the unbound drug concentrations within various 
tissues of the body is necessary to fully appreciate its pharmaco- 
and toxicodynamics (PD/TD). Recent advances in physiological-
ly based pharmacokinetic (PBPK) modelling, in vitro-to-in vivo 
extrapolation methodologies and permeability-limited pharma-
cokinetic models have improved the predictions of tissue drug 
concentrations without the need for animal data. However, suit-
able in vivo tissue concentrations to validate the model predic-
tion accuracy are often lacking. In 2019, a positron emission to-
mography (PET) imaging study quantifying the concentrations 
of [11C]rosuvastatin (RSV) in the liver was published (Billington 
et al., 2019). This afforded a unique opportunity to validate the 
performance of our previously published bottom-up RSV PB-
PK model in predicting transporter-dependent, hepatic concen-
trations (Chan et al., 2019). We utilized the Simcyp® simulator 
and the permeability-limited liver (PerL) model, coupled with 
extensive in vitro transporter kinetics and proteomics-based scal-
ing factors in our RSV model. However, the PerL model does 
not adequately describe the physiology of the liver as it fails to 
account for the presence of RSV in the bile canaliculi that was 
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2017). With the chemical space mapped it is possible to see where 
we have good numbers of in vitro and in vivo data to support 
new approaches. The data repositories have supported the devel-
opment of (internal) threshold of toxicological concern (iTTC)  
values that are more appropriate to the cosmetic space (Yang et 
al., 2017; Ellison et al., 2019). There has also been a great im-
provement in the development of approaches for read across and 
other in silico models including quantitative structure-activity re-
lationships (QSARs) and application of machine learning. The 
cosmetics industry has taken a lead in the development of work-
flows and frameworks to fill data gaps when no suitable data, or 
read across information, is available (Dent et al., 2018). For in-
stance, ab initio workflows combine various sources of informa-
tion to make safety decisions based on possible exposure and 
hazard information. These new data driven computational ap-
proaches are being developed in a transparent manner with the 
aim of achieving regulatory acceptance and greater uptake (Ro-
giers et al., 2020).
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In silico models for toxicity prediction, such as quantitative 
structure-activity relationships (QSARs) and read-across, are 
used to predict the toxicity, fate and properties of chemicals and 
have found great utility for regulatory applications. The key to 
the practical application of predictions is their acceptability for 
regulatory purposes, this has historically been guided by the 

tion can be obtained for chronic fish toxicity (based on the FELS 
– fish early life stage – test). Therefore, a database of FELS tox-
icity data for 223 compounds with corresponding Daphnia and 
algae chronic toxicity was compiled (Teixido et al. 2020). 9.5% 
of the investigated compounds showed a ≥ 10-fold higher sen-
sitivity in the FELS test. Some of these compounds are consid-
ered as endocrine disrupting or exhibit different specific mecha-
nisms of action. By targeting these mechanisms with additional 
endpoints, the predictive capacity of the FET may be further im-
proved: (i) For acute toxicity, it had already been shown that cor-
relation of FET and acute fish toxicity test may be improved by 
including additional sublethal endpoints, particularly the assess-
ment of behavior (embryonic movements). Some of these sub-
lethal endpoints such as the touch-evoked response can be added 
to the standard FET (OECD 236) with minimal additional work-
load and no need for specific equipment. (ii) For chronic toxici-
ty, adding the assessment of morphology and endpoints for endo-
crine disruption (e.g., via reporter gene analysis) could improve 
the predictive capacity of the FET. Hence, by combining the FET 
with additional endpoints a similar hazard prediction is likely to 
be achieved as would be obtained with established animal tests.
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The safety assessment of cosmetic ingredients has undergone a 
radical change in the past decade due to legislative requirements. 
This has resulted in the need for novel thinking and implemen-
tation of new techniques and innovative approaches. Computa-
tional approaches are at the heart of many of the new techniques 
for the safety assessment of cosmetics ingredients. Recent years 
have seen an increase in the amount of data that can support these 
approaches with many resources now being available (Pawar et 
al., 2019). For instance, an inventory of cosmetic ingredients is 
available that provides an insight into chemical space (Yang et al., 
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or the regulation itself was designed with animal studies. The de-
velopment of alternatives strategies to animal testing offers new 
opportunities for assuring food safety (e.g., alternative assess-
ment methods like TTC, read-across, or computational methods 
are gaining importance in the food industries), but is still need-
ed to address the majority of toxicological endpoints, which are 
currently addressed by animal methods. While a wealth of new 
methods is being developed, the regulatory validation and use of 
these methods is lagging behind.
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Asia is a ripe place for alternatives  
to animal testing:  
Status and potential in India
Surat Parvatam
Centre for Predictive Human Model Systems, Atal Incubation Centre-
CCMB, Hyderabad, India
suratsaravanan@gmail.com 

The low translational efficiency of animal models has been 
well documented globally. The situation is similarly dire for 
India, where drug development has resulted in more than 200 
compounds that entered preclinical and clinical stages; how-
ever, none reached the global markets in the last two decades. 
Thus, even in the Indian context there is an urgent need to de-
velop more relevant and efficient models for research and drug 
development.

While mice (69%) constitute a major animal model in India, 
computational studies (24%) come a close second. These re-
sources could be further harnessed to create predictive models 
and reduce animal experimentation. In the last five years, al-
most 30 labs spanning the country have started working in the 
areas of organoids and organ-on-chip.

In the past decade, India has also introduced several regu-
latory changes to reduce animal usage in experimentation and 
education, including ban on the “Draize test” and import of 
animal-tested cosmetics. In 2018, Central Insecticides Board 
Registration Committee (CIBRC), Ministry of Agriculture re-
vised its regulation to recognize human cell-based alternative 
testing methods.

To promote the area of human-relevant research, the Depart-
ment of Biotechnology (DBT, Ministry of Science and Tech-
nology, India) recognized “Stem Cells and Regenerative Med-
icine” as one of the thrust areas for research and development. 
However, only 0.2% of its total funding was allotted to alterna-
tives to animal research in the last four years.

Thus, there is a need to increase awareness towards the value 
of investing and refining the non-animal methods.

With the vast proportion of computational researchers, a 
growing number of experimentalists working on alternative to 
animal experiments, and regulators beginning to understand its 

OECD Principles for the Validation of QSARs as well as copious 
guidance, for example from OECD and ECHA. To improve this 
process, uncertainties, variability and areas of bias have been de-
fined for read-across (Schultz et al., 2019) and QSARs (Cronin et 
al., 2019). For instance, 49 assessment criteria have been provid-
ed for QSARs. The aim of the present study was to utilise these 
uncertainty schemes for QSARs for toxicity to demonstrate their 
applicability (both of the schemes and QSARs), review their use 
and attempt initial quantification. The schemes to assess the un-
certainty, variability and areas of bias of QSARs were applied to 
published QSARs. Each QSAR was evaluated according to the 
questions defined by the schemes. The evaluation of the QSAR 
models found that they were generally well described and pre-
sented, although for some models provenance of the data was 
uncertain. Areas where QSARs could be improved included the 
mechanistic evaluation and justification of the models and the 
definition of the compound / data set collection. The assessment 
criteria were found to be easy to apply and gave confidence to 
predictions from the QSAR models.
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The windy road to the use  
of non-animal approaches for 
regulations of chemicals
Robert Landsiedel
BASF SE, Ludwigshafen am Rhein, Germany
robert.landsiedel@basf.com 

In Europe, the use of animals to test food and drinks has be-
come a public concern and an issue for the food industry and a 
lot of debate has surrounded the use of animal studies in food 
safety, especially regarding identifying when they are mandato-
ry or not. Animal testing is still predominant in the food ingredi-
ent industry, despite the recommendation to use alternative meth-
ods and efforts to foster development and acceptance of alter-
native methods. Regulators and consumers mandate the use of 
animal-free approaches for the risk assessment of food ingredi-
ents. But no testing bans exist such as for the cosmetics industry 
or regulations such as REACH for the chemical industry, despite 
increased attention from the media and public opinion. For in-
stance, the use of alternative methods must fulfil certain require-
ments (e.g., reproducibility, precision and practical applicability 
as well as predictivity and relevance) to be used in the chemical 
industry. But often these requirements refer to an animal method 
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Enhancing preclinical predictions  
for neurodegenerative  
diseases using brain-on-chip models
Alex Bastiaens, Teun van Nunen, Jan Bartels  
and Marcel ter Veld
Innoser, Leiden, The Netherlands
abastiaens@innoserlaboratories.com 

Drug development for neurodegenerative diseases is hampered 
by the limitations of current preclinical models, in large part due 
to physiological differences between animal models and humans 
(Finkbeiner, 2010). While conventional cell culture cannot sub-
stitute animal models, promising advances are being made via 
both technological and biological avenues.

Microfluidic platforms, here specifically Brain-on-Chip (BoC) 
platforms, allow for integration of micro- and nanoscale technol-
ogy for (real-time) analysis, robust and controllable cellular mi-
croenvironments, and increased assay throughput at lower vol-
umes.

From a biological perspective, human induced pluripotent stem 
cells (hiPSCs) can be utilized to generate disease- and human-spe-
cific neuronal cell cultures or organoids (Bordoni et al., 2018).

A proof of concept is required to showcase the feasibility and 
potential of BoC-enabling technology in combination with hiP-
SCs to translate scientific findings into relevant preclinical mod-
els for drug discovery towards neurodegenerative diseases. In-
noSer focuses on enhancing the translational power of preclinical 
disease models by pioneering in vitro brain models based on hiP-
SCs in collaboration with both academic and commercial part-
ners for Alzheimer’s Disease (AD), Amyotrophic Lateral Sclero-
sis (ALS) and Parkinson’s Disease (PD).

Specifically, the MINDMAP consortium (Eurostars project 
E113501) aims to deliver an AD BoC platform with dynamic op-
tical imaging of 3D hiPSCs-derived neuronal cultures, supported 
by AI-driven software to further enhance predictability in drug 
and disease development.

potential, India has the potential to become a global front in the 
research, development, and application of human-relevant re-
search.
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Brazil is on: Animal testing ban and  
available OECD TG in Brazil
Luciene Bottentuit López Balottin
National Institute of Metrology, Quality and Technology (INMETRO), 
Duque de Caxias, Brazil
lbbalottin@inmetro.gov.br 

In 2019, Brazil joined the growing list of countries banning ani-
mal experiments. In 2014, the National Council for Animal Ex-
perimentation (Concea) Normative Resolution No 18 (RN18) 
made the use of 17 Alternative Methods mandatory, establishing 
five years deadline for the public and private sector to adjust to 
this new reality. Among the endpoints, skin irritation and corro-
sion tests required full availability, as this endpoint is broadly de-
manded several industries and different types of products. Since 
2012, The National Institute of Metrology, Quality and Technol-
ogy (Inmetro) has been one of three Central Laboratories of the 
National Network of Alternative Methods (Renama), established 
to promote the implementation, dissemination and validation of 
Alternative Methods to Animal Experimentation.

The PReMASUR (MERCOSUR’s Regional Platform for Al-
ternative Methods for Animal Experimentation) National initia-
tive had organized by far 19 training courses focusing on in vitro 
methodologies leading the training approximately 200 profession-
als from Brazil and Mercosur member countries. In this context, 
training and dissemination efforts are crucial to prepare and antic-
ipate the needs in terms of demand, but also to create an efficient 
network to widely deploy these methods throughout the country. It 
is worth mentioning that the production in Brazil of the in vitro re-
constituted human epidermis by Episkin’s subsidiary in Brazil was 
a milestone, making available an emblematic model of replace-
ment alternative for research, training and regulatory purposes.

In 2014 there was no GLP laboratory in Brazil for RN18 CON-
CEA in vitro methodologies. Nowadays, there is currently at 
least one test facility for the OECD TG 431, 439, 437, 428, 487 
methodologies required by RN18 CONCEA, allowing Brazil to 
adhere to 3Rs (reduction, refinement and replacement) principles 
and the sequential access to markets abroad. The partnership be-
tween the public and private sectors was crucial to achieving this 
success.
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crease in the expression of E-selectin, an adhesion molecule ex-
pressed only on endothelial cells activated by inflammatory re-
sponses, was also noticeable in ECs exposed to IS under static 
condition. Our results showed that cytotoxicity to ECs caused by 
IS is significantly lower under dynamic condition compared to 
static culture. Here, we demonstrated that inclusion of dynamic 
flow and biological fluids are positive steps towards generating 
nanoparticles evaluation in a relevant in vitro model. In future 
studies, we will seek to further develop the complexity of our dy-
namic human endothelium system by incorporating phagocytic 
cells, such as macrophages to achieve a powerful platform for the 
safety screening of parenteral nanomedicines with high resem-
blance to in vivo models.
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Establishing scientific credibility 
of NAMs. To what extent is 
transparency, interpretability 
and explainability necessary?
João Barroso
European Commission, Joint Research Centre, Ispra (VA), Italy
joao.barroso@ec.europa.eu 

Regulatory toxicology is undergoing a paradigm shift with the 
development and implementation of new approach methodolo-
gies (NAMs) in hazard/risk assessment. NAMs include various 
non-animal approaches for data acquisition and interpretation, 
such as organ-on-chip and other complex test systems, high con-
tent analysis using OMICS or imaging technologies, robotic plat-
forms for high throughput data acquisition, and use of artificial 
intelligence for data integration and interpretation.

The main goal in this shift of paradigm is to move from the 
observation and interpretation of apical toxicology effects in an-
imals towards the use of more human- and physiologically rele-
vant in vitro and/or in silico systems underpinned by mechanistic 
understanding of toxicological pathways and adversity.

However, many of these new technologies have components 
protected by intellectual property or confidential business in-
formation, which may hinder a knowledge-based assessment of 
their relevance. In addition, even where information is accessi-
ble, the complexity of the technology (e.g., artificial intelligence/

The Nano+ consortium (Health Holland project LSHM19006) 
aims to integrate nanotopography with electrophysiological mea-
surements on 3D hiPSCs-derived motor cortex neurons for ALS.

Last, through our partnership with OrganoTherapeutics we 
make midbrain organoids (Monzel, 2017) available for screening 
of new drugs in preclinical PD research.

These collaborations allow us to build a commercially viable 
BoC model ecosystem. With these projects, we ultimately strive 
towards a future of preclinical models with superior clinically 
translational relevance for neurodegenerative diseases with less 
use of animal models.
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Endothelium response to iron 
nanomedicine in static versus 
dynamic in vitro vascular model
Niusha Nikravesh and Peter Wick
Swiss Federal Laboratories for Materials Science and Technology (Empa), 
St. Gallen, Switzerland
niusha.nikravesh@empa.ch 

Nanomedicines are promising therapeutic compounds allow-
ing the development of new treatment approaches with reduced 
side effects. However, important factors affecting the behav-
ior of nanoparticles in vivo cannot be simulated in convention-
al static in vitro models (Praschberger et al., 2015). Dynamic 
cell culture, where cells are cultivated in the presence of shear 
stress has the potential to bridge this gap by mimicking critical 
features of physiological conditions. Intravenous iron-carbohy-
drate nanoparticles are becoming a dominant treatment for the 
correction of acute iron deficiency unresponsive to oral iron sup-
plements (Cançado et al., 2011). Compared to the data avail-
able from clinical studies, little is known about the interaction 
of iron-carbohydrate nanoparticles with endothelial cells (ECs), 
which are the first contact cells for circulating iron nanoparticles 
following intravenous administration (Zou et al., 2017). Our ap-
proach implements and compares a microchannel-based dynamic 
human endothelium model to the static culture to assess capabili-
ty to predict differences in EC response after exposure to intrave-
nous iron sucrose (IS). Differences in cellular uptake were con-
firmed using three approaches, including transmission electron 
microscopy, flow cytometry, and Prussian blue staining assay. In-
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ern blot analysis. Differentiated PTL cells exhibited a polarized 
phenotype, barrier formation, and expression of the function-
ally active proximal tubule specific marker, megalin. To com-
pare the effects of megalin-facilitated aminoglycosides uptake 
on different proximal tubular models, iPSC derived PTL, hu-
man primary proximal tubular cells, RPTEC/TERT1, and HK2 
were exposed to aminoglycosides (gentamicin and tobramy-
cin) at the concentration of 12, 250, and 450 µg/ml. Transcrip-
tomic alterations were quantified using the TempO-Seq assay 
(BioClavis, ltd). iPSC derived PTL and primary proximal tu-
bular cells showed similar responses with increased interferon 
signaling and anti-viral response in both gentamicin and tobra-
mycin exposure. On the other hand, RPTEC/TERT1 and HK2 
cells did not show any predominant pathway activation. In con-
clusion, iPSC derived PTL represents an improved human-rele-
vant model for nephrotoxicity and could provide an opportuni-
ty to study the effects of compounds that are taken up through 
megalin-facilitated endocytosis.
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Stakeholder collaboration to 
implement regulatory and policy 
change for drug development
Elizabeth Baker
Physicians Committee for Responsible Medicine, Washington, DC,  
United States
ebaker@pcrm.org 

Efforts around the world aim to replace animal testing by sup-
porting innovative science that does not use animals. Less atten-
tion has been given to policies that currently require or favor an-
imal testing over nonanimal approaches. The Nonclinical Inno-
vation and Patient Safety Initiative (NIPSI), a growing group of 
professionals from federal agencies, the private sector and pa-
tient, health and research organizations, was formed to increase 
the human relevance of nonclinical drug testing. (Baker et al., 
2019). NIPSI has begun addressing scientific, educational and 
policy opportunities to improve drug testing for humans and re-
duce animal testing. While many NIPSI efforts so far have fo-
cused on North America, NIPSI is expanding to include other ju-
risdictions, such as the European Union. This presentation will 
provide recommendations to change policies that favor animal 
studies at a time when industry and regulators recognize the need 
to integrate more predictive nonclinical approaches.
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machine learning algorithms) and/or the lack of understanding of 
biological systems can quickly become limiting factors for such 
an assessment. This, in turn, can lead to lack of transparency and 
to purely data-driven demonstration of relevance by comparing 
to reference animal data. In an era where more emphasis is be-
ing given to biological understanding and explainability in the 
regulatory communities, the increased complexity and need for 
protection of investment in the development of new technologies 
are making method developers favor data in detriment of knowl-
edge to demonstrate relevance and establish the credibility of 
NAMs. However, the lack of transparency may block regulatory 
acceptance and use, and a purely data-driven approach to estab-
lish credibility will continue to suffer from the increasingly evi-
dent lack of reliability and relevance of reference animal data to 
predict human effects.

This talk discusses the current challenges in the validation and 
regulatory acceptance of NAMs and strategies to address them.
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Exploiting the use of iPSC-derived 
renal proximal tubular like cells 
to investigate megalin mediated 
aminoglycosides toxicity
Vidya Chandrasekaran1, Pranika Singh2,3,  
Thomas Exner2,4, Anja Wilmes1 and Paul Jennings1
1Division of Molecular and Computational Toxicology, Department of 
Chemistry and Pharmaceutical Sciences, Vrije Universiteit Amsterdam, 
Amsterdam, The Netherlands; 2Edelweiss Connect GmbH, Technology 
Park Basel, Basel, Switzerland; 3University of Basel, Basel, Switzerland; 
4Current address: Seven Past Nine d.o.o., Cerknica, Slovenia
v.chandrasekaran@vu.nl 

Exposure to environmental pollution and certain pharmaceuti-
cals can adversely affect the kidney and contribute to accelera-
tion of chronic renal disease which is a heavy burden on health 
care systems worldwide. While human renal cell lines, such as 
the RPTEC/TERT1 cells are useful tools to study nephrotoxic-
ity, they represent only one genetic background and may have 
acquired and lost some typical characterizations in culture. 
One such example is the absence of megalin (LRP2) expres-
sion in most of the existing 2D in vitro proximal tubular mod-
els. iPSC derived models are promising new tools that may be 
able to overcome some of these limitations. This study inves-
tigates the utility of a newly developed iPSC protocol for de-
riving proximal tubule-like cells (PTL) and the ability of this 
model to study megalin-mediated aminoglycoside toxicity. Un-
differentiated iPSCs were differentiated into PTL and temporal 
alterations of the cells were characterized by assessing the ex-
pression of pluripotency markers, renal developmental mark-
ers and maturation markers via immunofluorescence and west-
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Implementation of the 5Rs 
(Replacement, Reduction, 
Refinement, Responsibility  
and Respect) in laboratory animal 
science education & training  
courses in the University  
of Cape Town, South Africa
Janet McCallum, Bert Mohr and John Chipangura
University of Cape Town, Cape Town, South Africa
janet.mccallum@uct.ac.za 

It is essential that all persons involved in the care and use of an-
imals for scientific purposes undergo education and training in 
order to ensure optimal animal welfare, high standards of ani-
mal care and reliable scientific outcomes. The University of Cape 
Town has developed and implemented education and training 
courses, including (a) the first FELASA-accredited certification 
course in Africa for mice and rats for EU functions A & C; (b) 
an apprenticeship program for Laboratory Animal Technologists; 
as well as (c) competence-based education and training courses 
for scientists to perform regulated procedures on animals. Addi-
tional short courses in Laboratory Animal Science and Ethics are 
under development and will include an Advanced Course in Lab-
oratory Animal Science & Ethics as well as competency-based 
practical training in advanced veterinary procedures.

A core objective of these courses is to impart the principles of 
the of 5 R’s and to convey the vital importance of a respectful, 
responsible, caring and compassionate attitude towards animals. 
Training systems and processes are designed and implemented to 
replace the use of live animals wherever possible, to refine edu-
cation and training methods and to reduce the number of animals 
used. Methods include the use of ethically sourced cadavers for 
practical training in restraint and procedures, the reuse of training 
animals with consideration of cumulative harms, the use of inter-
active videos and tutorials, reward based positive reinforcement 
training of rodents, the use of mannequins during training and the 
employment of non-aversive handling methods. Here we will il-
lustrate the practical implementation of the 5R’s principles of re-
placement, reduction, refinement, respect and responsibility, as 
part of a Laboratory Animal Science education and training pro-
gram at the University of Cape Town.
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Law and order: Policies and 
legislation (or lack thereof) for  
the 3Rs in research
Elizabeth Baker
Physicians Committee for Responsible Medicine, Washington, DC,  
United States
ebaker@pcrm.org 

Increasingly, toxicology and regulatory testing practices include 
stated or conceptual commitments to reducing and replacing an-
imal studies. These fields are governed by country-specific leg-
islative mandates and defined endpoints and standards driven 
by internationally harmonized policies (e.g., ICH, OECD) that 
are adopted nationally through regulatory agencies, In contrast, 
the use of animals in hypothesis driven biomedical research is 
not governed by nationally, regionally, or internationally harmo-
nized guidelines that lead the field towards more studies utiliz-
ing approaches that incorporate human cells, tissues and process-
es. Further, direction of research spending tends to follow a dif-
fuse, de-centralized format that discourages centralized planning 
and prioritization. An absence of any legal requirement to reduce 
or replace animals used in research or testing further stifles any 
motivation to make progress. This must change, given the lack 
of understanding of human disease mechanisms, the dismal suc-
cess rate of nonclinical studies, and evolving societal ethics. This 
presentation will highlight differences between European Union 
and North American requirements to find and use human biol-
ogy-based methods in biomedical research, as well as policy 
changes in multiple sectors that may encourage use of nonanimal 
methods that have the potential to benefit biomedical research by 
streamlining our understanding of human biology in health and 
disease.
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Updating pain recognition  
and management approaches 
in laboratory mice and rats
Patricia Turner1, Mark Suckow2, Patricia Foley3  
and Jennifer Lofgren4
1Charles River, Wilmington, MA, United States; 2University of Kentucky, 
Lexington, KY, United States; 3Georgetown University, Washington, DC, 
United States; 4Novartis Institutes for Biomedical Research, Cambridge, 
MA, United States
patricia.turner@crl.com 

Pain can be challenging to recognize and treat in laboratory ro-
dents and pain management remains an important ethical con-
sideration for those working with rodents in science. Additional-
ly, animals in pain may not have normal physiologic function or 
demonstrate normal behaviors, decreasing the reliability of stud-
ies in which these animals are used. The International Associ-
ation for the Study of Pain (IASP) has designated 2020 as the 
Global Year of Pain Prevention providing an opportunity to fo-
cus on pain detection and mitigation strategies for rats and mice. 
Newer pain assessment techniques, such as facial grimace scor-
ing, burrowing, and nest-building evaluate changes in sponta-
neous behaviors or animals in their home environments and may 
prove more useful than traditional evoked response reflex test-
ing. Similarly, an evidence-based review of clinical pain man-
agement in rodents suggests that updated recommendations are 
needed for effective pain mitigation. Careful planning based on 
study design, knowledge of pharmacokinetics and mechanisms 
of action of analgesic agents, regular observation of animals for 
individual differences, and ensuring an institutional culture that 
recognizes the sentience of laboratory mice and rats is needed for 
effective clinical management of pain.
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Practical challenges and 
considerations in refining euthanasia 
methods in laboratory  
animal research in rodents –  
A pharmaceutical industry case study
Sally Robinson
AstraZeneca, Congleton, United Kingdom
sally.robinson@astrazeneca.com 

A commonly used euthanasia method for laboratory rodents in-
volves asphyxiation in a rising concentration of carbon dioxide. 
It offers a cheap and relatively simple method amenable to large 
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A five-category framework  
for implementing culture of care
Sally Robinson
AstraZeneca, Congleton, United Kingdom
sally.robinson@astrazeneca.com 

The European Federation of Pharmaceutical Industries and As-
sociations (EFPIA) Research and Animal Welfare (RAW) group 
members reflected on the concept of a Culture of Care in rela-
tion to animal care and use and on differences in its understand-
ing and application across European Pharmaceutical compa-
nies (Robinson et al., 2019). The term “Culture of Care” is used 
across different regions and organisations but rarely with any de-
fined indicators to support working practice.

EFPIA’s RAW group have developed a framework to help or-
ganizations identify gaps or potential areas for improvement in 
support of a positive Culture of Care.

The framework is a tool that identifies five areas of focus for 
Culture of Care: company values; strategic approach at establish-
ment level; implementation structures; staff support; animal care 
and procedures. The framework is intended as an aid for continu-
ous improvement, highlighting where indicators of good practice 
are present. We expect it to provide points of reflection and ideas 
for those looking to implement Culture of Care in a structured 
way, while facilitating a professional and strategic approach. To 
prevent it supporting a “tick-box” exercise, the framework must 
not be used as an auditing tool, but as a starting point for consid-
eration and discussion about how care manifests within the con-
text and constraints of individual establishments.

Within AstraZeneca we used the Framework to assess culture 
of care across our sites to enable us to share successful approach-
es and identify areas for improvement globally.

The presentation will illustrate some examples of successes 
and areas for further improvement
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research and animal welfare group: Assessing and benchmark-
ing ‘culture of care’ in the context of using animals for scien-
tific purpose. Lab Anim 54. doi:10.1177/0023677219887998 
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The human gut organoids, a 
promising model to study enterovirus 
infection and disease pathogenesis
Ikrame Aknouch1,2, Thomas Roodsant Roodsant1,3, 
Marit Navis4, Kees Van der Ark1,3, Vanesa Muncan4, 
Constance Schultsz1,3, Koert Stittelaar2, Dasja Pajkrt5, 
Katja Wolthers1 and Adithya Sridhar1
1Amsterdam UMC, University of Amsterdam, Department of Medical 
Microbiology, Amsterdam, The Netherlands; 2Viroclinics Xplore B.V., 
Schaijk, Amsterdam, The Netherlands; 3Amsterdam UMC, University of 
Amsterdam, Department of Global Health-Amsterdam Institute for Global 
Health and Development, Amsterdam, The Netherlands; 4Amsterdam 
UMC, University of Amsterdam, Tytgat Institute for Liver and Intestinal 
Research, Amsterdam, The Netherlands; 5Amsterdam UMC, University of 
Amsterdam, Emma Children’s Hospital, Department of Pediatric Infectious 
Diseases, Amsterdam, The Netherlands
i.aknouch@amsterdamumc.nl 

Introduction: Enteroviruses (EVs) are a major source of human 
infections worldwide, with a broad spectrum of disease symp-
toms, from diarrhea and skin rash to more severe disease like 
meningitis and paralysis. Elucidating EV pathogenesis has been 
limited by the lack of suitable models that faithfully mirror nor-
mal human physiology and pathophysiology. Organoids are stem 
cell-derived in vitro 3D organ models and an excellent system 
that has potential for studying on EV-host interaction, virus evo-
lution, and antiviral compound testing on a human system.

Methods: The 3D fetal gut organoids are an “inside out” repre-
sentation of human physiology with the basal side on the outside 
facing the environment and the apical side facing the inwards. 
During culture, the proximal and distal organoids are “opened 
up” and cultured as a monolayer on transwell inserts to estab-
lish viral infection. The monolayers were apically exposed to en-
terovirus A71 (EV-A71) and subsequent viral replication was as-
sessed by quantifying the production of viral RNA and virus rep-
lication at several time points over a course of six days.

Results: Using the monolayer transwell system we show that 
EV-A71 infects the epithelium monolayers from the apical sur-
face. We will present data on infection of the monolayer model 
with EV-A71, cell tropism of the virus, and monolayer permea-
bility after infection.

Conclusion: The human fetal gut derived intestinal organoid 
model is a powerful model for studying enterovirus infection and 
related disease pathogenesis. Continued development of the or-
ganoids cultures by including components of the normal host tis-
sue microenvironment such as immune cells and blood vessels, 
will facilitate and simplify studies on human viral pathogenesis, 
and improve the development of platforms for pre-clinical evalu-
ation of vaccines, antivirals and therapeutics.
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studies; although there is a wealth of literature highlighting wel-
fare issues with this method (Hawkins et al., 2016). For many 
years this was the method of choice for immune compromised 
mice used in the oncology research group within AstraZeneca. 
Many of the oncology research projects build on previous expe-
rience within a target or disease area or within an area of synthet-
ic chemistry meaning there is a general conservative approach to 
change, and this often focussed on the potential impact change 
can have on the science endpoints of interest. The talk will dis-
cuss challenges in identifying and then moving to potentially 
more welfare friendly euthanasia methods within our Establish-
ment and how working together with the research scientists we 
have been able to develop an evidence-based decision tree that 
allowed us to move away from the use of carbon dioxide.
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death? Report of the second Newcastle meeting on laborato-
ry animal euthanasia. Animals 6, 50. doi:10.3390/ani50x000x 
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Gold doesn’t rust:  
The failing standard of 
the animal model
Theodora Capaldo1 and Kelly Guerin2
1American Fund for Alternatives to Animal Research, Georgetown, DC, 
United States; 2We Animals, Toronto, Canada
tcapaldo@aol.com 

The animal model has been considered the standard for scientif-
ic research and testing for centuries. Animal use has continued 
in spite of its long history of poor predictivity and relevance for 
humans as well as its inherent animal suffering. Emerging tech-
nologies promise to revolutionize the field of biomedical science 
by rejecting the failing animal model in lieu of human-based in- 
vitro sciences and other new methods. Can these new technol-
ogies break into mainstream understanding and acceptance, or 
will they be blocked by the sector of the scientific community 
deeply rooted in and committed to the animal model? The film 
includes scientific opinion, examples of current and emerging 
technologies, a brief look at areas of animal use, and excerpts of 
media coverage. It challenges the long-held rhetoric that the ani-
mal model is the “gold standard” for research and testing.

The American Fund for Alternatives to Animal Research  
(AFAAR) and We Animals Media present this short film as an 
outreach tool. Its goal is to enhance discussion, inform the pub-
lic of the current state of alternatives and inspire promise for fu-
ture advancements that will one day end animal use and replace it 
with better and fully humane science.
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tegration of effect-based tools and bioassays (WFD re-evalua-
tion). Within aquatic toxicology, coverage of certain MOAs and 
AOPs is scarce, and most applications are based on mammali-
an or yeast models, not reflecting realistic exposure scenarios. 
The use of transient reporter gene assays in organisms of interest 
(fish) could be a quick and inexpensive solution. However, in-
terference with cellular homeostasis may impact the system be-
yond the function of the manipulated gene and lead to nonspecif-
ic results. We describe how varying vector geometry and differ-
ent regulatory gene elements on plasmids used for transfection 
may lead to a large difference in sensitivity.

Zebrafish embryonic fibroblasts and hepatocytes were seed-
ed on 96-well plates, co-transfected with a Nrf2-responsive Fire-
fly luciferase reporter plasmid and 8 different combinations of 
Renilla luciferase normalization vectors. Transfected cells were 
exposed to increasing concentrations of oxidative stress induc-
er metazachlor. In response, Nrf2-dependent luciferase induction 
was recorded via a plate reader. Alternatively, various endpoints 
of cellular stress (mitochondrial metabolism, membrane stabili-
ty, protein amount, proliferation) were assessed using non trans-
fected or transiently transfected cells with constructs of increas-
ing sizes.

The results indicate that plasmid geometry and gene-regulato-
ry units have an effect on the potency of the reporter gene assay 
after co-transfection. Differences in relative induction are a result 
of the applied normalization vectors, specifically their constitu-
tive promotors and backbones. Viability tests showed that trans-
fection itself increases cellular stress in a construct size-depen-
dent matter. Given that the final signal measured will always be 
the result of a synergistically acting black-box, precautionary de-
cisions must be taken in plasmid vector design to display weak 
points and overcome intrinsic faults. In the regulatory context, 
awareness is important, in order to choose suitable bioassays.
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Test subjects
Emily R. Trunnell1, Frances Cheng1, Amy Clippinger1 
and Alex Lockwood2
1People for the Ethical Treatment of Animals, Norfolk, VA, United States; 
2Lockwood Film, West Midlands, England, United Kingdom
emilyt@peta.org 

Test Subjects is a documentary film made by BAFTA-winning 
director Alex Lockwood and sponsored by People for the Ethi-
cal Treatment of Animals (PETA). The film explores the pressure 
on aspiring scientists to experiment on animals in order to earn 
their diplomas. Seen through the eyes of a trio of former doctoral 
students as they recall their experiences with the expectations of 
academia, Test Subjects addresses the deeply personal decisions 
that these scientists made that ultimately changed the course of 
their lives and careers towards a full humane science. Test Sub-
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A comparison of training standards 
amongst international colleges 
of laboratory animal medicine
Michele Bailey1, Patricia Turner2, Vera Baumans3, 
Patricia Hedenqvist4, Takashi Agui5, Kazuo Yano6, 
Seung-Hyeok Seok7 and Saet-Byul Hong8
1ACLAM, Whistler, Canada; 2Charles River, Wilmington, MA, United 
States; 3Utrecht University, Utrecht, The Netherlands; 4Swedish University 
of Agricultural Sciences, Uppsala, Sweden; 5Hokkaido University, 
Sapporo, Japan; 6Medtronic Japan, Inc., Tokyo, Japan; 7Seoul National 
University, Seoul, South Korea; 8Samsung Medical Centre, Seoul, South 
Korea
patricia.turner@crl.com 

To assist new colleges of laboratory animal medicine to develop 
and define quality standards for training and examination of can-
didates and to help promote intercollege recognition of creden-
tials of Diplomates between the American, European, Japanese 
and Korean Colleges of Laboratory Animal Medicine (ACLAM, 
ECLAM, JCLAM, and KCLAM), the International Association 
of Colleges of Laboratory Animal Medicine (IACLAM) con-
ducted an in-depth review and comparison of oversight, train-
ing, credential, and examination standards for each college. Spe-
cifically, this included a review of: national or regional college 
support structures, the college Constitution and Bylaws, a de-
tailed description of qualifying mechanisms for candidates wish-
ing to sit the certification examination, training program crite-
ria, the process for credentialing candidates for examination, the 
mechanism for examination development, evaluation, and qual-
ity assurance, as well as comparing the detailed role delineation 
documents (RDD) or task analyses for newly qualified Diplo-
mates. While a number of differences were found in processes, 
there was good general harmonization in approaches to training 
program duration, qualifications of candidates and credentialing 
processes, RDDs between the colleges. Areas requiring more de-
tailed review include harmonization of didactic training and cer-
tification examination preparation, review, and quality assurance.
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Potentials and pitfalls of transient 
fish in vitro reporter bioassays
Sebastian Lungu-Mitea
SLU Uppsala, Uppsala, Sweden
sebastian.lungu@slu.se 

Regulation drives the demand for animal testing. Agencies and 
stakeholders are promoting alternatives and implementing the 
concept of 21st century-tox. Future guidelines propose the in-
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Highlighting modern approaches 
through education and training
Esther Haugabrooks and Kristie Sullivan
Physicians Committee for Responsible Medicine, Washington, DC,  
United States
ehaugabrooks@pcrm.org 

There are three essential roles that must be maintained for the 
livelihood of the scientific community: innovators, educators, 
and regulators. Without these, the rapid advancement of mod-
ern approaches (e.g., in vitro, in chemico, and in silico models), 
adapted or otherwise, would not be possible. Through the role 
of innovators, scientific literature has documented the develop-
ment and application of modern predictive tools to protect hu-
man health and the environment. Regulators are uniquely tasked 
with the implementation of safety assessments to protect pub-
lic health. The work of educators is imperative to evolve the im-
plementation of scientific advancements that challenge histori-
cal paradigms, harvest more human-relevant information, and 
provide holistic environmental approaches. However, the role 
of an educator is not mutually exclusive; often, educators come 
from all sectors such as government regulators, industry inno-
vators, and nonprofit organizations influencers. This presentation 
will overview the rapid development of nonanimal approaches 
and highlight global educational activities that empower the in-
novator and regulator to apply modern approaches to research 
and regulatory assessments. Here, we present an example of 
this through the Physicians Committee’s new training effort – 
New Approach Methodology Use for Regulatory Acceptance  
(NURA) – that employs in-person lectures, networking opportu-
nities, online webinars, hands-on demos, and open access online 
resources. NURA, in addition to other educational and outreach 
efforts, provides the breadth and depth to allow participation at a 
variety of levels and endeavors to meet the needs of all towards 
the goal of implementation of nonanimal methods for regulatory 
use. The end objective is to enthuse the scientific community and 
educators to 1) spur innovators, 2) increase communication con-
cerning the necessity of modern approaches within context use, 
and 3) build confidence of new approaches methodologies.
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jects explores the world of the research scientist and what is ex-
pected within a professional field that the interviewees argue is 
not free of the pressure to conform, allows questioning within 
only a limited framework, and that evidences an inertia that helps 
maintain the status quo, including when specific practices may 
be contrary to good science. Immediately after the film screen-
ing, the interviewees featured in the film will be in attendance to 
engage with delegates for Q&As.
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DVM: Training the animal doctor
Nick Jukes1 and Olivier Berreville2
1InterNICHE, Leicester, United Kingdom; 2InterNICHE Canada, 
Winnipeg, Canada
coordinator@interniche.org 

The tools and approaches used within veterinary education and 
training to gain knowledge and skills are undergoing changes 
as new technologies are being developed and as ethical and an-
imal welfare concerns are being given greater prominence. This 
45-minute beta version documentary film investigates the veter-
inary curriculum and follows the disciplines, courses and prac-
tical classes that veterinary students and trainees will face. The 
film presents innovative, humane learning tools and approaches 
that have been developed and implemented by educators to better 
meet teaching objectives. Interviews with educators, teaching as-
sistants and students illustrate their experience of the alternatives 
and how they support effective education and training. Demon-
strations and practical classes show a range of tools and ap-
proaches in use. These include virtual laboratories and virtual re-
ality software for anatomy and physiology education, mannekins 
and advanced synthetic cadavers for surgery training, client do-
nation programs to provide ethically sourced cadavers, and clini-
cal learning opportunities with animal patients. The film demon-
strates that veterinary education and training can be achieved in 
a fully humane way without harmful animal use, to the benefit of 
the students, the educators, the animals, and the profession itself.
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Pound, P. and Nicol, C. J. (2018). Retrospective harm benefit 
analysis of pre-clinical animal research for six treatment in-
terventions. PLoS One 13. doi:10.1371/journal.pone.0193758 
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Developing strategies to 
increase the use of nonanimal 
methods to assess food safety
Esther Haugabrooks and Kristie Sullivan
Physicians Committee for Responsible Medicine, Washington, DC,  
United States
ehaugabrooks@pcrm.org 

In recent years, alternatives to animal testing have undergone rap-
id development in chemical sectors like cosmetics, pesticides, and 
pharmaceuticals. As a whole, the field of new approach method-
ologies (NAMs) or alternative approaches – especially for regula-
tory application – is growing rapidly. Conversely, comparatively 
little attention has been paid to applying NAMs to food assess-
ments. Food ingredients, food additives, dietary supplements, and 
food contact materials all undergo extensive toxicology safety 
testing. Safety assessments can include several studies designed 
to evaluate genotoxicity, exposures (short-term, sub-chronic, and 
chronic), carcinogenicity, neurotoxicity, allergenicity, and repro-
duction and development. If efficacy statements are used, addi-
tional testing is commonly conducted. Where available, fit-for-
purpose NAMs have reduced the resource strain and provide 
better predictions than studies that use animals. Implementing 
strategies to increase NAMs for foods (Blaauboer et al., 2016) is 
not only timely but necessary. Researchers and method develop-
ers seek guidance from regulatory agencies to increase innovation 
of nonanimal methods. In some cases, such as the US FDA’s Gen-
eral Toxicological Principles for the Safety Assessment of Food 
Ingredients, where Guidelines for Designing and Conducting 
Toxicity Studies are outlined, regulatory guidance leans heavily 
towards tests reliance upon animals. Guidance should be modern-
ized to a more flexible framework capable of encouraging the de-
velopment of modern in vitro and in silico approaches. This pre-
sentation aims to present the state-of-science for nonanimal ap-
proaches applicable to food safety assessments, outline areas for 
improved implementation, and highlight the critical need for sci-
entific advancements such as high throughput systems (Karmaus 
et al., 2016; Punt et al., 2020) and mechanistic information (Vink-
en et al., 2020; Kramer et al., 2019). With a wealth of informa-
tion and rapidly developing innovative techniques to assess single 
chemicals and complex matrixes, we aspire to apply current ad-
vancements with NAMs to foods and food products.
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Educating future scientists  
and raising public awareness on 
animal-free experimentation
Kathrin Herrmann
Johns Hopkins Bloomberg School of Public Health, Center for Alternatives 
to Animal Testing (CAAT), Baltimore, MD, United States
kherrma1@jhu.edu 

The EU animal protection law, Directive 2010/63/EU, has as 
its ultimate goal the overhauling of the current research para-
digm by fully replacing live animal use. Even though reviews of 
past animal experiments have revealed that the harms inflicted 
upon the animals frequently outweigh the benefits (e.g., Pound 
and Nicol, 2018), animal research proposals are generally au-
thorized by the competent authorities. Any paradigm change 
away from animal use needs the support of society, but the pub-
lic has been mostly misinformed by the animal research indus-
try (e.g., Foundation for Biomedical Research; Understanding 
Animal Research) as well as misled by media stories that fre-
quently tout breakthroughs for human disease based solely on 
tests carried out on animals (Chakradhar, 2019). There is an ur-
gent need to provide future scientists as well as the public with 
evidence-based resources about the harms, benefits and limita-
tions of animal experimentation and about ways to replace an-
imals. These observations led me to start offering a universi-
ty course critically appraising the extensive animal use in sci-
ence and discussing ways to reduce and replace these animals 
with more human-relevant methods. The 8-week course at Johns 
Hopkins University covers the main shortcomings of animal use 
in science, how to fully apply the 3Rs principles, how to prop-
erly conduct literature searches, and how to plan, conduct, an-
alyze and report research studies. The course further teaches 
how to scrutinize the validity of animal and non-animal models 
and methods in order to choose the best means for particular re-
search interests (Herrmann, 2019). In addition, we put together 
a comprehensive book for the interested public in which 51 in-
ternational experts review current animal use in science and dis-
cuss innovative, human-relevant approaches to advance the life 
sciences and accelerate the paradigm shift towards animal re-
placement (Herrmann and Jayne, 2019).
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and showed functional characteristics using Matrigel assay. CSA 
showed EC50 around 5µM on endothelial cells viability. Mito-
chondrial experiments proved a deficiency in mitochondrial com-
plexes of endothelial cells after CSA treatment. Also, CSA treat-
ment could increase ATP synthase in our cells which altogether 
leaded to impaired angiogenesis checked by sprouting assay.

Discussion and Conclusion: So, by now, we could design an in 
vitro model of endothelial cells help us finding out exact toxici-
ty of CSA on endothelial cells focusing on angiogenesis impair-
ment in patients (Nowak-Sliwinska et al., 2018).
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Human immunocompetent  
choroid-on-chip: A promising tool  
for studying ocular  
side effects of biological drugs
Madalena Cipriano1, Christopher Probst1, Katharina 
Schlünder1,2, Kirstin Linke1, Laura Laistner1, Martin 
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Next-generation therapies such as complex biologics are asso-
ciated with ocular side effects in up to 70% of patients (Hager 
and Seitz, 2013). The immune-protective role of the choroid has 
been recognized as a key element for the maintenance of ocular 
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Study the effect of cyclosporin A on  
functionality of endothelial  
cells differentiated from induced  
pluripotent stem cells as  
in vitro toxicity model
Zahra Mazidi1,2, Matthias Wieser1,  
Regina Grillari-Voglauer1 and Johannes Grillari1,2,3
1Evercyte GmbH, Vienna, Austria; 2University of Natural Resources and 
Life Sciences, Vienna (BOKU), Vienna, Austria; 3Ludwig Boltzmann 
Institut für experimentelle und klinische Traumatologie, Vienna, Austria
zahra.mazidi@evercyte.com 

Introduction: Designing a suitable in vitro model of vascular sys-
tem could lead us understanding the mechanism which chemi-
cals affecting them. Due to 3R principles, we are trying for al-
ternative models to animal testing. Stem cells specially induced 
pluripotent stem cells (iPSCs) with ability of differentiation to all 
organs of body could be a good substitute. In this study we differ-
entiated iPS cells toward endothelial cells using a novel cocktail 
of small molecules and growth factors as a model for our toxicol-
ogy assessment. We started our toxicity part using cyclosporin 
A (CSA) as a potent immunosuppressive agent in pharmacolog-
ic studies. Beside the positive effect of CSA, there is emerging 
evidence showing its effect on inducing long-term vascular dys-
function (Nacev and Liu, 2011; Viallard and Larrivée, 2017) and 
angiogenesis impairment in patients. We designed this study in 
order to get deeper insights into effect of CSA on angiogenesis of 
endothelial cells and finding out the exact mechanisms.

Materials and Methods: iPS cells were derived from two nor-
mal donors fully characterized and after proving their pluripo-
tency characteristics were treated for differentiation to endothe-
lial cells. Characterization analysis demonstrated high yield of 
differentiation. Then we checked the effect of CSA on endothe-
lial cells viability through resazurin assay (Zhao et al., 2015). 
To understand CSA effect on endothelial cells angiogenesis we 
modified sprouting assay method. The progress of CSA toxicity 
was also tracked through mitochondrial changes and ATP assay 
(Mbye et al., 2008).

Results: Endothelial cells differentiated from iPS cells ex-
pressed CD31 and VE-Cadherin as endothelial cells markers 
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Secretome characterization  
of 3D bronchial epithelial cultures  
to study the role of protein  
corona on the fate and long-term  
effects of nanoparticles
Daniel Sanchez-Guzman, Sonja Boland,  
Stephanie Devineau and Armelle Baeza-Squiban
BFA-UMR CNRS 8251, Paris, France
daniel.sanchez-guzman@u-paris.fr 

Over the last years, the production and use of nanomaterials 
(NMs) in industry has increased exponentially becoming a po-
tential hazard for human health. In order to reduce animal test-
ing, alternative methods have to be developed to characterize 
NM hazard. The airway epithelium constitutes the first barrier 
in the lung against inhaled NM absorption and understanding the 
mechanism of entry of NMs in the airway epithelium could help 
us to elucidate the way to avoid NM toxicity.

The growth of epithelial cells on a Transwell® membrane al-
lows the differentiation and the establishment of a 3D in vitro ep-
ithelial barrier (Grainger et al., 2006) which can be used to study 
NM internalization and long-term toxicity after repeated expo-
sure. NM toxicity does not depend only on NM-cell interactions 
but also on their interaction with molecules in the biological flu-
id they encounter (Raesch et al., 2015). To characterize the pro-
tein corona and its role in NM interactions with respiratory cells, 
we have developed long term 3D cell culture composed of Ca-
lu-3 cells growing at the air-liquid interface on Transwell® in-
serts. The air liquid interface allows the production of proteins 
into the apical part resembling the biological fluid present in the 
lung. The composition of the apical secretome of Calu-3 cells has 
been compared with the secretome produced by primary normal 
bronchial human epithelial (NBHE) cells and human bronchial 
alveolar lavage (hBAL) presenting 97% and 30% common pro-
teins respectively.

The Calu-3 apical secretome have been used to characterize 
the proteins absorbed on silver nanoparticles. The analysis of ab-
sorbed proteins by SDS-PAGE and mass spectrometry will bring 
new knowledge to understand the role of a specific protein coro-
na formed in biological fluid in the fate and effects of NMs.
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health (Chen et al., 2019; Jehs et al., 2016). Non-clinical inves-
tigations of the underlying molecular mechanisms and immune 
responses are complicated by interspecies differences of the im-
mune system (Bjornson-Hooper et al., 2019) and the target ho-
mology as well as class-related properties of biologics and im-
munomodulatory drugs. We have developed a human cell-based 
in vitro model of the choroid layer of the eye based on a tailored 
microfluidic platform: Our choroid-on-chip integrates key cho-
roidal cell types – melanocytes, retinal pigmented epithelial cells 
and microvascular endothelial cells – in a microphysiological 
environment mimicking in vivo tissue architecture and vascula-
ture-like perfusion (Probst et al., 2018). Cell identity, viability 
and function are maintained for up to 2 weeks in perfused cul-
ture. Immunocompetence is achieved by perfusion of immune 
cells (PBMCs) through the endothelial channel. To demonstrate 
controlled immune cell recruitment into the melanocyte com-
partment through the vascular monolayer, we exposed the sys-
tem to the immunomodulatory drug cyclosporine in combination 
with anti-CD3/CD28 stimulation. By monitoring cytokine secre-
tion and quantitative 3D image analysis, we could evaluate the 
immune response in situ. The stimulation led to cell activation 
and increase in IFNγ, TNFα, Granzyme B and IL-2 levels, which 
was reversed in a concentration-responsive manner by the expo-
sure to cyclosporine. Similarly, immune cell recruitment was in-
duced by anti-CD3/CD28 activation and prevented by cyclospo-
rine. This human immunocompetent Choroid-on-Chip offers a 
platform for profiling of selected drug candidates to inform early 
on choroid safety liabilities and guide the risk mitigation strategy 
prior to first-in-human studies.
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society while minimizing their harm to current and future gen-
erations. The Strategy sets out five overarching priorities for the 
EU chemicals policy:
1. Strengthen the protection of human health and the environ-

ment from chemical risks
2. Catalyze the shift to safe and sustainable innovation and foster 

EU competitiveness
3. A more coherent and effective legal framework on chemicals
4. Provide a comprehensive and transparent knowledge base for 

citizens, authorities and industries
5. Provide a model inspiring chemicals management globally
Within these priorities, especially priority 3, the strategy also 
aims to reduce dependency on animal testing by promoting mul-
tidisciplinary research and ensure the continued development and 
regulatory uptake of new and innovative tools – including Virtu-
al Human Platforms – to improve quality, efficiency and speed 
of hazard and risk assessment on humans, ecosystems and specif-
ic population groups. In addition, within priority 5, the strategy 
proposes to promote common standards and innovative risk as-
sessment tools internationally (e.g., in OECD) to shift away from 
unnecessary animal testing (e.g., adapt the UN GHS criteria to 
alternative methods).

The presentation will briefly explain the EU Chemicals Strate-
gy for Sustainability and highlight how the use of non-animal al-
ternative approaches can be increased at the same time.
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Regulatory science: Industry, 
research and innovation  
for the testing of substances
David Demortain
INRAE, Laboratoire Interdisciplinaire Sciences Innovations Sociétés, 
Pantin, France
demortain@inra-ifris.org 

Regulatory science covers the performance of studies and tests 
for regulated substances, and their interpretation by experts and 
scientists of regulatory agencies, to decide on the standards that 
should apply to the substances in question. Regulatory science 
is frequently depicted as a separate realm of science, discon-
nected from fundamental research. It is criticized for being a 
conservative area of scientific work, in which well-established 
protocols are routinely applied, with only slow integration of 
emerging new techniques and results from research. For some, 
this is evidence of the fact that regulatory science is too heav-
ily controlled by the regulated industries, and an inadequate 
tool to reveal risks and support protective policies. On the oth-
er hand, regulatory science is now emerging as an area of inter-
est for top universities. New research centers are being set up, 
benefiting from new sources of funding. Alternative methods 
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The ongoing journey to champion 
and enhance a culture of care
Alan White
GlaxoSmithKline, Chelmsford, United Kingdom
alan.e.white@gsk.com 

Culture of care is a well-established regulatory requirement in 
the UK. The publication of the RSPCA and LASA guidance 
“Guiding Principles on Good Practice for Animal Welfare and 
Ethical Review Bodies” in 2015 articulated guiding principles on 
how to promote a culture of care and the UK Home Office’s ex-
pectation for establishments breeding, supplying and using ani-
mals in research is to not only promote but to champion, nurture 
and enhance a culture of care. Over the last 5 years tools, advice 
and guidance on culture of care have become available howev-
er, establishing and defining what a culture of care means to you 
and your place of work is the starting point before continuing on 
the journey to champion, nurture and enhance the culture. This is 
and will be a unique journey for everyone, even though we may 
all apply the same or similar key principles in shaping our cul-
tures. GlaxoSmithKline are currently on this journey both in the 
UK and globally. This session will share some of our key experi-
ences, the good, the bad and the ugly in the hope you can derive 
some benefit to help you on your journey and that we, in turn, 
may learn from your experiences.
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Promoting non-animal approaches 
within the EU chemicals 
strategy for sustainability
Katrin Schutte
European Commission, DG Environment, Brussels, Belgium
katrin.schutte@ec.europa.eu 

The European policy framework for chemicals is recognized as 
the most advanced and evidence-based globally, although cur-
rent and future challenges call for an even stronger capacity and 
leadership. In line with the European Green Deal, the Chemicals 
Strategy for Sustainability of the European Commission pro-
motes a vision of a toxic-free environment, where chemicals are 
produced and used in a way that maximizes their contribution to 
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From microphysiological to 
micropathophysiological systems  
to study neurotoxicity and  
CNS diseases
Lena Smirnova1, Helena Hogberg1, David Pamies2  
and Thomas Hartung1
1Center for Alternatives to Animal Testing, Johns Hopkins University, 
Baltimore, MD, United States; 2University of Lausanne, Lausanne, 
Switzerland
lena.smirnova@jhu.edu 

Exposure to environmental chemicals during early life is sus-
pected to contribute to the increasing incidence of neurodevel-
opmental disorders, especially autism. Currently, 1 in 59 chil-
dren in US are diagnosed with autism spectrum disorder (ASD), 
and this cannot be explained only by the genetics, suggesting that 
environmental exposures contribute. Demanding animal tests 
for Developmental Neurotoxicity (DNT) have been devised, 
but because of complex underlying mechanisms, limitations of 
current approaches are enormous. The high costs and technical 
difficulties of these tests are prohibitive for routine DNT chem-
icals screening. Alternatives are needed to change this. We devel-
oped in our laboratory human iPSC-derived brain model (Brain-
Spheres) to study not only effects of chemical exposure on brain 
developmental and neurogenesis, but also neural disorders and 
gene environmental interactions leading to such disorders as au-
tism, ALS, MS, Parkinson’s and Alzheimer’s.
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make their way, progressively, into recommended test batter-
ies. This session will be devoted to exploring and discussing 
the role that research and innovation plays, or ought to play, in 
regulatory science.
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Combining mathematics  
with medicine to make  
better use of animal data:  
Sepsis case study
Manasi Nandi
King’s College London, London, United Kingdom
manasi.nandi@kcl.ac.uk 

Sepsis is a major worldwide healthcare issue with unmet clini-
cal need. Despite extensive animal research in this area, success-
ful clinical translation has been largely unsuccessful. As sepsis 
models can lead to a rapid and substantial suffering – it is es-
sential that we continually review experimental approaches and 
undertake a full harm:benefit impact assessment for each study. 
In some instances, this may require refinement of existing sep-
sis models. In other cases, it may be replacement to a different 
experimental system altogether, answering a mechanistic ques-
tion whilst aligning with the principles of reduction, refinement 
and replacement (3Rs). Finally, it is essential we make better use 
of clinical data to inform our research. Cardiovascular decom-
pensation is a hallmark feature of clinical sepsis. Cardiovascular 
parameters are routinely monitored at high fidelity in conscious 
animals, but much of the data is underused. Through an interdis-
ciplinary collaboration, we have combined expertise from bio-
medicine and mathematics to develop a new mathematical tech-
nique (Symmetric Projection Attractor Reconstruction – SPAR) 
that can extract more information from physiological waveforms 
such as blood pressure. I will demonstrate how such approaches 
can both extract more information from collected signals and al-
so increase the sensitivity of detecting changes. This in turn may 
lead to refinements (e.g., earlier, more humane end points) or al-
low scientists to make better use of existing data, reducing the 
need for new procedures. Finally, I will show how we have used 
our mathematical findings in retrospective research animal data 
to support our analysis of retrospective clinical data. In short, we 
demonstrate that SPAR has the potential to extract more informa-
tion about cardiovascular health which in turn could support clin-
ical decision making.
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Allen, T. E. H., Grayson, M. N., Goodman, J. M. et al. (2018). 
Using transition state modeling to predict mutagenicity for Mi-
chael acceptors. J Chem Inf Mod 58, 1266-1271.

Allen, T. E. H., Goodman, J. M., Gutsell, S. et al. (2019). Quan-
titative predictions for molecular initiating events using 3D 
quantitative structure-activity relationships. Chem Res Toxicol 
33, 324-332.

Wedlake, A. J., Folia, M., Piechota, S. et al. (2019). Structural 
alerts and random forest models in a consensus approach for 
receptor binding molecular initiating events. Chem Res Toxi-
col 33, 388-401.
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Computational intelligence:  
Opening DART’s  
“black-box” with agent-
based models
Thomas B. Knudsen
US EPA, Research Triangle Park, NC, United States
knudsen.thomas@epa.gov 

New Approach Methodologies (NAMs) for toxicity assessment 
that are based largely on in vitro data and in silico models pro-
vide a path forward to animal-free testing of the potential for de-
velopmental and reproductive toxicity (predictive DART). A ma-
jor science challenge is translating complex data and information 
into predictive models for human toxicity. For predictive DART, 
this means virtually extrapolating data from in vitro studies with 
human stem cells and related systems into adverse developmen-
tal outcome(s) of relevance to regulatory decision-making. Com-
putational agent-based models (ABM) of morphogenetic sys-
tems have distinct advantages for this purpose. ABMs offer un-
paralleled flexibility for multiscale modeling of tissue dynamics. 
Nature-inspired agents (cells) and rules (behaviors) are set in-
to motion with soft-computing. Fuzzy logic is utilized to simu-
late forces or properties governing cell fate and behavior where 
rules are inexact or knowledge incomplete. ABMs can change 
course in response to a specific situation or stimulus from genetic 
and/or environmental cues from real world data such as in vitro 
high-throughput screening (HTS) yielding a probabilistic render-
ing of where, when and how a particular condition might lead to 
an adverse developmental outcome (cybermorphs). Opening the 
black-box of DART with computational intelligence comes with 
key challenges for science and technology development. Does 
not reflect Agency policy.
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In silico approaches to link 
adverse outcomes to molecular 
initiating events through AOPs
Timothy Allen1,2, Andrew Wedlake2, Matthew Grayson3, 
Elena Gelzinyte2, Maria Folia4, Sam Piechota4, 
Jonathan Goodman2, Steve Gutsell4, Predrag Kukic4 
and Paul Russell4
1MRC Toxicology Unit, University of Cambridge, Cambridge, United 
Kingdom; 2Department of Chemistry, University of Cambridge, 
Cambridge, United Kingdom; 3Department of Chemistry, University 
of Bath, Bath, United Kingdom; 4Unilever Safety and Environmental 
Assurance Centre, Sharnbrook, United Kingdom
teha2@cam.ac.uk 

The Adverse Outcome Pathway (AOP) provides a framework to 
encapsulate the chemical and biological processes that can lead to 
toxicological outcomes. The Molecular Initiating Event (MIE) is 
the initial chemical interaction that starts in an AOP. Understand 
the chemistry behind MIEs is key to predicting molecular toxici-
ty in silico.

To build computational models for MIE prediction we use a vari-
ety of algorithms. 2D structure-activity relationships are a transpar-
ent and clear link between molecular structure and biological activ-
ity. Machine learning algorithms such as random forests and neural 
networks are excellent predictors but tend to lack this transparen-
cy. Using these methods in combination is a good way of making 
the best of all their strengths. Combined models for human MIE 
prediction have been constructed using open-source data from  
ChEMBL and ToxCast and are being integrated into safety deci-
sion-making procedures at Unilever. These predictions can be 
linked to adverse outcomes using AOPs published in the AOP Wiki.

To further explore the interactions behind MIEs we have used 
quantum mechanical and comparative molecular field analysis 
(CoMFA) calculations. These have allowed us to directly observe 
the interaction between DNA and an electrophilic chemical and ex-
plore how chemicals bind to receptor pockets. Activation energies 
were found to correlate well with Ames mutagenicity experimental 
values, and CoMFA provides estimations of molecular activity at 
targets and fields that can be visualised to see how interactions hap-
pen. These calculations allow us to better understand how MIEs 
happen, and how molecules can be modified to avoid them.

AOP based risk assessment requires a large amount of knowl-
edge across a wide area of biological space. Predictive computa-
tional methodology can help, particularly at the level of the MIE 
where the interaction can be well modelled, and will benefit from 
additional AOP development, linking predicted MIEs to adverse 
outcomes.
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the number of new drugs reaching the market plummet in recent 
years and it appears that if we continue on this path, we will have 
no more new drugs after the year 2070 (Scannell et al., 2012).

A paradigm shift is on the horizon, however. Advances in bio-
technology, microphysiological systems, systems biology, path-
way-based approaches, and computer modelling are leading a 
revolution in drug safety testing. In addition to these innovations, 
there is a growing recognition among scientists that to improve 
the success rate of drug candidates, a stronger focus is needed on 
human-relevant data (Marshall et al., 2018).

Here, we will discuss existing efforts to prioritize human-based 
biology for health research and propose key recommendations to 
revitalize the drug discovery process. We consider ongoing ef-
forts to collect human-relevant data and what will be required to 
successfully apply these to enhance drug development produc-
tivity. We look at the need for greater interdisciplinary and in-
ternational collaboration, incentivization of global data sharing, 
and for global funding calls to prioritize human-based methods. 
Innovative models such as induced pluripotent stem cells, organ-
oids and organs-on-chips are the future of successful and per-
sonalized drug development, but only if we support and nurture 
these approaches.
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An evaluation framework for new 
approach methodologies (NAMs) for 
human health safety assessment
Stanley Parish
Health and Environmental Sciences Institute, Washington, DC, United 
States
a.boobis@imperial.ac.uk 

The need to develop new tools and increase capacity to test phar-
maceuticals and other chemicals for potential adverse impacts 
on human health and the environment is an active area of devel-
opment. Much of this activity was sparked by two reports from 
the US National Research Council (NRC) of the National Acad-
emies of Sciences, Toxicity Testing in the Twenty-first Century: 
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An integrated approach  
to testing and assessment for 
evaluating inhalation risk
Douglas Wolf
Syngenta, Greensboro, NC, United States
doug.wolf@syngenta.com 

The utility of conventional in vivo animal studies to character-
ize toxicity associated with repeat inhalation exposures to irri-
tants is limited by the complexity of extrapolation to humans, as 
well as by animal welfare concerns. Recent developments in in 
vitro technologies have produced systems which provide func-
tionally accurate representations of the human respiratory tract 
and can offer more relevant measures of human toxicity. In this 
study, an in vitro model of the human upper airway epithelium 
(MucilAir™) has been evaluated for a fungicide (chlorothalonil) 
which exhibits irritant properties in mucous membranes in vivo 
through localized cytotoxicity. As these responses occur local-
ly at the respiratory portal of entry, they are particularly amena-
ble to modelling in vitro. A number of endpoints were assessed 
with MucilAir™ (trans-epithelial electrical resistance, lactate 
dehydrogenase release and resazurin metabolism) as markers of 
local irritation. The MucilAir™ results showed a good concor-
dance of response across endpoints and across human tissue do-
nors. A wide range of concentrations were tested in order to de-
rive points of departure for risk assessment via benchmark dose 
modelling. In addition, anatomically and physiologically correct 
3D, computational fluid-particle dynamics (CFPD) models were 
developed to estimate airway surface deposition of inhaled aero-
sol formulations of chlorothalonil in discrete regions of the upper 
conducting airways. This work demonstrated that the combined 
use of three-dimensional in vitro and in silico models of the hu-
man respiratory epithelium and tract are a viable alternative for 
quantitative assessment of short- and long-term inhalation expo-
sure to irritant materials.
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A 21st-century roadmap for 
biomedical research and drug 
discovery: Recommendations
Lindsay Marshall
Humane Society International, Washington DC, United States
lmarshall@hsi.org 

Current animal-based research methods can take up to ten years 
and billions of dollars (DiMasi et al., 2016) to develop a single 
pharmaceutical which even then may have a 90% failure rate when 
it reaches human trials. It is a highly inefficient model that has seen 
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paper in Archives of Toxicology (Escher et al., 2019). Based on 
the overarching read-across hypothesis, the read-across work-
flow suggests targeted or untargeted NAM testing also outlining 
how mechanistic knowledge such as adverse outcome pathways 
(AOPs) can be utilized. Toxicokinetic models, enriched by in vi-
tro parameters such as plasma protein binding and hepatocellu-
lar clearance, are proposed to show (dis)similarity of target and 
source compound toxicokinetics. Furthermore, in vitro to in vi-
vo extrapolation is proposed to predict a human equivalent dose, 
as potential point of departure for risk assessment. Finally, the 
generated NAM data are anchored to the existing in vivo data of 
source compounds to predict the hazard of the target compound 
in a qualitative and/or quantitative manner.
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A human xenobiotic metabolic 
system adapted to quantitative high-
throughput screening processes
Ludovic Le Hegarat, Sullivan Madec and  
Kevin Hogeveen
ANSES, French Agency for Food, Environmental and Occupational Health 
& Safety, Fougeres, France
ludovic.lehegarat@anses.fr 

The evaluation of the toxicity of chemical compounds remains, 
to a large extent, based on animal experimentation, using high 
doses associated with the observation of deleterious endpoint 
effects, and then extrapolating these effects to the human situ-
ation at low doses. These approaches are not only very expen-
sive in time and cost but use a large number of animals to give 
toxicity results that are not robust and are not readily extrapo-
latable to humans. As well, these low throughput approaches 
are not adapted to the evaluation of the thousands of chemi-
cals to which the population is exposed. Currently, toxicolo-
gy is therefore faced with a two-fold challenge: to develop in 
vitro models that are as predictive as possible for human tox-
icity, and also that these tests be adaptable to high throughput 
screening approaches. Indeed, the majority of tests currently 
used for the evaluation of toxicity are lacking in metabolic ca-
pacity, while metabolism, in particular hepatic metabolism, 
plays a central role in the toxic response in the detoxification, 
as well as the bioactivation of xenobiotic compounds. There is 
therefore an urgent need to develop models which integrate a 
metabolic component in the context of high throughput in vitro 

A Vision and a Strategy (2007) and Science and Decisions: Ad-
vancing Risk Assessment (2009), both of which advocated for 
“science-informed decision-making” in the field of human health 
risk assessment. The response to these challenges for a “para-
digm shift” toward using new approach methodologies (NAMS) 
for safety assessment has resulted in an explosion of initiatives 
by numerous organizations, but, for the most part, these have 
been carried out independently and are not coordinated in any 
meaningful way. To help remedy this situation, a framework 
that presents a consistent set of criteria, universal across initia-
tives, to evaluate a NAM’s fit-for-purpose was developed by a 
multi-stakeholder group of industry, academic, and regulatory 
experts. The goal of this framework is to support greater consis-
tency across existing and future initiatives by providing a struc-
ture to collect relevant information to build confidence that will 
accelerate, facilitate and encourage development of new NAMs 
that can ultimately be used within the appropriate regulatory con-
texts. In addition, this framework provides a systematic approach 
to evaluate the currently available NAMs and determine their 
suitability for potential regulatory application. This 3-step eval-
uation framework along with the demonstrated application with 
case studies, will help build confidence in the scientific under-
standing of these methods and their value for chemical assess-
ment and regulatory decision-making.
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Setting the scene: New approach 
methodologies (NAM)-supported 
read-across approaches
Hennicke G. Kamp
BASF SE, Ludwigshafen, Germany
hennicke.kamp@basf.com 

Read-across is one of the most frequently used alternative tools 
for hazard assessment, in particular for complex endpoints such 
as repeated dose or developmental and reproductive toxicity. 
Read-across extrapolates the outcome of a specific toxicologi-
cal in vivo endpoint from tested (source) compounds to “similar” 
(target) compound(s). If appropriately applied, a read-across ap-
proach can be used instead of de novo animal testing. The read-
across approach starts with structural/physicochemical similari-
ty between target and source compounds, assuming that similar 
structural characteristics lead to similar human hazards. In ad-
dition, similarity also has to be shown for the toxicokinetic and 
toxicodynamic properties of the grouped compounds.

EU-ToxRisk has developed a general outline for a read-
across assessment concept using New Approach Methodologies 
(NAMs). to support hazard characterization of the grouped com-
pounds by generating data on their dynamic and kinetic prop-
erties. This NAM-based strategy has been published as a white 
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US EPA adverse outcome pathway  
database (AOP-DB)  
semantic integration and 
workshop opening remarks
Holly Mortensen
US EPA, Research Triangle Park, NC, United States
mortensen.holly@epa.gov 

There is a need for more efficient use of existing data to character-
ize human toxicological response data for environmental chemi-
cals of interest to the US Environmental Protection Agency (EPA). 
The Adverse Outcome Pathway (AOP) framework helps to orga-
nize existing mechanistic information, where AOP data is current-
ly submitted directly by users and stored in the AOPWiki. Auto-
matic and systematic parsing of AOPWiki data is challenging, so 
we have created the EPA AOP-DB. The AOP-DB is an AOP profil-
er, developed to assist in biological and mechanistic characteriza-
tion of AOP data and provide a broad, systems-level overview of 
the biological context of AOPs. We describe here recent semantic 
mapping efforts for the AOP-DB, as part of the EU funded Open-
RiskNet collaboration, and how this process integrates AOP-DB 
data with other toxicologically relevant datasets. Finally, we open 
session with the discussion on how sematic integration of toxico-
logically relevant, biological data can further the mission of the 
EPA to protect human health and the environment.
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NIH replacement for human rabies 
vaccine: Method development and 
strategy for implementation of 
new ELISA for commercial product
Audrey Toinon and Sebastien Gaudin
Sanofi Pasteur, Marcy L’Etoile, France
audrey.toinon@sanofi.com 

Sanofi Pasteur has developed and validated an ELISA to detect 
and quantify rabies virus Glycoprotein G structural alterations 
(Chabaud-Riou et al., 2017). This ELISA is based on two neu-
tralizing monoclonal antibodies targeting the well-conformed 

testing. We studied the integration of an exogenous human he-
patic metabolic system adapted to high throughput in vitro test-
ing by using either 2D or 3D HepaRG in high throughput tox-
icity tests. We used conditioned medium transfer strategy, test 
compound metabolism occurs separately and prior to assays 
and media containing metabolites from HepaRG cells were 
transferred to target cells for qHTS assays (cytotoxicity, geno-
toxicity and nuclear receptors activation).

Presentation: Oral

858

Of mice and not men: 
Lessons from academia
Patrik Rorsman
OCDEM, Radcliffe Department of Medicine, University of Oxford, 
Oxford, United Kingdom
patrik.rorsman@drl.ox.ac.uk 

Animal models continue to serve as the primary, and sometimes 
only, mode of investigation to elucidate human biological pro-
cesses in health and disease. The conserved nature of biology 
has often been interpreted or taken for granted that humans and 
experimental animals are identical at the molecular, cellular, or-
gan, and systems levels. But is it legitimate to assume that obser-
vations in experimental animals can be extrapolated to the situa-
tion in humans? I will discuss this problem taking the pancreatic 
islets (that secrete the blood glucose-regulating hormone insu-
lin) an example. Until recently, almost all studies on the regu-
lation of insulin secretion were conducted using isolated islets 
from mice or rats. As a by-product of the successful introduc-
tion of clinical islet transplantation programmes ~20 years ago, 
isolated human islets sometimes become available for research 
(quality/quantity insufficient for transplantation). This has giv-
en us an opportunity to test the hypothesis that rodent islets are 
useful models of human islets. Work in several laboratories has 
now illustrated important structural, functional and genetic dif-
ferences between rodent and human islets (Rorsman and Ash-
croft, 2018). The inconvenient conclusion emerging from these 
studies is that “human islets are the best model of human islets”; 
rodent islets should be viewed as Ersatz of the real thing. This 
does not mean that rodent islets are useless as a model, but stud-
ies must take the origin in observations made in whole-body hu-
man physiology and isolated human islets: once an interesting 
process has been identified, the finer details can be explored in 
(humanised) rodent islets. Access to human islets remains limit-
ed and many experiments are not feasible in human islets. How-
ever, with the realization of the numerous and important differ-
ences between rodent and human islets, it is no longer permis-
sible to make bold claims about human pathophysiology based 
solely on observations in rodents.
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troduction of the semantic web and linked open data. These new 
technologies make it possible to easily link remote knowledge, 
taking advantage of globally unique identifiers and exact mean-
ing with ontologies (Samwald et al., 2011; Willighagen et al., 
2013). This presentation outlines how we applied these ideas 
to the life sciences in general and with applications to toxicolo-
gy. Using eNanoMapper (Hastings et al., 2015), WikiPathways 
(Waagmeester et al., 2016), and Wikidata (Waagmeester et al., 
2020), it will show how semantic web approaches can be used to 
answer questions that are much harder to answer with older ap-
proaches. Examples will show 1. how we can use SPARQL to re-
turn all assay experiments for all types of metal oxides, 2. how 
biological pathway knowledge can be combined with knowledge 
from chemical databases, and 3. how we can find research about 
and scholars that study particular genes, proteins, or toxicants.
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Cosmetics Europe validation 
studies of in vitro skin genotoxic 
assays and their use in a strategy 
to support the safety assessment 
of cosmetic ingredients
Stefan Pfuhler1, Kerstin Reisinger2, Sebastian 
Hoffmann3, Nicola Hewitt4, Gladys Ouédraogo5,  
Julia Kenny6, Brian Wall7 and Rolf Fautz8
1Procter & Gamble, Cincinnati, OH, United States; 2Henkel AG & Co. 
KGaA, Duesseldorf, Germany; 3seh consulting + services, Paderborn, 
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7Colgate-Palmolive Company, Piscataway, NJ, United States; 8Kao Europe 
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pfuhler.s@pg.com 

The EU Cosmetics Directive prohibits the use of in vivo genotox-
icity models and, while the in vitro 2-test battery has a high sen-
sitivity for prediction of in vivo genotoxic/carcinogenic agents, 
it tends to over-predict the genotoxicity hazard, resulting in mis-

G-protein sites II (Gamoh et al.,1996) and III (Nagarajan et al., 
2006). Both sites have been identified as important in triggering 
a protective immune response against rabies. To demonstrate that 
this ELISA may be a good candidate for the replacement for the 
NIH potency test (lethal challenge assay in mice), several stud-
ies have been conducted that demonstrate the ability of the ELI-
SA to monitor the potency of the vaccine. Thermo-degraded and 
hyper-inactivated rabies were analyzed with both the ELISA and 
NIH tests (Toinon et al., 2019), the results showed an agreement 
between the ELISA and NIH results however, the ELISA is more 
precise in detecting structural alteration of the virus than the NIH 
test. Considering this data, this ELISA has been selected by ED-
QM (European Directorate for the Quality of Medicines) for a 
collaborative international study (Morgeaux et al., 2017) (Bio-
logical Standardization Program 0148 study) to replace the NIH 
test.

To implement this ELISA on routine basis, different strategies 
were set up to define new acceptance criteria for commercialized 
Verorab® vaccine.
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Towards biological plausibility 
using linked open data
Egon Willighagen
Maastricht University, Maastricht, The Netherlands
egon.willighagen@maastrichtuniversity.nl 

Behind risk assessment is experimental evidence. Behind bio-
logical knowledge is primary literature. However, because the 
amount of knowledge keeps growing, our experimental technol-
ogies are advancing and getting increasingly complex, even ex-
perts no longer can keep up with the progress in mechanistic un-
derstanding, outside their increasingly specialist domain. At the 
same time, the number of biological questions with a simple an-
swer keeps dropping and many modern questions have complex 
answers. Access to the right facts at the right time needs a change 
of thinking.

The idea of linking facts and data at a large scale was envi-
sioned long ago, but only recently became viable, with the in-
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Quantitative prediction of 
developmental toxicity by 
modelling the DARTable genome
Richard Currie
Syngenta, Bracknell, United Kingdom
richard.currie@syngenta.com 

Adverse outcome pathways (AOP) describe the series of nec-
essary, measurable key events starting at a molecular initiating 
event (MIE) that result in an adverse outcome, i.e., it describes 
the realization of a pathological process resulting in a patholog-
ical phenotype. We need to know 3 things to predict the dose re-
quired for a chemical treatment to cause an adverse event: the 
set of MIEs that could produce a development or reproductive 
toxicity (DART), called the “DARTable genome”; the disposi-
tion of a chemical to participate in a pathological process by in-
teracting with and modifying the activity of the DARTable ge-
nome; and whether the concentration of the chemical at the site 
of the MIE exceeds some critical threshold necessary to trigger 
the pathological process. Data structures and ontologies that con-
tain these concepts will enable the integration of the known tox-
icology, pharmaco-/toxicokinetic and protein-interaction infor-
mation. From this we can identify the set of known MIEs and 
simultaneous derive the threshold. The hypothetical DARTable 
genome can be extended by including genes with developmen-
tal defects when knocked out in model species or by using ma-
chine learn to identify properties of DARTabe genes. Addition-
ally, when the MIEs are unknown, but other key events are, the 
relationship between the key event and the threshold can be de-
termined. QSAR models can predict whether a chemical partic-
ipates in a MIE. However, chemical-protein interaction data are 
sparse for most targets so transfer learning will be needed to gen-
eralize this to the entire DARTable genome. Omics-based meth-
ods may help determine thresholds for targets with unknown 
MIEs. But suitable analysis methods and annotated repositories 
are not yet available. Most challenging is the determination the 
threshold without in vivo studies? Advances in modelling biolog-
ical processes at an appropriate level of detail are required to ful-
ly realize this approach.
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leading positive results. To address this, the Cosmetics Europe 
Genotoxicity Task Force has established two in vitro skin geno-
toxicity models as follow up assays to the 2-test battery for sub-
stances with dermal exposure: the reconstructed skin (RS) Com-
et assay and the RS micronucleus (RSMN) test. Here, we report 
on the completed validation of these assays. Both assays exhib-
ited good sensitivity and specificity: 77% and 88% for 3D Skin 
Comet (32 compounds) and 75% and 84% for the RSMN (43 
compounds) (Pfuhler et al., 2021a,b). A combination of these as-
says enables detection of DNA damage leading to all 3 types of 
genotoxic damage (mutation, clastogenicity and aneugenicity). 
In the validation dataset, most of the true positive chemicals were 
positive in both assays of the 2-test battery, therefore, the results 
of both the RSMN and the 3D Skin Comet assay need to be con-
sidered to make a final call on the chemical’s genotoxic potential. 
By applying this endpoint-triggered strategy, the sensitivity in-
creased to 89%.

In conclusion, the high predictivity of the expected genotoxic-
ity in vivo observed for these higher tier in vitro assays supports 
their use as follow-up tests to the standard 2-test battery. For top-
ically applied chemicals, the RSMN assay is recommended for in 
vitro micronucleus positive chemicals, whereas Ames positives 
should be followed-up with a RS Comet assay. This tiered strate-
gy shows great promise as an in vitro-only approach for genotox-
icity testing of cosmetic ingredients. Both assays were accepted 
into the OECD guideline development program.

Funding: Cosmetics Europe and the German Ministry for Re-
search and Education.
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tro model for understanding organ development, disease mech-
anisms, and drug testing. Despite the success in generating 3D 
cultures resembling different tissue types (brain, heart, intestine, 
liver, lung, and kidney), these mini-organs show limited growth 
potential and an immature phenotype, with a lack of vasculariza-
tion being one of the leading causes. We recently described the 
use of the Organoplate® for generating 3D perfused, angiogen-
ic vessels. Here, we present the use of the Organoplate® Graft, a 
high throughput “grafting” platform, which allows blood vessel 
co-culture with 3D tissue aggregates and tissue vascularization. 
We propose the use of the Organoplate® Graft as a grafting plat-
form for multiple 3D tissues allowing drug screening and disease 
modeling in a more physiologically relevant environment.
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CRACK IT: 3D hiPSC-derived 
laminated retinal model as a tool  
for toxicology and drug discovery  
studies
Valeria Chichagova1, Philip Hewitt2, Stefan 
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Catherine Vickers5, Majlinda Lako6, Lyle Armstrong1 
and Birthe Hilgen7
1Newcells Biotech Ltd, Newcastle Upon Tyne, United Kingdom; 2Merck 
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London, United Kingdom; 6Newcastle University, Newcastle upon Tyne, 
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Retinal toxicity, when observed preclinically, can be a serious 
hurdle for drug development. Assessment of retinal alteration 
and mechanistic investigations in vivo, are challenging. In ad-
dition, the translation from preclinical animal species to human 
safety is equally delicate and lacks adequate tools. Hence, there 
is an urgent and unmet need for in vitro models that can reca-
pitulate human retinal physiology and function. Here, we de-
scribe a consortium working through the NC3Rs CRACK IT 
Challenge programme (https://nc3rs.org.uk/crackit/) that is de-
veloping a physiologically competent human retinal cell model. 
Retinal organoids (RO) derived from induced pluripotent stem 
cells (iPSCs) provide a physiologically relevant human platform 
to study retinal development, disease modelling and compound 
screening. We have developed a protocol for efficient generation 
of ROs from human iPSCs in 96-well plates to allow large-scale 
production. ROs contain all the major retinal cell types and when 

867

A new in vitro model for 
interrogating DILI susceptibility  
for patients with benign fatty  
liver disease
Katarzyna Sanchez1, Lukas Egli1, Katia Fiaschetti1, 
Agnieszka Pajak1, Christian Klose2, Monika Kijanska1, 
Simon Hutter1, Ali Kermanizadeh3 and Wolfgang 
Moritz1
1InSphero AG, Schlieren, Switzerland; 2Lipotype GmbH, Dresden, 
Germany; 3Heriot Watt University, Edinburgh, United Kingdom
wolfgang.moritz@insphero.com 

Obesity and related metabolic disorders, such as type 2 diabe-
tes, non-alcoholic fatty liver disease (NAFLD), coronary heart 
disease and cancer are a major and growing health burden in 
modern society. Obese patients consume on average more drugs 
than non-obese individuals and are at higher risk to suffer from 
drug-induced liver injury (DILI), not only due to increased ad-
verse drug-drug interactions, but also due to enhanced suscep-
tibility related to metabolic disturbances frequently observed 
in obese patients. To address toxicity liabilities in patients with 
metabolic liver disorders, we aimed to develop an in vitro mod-
el based on 3D liver spheroids by recapitulating disease specific 
features similar to the clinical hallmarks of NAFLD. Character-
ization and metabolic performance data will be presented on a 
in vitro model representing benign fatty liver, the most relevant 
pathophysiological model representing a sizeable fraction of the 
population under drug administration. The model will serve as 
a toolbox to simulate the different stages of NAFLD, including 
NASH and fibrosis, and to test associated risks upon exposure to 
compounds under investigation.

Funding: This project has received funding from the Europe-
an Union’s Horizon 2020 research and innovation program un-
der grant agreement No. 681002 (EUTox-Risk) and 760813  
(PATROLS).
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A high-throughput, microfluidic 
platform for drug screening on  
vascularized 3D tissues
Jos Joore
MIMETAS, Utrecht, The Netherlands
j.joore@mimetas.com

3D tissues such as spheroids or organoids derived from hu-
man stem cells represent a new type of three-dimensional in vi-
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would de-risk clinical and product failures early on by improving 
the translatability of many assays and can easily become a gen-
uine, cost-effective and more predictive alternative to testing in 
animals.

As many scientists and companies work on these disrup-
tive technologies to replace animals in research, it is imperative 
that lab animal scientists focus on continuous refinement and 
fine-tuning of experiments with animals.
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Organoids: Less animal 
studies, more relevant data
Robert Vries
Hubrecht Organoid Technology, Utrecht, The Netherlands
r.vries@hub4organoids.nl 

Organoids such as adult epithelial stem cell derived organoids 
are proving to be a major breakthrough in preclinical models. 
The new patient-like models are fundamental change in the way 
drug discovery and development can be performed. The develop-
ment of the organoids started with the discovery of the identity of 
adult stem cells in human epithelial tissues such as intestine and 
liver. With the identification of these stem cells, we were able to 
develop a culture system that allowed for the virtually unlimited, 
genetically and phenotypically stable expansion of the epithelial 
cells from animals including humans, both from healthy and dis-
eased tissue.

Recently, we and others have demonstrated that the in vitro re-
sponse of organoids correlates with the clinical outcome of the 
patient from which the organoid was derived. In addition, we 
have developed a coculture system using HUB Organoids and 
the immune system to study this interaction and drugs that tar-
get the role of the immune system in cancer and other diseas-
es. Novel models and assay can be used to study intestinal and 
lung barrier function and transport of the epithelium of these or-
gans. These experiments show how HUB Organoids can be used 
to study mechanism that underly barrier function disruption in 
IBD or COPD. Furthermore, we have developed new models to 
study the interaction between immune system and epithelium. 
The combination of the new coculture models and assay devel-
opment to study the epithelium allows us new insights into dis-
ease mechanisms and drug treatment strategies.
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subjected to known retinotoxins produce a response in a predic-
tive manner. The team are investigating methods for transporting 
ROs by verifying their tolerability to different temperatures. The 
Challenge team comprises of the NC3Rs, who fund and facilitate 
the programme, industry sponsors who set the Challenge – Mer-
ck, Novartis and Roche – and a team of contractors, Newcells 
Biotech Ltd in collaboration with Newcastle University, who de-
liver the work. Sponsors provide expertise in industry specifica-
tions for a model that is fit for purpose and in-house testing of 
the models to provide cross centre early-stage validation to aid 
in getting the product to market. The team will present the ben-
efits of the CRACK IT Challenges approach and the scientific 
and technical advances delivered that will provide significant an-
imal replacement opportunities for the study of retinal toxicity 
and ophthalmologic disease.
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Alternatives for animals in drug 
discovery research: Religion 
interface and current trends in 
culture of care and alternatives 
to experiments on animals
Suresh Poosala
Hyderabad, India
surmd1@gmail.com 

We want to enable research and disrupt the current early drug 
discovery programs with new technologies. This facilitates re-
placing animals in research and cuts down the costs immensely, 
apart from finding many aspects of drug metabolites, safety, tox-
icity, transport mechanisms and DD interactions. All these, done 
with one thing in our minds, and that is to consider the moral and 
ethical reasons on why and how we should use these animals in 
research.

Many religions promote good and compassionate animal care, 
it be domestic or wild. The current world uses lab animals to dis-
cover new drugs and test toxicities of existing ones. A healthy re-
search program exists if all these religions continue to promote 
such compassion towards animals. Culture of care is one such 
educated care that can promote the care of animals.

In the context of this conference, any step towards finding and 
using an alternative is a reflection of how we think about animals 
in research. Scientists are in the process of adding new platforms 
towards eliminating critical hurdles and enhancing translation 
across the R&D value chain. These platforms would eventual-
ly benefit pharma, agrochemicals, cosmetics, and nutraceuticals. 
Assays on such platforms would inspire dynamic and real world 
use them in a highly reliable manner. In essence, such platforms 
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Advanced human 3-dimensional 
test systems paired with modern 
exposure systems: Progress 
toward recreating physiological-
like inhalation exposures
Holger Behrsing
IIVS, Inc., Gaithersburg, MD, United States
hbehrsing@iivs.org 

With the increase in chemicals and materials that may cause pul-
monary toxicity through inhalation, a need for cost-effective tox-
icity testing of new chemicals continues to grow. The 2007 re-
port, “Toxicity Testing in the 21st Century – a Vision and a Strate-
gy”, The National Academies Press, Washington D.C., describes 
a path forward for toxicology and envisions the use of more pre-
dictive human-relevant in vitro models for estimating human 
health risks. The ethical considerations, poor predictive value of 
animal testing, and vast numbers of chemicals/materials requir-
ing evaluation further drives this argument for the application of 
in vitro models to assess pulmonary toxicity.

In vitro models utilizing human-derived cell lines and primary 
cells provide endpoints that reflect cytotoxic, genotoxic, and oth-
er relevant adverse events following exposure to toxicants. The 
emergence of multicellular three-dimensional (3D) tissue culture 
systems of the respiratory tract provides toxicologists with test 
platforms that accurately model the complex processes observed 
in native tissues. Human donor-tissue derived spheroids/organ-
oids, reconstructed human airways, and precision-cut lung slices 
provide conventional toxicity endpoints as well as complex, rel-
evant events following chemical exposure. The varied cell types, 
physiological structure, relevant toxicokinetics, and other prop-
erties of these models allow additional evaluations ranging from 
chronic-exposure related events (e.g., persistent inflammation, 
goblet cell hyperplasia) to functional outcomes (e.g., ciliary beat-
ing assays) that can reflect serious health complications that may 
lead to chronic obstructive pulmonary disease.

This presentation provides an overview of in vitro/ex vivo pul-
monary models and their incorporation into a pragmatic screen-
ing/testing strategy for materials that may induce complex hu-
man pulmonary adverse events.
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Multi-scale, virtual-tissue 
simulations of developmental 
toxicity and toxicology as an 
approach to minimize the required 
number of animal experiments
James A Glazier
Indiana University, Bloomington, IN, United States
Jaglazier@gmail.com 

Our ability to integrate molecular and genetic information to 
make biomedically meaningful predictions of developmental 
toxicity and toxicology in adults at the organ or organism level is 
still limited, because of the difficulty of predicting the emergent 
properties of tissues from cells’ molecular signatures. Extrapo-
lating experimental findings from animals to humans or from or-
ganoid culture or other in vitro assays to humans is also prob-
lematic. Virtual-Tissue toxicology simulations are mechanistic 
computer simulations which attempt to represent the complex 
molecular processes inside cells, the structural complexity of tis-
sues and their responses and the organismic context of those tis-
sues. Validated Virtual-Tissue models maximize the amount of 
knowledge derived from individual animal experiments, allow-
ing their number to be reduced and improve our ability to make 
human-relevant predictions from toxicology and drug-discov-
ery experiments in fish and in vitro assays. For the past 20 years, 
we have been developing computational tools and approaches 
to bridge the gap between molecule and physiological outcome 
and to make these computational methodologies more accessible 
to experimentalists, clinicians and regulators. Our open-source 
CompuCell3D modeling environment enables rapid specifica-
tion and refinement of complex biomedical computer simulations 
that combine subcellular molecular reaction-kinetics models, the 
physical and mechanical behaviors of cells and the longer-range 
effects of the extracellular environment. I will specifically focus 
on the types of questions that simulations can address and the 
types of experimental data required for their development and 
validation and illustrate these approaches using our computation-
al studies of the mechanisms of acetaminophen toxicity in the 
liver (Sluka et al., 2016; Fu et al., 2018) and of Polycystic kidney 
disease (Belmonte et al., 2016, where we used these simulations 
in the context of drug discovery).
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before incubating for a further 24 hours, still under ALI condi-
tions. The supernatant in the basolateral chamber was sampled to 
assess cytotoxicity and IL-8 release.

Results indicate that both ZnO (140-458 ng/cm2) nanomateri-
als and DQ12 (respirable alpha-quartz) (80-662 ng/cm2) resulted 
in decreased cell viability compared with ambient air exposure. 
At the concentrations tested here was no difference in the impact 
regardless of whether the cells received one or two exposures. 
TiO2 (38-185 ng/cm2) and CeO2 (140-571 ng/cm2) nanomateri-
als did not decrease viability following either one or two expo-
sures. IL-8 release was decreased by ZnO, increased by TiO2 and 
not changed on treatment with DQ12 or CeO2. Our results sug-
gest exposure using the dry powder system are in broad agree-
ment with results obtained using submerged culture conditions. 
The dry powder system combined with the ALI Calu-3 culture is 
now suitable to test more concentrations and post-exposure times 
as well as for exposure of 3D multi-lineage respiratory models, 
providing the advantage of a more realistic exposure and assess-
ment of dose to the cells.

Acknowledgement: EU H2020 PATROLS 760813
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A case study for the risk 
assessment of systemic toxicity
Christina Hickey
Firmenich Inc, Princeton, NJ, United States
Christina.HICKEY@firmenich.com 

Perhaps one of the most challenging areas for performing a risk 
assessment on a cosmetic ingredient in the absence of animal da-
ta is in fully assessing the toxicity risk from a cosmetic ingredi-
ent following systemic exposure. A broad range of in vitro and 
clinical studies are available to evaluate and provide information 
for use in risk assessment on skin and eye irritation, mutagenic-
ity and genotoxicity and skin sensitization. However, and despite 
recent advances in the development of studies to support AOPs, 
there is still work to be done to fully and confidently address tox-
icity following systemic exposure.

The presentation will describe a tiered approach, building on 
exposure considerations, use of structure-activity information 
and read-across to build confidence in the safety assessment. The 
possibility to do additional studies, such as skin penetration, me-
tabolism, use of AOPs and other in vitro assays is considered as 
well as some of the problems that may be encountered in the as-
sessment. The limitations of this approach, in particular for more 
novel substances, is recognized. This will be illustrated through 
the use of a case study.
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Beyond program review/post 
approval monitoring: Developing 
and implementing a quality 
improvement program  
for laboratory animal research
John R. Baumann
Indiana University, Indianapolis, IN, United States
baumannj@iu.edu 

A high functioning IACUC not only maintains it operations with 
integrity and efficiency, it also undergoes continuous quality im-
provement. More than the required program review or post ap-
proval monitoring, this presentation will offer a discussion of 
how an IACUC office has developed and implemented programs 
of quality improvement in its animal research program including 
both facility and IACUC offices – QI to improved compliance 
and/or efficiency and effectiveness. Specific topics include selec-
tion of areas to focus on quality improvement (QI) efforts, im-
plementation of QI activities and programmatic outcomes of QI 
efforts. Fundamentally, the presentation will describe and assess 
experiences with QI activities.
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Using a dry powder Vitrocell  
system to expose  
respiratory epithelial models
Vicki Stone1, Hedwig Braakhuis2, Barbara Rothen-
Rutishauser3 and David Brown1
1Heriot-Watt University, Edinburgh, United Kingdom; 2National Institute 
for Public Health and the Environment (RIVM), Bilthoven,  
The Netherlands; 3Adolphe Merkle Institute, University of Fribourg, 
Fribourg, Switzerland
v.stone@hw.ac.uk 

In order to improve the relevance of respiratory hazard assess-
ment of nanomaterials we have used a dry powder aerosol expo-
sure system. Human airway cells (Calu-3) were exposed to an 
aerosol of dry powder ZnO (80 nm), CeO2 (40 nm), TiO2 (25 nm) 
or DQ12 (5 µm) and responses were compared to submerged cul-
ture exposures. Calu-3 cells were cultured on 3.0 µm pore size 
inserts until stable TEER values were obtained (7 days, typical 
values 700-1000 ohms per 1.12 cm2). The culture method was es-
tablished as an SOP for the project https://www.patrols-h2020.eu

Cells were incubated for a further 7 days without culture medi-
um on the apical side to create an air liquid interface (ALI). Cells 
received one or two 25-minute exposures of each particle type, 
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Rigor, relevance and reproducibility 
in the use of in vivo models  
in the pharmaceutical industry
Srinivas Rao
Sanofi, Cambridge, MA, United States
Srinivas.Rao@sanofi.com 

In vivo models, especially so in the early stages of drug devel-
opment are often criticized for their lack of translatability. There 
are several therapeutic areas where in vivo models have been and 
continue to be pivotal either directly as a translatable model or to 
demonstrate mechanism of action of various therapeutics. Fur-
thermore, for immunogenicity, pharmacology, Biomarker eval-
uation, DMPK and preclinical toxicity studies, in vivo models 
continue to be an important part of drug development and often 
a regulatory requirement. It is now universally accepted that we 
should always actively explore better translatable, human rele-
vant in silico, in vitro models and when in vivo models are war-
ranted, they be conducted with the highest rigor, relevance and 
reproducibility. In focusing on the rigor, relevance and reproduc-
ibility, one shall be engaging statistical teams, leveraging mul-
tidisciplinary teams of medical/veterinary pathologists, bio-
imaging experts, transgenic modeling teams as well as scientif-
ic teams in a project centric manner. This integrated approach, 
along with clinical end point input from physicians (functional 
expertise), helps us to integrate the models into the process bet-
ter. We attempt to constantly maximize the use of human relevant 
models (humanized models both in vitro and in vivo) in order to 
maximize the adherence to the 3Rs of animal research and when 
in vivo studies are absolutely warranted it is done with careful in-
tegrated approach keeping the Rigor, relevance and reproducibil-
ity as a key factor.
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Discussion, perspectives and  
conclusions
Srinivas Rao
Sanofi, Cambridge, United States
Srinivas.Rao@sanofi.com 

Based upon concrete illustrations and key messages highlight-
ed by the speakers, a discussion time will be open with the at-
tendees in order to draw lines for a continuous improvement on 
the use of models in biomedical sciences. In an evolving context, 
where Replacement, Reduction and Refinement are more and 
more broadly embedded into animal protection regulations, it is 
of equal importance, for the benefits of both animals and science, 
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Application of new  
approach method for determining 
developmental toxicity
Richard Currie, Kathryn Wolton, Elzbieta  
Janowska-Sejda, Sandeep Modi and Yeyejide Adeleye
Syngenta, Berkshire, United Kingdom
richard.currie@syngenta.com 

The elimination of chemicals with developmental or reproduc-
tive toxicity (DART) is a critical design goal for crop protec-
tion active ingredients (AI). However, DART effects are dif-
ficult to predict given the diversity of biological mechanisms 
operating during ontogenesis. The ideal new approach would 
predict teratogenicity in humans and be fast, simple, reproduc-
ible, require small amounts of chemical and enable chemical 
design. To evaluate existing new approach methods, we con-
ducted an exploratory programme for DART prediction. Wu et 
al. (2013) developed a decision tree to predict DART. Unfor-
tunately, when applied to AIs the predictions are overly con-
servative. Including specific chemometric models using pro-
tein-chemical interactions and pharmacokinetic data improve 
the predictivity. In vivo tests using model organisms such as 
C. elegans or Zebrafish have also been proposed. For AIs we 
show these tests can identify some but not all chemical-class 
DART liability. However, they are unsuitable for replacement 
of DART studies due to poor concordance of predictions for 
individual compound results compared to rat and rabbit stud-
ies. Recently predictions using the DevTox quick predict test 
(Stemina) has been shown good performance. However, when 
considered by itself this test performs poorly for AIs. Again, 
performance is improved by correcting for steady-state sys-
temic exposure. When an AOP is known, a combination of spe-
cific in vitro assays for the MIE and in vivo pharmacokinetic 
data predicts target-induced DART effects. However, general-
ising this approach requires we have quantitative understand of 
more DARTable genome MIEs. Once understood, in silico and 
high content in vitro tests could in theory identify these inter-
actions. High throughput gene expression and BioMAPP Di-
versity Plus panel shows can give suitable mechanistic hypoth-
eses. However, for most of the DARTable genome, reference 
chemicals are not present in the public L1000 datasets, reduc-
ing the utility of this approach until these gaps are filled.
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893

A view from the veterinary 
sector on 3Rs in batch release
Catrina Stirling
Zoteis Inc., Zaventem, Belgium
catrina.stirling@zoetis.com 

Animal welfare and the 3Rs generally is a high priority across 
the veterinary medicines sector and has an impact across all stag-
es of product development and supply from early-stage research 
through to routine product batch release. This talk will focus on 
the progress and strategies being made within and by the veter-
inary sector in relation to vaccine batch release as well as high-
lighting some of the challenges with global implementation. The 
sector is committed to developing and validating non-animal 
release tests for new products, but the biggest challenges exist 
with the older products, the talk will also highlight the positive 
progress being made through collaborations with EPAA, the HSI  
AFSA initiative and projects such as IMI2 VAC2VAC, bringing 
together stakeholders across the human and veterinary medicines 
sectors.
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Examples of how data from  
in vitro developmental neurotoxicity 
assays could be used to  
make decisions about chemicals
Timothy J. Shafer
US EPA, Durham, NC, United States
shafer.tim@epa.gov 

Over the past decade, a concerted effort has been made to devel-
op in vitro and alternative assays that detect compounds with the 
potential to cause developmental neurotoxicity. As a result, a bat-
tery of assays has been developed that is believed to be useful for 
decision-making regarding developmental neurotoxicity (DNT) 
hazard associated with chemicals. However, case-studies that 
apply data from these assays to environmental decision-making 
have yet to be developed, in part due to sparse data on particu-
lar chemical(s) or chemical classes. Here, a series of hypotheti-
cal scenarios of how data from in vitro and alternative DNT as-
says could be used to inform decision-making regarding chem-
icals will be presented. These scenarios will range from simple 
prioritization of large numbers of compounds to more complex 
scenarios where both in vitro and in vivo data exist, and where 
exposure is also considered. Considering these theoretical sce-
narios is useful for two purposes. First, it can illustrate to deci-

that scientists fully consider Rigor, Relevance and Reproducibil-
ity as their imperative drivers and work more openly across dis-
ciplines to bring their projects to success.
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Developing performance-based 
qualification criteria for  
organs on a chip – EU perspective
Sonja Beken
Federal Agency for Medicines and Health Products (FAMHP), Brussels, 
Belgium
sonja.beken@fagg-afmps.be 

Regulatory testing of human medicinal products is carried out to 
support first administration to humans; before carrying out clini-
cal trials in even larger populations; before marketing authoriza-
tion or to control quality during production. Ethical and animal 
welfare considerations require that animal use is limited as much 
as possible. Directive 2010/63/EU on the protection of animals 
used for scientific purposes, unambiguously fosters the applica-
tion of the principle of the 3Rs (Replacement, Reduction and Re-
finement) when considering choice of methods to be used.

The application of all 3Rs is currently embedded in the draft-
ing process of regulatory guidance both at the European and at 
International Conference on Harmonisation ((V)ICH) level. With 
respect to non-clinical testing requirements for human medicinal 
products, over the past years, new in vitro methods have been ac-
cepted for regulatory use via multiple and flexible approaches, 
either as pivotal, supportive or as exploratory mechanistic stud-
ies, wherever applicable. Whilst replacement of animal studies 
remains the ultimate goal, the application of all 3Rs need to be 
the focus. As such, approaches aiming at reducing or refining an-
imal studies are and have been routinely implemented in regula-
tory guidelines, where applicable.

This presentation will provide the regulator’s view on the spe-
cific challenges and opportunities related to the regulatory accep-
tance of organ-on-a-chip technologies for the testing of human 
medicinal products. Briefly, the approach from the European 
Medicines Agency (EMA) to regulatory acceptance of 3Rs test-
ing methods will be presented. In addition, the conclusions from 
the first EMA workshop on non-animal approaches in support of 
medicinal product development will be discussed and the experi-
ence gained from EU projects such as ORCHID, discussed. Fo-
cus will be drawn to the importance of context of use in the set-
ting of qualification criteria, and the identification of reference 
compounds and performance standards.
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896

Microfabrication technologies  
for engineering of  
a moving joint-on-chip
Marcel Karperien
University of Twente, Enschede, The Netherlands
marcel.karperien@utwente.nl 

Osteoarthritis (OA) is a degenerative joint disease affecting more 
than 130,000,000 patients world-wide. The etiology of the dis-
ease is still poorly understood. While initially considered as a dis-
ease of cartilage it is now clear that the disease involves all tissues 
in the joint. A disease trigger in each of these tissues can initi-
ate the onset of disease and each of these triggers converges over 
time in a similar disease presentation. Despite tremendous efforts 
in the recent past, the disease can still not be treated. It is believed 
that lack of translational power of currently used in vitro and in vi-
vo models can at least in part explain this lack of success.

To address this caviat my group has started the development 
of a joint-on-chip. The joint-on-chip has a modular chip design 
(Piluso et al., 2019). We are engineering chips for individual tis-
sue, i.e., cartilage, subchondral bone, synovium, ligament and/
or meniscus. The individual chips are connected to each other 
through blood vessel mimicking microfluidic channels and with 
a chip mimicking the intra-articular space. This latter chip will 
contain features allowing non-invasive imaging/sensing of inter 
tissue communication. Since movement is a critical and essen-
tial feature in every joint, each chip can be actuated mimicking 
both compression and shear stress. Prototype chips of the synovi-
um and the cartilage have become available (Paggi et al., 2020). 
Additionally, we developed various strategies for introducing 
cell-laden membranes composed of natural polymers and/or tis-
sue constructs in the chip. Finally, we are developing sensors that 
can assess local matrix metalloproteinase activity, a key factor 
driving joint degeneration.

In my presentation, I will discuss various engineering aspects 
of our platforms.It is expected that these efforts will help us study 
the pathophysiology of osteoarthritis and will accelerate the de-
velopment of dearly needed osteoarthritis disease-modifying 
treatments.
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sion-makers how data from these assays can be of utility to them. 
Second, and most important for scientists, it illustrates the guid-
ance that the developers of these assays will need to provide to 
decision makers to facilitate their use of the data. Moving for-
ward, these hypothetical examples will provide a framework to 
develop case-studies for real-life implementation of these assays 
(This abstract does not reflect EPA policy).
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Role of biomedical journals’ 
policies in promoting the 
dissemination of the 3Rs
Laura Gribaldo
JRC, European Commission, Ispra, Italy
laura.gribaldo@icloud.com 

Animal-based research is not only regulated by legislation but al-
so by self-regulatory mechanisms within the scientific commu-
nity, which include biomedical journals’ policies on animal use. 
They have a key role in promoting good principles and practice 
in animal research, since the motivation – and often the pressure 
– to publish may serve as an incentive for scientists to comply 
with journals’ demands. Issues like quality of research and re-
porting, or the ethical treatment of animals, are particularly im-
portant for high-impact journals. Therefore, a re-evaluation of 
scientific journals’ current policies, as well as an improvement in 
the communication between editors and reviewers to implement 
such policies is of huge importance to progress in the implemen-
tation of the 3Rs principles. A concerted approach, with sharing 
of information between editors, could be also strategic.
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898

Creating a culture that promotes  
replacement
Reinoud Gosens
University of Groningen, Groningen, The Netherlands
r.gosens@rug.nl 

One of the main culprits in translational biomedical research is 
the lack of suitable predictive models. For our current under-
standing of the mechanisms that regulate disease, researchers 
have relied on biopsies from patients or on animal models. Pa-
tient biopsies provide a snapshot of the disease, usually in its fi-
nal stages. However, biopsies do not provide information on un-
derlying mechanisms or on temporal changes. For mechanistic 
studies, animal models are required as they take into account 
full physiological complexity. However, the problem with ani-
mal models is that the translatability to the human situation is 
poor. Respiratory system physiology, which is the main topic of 
study for me, is no exception to this problem. This is a major lim-
itation, as the disease features that we face in the human patho-
physiology might be completely different from what we observe 
in mouse models. This is a problem for the development of nov-
el drugs that target the disease. Both this scientific need and the 
pressure from society demand the development of novel in vitro 
models that can replace animals. In the past two decades, several 
technologies have emerged which have proven to be highly suit-
able as human in vitro models, including human pluripotent stem 
cell (hPSC) technology, organs-on-a-chip (OoC) technology and 
organoid models. I will discuss the challenges researchers are 
faced with during a transformation from animal models to human 
in vitro models and provide a perspective on how to resolve these 
problems further in the future.
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Increase predictivity and 
translatability from animal models – 
Understanding how different factors 
contribute to (ir)reproducibility
Emily S. Sena
University of Edinburgh, Edinburgh, United Kingdom
emily.sena@ed.ac.uk 

Systematic and empirical assessments of biomedical research 
publications have proven useful in understanding the limits and 
impact of experimental design factors on reproducibility and 
translation of animal models. Much of this work has focussed 
on assessments of the methodological and reporting quality of 
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Complex in-vitro models: 
Synthetic matrices for pluripotent 
stem cells (PSC) derived multi-
cellular 3D liver organoid
Manoj Kumar, Burak Toprakhisar, Ruben Boon, 
Tine Tricot, Jolan de Boek, Jonathan De Smedt and 
Catherine Verfaillie
Stem Cell Institute, KU Leuven, Leuven, Belgium
manoj.kumar@kuleuven.be 

Tissue-specific in-vitro organoid models have become a major 
technological breakthrough with tremendous potential. Most of 
the organoid cultures being developed using natural animal-de-
rived ECMs making it difficult to precisely-define factors pres-
ent in the microenvironment affect cells. We created a multi-cel-
lular 3D liver organoid model completely defined synthetic ma-
trices using polyethylene glycol (PEG), adhesion ligand peptides 
and MMP cleavable cross-linker based hydrogels. Multi-cellu-
lar human 3D liver organoids composed of PSCs-hepatocyte-, 
-stellate-, -endothelial and -macrophages-like cells exhibits some 
resemblance to in vivo derived liver tissue. An initial screen of 
> 200 microenvironments using PSC-hepatocyte progeny iden-
tified unique microenvironments that improved the hepatocyte 
phenotype and function by ± 50-fold fold over 2D culture. Next, 
we demonstrated that PSC-derived EC-, HSC- and -monocyte- 
like cells could also be maintained in the same microenviron-
ment, in monoculture. When all four cell populations were in-
corporated into the hydrogels, complex spheroids were created. 
qRT-PCR and immunostainings demonstrated presence of mul-
tiple markers of all four cell types in the coculture for > 4 weeks. 
Functionality of hepatocyte-like cells, such as CYP3A4 activi-
ty, improved in the complex coculture over 2D/ or 3D monocul-
tures. Studies are ongoing and will be presented that character-
ize the liver spheroids further, including the structural organiza-
tion of the different cells, and their relative maturation, addressed 
by single cell RNAseq and multiplex immunostaining. In addi-
tion, data will be shown, demonstrating response of spheroids to 
profibrogenic and non-alcoholic fatty liver disease culture condi-
tions. Thus, optimization of the cellular microenvironment that 
better mimics in vivo cell-cell interactions, mechanotransduction 
and chemical and cell adhesion cues found in primary liver, may 
enhance maturation of parenchymal and non-parenchymal liver 
cells generated from PSCs. Such PSC-derived multi-cellular hu-
man liver spheroids should be suitable for assessment of chemi-
cal toxicity, drug biotansformation and disease modeling that can 
be used by pharmaceutical industry in drug development pipe-
lines.
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entists and experts producing those facts and numbers. Results 
show that whereas people do perceive greater uncertainty when 
it is communicated, there was only a small decrease in trust in 
numbers and in trustworthiness of the producers of these num-
bers, and mostly for verbal uncertainty communication. Togeth-
er, these insights and findings could help communicators of facts 
and science on alternative and animal use in the life sciences 
avoid polarization and be more open and transparent about the 
limits of scientific knowledge.
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Functionally enigmatic genes  
in cancer: Are we still looking under  
the lamp post for the keys?
Alexandra Maertens
Johns Hopkins University Bloomberg School of Public Health, Baltimore, 
MD, United States
amaerte1@jhu.edu 

Despite cancer being a comparatively well-studied disease that 
has benefited from decades of intense focus, we have recently 
demonstrated that a substantial number of genes implicated in 
cancer are relatively poorly studied, and that these genes are 
systematically overlooked by any data analysis pipeline, such 
as enrichment analysis, that depends on database annotations 
for understanding biological function. Moreover, these genes 
are not missing at random but reflect that our information about 
genes is gathered in a biased manner: poorly studied genes are 
more likely to be primate-specific (which has important conse-
quences for clinical research), less likely to have a Mendelian 
inheritance pattern, and they tend to cluster in some biologi-
cal processes (such as mRNA splicing) and not others (such as 
cell-cycle). Although this is likely the result of both technolog-
ical limitations as well as the fact that well-known genes tend 
to gather more interest from the research community, in the ab-
sence of a concerted effort to study genes in an unbiased way 
that is not dependent on annotations, many genes (and biologi-
cal processes) will remain opaque – we will in essence contin-
ue to be looking under the lamp post for the lost keys, because 
that is where the light is.
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primary research to seek to understand the extent to which these 
studies are at risk of bias. Ideally, research reports include suffi-
cient information to allow the reliability of the findings to be as-
sessed, methodological details that describe how the study was 
done and allow the methods to be reproduced. Unfortunately, it is 
often the case that many studies either do not take or report mea-
sures to reduce risks of bias.

We have systematically collated data from over 7,000 stud-
ies describing 15,000 experiments covering 19 different disease 
models reporting outcome from nearly 200,000 animals.

Assessment of publication bias in 499 publications of focal 
ischaemia using 1300 animals identified that 1/6 experiments 
remain unpublished, which leads to an overstatement of the ef-
ficacy of at least 30%. Furthermore, only 3% of studies report 
performing a sample size calculation, and about a third of stud-
ies report random allocation to groups and blinded assessment of 
outcome – both associated with overstatements in reported effi-
cacy. These findings are not unique to experimental stroke.

Fortunately, there are many resources available to research-
ers to improve the rigour of the design, conduct and reporting 
of studies. Improving the experimental validity of research will 
likely increase successful reproducibility and translation of an-
imal models.
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Communicating uncertainty  
about facts, numbers,  
and science in a polarized debate
Anne Marthe van der Bles
University of Groningen, Groningen, The Netherlands
a.m.van.der.bles@rug.nl 

Uncertainty is an integral part of science and our knowledge 
about how the world works. Yet there can be anxiety among sci-
entists and experts that communicating scientific uncertainty will 
only have negative consequences, such as signalling incompe-
tence, encouraging critics and decreasing trust. This might be es-
pecially so in the context of a polarized discussion, in which it 
is feared that uncertainties can and will be misused. In this talk, 
I will discuss insights from (social) psychology about processes 
driving and reducing polarization in debates, and how uncertain-
ties can be part of this. I will present a framework for communi-
cating uncertainty about facts, numbers, and science, outlining 
the key aspects that should be considered for effective uncertain-
ty communication. I will present the findings of recent empir-
ical research examining the effects of uncertainty communica-
tion. My collaborators and I conducted four online experimental 
survey studies and one field study on the BBC News website to 
examine the effects of numerical and verbal uncertainty commu-
nication on people’s trust in facts and numbers, and in the sci-
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cells and Kupffer cells). Cell viability was analyzed by live/dead 
staining and LDH quantification in the supernatant. For charac-
terization purposes, the bioprinted hepatic model structure was 
analyzed by Hematoxylin Eosin Saffron (HES) and Periodic Ac-
id-Schiff (PAS) coloration. Hepatocyte functionality was eval-
uated by albumin secretion and by immunohistochemisty using 
specific hepatic markers.

The first results showed that bioprinted cells are viable and 
express specific markers over time culture, CD68 for human 
Kupffer primary cells; vimentin for quiescent human Stellate pri-
mary cells and HNF4 alpha, CYP3A4, albumin and CK19 for 
differentiated HepaRG cell line. PAS staining show that bioprint-
ed cells are capable of glycogen storage.

The 3D bioprinted hepatic model shows functional properties. 
The characterization of this 3D bioprinted model is still in prog-
ress and this engineered human liver model will be useful to un-
derstand hepatotoxicity mechanisms of drug substances and will 
detect, as early as possible, any adverse effects when developing 
medicinal products.
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Deep learning for predicting 
molecular properties
Djork-Arné Clevert, Robin Winter and  
Florian Montanari
Bayer AG, Machine Learning Research, Berlin, Germany
djork-arne.clevert@bayer.com 

In recent years there has been a growing interest in the appli-
cation of deep learning across chemical space to predict prop-
erties of molecules (e.g., bioactivity, solubility) or to design 
molecules and materials with desired properties. In this talk 
we show, (i) how deep neural networks can learn an informa-
tion-rich molecular feature representation from low-level en-
codings of a huge corpus of chemical structures (Winter et al., 
2019), (ii) how this representation can be extracted for each 
new molecule and used as a descriptor for quantitative struc-
ture-activity relationships (QSAR tasks) and (iii) how a set of 
different physico-chemical ADMET endpoints (e.g., logD in 
neutral and acidic pH, solubility melting point, membrane af-
finity, and human serum albumin binding) can be combined in 
a single multitask graph convolutional regression model which 
thereby achieves increased predictive power compared to sin-
gletask regression models and previous modelling methods 
(Montanari et al., 2020).

References
Montanari, F., Kuhnke, L., Ter Laak, A. et al. (2020). Modeling 

physico-chemical ADMET endpoints with multitask graph 
convolutional networks. Molecules 25, 44-57. doi:10.3390/
molecules25010044 
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Reference-free annotation for 
single-cell transcriptomics using 
graph neural network model
Xiaohui Fan
College of Pharmaceutical Sciences, Zhejiang University, Hanghzou, China

fanxh@zju.edu.cn 

Recent advances in single-cell RNA sequencing (scRNA-seq) 
have furthered the simultaneous classification of thousands of 
cells in a single assay based on transcriptome profiling, where-
in accurate cell-type annotation is critical for mechanistic studies 
including risk and safety assessment. In most analysis protocols, 
cell type annotation of single cells is performed heavily based on 
the reference of cell marker genes or RNA-seq profiles, result-
ing in the poor expansion of these methods. Herein, we introduce 
CellSort, which is reference-free annotation of single cells based 
on a deep learning model of graph neural network (GNN). Using 
three scRNA-seq data resources of human, mouse and C. elegans 
atlases, the feasibility of CellSort were demonstrated by high 
concordance among 816,505 cells across three species involving 
56 human tissues and 31 mouse tissues. Furthermore, CellSort 
outperformed other reference-dependent methods on annotating 
another 85 independent scRNA-seq datasets including 225,370 
cells from 11 human tissues and 144,527 cells from 13 mouse 
tissues. The present results showed CellSort accurately revealed 
cell identities without prior knowledge of marker genes or RNA-
seq profiles, thus potentially providing new insights into mecha-
nisms underlying disease pathogenesis and progression at a sin-
gle-cell resolution.
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A novel 3D hepatic bioprinted model
Eleonore Attignon1, Fabien Guillemot2, Laurent 
Rutault1, Françoise Goldfain-Blanc1 and Hélène Aerts1
1Servier, Gidy, France; 2Poietis, Bordeaux, France
eleonore.attignon@poietis.com 

Drug-induced liver injury (DILI) is a major concern for the phar-
maceutical industry. Reliable prediction of DILI in preclinical 
stages is difficult; this is why it is essential to improve tools used 
in predictive toxicology. Three-dimensional (3D) cell printing 
technology has emerged as an innovative technology. The objec-
tive of this project is to establish and characterize a novel bio-
printed human liver tissue in a defined architecture in order to 
mimic in vivo liver.

Poietis’ Laser Assisted Bioprinted (LAB) technology is used 
to construct a 3D liver model composed by the differentiated he-
patic cell line and non parenchymental cells (including Stellates 
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with flowing blood cells and fluids but they may also have peri-
cytes and smooth muscle cells on the outside that stabilize and 
regulate their size. Defects in EC and pericyte/smooth muscle 
cell interaction are often implicated in many pathological con-
ditions. Patients with a genetic disease called hereditary hem-
orrhagic telangiectasia (HHT) suffer from heavy and recurrent 
nosebleeds, due to unstable blood vessels as a result of defective 
interaction between ECs and pericytes. Here we used human in-
duced pluripotent stem cells (hiPSCs) as a source of patient-spe-
cific cells, as they can be derived from all individuals, includ-
ing children and patients with genetic disease and subsequent-
ly differentiated towards all cells of the body. Besides, we can 
now use hiPSCs to derive all the component of blood vessels in 
large numbers and use them to re-create blood vessels on a chip 
to model inflammation and disease. HHT-hiPSC-ECs displayed 
no apparent functional differences using a set of standard two-di-
mensional (2D) assays. The ability of hiPSC-ECs to form a per-
fused microvascular network was next examined using three-di-
mensional (3D) cultures in microfluidic chips. Using these 3D 
vessels on a chip, we found that in contrast to 2D microvascu-
lar cultures, the ability to form 3D microvessels in microfluidic 
chips was strikingly compromised when HHT-hiPSC-ECs were 
used compared to isogenic control ECs. This patient-based hiP-
SC model thus serves as the first proof of principle that vascular 
diseases could be modeled using patient-specific hiPSCs in 3D 
microfluidic chips and to identify new target cells and possible 
pathways for therapy.
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Canadian Centre for Alternatives 
to Animal Methods
Charu Chandrasekera
Canadian Centre for Alternatives to Animal Methods, Windsor, Canada
cpchandr@uwindsor.ca 

The first and only Canadian Centre for Alternatives to Animal 
Methods (CCAAM), and its subsidiary, the Canadian Centre for 
the Validation of Alternative Methods (CaCVAM) were officially 
launched at the University of Windsor in Ontario, Canada in Oc-
tober 2017. The centre’s research and training laboratories, the 
Eric S. Margolis Research and Training Laboratories for Alter-
natives to Animal Methods, were officially established in Octo-
ber 2019. The overarching vision of CCAAM is to promote the 
replacement of animals in Canadian biomedical research, educa-
tion, and regulatory testing through 21st century science, inno-
vation, and ethics. CCAAM/CaCVAM serves as the leader and 
nexus to bring together national academic, industry, government, 
and public stakeholders to develop, validate, and promote the ac-
ceptance of new approach methodologies to replace the use of 
animals in science in Canada. This presentation will cover our 
multifaceted mission executed mainly through three unique pil-

Winter, R., Montanari, F., Noé, F. et al. (2019). Learning con-
tinuous and data-driven molecular descriptors by translat-
ing equivalent chemical representations. Chem Sci 10, 1692. 
doi:10.1039/C8SC04175J 
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Recombinant antibodies:  
A complete toolbox for academia
Pierre Cosson
University of Geneva, Faculty of Medicine, Geneva, Switzerland
Pierre.Cosson@unige.ch 

There are many reasons to favor the use of recombinant antibod-
ies, but the tools available to academic researchers have been 
limited until recently. It used to be a significant effort to even 
know when a recombinant existed against your favorite protein, 
what its main characteristics were, or how it should be used. It 
was expensive and difficult to develop new recombinant anti-
bodies by phage display, to sequence hybridomas, or even sim-
ply to produce an existing recombinant antibody. The University 
of Geneva has developed an open non-profit academic ressou-
rce that overcomes these hurdles. The ABCD database provides 
an open-access comprehensive list of most existing recombinant 
antibodies linked to their antigenic target. An academic produc-
tion facility linked to the database allows to gain access to any 
sequenced antibody at a very low price. Antibody Reports is an 
open-access scientific journal dedicated to characterization of re-
combinant antibodies. A discovery platform proposes to discover 
new antibodies, or to sequence previously selected hybridomas. 
This collective enterprise will make it possible for the entire sci-
entific community to switch to animal-free, well-characterized, 
sustainable, and affordable research reagents.
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Buiding vessels on a chip to  
model genetic vascular diseases 
using patient-specific  
induced pluripotent stem cells
Valeria V. Orlova
Leiden University Medical Center, Leiden, The Netherlands
v.orlova@lumc.nl 

Blood vessels are integral to the maintenance of all tissues. They 
deliver oxygen and nutrients and remove waste. Blood vessels 
not only contain endothelial cells (ECs) that are in direct contact 
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Novel flame retardants and  
hepatic steatosis: Elucidation 
of mechanisms to develop 
(quantitative) adverse outcome 
pathways, (Q)AOPS
Chander Kant Negi, Lola Bajard and Luděk Blaha
Research Centre for Toxic Compounds in the Environment (RECETOX), 
Masaryk University, Brno, Czech Republic
chander.negi@recetox.muni.cz 

Flame retardants are chemicals or mixtures widely used in com-
mercial and consumer products to reduce flammability. Follow-
ing the ban of long used polybrominated diphenyl ethers, a wide 
range of novel flame retardants (nFRs) used as a replacement are 
consistently found at relatively high levels in the environment 
and human matrices. Some evidence indicates the toxic effects 
of individual nFRs in mammals, but generally, toxicity data re-
mains insufficient. Considering the widespread presence of these 
compounds, this is a crucial knowledge gap, and more toxicolog-
ical studies on nFRs, individually and as mixtures are critically 
needed (Bajard et al., 2019). In line with the 3Rs (reduction, re-
finement, and replacement) principle of regulatory toxicology, in 
vitro approaches combined with the Adverse Outcome Pathways 
(AOPs; an OECD endorsed framework) allow to link mechanis-
tic studies to apical endpoints.

The present study aims to better understand the mechanisms 
driving the liver toxicity of prioritized nFRs, focusing on hepat-
ic steatosis, and to contribute to the development of quantitative 
AOP (qAOP). For steatosis, AOPs and AOP network linking sev-
eral molecular initiating events (MIEs) have been suggested. Ev-
idence indicates that the prioritized nFRs affect some relevant 
MIEs. Experimental research is being conducted to quantify the 
effects of the nFRs on different Key Events of the AOPs pro-
posed for hepatic steatosis, using in vitro toxicological studies in 
2D and 3D cell culture. Our first results indicate that several nFRs 
may induce lipid accumulation in the hepatocytes at sub-cytotox-
ic concentrations. Additional in vitro test battery, such as nucle-
ar receptor activation, expression of associated downstream pro-
teins, are currently being examined to understand the molecular 
mechanism and to develop quantitative data for follow-up devel-
opment of qAOP using the computer simulations through Artifi-
cial Intelligence-based tools. Potential mixture effects of nFRs 
on the studied endpoints are being assessed as well, and relevant 
AOP networks will be discussed.

Reference
Bajard, L., Melymuk, L. and Blaha, L. (2019). Prioritization of 

hazards of novel flame retardants using the mechanistic toxi-
cology information from ToxCast and adverse outcome path-
ways. Environ Sci Eur 31, 14. doi:10.1186/s12302-019-0195-z 
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lars: Research Pillar (to develop, validate, and promote non-an-
imal methods for hypothesis driven basic biomedical research); 
Academic Pillar (academic programs to train the next generation 
to think outside the cage); and Regulatory Pillar (to modernize 
chemical safety testing in Canada and accelerate the acceptance 
of non-animal methods by working closely with Canadian regu-
lators, especially Health Canada). Through our multidisciplinary 
work, we are contributing to global 3Rs efforts in a uniquely Ca-
nadian way – to promote a paradigm shift in which human biolo-
gy serves as the gold standard.
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Beyond animal research:  
Human biology as the gold standard
Charu Chandrasekera
Canadian Centre for Alternatives to Animal Methods, Windsor, Canada
cpchandr@uwindsor.ca 

One of the greatest challenges facing modern biomedical re-
search is understanding the molecular mechanisms underly-
ing complex, multifactorial diseases such as cancer, heart fail-
ure, neurodegenerative disorders, diabetes, stroke, and infectious 
diseases, among many others. It has become evident that over-
reliance on animal models has hindered the development of dis-
ease-modifying therapeutics across the fields. It is undeniable 
that a new approach is warranted, a new direction with Homo 
sapiens as the gold standard animal model where integrative hu-
man biology-based experimental approaches are unquestionably 
indispensable. Transforming a research culture where mouse 
data take precedence over human data to accept humans as the 
quintessential animal model is no easy feat. This will require a 
paradigm shift in every aspect from technological advancements 
to overhauling longstanding practices ingrained in the current re-
search culture. This presentation will outline multifaceted stra-
tegic areas addressing key needs, opportunities, challenges, 
and barriers to implementing research directions – based on hu-
man biology in health and disease – enabling discovery science 
that makes the human a better experimental model to accelerate 
translation. The primary goal is to promote interactive discussion 
with the audience to collate recommendations for a “Predictive 
Biology Roadmap” to prioritize human biology as the gold stan-
dard for 21st century biomedical research.
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Finding alternatives using  
text-based article classification
Wynand Alkema1,2, Merel Ritskes-Hoitinga3,4 and  
Rob de Vries3,4
1TenWise BV, Oss, The Netherlands; 2Hanze University of  
Applied Sciences, Oss, The Netherlands; 3RadboudUMC, Nijmegen,  
The Netherlands; 4SYRCLE, Nijmegen, The Netherlands
wynand.alkema@tenwise.nl 

The implementation of 3R principles in ongoing research is hin-
dered by a number of factors. One of the main challenges is to 
find valid and accurate information on the possibilities for all 
the 3Rs in general, and in Replacement in particular. It has been 
shown that finding replacement alternatives in the literature is an 
extremely challenging task.

To facilitate the implementation of the 3Rs, we have developed 
an algorithm that uses a combination of text mining and artificial 
intelligence tool for rapid and effective searches for identifying 
Replacement alternatives in the entire MEDLINE database. The 
model has been trained on a set of known, trusted papers that de-
scribe alternatives from a variety of research fields and is thus 
suitable to address a wide range of research questions.

In this talk we will present the predictive algorithm as well as 
a software application that incorporates this algorithm in the con-
text of a large database of > 200,000 biological concepts and a 
graphical user interface. As such the algorithm can be accessed 
over the internet from any device. Results from this algorithm 
can be exported to all major reference managers for use in grant 
proposals, research papers and systematic or scoping reviews.

The software is freely available for academic use and educa-
tional purposes.
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A funder’s role in stimulating 
transparency in 3Rs research
Erica van Oort, Bas de Waard, Ellis Pieters and  
Rita Struhkamp
ZonMw – The Netherlands Organisation for Health Research and 
Development, The Hague, The Netherlands
e.oort@zonmw.nl 

The Netherlands Organisation for Health Research and Devel-
opment (ZonMw) aims with the More Knowledge with Fewer 
Animals program, to promote development and implementation 
of animal free innovations in health research, without impairing 
quality of scientific research and safety of products. The program 
is divided into different topics and seeks collaboration with re-
search institutions and private partners.

912

Regulatory acceptance for the 
substitution of in vitro for in vivo  
vaccine potency and safety 
assays for batch release: 
Science versus the fear factor
Dean Kirkman Smith
Health Canada, Ottawa, Canada
Dean.Smith@canada.ca 

Introduction: Vaccine quality control (QC) strategies for new 
products typically involve physical chemical methods, in vitro 
assays, QPCR and NMR. However, for most legacy vaccines 
(e.g., DTaP, rabies virus vaccines etc.) in vivo potency and safe-
ty methods predominate. What has prevented implementation of 
innovative, more robust, effective and stability indicating in vitro 
assays for legacy vaccines, relative modern vaccines and biother-
apeutics?

Issues: Challenges preventing one-to-one in vivo assay re-
placement with superior in vitro alternatives include:
i. high variability of some animal methods prevents the estab-

lishment of a correlation between the existing and alternative 
assay due to the performance of the in vivo assay, not the in 
vitro alternative,

ii. detailed characterization of legacy products with modern 
methods, needed define the critical quality attributes of the 
antigen(s) and assay reagents (e.g., mAbs) that could be used 
in vitro methods,

iii. unwillingness of regulators to put aside long held false as-
sumptions regarding the performance and value of animal as-
says.

Relavent guidance: To support the implementation of in vitro 
methods, the European Pharmacopoeia has developed a Gen-
eral Chapter entitled, Substitution Of In Vivo Method(s) By In 
Vitro Method(s) For the Quality Control Of Vaccines, (Ph. Eur. 
5.2.14). This guidance proposes a new approach referred to as 
substitution, where one-to-one replacement has not been feasi-
ble or is scientifically unjustified. The guidance also provides a 
critical assessment noting that animal assays are less suitable QC 
methods relative to appropriately designed in vitro assays.

Conclusion: This new regulatory perspective has provided 
support for industries to invest in in vitro assay development. 
It has also accelerated the discontinuation of longstanding ani-
mal-based tests, which are now understood to be scientifically 
unjustified. Two examples of the latter are the recent discontinu-
ation of the General Safety Test and the Histamine Sensitization 
Test from the Ph. Eur.
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initiatives from academia and beyond and their applicability to 
toxicology are discussed.
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Deciding on an assay setup to control 
test chemical concentrations in vitro
Nynke Kramer
Utrecht University, Utrecht, The Netherlands
N.I.Kramer@uu.nl 

The nominal concentration, i.e., the theoretical concentration 
based on amount of test chemical added to culture medium, is 
generally used to express concentration-effect relationships in 
in vitro toxicity tests. However, for unstable, volatile, lipophil-
ic and highly plasma protein bound chemicals, the nominal con-
centration does not represent the concentration responsible for 
the observed effect at the target site in cells. Within the Create-
2Solve project, we develop tools that control for the degradation, 
evaporation and binding of chemicals to the in vitro system set-
up of these chemicals. We compare concentration-cytotoxic re-
sponse relationships of “difficult-to-test” chemicals, including 
alkylbenzenes, in sealed glass vials, 3D printed non-binding test 
materials, and microtiter plates dosed through polymers loaded 
with test chemicals (i.e., partition-controlled dosing). A decision 
tree is evaluated to allow toxicologists to determine whether and 
when the use of each of these tools is necessary and applicable 
for the chemical and in vitro biomarker they wish to test.
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Comparing model predictions 
and analytically determined test 
chemical distributions in vitro
Nynke Kramer
Utrecht University, Utrecht, The Netherlands
N.I.Kramer@uu.nl 

The absorption, distribution, metabolism and excretion of chem-
icals (ADME) play a central role in quantitative in vitro in vivo 
extrapolation (QIVIVE) studies, as these processes determine the 
concentration of the chemical at the target organ where the toxic 
effect is initiated in vivo. Although largely ignored, similar kinet-
ic processes determine the target concentration and thus the level 
of bioactivity of chemicals in in vitro assays. Despite chemicals 
or assays eliciting similar effects at similar nominal concentra-
tions, the bioavailable concentration may vary greatly between 
chemicals and assays, thus hampering comparisons. A number 

Here, we focus on the topics within “The knowledge infra-
structure module”, which is as of 2012 dedicated to increas-
ing value and transparency of animal studies in three ways. 
First, it offers small grants for research institutions allowing 
them to organize “in house” systematic review (SR) work-
shops, for animal studies. The one-day workshops can be at-
tended by twenty of their researchers. Second, it offers small 
grants to allow researchers to conduct a SR for animal studies. 
These grants provide for FTE (two-months) and counselling, 
to guarantee the quality of the SRs. Third, it promotes open 
access publication of negative & neutral results of animal ex-
periments by compensating employment costs (one-month). 
Grantees are obliged to publish these articles adhering to the 
ARRIVE guidelines and to register the studies at an online 
register for animal research, Preclinicaltrials.eu. The work-
shops and the counselling of a SR are supervised by SR quali-
fied researchers (Radboudumc), in collaboration with ZonMw. 
ZonMw is looking into ways to monitor these outcomes in an 
automated manner, through machine readable grant-associat-
ed metadata. Based on these techniques, we also explore the 
possibility to improve the findability of animal free innova-
tions in literature.

Eventually, these strategies will impact the value and trans-
parency of research output, helps to avoid unnecessary repeti-
tion and to reduce the bias in the current literature. This strate-
gy fits well in the transition to Open Science, more specifical-
ly by stimulating transparent and responsible animal research 
(see also abstract #351).
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Data management in a  
changing toxicity testing paradigm
Nynke Kramer
Utrecht University, Utrecht, The Netherlands
N.I.Kramer@uu.nl 

Skills4science is an initiative intended to provide early-stage re-
searchers in toxicology and beyond with skills to successful-
ly navigate the intricacies of a life science career. Data man-
agement is one such skill that is increasingly recognised as a 
corner stone of good science. Specifically, toxicology research 
is becoming increasingly data-intensive, both in terms of vol-
ume and complexity. This is largely due to the advent of ex-
citing developments integrating new approach methodologies 
to replace, refine and reduce traditional animal testing. These 
methodologies include “omics” technologies and an ensemble 
of machine learning and deep learning approaches for estab-
lishing (quantitative) structure activity relationships. These ap-
proaches come with avalanches of data which makes making 
the data findable, accessible, interoperable and reusable (FAIR) 
challenging. Here, a number of data management plan writing 
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models, hopefully towards their elimination. Those should enable 
progression into carefully designed human studies, incorporating 
safety/efficacy biomarkers and digital tools for events reporting 
and patient monitoring. Identification of responders/non-respond-
ers/adverse reactions can be achieved using those tools, providing 
foundation for another wave of research using patient’s samples 
to enable again identification of targets responsible for those vari-
abilities and search for solutions. Successive waves of circular, 
continuous research, from patient to bench to patient will hope-
fully result in tailored treatments towards personalised medicine.
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Investigating epilepsy using  
a combination of mathematical 
modelling and voluntary  
human data as a viable 
replacement for animal models
Isabelle Harris1 and Andre Peterson2
1Department of Medicine, University of Melbourne, Melbourne, Australia; 
2Department of Biomedical Engineering, University of Melbourne, 
Melbourne, Australia
peterson@unimelb.edu.au 

Epilepsy is characterised by abnormal electrical brain activity 
(seizures) that vary considerably between individuals. Both di-
agnosis and treatment of epilepsy are highly patient specific. The 
aim here is to understand patient specificity by studying individ-
ual brain structure-function relationships. We investigate the re-
lationship between a patient’s brain structure (connectivity) and 
dysfunction (seizures), which is a fundamental problem of 21st 

century epilepsy research.
The overwhelming majority of neuroscience research is based 

on animal experiments. Animal models (typically mice & rats) 
are used to test hypotheses by artificially inducing epilepsy by 
administration of drugs, electrical stimulation, and by breeding 
genetically modified animals that produce seizures. Whole brain 
or brain slices of animals are used to study the relationship be-
tween brain connectivity and seizures. Since brain connectivi-
ty is unique for each individual animal, experiments are limited 
specifically to each animal. We propose an alternative to animal 
models as a combination of voluntary human data and a mathe-
matical model of brain connectivity and epileptic behaviour.

Although a computational model is not as detailed as an actual 
physical brain, the model parameters are rigorously understood 
and can be manipulated at will, unlike a physical experiment. 
Within this framework we can modify many aspects of brain 
connectivity with ease and study its effect on seizure dynamics. 
This work moves away from traditional neuroscience paradigms 
and replaces animal models with computational models based on 

of partition models have been developed to estimate target con-
centrations of a chemical in vitro. The aim of this study is to re-
view these models in terms of their chemical and assay applica-
bility domains, inclusion of kinetic processes, input parameters, 
and the extent to which they have been evaluated. Subsequent-
ly, model predictions of the distribution are compared to mea-
sured time-resolved concentrations of these chemicals associated 
to well plate plastic, exposure medium, cells and cell attachment 
matrices in intrinsic clearance and cytotoxicity assays with cells 
cultured in suspension, monolayers, sandwich and spheroids. As 
a result of the variation in phases and kinetic processes included 
in the partition models, free concentrations vary significantly for 
the lipophilic, quickly cleared chemicals between models and be-
tween simulated and analytically measured concentrations.
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Using human to bench to human 
circular approaches for  
health and medicines research
Maria da Silva Lima1,2
1Universidade de Lisboa, Lisboa, Portugal; 2Faculdade de Farmácia, 
Lisboa, Portugal
beatrizlima@netcabo.pt 

Last decade sea of science/technology progress is deeply chang-
ing society functioning, including health/disease manage-
ment, medicines development. Animal-based research has been 
gold-standard on disease/medicines research (e.g., disease mod-
els, genetically modified animals) also for regulatory purpos-
es. But animal to human predictions are limited, and alternative/
complementary approaches are needed. Deeply interconnect-
ed, science and technology are providing human-based innova-
tive tools based as those using human iPSC technology, for dis-
ease research, human associated-targets, or investigational mol-
ecules as potential therapies. Human cells are increasingly used 
for (dysfunctional) target identification in health/disease condi-
tions. Information is used by computational chemistry and biolo-
gy to conceive and develop corrective molecules/approaches. Pa-
tient’s variability on disease expression, progression, response to 
therapies is identified from big data captured by health systems/
clinical research and provide basis for patient and disease stratifi-
cation. Specific patient-derived samples are used to identify mo-
lecular/genetic attributes behind variabilities, providing the basis 
for conceiving more adjusted, personalised treatments. Therefore, 
medicines research can increasingly include 1. patient’s sam-
ples selected based on specific attributes, 2. identifying dysfunc-
tional targets 3. computational conception of target molecules 
screened in vitro, in silico to select the most promising/safe can-
didates 4. testing those in human-based cell/organ systems, an-
ticipating efficacy and potential safety hurdles, replacing animal 
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Application of the 3Rs in  
creation of GAA mice –  
The challenges of new technologies
Boris Jerchow1, Branko Zevnik2,3 and Thorsten Buch4
1Novartis Institute of Biomedical Research, Novartis Pharma AG, Basel, 
Switzerland; 2Cologne Excellence Cluster for Cellular Stress Responses 
in Aging-Associated Diseases (CECAD), University of Cologne, Cologne, 
Germany; 3in vivo Research Facility, Medical Faculty, University of 
Cologne, Cologne, Germany; 4Institute of Laboratory Animal Science, 
University of Zurich, Zurich, Switzerland
boris.jerchow@novartis.com 

Although animal welfare is a growing societal concern, we have 
not seen a significant decrease in the total number of animals used 
in animal experiments in the last years. In particular, the number 
of genetically modified mice used in experiments remains high. 
Since the amazing discovery in 2012 that the endonuclease sys-
tem CRISPR/Cas9 can be used very efficiently for gene editing, a 
revolution in genetic engineering has taken place. Among mam-
mals, the mouse remains the predominant experimental animal 
because of its obvious advantages in size and reproductive speed. 
The revolution triggered by CRISPR/Cas9 molecular scissors in-
creasingly influences the transgenic field and raises new ques-
tions, at the same time opening up new possibilities and disap-
pointing expectations. An impact on the 3Rs is evident. For ex-
ample, we must ask ourselves what the risks are that more and 
more animals will be used simply because of the availability of 
new techniques. In addition, additional species become amena-
ble to genetic alteration resulting in new ethical challenges. On 
the other hand, we need to investigate the possibilities of making 
a positive contribution to the 3Rs by using modern techniques of 
genetic modification without categorically excluding well-estab-
lished ones. Given the current state of research, the potential is 
great. There is the possibility of positively influencing the bal-
ance between the burden as well as the number of animals used 
and the quality as well as quantity of the knowledge gained.
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human data. We are interested in how the brain connectivity of 
individual patients’ influences the transition from a normal state 
into an abnormal seizure state. This novel multidisciplinary ap-
proach in combination with voluntary human data, will serve as 
a replacement for animal models and will contribute to the para-
digm shift away from conventional neuroscience research.

Funding: Supported by Medical Advances Without Animals Trust 
(MAWA).
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A 3D autologous iPSC-derived  
hair bulb model
Oussama El Baraka1, Anja Ramme1,  
Beren Atac-Wagegg1, Louis Danoux2 and Uwe Marx1
1TissUse GmbH, Berlin, Germany; 2BASF Beauty Care Solutions France, 
Nancy, France
oussama.el-baraka@basf.com 

Human hair follicles are complex skin appendices dependent of 
epithelial-mesenchymal crosstalk. The arrangement of the hair 
bulb keratinocytes and melanocytes surrounding the dermal 
papilla is essential for the hair shaft production and melanisation. 
Currently, most research on the hair follicle focuses on animal 
models. Although several factors seem similar, there are many 
differences between the physiology of human hair follicles and 
those of animal.

In the present work, we are developing a 3D autologous hair 
bulb model based on induced pluripotent stem cell (iPSCs). 
These iPSCs are on the one hand differentiated into hair bulb 
keratinocytes by stimulation of the ectodermal lineage. In addi-
tion, after an induction into neural crest cells, a specialisation for 
maturation of melanocytes and dermal papilla cells is generat-
ed. We optimized the differentiation protocols for all three cell 
types and confirmed their functionalities, e.g., by the expression 
of bulb markers (K14, MSX1, MSX2, DLX2, RGS2, TP63) for 
the iPSC-derived keratinocytes and the validation of the activa-
tion of specific melanocyte pathways (MITF, TYR, TRP1, TRP2, 
SOX10), melanogenesis and melanin transfer for the iPSC-de-
rived melanocytes. Concerning the dermal papilla cells, we con-
firmed comparable expression profiles to primary cells (versican, 
CORIN, vimentin, NESTIN, LEF1).

After differentiation, the three cell types are combined into an 
autologous hair bulb model. We confirmed the hair bulb structure 
and a partially restored crosstalk (Wnt, BMP, PDGF) between iP-
SC-derived keratinocytes and iPSC-derived dermal papilla cells.

The next steps will be the validation of this model by treatment 
with pharmacologic molecules targeting hair follicles.
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Vaccine batch to vaccine  
batch comparison by consistency 
testing (VAC2VAC)
Hilde Depraetere
European Vaccine Initiative, Heidelberg, Germany
hilde.depraetere@euvaccine.eu 

VAC2VAC brings together a unique One Health consortium of 
pharmaceutical companies, academia, translational research or-
ganisations, Official Medicines Control Laboratories and regu-
latory bodies with the overall objective to demonstrate proof of 
concept of the consistency approach for batch release testing of 
established vaccines. This means that non-animal assays – in-
stead of animal tests – can be used to ensure that each vaccine 
batch produced is consistent with a batch already proven to be 
safe and efficacious. It covers vaccine potency, safety and ani-
mal welfare.

The three main steps to reach these objectives are:
1) Development of new or optimisation of existing non-animal 

methods for consistency testing: The core activity of the proj-
ect, focuses on development and optimisation of physico-
chemical methods, immunochemical methods, cell-based as-
says, and multi-parametric assays & bioinformatics.

2) Pre-validation of selected methods: For selected methods de-
veloped in VAC2VAC, small-scale multi-centre studies will 
be set up to assess transferability and inter-laboratory repro-
ducibility of the methods. Methods that are successful and are 
proposed for inclusion in Eur.PH., will be submitted to the 
EDQM Biological Standardisation Programme to be consid-
ered for further validation studies.

3) Regulatory acceptance of the consistency approach: To max-
imise the chances of global acceptance and regulatory accep-
tance of the consistency approach, a close interaction between 
the consortium with regulators will be put in place.

The presentation will outline the project in detail and give an up-
date on the status of the different assays under development.

Consortium: EVI; RIVM; NIBSC; PEI; JRC, UU, UMCG; In-
travacc; HU; ISS; AGES; IABS-EU Sciensano; BPRC; Sanofi; 
Zoetis; Merial; Boehringer Ingelheim; MSD; GSK; MEB; Pfizer.

Funding: The project is supported by the EU / European Fed-
eration of Pharmaceutical Industries and Associations (EF-
PIA)/Innovative Medicines Initiative (IMI2) Joint Undertaking 
(VAC2VAC grant n° 115924).
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Human organ chips:  
From experimental models 
to clinical mimicry
Donald E. Ingber
Wyss Institute for Biologically Inspired Engineering at Harvard University, 
Boston, MA, United States
don.ingber@wyss.harvard.edu 

This presentation will highlight advances that my team at the 
Wyss Institute has made in the engineering of human “Organ-
on-a-Chip” (Organ Chip) microfluidic cultured devices lined 
by living human cells that recapitulate organ-level functions as 
a way to replace animal testing for drug development, mecha-
nistic discovery, and personalized medicine. I will describe the 
engineering of multiple human organ chips, including lung, in-
testine, kidney, bone marrow, liver, lymph node, and coupled 
blood-brain barrier and brain neuronal network chips. By recre-
ating organ-specific physical and chemical microenvironments, 
including fluid flow, mechanical motions, oxygen gradients, and 
the presence of complex living microbiome, we obtain a level of 
biomimicry of organ-level functions not possible in other in vi-
tro models. These Organ Chip models also have been adapted 
to develop multiple human disease models (e.g., pulmonary ede-
ma, asthma, COPD, influenza, colitis, environmental enteric dys-
function, lung cancer, esophageal cancer, radiation toxicity, and 
rare bone marrow disorders), identify approved drugs that might 
potentially be repurposed as COVID19 therapies, and discover 
new therapeutics. A Bone Marrow Chip was recently developed 
that precisely mimics human bone marrow toxicities induced by 
clinically relevant (pharmacokinetic) exposures to drugs as well 
as by radiation exposure, and it also was used to create personal-
ized models of a rare genetic disorder of the marrow that provid-
ed new mechanistic insight into this disease (Chou et al., 2020). 
In addition, we engineered rat, dog, and human Liver Chips that 
recapitulate species-specific drug hepatotoxicities, which could 
help to replace use of these animals in preclinical drug develop-
ment (Jang et al., 2019). Finally, I will describe how we have in-
tegrated multiple Organ Chips into an automated “Human Body-
on-Chips” that enables real-time analysis of cellular responses 
to pharmaceuticals, chemicals, radiation, and toxins, as well as 
quantitative in vitro-to-in vivo extrapolation of human drug phar-
macokinetics and pharmacodynamics (Herland et al., 2020).
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which in time can lead to liver cirrhosis and to hepatocellular car-
cinoma. NASH symptoms are often silent until late stages of the 
disease making the identification and treatment of patients dif-
ficult. One major contributor are hepatic stellate cells (HSCs) 
which become activated, differentiate into myofibroblast-like 
cells and start to secrete inflammatory cytokines as well as to in-
creasingly deposit extracellular matrix proteins such as fibronec-
tin and various collagen forms. Here, we present the develop-
ment of a human iPSC-based microphysiological liver model to 
study the interplay between HSCs and other liver cell types in the 
context of NASH. Our aim is to provide a tool for future mecha-
nistic studies during the development of treatment options.

Theory and Experimental procedure: Human iPSCs have 
been differentiated into iPSC-derived endothelial cells (ECs), 
iPSC-derived hepatocytes and iPSC-derived HSCs (Orlova et 
al., 2014; Kajiwara et al., 2012; Peters et al., 2016). Further, 
each cell type has been characterized for cellular morphology, 
cell type-specific marker expression and key functionality in 
single cell cultures before integrating them as a triple coculture 
into a biochip. Additionally, inflammatory conditions and a fatty 
acid rich diet were investigated to assess the relevance of the iP-
SC-derived cells contributing to a disease model of NASH.

Results and Discussion: The differentiation of iPSC-derived 
ECs, hepatocytes and HSCs could be successfully adapted.  
iPSC-derived hepatocytes show CYP3A4, ASGPR-1, E-cad-
herin and MRP-2 expression, apoB, albumin and collagen I and 
IV production. Further a strategy for the seeding of iPSC-de-
rived hepatocytes into the biochip could be identified. iPSC-de-
rived ECs were found to be positive for CD31, von Willebrand 
factor, VE-Cadherin, ZO-1, βCatenin and only low levels of 
ICAM-1 and VCAM-1. They functionally responded with in-
creased ICAM-1 and VCAM-1 levels to stimulations with TNF 
as well as fatty acids. iPSC-derived HSCs were characterized 
for PDGFRβ, collagen I, collagen 1α1, vimentin and αSMA ex-
pression. Further they showed superior vitaminA storage capac-
ity compared to standard HSC cell lines. Functional responses 
to inflammatory triggers as well as fatty acid rich diets are under 
current investigation. First results indicate the functional capaci-
ty for increased collagen 1α1 expression and increased collagen 
deposition.

Conclusion: Here we present a promising strategy to devel-
op an iPSC-derived microphysiological model of the liver to 
study NASH. A functional relevant human model of this disease 
is of high importance as quiescent and activated HSCs behave 
differently in humans compared to disease models established 
with rodents. Further, the definition of biomarkers, early disease 
mechanisms and potential treatment options is relying on com-
prehensive in vitro models based on relevant human physiology.

References
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The in3 project – An integrated 
interdisciplinary approach  
to animal-free nanomaterial and 
chemical safety assessment
Paul Jennings
VU Amsterdam, Amsterdam, The Netherlands
p.jennings@vu.nl 

The in3 project (https://www.estiv.org/in3/) is funded by the 
EU’s Marie Skłodowska-Curie Action – Innovative Training 
Network (MSCA-ITN for short) that aimed to drive the synergis-
tic development and utilisation of in vitro and in silico tools for 
human chemical and nanomaterial (NM) safety assessment. The 
project focused on differentiation of human induced Pluripotent 
Stem Cells (hiPSC) to toxicologically relevant target tissues in-
cluding brain, lung, liver and kidney. The tissues, from the same 
genetic backgrounds, were exposed to common compounds and 
the data generated and prediction tools generated will be used 
to develop modernised safety assessment approaches combin-
ing cheminformatics, mechanistic toxicology and biokinetics in-
to computational models which can account for donor and tissues 
specific effects. The project employed 15 PhD students to car-
ry out these activities in a coordinated and collaborative fashion. 
The project objectives and outcomes will be discussed.
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A human iPSC-based micro-
physiological model of the liver to 
study the impact of hepatic  
stellate cells on NASH development
Martin Raasch1,2,3, Kehinde Oluwasegun Aina1,  
Stefan Kauschke4 and Alexander S. Mosig1,2
1Center for Sepsis Control and Care (CSCC), University Hospital Jena, 
Jena, Germany; 2Institute for Biochemistry II, University Jena, Jena, 
Germany; 3Dynamic42 GmbH, Jena, Germany; 4Boehringer Ingelheim 
Pharma GmbH & Co KG, Cardio-metabolic Diseases, Biberach an der Riß, 
Germany
martin.raasch@med.uni-jena.de 

Introduction: In developed countries, non-alcoholic fatty liver 
disease (NAFLD) is increasingly the major form of chronic liv-
er disease. This is related to risk factors such as a fatty diet, hy-
pertension, smoking, genetic background and intestinal dysbiosis 
(Huang et al., 2019; Benedict et al., 2017). In some cases, hepat-
ic steatosis progresses to non-alcoholic steatohepatitis (NASH) 
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Gastruloids from stem cells: 
Models of early development
Alfonso Martinez Arias
University of Cambridge, Department of Genetics, Cambridge,  
United Kingdom
ama11@hermes.cam.ac.uk 

Gastruloids are three-dimensional aggregates of embryonic stem 
cells that display key features of mammalian development after 
implantation, including germ-layer specification and axial orga-
nization. We have shown that gastruloids can be developed to 
fairly advanced stages from mouse, but this is somewhat less ad-
vanced using human cells. Nevertheless, these models show the 
power of gastruloids as a model system for exploring develop-
ment and somitogenesis in vitro in a high-throughput manner.
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Human pluripotent stem cell 
models for cardiotoxicity
Chris Denning
University of Nottingham, Biodiscovery Institute, Faculty of Medicine & 
Health Sciences, Nottingham, United Kingdom
Chris.Denning@nottingham.ac.uk 

Animal models are 78% accurate in determining whether drugs 
will alter contractility of the human heart. To evaluate the suit-
ability of human induced pluripotent stem cell-derived cardio-
myocytes (hiPSC-CMs) for predictive safety pharmacology, we 
quantified changes in contractility, voltage and/or Ca2+ handling 
in 2D monolayers or 3D engineered heart tissues (EHTs). Pro-
tocols were unified via a drug training set, allowing subsequent 
blinded multi-centre evaluation of drugs with known positive, 
negative or neutral inotropic effects. Test conditions were refined 

Kajiwara, M. et al. (2012). Donor-dependent variations in hepat-
ic differentiation from human-induced pluripotent stem cells. 
Proc Natl Acad Sci U S A 109, 12538-12543.

Orlova, V. V. et al. (2014). Generation, expansion and functional 
analysis of endothelial cells and pericytes derived from human 
pluripotent stem cells. Nat Protoc 9, 1514-1531.

Peters, D. T. et al. (2016). Asialoglycoprotein receptor 1 is a spe-
cific cell-surface marker for isolating hepatocytes derived from 
human pluripotent stem cells. Development 143, 1475-1481.
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Chinese perspective of  
the implementation of organ-on-
chip-based assays  
into the regulatory landscape
Xiaobing Zhou
National Center for Safety Evaluation of Drugs, National Institutes  
for Food and Drug Control, Bejing, China
zhxb@nifdc.org.cn 

Microphysiological systems (MPS), microfluidic devices capa-
ble of emulating entire organismal functionality, have the poten-
tial to serve as a new enabling platform to predict the efficacy, 
toxicity and pharmacokinetics of drug compounds in humans. 
Many academic research institutions in China currently have in-
dependently developed a variety of organ chips, including 3D 
microvascular models, cardiac chips and blood-brain barrier 
systems. However, the development of MPS in China still re-
mains in the academic research stage and has not yet reached 
industrialization. The MPS-based test analysis is also lim-
ited to laboratory research; it has neither been adopted by the 
pharmaceutical industry yet nor entered the regulatory evalua-
tion process. The National Institutes for Food and Drug Control  
(NIFDC) is a subordinate agency of the National Medical Prod-
ucts Administration (NMPA). The NIFDC has cooperated in-
ternationally regarding regulatory science in the field of “Hu-
man-on-a-chip” technologies with the Technical University 
Berlin, Germany, to get hands-on experience with MPS-based 
approaches to reduce regulatory barriers for acceptance of the 
emerging technology. The NIFDC team is conducting toxicolo-
gy endpoint-driven experiments for a human two-organ arrange-
ment on the chip. More tests will be carried out in the field of 
toxicity and efficacy evaluation using multi-organ chips. The 
Chinese NMPA will improve the interactions among regulators 
on a global basis to move emerging sciences and technologies 
forward concerning the use of MPS data and its acceptance for 
regulatory decision-making.
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Science, ethics and acceptance 
of human microphysiological 
systems – An ultimate alternative 
to testing in laboratory animals 
and human volunteers
Eva-Maria Dehne1, Hendrik Erfurth1, Silke Hoffmann1, 
Reyk Horland1, Lorenz Alexandra1, Ann-Kristin 
Mushmann2, Annika Winter1 and Uwe Marx1,2
1TissUse GmbH, Berlin, Germany; 2Technische Universität Berlin, Berlin, 
Germany
uwe.marx@tissuse.com 

Microfluidic microphysiological systems (MPS) have proven to 
be a powerful tool for recreating human tissue- and organ-like 
functions at research level. This provides the basis for the estab-
lishment of qualified preclinical assays with improved predic-
tive power. Reduction and replacement of laboratory animals 
and healthy volunteers are envisioned once human MPS-based 
models and assays translate into valid preclinical platforms. 
However, industrial adoption of MPS-based assays is progress-
ing slowly due to their complexity. The presentation first high-
lights rational and state of the art of MPS developments (Marx 
et al., 2020). Subsequently, examples of human single and 
multi-organ models, such as human bone marrow (Sieber et al., 
2017) and human liver-thyroid co-culture will be introduced. 
The underlying universal microfluidic HUMIMIC® platform of 
a size of a microscopic slide integrating an on-chip micro-pump 
and capable to maintain various organ model combinations or 
single organ equivalents of 16 different human tissues will be 
described. Challenges of industrial adoption of the platform, 
with the focus on models supporting repeated dose toxicity test-
ing and simultaneous evaluation of safety and efficacy aspects 
(Huebner et al., 2018) will be discussed. Furthermore, the cre-
ation of more complex physiology-based autologous multi-or-
gan arrangements (Ramme et al., 2019), mimicking adsorp-
tion, distribution, metabolism, excretion and crucial organismal 
feedback loops will be pointed out. We finally, introduce the 
concept of universal physiological templates (Dehne and Marx, 
2020), which might pave the way towards on-chip patient mod-
els. Design criteria, aspects of long-term performance, their im-
pact on the drug development paradigm and ethical issues will 
be elaborated.
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by adopting approaches to reduce signal-to-noise ratio, reduce 
spontaneous beat rate or enable chronic testing, improving ac-
curacy to 85% for monolayers and 93% for EHTs. Contraction 
amplitude was a good predictor of negative inotropes across all 
the platform-cell configurations and of positive inotropes in the 
3D EHTs. Of the platform-cell configurations, responses in EHTs 
aligned most closely to the free therapeutic plasma concentra-
tion. This work will be discussed in more detail on the context of 
animal alternatives for predicting cardiac toxicity.
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Developing performance-based 
qualification criteria for organs 
on a chip – US FDA perspective
Suzanne Fitzpatrick
US Food and Drug Administration, Center for Food Safety and Applied 
Nutrition, College Park, MD, United States
Suzanne.Fitzpatrick@fda.hhs.gov 

In vitro Microphysiological Systems (Organs on a Chip or MPS) 
technology has the potential to address many of the shortfalls of 
in vivo animal testing, 2D in vitro testing and even some of the 
issues with other 3D in vitro models. Although there has been 
extensive global development of MPS models, there has been a 
lack of qualification criteria for any of these devices for use in 
either medical or non-medical regulatory applications. Global 
agreement between all sectors on performance-based criteria for 
acceptance of MPS data is essential to move this technology in-
to the regulatory arena. The establishment of a forum for global 
regulators from all product sectors to discuss these issues is the 
most effective way to accelerate the introduction of any new dis-
ruptive innovation into the regulatory paradigm. It allows global 
scientists to work in an environment that fosters creative thinking 
and promotes scientific multidisciplinary interaction and collab-
oration.
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Towards animal-free in vitro 
neurotoxicity testing and 
seizure liability assessment
Anke Marije Tukker1,2, Regina van Kleef3 and  
Remco Westerink3
1IRAS, Utrecht University, Utrecht, The Netherlands; 2School of Health 
Sciences, Purdue University, West Lafayette, IN, United States; 3IRAS, 
Utrecht University, Utrecht, The Netherlands
atukker@purdue.edu 

The demand for drugs targeting the central nervous system (CNS) 
is rising. Because these drugs have to cross the blood-brain-barri-
er, they possess a high risk of inducing seizures. Seizures are se-
vere and life threating adverse side effects. During a seizure, neu-
rons fire in a hyper-synchronous and hyper-active manner. Cur-
rently, the seizurogenic potential of a drug is investigated with 
in vivo or ex vivo animal experiments. This research is time con-
suming, expensive and ethically debated. Also, laboratory ani-
mals differ from humans and therefore outcomes are not always 
predictive for human risk. There is thus a clear need for alterna-
tive test strategies. The introduction of human induced pluripo-
tent stem cell (hiPSC)-derived neurons offers excellent biomedi-
cal research opportunities.

We investigated the suitability of these hiPSC-derived neurons 
for in vitro neurotoxicity testing and seizure liability assessment. 
Neurons were cultured on micro-electrode arrays (MEAs). This 
high-throughput state-of-the-art technique allows for non-inva-
sive real-time measurement of neuronal activity and (network) 
bursting behaviour. Monocultures with solely neurons formed 
active neuronal networks. Addition of astrocytes made the net-
works more complex and resulted in (network) bursting and syn-
chronicity. Additional changes in the ratio of excitatory glutama-
tergic and inhibitory GABAergic neurons further improved the 
model system and made the network activity better resemble the 
human in vivo situation. MEA recordings showed that in vitro ex-
posure of these co-cultures to known seizurogenic compounds 
results in increased network activity, indicating the seizurogenic 
potential of the compound.

Our research showed that hiPSC-derived neuronal co-cultures 
cultured on MEAs can already be used for in vitro seizure lia-
bility assessment, thereby paving the way towards animal-free 
neurotoxicity testing. This research led to Dr. Tukker’s nomina-
tion for the Hugo van Poelgeest Award. The nomination put her 
research in the spotlight, resulting in (radio) interview requests. 
It increased her motivation to pursue a career focussing on ani-
mal-free models.
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A standardized platform for 
miniaturized cortical organ
Mark van der Kroeg, Sakshi Bansal, Femke de Vrij  
and Steven Kushner
Department of Psychiatry, Erasmus Medical Center Rotterdam, Rotterdam, 
The Netherlands
s.kushner@erasmusmc.nl 

Human Induced Pluripotent Stem Cell (iPSC) derived models 
of the developing brain are a widely pursued endeavour that has 
already had some success with regard to psychiatric and neuro-
developmental disorders. The brain organoid (3D) approach has 
gained increasing traction because of its viability for long-term 
culture and the superior modeling of developing human brain cy-
toarchitecture, in particular compared to shorter term monolayer 
culture. Existing 3D models, however, suffer from considerable 
variability due to the complex and heterogeneous nature of the 
free floating structures. Here we describe an iPSC-derived ad-
herent long-term neural culture that models key aspects of neu-
ral cortical development. By differentiating neural progenitor 
cells (NPCs) in the microenvironment of a 384-well plate, it al-
lows for the generation of highly organized neural cultures that 
resemble early structure formation of the human cortex, with di-
verse cell types that can be grown and matured for more than 9 
months. These miniaturized cortical organoids contain neurons, 
astrocytes and myelinating oligodendrocytes. There is rudimen-
tary organization of the deep and upper layer neurons, and suf-
ficiently mature to generate dendritic spines. Through cell-type 
specific transgenic expression of the genetically encoded calci-
um indicator GCaMP6, the resulting neurons exhibit robust ac-
tivity in situ, for which the overall cortical organoid demon-
strates frequent synchronous network bursts. Differentiation of 
NPCs in the 384-well plate format is highly reproducible and en-
ables the possibility for high throughput screening and mecha-
nistic pathophysiological studies of neuropsychiatric disorders. 
In summary, we have developed a miniaturized 3D cortical or-
ganoid model with a similar level of accessibility to monolayer 
culture, with the longevity and organizational benefits of organ-
oid (3D) culturing.
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Enabling animal-free  
safety assessment of cosmetics 
globally: Introduction
Catherine Willett
Humane Society International, Washington, DC, United States
kwillett@hsi.org 

To achieve animal-free safety assessment of cosmetics globally, 
it is important to harmonize legislation and regulations to allow 
flexibility in safety assessment approaches. In addition, it is im-
portant to enable local capacity in safety assessment using da-
ta generated from non-animal approaches, including in silico, in 
vitro, and human-based data. A large collaboration has been es-
tablished to carry out these functions, including the creation of a 
program to familiarize global stakeholders with using new types 
of information and approaches for evaluating safety of cosmetic 
products and ingredients.
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Global cosmetics 
regulatory landscape
Jay Ingram
Delphic HSE, Camberley, United Kingdom
jay.ingram@delphichse.com 

The regulatory landscape covering cosmetics varies greatly in 
different countries, from regulatory prohibitions on testing and 
sales of cosmetics and/or cosmetic ingredients on animals, to 
countries where animal testing is allowed or even required. In 
addition, different legal and regulatory structures must be navi-
gated in different countries. Understanding this landscape is crit-
ical to understanding the needs and implementing solutions that 
will support animal-free safety assessment of cosmetics globally.
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Björn Ekwall Memorial Foundation 
2020 award – “Non-animal methods 
for toxicity testing – Good In Vitro 
Method Practices and the pursuit 
of truly animal free methods”
Sandra Coecke
European Commission Joint Research Centre 
sandra.coecke@ec.europa.eu

Dr. Coecke has a Science, Technology, Engineering and Math-
ematics-based education (Engineer Biotechnology, Free Uni-
versity Brussels) complemented with a Life Sciences PhD in 
the faculty of Medicine and Pharmacy. She has been managing 
and leading scientific teams since the 90’ies starting in a Belgian 
Pharmaceutical company and then joining ECVAM at the Euro-
pean Commission Joint Research Centre (EC JRC). Dr. Coecke 
has more than 30 years’ experience in in vitro toxicology, includ-
ing research and activities related to the development and vali-
dation of new in vitro cell and tissue-based methods and knowl-
edge-based mathematical systems to improve chemical safety 
assessment. In 1994 she was already awarded the Internation-
al Price from Foundation for the Substitution of Animal Exper-
imentation in Luxembourg based on her work in the field of me-
tabolism and novel in vitro cell and tissue culture systems in gen-
eral. Last year she received in Varese, Italy, the Women of the 
year Award demonstrating that by interacting and doing volun-
tary work closely with European citizens, we can show the add-
ed value of our scientific work. A significant part of that scientif-
ic work has been dedicated to leading the development and im-
plementation of internationally accepted quality standards, such 
as Good Laboratory Practices (GLP), for in vitro methods. She 
has been instrumental in the development of the EC JRC’s guid-
ance document on Good Cell Culture Practice (GCCP) and the 
OECD’s guidance document on Good In Vitro Method Practic-
es (GIVIMP). Dr. Coecke has established and currently manages 
the European Union Network of Laboratories for the Validation 
of Alternative Methods (EU-NETVAL), which includes 35 high 
quality laboratories across Europe, and she is coordinator of a 
large EU-NETVAL validation study for the detection of chem-
icals that may disrupt normal thyroid function. She published 
over 100 in vitro toxicological peer reviewed papers, book chap-
ters and has been invited speaker and lecturer in many interna-
tional conferences and fora.

In her lecture, Dr. Coecke will present insights from her 30 
years extensive work related to the development and validation 
of novel in vitro methods, how to promote best practices, and 
how we can strive to make our non-animal methods truly ani-
mal free.
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AFSA module on integration  
of in vitro data to establish margin  
of safety
Paul Russell
Unilever, Sharnbrook, United Kingdom
paul.j.russell@unilever.com 

In vitro methods provide a range of data related to activity relat-
ed to either specific possible adverse outcomes, or the potential 
for systemic acute or repeat dose toxicity. These data can be of a 
wide variety that must be integrated to achieve a numerical result 
that can be compared to exposure to estimate a safe margin of ex-
posure (MoE).
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Advancing read-across practice and 
applications for the evaluation of 
data-poor environmental chemicals 
within the U.S. EPA PPRTV program
Lucina Lizarraga
US EPA/CPHEA
Lizarraga.lucina@epa.gov 

The U.S. Environmental Protection Agency derives Provisional 
Peer-Reviewed Toxicity Values (PPRTVs) that support the Su-
perfund program in chemical-specific clean-up efforts. Howev-
er, many chemicals found at contaminated sites lack epidemio-
logical or animal toxicity data necessary for traditional hazard 
identification and dose-response analysis, preventing regulatory 
agencies from establishing health reference values that inform 
clean-up levels. To overcome this challenge, the PPRTV pro-
gram has developed and implemented a read-across approach 
for screening-level quantitative assessment of target chemicals 
with limited in vivo toxicity information. The methodology re-
lies on a weight of evidence approach for the identification and 
evaluation of suitable analogues based on structural, toxicoki-
netics and toxicodynamic properties. Case study examples will 
be presented, outlining lessons learned and future outlooks for 
advancing and expanding read-acros applications. Important 
considerations for problem formulation, target chemical anal-
ysis, analogue identification and evaluation and incorporation 
of data derived from new approach methods (NAM) and tools 
will also be discussed to increase the transparency and scientif-
ic rigor of read-across evaluations. This work emphasizes the 
integration and translation of computational and expert-driven 
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AFSA cosmetics module on 
consumer exposure
Christina Hickey
Firmenich Inc., Plainsboro, NJ, United States
Christina.HICKEY@firmenich.com

Due to the high individual exposure, safety assessment of cos-
metics is necessarily exposure-led. Several well-established use 
and habit factors are considered when measuring or predicting 
exposure to specific product types and use scenarios. The cer-
tainly of the exposure estimate can be increased to match need by 
using a tiered approach, beginning with simple data and model-
ling approaches, and progressing to more sophisticated data and 
complex modelling resulting in increased accuracy and certainty 
as needed.
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AFSA module on internal exposure
Rebecca Clewell
21st Century Tox Consulting, Chapel Hill, NC, United States
rclewell@21stcenturytox.com 

Refinement of exposure estimates can be achieved by measur-
ing and modelling the absorption, distribution, metabolism and 
excretion (ADME) of a cosmetic ingredient following exposure. 
Models are built using understanding of biological processes 
combined with historical data and using data from in vitro cell-
based assays. In this way, the life cycle of the substance within 
the individual can be estimated. In addition, using reverse-do-
simetry modelling, correlations can be made between in vitro 
cellular and in vivo blood concentrations. This allows the es-
tablishment of internal exposures related to biological activities 
measured in vitro.
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Usui, T. et al. (2021). Meta-analysis of variation suggests 
that embracing variability improves both replicability and 
generalizability in preclinical research. PLoS Biology 1, 19, 
e3001009. doi:10.1371/journal.pbio.30010097 
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Field vs laboratory 3R. It’s not about 
what we do with the animals. It’s 
about the research and its setting!
Adriaan de Jong
Department of Wildlife, Fish and Environmental Studies, Swedish 
University of Agricultural Sciences, Uppsala, Sweden
adriaan.de.jong@slu.se

As the eldest brother, I learned early that you cannot expect your 
baby sister to run before she can walk. If team-speed is crucial, 
you have to support her. In 3R-implementation, wildlife biolo-
gists are currently the “baby sisters”. Big Brothers and Sisters in 
3R, please help us to learn how to walk and run, and maybe even 
carry us for a while.

In field ornithology, birds and their biology are generally the 
object of study per se, not a means to study other things. When I 
put GPS-trackers on wild geese, my aim is not to study the effect 
of the chemicals in the collars, but the movements of the geese. 
Such basic research is essential for the level of knowledge we 
have about the multitude of species and their extremely complex 
environment. Forcing wildlife research to apply hypothesis-driv-
en experiments (the first “commandment” in the PREPARE 
guidelines) and to put most R&D effort on Replacement is coun-
terproductive for the implementation of the 3Rs in this field. A 
“Wild-goose-on-a-chip” is simply not a viable option, neither for 
gaining biological insight nor for conservation and management. 
Not now, probably never.

Field ornithologists are taking their first 3R steps. I have 
shown how we can learn to avoid redundant measurements to re-
duce handling times and I routinely use moult feathers instead of 
blood sampling for population studies. Currently, Johan Lindsjö 
and I study the various steps in bird ringing on the overall time 
birds are impeded from their natural routines. Small steps to-
wards improved 3R implementation. Field ornithologists are ea-
ger to speed up the process, but please, do not run them down. 
Help them instead.

techniques in chemical assessment with the potential to inform 
a broad landscape of regulatory decision-making. The views ex-
pressed in this abstract are those of the authors and do not neces-
sarily reflect the views and policies of the U.S. EPA.
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SR and meta-analysis of  
animal studies
Malcolm Macleod
University of Edinburgh, Edinburgh, United Kingdom
Malcolm.Macleod@ed.ac.uk 

In relation to the reproducibility of animal studies, systematic re-
views provide an important diagnostic. That is, they can tell us 
something about the totality of the evidence; the range of circum-
stances under which efficacy is or is not seen (Usui et al., 2021); 
the risks of bias with which the original research was conducted; 
and the likelihood of a role for publication bias. Armed with a 
systematic review, research users can reach an informed judge-
ment of whether further research in animals is required (“cis-la-
tion”), or whether research in for instance human subjects is now 
warranted (“trans-lation”).

Most in vivo research does not report simple measures which 
might reduce the risks of bias, and the fact of their aggregation in 
a systematic review does not remove this problem. However, de-
scribing the provenance on which claims for efficacy are made 
may help contextualise the claims made in non-systematic liter-
ature summaries.

However, a recent study of 442 systematic reviews published 
from 2015-18 (Hunniford et al., 2021) showed that only 20% 
mentioned an a priori study protocol, and less than half had con-
ducted a risk of bias assessment. This has provided the impetus 
for the development of a PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) extension for systemat-
ic reviews of in vivo data, currently in progress.

Finally, concerns about risks of bias in in vivo research are not 
sufficient to drive us to the use of non animal alternatives, until 
we can show that attention to risks of bias in the in vitro literature 
is not a problem. Preliminary data suggests that reporting of risks 
of bias in the in vitro literature is several fold lower than in the in 
vivo literature.
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Evaluating the welfare of 
wildlife: Identifying priorities
Cathy M. Dwyer, Fiona Rioja-Lang, Melanie Conor 
and Heather Bacon
Jeanne Marchig International Centre for Animal Welfare Education, Royal 
(Dick) School of Veterinary Studies, University of Edinburgh, Edinburgh, 
United Kingdom
cathy.dwyer@ed.ac.uk

Animal welfare has been considered for farmed species for ma-
ny years, but increasingly we are now considering the impact on 
welfare of all sentient species. Although wildlife are not owned, 
and may not be considered in welfare legislation, human inter-
actions can both directly and indirectly impact on the quality of 
life of wildlife. As part of a study to identify the welfare issues 
most likely to impact on the welfare of wildlife, we conducted a 
Delphi study with experts in the field of wildlife and welfare to 
determine the main issues. Fifteen wildlife experts were recruit-
ed and took part in an anonymous discussion board phase for 2 
weeks, with the aim to identify the main welfare issues relevant 
to wildlife in the UK. Using Thematic analysis we identified 54 
welfare issues from this process, falling under 4 major themes: 1) 
Lethal wildlife management and population control; 2) other di-
rect human activities (such as tourism, wildlife capture and han-
dling, trade); 3) impacts on the environment (such as habitat loss, 
environmental contamination, release of non-native or invasive 
species) and 4) disease issues. Experts were then asked to eval-
uate the severity, duration and prevalence of each issue, on the 
basis of their experience and perception, using a 6-point Likert 
scale. After 3 rounds of evaluation a final prioritisation list was 
derived, considering the perceived prevalence of issues (popula-
tion level) and the impact on the individual (in terms of severity 
and duration of suffering). The most important issues identified 
were aspects of lethal wildlife management in terms of the im-
pact on the individual and long-term captivity at the population 
level. The majority of the issues that were prioritised were those 
that involved direct human activities, followed by human actions 
that altered the environment to the detriment of wildlife welfare. 
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Protective effect of melatonin  
on hypoxia-induced cardiomyocyte 
differentiation of  
mouse embryonic stem cells
Jae-Hwan Lee, Donglin Yi, Seon Myeong Go,  
Dinh Nam Tran, Yeong-Min Yoo and Eui-Bae Jeung
Laboratory of Veterinary Biochemistry and Molecular Biology,  
College of Veterinary Medicine, Chungbuk National University,  
Cheongju-si, South Korea
ebjeung@chungbuk.ac.kr 

Hypoxia causes oxidative stress and is known to affect cardio-
vascular dysfunction and the programming of cardiovascular dis-
ease (Giussani et al., 2012). Melatonin is the hormone released 
primarily from the pineal gland and has been proven to be an 
antioxidant (Pandi-Perumal et al., 2006). Melatonin promotes 
the expression of antioxidant enzymes such as superoxide dis-
mutase and catalase (Rodriguez et al., 2004). Differentiation of 
cardiomyocytes is important because abnormal cardiomyocytes 
differentiation can lead to cardiovascular dysfunction and cardio-
vascular disease. To confirm the effect of hypoxia on the differ-
entiation of mouse embryonic stem cells (mESCs) into cardiomy-
ocytes, hypoxia condition induced during the differentiation pe-
riod. mRNA expressions of cardiac-lineage markers (Brachyury, 
Tbx20, and Ctn1) decreased at differentiation 2-10 day.  
The expression of hypoxia marker, Hif-1α, was increased in the 
hypoxia condition-plus mESC differentiation 2-10, 6-10, and 
2-10 day, but melatonin receptor Mtnr1a mRNA expression was 
reduced in the hypoxia condition-plus mESC differentiation 6-10 
and 2-10 day. To confirm the effect of melatonin against the hy-
poxia condition, melatonin was treated. Beating ratio and the 
mRNA expression of cardiac-specific marker (Ctn1) restored in 
500 μM melatonin-plus hypoxia condition. The level of Hif-1α 
protein decreased in melatonin (100, 500 μM)-plus hypoxia, but 
the Mtnr1a mRNA expression was increased. In these conditions, 
the expressions of p-ERK and Bax proteins decreased, but the 
levels of p-Akt, PI3k, and Bcl-2 proteins increased. Melatonin 
has been shown to mitigate hypoxia via the ERK pathway in the 
differentiation of mESCs into cardiomyocytes. The expression of 
Mtnr1a mRNA was increased during the differentiation of mouse 
stem cells into cardiomyocytes, indicating that melatonin may 
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Linking LRI AMBIT chemoinformatic 
system with the IUCLID6  
substance database to support 
read-across of substance endpoint 
data and category formation
Bruno Hubesch1, Nina Jeliaskova2 and Qiang Li3
1Cefic LRI, Brussels, Belgium; 2IdeaConsult, Sofia, Bulgaria; 3Clariant, 
Sulzbach, Germany
bhu@cefic.be 

Read-across and category formation are indispensable tech-
niques in safety assessments of chemicals. The read-across ap-
proach is used on average in 20% of the Endpoint Study Records, 
while (Q)SAR is used in less than 1% of the dossiers, accord-
ing to European Chemical Agency reports. Although many tools 
are available, only a limited number is capable to provide easily 
accessible data on substance identity, composition together with 
chemical structures and high-quality endpoint data.

The AMBIT software (http://cefic-lri.org/toolbox/ambit/), 
funded initially within the CEFIC LRI programme, provides a 
web service and user-friendly web interface to a chemical da-
tabase, various chemical structure search facilities and toxicity 
prediction models. The AMBIT data model was further extended 
to support substances with complex compositions and substanc-
es experimental data which allows importing data from the In-
ternational Uniform Chemical Information Database (IUCLID6) 
as well as other sources. Currently AMBIT supports manual up-
load of i6z files exported from IUCLID^ or semi-automatic im-
port via IUCLID Web services. The chemical structures already 
contained in AMBIT are automatically linked to constituents/im-
purities/additives of the imported substances. The flexible data 
storage and visualization allows for user friendly presentation of 
study data (physicochemical properties, environmental fate, ec-
otoxicological and toxicological information) and composition. 
Comprehensive assessment workflows are developed for read-
across and category formation based on all the data available in 
AMBIT. The assessment workflow facilitates the search for tar-
get and source structures, generating data matrices, gap filling 
and generating assessment reports with predefined formats au-
tomatically. The enhanced AMBIT facilitates drafting and im-
proves quality for read-across and category formation and will be 
a useful tool for experts responsible for substance assessments.
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In vitro approach for 
assessing respiratory toxicity 
in human lung cells
Amy Clippinger1, Sandra Verstraelen2, Evelien Frijns2, 
Frederick Maes2 and Monita Sharma1
1PETA Science Consortium International e.V., Stuttgart, Germany;  
2VITO, Mol, Belgium
AmyJC@piscltd.org.uk 

Approaches to efficiently and effectively assess the toxicity of 
chemicals on the human respiratory tract using in vitro systems 
would provide useful information to inform product develop-
ment and risk management decisions. Presented here is an ap-
proach to help better understand the appropriate in vitro system 
to use and the biological markers to monitor based on the test 
chemical under evaluation. In this study, BEAS-2B cells (a hu-
man bronchial epithelial cell line) were exposed to various con-
centrations (0.72 ppm, 25 ppm, and 85 ppm) of triethoxysilane 
vapor at the air-liquid interface using a capillary dosage unit 
coupled to a VITROCELL 6/4 exposure module. Triethoxysi-
lane is an industrial chemical classified as a GHS category 2 in-
halation toxicant based on rat acute inhalation toxicity testing. 
A significant concentration-dependent decrease in cell viability 
(resazurin-based assay) and increase in cytotoxicity (lactate de-
hydrogenase assay) was observed after exposure to the triethox-
ysilane (test chemical) and nitrogen dioxide (positive control) as 
compared to clean air (negative control). A significant increase 
in expression of inflammatory markers (interleukin (IL)-1β,  
IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, interferon-gam-
ma (IFN-γ), and tumor necrosis factor-alpha (TNF-α)), deter-
mined by Meso Scale Discovery technology, was observed at  
25 ppm. Additional work is underway to test other silanes that 
vary only in their carbon length to determine if this in vitro system 
can detect the decrease in toxicity that correlates with increasing 
carbon-chain length and to determine the advantages of using a 
2D cell line (BEAS-2B cell) versus a 3D human reconstructed tis-
sue model. Overall, these results will evaluate the utility of an in  
vitro system to predict the likelihood of a chemical to cause por-
tal-of-entry effects on the human respiratory tract and could be a 
useful approach to rank chemical toxicity.
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affect cardiomyocyte differentiation. These results suggest that 
melatonin may protect against hypoxia in cardiomyocyte differ-
entiation of mouse embryonic stem cells.
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An in vivo screening device platform 
to reduce animal experiments
Lorenzo Moroni and Carlos Mota
Maastricht University, Maastricht, The Netherlands
l.moroni@maastrichtuniversity.nl 

Every year, millions of animals are bred to assess the impact of 
substances, materials and treatments on human health and the en-
vironment. Although a lot of effort is being placed in finding suit-
able in vitro model systems to replace in vivo testing, current-
ly developed solutions fail to recapitulate biological complexity. 
Therefore, in vivo experiments are still necessary. Enabling tech-
nology allowing reduction of experimental animals would im-
pact tremendously the associated costs and ethical issues. Here, 
we have explored an alternative route that can potentially abate 
the number of lives and expenses in animal testing through the 
development of implantable three-dimensional (3D) screening 
systems. This new technology platform allows a 9-fold reduction 
of animals used in preclinical testing. We will present how such 
devices can be fabricated in multiple formats and with different 
materials, and their validation for use in cell therapy, biomateri-
als, and drug screening applications.
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Successes and challenges  
in networking and promoting 
3Rs within Italian universities. 
The Centro 3R experience
Arti Ahluwalia1,2, Anna Maria Bassi3,4, Valeria 
Chiono5,6, Gianfranco Beniamino Fiore7,8, Gabriella 
Nicolini7,9, Livia Visai10,11 and Alberto Rainer12,13
1Centro 3R, Interuniversity Center for the Promotion of 3R Principles in 
Teaching and Research, Pisa, Italy; 2University of Pisa, Pisa, Italy; 3Centro 
3R, Interuniversity Center for the Promotion of 3R Principles in Teaching 
and Research, Genova, Italy; 4University of Genova, Genova, Italy; 5Centro 
3R, Interuniversity Center for the Promotion of 3R Principles in Teaching 
and Research, Torino, Italy; 6Polytechnic of Torino, Torino, Italy; 7Centro 
3R, Interuniversity Center for the Promotion of 3R Principles in Teaching 
and Research, Milan, Italy; 8Polytechnic of Milan, Milan, Italy; 9University 
of Milan-Biccoca, Milan, Italy; 10Centro 3R, Interuniversity Center for 
the Promotion of 3R Principles in Teaching and Research, Pavia, Italy; 
11University of Pavia, Pavia, Italy; 12Centro 3R, Interuniversity Center for 
the Promotion of 3R Principles in Teaching and Research, Rome, Italy; 
13Campus-Biomedico, Rome, Italy
arti.ahluwalia@unipi.it 

The Italian Interuniversity Center for the promotion of 3Rs prin-
ciples in teaching and research (Centro 3R) was established in 
early 2018. It currently boasts 7 member universities (University 
of Pisa, University of Genova, Polytechnic of Milan, Polytechnic 
of Turin, University of Pavia, University of Milan-Biccoca and 
the Campus-Biomedico in Rome), over 350 members and brings 
together a wide range of expertise in disciplines such as pharma-
cology, engineering, law, biology, medicine and philosophy.

A characteristic of the Centro 3R is its inclusivity and its scien-
tific, rational and evidence-based approach to the question of hu-
mane experimentation in all fields of research. In fact, acknowl-
edging that animal research is still necessary in some areas of de-
velopment (e.g., drugs) and research (e.g., animal science), it seeks 
to promote responsible research and humane methods as a general 
approach to their scientific enquiry. Thanks to this inclusive and 
open approach, it is becoming a point of reference for teaching re-
sources in Italian academia and a platform for discussions.

Many challenges still need to be addressed, particularly the 
dichotomy in Italian society, which seeps up through the grass 
roots and permeates the scientific community. This country was 
in fact the last one to transpose and implement the EU Directive 
63/2010 after a heated debate in the Parliament, as well as in the 
civil society, between supporters and opponents to animal testing 
(Pavone, 2015). The Centro 3R is creating a common ground for 
scientists, enabling discussions and networking between individ-
uals, groups and disciplines.
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Repeating past mistakes: The 
banality and futility of nowadays  
cigarette smoke-related animal  
experimentation
Dilyana Filipova, Gaby Neumann, Tamara Zietek  
and Corina Gericke
Doctors Against Animal Experiments, Cologne, Germany
filipova@aerzte-gegen-tierversuche.de 

Since the 1950s experiments have been performed with different 
animals like mice, dogs and monkeys, forced to inhale, ingest or 
otherwise receive large amounts of cigarette smoke (CS) or its 
derivatives. Because of a low reproducibility between different 
species and a poor transferability to humans, these experiments 
have been widely criticized by the scientific community and part-
ly used as an argument by the cigarette industry attempting to de-
ny the link between CS and lung cancer. Eventually, despite these 
experiments, the collective results from multiple large-scale ep-
idemiological studies have conclusively proven that CS is the 
leading cause of lung cancer and exacerbates many other severe 
diseases.

Although animal experiments have long been deemed unreli-
able in assessing the effects of CS in humans, such experiments are 
still being performed in multiple laboratories. Amongst them are 
extremely invasive procedures associated with immense animal 
suffering, including acute trauma, hemorrhagic shock and massive 
inflammation (Bucher et al., 2017; Jia et al., 2018; Hartmann et 
al., 2019). Furthermore, with small modifications many studies are 
merely repeating the effects already described in humans and are 
frequently failing to reproduce the results of clinical data.

The banality of the outcomes, i.e., that CS contributes to vari-
ous lung-related health problems, the repetition of studies already 
performed in patients and the contradiction of clinical results re-
veals the extreme inadequacy of using animals for the analysis of 
CS-related diseases in humans. Luckily, many human-oriented, in-
novative and personalizable methods like precision cut lung slices, 
3D lung epithelium models and lung-on-a-chip systems are readily 
available and approved for regulatory purposes. Here, we show re-
cent animal experiments and human-based research on CS effects. 
Taken together, we regard the fact that severely harmful animal ex-
periments are still being performed as scientifically and ethically 
unjustifiable and demand their immediate replacement with more 
suitable in vitro techniques.
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Systematic reviews to replace  
specific animal experiments  
for answering biological questions
Cathalijn Leenaars1, Franck Meijboom2  
and André Bleich1
1MHH, Hannover, Germany; 2UU, Utrecht, The Netherlands
Leenaars.Cathalijn@mh-hannover.de 

Systematic reviews (SRs) may be used to replace specific ani-
mal experiments. In Hannover, we perform systematic reviews 
of animal studies. Amongst others, we focus on the use of SRs to 
answer biological questions with increased power compared to 
individual experiments, effectively replacing larger animal ex-
periments. We will also show how SRs can be used to provide 
an evidence map, showing where data are available, and where 
there are remaining gaps. This presentation will use several SRs 
as an example, focusing on neurochemistry, sleep and circadian 
rhythms.

Adenosine increases in the basal forebrain during sleep depri-
vation, while results for other brain regions are as yet still in-
conclusive. (Leenaars et al., 2018a) Amino acid levels vary with 
brain region and circadian cycle (Leenaars et al., 2019), and re-
sults cannot be generalized over the brain for most amino acids. 
Sleep deprivation increased glutamate and GABA exclusively 
in the cortex. Histamine was low during sleep, but high during 
sleep deprivation and wakefulness, irrespective of brain area. 
Monoamine levels also vary with brain region and circadian cy-
cle (Menon et al., 2019). Noradrenaline and serotonin levels de-
crease from wakefulness to slow wave sleep and decrease further 
during Rapid Eye Movement sleep. In contrast, monoamine lev-
els generally increased during sleep deprivation, and sometimes 
remained high even during subsequent recovery.

A large mapping review retrieved 2331 papers describing in-
tracerebral amino acid measurements. (Leenaars et al., 2018b). 
The number of references by compound varies from only 6 refer-
ences for proline to 1876 references for glutamate, showing that 
the relative evidence-density for these compounds varies.

Based on these case-studies, we conclude that, when multi-
ple studies address roughly the same research question, literature 
data can be used to answer this question with increased power, 
without performing additional animal experiments. The use of 
SRs to answer biological questions is however limited to ques-
tions for which sufficient primary data are available.
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Systematic reviews (SRs) may be used to replace specific animal 
experiments. In Hannover, we perform systematic reviews of ani-
mal studies. Amongst others, we focus on the use of SRs to optimize 
experimental design of animal studies, by analyzing the effects of 
changes in the experimental design, e.g., using meta-analyses. This 
can effectively replace animal experiments. Several SRs analyzing 
experimental design are in progress or have recently been published. 
The results will be combined and presented at the conference.

We will first address selection of the optimal animal model, based 
on three case studies: cystic fibrosis (CF), rheumatoid arthritis (RA) 
and risk-taking behavior (RTB). For CF we show how a large map-
ping review of all published animal models with the outcome mea-
surements can aid model selection (Leenaars et al., 2019a). For RA, 
we analyzed the animal data from a larger review of methotrexate 
studies to compare the common RA animal models for welfare-re-
lated outcome measures (body weight and paw swelling). For RTB, 
we provide an overview of published models and variations in their 
experimental design.

We will next show the effect of experimental design factors using 
meta-regressions. General factors comprise, e.g., sex, time of day 
and type of control condition, and are shown for corticosterone con-
centration in mice (Leenaars et al., 2019b). Microdialysis of adenos-
ine will be shown as a case study of a detailed analysis of an experi-
mental technique (van der Mierden et al., 2018).

Based on these five case-studies, we conclude that, when an ex-
perimental technique or model has been used repetitively, literature 
data can be used to predict the effects of experimental design param-
eters, without performing animal experiments.
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ysis of baseline concentrations. J Neurochem 147, 58-70. 
doi:10.1111/jnc.14552 

Presentation: Poster

mailto:Leenaars.Cathalijn@mh-hannover.de
https://doi.org/10.5334/jcr.171
mailto:Leenaars.Cathalijn@mh-hannover.de
https://doi.org/10.1177/0023677219868502
https://doi.org/10.1177/0023677219868499
https://doi.org/10.1177/0023677219868499
https://doi.org/10.1111/jnc.14552


Poster Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 207

References
Daneshian, M., Akbarsha, M. A., Blaauboer, B. et al. (2011). A 

framework program for the teaching of alternative methods 
(replacement, reduction, refinement) to animal experimenta-
tion. ALTEX 28, 341-352.

Franco, N. H., Sandøe, P. and Olsson, I. A. S. (2018). Research-
ers’ attitudes to the 3Rs – An upturned hierarchy? PLoS One 
13, e0200895.

Russell, W. M. S. and, Burch, R. L. (1959). The Principles of Hu-
mane Experimental Technique. London: Methuen & Co. Ltd.

Presentation: Poster

100

cellasys #8: A microphysiometric 
assay to assess  
enhanced cell culture media
Christian Klenk1,2 and Joachim Wiest1,2
1Technical University of Munich, Heinz-Nixdorf-Chair of Biomedical 
Electronics, Department of Electrical and Computer Engineering, 
TranslaTUM, Munich, Germany; 2cellasys GmbH, Kronburg, Germany
wiest@cellasys.com 

A new protocol based on a microphysiometric system (McCon-
nell et al., 1992; Hartung et al., 2010; Wiest et al., 2016; Alexan-
der et al., 2018; Brischwein and Wiest, 2019) to analyze cell cul-
ture medium (CCM) is described. With the presented cellasys 
#8 protocol, significant data can be gained in 24 h compared to 
conventional weaning experiments which need several weeks to 
perform. First, L929 cells are supplied for 6 hours with DMEM 
+ FBS reference medium to gain initial data. In a second step,  
6 hours of the investigated test medium is supplied to see if there 
are any changes in cellular vitality or morphology. Then again  
4 hours DMEM + FBS and 4 hours of test medium to monitor 
if the effect of the CCM to the cells is reversible. The experi-
ment ends with 4 hours of test medium + 0.2% SDS to induce 
cell death. In the presented work, two chemically defined CCM 
and a common serum containing medium DMEM + FBS were 
tested on the L929 cell line. Compared to the reference medi-
um, cells in the DMEM/Ham’s F12 + ITS medium pursue a loss 
in adherence, but no decrease in extracellular acidification rate. 
This was substantiated by the observation that the acidifica-
tion rate remained constant, and the impedance recovered after 
changing back to the reference medium. Cells in NCTC 135 re-
tained their impedance values but lost vitality. It seems reason-
able to suppose that cells in NCTC 135 medium are slowly suf-
fering as indicated by a slow decrease in impedance and highly 
fluctuating acidification rates. Further experiments for the pre-
sented method could be the improvement of the DMEM/Ham’s 
F12 + ITS medium. With the new method electrical cell-sub-
strate impedance and extracellular acidification responds of the 
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When Russell and Burch postulated the 3Rs principle, the R of 
replacement was considered the first option and when this was 
not possible then refinement and reduction should be considered 
(Russell and Burch, 1959). A recent paper presents the results of 
a survey of participants on mandatory courses in laboratory an-
imal science in different European countries with the objective 
to know among others the perception of researchers on the need 
of animal experimentation and the 3Rs principle. Surprising the 
general answer was that refinement is best and replacement is on-
ly supplementary to the animal use, opposite to the postulate of 
Russell and Burch (Franco et al., 2018). There is need for specif-
ic training on 3Rs and especially in the replacement (Daneshian 
et al., 2011).

With the objective of improving the knowledge of the research-
ers on replacement we have organized short courses for contin-
uous learning of people working with laboratory animals. The 
main objectives of these courses were to present the more rele-
vant methodologies developed to replace animals and the best 
way to do the search of alternatives. For these reasons, experts on 
the different methods presented them, with especial attention to 
the advantages versus animal models. Among these methodolo-
gies there are organ-on-a-chip, 3D models, computational mod-
els, etc. The courses were scheduled on two afternoons with four 
season each day in order to allow the attendance and compatibil-
ity with work.

The attendants expressed their interest and the lack of knowl-
edge on the alternatives proposed. This kind of initiative pro-
motes the replacement and tries to change the mind of the scien-
tists towards a non-animal research.
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nine compounds, including some well-known ligands of P-gp 
and some non-active compounds. The 3D structure of hP-gp in 
the inward-facing conformation is embedded into a POPC lip-
id bilayer and 500 ns molecular dynamics simulations are per-
formed. We aim to analyze the behavior of several molecules 
inside the binding pocket, assess if there is a significant differ-
ence between the molecular interactions of substrates and in-
hibitors, to identify any motion patterns and evaluate the sta-
bility of the binding interactions of the compounds during the 
transport.
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Animal testing has been used to evaluate the biopersistence of 
respirable mineral fiber materials for decades. There are many 
ethical, economic and logistical issues associated with conduct-
ing animal studies, and alternative test methods are needed. The 
purpose of this study was to refine existing test guidelines for in- 
vitro acellular dissolution testing and to correlate the results with 
a previous animal study of the same mineral fiber composition.

An in-vitro test was performed on the respirable portion of a 
specific mineral wool composition (referred to as Fiber 22) per 
guidelines established by the European Insulation Manufacturers 
Association (EURIMA). Fiber dissolution characteristics were 
evaluated over a 28-day period within a flow-through test cell 
using a modified low calcium Gamble’s solution maintained at a 
pH of 4.5 and a temperature of 37°C. These conditions simulat-
ed the environment within phagolysosomes of alveolar macro-
phages of the lung. Fiber dissolution rate constants (Kdis) were 
determined on the basis of dissolution of five elements (Al, Ca, 
Fe, Mg, and Si) and of gravimetric analysis. Higher Kdis values 
correspond to increased biosolubility of the fiber and vice versa.

For the in-vitro biopersistence test, elemental Kdis aver-
age values ranged from 142 for Si to 636 ng cm-2 h-1 for Mg. 
The average Kdis for the summed mass loss of all five elements 
was 358 ng cm–2 h–1; the gravimetrically determined Kdis was  
453 ng cm–2 h–1 for the fiber overall.

The results of the in-vitro biopersistence test for the Fiber 22 
composition provided information that can be used as a basis 
for comparison to favorable results observed in animal studies. 
It suggests that in vitro fiber dissolution testing can be used to 

cells can be measured immediately and consequently the quali-
ty of new CCM can be quantified.

References
Alexander, F., Eggert, S. and Wiest, J. (2018). A novel lab-on-a-

chip platform for spheroid metabolism monitoring. Cytotech-
nology 70, 375-386. doi:10.1007/s10616-017-0152-x 

Brischwein, M. and Wiest, J. (2019). Microphysiometry. In J. 
Wegener (ed.), Label-Free Monitoring of Cells In Vitro (163-
188). Cham: Springer International Publishing. doi:10.1007/ 
11663_2018_2 

Hartung, T. et al. (2010). First alternative method validated by 
a retrospective weight-of-evidence approach to replace the 
Draize eye test for the identification of non-irritant substances 
for a defined applicability domain. ALTEX 27, 43-51. doi:10. 
14573/altex.2010.1.43 

McConnell, H. M. et al. (1992). The cytosensor microphysiome-
ter: Biological applications of silicon technology. Science 257, 
1906-1912. doi:10.1126/science.1329199 

Wiest, J. et al. (2016). Data processing in cellular microphysi-
ometry. IEEE Trans Biomed Eng 63, 2368-2375. doi:10.1109/
TBME.2016.2533868 

Presentation: Poster

104

Insights on P-glycoprotein  
ligand interactions from molecular 
dynamics simulations
Liadys Mora Lagares1,2, Yunierkis Perez Castillo3, 
Nikola Minovski1 and Marjana Novič1
1Theory Department, Laboratory for Cheminformatics, National Institute 
of Chemistry, Ljubljana, Slovenia; 2Jožef Stefan International Postgraduate 
School, Ljubljana, Slovenia; 3Bio-Cheminformatics Research Group and 
Escuela de Ciencias Físicas y Matemáticas, Universidad de Las Américas, 
Quito, Ecuador
liadys.moralagares@ki.si 

P-glycoprotein (P-gp) is a transmembrane protein belonging to 
the ATP binding cassette superfamily of transporters; it is a xe-
nobiotic efflux pump that limits intracellular drug accumula-
tion by pumping the compounds out of cells. P-gp contributes 
to a decrease in toxicity and possesses broad substrate speci-
ficity. It is involved in the failure of many cancer and antiviral 
chemotherapies due to the multidrug resistance (MDR) phe-
nomenon in which the membrane transporter removes the che-
motherapeutics from the targeted cells. Understanding the de-
tails of the ligand-P-gp interaction is, therefore, crucial for the 
development of drugs that might overcome the MRD phenom-
enon and for obtaining a more effective prediction of toxicity. 
In this work, a series of molecular dynamics simulations of hu-
man P-gp (hP-gp) are developed using the hP-gp 3D structure. 
The molecular dynamics simulations are performed on a set of 
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Next Generation Risk Assessment (NGRA) is an exposure-led, 
hypothesis-driven approach integrating new approach methodol-
ogies (NAMs) to ensure the safety of consumer products with-
out the use of animal data. We recently applied an ab initio tiered 
framework (Berggren et al., 2017), based upon the ICCR prin-
ciples (Dent et al., 2018), to a hypothetical safety assessment of 
coumarin in a shampoo, face cream and body lotion. This provid-
ed practical experience in applying NAMs as part of an NGRA 
framework. A workshop was held in October 2019, which focused 
on the approach to systemic toxicity risk assessment demonstrat-
ed in this case study and the underpinning mechanistic science.

Key areas discussed include:
1. Communication and framework development – There is 

a need for a more general and universal framework for ap-
proaching an ab initio NGRA. Also, communication of the 
inherent uncertainties and the distributions generated for 
points of departure (PoD) and margins of safety are essential.

2. Decision making – Utility to make informed, meaningful de-

predict the carcinogenic potential of a particular fiber’s com-
position in place of, or to greatly reduce the need for, animal 
testing.
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Chronic diseases, such as Alzheimer’s disease, cancer, and car-
diovascular disease are becoming increasingly prevalent in West-
ern countries. Such noncommunicable diseases account for 71% 
of all deaths globally and are generally the result of a combina-
tion of genetic, physiological, environmental, and lifestyle fac-
tors (WHO, 2018). Over the last two decades, the European Com-
mission (EC) has invested extensively in biomedical research to 
increase understanding of the mechanisms underlying disease 
pathogenesis and consolidation. However, despite this research 
and economical endeavor, the clinical failure rate in drug devel-
opment remains very high, with an overall likelihood of approval 
from Phase I around 9.6% and almost a 95% failure rate in drugs 
entering human trials (Seyhan, 2019). It is increasingly recog-
nized that advanced human biology-based models contribute to 
a deeper understanding of human health, how diseases emerge, 
develop, and spread, and drive the development of safe and ef-
fective therapeutics. There has been a noticeable paradigm shift 
away from the reliance on whole animal models to study human 
physiology, pathology, and pharmacology toward the utilization 
of human-relevant model systems. To increase the understanding 
of the scientific and societal impacts of animal and non-animal 
approaches in biomedical research we have developed suitable 
indicators to retrospectively assess the impact of EC-funded re-
search activities in the fields of Alzheimer’s disease, breast can-
cer, and prostate cancer. Through the collection and analysis of 
quantitative and qualitative research, we aim to understand how 
EC-funded research has contributed to innovation and scientif-
ic breakthroughs, how scientific results have translated into so-
cioeconomic impacts of benefit to society, the scientific methods 
and research approaches contributing to the advances made, and 
measure return on investment in biomedical research.
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regulatory agencies and consensus forums such as the Organi-
zation for Economic Co-operation and Development (OECD). 
This work is running in parallel alongside an OECD initiative to 
develop a guidance document called a transcriptomics reporting 
framework (TRF) that will enhance the quality of reporting of 
omics data when generated for regulatory purposes. The presen-
tation of the project is now published (Verheijen et al., 2020), and 
the final proposed pipeline will be presented in the event.
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Introduction: Degenerative corneal disease often leads to corne-
al edema and visual loss in humans. One therapeutical approach 
is the application of deswelling eye drops. Up to now there is 5% 
saline solution as a typical deswelling agent. These drops initial-
ly tend to have a good effect but, over the course of further treat-
ment are prone to rebound and worsen the problem. We wanted 
to improve those drops and developed the corneal edema test in 
the EVEIT to avoid animal experimentation.

Methods: We modified our standard approach to cultivate rab-
bit corneas from abattoir in our EVEIT system. For this, we used 
a culturing medium (MEM) diluted with hypo-osmolal saline 
solution. Through this, the EVEIT cornea shows considerable 
edema with thickness of original 500 µm up to 800-1000 µm. By 
applying various hyper-osmolal solutions we simulate the thera-
peutical effect of edema reduction.

We used different commercially available preserved and un-
preserved hyper-osmolal saline solutions 5% with/without differ-
ent additives. The goal was to develop a novel formulation more 
effective than the commercial references, which was expected to 
improve the long-term stability of corneal deswelling without re-
bound and without disturbing the corneal epithelial surface.

Results: The comparison of 5% saline solution with preserved 
5% saline solution and another, unpreserved 5% saline contain-
ing hyaluronic acid showed deswelling effects but dependent on 
preservatives surface damage and rebound swelling. We devel-

cisions on the available data is a key part of safety assess-
ment, but knowing when we have enough data to be confi-
dent can be challenging.

3. Optimal assay design – Characterizing and standardizing the 
design of the assays used can reduce the uncertainty of assay 
outputs and thus of the PoD for internal and external expo-
sures. This topic was discussed in the context of incorporat-
ing metabolism and clearance.

4. Making the most of benchmarking – The use of suitable 
benchmarking reference chemicals is important for both as-
say evaluation and for interpreting the risk associated with 
margins of safety derived from NAM-based PoDs.

This example illustrates how case studies are an impactful meth-
od for communicating the current capabilities of NGRA, ulti-
mately driving conversations that will lead to change in the un-
derstanding and acceptance of non-animal approaches to safety 
assessment globally.
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While the use of omics techniques is increasing in research, 
their application in regulatory toxicology is still extremely limit-
ed. Omics are commonly criticized for not being sufficiently re-
liable for regulatory application because the output depend on 
the applied analysis pipeline. This reticence to trust omics data 
is further magnified by the lack of internationally agreed upon 
guidelines and protocols for both the generation and processing 
of omics data. One way forward would be to reach a consensus 
on an omics data analysis framework for regulatory application 
(R-ODAF) based on rigorous data analysis. The authors of this 
study are proposing an R-ODAF for transcriptomics data for 
three platforms: microarrays, RNA-Sequencing and TempO-Seq. 
The R-ODAF will then be reviewed and evaluated by the main 
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eye irritation in vivo data analysed by drivers of classifica-
tion to support the selection of chemicals for development and 
evaluation of alternative methods/strategies: the Draize eye 
test Reference Database (DRD). Arch Toxicol 91, 521-547. 
doi:10.1007/s00204-016-1679-x 
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Introduction: The need for live animal free toxicological tests has 
increased in numerous branches of science, medicine and indus-
try. In this project we improved the EVEIT ex-vivo ocular chem-
ical injury model. Now we can induce and measure ocular corro-
sive effects on a precisely adjustable and consistent scale.

Methods: The model is utilizing the ex-vivo organ culture tech-
nique employed by the Ex Vivo Eye Irritation Test (EVEIT). 
Briefly, rabbit corneas from food industry are installed into spe-
cialized culturing chambers. Corneas are supplied with nutri-
ents from the endothelial side in a continuous flow. Physiological 
pressure and flow conditions are realized by an artificial anterior 
chamber.

A three-axis corrosive applicator workstation (BioFluidix 
GmbH, Germany) with a specialized impulse-based application 
mechanism is able to precisely place substance droplets in the 
nanoliter range contact free onto the corneal surface. Timing and 
frequency of droplet application can be exactly adjusted, so that 
multiple positions on one cornea can be treated sequentially.

The depth of corneal injury induced by the substance applica-
tion is detected by means of a high-resolution OCT system. The 
quantification of the damage zone in OCT images is performed 
by analysis software.

Results: An application of 10-80 nL of NaOH in increasing 
concentrations (250 mM, 500 mM, 1000 mM, 2000 mM) to the 
corneal surface yielded significantly different OCT signals for 
each concentration used. The detected penetrative effect ranged 
from superficial to extensive. Further, a direct strong correlation 
was established between the volume and the extent of the mea-
sured OCT signal.

Conclusion: With this novel live-animal-free method, we were 
able to induce ocular corrosive effects in a precise and consistent 

oped formulations with comparable effectiveness, lower saline 
content preventing the rebound effect.

Conclusion: There is evidence that the biological system of the 
EVEIT can not only be employed to identify corrosive substanc-
es but is also able to guide clinically the development of new 
therapeutical substances. Here, we simulate corneal edema, its 
therapy and reversibility. The replacement of live animal exper-
imentation is realized here with the simulation of high exposure 
rates and existing therapy regiments close to clinical reality.
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The ex vivo eye irritation test (EVEIT) 
system in the distinction between 
slight and severe corrosives
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1Department of Ophthalmology Cologne Merheim, Kliniken der Stadt 
Köln, Cologne, Germany; 2Aachen Centre of Technology Transfer in 
Ophthalmology, Aachen, Germany
glaudo@acto.de 

Introduction: In 2012 we published data on the EVEIT using 38 
corrosives (Spöler et al., 2015). The substance set used contained 
some of the “should not be used” substances according to the anal-
ysis of Barroso et al. (2017) in the DRD Database. The authors rec-
ommended against involving these substances in test development 
and/or validation. We re-evaluated the data and focused on the abil-
ity of the EVEIT test to distinguish between Cat 1 and Cat 2 or NC 
corrosives.

Methods: All substances used in our tests were analyzed on 
“should not be used” and whether or not the cornea was the driving 
factor. We excluded substances that should not be used and those 
where the cornea was not the driving factor for the resulting cate-
gorization.

Results: In this analysis we found a 97% specify and a 98% sen-
sitivity of the EVEIT test to identify Cat 1 substances. One sub-
stance with a false positive Cat 2 result in our system was Trichlo-
roacetic acid (TCA) which is GHS-classified as NC.

Conclusion: The false positive result is a consequence of super-
ficial burns being the main effect of TCA. In living animals this is 
subject to shedding of epithelial cells motivated by lid action which 
is not realized in the EVEIT model system. We introduced a rinsing 
procedure to simulate epithelial renewal. We are certain that this type 
of superficial burns, which are healing over the course of an animal 
experiment, can be simulated in the EVEIT system. Overall, the CAT 
1 – detection rate of our model is the highest amongst all live-ani-
mal-free experimental approaches used in toxicology.
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Rethinking carcinogenicity 
assessment for agrochemicals
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For the past 40 years, questions have been raised about the rele-
vance and regulatory utility of rodent cancer bioassays in human 
health risk assessment. As a result, a working group of experts 
from different sectors have formed the Rethinking Carcinogenic-
ity Assessment for Agrochemicals Project (ReCAAP) to deter-
mine the appropriateness of and criteria for waiving rodent can-
cer bioassays for the registration of food-use pesticides. A weight 
of evidence (WoE) reporting framework, which outlines a sug-
gested assessment of publicly available information, was used 
to draft carcinogenicity study waivers to determine if sufficient 
information was available to perform a health protective chron-
ic risk assessment without conducting rodent cancer bioassays. 
Information used in the WoE include exposure, mode-of-action, 
physiochemical properties, metabolism, and sub-chronic toxico-
logical data from standard risk assessment endpoints. Using this 
framework, ReCAAP evaluated 15 pesticides registered over the 
past ten years with the chemical distribution spanning nine tu-
mor types, 15 chemical classes, and six cancer classifications (in-
cluding subclasses). The reporting framework criteria and exam-
ple carcinogenicity waivers will be presented. This effort has es-
tablished criteria for when the mouse and/or rat cancer bioassay 
can be waived while ensuring that pesticide human health risk 
assessments are protective.
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manner. The effects, which ranged from superficial to extensive, 
were controllably and consistently triggered. Thus, this method 
could provide a basis for future ex-vivo investigations into the 
treatment of ocular corrosive injuries.
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The validation of a semi-high  
throughput automated 
ocular toxicity test
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Introduction: The necessity of a live-animal-free ocular toxicity 
test is strongly represented in multiple branches of science, medi-
cine and industry. The Ex Vivo Eye Irritation Test (EVEIT) is pro-
viding the platform for various ex-vivo testing applications. To im-
prove the efficiency of the test, we adapted an automated substance 
application apparatus that is able to precisely place quantified test 
substance droplets in the nanoliter range onto the corneal surface. 
With this technology we are able to test multiple test substances on 
a single cornea.

Methods: The model is utilizing the ex-vivo organ culture tech-
nique employed by the Ex Vivo Eye Irritation Test (EVEIT). Brief-
ly, rabbit corneas from food industry are installed into specialized 
culturing chambers. Corneas are supplied with nutrients from the 
endothelial side in a continuous flow. Physiological pressure and 
flow conditions are being realized by the artificial anterior chamber.

A substance applicator workstation with a specialized im-
pulse-based application mechanism is able to precisely place sub-
stance droplets contact free onto the corneal surface. Timing and 
frequency of droplet application can be exactly adjusted, so that 
multiple positions on one cornea can be treated sequentially.

Categorization into NC, CAT2 or CAT1 is based on observations 
via OCT and live fluorescein staining immediately after substance 
exposure and two days later to integrate acute and long-term effects 
respectively.

Results: The application mechanism, in combination with the 
ex-vivo organ culture model, is very precise with a high degree of 
repeatability. Further, the setup allows for the instillation of minute 
adjustments. Correlations of application and damage patterns with 
strong corrosives are highly repeatable.

Conclusion: We aim to be able to recreate the results of the sub-
stance categorization created in the pre-validation project. The nov-
el application mechanism exhibits a high degree of flexibility which 
enables us to fine-tune the testing system according to our needs.
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Biological data of nonhuman primate 
during the quarantine periods
Young-Su Yang1, Doo-Wan Cho1, Kyung-Tai Kim1,  
Mi-Jin Yang1, Ji-Woo Jang1, Sung-Hyun Kim1,  
Hyoung-Yun Han2 and Su-Cheol Han1
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Quarantine is the most important part of research using primates. 
Unlike other animals, primates are often imported from abroad, 
which is likely to cause various problems depending on long-dis-
tance transportation and changes in the environment. Therefore, 
it is necessary to establish the proper quarantine methods and 
check the animal’s health condition, especially since each ani-
mal’s sensitivity to the disease varies depending on the area it 
was raised in. This study seeks to share the results of general 
symptoms, weight changes, feed intake, urinalysis, hematolog-
ical examinations, and clinical cases and treatments that may oc-
cur during the quarantine period in 252 cynomolgus monkeys. 
I believe the above results will help with the management and 
treatment of animals during quarantine at places where primate 
experiments are conducted.
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Differential influence of 
Streptococcus mitis on host 
response to metals in reconstructed 
human skin and oral mucosa
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Background: Skin and oral mucosa are continuously exposed 
to potential sensitizers whilst hosting abundant microbes which 
may influence the host response to sensitizers. This host response 
may also be influenced by the route of exposure, e.g., skin or oral 
mucosa, due to their different immune properties.

Objective: To determine how commensal bacteria, Streptococ-
cus mitis, influences the host response to nickel sulfate (sensitiz-
er) and titanium(IV)-bis(ammonium-lactato)dihydroxide (ques-
tionable sensitizer) in reconstructed human skin (RHS) and gin-
giva (RHG).

Methods: RHS and RHG were exposed to nickel or titanium, 
in the presence or absence of S. mitis for 24 hours. Histology, cy-
tokine secretion and TLR expression was assessed.

Results: S. mitis increased IL-6, CXCL8, CCL2 and CCL20 
secretion in RHS but not in RHG; co-application with nickel 
further increased cytokine secretion. In contrast, titanium sup-
pressed S. mitis-induced cytokine secretion in RHS and had no 
influence on RHG. S. mitis and metals differentially regulated 
TLR1 and 4 in RHS, and predominantly TLR4 in RHG.

Conclusion: Co-exposure of S. mitis and nickel resulted in a 
more potent innate immune response in RHS than in RHG in 
line with clinical observations that skin has immunogenic and 
oral mucosa has tolerogenic properties. In contrast, titanium re-
mained inert even when co-applied with bacteria further support-
ing that this metal is a non-sensitizer. These results indicate the 
important influence of commensal microbes and the route of ex-
posure on the host’s response to metals.
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Customizing animal welfare 
legislation for animals used in 
xenotransplantation trials and 
production in the United States
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Recent advances in overcoming both immunological and patho-
biological barriers across species (Liu et al., 2017) make xeno-
transplantation a potential solution to ongoing shortage of human 
organs. Genetically engineered pigs are currently being raised in 
the U.S. for clinical xenotransplantation trials in humans (Mullin, 
 2019). The Animal Welfare Act (AWA), enforced by the Unit-
ed States Department of Agriculture (USDA), is the only feder-
al law regulating the treatment of animals used in research in the 
U.S. (USDA, 2017), while the Center for Biologics Evaluation 
and Research (CBER), under the Food and Drug Administra-
tion (FDA), has regulatory oversight of xenogenic products and 
xenotransplantation in humans (HSS, 2016). Animals involved 
in xenotransplantation are not specifically described under the 
AWA but are addressed under the FDA’s “Guidance for Indus-
try” documents instead. These guidance documents do not estab-
lish legally enforceable responsibilities and focus primarily on 
public health concerns rather than the welfare of source animals. 
Current animal protection laws other than the AWA, such as an-
ti-animal cruelty laws, vary from state to state, while animal wel-
fare monitoring for livestock production relies heavily on vol-
untary third-party audits and certification programs. Given the 
unique functions and needs of animals raised for tissue and organ 
harvest for human use, the production and housing of such an-
imals will necessitate specialized regulatory oversight different 
than that for animals in food production and non-xenotransplan-
tation laboratory research. Collaboration between the USDA and 
the FDA is critical as well as mandatory auditing or accredita-
tion for all facilities housing animals for xenotransplantation pro-
grams. There is a pressing need for U.S. regulatory authorities to 
review and revise current federal and state laws in order to cus-
tomize legislation to protect the welfare of this unique group of 
xenotransplantation-bound laboratory animals until alternatives 
and replacement for animal use become available.
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Early-career researchers advancing 
21st century science:  
An educational initiative for human-
relevant biomedical research
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Increasingly, scientists, regulators, and the public are acknowledg-
ing the need to overcome a cultural and historical reliance on using 
animals in research. Habitually, animals are used in biomedical re-
search to recapitulate characteristics of human disease and to drive 
the development of therapeutics. However, human biological, 
pathological, and pharmacological events often cannot be simulat-
ed in animals due to inherent genetic, molecular, anatomical, and 
physiological differences (Sousa et al., 2017). The advancement of 
in vitro and in silico models has led to fundamental improvements 
in human disease modeling and drug development (McAleer et al., 
2019). However, minimal funding and opportunities exist for us-
ing human-based models for biomedical research. Understanding 
the importance of early-stage scientific mentorship, the Physicians 
Committee designed the Early-Career Researchers Advancing 21st 
Century Science (ERA21) program, to strategically intervene with 
up-and-coming scientists to help build their careers without us-
ing animals, from the start. ERA21 aims to provide education and 
early-career experiences that will instill practices to shape profes-
sional lives for decades. Using a multifaceted approach specifical-
ly tailored for emerging biomedical researchers, the ERA21 ini-
tiative aims to: increase the understanding of the scientific bene-
fits of using human-relevant research practices, educate emerging 
scientists about the wide range of modern, human-relevant meth-
ods available, and connect them with opportunities in this field. 
ERA21 offers programs to reach students and early-career scien-
tists and launch promising professions. Activities include educa-
tional seminar series, hands-on training and in-depth interactive 
learning, incentivizing student researchers toward human-rele-
vant projects through travel awards, identifying and connecting 
students with laboratories using nonanimal methods, a monthly 
newsletter, social media groups to facilitate networking and share 
funding and job opportunities, presentations and outreach at rele-
vant biomedical conferences, and more.
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light microscope show that the proliferation and adhesion is re-
duced compared to DMEM + 5% FBS cultivated cells but is con-
stant during the long-term cultivation suggesting that there are 
no missing nutrients. With the IMOLA-IVD system, the screen-
ing time for finding minimal, chemically defined media can be 
reduced. The real-time measurement of the device shows any 
cell stress caused by missing nutrients in a chemically defined 
medium formulation. This enables a rapid first stage screening 
with a duration of 24 hours.
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Background: Abutment surfaces are being designed to promote 
gingival soft tissue attachment and integration. This forms a 
seal around prosthetics and consequently ensures long-term 
implant survival. New scalable and reproducible models are 
necessary to evaluate and quantify the performance of these 
surfaces.

Purpose: To evaluate a novel implantation model by histomor-
phometric and immunohistochemical characterization of the in-
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of a chemically defined cell culture 
medium for the Caco-2 cell line: 
Short-term effects, differentiation 
potential and long-term cultivation
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Finding a chemically defined cell culture medium as a replace-
ment for FBS is a time-consuming and costly process (van der 
Valk et al., 2018). In this work, we present a three-stage ap-
proach for evaluating the chemically defined DMEM/F12+ITS 
medium (SOP-G200-005_DME_F12+ITS) for the Caco-2 cell 
line. The three stages are increasingly lengthy and identify ad-
hesion, proliferation and metabolism changes of the cell cul-
ture. The first stage utilizes the microphysiometric system in-
telligent mobile lab for in-vitro diagnostic (IMOLA-IVD) to 
reveal any short-term effects caused by the chemically defined 
medium (Weiss et al., 2013; Brischwein and Wiest, 2019). The  
IMOLA-IVD device enables an automated cell analysis by la-
bel-free measurements of the acidification rate and impedance. 
Additionally, the device provides fresh nutrients to the Caco-2 
cells regularly by a pre-programmable protocol. Herein, the 
used protocol cellasys #8 is defined as follows: 6 h DMEM + 5% 
FBS, 6 h DMEM/F12+ITS, 4 h DMEM + 5% FBS, 4 h DMEM/
F12+ITS, 4 h positive control with 2% Sodium dodecyl sulphate 
(SDS). In the experimental results no short-term effects and 
cellular stress responses are visible. This suggests that all ma-
jor nutrients are present in the chemically defined medium. The 
second stage is a differentiation cultivation in a T25 flask for  
40 days while the third stage is a long-term cultivation for  
100 days. The qualitative results of these stages obtained by a 
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to identify and validate a novel measure of activity reflective 
of animal condition during the pre- and post-operative phases. 
C57BL/6Crl male mice were housed three per cage and divided 
in control, sham and surgery groups (n = 5 cages per group). The 
surgery group underwent full tenotomy of the right hind limb 
while sham group underwent skin incision without tenotomy. 
All animals were weighed weekly and clinically scored three 
times per week. Operated animals were treated with buprenor-
phine for three days. While clinical scoring and body weight did 
not differentiate between groups, post-surgery activity was re-
duced in both sham (-25%) and surgery (-50%) groups the first 
night without analgesic injection. From this time point, activi-
ty and response to lights-on increased in both sham (p = 0.001) 
and surgery (p = 0.003 - 0.04) groups. Where the sham group re-
turned to pre-surgery activity levels eight days post-operation, 
the surgery group activity was less than sham (p < 0.0001) for 
six weeks post-operation. Analysis of distribution of activity 
showed similar post-surgery activity reduction in both groups in 
the front row. Only sham group activity in the front row returned 
to pre-surgery levels eight days post-operation. Our results show 
how home cage activity metrics can be used as valuable comple-
mentary tool for postoperative care refinement and for sensitive 
assessments of degree and time to return of function in surgical 
mouse models.
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The role of the animal welfare 
body in developing a functional 
and efficient culture of care
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Each user-establishment has its own and unique Culture of Care 
which requires a tailor-made attention to address the relevant 
challenges and issues. Approaches on how to work with Cul-
ture of Care has recently been published by (Robinson, 2019) 
and (Hawkins, 2019). Culture of Care can be a powerful and ef-
ficient tool to ensure, promote and advance animal welfare and 
the practical application of the 3 Rs – or it can be a meaningless 
phrase with no impact on these matters. This presentation will go 
through three relevant elements of making Culture of Care func-
tional and effective and how the Animal Welfare Body (AWB) 
can work with this, making Culture of Care a strong enabler of 
optimizing animal welfare and the 3Rs.

The three elements are the culture, the desired outcomes and 
the structures that support and connect these two elements. The 
Culture of Care can be assessed in terms of “what does it look 
like”. The outcomes – in terms of “what does it achieve” – can 
be measured by using Key Performance Indicators (KPIs) to as-

teractions between human oral gingival tissue and titanium abut-
ments with either novel anodized or conventional machined sur-
face.

Materials and Methods: Abutments were inserted into an or-
ganotypic reconstructed human gingiva (RHG) model consist-
ing of differentiated gingiva epithelium cells on a fibroblast 
populated lamina propria hydrogel following a tissue punch. 
Epithelial attachment, down-growth along the abutment sur-
face, and phenotype were assessed via histomorphology, scan-
ning electron microscopy, and immunohistochemistry 10 days 
after implantation.

Results: The down-growing epithelium transitioned from a 
gingiva margin to a sulcular and junctional epithelium. The sul-
cus depth and junctional epithelial length were similar to previ-
ously reported pre-clinical and clinical lengths. A collagen IV/
laminin 5 basement membrane formed between the epithelium 
and the underlying connective tissue. The RHG expanded in 
thickness approximately two-fold at the abutment surface. The 
model allowed the evaluation of protein expression of adhering 
soft tissue cells for both tested abutments.

Conclusions: The RHG model is the first in vitro 3D model 
to enable the assessment of not only human epithelial tissue at-
tachment to dental abutments but also the expression of protein 
markers involved in soft tissue attachment and integration. The 
two abutments showed no noticeable difference in epithelial at-
tachment.
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Novel home cage activity metrics  
for postoperative care  
refinement in a mouse surgical model
Fabrizio Scorrano
Novartis Pharma AG, Basel, Switzerland
fabrizio.scorrano@novartis.com 

Postoperative monitoring is essential for animal welfare and sci-
entific reliability, as unexpected complication can result in un-
alleviated pain and impact the quality of data generated. Due to 
the inter-individual variability between operators when assess-
ing animal condition, objective quantifiable parameters, such as 
body weight, are often used. These methods can be time con-
suming and stressful for the animal. In this study we used dig-
ital ventilated cages to non-invasively monitor home cage ac-
tivity in a mouse surgical model. The primary objective was 
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Chemically defined formation  
of spheroids loaded  
with superparamagnetic iron  
oxide nanoparticles
Joachim Wiest1, Ernst Stetter2 and Martin Koch3
1cellasys GmbH, Kronburg, Germany; 2Stetter Elektronik, Seeheim-
Jugenheim, Germany; 3Feldkraft Ltd., Copenhagen, Denmark
wiest@cellasys.com 

To increase physiological relevance and to develop new thera-
pies 3D spheroids are of increasing interest. The addition of su-
perparamagnetic iron oxide nanoparticles (SPIONs) into the 
spheroid allows for investigation of new therapeutic strategies 
(Zhang et al., 2014) without the use of animals (Lei and Schaf-
fer, 2013; Whatley et al., 2014; Marx et al., 2016). L929 fibro-
blasts were maintained in 25 mL Greiner Bio-One AdvancedTC© 
cell culture flasks in chemically defined DME/F12+ITS cell cul-
ture medium. Cells received fresh medium twice a week and 
were passaged at about 80% confluency once a week. Spheroids 
were created similar to a previously developed method (Alexan-
der et al., 2018). The 20 nm SPIONs beads were obtained from 
micromod Partikeltechnologie GmbH (Rostock, Germany) and 
a stock solution with 100 μg/mL was prepared. Spheroids were 
prepared in a 96 well-plate with cell-repellent surface (Grein-
er Bio-One GmbH, #650970). Each well was filled with 190 μL 
DME/F12+ITS containing 10,000 L929. For the SPION load-
ed spheroids (SPION-LS), 10 μL of magnetic beads stock solu-
tion was added, whereas for the non-magnetic control spheroids  
(NM-CS) 10 μL of cell culture medium was added. Then the 
96well plate was centrifuged at 1000 g for 5 min and finally in-
cubated at 37°C with 5% CO2. 100 μL of medium in each well 
was replace by fresh DME/F12+ITS (preheated to 37°C) daily. 
Spheroids were used for the experiments on day 5. For manipu-
lation of the spheroids a neodym magnet (length 25 mm, diame-
ter 25 mm) was used in a distance of approximately 30 mm. The 
calculated field force acting on the spheroids was approximately  
30 mT. To investigate if the SPIONs are incorporated into the 
spheroids one SPION-LC was transferred to a well with one 
NMCS. The movement of the SPION-LC due to the applied 
magnetic field can be seen at https://youtu.be/4S-oTBloGSs.
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sess its functionality and efficiency. The supporting structures are 
the different tools that the AWB identify and deploy to transform 
culture into achievements. These tools are unique for each indi-
vidual user-establishment. The role of the AWB is to identify and 
understand the current culture, define the desired animal welfare 
outcomes and decide which tools are needed to connect these 
two in order to achieve the outcomes.

This presentation will demonstrate practical examples from 
each of the three elements and how the Animal Welfare Body can 
work with them. The examples will have a universal nature and 
they can in principle be deployed at any user-establishment.
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Reduction of controls in preclinical 
clamp studies using a  
non-linear mixed-effects model
Thomas Bertelsen1, Søren Andersen2,  
Emilie Prang Nielsen2 and Christian Lehn Brand1
1Novo Nordisk A/S, Maaloev, Denmark; 2Novo Nordisk A/S, Soeborg, 
Denmark
tsbt@novonordisk.com 

Historical glucose clamp studies in rat from 2000 to 2015, in total 
59 studies with 2567 rats, following almost the same protocol, all 
with the same control treatment (human insulin) were analyzed 
with a non-linear mixed effects model (basically a four-param-
eter logistic model). The purpose was to quantify the variation 
in the control rats, within and between studies, and quantify how 
this variation translated into the precision of the estimated rela-
tive potency parameter of novel insulin analogues. Simulations 
based on the fitted model were used to study the value of histor-
ical controls in future potency studies. The simulations showed 
that inclusion of historical information could replace 50% of the 
control rats.
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2020). We highlight a number of strategic priorities regarding ar-
eas of both regulatory and non-regulatory research where oppor-
tunities lie for the immediate and forthcoming replacement of an-
imal use.
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Certain harms and uncertain  
benefits in animal models 
for the study of human 
depression and anxiety
Emily R. Trunnell and Katherine V. Roe
People for the Ethical Treatment of Animals, Norfolk, VA,  
United States
emilyt@peta.org 

Anxiety and depressive disorders, often comorbid conditions, 
are the most common mental disorders, affecting 4.4 and 3.6 
percent of the global population, respectively (World Health 
Organization, 2017). In efforts to use mice and rats as models to 
study these illnesses, experimenters employ a variety of behav-
ioral tests, many of which have come under scrutiny due to their 
over-simplicity, unreliability, and lack of specificity. We explore 
various aspects of validity (construct, face, translational, inter-
nal/external) of the most commonly used neurobehavioral as-
says in animal models of depression and anxiety, including the 
forced swim test, tail suspension test, elevated plus maze, zero 
maze, light/dark box test, and open field test. Our investigation 
shows that the forced swim test is less than 50 percent effec-
tive at identifying effective human antidepressants when used 
by pharmaceutical companies in research and development. We 
will present data describing the discrepant findings in published 
experiments relying on these tests. We also discuss the contin-
ued prevalence of these tests in publicly funded research in the 
United States and the harms experienced by the animals sub-
jected to them.

Marx, U. et al. (2016). Biology inspired microphysiological sys-
tem approaches to solve the prediction dilemma of substance 
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Modernizing biomedical 
research and regulatory policies 
to advance human health
Emily R. Trunnell1, Julia Baines2 and Ankita Pandey3
1People for the Ethical Treatment of Animals (PETA US), Washington, 
DC, United States; 2PETA UK, London, United Kingdom; 3PETA India, 
Mumbai, India
emilyt@peta.org 

An economy of human-relevant research methods has devel-
oped, and it is rapidly outperforming animal experiments, hold-
ing tremendous promise to revolutionize regulatory testing, bio-
medical research and usher in the age of personalized medicine. 
The transition away from research relying on animals to model 
human disease or to predict human responses to drugs or other 
substances and towards human biology-based methods is chang-
ing policy and practice around the globe. Systematic reviews and 
detailed analyses published in peer-reviewed journals document 
limitations in translating results from animal experiments to hu-
mans for numerous disease areas. For example, the U.S. Nation-
al Institutes of Health reports a 95 percent failure rate of clini-
cal trials for new pharmaceuticals following preclinical success 
in animals (NCATS, 2018) because the drugs are either not safe 
or not effective (U.S. FDA, 2004). A 2015 analysis concluded 
that the prevalence of irreproducible preclinical research was be-
tween 50 and 89 percent, which, at the most conservative esti-
mate, results in approximately US$28 billion (€25 billion, or £22 
billion) per year spent on research that is misleading (Freedman 
et al., 2015). Governments that mandate a move away from ani-
mal experimentation and toward more advanced scientific meth-
ods have the opportunity to expand job growth rapidly in science 
and technology, to reduce healthcare costs for their citizens and 
to streamline the drug development and toxicity testing process. 
Consequently, PETA US and its international affiliates have pub-
lished strategic plans for the US, European, and Indian audienc-
es, the Research Modernization Deal, which offer a robust blue-
print on how limitations in animal use, along with the increasing 
availability of human-relevant biotechnology, can be translat-
ed into actions aimed at eliminating inefficiencies (PETA US, 
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The evaluation of CHO cell  
clustering assay to test for pertussis 
toxin using automatic whole  
well image capture and analysis
Masaki Ochiai1, Akihiko Yamamoto1 and  
Hiroki Fujimoto2
1National Institute of Infectious Diseases, Tokyo, Japan; 2SCREEN 
Holdings Co., Ltd., Kyoto, Japan
masakio@nih.go.jp 

In recent years, rapid advances based in vitro methods and im-
proved imaging analysis have increased the relevance as alterna-
tives to animal-based tests. Therefore, Chinese Hamster Ovary 
(CHO) cell assay, based on the clustering effect of pertussis toxin 
(PT) on the cells, has been developed to test for residual PT and 
reversion to toxicity of acellular pertussis vaccines as one of al-
ternatives to animal-based test. The use of standardized protocol 
including scoring of the cellular morphologic change by micro-
scopic observation is important to ensure the assay reliability, but 
there are difficulties with the microscopy and identifying clus-
ters. With this background, we examined the method where we 
can conduct automatic image capture of whole well of a microti-
ter plate. This allows us to detect objects and define the PT posi-
tive concentration on CHO cells using image analysis.

Methods: We prepared PT two-fold dilution series and added 
them to cultured CHO cells in 24 and 96 well plates. Cell imag-
es in the wells were captured 48 hours later and analyzed using 
the cell imager Cell3iMager duos (SCREEN Holdings Co., Ltd., 
Kyoto, Japan).

Results: We observed that shapes of the cell colonies were 
round when higher concentrations of PT were added. Therefore, 
we adopted “circularity” as a colonies’ image characteristic and 
analyzed their shapes. We observed that the average circularity 
of the colonies correlated with the PT concentration. These re-
sults were reproducible and obtained by the assays using both 
24 and 96 well plates. We also applied deep learning methods to 
detect PT positive and negative colonies, and the results showed 
good correlations with the PT concentration.

In conclusion, this method of the CHO assay has advantages, 
such as, a) short time for the analysis because of automatic imag-
ing and analysis, b) allowing quantitative measurement instead 
of binary (positive/negative) or semi-quantitative detection.
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A novel strategy combining ITS and  
read-across to predict the skin 
sensitization potency of chemicals
Kanako Nakayama1, Anne Zifle2, Sabrina Fritz2, Anne 
Fuchs2, Masaaki Miyazawa1 and Hitoshi Sakaguchi1
1Safety Science Research, Kao Corporation, Tochigi, Japan; 2Safety & 
Toxicology, Kao Germany GmbH, Darmstadt, Germany
nakayama.kanako@kao.com 

The integrated testing strategy (ITS) developed by Kao covers 
three alternative models, namely h-CLAT, DPRA and DEREK, 
as a defined approach for the prediction of skin sensitization po-
tency classes (EC3 < 2% = Strong; EC3 ≥ 2% = Weak; Non-sen-
sitizer). To enable a quantitative risk assessment, it is neces-
sary to specify the potency level (EC3) without underestimat-
ing the true target potency. To address this issue, we developed 
a strategy combining the ITS and read-across using relevant an-
alogues with LLNA data. Firstly, read-across was performed to 
identify suitable analogues of target chemicals using five in sili-
co tools (ChemTunes.ToxGPS, ToxRead, AMBIT, OECD TB &  
TIMES-SS). Secondly, by performing the ITS for the target and 
analogues and comparing the analogue LLNA data with the ITS 
result, the potency class of the target was predicted with high 
confidence. Finally, an EC3 value for the target was predicted by 
comparing all QSAR and in vitro data from the target and its an-
alogues. To determine the applicability of the novel strategy, we 
performed four case studies using chemicals that were underesti-
mated by the ITS alone, namely Isopropylidenediphenol Digly-
cidyl Ether (DGEBPA), Hexyl Cinnamal, 2-Nitro-p-Phenylene-
diamine (2-NPPD), and Benzyl Salicylate. By using our novel 
strategy, the potency class of all target chemicals was predicted 
correctly as strong or weak skin sensitizer without underpredic-
tion. Moreover, for DGEBPA (EC3 = 1.5%) and Hexyl Cinnamal 
(EC3 = 10.7%), the target EC3 values were predicted on the basis 
of analogue EC3 values (EC3(p-tert-Butylphenyl glycidyl ether) 
= 0.37% and EC3 (Amyl Cinnamal) = 7.6%, respectively). For 
Benzyl Salicylate (EC3 = 2.9%), the predicted target EC3 value 
was 2.0%, the lower limit of the potency class “Weak”. These re-
sults indicate that our novel strategy enables a conservative pre-
diction of the skin sensitization potency.

Presentation: Poster

mailto:masakio@nih.go.jp
https://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf
mailto:nakayama.kanako@kao.com


Poster Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 2021220

studies. Basic Clin Pharmacol Toxicol 123, Suppl 5, 20-28. 
doi:10.1111/bcpt.12955 

Vinken, M., Pauwels, M., Ates, G. et al. (2012). Screening of re-
peated dose toxicity data present in SCC (NF) P/SCCS safety 
evaluations of cosmetic ingredients. Arch Toxicol 86, 405-412. 
doi:10.1007/s00204-011-0769-z 

Presentation: Poster

179

3Rs self-assessment tools to support  
research groups and  
institutions to track, evaluate and 
benchmark their 3Rs activities
Emma Stringer, Vicky Robinson, Mark Prescott  
and Jessica Eddy
National Centre for the Replacement, Refinement and Reduction of 
Animals in Research (NC3Rs), London, United Kingdom
mark.prescott@nc3rs.org.uk 

Obtaining a realistic evaluation of 3Rs activities is essential for 
researchers and organisations seeking to assess or improve their 
3Rs culture. The NC3Rs has recently launched two 3Rs self-as-
sessment tools, one for research groups and the other for research 
institutions. These are free-to-use, secure, interactive, online re-
sources that are designed to allow the user to track, evaluate and 
benchmark their 3Rs activities over time. Both consist of a series 
of questions on the 3Rs, developed in consultation with the sci-
entific community and divided into thematic categories represen-
tative of the breadth of 3Rs-related activities that can be under-
taken by a research group or institution. Once a question set is 
completed online, the system scores the responses and provides 
bespoke feedback on how improvements can be made to further 
support 3Rs implementation.

There are a number of benefits to using the tools. Scores can be 
used internally to allocate resource and effort, and to focus dis-
cussions at research group meetings or in the local ethics com-
mittee towards the most important areas and topics. The feed-
back gives useful advice and examples, helping to ensure that 
subsequent 3Rs efforts are successful. The 3Rs self-assessment 
can be repeated periodically and the results compared longitu-
dinally, allowing progress to be tracked. Finally, scores can be 
used externally (e.g., in grant proposals and licence applications 
to use animals; or as part of discussions with regulatory bodies or 
the general public). Overall, use of the self-assessment tools will 
encourage a more active 3Rs culture and assist in delivering on 
commitments to the 3Rs.
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A validation study of the IATA- 
based read-across in 
nephrotoxicity of aminophenols
Keita Yoshihara, Shota Nakagawa, Maiko Okamoto, 
Yuko Nukada and Osamu Morita
Kao Corporation, Safety Science Research, Tochigi, Japan
yoshihara.keita@kao.com 

Integrated Approaches to Testing and Assessment (IATA) is one 
of the useful concepts to enhance accuracy of read-across con-
clusion for systemic toxicity (Sakuratani et al., 2018). Howev-
er, there are few case studies that have verified how much IATA 
can contribute to improving accuracy of read-across. Under this 
circumstance, we developed case studies for hepatotoxicity pre-
viously (Nakagawa et al., 2020). Considering the variety of tar-
get organs, we focused on nephrotoxicity because the kidney is 
likely to become the target organ of toxicity following the liver 
(Vinken et al., 2012) and there are few case studies of read-across 
for nephrotoxicity.

Aminophenols, which have the potency of nephrotoxicity, 
were chosen as the target categories in this study. Category com-
pounds including 6 compounds which have in vivo data are struc-
turally similar but have different toxic intensities. For example, 
p-aminophenol and p-methylaminophenol induced clear toxico-
logical effects like renal tubular necrosis in vivo, while m-amin-
ophenol only cause brownish pigment. In order to validate the 
IATA-based read-across predicts those pieces of in vivo toxi-
cological information properly, we estimated the adverse out-
come pathway (AOP), and then performed in silico/vitro eval-
uation to compare them in the target category. Specifically, we 
conducted some in vitro assays for comparing production of ox-
idative stress, mitochondrial injury, and renal tubular epithelial 
cell necrosis, which are the major key events in the AOP of cate-
gory compounds. These analyses showed that these results of in  
vitro evaluation evaluating cytotoxicity, mitochondrial toxicity 
and oxidative stress intensity were well correlated with the toxic 
intensities of compounds in in vivo toxicological data.

Thus, this study showed the possibility that IATA-based read-
across considering various information such as biological re-
sponse could estimate differences in toxicity that couldn’t be 
predicted by structural similarity, and enhanced accuracy of the 
read-across conclusion.
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In vitro prediction of in vivo  
pseudo-allergenic  
response via MRGPRX2
Thomas Bertelsen, Linu John, Charlotte Dalsgaard, 
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Novo Nordisk A/S, Maaloev, Denmark
tsbt@novonordisk.com 

Background: Some compounds administered subcutaneously to 
rodents cause injection site reactions. In some cases, injection 
site reactions were caused by a pseudo-allergenic response, due 
to off-target mediated histamine release from mast cells (Peters-
en et al., 1997). Past practice used post-mortem evaluations of 
the injections site swelling in rats as correlation for histamine re-
lease, thereby enabling selection of drug candidate without pseu-
do-allergenic response.

Literature reports (McNeill et al., 2015; Bulfone-Paus et al., 
2017) suggested that activation of MRGPRX2, a receptor ex-
pressed on mast cells in the skin, induces a pseudo-allergenic re-
sponse that results in swelling and hyperemia at the injection site. 
To determine whether the observed injection site reactions were 
linked to activation of MRGPRX2, the correlation of MRGPRX2 
activation in vitro to the occurrence and severity of post-mortem 
injection site swelling was evaluated.

Results: Internal in vitro studies showed that compounds that 
caused injection site reactions in rodents also activated MRG-
PRX2, and that the effect on this receptor correlated with the se-
verity grade of injection site swelling. Consequently, screening 
plans were adjusted to use the MRGPRX2 in vitro assay as a sub-
stitute for post-mortem injection site evaluation, thus eliminating 
the use of rats for initial screening. Approximately 800 rats were 
saved based on calculation of “worst-case scenario” for the num-
ber of compounds tested in the in vitro MRGPRX2 assay – where 
one in vivo study consists of n = 4 rats/compound and n = 4 rats 
for vehicle control group per 4 compounds. Note that use of an in 
vitro assay also allowed for more compounds to be screened re-
sulting in reduced project timelines.

Conclusion: A commercially available in vitro assay that re-
places animal use could be suitable in cases where compounds 
induce pseudo-allergic reactions. This will prove to be a faster, 
more ethical tool for the development of safe new pharmacother-
apies for patients.
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In vitro antitumor activity of a  
novel organoselenium  
compound via transferrin-
conjugated PLGA nanoparticles
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Cancer is one of the major causes of mortality worldwide, and 
most of the available chemotherapy has many drawbacks be-
cause of its non-specificity (Ramzy et al., 2017). Thus, there 
is a great interest in the development of new drugs as well as 
new drug delivery systems to achieve a more effective antitu-
mor treatment. In this sense, here we proposed a drug delivery 
system based on poly(lactic-co-glycolic acid, PLGA) nanoparti-
cles (NPs) as a carrier for a seleno-aminothymidine with prom-
inent antitumor activity (5’-Se-(phenyl)-3-(amino)-thymidine, 
ACAT-Se) (Rosa et al., 2017). PLGA nanoparticles were for-
mulated with poloxamer as stabilizer (PLGA-NPs), and further 
surface-modified with transferrin for tumor targeting (PLGA- 
Tf-NPs). NPs were evaluated for physicochemical properties, 
showing suitable results. In vitro toxicological studies are ex-
tremely relevant on the evaluation of NPs, since they provide 
a rapid and effective mean to assess a number of toxicological 
endpoints (Arora et al., 2012). Therefore, the in vitro hemocom-
patibility of PLGA-Tf-NPs were assessed by the hemolysis as-
say. The NPs are non-hemolytic in the tested concentrations af-
ter 5 h of incubation (2.80% at the highest concentration, 300 
µg/mL). Finally, the antitumor activity of the PLGA-Tf-NPs 
was evaluated using in vitro cell models. The assays were per-
formed for PLGA-Tf-NPs, PLGA-NPs and free ACAT-Se, us-
ing tumor cell lines, A375 (human melanoma) and U87 (human 
glioblastoma), which were exposed for 24 and 72 h to each treat-
ment and their viability was assessed by MTT assay. The results 
evidenced that PLGA-Tf-NPs significantly improved the in vi-
tro antitumor activity of ACAT-Se with respect to the free com-
pound and the PLGA-NPs. Therefore, our results suggest that 
the developed PLGA-Tf-NPs could be a promising system for a 
more efficient antitumor therapy. Moreover, the importance and 
applicability of in vitro methods were highlighted as a feasible 
approach to study the toxicity and biological activity of novel 
formulations.
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angiogenesis assay. Changes in spheroidal morphology and ef-
fects on cell proliferation were assessed upon individual, as well 
as concomitant, treatment with Vascular Endothelial Growth 
Factor (VEGF) and anti-VEGF therapeutic agent, Bevacizum-
ab. These investigations indicated the capability of the developed 
3D RF/6A spheroids to act as a pathophysiologically relevant 
model for the comprehensive understanding of pathophysiology 
of DR and provide a preclinical platform for developing effective 
pharmacological interventions for this disease.
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A novel microfluidic platform for 
pulmonary nanoparticle exposure
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Nanoparticles (NPs) are a common byproduct of many modern 
technologies and industrial processes. Studying their toxicity, 
however, has been a challenge due to the lack of appropriate in 
vitro models. NPs are mainly taken up via inhalation and they de-
posit deep into the lung. The lung’s barrier function determines 
the uptake of NPs into the system and their resulting toxicity on 
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3D spheroids of chorioretinal 
endothelial cells as an 
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Diabetes Mellitus has been reported as the fifth leading cause of 
blindness, globally. Approximately, one-third of diabetic indi-
viduals develop Diabetic Retinopathy (DR), a vision threatening 
condition, which progresses from non-proliferative to prolifera-
tive stage and eventually culminates into a severe stage of dia-
betic macular edema. (Pandey et al., 2018; Lee et al., 2015; Lu et 
al., 2018) Here, the retinal and choroidal endothelial cells are the 
primary sites of metabolic damage. (Lechner et al., 2017) Exist-
ing treatment modalities like laser photocoagulation, pharmaco-
therapy using corticosteroids and anti-VEGF inhibitors and vit-
rectomy have exhibited limited effectiveness in clinical settings. 
Moreover, animal models used for preclinical screening pose 
significant ethical issues. (Lu et al., 2018; Sripriya et al., 2017) 
This investigation, thus, proposes the development of an alter-
native-to-animal, in-vitro three-dimensional (3D) model of cho-
rioretinal vasculature to recapitulate the in-vivo dynamics of the 
diseased tissue. The said model was developed using RF/6A cho-
rioretinal endothelial cells and round-bottom ultra-low attach-
ment microplates to facilitate matrix-free generation of endo-
thelial cell spheroids. Viable and proliferating spheroids (mean 
diameter = 253 ± 6 µm, mean area = 50252 ± 26 µm2) were de-
veloped on day 5 of cell culture, as confirmed by phase contrast 
microscopy, EZ Blue™ cell proliferation assay, live/dead stain-
ing and confocal microscopy. Histological staining demonstrated 
uniform cellular distribution across the solid microtissue. The re-
sulting model was functionally validated using in-vitro sprouting 
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safe comparator compound exposures for evaluation of anti-an-
drogenic effects, using 3,3-diindolylmethane (DIM), from cru-
ciferous vegetables, and the anti-androgenic drug bicalutamide 
(BIC). EAR values for these comparator compounds were de-
fined using the AR-CALUX assay. The adequacy of the new 
comparator EAR values was evaluated using PBK modelling 
and by comparing the generated DCRs of a series of test com-
pound exposures to actual knowledge on their safety regarding 
in vivo anti-androgenicity. Results obtained supported the use of 
AR-CALUX-based comparator EARs for DCR-based NGRA for 
putative anti-androgenic compounds. This further validates the 
DCR approach as an animal free in silico/in vitro 3R compliant 
method in NGRA.
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Non-animal efficacy testing 
approaches for ectoparasiticides
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A growing number of efficacy test methods can replace the use 
of dogs and cats in the assessment of ectoparasiticides. Here we 
show how in silico models and in vitro assays can be used in a 
weight of evidence approach to reduce or replace animal use in 
efficacy testing of flea and tick control products. For example, 
we describe artificial membrane systems, highlighting case stud-
ies that have evaluated their use. We outline the scientific advan-
tages of animal-free approaches, such as greater control and stan-
dardization and the direct observation of the attachment, feed-
ing, and effects of the product on fleas and ticks. We also discuss 
challenges to regulatory acceptance of these approaches, includ-
ing the need to further optimize systems for multiple species of 
ticks, and outline action items to overcome these obstacles. Last-
ly, we discuss the potential analysis of existing data to identify 
opportunities that reduce animal use without compromising the 
evaluation of the efficacy of ectoparasiticides.
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other organs. Furthermore, their acute toxicity on the lung tissue 
needs to be considered.

Our aim was to establish an in vitro alveolar lung and liver 
model for airborne NP testing using a cutting-edge organ-on-a-
chip technology. This, in combination with the adapted P.R.I.T.® 
ExpoCube would enable elaborate toxicity studies, where lung 
equivalents are subjected to repetitive nanoparticle exposure and 
toxic effects on both lung and liver can be examined.

In this work, we present the development of a hAELVi cell 
line-based lung model, mimicking the alveolar epithelial cell 
type I (AECI) and its successful co-cultivation with induced plu-
ripotent stem cell derived liver organoids in a specifically adapt-
ed HUMIMIC Chip platform. During the 5-day dynamic culti-
vation, the hAELVi cells formed a tight barrier, demonstrated 
by their transepithelial electrical resistance values of up to 3500 
Ω∙cm2. Strong expression of the AECI specific and tight junction 
genes ICAM1, HOPX, CAV1 and ZO1 further confirmed their 
suitability. Although the liver spheroids experienced major mor-
phological changes during the cultivation, they remained viable 
and expressed key hepatic markers.

Our results demonstrate an in vitro test system compatible 
with the modified P.R.I.T.® ExpoCube to mimic nanoparticle ex-
posure-prone environments for safety assessments, generating 
high-quality in vitro data predictive of nanoparticle safety in hu-
mans.

Funding: This project is funded by the German Federal Ministry 
for Education and Research, NanoINHAL Grant No. 03XP0226.
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Next Generation Risk Assessment (NGRA) can use the so-called 
Dietary Comparator Ratio (DCR) to evaluate the safety of a de-
fined exposure to a compound of interest (Dent et al., 2019). The 
DCR compares the Exposure Activity Ratio (EAR) for the com-
pound of interest, to the EAR of an established safe level of hu-
man exposure to a comparator compound with the same puta-
tive mode of action. A DCR ≤ 1 indicates the exposure evalu-
ated is safe. The present study aimed at defining adequate and 
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paraben. The top Hallmark pathways that are most up-regulated 
by these two parabens are: estrogen response early and late, and  
TNFA signaling via NFKB. While the most down-regulated are: 
apical junction, NOTCH and hedgehog signaling. These path-
ways’ similarities further support the conclusion that these two 
parabens are the most similar structural and biological analogs. 
Supported by Cosmetics Europe.
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RAINBOWFLOW CHIP:  
An impedance-based biosensor 
for chemical hazard assessment 
with fish cell lines at its core
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Fish are important indicator species for contamination of the 
aquatic environment, thus millions of fish are sacrificed annual-
ly in toxicity experiments for chemical hazard assessment and 
effluent testing (Scholz et al., 2013). One alternative is the use 
of fish cell lines derived from rainbow trout, which have been 
employed in a variety of in vitro assays to determine, e.g., acute 
toxicity of chemicals (Schirmer, 2006). Recently, bio-impedance 
monitoring of fish cell lines was established to follow the acute 
toxic response over time. Herein, cells are seeded on an elec-
trode chip and resistance is measured non-invasively, reflecting 
the health status of the cells. A decrease in resistance is an indi-
cator for loss of cell viability as can be elicited, for example, by 
exposure to chemicals (Tan and Schirmer, 2017). In the RAIN-
BOWFLOW CHIP project, we employ this technique to estab-
lish time-resolved analysis of cell viability in response to chemi-
cal exposure under flow conditions. For this, we use an intestinal 
cell line of the rainbow trout (Oncorhynchus mykiss) – RTgutGC 
– which, similarly to the gill cell line, RTgill-W1 (Tanneberg-
er et al., 2013), shows good correlation with fish in vivo LC50 
results from acute toxicity tests (Schug et al., 2020). Yet, adher-
ence of RTgutGC cells is superior to the RTgill-W1 cells, which 
is beneficial for use in impedance sensing chips. Moreover, while 
the gill is the first site of contact and primary uptake site for wa-
ter-borne chemicals, the gut is the first tissue of contact for toxi-
cants adhering to organic matter (including food), as is the case 
for hydrophobic chemicals. In the RAINBOWFLOW CHIP, the 
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Use of transcriptomics to  
substantiate similar biological 
activity in a read-across 
exercise for safety assessment 
of cosmetic ingredients
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George P. Daston1
1Procter and Gamble, Cincinnati, OH, United States; 2L’Oréal Research & 
Innovation, Aulnay-sous-Bois, France
naciff.jm@pg.com 

We have used in vitro transcriptomics to assess the biological ac-
tivity of structurally related chemicals to define their biological 
similarity and with that, substantiate the validity of a read across 
approach usable in risk assessment. We evaluated 4 short alkyl 
chain parabens: methyl-, ethyl-, butyl-, and propylparaben, as 
well as their main metabolite, p-Hydroxybenzoic acid (pHBA). 
The comprehensive transcriptional response of MCF7 cells was 
evaluated after exposure to vehicle-control, each paraben or 
pHBA at 3 non-cytotoxic concentrations (1, 50 and 500 μM), for 
6 h. Differentially expressed genes (FDR ≥ 0.05, and fold change 
± 1.2 ≥) were identified for each of the parabens or pHBA at each 
dose and used to determine similarities between them. The tran-
scriptional profile elicited by each of the parabens shares a high 
degree of similarities across the category members. We identi-
fied 133 common genes whose expression is modified by each 
of the parabens in a significant manner in the same direction. 
pHBA elicited significant gene expression changes at the high-
est concentration evaluated (615 genes), however, these chang-
es are mostly different than the ones elicited by any of the par-
abens. The highest number of genes commonly affected by the 
parabens was found between butylparaben and propylparaben, 
where 634 genes were in common. Pathway enrichment analy-
sis (MSigDB v7.0) of the transcriptional profile for each para-
ben indicated a significant overlap in the up- and down-regulat-
ed pathways across the four parabens. The highest similarity in 
biological activity was found between butylparaben and propyl-
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then their photo-reactivity was assessed in TG No. 495. Setting 
the tMw to 250, photo-reactivity can be evaluated with 100% 
sensitivity, and specificity was relatively high compared with 
other conditions. The molecular weight defined chemicals were 
also evaluate with 100% sensitivity in the tMw to 250. It was in-
dicated that the applicability to unknown substances was in the 
tMw to 250. In addition, the photo-reactivity of plant extract, 
polymer, and other cosmetic ingredients were also evaluated.

The sensitivity of ROS assay is significantly high and test 
chemicals found to be negative are likely to be no concern about 
the photo-reactivity. Cosmetic ingredients which molecular 
weight cannot be clearly defined are difficult to evaluate the pho-
tosafety using the Mw-based test method. ROS assay is likely 
to be useful as photo-reactivity evaluation approach for Mw un-
known chemicals. It was expected that ROS assay contributed to 
the development of highly photosafety ingredients.
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minors (under 19 years of age) 
in Korea – Contradictory Korean 
legislation and enforcement rule
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Effective 21 March 2020, the practice of animal dissection, in-
cluding using dead animals for the teaching of minors (a person 
under 19 years of age), is prohibited in Korea under the Ani-
mal Protection Act (Article 24-2 Prohibition of Minors’ Animal 
Dissection Practice). However, a recent revision of the En-
forcement Rule of the Animal Protection Act (enforcement date  
21 March 2021) inserted a new Article 23-2 (Exception to Pro-
hibition of Minors’ Animal Dissection Practice) and detailed 
guidance (Addendum 5-2, Ethical review committee SOP on 

flow-through design leads to constant replenishment of the test 
substance, thus providing stable exposure concentrations, which 
is especially important for difficult-to-test (i.e., volatile and hy-
drophobic) chemicals that experience losses in the conventional 
static test set-up.
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domain of reactive oxygen species 
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photosafety cosmetic ingredients
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A non-animal testing approach was proposed for evaluating pho-
tosafety of cosmetic ingredients using in vitro photo-reactivity 
assays; however, complex cosmetic ingredients, such as plant ex-
tracts and polymers, could not be evaluated because their mo-
lecular weight (Mw) is often poorly defined. A reactive oxygen 
species (ROS) assay was successfully accepted as OECD Test 
Guideline (TG) No. 495 for evaluating photo-reactivity of Mw 
defined chemicals (OECD, 2019). ROS assay evaluation at the 
weight concentration (50 µg/mL) was reported in our previous 
paper (Nishida et al., 2015), however the rationale for setting 
concentration and its verification were insufficient. Therefore, in 
this study, ROS assay was performed after setting tentative mo-
lecular weights (tMw) and the applicability was verified from the 
viewpoint of the sensitivity in cosmetic ingredients.

Twenty-one plants oils and forty-four molecular weight de-
fined chemicals were selected as test chemicals. The tMw was 
defined as 150, 200, 250, 300 and 350 g/mol, respectively and 
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Optimization of gene silencing  
in a cell-laden 3D organ-like model 
by means of RNA interference
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Three-dimensional (3D) cell cultures which mimic the com-
plex environment and natural physiological conditions in na-
tive tissues, not only provide a better model for in vitro respons-
es in comparison to the conventional monolayer two-dimension-
al (2D) cell cultures but can also eliminate the need for animal 
models. Hiller et al. (2018) and Berg et al. (2019) have shown 
the potential of bioprinted 3D tissue models for viral infection 
and viral gene delivery studies. However, suitability of cell-laden 
3D organ-like structures for non-viral gene delivery as a safe al-
ternative to viral vectors has not yet been fully realized. The goal 
of this study was the optimization of the non-viral gene delivery 
and gene silencing in 3D cell-laden constructs using RNA inter-
ference (RNAi). For this purpose, alginate-based 3D constructs, 
supplemented with Matrigel (20%), containing HEK293T cells 
were generated using extrusion printing. The 3D structures were 
transfected with siRNA against human cyclophilin B (hCycB), 
a cyanine-labelled (Cy3)-siRNA, or a green fluorescent protein 
(GFP)-encoding plasmid, with different transfection reagents 
(Isifect and Lipofectamin 2000). Subsequently, RNAi-mediated 
silencing by transfection with hCycB siRNA was examined by 
quantitative polymerase chain reaction (qPCR). In addition, the 
expression of GFP as well as the fluorescence of the Cy3-tagged 
siRNA within the generated 3D constructs were analyzed by flu-
orescence microscopy. The results of this examination showed a 
distinct hCycB gene silencing in 3D construct transfected with 
both Isifect and Lipofectamin 2000. Moreover, in order to im-
prove the transfection, the 3D constructs were modified to reduce 
the alginate-induced cell encapsulation within the 3D constructs. 
For this purpose, the 3D constructs were treated with sodium ci-
trate, which partially degraded the alginate cross-links within the 
constructs. The subsequent fluorescence microscopic examina-
tions and qPCR analysis showed that the addition of sodium ci-
trate favored the transfection of the generated 3D constructs.
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animal dissection practice); which provides substantial exclu-
sions that allow for the continued practice of dissection. The 
new Enforcement Rule apparently reverses most of the prohi-
bition against using animals in the teaching of minors. If there 
is no compelling reason under Article 23-2-2-4, the practice of 
animal dissection by minors is allowed in school under the Ele-
mentary and Secondary Education Act and Gifted and Talented 
Education Act, or a research institution prescribed by the Ordi-
nance of the Ministry of Agriculture, Food and Rural Affairs. In 
contrast, the promotion and protection of research subjects – in-
cluding animals – are among the core competencies of well-ed-
ucated involved personnel. The Animal and Plant Quarantine 
Agency even published the “Guidelines for Animal Practice 
in Elementary, Middle, and High Schools” in December 2019. 
Since 2005, the presenting author has researched the 3Rs alter-
natives to animal use in education and have provided a platform 
for empowering teachers to find humane substitutes for animal 
dissection since 2008. The Korea Information Center for the 
3Rs (KIC3Rs), established in 2011 in collaboration with three 
national and five global organizations, provides a framework, 
suggesting Animalearn’s “The Science Bank” as an appropri-
ate model to follow. It is time to establish an advanced platform 
that enables more dynamic and interactive learning experienc-
es and resources through global collaboration reflecting Kore-
an culture.
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SkinEthic™ HCE Time-to-Toxicity: 
The first individual method formally 
considered by the OECD for 
discriminating on its own the three 
UN GHS ocular hazard categories
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For more than two decades, scientists have been trying to replace 
in vivo rabbit eye irritation test with non-animal methods. So far, 
several in vitro methods have been implemented into regulations, 
however none of them is able to replace the test completely due 
to the complexity of the endpoint and the classification schemes 
applied by the regulation under the United Nations Globally Har-
monized System of Classification and Labelling of Chemicals 
(UN GHS). Taking into account our expertise on the SkinEthic™ 
HCE model (test system of OECD TG 492) and our knowledge 
on associated protocols, the SkinEthic™ HCE Time-to-Toxicity 
test method was established.

The test method evaluates the hazard potential of a chemical 
based on its ability to induce cytotoxicity. Based on the viability 
observed for the different exposure periods (from 5 to 120-min) a 
classification was assigned.

In the current study, the method was developed with 74 train-
ing chemicals (32 liquids, 42 solids) and challenged with 52 
test chemicals (24 + 28) selected on the basis of important in  
vivo drivers of classification (i.e., corneal, conjunctival and per-
sistence effects).

The within laboratory reproducibility (concordance within 3 
runs), based on 67 training and 30 test chemicals was 87% inde-
pendently of the testing sets.

Application to 74 training chemicals, accuracy value was 
above 72%, with 75% Cat. 1 (N = 25), 68% Cat. 2 (N = 20) and 
74.9% No Cat. (N = 29) correctly identified. Furthermore, 80% 
Cat. 1, 71% Cat. 2 and 70% No Cat. were well classified with 
the test set, confirming the robustness of the test method. In con-
clusion, this study provides evidence that the SkinEthic™ HCE 
Time-to-Toxicity method is capable of i) correctly identifying 
chemicals not requiring classification AND ii) distinguishing 
between Cat. 1 (serious eye damage) and Cat. 2 (eye irritation), 
therefore providing added value for the classification and label-
ling of chemicals according to the three UN GHS.
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The gastrointestinal tract harbors a complex ecosystem com-
prised of trillions of microorganisms which have significant local 
and extra-intestinal effects on an organism’s health. The bi-di-
rectional interaction between the gut microbiota and the central 
nervous system has been coined the gut microbiota-brain axis. 
While growing evidence suggests the intestinal microbiome can 
affect an organism’s behavior, to show causality and determine 
the extent of the contribution of the microbiota, fecal microbi-
ota transplantation (FMT) must be performed. FMT is the ad-
ministration of a solution of fecal matter from a donor into the 
intestinal tract of a recipient. Behavioral change in FMT recip-
ients provides crucial evidence for the gut microbiota-brain ax-
is and its influence on behavior. Therefore, our group initiated a 
systematic review (SR) to evaluate the evidence that animal be-
havior can be affected by FMT. An SR protocol was developed 
and published on Oct 21, 2019 on the SYRF (CAMARADES/
NC3Rs Systematic Review Facility) online platform (http://syrf.
org.uk/protocols/). Using the search strategy detailed in the pro-
tocol, a search of PubMed and Embase databases yielded 13,160 
unique references. Two independent reviewers performed title 
and abstract screening and identified 552 references for the full 
text screening phase. Full text screening is now complete, and 
86 references have been selected for data extraction. Our SR will 
give a qualitative overview of the use of FMT in behavioral ani-
mal studies, will investigate the prevalence of pseudoreplication, 
and aims to identify areas for improving experimental design 
needed to prove or disprove the role of the intestinal microbio-
ta in modulating behavioral outcome measures. By identifying 
ways to improve the internal/external validity and reproducibil-
ity of FMT animal studies, less animal experiments need to be 
performed and clinical translation of preclinical animal studies 
will be improved.
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Cosmetics Europe eye program: 
Application of two defined 
approaches for ocular toxicity 
predictions based on  
in vitro bottom-up approach 
on 4 case studies
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The eye irritation/severe eye damage historically played a key 
role in the development, validation and regulatory acceptance 
of in vitro test methods and remains an active topic for regula-
tory toxicology, currently within the frame of the Organisation 
for Economic Cooperation and Development (OECD), Test 
Guideline Program. Recent activities in developing defined ap-
proaches (DAs) and how those fit have been achieved for liquids 
chemicals. From the scientific side, the DAs allow to perform 
predictions over the entire spectrum of United Nations Global 
Harmonized System for classification and labelling (UN GHS 
Categories 1, 2 and No Category), by strategically combining 
physico-chemical properties to sequential in vitro testing on Re-
constructed human Cornea-like Epithelium (RhCE) and Bovine 
Corneal Opacity and Permeability Laser Light-Based Opacitom-
eter (BCOP LLBO) in a first DA bottom-up approach; and BCOP 
LLBO and short time exposure (STE) test in a second DA bot-
tom-up approach.

In the present work, application of both DAs is exemplified 
with specific case studies on four chemicals. Among the tested 
chemicals, a chemical (1,3-di-isopropyl benzene) known to be 
No Cat. in vivo, is predicted as No Cat. in the first tier strategy 
test methods of the DAs. Concerning the positive calls on the 2 
known in vivo Cat. 2 chemicals (2-Ethyl-1-Hexanol and 2-Meth-
yl-1-Pentanol) and an in vivo Cat. 1 chemical (2-Hydroxy-Isobu-
tyric acid ethyl ester), the second-tier step which consists of their 
evaluation in the BCOP LLBO test which sub categorized them 
as Cat 2 / Cat. 1, respectively. In conclusion, these case studies 
reflect 2 approaches on how to move from animal testing into an 
evaluation of new ingredients based on examples of application 
of DAs on an Integrated Approach for Testing and Assessment 
for safety purposes of ingredients.

Presentation: Poster

220

ReThink3R – Design Thinking 
Workshops towards  
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The combination of numerous obligations, time constraints and 
inflexible research structures often leaves little room for ear-
ly career scientists performing animal experiments, to address 
the 3R topic and ethical concerns in a satisfying manner. More-
over, scientists need to be empowered to be innovators in their 
field through training of 21st century skills, which include critical 
thinking, collaboration, creativity and empathy. In order to over-
come this predicament, we are driven to offer interested scien-
tists the possibility of dealing with the implementation of the 3Rs 
in various contexts through interactive Design Thinking Work-
shops (“ReThink3R”). Design Thinking is an innovation meth-
od that combines both analytical and creative methods to find us-
er-centered solutions in an iterative process. Our workshop usu-
ally begins with a challenge, such as “Design an institute that 
keeps animal suffering to a minimum”. During the first exercises, 
the participants perform interviews with different stakeholders. 
Thus, they get to know different perspectives and necessary in-
formation to uncover concrete underlying problems. Issues here-
in were for example i) time limitations due to excessive bureau-
cracy, ii) insecurities in animal handling and iii) a lack of knowl-
edge or trust in alternative methods. All gathered information 
and insights are used in the solution process and shape the fol-
lowing generation of ideas, out of which one is developed fur-
ther through quick prototyping and testing with users for valida-
tion. Here, we will present the results of the 14 workshops that 
have been performed so far at different graduate schools and in-
stitutions in Berlin and the University of Zurich. This new work-
shop approach guides scientists through a difficult and emotion-
ally complex topic and aims at training scientists in teamwork, 
an open-mindset and creative confidence – facilitating a change 
within the scientific community including awareness for the 3Rs.
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ical constituents in products already being marketed. The goal of 
the BSC is to develop predictive toxicology testing strategies for 
botanicals by integrating existing published data and the identi-
fied in silico and in vitro tools into a robust, comprehensive pro-
gram that provides actionable safety data while minimizing the 
need for animal testing.

Presentation: Poster

225

Search for candidate miRNAs 
implicated in putative adverse 
outcome pathway (AOP)  
relevant to Alzheimer’s disease
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Sporadic Alzheimer’s disease (sAD) is a progressive neurode-
generative age-related disease, caused by interaction of genet-
ic and environmental factors, leading to brain damage accom-
panied by memory loss and cognitive impairment. Up till now, 
animal-based approaches developed to elucidate the AD-related 
pathophysiological mechanisms, failed to translate into effective 
therapeutic treatments or tools for diagnosis. In addition, existing 
research on AD development is mainly focused on the genetic 
(familial) type of AD with the most extensively studied AD-re-
lated mechanism being, amyloidopathy and tauopathy. The initi-
ating events, needed for detection of early AD pathogenesis, re-
main elusive. Subsequently, the diagnosis of sAD at early stage 
is currently poor and inaccurate.

During the last decades, microRNAs (miRNAs)have attract-
ed much attention due to their fundamental role in the modula-
tion of numerous biological processes. Several human miRNAs 
have been suggested as promising biomarkers for neurotoxici-
ty and AD development. Systematic literature searches revealed 
processes shared by neurotoxic compounds and sAD, suggesting 
that established novel approach methods (NAMs) developed for 
toxicity testing may provide insight in the early processes of sAD 
development.

The existing human and animal data, as well as NAMs data 
were structured using the adverse outcome pathways (AOPs) 
concept. While developed for toxicology, the AOP concept 
was proven to be a useful tool for collecting complex biologi-
cal knowledge on diseases. Proposed AOPs for AD pathogenesis 
may improve the understanding of the potential chain of events, 
triggered by molecular initiating events and linked to adverse 
outcomes. In this perspective, the identification of miRNAs 
functioning these suggested sequential events by known AOPs 
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The botanical safety consortium’s 
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Botanical substances have been widely used for centuries in ef-
forts to preserve and enhance human health and well-being. 
Safety evaluations of these substances are typically based on 
adverse event reports, historical textbook knowledge, and other 
published information, either scientific or anecdotal. For ingredi-
ents with insufficient safety data, animal models have often been 
used to investigate potential health risks prior to testing in a clini-
cal setting. Today, a pressing need exists to define the appropriate 
levels of chemical characterization, identity standards, and safe-
ty evaluation required to support the safe use of these complex 
botanical substances. The Botanical Safety Consortium (BSC) is 
addressing this need by organizing an international effort to bring 
together scientific experts to create a botanical safety toolkit for 
botanical dietary ingredient assessments. The toxicological as-
sessment must include an evaluation of genotoxicity potential, 
as genotoxicity is associated with a number of adverse human 
health effects that are not reliably predicted by spontaneous ad-
verse event reporting. Established in vitro and in silico test meth-
ods are available and can support assessment of the genotoxic-
ity of botanical ingredients. The BSC’s Genotoxicity Technical 
Working Group (TWG) is developing a pragmatic fit-for-purpose 
testing strategy for botanical ingredients. The BSC’s analytical 
and data analysis TWGs will support the Genotoxicity TWG in 
the characterization of samples of interest. A testing strategy will 
be developed, including the use of high-throughput screening 
technologies for the identification of potentially important chem-
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Population effect on drug and 
metabolism absorption using ex vivo 
intestinal tissue explants  
in the Intestine Explant Barrier Chip
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1Metabolic Health Research, TNO, Zeist, The Netherlands; 2Space  
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Poor prediction of bioavailability and intestinal drug metabolism 
hamper drug development and underscore the need for novel pre-
dictive models. Additionally, the presence of the microbiota is 
often lacking despite having an important role in the metabolism 
of xenobiotics. The Intestine Explant Barrier Chip (IEBC) inte-
grates small sizes of (human or porcine) intestinal tissue using 
a 3D clicking mechanism, allowing determination of intestinal 
drug absorption and metabolism. Population effects were stud-
ied by exposing the apical side of the intestinal tissue to fecal 
water containing microbial excretion products (i-screen tech-
nology) from healthy donors stratified by age or IBD patients. 
From a selection of low to high permeability drugs, 6 out of 7 
properly ranked according to their in vivo fraction absorbed, 
with a close similarity between porcine and human colon tissue. 
Low FITC-dextran 4000 kDa permeability confirmed intact tis-
sue barrier integrity and comparable levels of secreted LDH af-
firmed that none of the drugs showed adverse effects on the tis-
sue. When exposing human colon tissue to fecal water contain-
ing microbiome excretion products (i-screen supernatant) from 
healthy adults or IBD patients treated with the anti-inflammato-
ry drug sulfasalazine, tissue functionality, viability and integrity 
were not affected. However, lower concentrations of the sulfas-
alazine metabolite sulfapyridine were detected in the basolater-
al medium when the tissue was exposed to IBD i-screen super-
natant. Furthermore, while the release of pro-inflammatory cy-
tokines IL-6 and IL-8 was dampened when tissue was exposed 
to sulfasalazine-treated i-screen supernatant of healthy adults, no 
decrease was observed upon incubation with sulfasalazine-treat-
ed IBD i-screen supernatant, potentially illustrating the dysbiotic 
state of IBD patients’ microbiota.

In conclusion, The IEBC enables studying drug absorption and 
metabolism in human or porcine intestinal tissue explants under 
physiological conditions and permits determining population ef-
fects in combination with microbiome supernatant.

for neurotoxicity or putative AOPs for AD development, may 
support the discovery of predictive biomarkers commonly dys-
regulated in both neurotoxicity and AD. Taken together, the ex-
isting data of miRNAs may provide an effective approach to un-
derstand the mechanisms underlying the AD development, even 
at early AD stage.
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Recently the Organization for Economic Cooperation and Devel-
opment (OECD) issued a Guidance Document on Good In Vitro 
method Practices (GIVIMP). Intended to reduce the uncertain-
ties in cell and tissue-based methods used in the prediction of hu-
man safety, GIVIMP provides the field with a set of standards to 
improve both the quality and accuracy of newly developed, and 
routinely executed, in vitro methods. Currently organizations are 
struggling to define the best approach for practical implementa-
tion of the guidance within their programs. As GIVIMP is broad 
in scope and covers a wide range of scientific and quality top-
ics, there is the potential for varying interpretations of the guid-
ance and thus significant differences in implementation. A busi-
ness-to-business certification program is one solution to harmo-
nize GIVIMP interpretation, standardize “claims” of compliance 
with the document, and provide a uniform roadmap for incor-
poration of GIVIMP principles within routine laboratory opera-
tions and method development activities. A certification program 
would be beneficial to the full audience for which GIVIMP was 
intended including academic laboratories developing new meth-
ods, established laboratories participating in validations and/or 
performing routine in vitro studies, and industry laboratories in-
tending to submit in vitro data to regulatory agencies. A pilot cer-
tification between the Institute for In Vitro Sciences (IIVS) and 
BASF SE laboratories (Ludwigshafen, DE) has been launched to 
provide proof-of-concept for the program. This poster discusses 
the need for the GIVIMP certification program and provides de-
tails on its structure and administration.
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The kidney’s excretory function is crucial in drug develop-
ment, as it dictates drug clearance and reabsorption. Further-
more, nephrotoxicity of candidate drugs is one of the major rea-
sons for drug attrition. Therefore, an accurate kidney model for 
Multi-Organ-Chip applications could revolutionize drug trials 
by providing a relevant in vitro platform. Emulating the kid-
ney’s distinct functions accurately, however, requires a two-
fold approach combining glomerular filtration and tubular re-
absorption. The HUMIMIC Chip4 harbors a glomerular and 
a tubular compartment, which together form the interface be-
tween the separate surrogate blood circuit and the excretory cir-
cuit. The surrogate blood circuit comprises three additional or-
gan compartments, which could, e.g., contain liver and intestine 
equivalents for ADME studies.

In this study, iPSC-derived glomerular and tubular organ 
equivalents are generated and co-cultured in the Chip4. Using 
iPSC-derived organ equivalents allows the creation of an autol-
ogous chip, which has major implications for future studies, as it 
enables the incorporation of an immune system equivalent. The 
employed podocytes exhibit typical podocyte morphology and 
express key markers. For the tubular model, kidney organoids 
are employed. These organoids contain mostly proximal and 
distal tubule epithelial cells and few podocytes, endothelial and 
interstitial cells, as confirmed by immunohistochemistry stain-
ing and gene expression analysis. When dissociated and seeded 
onto a permeable membrane, the cells form a barrier. The devel-
oped glomerular and tubular models can be co-cultured within 
the HUMIMIC Chip4 for several weeks whilst maintaining their 
morphology and marker expression.

Taken all together, the developed kidney-on-a-chip consti-
tutes a potent tool for advanced in vitro drug trials. It is designed 
to generate high-quality in vitro data predictive of renal drug 
clearance, reabsorption and nephrotoxicity in humans.

Acknowledgment: The HUMIMIC Chip4 was developed under 
EU-H2020 “EU-ToxRisk”-Flagship project, Grant Agreement 
No 681002.
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In order for any chemical (pharmaceutical, cosmetic, environ-
mental pollutant, etc.) to elicit an effect on the body it must pos-
sess inherent activity and reach the site of action in sufficient 
concentration. Physiologically based kinetic (PBK) models can 
be used to describe the concentration-time profile of a chemi-
cal at relevant sites within the body, they are flexible and adapt-
able to different species, life stages, routes of exposure and dos-
ing scenarios. Historically, generating data for PBK models was 
intensive in animal use, leading to a drive to develop alternatives 
methods. One important method to reduce testing is leveraging 
existing data and applying this knowledge to other chemicals, 
species, exposure scenarios etc. Many PBK models have been 
published in the literature for a range of chemicals; in order to 
apply the knowledge from these models, it is first essential to be 
able to reproduce the model. To date, there has been little consis-
tency in the way in which such models are recorded and consid-
erable variation in the level of detail supplied. In this study the 
usefulness and accessibility of three software packages (MAT-
LAB, PK-Sim, and QIVIVE) were used in assessing the repro-
ducibility of published PBK models. Factors such as the model 
description and interpretation of parameters from the published 
models, as well as usability and flexibility of the modelling soft-
ware used to reconstruct the model were all considered. Several 
issues were identified regarding the model information provid-
ed in the published model descriptions and recommendations are 
given to assist future model development and reporting, partic-
ularly with respect to the potential of using such models as tem-
plates for other chemicals of interest.
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Human 3D Liver Microtissues (hLiMT) consist of primary liver 
cells and preserve liver specific functions and metabolic activi-
ty over several weeks in culture. They are an attractive tool for 
in vitro drug safety assessment. hLiMT outperform 2D prima-
ry hepatocytes in prediction of hepatotoxicants causing drug-in-
duced liver injury (DILI). However, biologics have never been 
tested in this system. Here, we assessed the capability of hLiMT 
to discriminate between interferon (IFN)-lambda (clinically as-
sociated with hepatotoxicity) and IFN-alpha2a (approved, no 
hepatotoxicity). Aspartate aminotransferase (AST), a clinical  
DILI biomarker previously not used in vitro, was combined with 
the established in vitro toxicity markers lactate dehydrogenase 
(LDH) and intracellular ATP. Upon validating the system with 
a range of small molecule DILI reference compounds, individ-
ual hLiMT were exposed to IFN-lambda and IFN-alpha2a for 
7 days with 3 compound additions. Measurement of all AST, 
LDH, and ATP was performed for each microtissue in a multi-
plexed design.

The in vitro system could show hepatotoxic effects IFN-lamb-
da while IFN-alpha2a had no effect mimicking the clinical pro-
file of both biologics. Changes in ATP level correlated well with 
AST and LDH signals. The addition of LDH and AST to the 
commonly used toxicity biomarker ATP allowed for determina-
tion of toxicity kinetics. These results show that hLiMT have a 
great potential for in vitro assessment of hepatotoxic biologics 
and to get first insights into the mechanism of toxicity. We pro-

Acknowledment: The funding of the European Partnership for 
Alternative Approaches to Animal Testing (EPAA) is gratefully 
acknowledged.

Presentation: Poster

249

Nutritional requirements of fish  
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towards a serum-free culture medium
Barbara Jozef 1, Melanie Fischer1 and  
Kristin Schirmer1,2,3
1Eawag, Swiss Federal Institute of Aquatic Science and Technology, 
Dübendorf, Switzerland; 2EPF Lausanne, ENAC, Lausanne, Switzerland; 
3ETH Zürich, Department of Environmental Systems Science, Zürich, 
Switzerland
barbara.jozef@eawag.ch 

Permanent fish cell lines of rainbow trout (Oncorhynchus mykiss)  
have great potential as alternatives to conventional fish tests 
in chemical safety testing (Schirmer, 2006; Tanneberger et al., 
2013). While several strategies and assay procedures are being 
developed that use fully defined media for chemical exposure, 
the routine culture of these cells, and certain chemical exposure 
assays, still require fetal calf serum (FBS) for cell maintenance 
and proliferation (Fischer et al., 2019).

On this background, we aim to develop a fully transparent se-
rum-free cell culture medium for cell lines from rainbow trout, 
following the media pyramid proposed for optimizing chemically 
defined media for mammalian cells by van der Valk et al. (2010). 
According to this pyramid, we will use Leibovitz’ L-15 medium 
as the base. This is a widely accepted basal medium for fish cell 
cultures and very well suits common cold water fish cell culture 
conditions, i.e., culture in normal atmosphere and ≤ 20°C. Next, 
we are gathering available knowledge of the nutritional and hor-
monal requirements of fish and fish cells in culture to identify 
suitable supplements. A screening approach that quantifies impact 
of selected supplements, alone and in combination, on fish cell 
proliferation and morphology over five days will be used to iden-
tify the optimal composition of the supplement.

If successful, this research will overcome the last stumbling 
block to making fish cell line assays as alternatives or supple-
ments to fish tests in chemical risk assessment truly animal-free. 
It will moreover further promote the use of fish cell lines beyond 
toxicology, namely in areas such as fish physiology, pathology 
and nutrition.
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Our data supports this idea that, e.g., cellular adhesion, migra-
tion, and contraction may represent a common KE of DILI. In 
vitro systems to test new drug entities for this KE may therefore 
well fit the proposed fit-for purpose tiered approach for DILI, de-
veloped in the MIP-DILI project.
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The Cosmetics Europe’s Long Range Science Strategy (LRSS) 
aims to establish the link between dermal and systemic expo-
sure route. In this project, we have used TissUse’s microfluidic 
platform, the HUMIMIC Chip2 model, incorporating skin (Epi-
Derm™) and liver organoids (consisting of HepaRG™ and stel-
late cells), to investigate the influence of exposure scenarios on 
the bioavailability and metabolic fate of chemicals. The aromatic 
amine hair dye, 4-amino-2-hydroxytoluene (AHT), was selected 
as a case study chemical to determine whether the Chip2 mod-
el could be used to mimic the first-pass effect in the skin that 
was observed in in vivo studies in rats. Both organoids were well 
maintained over 6 days, as indicated by TEER, metabolic anal-

pose to incorporate in vitro testing using hLiMT into the routine 
preclinical safety assessment for small molecules and selected 
biologics.
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Drug-induced liver injury (DILI) has a poorly understood patho-
genesis, diversity of clinical presentations and often idiosyncrat-
ic nature. It is therefore, that DILI challenges the AOP-concept to 
provide relevant key event (KE)-oriented in vitro test methods. 
This challenge has been investigated in the MIP-DILI project, 
between 2012 and 2017.

Previously, we have found indications that some DILI-induc-
ing pharmaceuticals may be inhibit leukocyte migration motility 
(trovafloxacin > difloxacin > carbenoxolon) as well as ROCK/
MLCK-mediated bile canaliculi (BC) deformations (also TVX, 
DF). We hypothesize that these important biological processes 
represent common key events in development of both cholestatic 
hepatitis and immune-related DILI.

We have set out to investigate the effects of a series pharma-
ceuticals, known to affect BC dynamics in HepRG cultures, on 
HL60 neutrophilic cells, RAW macrophages, Cho hamster cells. 
Among others, we have tested chlorpromazine, cyclosporine A, 
bosentan, and troglitazone flucloxacillin (all highly active in BC 
deformation), diclofenac, and trovafloxacin (both less active in 
BC deformation). We have used, e.g., X-celligence impedance 
technology to determine concentration-dependent effects on mi-
gration and adhesion of these cells. We also tested these drugs for 
NFkB-activation in tagged THP1-human monocytes.

Data shows that ranking of pharmaceuticals according to the 
extent of BC deformation matches the ranking according to in-
hibition of migration (HL60 cells, RAW macrophages) and or 
adhesion (Cho cells). We additionally confirm that TVX inhib-
its NFkB activity, but that most other pharmaceuticals that af-
fect BC deformation do not. Importantly, migration of leukocytes 
has been identified as a central KE in the AOP for inflammation. 
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to calculate an updated reactive DST, and similarly the EC3 val-
ues of the 81 non-reactive sensitisers were used to derive an up-
dated non-reactive DST.

The updated reactive DST was very similar to the original 
value despite being based on almost twice as many chemicals, 
highlighting the robustness of this threshold. However, the up-
dated non-reactive DST, also based on twice as many chemi-
cals, was slightly smaller than the original value. A review of the 
4 most potent non-reactive sensitisers (with an EC3 value less 
than 900 µg/cm2) revealed two chemicals which were likely to 
be non-sensitisers containing potent sensitising impurities, and 
two uncommon toxicophores which are not currently covered by 
the alerts in Derek Nexus. The dataset is being analysed further 
with the aim of making the updated DSTs as robust as possible.
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Next Generation Risk Assessment (NGRA) is an exposure and 
hypothesis-driven approach that integrates new approach meth-
odologies (NAMs) to assure human safety without animal data. 
This work focuses on the development of an NGRA approach 
for inhalation exposures using hypothetical case studies of a 
film-forming polymer in personal care products (e.g., antiperspi-
rants) and a silane in cleaning products.

Impairment of mucociliary clearance, lung fibrosis and lung 
surfactant inhibition were identified as the relevant endpoints 
for the most common consumer exposure scenarios (e.g., daily 
use of an antiperspirant). To investigate these endpoints, two cell 
models were selected for in vitro testing: the MucilAir™-HF cell 
model (Epithelix) and the EpiAlveolar™ cell model (MatTek). In 
addition to the two case study chemicals another 16 benchmark 
chemicals were selected either due to their well-known effects 
in the specific areas of the lung, history of safe use and/or due 

ysis and viability markers. The kinetics of AHT and several of 
its metabolites, including N-acetyl-AHT and AHT-sulfate, dif-
fered between topical and systemic application. Importantly,  
topical application resulted in a higher peak concentration of 
N-acetyl-AHT and increase of its area under the curve (AUC) 
by 275%, demonstrating that a first-pass effect of N-acetylation 
in the skin had occurred. There was a concomitant decrease in 
the peak concentration and AUC of AHT-sulfate after topical 
compared to systemic application. These results were in accor-
dance with in vivo observations, where the ratios of these two 
metabolites were altered by the application route. In conclusion, 
these data demonstrate that the Chip2 maintains the functions of 
skin and liver organoids for several days. Importantly, the Chip2 
model recapitulated the route-specific alteration in the metabolite 
profile of AHT observed in vivo. This type of information is im-
portant for the risk assessment of topically-applied compounds 
which may also undergo first-pass metabolism in the skin and 
whose systemic effects are altered accordingly.
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When conducting a Quantitative Risk Assessment of a poten-
tial skin sensitiser, one available tool is the Dermal Sensitisation 
Threshold (DST). The DSTs are thresholds of toxicological con-
cern representing worst-case scenarios based on the known po-
tency of nearly 300 skin sensitisers. Two values have previous-
ly been published: a non-reactive DST of 900 µg/cm2 based on 
Local Lymph Node Assay (LLNA) data for 38 sensitisers judged 
to be non-reactive by human experts (Safford et al., 2011), and 
a reactive DST of 64 µg/cm2 based on LLNA data for 233 reac-
tive sensitisers (Safford et al., 2015). This study sought to update 
these DST values using an expanded dataset, and to investigate 
assigning chemical reactivity using an in silico tool.

An LLNA dataset containing 1,169 chemicals was curated in-
house and skin sensitisation structural alerts within Derek Nexus, 
an in silico expert system for predicting toxicity, were used to as-
sign each chemical as reactive or non-reactive. A gamma distri-
bution was fitted to the EC3 values of the 477 reactive sensitisers 
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als; 2) chemicals that at relevant human exposures have not been 
associated with adverse systemic effects related to cellular stress.

A Bayesian model was developed to quantify the evidence for 
a biological response, and if present, a credibility range for the 
estimated point of departure (PoD) was determined. PoDs were 
compared with the plasma Cmax associated with the typical sub-
stance exposures and indicated a clear differentiation between 
“low” risk and “high” risk chemical exposure scenarios.

The results presented in this work show that the cellular stress 
panel can be used, together with other new approach methodol-
ogies, to identify chemical exposures that are protective of con-
sumer health.
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Introduction: The Vitrigel-EIT method is a test method that de-
termines the presence or absence of eye irritation with high sen-
sitivity by analyzing the time-dependent changes of trans-epithe-
lial electrical resistance values for 3 minutes after exposing a test 
chemical preparation (i.e., solution or suspension) to a human 
corneal epithelium model fabricated in a collagen vitrigel mem-

to chemical or physical similarities to the case study chemicals.
Consumer habits and practises were used to derive an airborne 

concentration (mg/m3) for each chemical and exposure scenario, 
which was then transformed into deposited mass in the bronchial 
and alveolar region (µg/cm2) using MPPDv2.8. Cells were then 
exposed to the predicted concentrations that reflected daily re-
alistic exposures for up to 12 days and different endpoints (e.g., 
TEER, LDH, cytokines, histology, cilia beating frequency, mu-
cociliary clearance, mitochondrial toxicity, etc.) were measured 
at 4 different timepoints. Preliminary results indicate that the al-
veolar model was more sensitive to some of the pro-inflammato-
ry benchmark substances tested. Polyhexamethylene guanidine 
phosphate for example induced a mild inflammatory response in 
the MucilAir™-HF system over the 12 days’ treatment while in-
ducing significant cytotoxicity in the EpiAlveolar™ cell model 
after only 4 days of exposure.
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Next Generation Risk Assessment (NGRA) is defined as an ex-
posure-led, hypothesis-driven risk assessment approach that in-
tegrates New Approach Methodologies (NAMs) to assure safety 
without animal testing. Within NGRA there is an ongoing need 
to develop robust and relevant assays that can be used to char-
acterize bioactivity of chemicals at human-relevant exposures 
(Dent et al., 2018). This type of approach does not aim to identi-
fy a specific adverse outcome or pathology but rather aims to be 
protective of human health by estimating an exposure at which 
no biological response is expected (Friedman et al., 2019; Wet-
more et al., 2015).

The objective of this work was to develop and evaluate a cellu-
lar stress response panel that could form part of an early tier test-
ing strategy. This panel consisted of 36 biomarkers representing 
mitochondrial toxicity, cell stress and cell health, measured pre-
dominantly using high content imaging (Hatherell et al., 2020). 
To evaluate the suitability of the panel for NGRA, data were gen-
erated using two sets of benchmark chemicals: chemicals that at 
defined human exposures are known to cause adverse systemic 
effects due to cellular stress in a proportion of exposed individu-
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Applying the 3Rs (Replacement, Refinement, and Reduction) 
principles, as well as undertaking the ethical review of animal 
study protocols, have been legal requirements for Institution-
al Animal Care and Use Committees (IACUCs) in Korea since 
2008. As of 2019, there were 410 IACUCs registered to the Ani-
mal Protection & Welfare Division of the Animal and Plant Quar-
antine Agency. Each IACUC is required to appoint at least one 
member that was recommended by a non-governmental animal 
welfare organization. Despite the importance of the 3Rs, limit-
ed information resources are available in Korean, especially for 
lay members. The Korean Animal and Plant Quarantine Agency 
announced a six-month research project with the aim of develop-
ing guidance for assisting IACUC members to carry out effec-
tive and efficient protocol review in line with the requirements 
of Korean laws and regulations. Two Korean Guides – “Guide 
for the Animal Study Protocols” and “Guide for the IACUC Lay 
Member” – were published in December 2020. The UK Labora-
tory Animal Science Association (LASA) and the Royal Society 
for the Prevention of Cruelty to Animals (RSPCA) permitted the 
use of their English-based resources – the “Guiding Principles 
on Good Practice for Animal Welfare and Ethical Review Bod-
ies” and “A Resource Book for Lay Members of Ethical Review 
and Similar Bodies Worldwide” – as the basis for the Korean ver-
sions. Our goal is to provide valuable resources for researchers, 
IACUC members and other relevant staffs to improve their ad-
ministrative processes, and to support their roles in promoting 
both animal welfare and the quality of the science by applying 
the 3Rs principles. These two Guides could also help bridge the 
gap between scientists and animal welfare advocates by helping 
to improve ethical considerations and promoting a culture of care 
at all research institutions that use laboratory animals.

brane chamber and was registered as TG494 of OECD in 2019. 
However, acidic chemicals that have a pH level of 5 or less in 
test chemical preparations and solids are excluded from the ap-
plicability domain. In this study, we aimed to propose a revised 
test method available for test chemicals including solid and es-
tablished a new test procedure utilizing not the applicability do-
mains for test chemicals but the pretests for test chemical prepa-
rations. In the pretests, test chemical preparations showing pH 
≤ 5 and brief phase-separation within three minutes as much as 
testing time are excluded.

Methods: Total 158 test chemicals (94 liquids and 64 solids) 
were tested by the Vitrigel-EIT method and their judgments were 
compared with the GHS classification. According to the TG494, 
89 test chemicals were predicted after excluding 12 acidic chem-
icals and 57 solids. In the revised test method, 107 test chemi-
cals were predicted after excluding 12 acidic chemical prepara-
tions and 39 chemical preparations with the absolute differences 
over 0.1 between the A660 of test chemical preparation at 0 and 3 
minutes after mixing.

Results, Discussion: The sensitivity, specificity and accura-
cy under the original applicability domain in TG494 were 95%, 
67% and 80%, respectively. Meanwhile, those under the revised 
test method were 96%, 67% and 81%, respectively. These data 
demonstrated that the revised test method improved the number 
of applicable chemicals and also the predictability, concluding 
that the Vitrigel-EIT method can be used for not only liquids but 
also solids.
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cal microscopy and plate reader assays, and susceptible to treat-
ment with the PPAR agonists fenofibrate or pioglitazone. Tran-
scription and protein analyses confirmed expression of different 
collagen isoforms upon full disease induction.

In addition, we introduced microfluidic flow to our cell mod-
el to investigate the effect of homeostatic tissue perfusion ver-
sus conventional static culture conditions. A novel, customized 
liver-on-chip was developed in-house. The chip was 3D-print-
ed using proprietary material that has very low drug adsorption 
to circumvent the shortcomings of the widely used polydimeth-
ylsiloxane (PDMS). Spheroids were subjected to continuous 
pump-driven flow for 2 weeks. Exposure to fatty acids and car-
bohydrates under flow conditions resulted in a more homoge-
nous distribution and size of lipid droplets, both per individual 
hepatocyte and per spheroid cross section, as compared to static 
culture conditions where droplet size was more variable.

We will further investigate the effect of microfluidic flow in 
our model on the therapeutic efficacy of reference compounds 
and compounds currently in clinical trials, using steatosis, in-
flammation, and deposition of collagen as read-outs.
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Next Generation Risk Assessment (NGRA) is an exposure-led, 
hypothesis-driven approach that integrates New Approach Meth-
odologies (NAMs) to assure safety without the use of animal 
testing. Over recent years several theoretical frameworks de-
picting a tiered and iterative approach to conducting a NGRA 
have been published (Berggren et al., 2017; Dent et al., 2018), 
although there is a lack of examples of implementation of these 
frameworks.

In this study we conducted a hypothetical safety assessment 
of 0.1% coumarin in a face cream and body lotion using only 
NAMs to inform a safety decision, focusing on the potential for 
systemic toxicity. Internal exposure estimates were generated us-
ing a physiologically based kinetic (PBK) model for dermally 
applied coumarin (Moxon et al., 2020). In vitro points of depar-
ture (PoDs) were generated from assays that investigated the po-
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Steeg1, Roeland Hanemaaijer1 and Geurt Stokman1
1TNO Healthy Living, Leiden, The Netherlands; 2Leiden Academic Centre 
for Drug Research, Leiden, The Netherlands
geurt.stokman@tno.nl 

Non-alcoholic fatty liver disease (NAFLD) is currently the most 
common form of chronic liver disease and may progress towards 
NASH associated with liver fibrosis, cirrhosis, and hepatocellu-
lar carcinoma. Despite ongoing efforts, there is no effective ther-
apeutic treatment available for NAFLD-NASH. This is partly 
due to an incomplete understanding of disease mechanisms, ab-
sence of relevant biomarkers and predictive preclinical models 
for drug screening. We developed a disease-mimicking in vitro 
model which closely resembles the pathophysiology of liver fi-
brosis induced by lifestyle.

Primary human hepatocytes, Kupffer cells, and stellate cells 
were cultured in a matrix-free environment, resulting in forma-
tion of multiple uniformly sized spheroids. Fatty acids, carbohy-
drates, inflammatory and immunomodulatory factors were used 
at physiological concentrations to faithfully recapitulate disease 
development and progression of NAFLD-NASH. Development 
of steatosis was imaged by LipidTOX accumulation using confo-
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Apoptosis and autophagy can  
be reduced with an  
iNOS-inhibitor in an oxidative stress  
retina organ culture model
Sven Schnichels1, José Hurst1, Ana M. Müller-Bühl2, 
Carsten Theiss3, Lisa Hofmann2, Laura Peters2, Fenja 
Herms2, Sandra Kühn2 and Stephanie C. Joachim2
1University Eye Hospital Tübingen, Tübingen, Germany; 2University 
Eye Hospital Bochum, Bochum, Germany; 3Institute of Anatomy, Ruhr-
University Bochum, Bochum, Germany
sven.schnichels@med.uni-tuebingen.de 

The overproduction of reactive oxygen species is defined as oxida-
tive stress, which is associated with several retinal diseases, includ-
ing glaucoma or retinal ischemia. H2O2 can be used in ex vivo or-
gan cultures to simulate oxidative stress, causing a strong neurode-
generation of the inner retinal layers (Hurst et al., 2017). Based on 
this model, novel therapeutic approaches can be evaluated. A po-
tential neuroprotectant for this disease is the nitric oxide synthase 
(iNOS)-inhibitor 1400 W, which was evaluated here.

Porcine eyes from the local abattoir were obtained to avoid ex-
tra killing of animals. Oxidative stress was induced by adding 300 
µM H2O2 on day one for 3 h to the organ cultures. Simultaneous-
ly, 500 µM iNOS-inhibitor (1400 W, Merck Millipore) was add-
ed. Neuronal and glial cells were evaluated via qRT-PCR and im-
munohistology after four and eight days. In addition, Transmission 
electron microscopy (TEM) was performed. The following groups 
were compared: controls, H2O2, and H2O2 + iNOS-inhibitor.

H2O2-induced retinal ganglion cell (RGC) loss was prevent-
ed with iNOS-inhibitor treatment. On mRNA level, a significant-
ly increased expression of autophagic gene p62 due to H2O2 was 
hindered by the iNOS-inhibitor treatment after four days. Like-
wise, a reduced expression of caspase 8 was seen after iNOS 
-inhibitor treatment (3.19-fold; p = 0.54) in comparison to the 
H2O2-stressed group (5.37-fold; p = 0.065). A late rescue of bipolar 
cells was noted in 1400W treated retinas. TEM revealed that cell 
morphology as well as the cell compartments of RGCs were pro-
tected from oxidative stress damage by the iNOS-inhibitor.

In conclusion, Strong degeneration in porcine retinas due to 
H2O2-induced oxidative stress was prevented by treatment with the 
iNOS-inhibitor. Reduction of apoptosis resulted in cell rescue, in 
particular of RGCs. These results indicate, a potential neuroprotec-
tive role of the iNOS-inhibitor 1400 W in diseases affecting the in-
ner retina. Moreover, this successful treatment further validates our 
oxidative stress porcine ex vivo model.
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tential of coumarin to bind to pharmacologically active receptors 
(Eurofins Safety44 screen); cause immunomodulatory effects 
(BioMap Diversity 8 Panel); affect key cellular stress pathways 
(Hatherell et al., 2020) and high-throughput transcriptomics in 
multiple cell lines. In silico alerts for genotoxicity were followed 
up using the in vitro ToxTracker assay (Hendriks et al., 2016).

A risk assessment decision was made by comparing the gen-
erated in vitro PoDs to the estimated internal exposure (plasma 
Cmax) and calculating a margin of safety (MoS) distribution. 
The MoS (5th percentile) for both face cream and body lotion 
exposure scenarios were greater than 100. Coumarin can be con-
cluded to be non-genotoxic, does not bind to any of the 44 targets 
and does not show immunomodulatory effects at consumer rele-
vant exposures.

While this case study demonstrates the capability of using 
NAMs to make safety decisions about inclusion of coumarin 
in cosmetic products, confidence in the applicability of this ap-
proach to other chemicals and products will only come through 
sharing the experiences of other case studies.
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Improving animal research: 
Enhancing systematic 
review methodology
Stevie van der Mierden1, Cathalijn Leenaars1,2  
and André Bleich1
1Institute for Laboratory Animal Science, Hannover Medical School, 
Hannover, Germany; 2Faculty of Veterinary Sciences, Utrecht University, 
Utrecht, The Netherlands
Leenaars.Cathalijn@mh-hannover.de 

Systematic Reviews (SR) are increasingly important for imple-
menting the 3R measures (de Vries et al., 2014). E.g., they are 
used to validate replacement methods (Replace), preventing un-
necessary experiments (Reduce) or assessing study quality (Re-
fine). However, SRs of animal studies are still relatively uncom-
mon, and methods not always evidence based. We aim to make 
SRs more robust and easier to perform. Here we present three 
projects that will help to improve the methodology.

In the first project we focus on searching for animal studies. With 
SYRCLE we are co-developing animal search filters for Embase.
com, PsycInfo, and Web of Science. These filters will increase spe-
cific retrieval of animal studies, decreasing the number of referenc-
es needed to screen without missing relevant references.

In the second project we compared different software tools 
for reference screening for in- or exclusion. Screening is one of 
the most time-consuming parts of an SR. There are many tools 
available, but it is not always clear how these tools differ. We per-
formed a feature analysis where we assessed which tools offered 
which features relevant for screening. The results make it easier 
for researchers to select the tool appropriate for their SR (Van der 
Mierden et al., 2019).

In the third project we analyze how data extraction from graphs 
influences the SR analysis. Ideally, the values of outcomes of in-
terest are presented in the text, but frequently they are only pre-
sented in graphs. First, we compare variability between research-
ers extracting the graphical data, and afterwards we aim to analyse 
the potential effect of the differences between the extracted and 
original data on the analysis by simulation studies, this project is 
currently ongoing

Improving and facilitating SR methodology will lead to a lower 
threshold for performing SRs and higher quality SRs. These SRs 
in turn help to better implement the 3Rs.
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Development of an in vitro B cell  
assay for tetanus and  
diphtheria containing vaccine batch 
testing using antigen  
specific B cells from healthy donors
Olga Ticha1, Lukas Moos1, Julie Stichova2  
and Isabelle Bekeredjian-Ding1
1Division Microbiology, Paul-Ehrlich-Institut, Langen, Germany; 
2Department of Clinical Immunology and Allergology, St. Anne’s Faculty 
Hospital, Masaryk University, Brno, Czech Republic
olga.ticha@pei.de 

Background: Protection against bacterial toxin-mediated diseas-
es such as Tetanus, Diphtheria and Pertussis is mediated by anti-
bodies. Induction of antibody production by toxoid vaccines con-
taining inactivated toxins confers protection from these diseases. 
The aim of our project is, therefore, to develop a cell-based assay 
that mimics the induction of toxoid-specific antibodies in vitro in 
replacement for the currently required in vivo challenge and im-
munogenicity studies.

Objectives: We are developing an assay based on the stimu-
lation of the B cell response to the vaccine antigen in tetanus/
diphtheria toxoid-specific B cells sorted from human peripheral 
blood mononuclear cells isolated from buffy coats. The protocol 
is designed to elicit a recall response to tetanus toxoid (TT) and 
diphtheria toxoid (DT).

Methods: Antigen-specific memory B cells are sorted from 
buffy coats, stimulated with TT/DT and co-stimulated with low 
concentrations of CpG ODN. B cell responses is quantified via 
antibody production in antigen-specific IgG ELISpot.

Results: Exposure of TT/DT-specific memory B cells to vac-
cine antigen induces differentiation into antibody-secreting cells 
and their specificity is confirmed by the detection of specific IgG 
antibodies in ELISpot. The results obtained indicate that the es-
tablished protocol with TT/DT specific B cells from buffy coats 
delivers a specific response to the antigen and can be used to 
evaluate the immunogenicity of TT and DT vaccine compounds. 
Identification, isolation and quantification of TT/DT specific IgG 
memory B cells in this assay allow reduced variability of a cell-
based assay and improves standardization for routine use in a fu-
ture.

Conclusions: Our test system will serve to prove the functional 
integrity of the vaccine bulk antigens, by confirming the induc-
tion of the expected specific human antibody response. It might 
offer a potential alternative to time-consuming animal experi-
ments currently used for batch testing of vaccines containing TT 
and DT components.
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Primary or iPSC-derived cell-based  
cytotoxicity assays to assess 
potential safety risks of engineered 
T cell therapies in vitro
Sanne Holt, Sophie Vermond, Monique Hazenoot, Rene 
McLaughlin, Marco Guadagnoli and Marijn Vlaming
Charles River Laboratories, Leiden, The Netherlands
sanne.holt@crl.com 

Engineered T cell therapies, such as Chimeric Antigen Receptor 
(CAR) and T Cell Receptor (TCR) T cells play a major role in the 
field of immuno-oncology and offer great promise in becoming 
highly specific therapies against solid tumors. Solid tumors gen-
erally lack the expression of tumor specific target antigens, pos-
ing a significant safety challenge. This can potentially result in 
life-threatening side effects, as such, assessing the safety of engi-
neered T cell therapies is a critical step during early development 
and before filing for Investigational New Drug (IND) status.

We have generated an in vitro safety profile for CAR-T cells 
targeting the “Human Epidermal growth factor Receptor 2” 
(HER2). This receptor is found to be overexpressed in 20-30% 
of invasive breast carcinomas and ovarian cancers. To deter-
mine which tissues are most at risk for unwanted reactivity by the 
CAR-T cells, in silico analysis for expression of HER2 was per-
formed. Subsequently, HER2 protein expression in various tis-
sues was validated by staining cells with a HER2 antibody and 
determining percentage positive cells by flow cytometry. Prima-
ry tissues and iPSC-derived cell with high and low HER2 protein 
expression were selected, characterized and utilized for in vitro 
co-culture assays to evaluate on-target off-tumor and/or off-tar-
get cytotoxicity of our HER2-CAR-T. Readouts for the in vitro 
cytotoxicity assays included measuring target cell viability by 
flow cytometry and/or HCA and T cell activation by cytokine re-
lease.

Our study generated high quality data that provided insight in-
to the safety of the HER2 targeting CAR-T cells. Moreover, we 
were able to demonstrate the value of using iPSC-derived cells 
in de-risking selected tissues against unwanted reactivity of en-
gineered T cell therapies. Our strategy to generate a safety profile 
in vitro for T cell therapies is robust can be applied during both 
early and late-stage testing of the therapeutic product.
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A digital tool based on transcriptomic 
data for the integration of 
biological fingerprint analogies 
in the read-across approach
Anne Riu1, Bathilde Ambroise1, Françoise Gautier2, 
Gladys Ouedraogo1 and Olivier Perin1
1L’Oréal, Research and Innovation, Aulnay-sous-Bois, France; 2L’Oréal, 
Research and Innovation, Saint-Ouen, France
anne.riu@rd.loreal.com 

Since March 2013 the use of animal testing for cosmetic ingredi-
ents has been banned in the EU. To assess systemic toxicity of new 
cosmetic ingredients, read-across approaches based on structural 
analogy are one of the next generation risk assessment approaches 
currently used. However, structural analogies are not sufficient to 
ensure similar toxicological behavior and are limited to ingredients 
with a defined structure.

Advances in omics technologies have allowed the emergence of 
public databases containing full genome transcriptomic profiles of 
thousands of compounds at many different biological conditions 
(concentration, time and biological system). By comparing tran-
scriptomic fingerprints, such databases can support read-across ap-
proaches based on biological activity analogy.

In this context, a digital tool integrating transcriptomic pro-
files from Drug Matrix, Open Tg-Gates (Igarashi et al., 2015) and 
Connectivity Map was developed, allowing 1) to assess similar-
ity between compounds and 2) to investigate the main biological 
pathways targeted by each compound. Using Hallmark gene sets 
(MSigDB), Gene set enrichment analysis (GSEA, Subramanian et 
al) was applied to calculate Normalized Expression Scores. Pair-
wise similarity scores were then computed from the GSEA results 
using Pearson’s correlation. In addition, wind-rose plots of impli-
cated pathways are constructed to help characterize the mecha-
nisms of actions (MOAs) and allow chemicals grouping based on 
their transcriptomic fingerprints.

High biological similarity scores were observed for compounds 
with similar structure and for compounds that were not previous-
ly identified as analogs by conventional read-across approaches. 
This tool could be useful to enhance structural based read across 
approaches and to assess analogy between chemicals with no de-
fined structure.

Next steps will consist of 1) further characterizing observed dif-
ferences/similarities between compounds towards a better under-
standing of compound’s MoAs and 2) developing and evaluating 
a classifier including results obtained with this digital scoring tool
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test methods for regulatory use, GOLIATH will link with on-
going initiatives of the OECD for test method (pre-)validation, 
IATA and AOP development. With a consortium comprised of 
world-leading experts, GOLIATH will be pivotal in the devel-
opment of an internationally harmonized strategy for testing 
MDCs, with the ultimate aim of slowing the worldwide rise in 
metabolic disorders that have reached “Goliathan” proportions.

Acknowledgment: This project has received funding from the 
European Union’s Horizon 2020 research and innovation pro-
gramme under grant agreement GOLIATH No. 825489.
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SMAFIRA: Smart feature based 
interactive ranking to  
retrieve possible alternatives 
from the literature
Daniel Butzke1, Mariana Neves1, Bettina Bert1 and 
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– Universitätsmedizin Berlin, corporate member of Freie Universität Berlin, 
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Clinical Pharmacology and Toxicology, Berlin, Germany
daniel.butzke@bfr.bund.de 

Any researcher who plans to undertake a scientific project rely-
ing on animal experimentation in one of the Member States of the 
European Union has to apply for project authorization (Article 
37, Directive 2010/63/EU). The application includes, amongst 
other things, 1.) the relevance and justification of the use of an-
imals, 2.) the application of methods to “replace, reduce and re-
fine” the use of animals in procedures (3R principle), and 3.) the 
avoidance of unjustified duplication of procedures. The informa-
tion needs to be accompanied by an evaluation of the current sci-
entific knowledge. PubMed/MEDLINE is a prominent resource 
to search for present state of biomedical knowledge and re-
searchers routinely use it (and its provided search tools) to fulfill 
the legal requirements. We here introduce a project that aims to 
support a 3R relevant information retrieval from PubMed/MED-
LINE. The SMAFIRA (smart feature based interactive ranking) 
project strives to elaborate a tool that ranks abstracts according 
to their equivalence to a given reference document in terms of 
scientific objectives. In addition, it shall allow for interactive fil-
tering of searched-for methodological approaches (in vivo vs. ex 
vivo vs. in vitro). Ranking and filtering approaches are fueled by 
up-to-date machine learning algorithms. With this tool we want 
to support scientists in their search for alternatives to animal test-
ing based on the experimental purposes.
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Generation of novel, integrated 
and internationally harmonized 
approaches for testing metabolism 
disrupting compounds (GOLIATH)
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The GOLIATH project focusses on one of the most urgent 
regulatory needs in EDC testing, namely the lack of meth-
ods for testing EDCs that disrupt metabolism – chemi-
cals collectively referred to as “metabolism disrupting com-
pounds” (MDCs). MDCs are natural and anthropogenic 
chemicals that have the ability to promote metabolic chang-
es that can ultimately result in obesity, diabetes and/or fat-
ty liver in humans. GOLIATH will generate the world’s first 
integrated approach to testing and assessment (IATA) spe-
cifically tailored to MDCs. With a focus on the main cellu-
lar targets of metabolic disruption – hepatocytes, pancreat-
ic endocrine cells, myocytes and adipocytes – GOLIATH  
will develop new and optimize existing methods that span the 
entire adverse outcome pathway (AOP) spectrum. GOLIATH 
will provide key information by which mode of action MDCs 
disrupt pathways by incorporating multi-omics and translat-
ing results from in vitro and in vivo assays to adverse meta-
bolic health outcomes in humans at real life exposures. Giv-
en the importance of international acceptance of the developed 
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Establishment of a risk assessment 
method and threshold of 
toxicological concern (TTC) 
concept for skin sensitization 
by non-animal approaches
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Tohkin2
1National Institute of Health Sciences, Kawasaki, Japan; 2Nagoya City 
University, Nagoya, Japan
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Introduction: Recently, several in vitro skin sensitization tests 
have been listed in the OECD guidelines. The threshold of toxi-
cological concern (TTC) is a threshold value for human exposure 
that does not show any obvious adverse effects at the lower doses 
for all chemicals. In this study, we aimed to develop a quantita-
tive prediction model using in vitro/in silico data and establish a 
TTC concept for skin sensitization.

Materials and Methods: The EC3 value, which is the endpoint 
of the LLNA, was used as the objective variable, and data on 120 
substances were extracted from the dataset published by Cosmet-
ics Europe. In vitro tests (DPRA, KeratinoSens and h-CLAT) da-
ta and physico-chemical properties were used as the explanato-
ry variables. A quantitative prediction model for EC3 was devel-
oped using support vector regression (SVR), which is a machine 
learning approach. Predicted EC3 values were used to establish 
a no expected sensitization induction level (NESIL), and accept-
able exposure level (AEL) for each chemical was calculated by 
dividing NESIL by sensitization assessment factor (SAF). Then 
by fitting gamma distribution of the AELs using a negative log 
(10) scale, 95 percentile probability was calculated as the Dermal 
Sensitization Threshold (DST). Finally, conversion of the DST to 
the concentration in a face cream was done as an example of the 
application of this concept.

Results and Discussion: This prediction model was validated 
by 3-hold cross validation, and the accuracy of prediction of po-
tency class in four categories was 45.8%. Assuming 20% of all 
chemicals to be skin sensitizers, the exposure threshold (micro 
g/cm2) for women’s face cream was 3.99 (95 percentile). Fur-
thermore, the concentration threshold of this type of products 
was calculated as 0.26%. This TTC concept will be useful for 
the safety evaluation of impurities in cosmetic ingredients as a 
non-animal approach.
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Animal models used for regenerative 
medicine research in Costa Rica.  
A case of study: Skin wound healing
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In the last two decades, a series of projects aiming towards the 
establishment of regenerative medicine technologies for skin in-
juries in Costa Rica have been developed. Joint efforts have been 
made between different state hospitals and universities, among 
which the Costa Rican Institute of Technology stands out as a 
protagonist.

Some of those projects have been limited to animal-cell culture 
studies, while others have required the use of animal models to 
verify the potential of cell therapies, in pre-clinical assays. This 
research has allowed the establishment of protocols designed to 
evaluate the wound regeneration rate and quality in various mu-
rine models, which in turn has allowed their refinement. To eval-
uate the regeneration potential of Adipose-derived Stromal Cells 
(ASC) seeded in a biological scaffold, this skin injury murine 
model was used.

One squared centimeter acute full-thickness skin wound was 
produced in the interscapular area of adult male Balb-C mice, 
and four different treatments were applied as follows: a) ASC 
in saline solution, B) ASC seeded in a biological scaffold (aga-
rose), C) agarose without cells, D) a commercial agent for wound 
healing as a positive control and D) saline solution as a negative 
control. The animals were assessed, and the injuries measured 
on a daily basis until the wound was completely closed. After 
that, samples were taken, and a histological evaluation was per-
formed.

Preliminary tests have shown that ASC seeded in an agarose 
scaffold tend to reduce the wound faster during the first week 
compared to ASC in saline solution, although complete closure 
was obtained around day 12 in both treatments. Other treatments 
showed lower regeneration rates compared to ASC treatments.

These experiments constitute some of steps taken in Costa Ri-
ca towards the use of cellular therapies at a clinical level.
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Telemetry as method to assess  
severity in sheep
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Ensuring animal welfare and assessing severity are fundamen-
tal issues that scientists undertake whenever animal experimen-
tation is needed. Currently, clinical scoring is the gold standard 
to assess procedural severity in sheep. However, sheep are prey 
animals and welfare concerns may be difficult to assess by an 
observer physically present and close to the animal. We present 
here the results of contactless monitoring of heart rate (HR), HR 
variability, general activity and body temperature via telemetry 
after surgery and their comparison to clinical scoring. An M01 
telemetric device (DSI, Harvard Bioscience, Inc.) was implant-
ed subcutaneously in the right neck of four German blackheaded 
mutton ewes (4-5 years, 77-115 kg). Four weeks after implanta-
tion, the sheep underwent tendon ablation of the left M. infra-
spinatus at the greater tuberosity of the proximal humerus. Af-
ter both surgeries, values for HR, HR variability, general activity 
and temperature were recorded by the M01 and clinical scoring 
was performed. Analysis of telemetric data after both surgeries 
revealed slightly elevated HR and reduced general activity on 
the first postsurgical day compared to baseline, which were not 
found in clinical examinations. Furthermore, the sheep showed 
decreased temperatures up to day five after transmitter implan-
tation. Interestingly, no correlation between clinical scoring and 
telemetric data could be determined. In order to classify the da-
ta with regard to severity assessment, a Support Vector Machine 
on the basis of k-means class-labeled telemetric data was trained. 
The application of the model highlighted the impact of both sur-
gical interventions on individual sheep. Our results indicate that 
severity assessment of surgical interventions in sheep can be 
measured more effectively via telemetry than clinical scoring. 
Furthermore, classification of telemetric data facilitates and en-
hances quantitative analysis of different procedures in sheep. 
Consequently, telemetry offers a valid method for the refinement 
of animal experimentation in sheep. 

Funding: DFG-FOR2180 & FOR2591
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In the life sciences, new and innovative technologies are contin-
uously evolving. Techniques such as computer modelling, arti-
ficial intelligence, sophisticated cell cultures, and organ-on-a-
chip have seen important advances since their initial develop-
ment. When these methods contribute to the overall replacement 
and reduction of animal testing, they are referred to as “New Ap-
proach Methodologies (NAMs)”. NAMs also cover more “con-
ventional” methods that aim to improve the understanding of 
toxic or biologic effects. Due to the fast progress of these tech-
nologies, (young) scientists can struggle to find relevant infor-
mation on NAMs. In order to facilitate their search, the Flemish 
government initiated the project “RE-Place” in 2017 which aims 
to collect the existing expertise on NAMs in one central data-
base. The Brussels Capital and Walloon regions later joined this 
project, making it a national initiative. RE-Place is coordinated 
by Sciensano and the Vrije Universiteit Brussel and consists of 
three phases: (1) an exploratory survey to identify experts us-
ing NAMs, (2) the development of an online tool to collect spe-
cific information on these methods, and (3) the compilation of 
an easy-to-use database, integrating all acquired data. In March 
2021, the database contained over 150 NAMs covering a wide 
array of scientific areas. This open access database, available via 
www.RE-Place.be, provides different stakeholders (regulators, 
industry, academia, government) reliable information on NAMs, 
while linking it to a direct contact. Furthermore, it enables sci-
entists to (i) promote their work, (ii) exchange experiences, and 
(iii) engage in new collaborations by connecting them with their 
peers. By facilitating access to the available expertise and im-
proving communication, RE-Place will grow as a powerful tool 
to stimulate the use of NAMs, promote their (further) develop-
ment, and allow the identification of knowledge gaps to better 
allocate future funding. Overall, RE-Place will contribute to the 
replacement and reduction of animal testing, wherever scientifi-
cally possible.
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Assessing reproducibility, robustness 
and predictivity of an in vitro 
method to assess DIO1 inhibition 
in human liver microsomes
Andreas Georg Weber1, Barbara Birk1, Chantal 
Mueller1, Hans-Albrecht Huener1, Sandra Coecke2, 
Kostja Renko3, Steffen Schneider1, Bennard Van 
Ravenzwaay1 and Robert Landsiedel1
1BASF SE, Experimental Toxicology and Ecology, Ludwigshafen, 
Germany; 2European Commission, Joint Research Centre (JRC), Ispra, 
Italy; 3Bundesinstitut für Risikobewertung (BfR), Berlin, Germany
andreas-g.weber@gmx.de 

Impairment of thyroid hormone homeostasis has been associ-
ated with several adverse effects. Regulatory requirements are 
increasing to identify different mode of actions (MoA) impact-
ing thyroid hormone (TH) signaling pathways. Therefore, ro-
bust and predictive in vitro methods for the identification of sub-
stances affecting the TH system are needed. The European Union 
Reference Laboratory for alternatives to animal testing (EURL  
ECVAM) is coordinating the validation of multiple in vitro meth-
ods focusing on different thyroid MoA by cooperating with a net-
work of EU laboratories (EU-NETVAL).

Deiodinases (DIO) are local regulators of TH action by enzy-
matically activating or inactivating TH via deiodination. DIO1, 
one of the three isoforms, serves as one main source for circu-
lating T3 via deiodination of T4 in the thyroid and plays a role in 
recycling of iodide via deiodination of inactive TH metabolites.

Jointly with the method developer, a non-radioactive approach 
to determine substance-induced DIO1 inhibition based on iodide 
release in human liver microsomes was transferred to our labo-
ratory and established following the GIVIMP concept (OECD, 
2018). The released iodide was quantified via colorimetric 
change in the Sandell-Kolthoff reaction.

The relevance assessment (Part 1) consisting of six different 
DIO1 inhibitors in five independent runs could show robust and 
consistent dose-dependent decrease of iodide release activity in 
human liver microsomes for all tested inhibitors (e.g., IC50 values 
for the known DIO1 inhibitors: 6-Propyl-2-thiouracil = 3.8 µM 
 and Aurothioglucose = 0.5 µM). Acceptance criteria were de-
rived for an intra-lab validation study (Part 2) to assess predic-
tivity with ≥ 30 blinded substances, selected by an international 
thyroid expert group.

The DIO1 inhibition assay using human liver microsomes is 
a promising in vitro assay to assess potential DIO1 inhibition 
of chemicals. Robustness and reproducibility could already be 
shown in Part 1. The predictivity assessment (Part 2) is ongoing 
and data are expected in Q2/2021.
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New approach for systemic toxicity 
hazard assessment based on 
alternative methods to animal testing 
in support of safety decision-making
Emilie Barbeau1, Françoise Gautier2, Sylvie Emery1, 
Véronique Neiveyans1, Laurène Roussel-Berlier1, 
Sébastien Gregoire1, Delphine Blanchet2, Reine Note1, 
Ann Detroyer1, Olivier Perin1, Gladys Ouedraogo1  
and Anne Riu1
1L’Oréal Research and Innovation, Aulnay-sous-Bois, France; 2L’Oréal 
Research and Innovation Division, Clichy-sous-Bois, France
emilie.barbeau@rd.loreal.com 

To ensure the safety of new ingredients when used in cosmetic 
products, development of New Alternative Methods (NAMs) ad-
dressing Acute Oral Toxicity (AOT) and Repeated-Dose Toxic-
ity (RDT) has become essential since the animal testing ban. In 
this context, we propose a new approach that could feed the Next 
Generation Risk Assessment including in silico approaches as 
well as in vitro models to support decision-making. For AOT, we 
developed an in silico profiler and a multiparametric approach 
for the oral LD50 prediction. RDT assessment was evaluated us-
ing a panel of traditional and emerging technologies from tran-
scriptomic analysis to tissue specific models. The approach was 
assessed on a set of compounds without in vivo AOT alerts in-
cluding, well-known chemicals (Amiodarone, Acetaminophen), 
a negative control (Mannitol) and one hair dye with an unfavor-
able SCCS’ opinion due to genotoxicity alerts. It is also known to 
cause in vivo liver and heart histopathological alterations in ro-
dents after oral repeated dosing from legacy studies.

The LD50 prediction correctly identified non acute toxic com-
pounds (3/4). No toxicity was observed for Mannitol whereas 
Amiodarone and Acetaminophen showed in vitro mitochondri-
al alterations described as one of their mechanism of action in-
volved in the chemical-induced hepatoxicity in vivo. Finally, a 
strong decrease in albumin secretion in the 3D-liver spheroid as-
say, and a decrease of cardiomyocytes’ conduction velocity and 
contraction forces were observed in vitro for the hair dye.

This new approach provided relevant elements contributing to 
hazard characterization for the 4 test articles, which must be as-
sessed on a larger set of compounds to better evaluate the value 
of NAMs in the assessment of systemic toxicity.

Next steps will consist of 1) enriching the approach for repro-
ductive toxicants assessment, and 2) integrating the kinetics to 
increase the relevance of the data in realistic use conditions.
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lipid and energy metabolism were particularly altered, in line 
with the in vivo MoA of bezafibrate which acts as a lipid-lower-
ing agent. The metabolome analysis for the other 7 substances is 
ongoing and will be presented. The first results postulate that the 
µMIV method is a promising in vitro tool for screening approach 
in toxicology and pharmacology.

Reference
Ramirez, T. et al. (2018). Prediction of liver toxicity and mode of 

action using metabolomics in vitro in HepG2 cells. Arch Tox 
92, 893-906. doi:10.1007/s00204-017-2079-6 
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irreversibility of tetanus toxoids
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Heike.Behrensdorf-Nicol@pei.de 

Tetanus vaccines are prepared from chemically inactivated teta-
nus neurotoxin (TeNT). This detoxified material is called tetanus 
toxoid. Safety tests are prescribed for each toxoid batch to make 
sure that it has been sufficiently detoxified. According to the Eu-
ropean Pharmacopoeia, these safety tests have to be performed 
as toxicity tests in guinea pigs. One of these tests that was pre-
scribed until recently addressed the irreversibility of the inacti-
vation: In order to demonstrate that there is no “reversion to tox-
icity” during storage, the toxoid had to be stored at 37°C for six 
weeks before being tested in guinea pigs. We have investigated 
the relevance of this irreversibility test:

Comprehensive literature research and communications with 
vaccine manufacturers revealed no convincing evidence that any 
reversion events have ever been observed during the production 
of tetanus vaccines at all.

Moreover, using the binding and cleavage (BINACLE) as-
say as an in vitro method for the detection of active TeNT (Beh-
rensdorf-Nicol et al., 2013), we could show that the toxin rapidly 
loses its activity at 37°C. Consequently, active TeNT molecules 
that may potentially arise in a tetanus toxoid owing to reversion 
events will no longer be detectable after the six-week storage pe-
riod, anyhow.

Based on these findings, we concluded that the prescribed test 
for irreversibility has no relevance for the safety of tetanus vac-
cines (Behrensdorf-Nicol and Krämer, 2019). We presented our 
findings to the Expert Groups of the European Pharmacopoeia 
Commission to stimulate discussions on the possible deletion of 
this animal test. These discussions have ultimately led to the de-

Reference
OECD (2018). Guidance Document on Good In Vitro Meth-

od Practices (GIVIMP). OECD Series on Testing and As-
sessment, No. 286. OECD Publishing, Paris. doi:10. 
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Miniaturizing of liver metabolomics 
in vitro – A new screening 
approach to generate metabolic 
fingerprint in HepG2 cells
Sabina Ramirez Hincapie1, Barbara Birk1, Michael 
Herold2, Saskia Sperber1, Volker Haake2, Varun Giri1, 
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1BASF SE, Ludwigshafen, Germany; 2BASF Metabolome Solutions 
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barbara.birk@basf.com 

Metabolomics in vitro (MIV) enables to predict the mode of ac-
tion of liver toxicants in HepG2 cells. The currently used meth-
od at BASF (LUMOX-MIV) is robust, reproducible and pre-
dictive for different mode of actions (Ramirez et al., 2018). 
LUMOX-MIV is appropriate for testing chemicals in the reg-
ulatory context but is not applicable for a fast and low-cost 
screening approach. The aim of this study was to miniaturize 
the method on a 96-well plate (µMIV) and compare the da-
ta with LUMOX-MIV. As a proof of concept, bezafibrate, a 
well-established quality control, and seven additional substanc-
es known to cause liver toxicity through different modes of ac-
tion (aroclor, pendimethalin, b-naphthoflavone, WY-14643, 
acifluorfen, fluoroglycofen-ethyl and ketoconazole) were tested 
with both methods.

After testing 7 different endpoints, the optimal cytotoxicity as-
say for dose selection was defined as a multiplexing approach 
combining ATP measurement with membrane integrity assess-
ment. For the substance testing, HepG2 cells were cultivated on 
Lumox dishes (35mm, Sarstedt) by seeding 200 000 cells/ dish 
for LUMOX-MIV, and 15 000 cells/well in a 96 well plate for 
µMIV. After 24 hours, each substance was added. 48 hours later, 
the assay was stopped by harvesting the foil of the lumox dish-
es, freezing, and quenching it with DCM/EtOH (LUMOX-MIV). 
For µMIV, Isopropanol 80% was added to the wells, and the 
plates were frozen subsequently. The foils/plates were extracted 
and analyzed by LC-MS/MS for metabolic profiling.

Bezafibrate treatment showed a clear metabolic change com-
pared to vehicle treated cells. In both systems consistently, the 
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tion with similar IC50s in the range of 0.49 to 0.75 µM. Their 
structural analogues lacking the gold cation did not lead to treat-
ment-related iodide release inhibition. Two gold salts, Gold(I) 
and Gold(III) chloride showed comparable iodide release inhibi-
tion as the organic gold compounds tested. Further, testing 5 nm 
AuNPs in the DIO1-SK assay inhibited iodide release activity 
whereas larger AuNPs showed no effect on DIO1 activity.

We could show the susceptibility of DIO1 to inhibition by 
different classes of gold-containing substances and, potential-
ly, AuNPs based on their size. The DIO1-SK assay might be a 
valuable in vitro method for the detection of DIO disrupting sub-
stances.
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The threshold of toxicological 
concern (TTC) is a pragmatic risk 
assessment tool for the safety 
assessment of cosmetic ingredients 
with low consumer exposure
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Jane Rose4 and Evita Vandenbossche5
1L’Oréal, Clichy, France; 2Henkel, Düsseldorf, Germany; 3Cosmetics 
Europe, Brussels, Belgium; 4Procter & Gamble, Cincinnati, OH, United 
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The Threshold of Toxicological Concern (TTC) is a pragmatic 
and conservative tool for the risk assessment of substances. It is 
based on the principle of establishing a human exposure thresh-
old value for all chemicals, below which there is a very low prob-
ability of a possible risk to human health. Such threshold values 
may be identified for many substances on the basis of their chem-
ical structures and the known toxicity of chemicals sharing sim-
ilar structural characteristics. The TTC concept has been inter-
nationally accepted and used in a wide range of regulatory con-
texts. The human exposure threshold values have been originally 
derived from oral toxicity data on cancer and non-cancer toxic-
ity endpoints (Munro et al., 1996). This database has been sub-
stantially enlarged by the COSMOS database, an enhanced oral 
non-cancer TTC dataset on a larger chemical domain, thereby re-
sulting in a new, transparent and public TTC database which al-
so includes 552 cosmetics-related chemicals (Yang et al., 2017). 
The 5th percentile point of departure value for each Cramer Class 
was determined, from which human exposure TTC values have 
been derived. The COSMOS-plus-Munro federated dataset pro-
vided TTC values of 46, 6.2 and 2.3 µg/kg bw/day for the Cram-
er Classes I, II and III, respectively. Overall, the TTC is accept-
ed by regulatory authorities and most scientific committees, and 
there is broad application potential for use in safety assessments 
of cosmetic ingredients. Cosmetics Europe has prepared several 

letion of the test for “irreversibility of toxoid” from the Pharma-
copoeia monographs for tetanus vaccines for human and veteri-
nary use.
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Deiodinase 1 in human liver 
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and inorganic gold compounds 
and gold nanoparticles
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and Robert Landsiedel
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The hypothalamus-pituitary-thyroid axis (HPTA) plays a crucial 
role in energy homeostasis of adults and normal fetal brain de-
velopment. Disruption of the HPTA has been linked to impaired 
neurodevelopment of the offspring and might be mediated by 
thyroid disrupting compounds.

Deiodinase 1 (DIO1), is a seleno-cysteine-containing enzyme 
in the HPTA which activates thyroid hormone via production of 
the biologically active thyroid hormone T3 in the thyroid and de-
activation of thyroid hormone metabolites via deiodination in ex-
creting organs like the liver or kidney.

Several inhibitors of DIO are known including some gold-con-
taining pharmaceuticals. The aim of the study was to investigate 
gold-induced deiodinase inhibition of different gold-contain-
ing compounds including organic substances, inorganic salts, 
and gold nanoparticles (AuNPs) in the DIO1-Sandell-Kolthoff 
(DIO1-SK) assay.

The DIO1-SK assay uses human liver microsomes as a source 
for DIO1 to detect substance-induced inhibition of iodide release 
from iodothyronine. The Sandell-Kolthoff reaction is used to 
quantify the released iodide by colorimetry via reduction of yel-
low Ce4+ to colorless Ce3+ with a catalyzing function of iodide.

Aurothioglucose, sodium aurothiomalate and auranofin, three 
gold containing organic compounds that were used to treat rheu-
matoid arthritis, showed dose-dependent iodide release inhibi-
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ic properties in our assay but was inactive in the assay of To-
imelaa et al. (2017). Phenytoin is often considered as wound 
healing inducer, but Eser et al. (2021) could demonstrate anti-
angiogenic effects in mice.

This GF-free human cell-based in vitro angiogenesis assay is 
robust, reproducible and predictive. Further testing is needed but 
it could be a useful tool to investigate angiogenesis in toxicology 
and pharmacology in the future.
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Botulinum neurotoxins (BoNTs) are highly potent bacterial tox-
ins inducing a flaccid paralysis. The muscle-relaxing effects of 
the serotypes BoNT/A and BoNT/B are exploited in clinical and 
aesthetic medicine to treat a broad spectrum of disorders associ-
ated with muscle overactivity. In order to avoid toxic side effects, 
the potency of each BoNT batch has to be precisely determined. 
The “gold standard” method for this purpose is a test measur-
ing the lethal toxin dose (LD50) in mice, which causes severe 
distress for the test animals. Although some approved alternative 
methods exist, none of them is applicable to all relevant BoNT 
products and freely available for all potential users.

We have developed a method for measuring the activity of 
BoNT/A and BoNT/B in vitro based on the two most import-
ant specific characteristics of these toxins, namely their recep-
tor-binding and proteolytic properties (Wild et al., 2016; Behrens-
dorf-Nicol et al., 2018). In-house characterization studies demon-
strated that this BoNT BINACLE (binding and cleavage) assay is 
highly sensitive and applicable to all approved BoNT products, 
thus meeting the basic prerequisites to serve as an alternative to 
the LD50-based animal tests. It was further shown that the meth-
od can be straightforwardly transferred to other laboratories.

case studies which demonstrate that the TTC approach is a suffi-
ciently conservative approach to safeguard the consumer. Over-
all, the TTC concept is useful to avoid animal testing and suc-
cessfully evaluates the safety of cosmetic ingredients for which 
the consumer exposure is low.
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Inhibition of angiogenesis, de novo formation of blood vessels, is 
a relevant mode of action which, may lead to malformations. In 
vitro angiogenesis assays are often complex and require the ad-
dition of growth factors (GF) (Toimelaa et al., 2017). We devel-
oped a human based in vitro angiogenesis assay without external 
GF to screen anti-angiogenic effects of chemicals.

A 96well based assay was developed by co-culturing human 
fibroblasts (Cl-huFIB, Inscreenex) at Day 0 with addition of 
primary HUVECs (PromoCell) at Day 3. At Day 4 and 8 cells 
were treated with test items with known antiangiogenic/terato-
genic effects (Digoxin, Levamisole, 2-Methoxyestradiol), two 
teratogenic substances without angiogenic inhibiting effects 
(Phenytoin, Methimazole) and one without anti-angiogenic 
and teratogenic effects (D-Mannitol) (Toimelaa et al., 2017). 
On day 14, the HUVECs were stained with rabbit-α-Factor 
VIII related antigen (Zytomed) to quantify the HUVEC tube 
formation by measurement the network length and branching 
points (IncuCyte, Sartorius). MTT viability test was performed 
in parallel to exclude general cytotoxic effects.

No external GF was needed to build a reproducible tubular 
network proven by Digoxin in > 15 runs. Levamisole, Digox-
in, Phenytoin and 2-Methoxyestradiol showed lower IC50 for 
the network length and branching points than cytotoxicity in-
dicating a selective anti-angiogenic effect, while Methimazole 
and D-Mannitol neither showed any inhibitory effect for inhi-
bition of tube formation nor cytotoxicity up to 1000 µM in line 
with Toimelaa et al. (2017). Phenytoin showed anti-angiogen-
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such as aldh1a2 and metabolizing enzymes of the cyp26 family. 
This balance creates local gradients essential for vertebrate em-
bryo development. ATRA interacts with morphogenetic regula-
tors (MR) such as fgf8, wnt and shh, driving complex morphoge-
netic processes like neural tube patterning. Our objective was to 
understand how changes in the RA pathway transcriptome relate 
to malformation. We studied transcriptomic and morphological 
data of zebrafish embryos exposed to ATRA (7.5 nM) for differ-
ent durations (2 h, 4 h, 6 h, 24 h, 48 h, 72 h, 120 h). The increased 
duration of exposure leads to increase consequences in the mor-
phological readout. In the transcriptome read out the stronger 
level of relative gene expression changes appears in the first du-
ration exposure, specifically in the RA metabolism (cyp26a), in 
hox genes (hox2), and other MO (fgf8b), highlighting the rele-
vance of the RA pathway in the study of developmental toxicity 
in the zebrafish embryo. It allows us to select RA pathway-relat-
ed genes as biomarkers for developmental toxicity, which we an-
ticipate will be responsive to a wide array of teratogens.
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OECD approval is not the end 
of the story – Are existing test 
methods (OECD 442C, D and E) 
applicable to nanomaterials?
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Since January 2020, Commission Regulation (EU)2018/1881 is 
introducing REACH registration requirements regarding nano-
materials (NM). This requires characterization of nanoforms, 
performance of chemical safety assessment including qualifica-
tion of adaptation of test methods to nanoforms and modification 
of information requirement where the test method is not applica-
ble. For chemicals, a battery of three in vitro methods to test for 
skin sensitization potential was validated and approved by OECD 
(DPRA, LuSens, h-CLAT, the OECD TG 442C, D and E, respec-
tively). In the BMBF-funded project Aerosafe (031L0128C), the 
applicability of these methods to NM was evaluated.

Nine different NM (i.a. CeO2, BaSO4) were tested in three as-
says to predict skin sensitization based on the adverse outcome 
pathway (i) protein interaction (DPRA), (ii) activation of kerati-
nocytes (LuSens) and (iii) activation of dendritic cells (h-CLAT). 
Modifications of assay protocols were introduced: characteriza-
tion of NM and homogeneous and reproducible NM suspension 
by using cuphorn sonication.

Currently, an international collaborative study is ongoing to 
promote acceptance of the BINACLE assay by BoNT manufac-
turers and regulatory authorities. In future, the BINACLE assay 
could allow animal-free activity determinations of BoNT prod-
ucts and could thus lead to a noticeable reduction in animal num-
bers.

Funded by the German Federal Ministry of Education and Re-
search (BMBF projects no. 031A210 and 161L0148) and the 
German Research Foundation (DFG).
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Mining retinoic acid pathway 
related biomarkers of vertebrate 
developmental toxicity in  
the zebrafish embryo model
Laura Samrani1, Jeroen Pennings1, Nina Hallmark2, 
Remi Bars3, Helen Tinwell3, Marc Pallardy4 and  
Aldert Piersma1
1Centre for Health Protection, National Institute for Public Health and 
the Environment (RIVM), Bilthoven, The Netherlands; 2Bayer AG Crop 
Science Division, Monheim, Germany; 3Bayer SAS, Lyon, France; 
4Inflammation, Chimiokines et Immunopathologie, INSERM UMR996, 
Université Paris-Saclay, Châtenay-Malabry, France
laura.samrani@gmail.com 

The assessment of potential developmental toxicity is a criti-
cal component included in the data package for chemical safe-
ty. As in-vivo studies involve the use of many animals, there is, 
consequently, a need for an alternative protocol to rapidly iden-
tify developmental toxicity properties for young candidate mol-
ecules. The zebrafish embryo model is increasingly used in the 
field of toxicology. It offers the opportunity to study the devel-
opment of an intact vertebrate embryo in an animal-free regula-
tory context. The fast-developing egg allows for a cheaper and 
less time-consuming whole vertebrate organism study, with rele-
vance for human when studying highly conserved developmen-
tal mechanisms. The function of the retinoic acid (RA) pathway 
is highly conserved in vertebrate embryogenesis. The concentra-
tion of its principal actor all-trans-retinoic acid (ATRA) is strictly 
maintained locally by a balance between synthesizing enzymes 
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in LuSens (depending on extract vehicle). Regarding positive 
classification, better concordance was found between DPRA 
and LuSens (4/9 positive DPRA results), while LLNA provided 
three positive classifications concordant with both LuSens and 
DPRA. This study demonstrated good agreement between in vi-
tro and in vivo method results regarding the absence of skin sen-
sitization potential, however, discrepancies in positive classifi-
cations were recorded. The mismatch between in vitro and in vi-
vo results might be caused by specific response of the immune 
system of the living organism. The in vitro methods require op-
timization of procedure, in particular the choice of appropriate 
extraction vehicle, sterility of the extracts and applied concen-
trations/volumes.

Acknowledgment: Supported from ERDF/ESF project “Interna-
tional competitiveness of NIPH in research, development and ed-
ucation in alternative toxicological methods” (No. CZ.02.1.01/0. 
0/0.0/16_019/0000860) and by MH CZ – DRO (“National Insti-
tute of Public Health – NIPH, IN:75010330”).
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Identifying fish – Methods for  
tagging and marking
Erik Peterson1, Michael Axelsson2, Albin Gräns3  
and Per E. Ljung4
1Swedish University of Agricultural Sciences, Drottningholm, Sweden; 
2University of Gothenburg, Gothenburg, Sweden; 3Swedish University 
of Agricultural Sciences, Skara, Sweden; 4The Swedish 3Rs Center, 
Jönköping, Sweden
3Rcenter@jordbruksverket.se 

In many areas of fish research, it is necessary to identify indi-
viduals or groups. Sometimes, this can be achieved by using 
the fish’s natural pattern and other unique markings, but often 
the fish must be marked or tagged. There are a number of doc-
uments describing one or more methods, but an easy-to-use 
guide that includes both fish welfare and user perspective was 
lacking. In this project we therefore summarized and evaluat-
ed all the most common methods for marking/tagging fish. The 
best choice of method depends on the reason for marking/tag-
ging, fish species, habitat and size of the animal. Also, wheth-
er the animals should be possible to identify on a distance or 
not influence what choice to make. If the reading will be do-
ne on a distance or movement data or position is needed, the 
choice stands between using microchips (e.g., PIT-tag) or te-
lemetry/biologgers. Genetic identification gives more detailed 
data about inbreeding and population structure than other meth-
ods and have low impact on the fish but cannot be read at a dis-
tance. Coded-wire tags, VI Alpha (visible implant alphanumer-
ic) are easy methods to use that have little negative effect on the 

h-CLAT and LuSens assays include MTT cytotoxicity testing. 
ATP-cytotoxicity assays were performed in addition if interfer-
ence of the NM with the MTT assay were apparent. The h-CLAT 
assay uses flow cytometry which is sensitive to NM particles. 
“Density gradient centrifugation” was introduced to separate the 
NM from the cells before applying to the flow cytometer. The 
DPRA protocol calls for test items in aqueous solutions, where-
as insoluble NM form suspensions. According to the prediction 
model of the DPRA, the results with NM are regarded as “incon-
clusive” rather than “negative”. Obviously, the prediction model 
of the DPRA needs to be amended for insoluble test items.

The well-established assays on skin sensitization are applica-
ble to NM with adaptations of the test item preparation, assay 
protocols and prediction models. Further tests are needed to learn 
more about the applicability of the OECD442C, D and E test bat-
tery for a wider range of NM.
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Sensitization potential of  
medical devices detected by methods  
in vitro and in vivo
Lada Svobodova1,2, Kristina Kejlova1, Alena Vlkova1, 
Marian Rucki1, Marek Maly1, Dagmar Jirova1, Hana 
Kolarova2, Helena Kandarova3 and Tuula Heinonen4
1Centre of Toxicology and Health Safety, National Institute of Public 
Health, Prague, Czech Republic; 2Department of Medical Biophysics, 
Institute of Molecular and Translational Medicine, Faculty of Medicine 
and Dentistry, Palacky University in Olomouc, Olomouc, Czech 
Republic; 3Centre of Experimental Medicine, Slovak Academy of 
Sciences, Bratislava, Slovakia; 4FICAM, Faculty of Medicine and Health 
Technology, Tampere University, Tampere, Finland
dagmar.jirova@szu.cz 

Medical devices have to be tested before marketing in accor-
dance with ISO EN 10993-10 in order to avoid skin sensitiza-
tion. The objective of this pilot study was to evaluate sensitiza-
tion potential of selected medical devices combining in vitro and 
in vivo methods. DPRA (OECD TG 442C) is an in chemico pro-
cedure addressing the molecular initiating event leading to skin 
sensitization, namely protein reactivity, by quantifying the reac-
tivity of test chemicals towards model synthetic peptides. Lu-
Sens (OECD TG 442D) is an in vitro procedure based on hu-
man keratinocytes transfected with stable reporter gene for lu-
ciferase. The measured luciferase signal reflects activation of the 
relevant signaling pathway by sensitizers. Local Lymph Node 
Assay:DA (OECD TG 442A) is a non-radioactive method us-
ing mice, measuring the proliferation of lymphocytes induced in 
the auricular lymph nodes after application of the test material 
(extract). So far, 39 samples of medical devices have been test-
ed, 6 were positive in LLNA, 9 positive in DPRA and 8 positive 
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Development of an optimized culture 
medium to differentiate MUTZ-3 
cells into MUTZ-Langerhans cells for 
in vitro skin sensitization assays
Patricia Böttcher, Karsten Mewes and Dirk Petersohn
Henkel AG & Co. KGaA, Düsseldorf, Germany
patricia.boettcher@henkel.com 

Langerhans cells (LCs), the dendritic cells of the skin, play an 
important role in the immune response. Thus, dendritic cells can 
be considered important components in the development of in 
vitro tests intended to assess the skin-sensitizing potential/po-
tency of chemicals. However, due to limited supply and donor 
variability of native LCs isolated from human skin, surrogate 
cell lines are commonly used. One known surrogate is the hu-
man acute myeloid leukemia cell line MUTZ-3, which resem-
bles the phenotype and morphology of human CD34-positive 
dendritic cell precursors. Upon exposure to a cytokine cock-
tail the MUTZ-3 cells differentiate into Langerhans-like cells 
(MUTZ-LCs), a prerequisite to elicit LC-typical reactions upon 
exposure to potential sensitizers. For that, two aspects must be 
considered: the composition of the differentiation medium and 
the differentiation time.

Besides defined cytokines like GM-CSF, TGF-β and TNF-α, 
the majority of published differentiation media are still supple-
mented with undefined cytokine cocktails like the 5637 bladder 
carcinoma-conditioned medium (5637CM) and fetal calf serum 
(FCS). Both supplements are also prone to lot-to-lot variabili-
ties. Hence, our goal was to improve the standardization of the 
MUTZ-3 cell differentiation protocol, while retaining all LC-typ-
ical expression markers, which were analyzed by flow cytometry.

Our results demonstrate that 5637CM can be completely ex-
cluded, as the expression of pivotal proteins like CD1a or CD207 
remains unchanged. Moreover, when reducing FCS percentage 
from originally 20% to less than 10%, the desired differentiation 
status was already achieved after 7 days instead of 14 days of 
culture in the majority of cells. Hence, the differentiation time 
could be markedly reduced.

In conclusion, our optimized differentiation protocol requires 
less time and materials and has a higher degree of standardiza-
tion, as the medium is free of undefined 5637-conditioned medi-
um and is only supplemented with a reduced FCS amount.
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fish and they can be used for separating individuals, while VIE 
(visible plant elastomer) is an equivalent for separating mainly 
groups. There are methods to create patterns in the otoliths that 
can be a suitable method for group marking. Although remov-
ing pelvic fins, removing maxilla (part of the mouth), and spray 
marking are legal in Sweden, we discourage the use of these 
methods due to animal welfare reasons. We believe our profil-
ing of the methods and the complimentary decision tree will 
make it easier to choose the most suitable method for marking, 
tagging and identification, thereby reducing the number of fish 
used and the negative impact on the fish.
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The problem of pain in 
animal experimentation
Katherine Roe, Ingrid Taylor and Alka Chandna
People for the Ethical Treatment of Animals (PETA), Norfolk, VA,  
United States
KatherineR@peta.org 

Untreated or mistreated pain in animals in laboratories presents 
numerous scientific and ethical concerns in research. In North 
America, Europe, and Asia, various animal welfare laws and 
guidelines exist to minimize pain in animals used in experi-
ments, yet these animals are often given inadequate pain relief 
and critical information about pain management is frequently 
underreported in scientific publications. Traditional tools to as-
sess pain in animals are inadequate, and more modern tools are 
infrequently implemented. Additionally, mismanaged pain re-
lief and monitoring comprise a concerning percentage of wel-
fare violations in laboratories in the United States. Collectively, 
this results in an alarming but underreported number of animals 
suffering with pain in laboratories. This is not only ethically 
unacceptable, but also introduces potentially catastrophic con-
founds into experimental data; animals experiencing pain may 
exhibit reduced food and water intake, impaired sleep, reduced 
motor activity, slower wound healing, and increased stress-re-
lated hormone production.

We will present current data on the number of pain-related an-
imal welfare violations in top U.S. laboratories, and show data 
suggesting a pattern of inadequate pain management in laborato-
ries coupled with incomplete pain management reporting in sci-
entific journals. We will discuss the ethical and scientific impli-
cations of these findings and make recommendations to address 
the problem of pain in animal experimentation.
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OncoChip: Development of a 
microfluidic human test  
platform for immune-oncology  
therapy testing
Anna-Catharina Krebs1,2, Eva-Maria Dehne2,  
Reyk Horland2, Roland Lauster1, Uwe Marx2 and 
Annika Winter2
1TU Berlin, Berlin, Germany; 2TissUse, Berlin, Germany
anna.krebs@tissuse.com 

Modern immune-oncology therapies aim at treatments that take 
advantage of the body’s immune system to fight cancer. The ef-
ficacy of these therapies combines orally administered chemical 
oncology drugs together with systemically injected monoclo-
nal antibodies. Antibody-dependent cell-mediated cytotoxicity  
(ADCC) is an immune mechanism enabling Fc receptor-bearing 
effector cells, mainly natural killer cells (Nk cells), to recognize 
and kill tumor cells, which carry antibody-coated tumor antigens 
on their surface. No laboratory animals nor current in vitro test-
ing tools represent the human immune-oncological background 
of patients.

The objective of this project is to establish a human test system 
for pre-clinical immune-oncology therapy testing. Therefore, 
the HUMIMIC Chip2, a commercially available microfluidic 
multi-organ chip platform, is used. The establishment of a long-
term co-culture of a human intestinal equivalent and a tumor-in-
filtrated liver model interconnected through a microfluidic vas-
culature on this chip is in progress. To guarantee an autologous 
system induced pluripotent stem cells of one donor are used. Fur-
thermore, primary NK cells are added to the circulation to mim-
ic effector cell distribution. The intestinal equivalent and the vas-
cularized circuit support “oral” and “intravenous” administration 
of immune-oncology drugs, respectively. The tumor is modelled 
by H292 cell line spheroids overexpressing EGFR. This recep-
tor is recognized by the monoclonal antibody Cetuximab which 
in turn attracts primary natural killer cells via its Fc-part to lyse 
the tumor via the perforin/granzyme cell death pathway. NK cell 
specific tumor cell killing on the background of a functional in-
testine-liver-vasculature co-culture is envisaged to prove the as-
say concept.

We summarize the results of the experiments with the read-
outs being flow cytometry analysis of NK cells, metabolic activ-
ity assays including LDH release, glucose consumption and lac-
tate production, immunohistochemical analysis and specialized 
ADCC-apoptosis assays. Finally, we propose a qualification pro-
gram for the OncoChip assay for industrial adoption to internal 
preclinical oncology portfolio decision-making.
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The GARDpotency assay for 
potency-associated subclassification 
of chemical skin sensitizers – 
Rationale, method development 
and ring trial results of predictive 
performance and reproducibility
Robin Gradin1, Andy Forreryd1, Florence Burleson2, 
Helge Gehrke3 and Henrik Johansson1
1SenzaGen AB, Lund, Sweden; 2Burleson Research Technologies, 
Morrisville, NC, United States; 3Eurofins BioPharma Product Testing 
Munich Gmbh, Planegg, Germany
henrik.johansson@senzagen.com 

The advancement of non-animal approaches for hazard assessment 
of skin sensitizers have generated a variety of alternative assays 
with discriminatory properties comparable with those of accepted 
in vivo methods. However, hazard identification is rarely sufficient 
and information permitting the relative ranking of chemicals’ skin 
sensitization potency is desired. For example, the globally harmo-
nized system of classification and labelling of chemicals (GHS/
CLP) extends the binary hazard assessment with a qualitative sub-
categorization to distinguish between weak and strong skin sensi-
tizers.

Though substantial efforts have been made towards developing 
alternative methods for potency assessment, none have gained reg-
ulatory acceptance, emphasizing that continued development of 
improved alternative assays remains a high priority.

The genomic allergen rapid detection (GARD) is an in vitro 
testing platform for assessment and characterization of chemical 
sensitizers, based on evaluation of transcriptional patterns of end-
point-specific genomic biomarker signatures in a human dendrit-
ic-like cell line following chemical exposure, in order to provide 
machine learning-assisted classifications of tested substances. The 
GARDskin assay was recently subjected to a formal validation 
procedure (OECD TGP 4.106) and reported a reproducibility be-
tween laboratories of 92%, as well as a predictive accuracy of 94%, 
for sensitization hazard assessment.

Here, we present the implementation of the related GARD ap-
plication GARDpotency, for potency-associated subcategorization 
of chemical sensitizers. Following prediction model establishment, 
the functionality of the assay was validated in a blinded ring-trial, 
in accordance with OECD-guidance documents, by assessing pre-
dictive performance and reproducibility. It was found that the as-
say is functional and predictive, with an estimated cumulative ac-
curacy of 88% across three laboratories and nine independent ex-
periments. The within-laboratory reproducibility measures ranged 
between 63-89%, and the between-laboratory reproducibility was 
estimated to 61%. In conclusion, the in vitro GARDpotency assay 
constitute a standardized, functional assay, which could be a valu-
able tool for hazard characterization of skin sensitizer potency.
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The rodent in the room: 
Considering sentience in research 
programs using mice and rats
Ingrid Taylor
People for the Ethical Treatment of Animals, Norfolk, VA, United States
drtaylor@peta.org 

Animal sentience – the ability to feel emotions such joy, pain, 
fear, suffering, and happiness – is an inherent reason for eth-
ical discussion surrounding the use of animals in research, 
however, the topic itself is often overlooked. This occurs de-
spite a growing body of scientific evidence attesting to the rich 
inner lives of animals commonly used in research. Rats and 
mice are the most frequent animal species used in experiments, 
with an estimated 100 million killed annually in the United 
States alone. There are numerous published studies demon-
strating that mice and rats experience emotions. Moreover, 
many biomedical, behavioral, and psychological experiments 
on these rodents are predicated on their sentience. Indeed, the 
ability of animals to experience complex emotions is a neces-
sary basis for any attempts at translating data from these stud-
ies on animals to humans. Rats have been documented display-
ing empathy for other rats, committing acts of altruism, en-
gaging in play and other forms of joy, regretting poor choices, 
and working to free other rats who are trapped. Mice have also 
demonstrated empathy and will work to free trapped conspe-
cifics. Nevertheless, this knowledge, though widespread and 
readily available, seldom translates into considerations of sen-
tience when experiments are being designed and approved. I 
suggest that the knowledge gap between the current science on 
sentience, the researchers who work with mice and rats, and 
the oversight committees that approve experiments has result-
ed in an overly permissive attitude toward the use of mice and 
rats in experiments. Through a literature review, my research 
describes the current state of science on the emotional experi-
ences of mice and rats, opens a vital discussion about the un-
examined role of animal sentience in welfare considerations 
and experimental design, and provides strategies to incorpo-
rate considerations of animal sentience into research programs 
to promote better science and improve animal welfare.
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Toxicity testing in an in vitro model 
for anti-carcinogenesis demonstrates 
the improved preventive effects of 
combinations of bioactive compounds 
as compared to single compounds
Simone van Breda, Jacob Briedé and Theo de Kok
Maastricht University, Department of Toxicogenomics, GROW School for 
Oncology and Developmental Biology, Maastricht, The Netherlands
s.vanbreda@maastrichtuniversity.nl 

The goal of toxicity testing is to ensure appropriate protection of 
public health from the adverse effects of exposures to environ-
mental agents. However, these toxicity tests can also be used to 
evaluate the possible protective effects of different types of expo-
sures on human health. In the present study, we demonstrate the 
value of toxicity testing in a colonic in-vitro model for anti-car-
cinogenesis, which was validated against a previously conducted 
human dietary intervention study on blueberry-apple juice. Blue-
berries contain a mix of different phytochemicals which might be 
responsible for their disease preventive properties. In the human 
study, we showed that a 4-week intervention with blueberry-ap-
ple juice protected the participants against ex-vivo induced oxi-
dative stress and modulated expression of genes involved in dif-
ferent genetic pathways contributing to the antioxidant response. 
The in-vitro study investigated the effect of different blueberry 
varieties and the blueberry-apple juice from our previous human 
dietary intervention study, and four different single compounds 
on antioxidant capacity and gene expression changes in colon-
ic cells in-vitro and compares the outcome with the earlier in- 
vivo findings. Protection against oxidative stress was measured 
via the Comet assay, which detects DNA strand breaks. A reduc-
tion in the level of induced DNA strand breaks is regarded as a 
preventive effect. The results demonstrate that all blueberry va-
rieties as well as the blueberry-apple juice were more effective 
in reducing oxidative stress induced DNA strand breaks as com-
pared to the single compounds. In addition, the gene expression 
profiles induced by the blueberry varieties were more similar to 
the profile of the human intervention study than the single com-
pounds. These results indicate the added value of toxicity testing 
for identifying combinations of phytochemicals which show op-
timal preventive capacities. Applying this approach in innovative 
organoid-based in-vitro models may further advance this field of 
research.
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ods still use animal-derived components such as fetal calf serum 
(FCS) within their standard protocols, imposing the question 
whether these methods should truly be considered as animal-free 
replacements.

Genomic Allergen Rapid Detection™ – GARD™ – is a ge-
nomics-based in vitro testing platform for assessment of numer-
ous immunotoxicity endpoints. The endpoint-specific classifi-
cation of skin sensitizers is a well-established application of the 
platform, referred to as GARD™skin (OECD TGP 4.106). The 
assay is based on a human DC-like cell line (SenzaCells™) and 
utilizes machine learning to classify chemicals by monitoring the 
expression of 200 genes involved in cellular pathways associated 
with skin sensitization. GARD™skin is progressing towards reg-
ulatory acceptance, and consistently reports accuracies > 90%.

Here, we present an adaption of GARDskin standard proto-
col to enable for testing under animal-product-free conditions 
by replacing animal-based FCS with human derived serum. 
SenzaCells adapted well to routine culture in the human serum, 
showing comparable cell viability and growth rates to the ani-
mal-based FCS. A phenotypic analysis of common DC maturi-
ty markers showed minor changes in cell surface expression of 
the markers CD14 and CD1a, indicating that serum replacement 
did not significantly alter the phenotypic characteristics of the 
cells. Finally, a proficiency set of nine chemicals covering the 
full range from extreme sensitizers to non-sensitizers were evalu-
ated. The protocol adapted to animal-free conditions showed full 
concordance to the conventional protocol, correctly classifying 
all chemicals.

In conclusion, this demonstrates the potential to perform 
GARDskin without the use of animal-derived components asso-
ciated with animal welfare concerns, thus paving the way for truly 
animal-free and highly accurate hazard testing of skin sensitizers.
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Hazard assessment of 
photoallergens using GARD™skin
Andy Forreryd1, Gretchen Ritacco2, Anne Marie Api2, 
Angelica Johansson1 and Henrik Johansson1
1SenzaGen AB, Lund, Sweden; 2Research Institute for Fragrance Materials, 
Woodcliff Lake, NJ, United States
andy.forreryd@senzagen.com 

Chemicals of different categories, such as cosmetics and drugs, 
have the potential to become photoactivated when exposed to 
UV light, giving rise to otherwise dormant adverse effects such 
as sensitization. Such chemicals, referred to as photoallergens, 
causes a Type IV delayed hypersensitivity, typically manifested 
as allergic contact dermatitis. While in vitro assays for predic-
tion of a chemical’s potential to provoke phototoxicity (photoir-
ritation) have been proposed, there is no recognized assay that 
specifically predicts photoallergens. Therefore, development of 
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Long term culture for repeated dose 
assay: Are 3D models relevant?
Christelle Videau, Anaïs Jensen, Mylène Pelleter  
and Christian Pellevoisin
EPISKIN, Lyon, France
cvideau@episkin.com 

Shelf life for 3D models has always been an open question. To be 
more accurate what users have been asking is the possibility to 
keep them longer than the original shelf life. The interest of keep-
ing the tissues several weeks could be the evaluation of the effect 
of multiple and long-term application for specific products and 
initiate a chronic like assay. But it is necessary to be confident on 
tissues viability and scientific relevancy all along the assay.

In this study we were able to keep the SkinEthic RHE model in 
test condition for 4 weeks (D17 to D45). Each week, we assessed 
different endpoints to evaluate the quality of the epidermis:
– ET50 to evaluate the barrier function,
– Histology to observe the structure of the epidermis
– Negative and Positive control of OECD TG439 test to eval-

uate the potency of the epidermis to respond to an irritant 
chemical.

This assay is really encouraging and showed that RHE model can 
be cultivate longer than the original shelf-life.

The structure of the epidermis was quite satisfactory, the barri-
er function was still effective, and the model was able to discrim-
inate negative and positive controls.

Taken into account these promising results, further investiga-
tions are needed such as test of the chemicals of the proficiency 
list of the OECD TG439, analysis of different markers of prolif-
eration, differentiation and inflammatory, etc. (KI67, Filaggrin, 
Involucrin, Cytokeratin 10, Transglutaminase 1).
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Reliable and truly animal-free skin 
sensitization testing – Adaption 
of the in vitro GARDskin assay 
to animal-free conditions
Andy Forreryd1, Anders Jerre1, Henrik Johansson1, 
Fiona Jacobs2 and Carol Treasure2
1SenzaGen AB, Lund, Sweden; 2XCellR8 Ltd, Daresbury, United Kingdom
andy.forreryd@senzagen.com 

A plethora of in vitro approaches for hazard assessment of skin 
sensitizers have recently been described and demonstrated to ex-
hibit discriminatory properties competitive with those of accept-
ed in vivo methods. However, the majority of these in vitro meth-
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When attempting to complete a risk assessment including 
computational approaches it is often necessary to generate ad-
ditional data using so-called New Approach Methodologies to 
build confidence in the underlying hypothesis. Indeed, the use 
of read-across can often help to define a hypothesis that leads 
to further testing, e.g., in vitro point of departure characteriza-
tion, or metabolism investigation. In this way computational 
approaches help to structure an assessment.

In silico approaches are used by many regulators for prior-
itization and screening of chemical inventories and there are 
some limited examples of use in final safety decisions. Reg-
ulatory uptake of in silico approaches remains a challenge in 
some areas (e.g., chemical registration), though they are often 
listed as potential alternative approaches. Some chemical reg-
ulations are hazard-based and do not include considerations of 
exposure and risk. More flexibility regarding the inclusion of 
non-traditional data and alternative means of demonstrating 
safety for chemicals registrations together with sharing exam-
ples of scientifically robust assessments will help to increase 
the acceptance of read-across and in silico approaches to allow 
them to fulfil their potential to drastically reduce the reliance 
on animal testing.

Reference
Dent, M. et al. (2018). Principles for next generation risk assess-

ment of cosmetics. Comput Toxicol 7, 20-26.
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Framework for physiologically 
based kinetics (PBK) modelling in 
the next generation risk assessment 
(NGRA) of consumer goods
Thomas Edward Moxon, Hequn Li, Mi-Young Lee, 
Prezemyslaw Piechota, Beate Nicol, Juliette Pickles, 
Ruth Pendlington, Ian Sorrell and Maria Teresa 
Baltazar
Unilever Safety and Environmental Assurance Center, Bedford, United 
Kingdom
tom.moxon@unilever.com 

Physiologically based kinetics (PBK) modelling is an integral 
part of the tool set used in Next Generation Risk Assessment of 
ingredients in consumer products (Moxon et al., 2020). Accurate 
predictions of the exposure allow for comparison to biological 
effects, and an understanding of the risk to consumers. But pro-
viding confidence in these exposure predictions without the use 
of in vivo data for validation can prove difficult. This work pro-
poses and outlines the use of a PBK framework, with application 
to a number of case study chemicals (caffeine, coumarin and sul-
foraphane) in hypothetical products.

accurate in vitro assays that can detect photoallergens remains 
a high priority.

The Genomic Allergen Rapid Detection™ – GARD™ – plat-
form constitutes a unique framework for classification of nu-
merous immunotoxicity endpoints. The endpoint-specific clas-
sification of skin sensitizing chemicals is a well-established ap-
plication of the platform, referred to as the GARDskin assay. 
GARDskin utilizes the readout of a genomic biomarker signa-
ture of 200 genes, which allows for machine learning-assisted 
classification of skin sensitizers. The assay is progressing to-
wards regulatory acceptance and demonstrates high predictive 
performance.

Here, we present an adaptation of GARD protocols, allow-
ing for assessment of chemical photoallergens. By incorporating 
UVA exposure during sample preparation, photoactivation of la-
tent photoallergens has been demonstrated. In a first step, proto-
cols were optimized using the photoallergens 6-methylcoumarin 
and Ketoprofen, exposed to UVA light, both prior to and in asso-
ciation with cellular exposure, along with appropriate radiated/
non-radiated controls. Photoallergenicity was accurately predict-
ed in both test chemicals exposed to UVA light, while non-radiat-
ed counterparts were accurately classified as non-sensitizers.

In summary, our initial data demonstrates a potential of 
GARDskin to assess photoallergenicity of chemicals. Further 
evaluation and optimization of the method are currently in prog-
ress, in which an extended panel of fragrances are being studied 
in a collaboration with the Research Institute for Fragrance Ma-
terials (RIFM).
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Practical application of in silico 
approaches in next generation risk 
assessment for consumer products
Steve Gutsell
Unilever, Sharnbrook, United Kingdom
steve.gutsell@unilever.com 

Use of computational models is commonplace across the con-
sumer product development pipeline. Approaches include 
Structure-Activity Relationships, Quantitative Structure-Activ-
ity Relationships, read-across, as well as mechanistic and phar-
macokinetic models. Next Generation Risk Assessments should 
be exposure-led and quantitative, so that predictions relating to 
dose may be interpretable in the context of exposure. This al-
lows methods to identify and characterize hazard and risk to be 
applied in a tiered manner starting with exposure-based waiv-
ing and building through in silico, in chemico and in vitro as-
says combined in weight of evidence assessments (Dent et al., 
2018) The need for robustness, reliability and traceability of de-
cisions made using computational approaches is paramount to 
their acceptance and success.
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tors and provides an in vitro endpoint for screening and pre-clin-
ical assessment as a predictor of atherosclerotic risk. The effect 
of aspirin, lipopolysaccharides (LPS), clopidogrel, doxorubicin, 
methotrexate, 1-chloro-2,4-dinitrobenzene (DNCB), cobalt chlo-
ride and 5-hydroxymethylfurfural (5-HMF) on monocyte ad-
hesion to HAECs was evaluated for pro- or anti-inflammatory 
outcomes which can be mechanistically linked to modulation of 
cytokine release. Endothelial monolayers were grown in micro-
fluidic channels and exposed to test compound. HAEC treatment 
with TNFα was used to induce a pro-inflammatory phenotype. 
Activated human monocytic leukaemia (THP-1) cells were per-
fused through the microfluidic channels and a perfusion, adhe-
sion and wash cycle performed with increasing adhesion period 
length. Monocyte adhesion was quantified and after the final ad-
hesion and wash steps cytokine (IL-6, IL-10, IL-1β, TNFα, IL-8, 
IL-12p70) secretion assessed by bead array flow cytometry. Us-
ing this technology, we have developed a physiologically rele-
vant in vitro assay to assess atherosclerotic/immunological risk 
that provides a bridge between in vitro and in vivo experiments.
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Next generation risk assessment  
for skin allergy: 0.1% coumarin  
in face cream ab initio case study
Gavin Maxwell, Georgia Reynolds, Joseph Reynolds, 
Nicola Gilmour, Sophie Cable, Paul Carmichael, 
Richard Cubberley, Tom Cull, Mona Delagrange, 
Matthew Dent, Sarah Hatherell, Jade Houghton, 
Predrag Kukic, Hequn Li, Mi-Young Lee, Sophie 
Malcomber, Alistair Middleton, Tom Moxon, Alexis 
Nathanail, Beate Nicol, Ruth Pendlington, Andrew 
White, Carl Westmoreland and Maria Baltazar
Unilever, Sharnbrook, United Kingdom
gavin.maxwell@unilever.com 

Next Generation Risk Assessment (NGRA) is an exposure-led, 
hypothesis-driven approach integrating new approach methodol-
ogies (NAMs) to ensure the safety of consumer products with-
out animal data. We have applied an ab initio tiered framework 
based upon ICCR principles (Berggren et al., 2017; Dent et al., 
2018) to a hypothetical skin allergy risk assessment, where 0.1% 
coumarin is used in a face cream. For the purpose of evaluating 
the use of NAMs, existing animal and human data for coumarin 
were excluded.

Initially, applied dose exposure estimates for coumarin were 
used to determine the extent of skin exposure and in silico 
chemistry predictions (ToxTree, OECD Toolbox) were used in 
conjunction with expert opinion to establish skin allergy po-
tential. Then the skin allergy risk assessment was conducted 
using DPRA (OECD TG 442C), KeratinoSens™ (OECD TG 

The framework highlights how confidence in PBK model can 
be increased through an iterative process, and by using sensitiv-
ity analysis to identify parameters which will have a large influ-
ence on the model output. The use of Monte Carlo analysis al-
lows for population variability and parameter uncertainty to be 
integrated into the study, and a distribution of Cmax values cal-
culated, instead of a point estimate.

The case studies show that the framework can be applied to a 
variety of products whose main route of exposure in transdermal, 
and in cases where the product is left on the skin (e.g., face cream 
and body lotion) or rinsed-off (e.g., shampoo and kitchen clean-
er). The work highlights the need for running the simulation for 
sufficient amounts of time during repeat exposure to ensure that 
steady-state has been reached (up to 20 days of repeat exposure 
in some cases). Validation of the models against published clini-
cal trial information shows that they predict within 3-fold of the 
observed C_max results, without the use of animal/human data.

Reference
Moxon, T. E. et al. (2020). Application of physiologically based 

kinetic (PBK) modelling in the next generation risk assess-
ment of dermally applied consumer products. Toxicol In Vitro 
63, 104746.
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An in vitro microfluidic model 
of the human cardiovascular 
system for use in screening 
applications – Assessment of 
monocyte-to-endothelial cell 
adhesion and cytokine analysis
Gina Smith, Hannah Flockton, Joanne Larner  
and Julie Clements
Genetic & Molecular Toxicology, Covance, Harrogate, United Kingdom
gina.smith@covance.com 

Atherosclerosis (gradual narrowing of the arteries) is an inflam-
matory process involving a series of progressive cellular events, 
including monocyte adhesion to the luminal endothelial surface. 
We have developed an in vitro cardiovascular adhesion assay us-
ing BioFlux™ microfluidic technology to model monocyte ad-
hesion to primary human aortic endothelial cells (HAECs), an 
important early stage of atherosclerosis and predictive of in vivo 
inflammatory outcomes. HAECs lining microfluidic channels are 
exposed to shear flow, mimicking blood vessel physiology and 
blood flow through the vasculature. Our work provides proof of 
concept data to establish assay sensitivity for detection of pro- or 
anti-inflammatory effects of chemicals, pharmaceuticals or food 
compounds on the endothelium. This model can detect changes 
in cytokine secretion in response to known inflammatory media-

mailto:gavin.maxwell@unilever.com
mailto:gina.smith@covance.com


Poster Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 2021256

organ-chip platform. The structural and functional integrity of 
both organoids could reproducibly be demonstrated for at least 
14 days, i.e., by steady glucose consumption, low LDH release, 
immunohistochemistry of thyroid follicles and liver spheroids, 
and organ-specific functional readouts like albumin secretion, 
urea production and thyroid hormone release by liver spheroids 
and thyroid follicles, respectively. Finally, perturbation of the 
hepatic thyroid hormone catabolism was demonstrated by ac-
celeration of thyroid hormone glucuronidation following treat-
ment with reference inducers like beta-naphthoflavone. Thus, 
we show for the first time a functional model of the hepatic-thy-
roid axis as single in vitro assay for two different species. These 
two chip-based models represent a major step towards an im-
proved assessment of potential species similarities/differences 
of certain toxicity findings observed in rodents with significant 
contributions to the 3R principles.
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A perfect match reduces animal use
Ronald Vlasblom, Daniel van der Velden, Rinske Drost, 
Jeroen van Meeuwen, Lydia Wolterman, Johanna 
Louter, Charlotte Demkes, Erik Meulmeester, Henry 
Beekhuizen and Grietje Dijkstra
Institute for Life Sciences and Chemistry, University of Applied Sciences, 
Utrecht, The Netherlands
ronald.vlasblom@hu.nl 

Zoology is one of the specialization courses of Life Sciences pro-
gram at the University of Applied Sciences in Utrecht. This spe-
cialization trains to become an HBO-animal biotechnician. The 
program had a huge influx of students in recent years (± 300 stu-
dents). On average, 25 students start each year in the Zoology 
specialization. In this phase, students learn to approach tissues 
in a correct way on dead rats. Thereafter, students learn to han-
dle, restrain and inject living rats and mice. They also perform 
surgical procedures including suturing on sedated animals. Sub-
sequently, these techniques are applied in several experiments. 
Here, implementation of skills, a good pace of work and care of 
animal welfare are important learning objectives. Twelve ani-
mals are used per student to demonstrate their prerequisite com-
petences to become a high-quality future HBO-animal biotech-
nician.

To handle the large influx of students, we have been applying 
a stricter matching process for the past two years. We aim to pre-
vent early drop-out due to emotional/ethical reasons. Next to an 
introductory zoology course in the general phase of the educa-
tional program, this matching consists of 1) writing a motiva-
tion letter in which the students substantiate their specialization 
choice, 2) having a motivational interview with the lecturers in-
volved, 3) attending a practical experiment of the Zoology spe-
cialization phase and 4) visiting an animal experimental labora-

442D), h-CLAT (OECD TG 442E) and U-Sens™ (OECD TG 
442E) data were generated and a point of departure (PoD) de-
rived from our Skin Allergy Risk Assessment (SARA) model 
/ defined approach (DA; Reynolds et al., 2019). By evaluating 
the SARA DA prediction for 0.1% coumarin in a face cream 
against other skin allergy risk benchmarks we can conclude 
that there is a low risk of inducing skin allergy under this expo-
sure scenario.

References
Berggren, E., White, A., Ouedraogo, G. et al. (2017). Ab initio 

chemical safety assessment: A workflow based on exposure 
considerations and non-animal methods. Comput Toxicol 4, 31-
44.

Dent, M., Amaral, R. T., Da Silva, P. A. et al. (2018). Principles 
underpinning the use of new methodologies in the risk assess-
ment of cosmetic ingredients. Comput Toxicol 7, 20-26.

Reynolds, J., MacKay, C., Gilmour, N. et al. (2019). Probabilistic 
prediction of human skin sensitiser potency for use in next gen-
eration risk assessment. Comput Toxicol 9, 36-49.
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A microfluidic thyroid-liver platform 
to investigate mechanisms of  
thyroid toxicity in humans and rats
Marian Raschke1, Diana Karwelat1, Julia Kuehnlenz2, 
Sophie Bauer2, Helen Tinwell3, Remi Bars3, Uwe Marx2 
and Thomas Steger-Hartmann1
1Bayer AG, Pharmaceuticals Division, Berlin, Germany; 2TissUse GmbH, 
Berlin, Germany; 3Bayer AG, CropScience Division, Sophia-Antipolis, 
France
marian.raschke@bayer.com 

The assessment of the human relevance of toxicities observed 
in animal assays still represents a major challenge for various 
areas of toxicology. Rodents, which are widely used for regula-
tory toxicity testing, are particularly sensitive to perturbations 
of the thyroid homeostasis. Evaluation of the species-specific-
ity of adverse effects on the thyroid gland is key for the reg-
ulatory acceptance of a risk assessment. Thyroid toxicity may 
result from direct effects on the thyroid gland or be mediated, 
e.g., by inducing liver biotransformation. Microfluidic micro-
physiological systems (MPS) represent a promising approach to 
reproduce physiological and toxicological interactions of target 
organs which previously required animal studies or clinical tri-
als. However, adoption of MPS by the pharmaceutical or agro-
chemical industry is still slow, mainly driven by a lack of qual-
ified assays to predict the safety of drugs and chemicals. Here, 
we present an interconnection of three-dimensional organ mod-
els representing two important target organs, liver and thyroid, 
of both human and rat origin in a commercially available multi-
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point, these categories could support read-across that has the im-
proved confidence for the regulatory safety assessment.
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Successful implementation of 
U-SENS™ assay for skin sensitization 
testing (OECD TG442E) in China
Lizao Chen1, Qin Qin1, Laurent Nardelli2, Fréderic 
Amaral2, Zhenzi Cai1, Nathalie Alépée2 and Nan Li1
1L’Oréal Research & Innovation China, Shanghai, China; 2L’Oréal 
Research & Innovation France, Aulnay sous Bois, France
lizao.chen@rd.loreal.com 

The U-SENS™ assay is an in vitro method to assess skin sen-
sitization, addressing the third key event (KE3) of the skin sen-
sitization Adverse Outcome Pathway, the activation of dendritic 
cell following exposure to sensitizers was modelled in the U937 
cell line by measuring the expression of CD86 by flow cytome-
try. This assay, recommended to be used as part of an integrat-
ed approach for risk assessment, has been adopted by OECD 
Test Guideline 442E as part of the Mutual Acceptance of Da-
ta (MAD), a multilateral agreement which allows participating 
countries (including non-members) to share the results done on 
chemicals using OECD methods and principles. In China, con-
sidering the high interest of development and implementation 
of non-animal alternative methods for sensitization assessment, 
several authority laboratories and testing service entities ex-
pressed their interests in developing in vitro testing strategies in-
tegrating U-SENS™ as KE3 method.

This study aims to implement the U-SENS™ test method to 
build up the qualified scientific capacity and expertise in China, 
for further method appropriation to Chinese laboratories and the 
development IATA strategy for skin sensitization.

Through a formal training program consisting of the demon-
stration of reproducible positive results for abietic acid, and con-
sistent negative results for lactic acid, Chinese scientists were 
qualified. During the internal validation, the scientists inde-
pendently performed the U-SENS™ assay for 6 recommended 
OECD TG 442E reference chemicals. All chemicals were cor-
rectly classified, demonstrating the expertise and knowledge ap-
propriation of the method by the scientists that are therefore con-
sidered as a successful transfer.

In conclusion, the U-SENS™ test method was successfully 
implemented in China and considered in Chinese authority lab-
oratories and testing services organizations for implementation. 
Appropriation of the U-SENS™ test method to China definitely 
promotes the non-animal testing methods for skin sensitization 
assessment, significantly contributes to the development of inte-
grated testing strategies for testing needs.
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tory. The aim of this approach is to achieve that students make a 
more considered choice of specialization.

As a result of this matching process, eight students ultimate-
ly chose a different specialization. Thanks to this intensive pro-
cess, we were not only able to give students a better picture of the 
zoology educational program and their future line of work as an 
HBO animal biotechnician, but we were also able to reduce ani-
mal use by nearly 100 animals in two years.

Presentation: Poster

370

Development of mechanism-
based hematotoxicity categories 
for read-across assessment using 
an integrated toxicity database 
of chemical substances
Takashi Yamada, Tomoko Kawamura, Shinji Tsujii, 
Hideo Ohata, Mariko Matsumoto, Naruo Katsutani  
and Akihiko Hirose
Division of Risk Assessment, National Institute of Health Sciences, 
Kawasaki, Japan
t-yamada@nihs.go.jp 

Read-across is one of the techniques for filling data gaps by 
grouping a target substance and the tested analog(s) for chemi-
cal safety assessment and regulatory decisions. To perform read-
across assessment for chemicals with the potential of inducing 
hemolytic anemia, a category approach was explored using test 
data from major publicly available toxicity databases and mode 
of action information. Firstly, an integrated database was con-
structed by collecting repeated dose toxicity datasets from HESS, 
ToxRef, COSMOS, and RepDose. In the database, 447 of 1550 
substances were identified as those of hematotoxicity that in-
duced hemolytic anemia. Secondly, grouping based on chemical 
structures and toxicity mechanisms of the hemolytic substances 
led to the following categories: anilines (Category 1), nitroben-
zenes (Category 2), nitroanilines (Category 3), hydrazines (Cat-
egory 4), oximes (Category 5), and ethylene glycol alkyl ethers 
(Category 6). Using the integrated toxicity database, a more ex-
tensive range of category members has been obtained and the 
structural boundaries of some categories have become clearer. 
Moreover, most of these category substances produced hemolyt-
ic effects as a critical one which is likely to determine the point of 
departure. Finally, the mechanisms of hematotoxicity were pos-
tulated that: reactive metabolites of substances in Categories 1 to 
3 oxidize hemoglobin; substances in Categories 4 and 5 directly 
oxidize hemoglobin; and reactive metabolites of Category 6 sub-
stances modify erythrocyte membrane. Such metabolic and bio-
logical information is measurable or predictable, and critical to 
justify the categories. Given the larger toxicity dataset, and infor-
mation on the mechanistic key event linking to the toxicity end-

mailto:lizao.chen@rd.loreal.com
mailto:t-yamada@nihs.go.jp


Poster Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 2021258

375

Multi-center validation of EpiSkin™  
micronucleus assay:  
A 3D approach for the assessment 
of genotoxicity potential
Lizao Chen1, Ying Yang2, Rong Kuang3, Xikun Xiong2, 
Zhibiao Huang2, Qing Li2, Jinsong Zhang3, Fang 
Huang2, Jing Sang3, Yanfeng Liu1, Qin Qin1, E Zhao4, 
Nathalie Alépée5, Gladys Ouedraogo5, Nan Li1 and 
Zhenzi Cai1
1L’Oréal Research & Innovation China, Shanghai, China; 2Guangdong 
Provincial Center for Disease Control and Prevention, Guangdong, China; 
3Zhejiang Institute for Food and Drug Control, Zhejiang, China; 4Shanghai 
EPISKIN Biotechnology Co., Ltd., Shanghai, China; 5L’Oréal Research & 
Innovation France, Aulnay sous Bois, France
lizao.chen@rd.loreal.com 

The establishment of in vitro genotoxicity assessment using 3D 
skin models becomes essential for the safety evaluation of new 
chemical with topical exposure to overcome the limitations of 
2D assays. Cosmetics Europe established a 3D micronucleus 
assay using EpiDerm™ model. To meet the increasing test-
ing requests especially for Asian needs, in China, a novel in vi-
tro human reconstructed skin micronucleus assay has been de-
veloped using locally produced Episkin™ model (Chen et al., 
2020). The Episkin™ Micronucleus Assay showed good pre-
dictivity and reproducibility during the internal validation. In 
this study, a formal multi-center validation was conducted in 
China with 3 laboratories. 28 reference chemicals were select-
ed by Cosmetic Europe Genotoxicity Taskforce with different 
physicochemical properties and coded by the third-party orga-
nization. 14 of them were blind tested in all three laboratories, 
then the other 14 were randomly assigned to the labs. Indepen-
dent statistical expert performed the decoding, data analysis 
and released the report. Auditor with GLP credential checked 
the document managements and quality management systems 
of each participating organization.

The report of the first 14 chemicals has been released. Da-
ta of all batches met quality criterion described in SOP, which 
indicated the stability of model production and scientists’ op-
eration. Classification results showed good sensitivity (85.7%) 
and specificity (85.7%) for its predictive capability of genotox-
icity potential.

Altogether, these results showed that micronucleus assay 
using reconstructed skin model offered promising tool for the 
genotoxicity assessment of chemicals applied on skin. The 
availability and validity of the Episkin™ Micronucleus Assay 
are expected to contribute to the in vitro genotoxicity testing 
strategy to follow up on positive results from standard 2D in vi-
tro assays. This validation study will strongly support the com-
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A ready-to-use integrated  
in vitro skin corrosion  
and irritation testing strategy using  
EpiSkin™ model in China
Yanfeng Liu1, Nan Li1, Lizao Chen1, Zhenzi Cai1  
and Nathalie Alépée2
1L’Oréal Research & Innovation China, Shanghai, China; 2L’Oréal 
Research & Innovation France, Paris, France
nan.li@rd.loreal.com 

The need of in vitro alternative methods has been increasing in 
toxicology research as well as in cosmetic industry in China re-
cently. Currently, regulatory agencies require acute cutaneous 
hazard assessment using the Globally Harmonized System of 
Classification and Labeling of Chemicals (UN GHS). Follow-
ing the establishment of EpiSkin™ skin corrosion and irritation 
in vitro tests in China, both as stand-alone methods according 
to Organization for Economic Co-operation and Development 
(OECD) TG 431 and TG 439, their combination within the In-
tegrated Approach on Testing and Assessment (IATA adopted as 
OECD Guidance Document 203) could be considered in a mod-
ular approach.

The present study exemplifies the application of both methods 
in a bottom-up integrated testing strategy with specific case stud-
ies on three chemicals. A chemical (Isopropanol, CASRN 67-
63-0) known to be No Cat. in vivo, was predicted as No Cat. in 
the first tier strategy using EpiSkin™ skin irritation test method. 
Being identified as classified (not No Cat.) in the first step (TG 
439), both 1-Bromohexane (in vivo Cat. 2; CASRN 111-25-1) 
and lactic acid (in vivo Cat. 1B/1C; CASRN 598-82-3) were fur-
ther assessed in the second-tier step which consists of their eval-
uation using EpiSkin™ skin corrosion test method. 1-Bromohex-
ane identified as a Not Cat.1 was therefore classified as Cat.2, 
whereas lactic acid identified as a Cat.1 was even subcategorized 
as a Cat. 1B/1C. These case studies reflect an approach on how to 
move from animal testing into an evaluation of new ingredients.

In conclusion, the integration of China EpiSkin™ skin corro-
sion and irritation testing data into either bottom-up or top-down 
strategy allows accurate assessment of potential skin hazard of 
chemicals. It brings a future extension of application of alterna-
tive methods and implementation of alternative testing strategies 
in China.
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mitment to develop alternative methods to animal testing and 
the safety assessment needs for industry and regulatory pur-
pose.

Reference
Chen, L., Li, N., Liu, Y. et al. (2020). A new 3D model for geno-

toxicity assessment: EpiSkin™ micronucleus assay. Mutagen-
esis 36, 51-61. doi:10.1093/mutage/geaa003 
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Implementation of alternative 
methods in China according to OECD 
Guidance Document on Good In 
Vitro Method Practices: An example
Yanfeng Liu1, Nan Li1, Zhenzi Cai1 and Nathalie 
Alépée2
1L’Oréal Research & Innovation China, Shanghai, China; 2L’Oréal 
Research & Innovation France, Aulnay sous Bois, France
nan.li@rd.loreal.com 

An OECD Guidance Document No. 286 on Good In Vitro Meth-
od Practices (GIVIMP) for the development and implementa-
tion of in-vitro methods for regulatory use in human safety as-
sessment was recently endorsed. In China, this is therefore 
primordial for the implementation and acceptance of in-vitro al-
ternative methods.

Since 2011, L’Oréal initiated the EpiSkin™ Skin Irritation Test 
(SIT) implementation program in China. 69 scientists received 
formal trainings and the method has been established in 39 lab-
oratories including industrial, authoritative and research organi-
zations. Taking one of them, the multi-center study of SIT, as ex-
ample, we demonstrated a standard method establishment pro-
cess in good alignment with GIVIMP.

The quality of EpiSkin™ was assured by Shanghai EPISKIN 
Biotech providing relevant safety information for transport, use 
and disposal (GIVIMP 1.2, 5.3). All tested chemicals, commer-
cially available from certified suppliers, were selected from pub-
lications that supported the adoption of the method into TG 439 
(GIVIMP 4.2, 6.1, 8.4). The formal step-by-step training accord-
ing to SOP was provided to 4 labs (GIVIMP 1.1, 2.6, 7.1, 7.2, 
8.2) which conducted the MCS together with L’Oréal. By show-
ing qualified results of training set chemicals, scientists were al-
lowed to conduct the MCS of 20 reference chemicals described 
in TG 439. A powerful and simple statistic tool, and control trend 
charts were used to monitor reproducibility (GIVIMP 2.3, 2.4), 
showing >90% within-lab reproducibility in all labs and 95% in-
ter-lab reproducibility (GIVIMP 8.3). The overall predictive ca-
pacity including 70% specificity, 94% sensitivity and 82% accu-
racy met the criteria defined in TG 439 (GIVIMP 8.3, 9.5).

In conclusion, the EpiSkin™ SIT implementation program in 
China, exemplifies the practical way in which the GIVIMP can 
assist interested parties in the transfer and establishment of in- 
vitro approaches, and also pave the way towards future scientific 
recognition and acceptance of in-vitro alternative methods in this 
fast-developing country.
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Development of a 3D skin Comet 
assay: Building the foundation  
for higher tier in vitro testing battery  
of genotoxicity
Qin Qin1, Lizao Chen1, Lingyan Zhong1, Ranran 
Wang1, Qilong Chen1, Gladys Ouedraogo2, Zhenzi Cai1 
and Nan Li1
1L’Oréal Research & Innovation China, Shanghai, China; 2L’Oréal 
Research & Innovation, Aulnay sous Bois, France
qin.qin@rd.loreal.com 

Genotoxicity evaluation is mandatory for safety assessment of 
cosmetic ingredients. It is generally addressed by using a bat-
tery of standard in vitro assays covering gene mutations, struc-
tural and numerical chromosome damage and of in vivo assays as 
higher tier to follow up on positive outcomes for regulatory pur-
poses. In the frame of our commitment for animal testing ban, we 
targeted our research for the development of a high-tier in vitro 
genotoxicity assays. Given a 3D micronucleus assay previously 
developed in the follow-up strategy (Chen et al., 2020), we pro-
pose another test based on reconstructed skin models (3D skin), 
the skin comet assay to construct the higher tier in vitro testing 
battery.

Our strategy is to propose and validate the 3D skin comet as-
say as one of the “2nd tier” to address the mutagenic endpoint of 
chemicals. The protocol was firstly set up with two model geno-
toxins (4NQO and MMS). A stable baseline level, less than 20% 
tail intensity, was established to extrapolate positive responses. 
The intra-lab reproducibility was further demonstrated with ad-
ditional 4 genotoxic carcinogens at non-cytotoxic range of con-
centrations and the results showed good concordance with in vi-
vo data. Our data show that comet assays using reconstructed 
skin models offer promising results for the genotoxicity assess-
ment of chemicals with a dermal route of exposure. The transfer-
ability and validity of 3D skin comet assay will be further evalu-
ated in the near future. Overall, the 3D skin comet assay presents 
a strong candidate as “2nd tier” assays in the follow-up strategy. 
Meanwhile this study is the first in China to establish higher tier 
in vitro assays using locally produced full thickness skin model. 
It is an important stage in our commitment for the development 
of alternative methods for the safety evaluation of our products.
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profiling approach for covalent binding to peptides: Applica-
tion to skin sensitization potency of Michael acceptor electro-
philes. Chem Res Toxicol 22, 592-603. doi:10.1021/tx800431x 

Wareing, B., Urbisch, D., Kolle, S. N. et al. (2017). Predicti-
on of skin sensitization potency sub-categories using pepti-
de reactivity data. Toxicol In Vitro 45, 134-145. doi:10.1016/j.
tiv.2017.08.015 
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Defining physicochemical exclusion 
rules to identify chemicals that 
do not require classification of 
serious eye damage/eye irritation: 
A Cosmetics Europe analysis
Nathalie Alépée1, Takayuki Abo2, Els Adriaens3,  
Dan Bagley4, Jalila Hibatallah5, Karsten Mewes6 and 
Arianna Giusti7
1L’Oréal Research & Innovation, Aulnay sous Bois, France; 2Kao 
Corporation, Kanagawa, Japan; 3Adriaens Consulting, Aalter, Belgium; 
4Colgate-Palmolive, Piscataway, NJ, United States; 5Chanel Parfums 
Beauté, Neuilly sur Seine, France; 6Henkel AG & Co. KGaA, Düsseldorf, 
Germany; 7Cosmetics Europe – The Personal Care Association, Brussels, 
Belgium
AGiusti@cosmeticseurope.eu 

Cosmetics Europe’s (CE) ocular toxicity program focuses on the 
development of defined approaches (DA) to identify ocular ef-
fects of chemicals (in the context of OECD’s Guidance Docu-
ment on an Integrated Approach on Testing and Assessment for 
Serious Eye Damage/Eye Irritation). CE created a comprehen-
sive database of chemicals for which in vitro data are available 
with corresponding historical in vivo Draize eye data and physi-
cochemical properties (PCP). One key outcome of this project is 
that incorporating specific PCP exclusion rules (based on water 
solubility, LogP, vapor pressure, surface tension) in a DA result-
ed in an increase of the specificity without affecting the sensitivi-
ty of the stepwise approach.

PCP’s of 160 liquids were retrieved from the following sources: 
the European Chemicals Agency (ECHA) website, the Environ-
mental Protection Agency (EPA) Chemistry Dashboard website, 
the PubChem website, and the ChemSpider website. Highest pri-
ority was given to experimentally derived measurements followed 
by computational methods (e.g., Quantitative Structure-Activity 
Relationships) used to determine PCP’s. For each PCP a compari-
son was performed between different data sources.

None of the GHS Cat. 1 liquids (n = 21) and none of the GHS 
Cat. 2 liquids (n = 26) did meet the PCP exclusion rules (0 false 
negatives). On the other hand, the PCP exclusion rules were met 
for 51/113 GHS No Cat. liquids resulting in a true negative pre-
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toxicity assessment: EpiSkin™ micronucleus assay. Mutagen-
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the kinetic peptide reactivity 
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1Givaudan Schweiz AG, Kemptthal, Switzerland; 2BASF SE Experimental 
Toxicology and Ecology, Ludwigshafen, Germany
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Several in vitro tests addressing key events 1-3 of the adverse 
outcome pathway for skin sensitization have been adopted as 
OECD guidelines, but no test had been formally validated for 
sub-classification into the potency classes GHS 1A and GHS1B, 
a regulatory need today still met by animal testing. The reaction 
of sensitizing molecules with skin proteins is the molecular ini-
tiating event. It appears to be a rate limiting step and thus an im-
portant determining factor for sensitizing potency. The kinetic 
direct peptide reactivity assay (kDPRA) (Roberts and Natsch, 
2009; Wareing et al., 2017) allows deriving rate constants of the 
reactivity of test chemicals with a cysteine-containing model 
peptide. Reproducibility was recently proven in an inter-labora-
tory study in seven laboratories. Based on a database of rate con-
stants for 180 chemicals, an optimal prediction cut-off to identify 
strong sensitizers (GHS 1A) was derived, which has a balanced 
accuracy of 85% vs. the local lymph node assay. The kDPRA is 
thus proposed as an assay for GHS sub-classification. It can be 
combined with a scheme for hazard identification such as the 2 
out of 3 approach (Bauch et al., 2012): With two key event tests 
positive, a chemical is rated as sensitizer. A subsequent kDPRA 
then attributes the chemical to a GHS potency class. This is the 
first testing strategy only based on formally validated in vitro 
endpoints providing a full replacement of regulatory skin sensiti-
zation testing. Here we discuss the details of this strategy, valida-
tion status, applicability domain and predictivity.
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ical pathway underlying the chemical-induced craniofacial mal-
formations, a finding that represents a promising molecular end-
point for mechanism-based teratogenicity evaluation. This study 
established that zebrafish represent a suitable in vitro model for 
teratogenicity assessment as well as screening tool for prediction 
of craniofacial anomalies in mammals (Liu et al., 2020).
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According to Committee on Herbal Medicinal Products 
(HMPC) Guidelines, the genotoxic potential of herbal prepara-
tions shall be assessed since genotoxic effects cannot be com-
pletely ruled out based on pharmacovigilance and long-stand-
ing use only. Also, in a product specific risk assessment further 
gaps in non-clinical data, e.g., local tolerance testing for the fi-
nal pharmaceutical product should be taken into account. Fol-
lowing the R3 principles, there is a drive to omit in vivo testing 
whilst meeting the requirements of safety evaluation. Although 
in vitro methods accepted by OECD are available, these are 
mainly applied to single chemical substances. Yet herbal prepa-
rations are multicomponent mixtures, reaching an even higher 
level of complexity when used in combinations. Therefore, the 
study aimed to assess the applicability of in vitro tests to single 
plant extracts as well as combinations thereof contained in eye 
drops produced according to current pharmaceutical standards. 
Aqueous extracts from Atropa belladonna L., Echinacea pall-
ida (Nutt.) Nutt., Mercurialis perennis L., Euphrasia officina-
lis L. and an aqueous dilution of Rosae aetheroleum were test-
ed for their mutagenic potential in an in vitro bacterial reverse 
mutation assay following OECD standards. Extracts did not 
cause gene mutations and are thus considered to be non-muta-
genic. To evaluate the eye irritation potential of eye drops con-
taining combinations of the aqueous extracts listed above, an in 
vitro ocular irritation assay (OECD 492) using the EpiOcular™ 
human tissue model was conducted. Results classified the eye 
drops as “non-irritant” in accordance with UN GHS “No Cat-
egory”. The applicability of both in vitro assays to more com-
plex multicomponent mixtures is considered to be given, as no 
non-specific reactions with the test items were observed and all 

diction. To identify GHS No Cat., the combination of PCP with 
RhCE resulted in an increase of the specificity of on average 15% 
(from 61% by RhCE only to 76% by combination of RhCE with 
PCP exclusion rules). The impact of PCP exclusion rules on the 
performance of the DA is illustrated in violin plots with indica-
tion of the corresponding predictions. In conclusion, PCP exclu-
sion rules are valuable tools to support the identification of GHS 
No Cat. without decreasing the sensitivity of the DA.
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Various alternative methods for testing the developmental toxic-
ity of chemicals have been developed worldwide. Zebrafish em-
bryos are non-protected animals and represent a promising mod-
el for assessing teratogenicity owing to their rapid development 
and transparency. Craniofacial anomalies are among the most 
frequent birth defects and considered to be a critical endpoint for 
evaluating chemical-induced teratogenicity. However, the con-
served developmental process(es) disturbed by teratogens in ze-
brafish and mammals has not been well studied.

In the present study, zebrafish embryos were treated with 12 
chemicals known to be teratogens in mammals. Cartilage stain-
ing with Alcian blue was performed to examine detailed cranio-
facial anomalies and for morphological quantification of chon-
drocyte defects. Also, comprehensive and semi-quantitative gene 
expression analyses were performed to examine the conserved 
biological pathways between zebrafish and mammals.

Detailed observations showed that all 12 teratogens induced 
craniofacial malformations in the zebrafish neurocranium and 
viscerocranium. Further observations revealed characteristic dis-
ruption of chondrocyte proliferation, differentiation, and matu-
ration. These findings suggested a failure of cranial neural crest 
(CNC) cell development, which was confirmed by gene expres-
sion analysis of the CNC. Furthermore, several of these chemi-
cals caused malformations of the eyes, otic vesicle, and/or heart, 
representing a phenocopy of neurocristopathy, i.e., human dis-
eases associated with abnormal neural crest development. These 
chemicals altered the expression levels of the responsible genes.

These observations paralleled the abnormalities reported to be 
caused by these chemicals in mammals, suggesting conserved 
etiological pathways between zebrafish and mammals. We 
showed that disruption of CNC development is the target biolog-
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ficient quality and completeness to allow an assessment of the 
scientific validity of the SkinEthic™ HCE TTT which is now un-
der OECD program to receive regulatory approval.
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The use of fetal bovine serum (FBS) in cell culture media has 
different drawbacks. The harvesting of FBS from bovine fetus-
es after slaughter of the pregnant parent (dam) raises ethical and 
legal concerns. From a pure scientific point of view the use of 
FBS is inacceptable since regional differences in type and con-
centration of ingredients exist (Baker, 2016; van der Valk et al., 
2010). Hence, a non-definable quality of FBS undermines data 
reliability and decrease or even prevent experimental reproduc-
ibility. However, the use of chemically defined cell culture media 
is still scarce.

The introduction of chemically defined cell culture media is a 
contribution to fight the reproducibility crisis in the biomedical 
sciences and an approach to address animal welfare concerns. 
Usage of chemically defined medium will eliminate some un-
knowns in cell culture experiments. A procedure to develop se-
rum free media was introduced by van der Valk and colleagues 
(van der Valk et al., 2010). In the presented work, a detailed rec-
ipe to prepare a defined DMEM / Ham’s F12 + ITS cell culture 
medium is given. This medium has proven to work in our labora-
tory for L929 and Caco-2 cell lines in combination with a certain 
plastic ware (Greiner Bio-One, Advanced-TC). To prepare the 
chemically defined cell culture medium (DME / F12 + ITS) mix 
50% DMEM (e.g., Sigma Aldrich, D5648) and 50% Ham’s F12 
(e.g., Sigma Aldrich, N6760), add 14.7 mmol/l NaCl, 20.9 mmol/l  
NaCHO3 and 5 ml/l ITS (Sigma Aldrich, I3146) (cellasys, 
2019). The medium was developed for cell culture in a 5% CO2 
incubator. The presented method was employed to develop a 
chemically defined cell-based assay for cytotoxicity determina-
tion according to ISO10993-5 (Wiest, 2017), furnishing a first 
proof of its applicability as an alternative to cell culture media 
containing FBS.
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criteria of validity were met. Therefore, this study should en-
courage the use of in vitro methods for safety assessment of 
herbal medicinal products.
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Regarding the assessment of eye toxicity, chemicals are classi-
fied according to the Globally Harmonised System (UN GHS) as 
Category 1 (serious damages), Category 2 (eye irritation) or No 
Category (not requiring classification). Considerable progress 
has been made towards replacement of Draize assay and several 
non-animal test methods have been validated and received regu-
latory approval. These in vitro methods are now available for in-
corporation into batteries of tests for new chemicals. Whilst test 
methods are capable of predicting Cat. 1 and/or No Cat., Cat. 2 
predictions remain challenging. Therefore, SkinEthic™ HCE 
Time-to-Toxicity method, based on 2 protocols, one for liquids 
(TTL) and one for solids (TTS) was developed to differentiate 
between the whole range of classification.

A program of methodology transfer and assessment of within/
between laboratory (WLR/BLR) reproducibility was conducted 
involving multiple exposure time treatments (5 to 120-minutes). 
The relevance and reliability of both TTL and TTS have been 
assessed in a multi-laboratory trial involving 3 laboratories on 
40 coded chemicals (20 liquids/20 solids), with 25 totally naïve 
chemicals according to OECD GD34 principles.

The WLR from the 3 laboratories was 90% for liquids and 
100% for solids while BLR was 80% and 100% under UN GHS 
classification, respectively. Application to 40 chemicals, accura-
cy value was above 86%, with 90% Cat.1 (N = 14), 80% Cat.2 
(N = 14) and 92% No Cat. (N = 12) correctly identified. Further-
more, with a sensitivity of 96% (28 Cat.1/2) and a specificity of 
92% (12 No Cat.), the robustness of the method was confirmed. 
In conclusion, the SkinEthic™ HCE Time-to-Toxicity is an effi-
cient transferable and reproducible method.

Therefore, an independent international peer-review panel 
concludes that the validation study and its conclusions are of suf-

mailto:wiest@cellasys.com
https://doi.org/10.1038/537433a
https://www.cellasys.com/wp-content/uploads/2019/10/wwwSOP-G200-005_DME-F12-ITS_medium_preparation_V1_3-1.pdf
mailto:nathalie.alepee@rd.loreal.com


Poster Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 263

germ layers, and of passing of the post-thaw recovery tests with  
(ix) > 70% living cells, (x) a stem cell morphology, and (xi) a con-
fluency of > 70% after maximal 7 days in culture after thawing.

In conclusion, we propose a panel of eight assays, giving infor-
mation on eleven quality criteria, which are practical and useful 
for an academic lab working with hiPSCs to ensure the quality of 
the cells at all times and provide the estimated costs for the whole 
banking process.
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Up to date the testing of chemicals for their potential to be de-
velopmental toxicants is mainly performed in vivo according to 
guidelines from the OECD or US EPA. As the testing of all reg-
istered chemicals in vivo is logistically and financially not feasi-
ble and bears the problem of species differences, there is an ur-
gent need for alternative human-based methods. The mouse em-
bryonic stem cell test (mEST), which assesses compound effects 
on cardiomyocyte differentiation from mouse embryonic stem 
cells, is an already existing alternative method validated by the 
European Center for Validation of Alternative Methods. Howev-
er, the test is based on a mouse embryonic stem cell line and thus 
might not necessarily predict human toxicity.

To overcome this issue of species differences, we established 
the human induced pluripotent stem cell test, which is based on 
hIPSc. Similar to the in vivo situation during early embryonic de-
velopment, the WNT and BMP signaling pathways are manip-
ulated in vitro to obtain beating cardiomyocytes after 7 days in 
culture. Here we show the characterization of the cell model us-
ing (i) a cell viability assay (CTB), (ii) RT-PCR with markers 
of different developmental stages of cardiomyocytes, (iii) FACS 
and (iv) video analysis using 5-Fluouracil (positive control) and 
Penicillin G (negative control) as model substances.

The hIPSc Test is a promising human in vitro assay for the 
identification of developmental toxicants. Predictivity of the 
methods needs to be assessed by testing positive and negative 
compounds in the future.
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Human induced pluripotent stem cells (hiPSC) are a promising 
tool to replace animal experiments, but only quality-controlled 
research material ensures the reproducibility of data. While there 
are publications available dealing with the need for global har-
monization of quality standards for stem cell banking centres and 
commercial providers, or on the future pre-clinical and clinical 
use the cells, up to date there are no standardized guideless for 
the characterization and quality control of hiPSC in an academic 
research environment.

To fill this gap, we propose a two-step-banking process con-
sisting of one Master Cell Bank (MCB) per hiPSC line, which 
is fully characterized regarding identity, cell antigen expression, 
mycoplasma contamination, karyotype, cell gene expression, 
pluripotency, cell count and viability, colony morphology, and 
post-thaw recovery, and respective Working Cell Banks (WCB), 
which undergo a partial characterization.

Here we present the results of the proposed testing panel of two 
hiPSC MCBs and show that both MCBs fulfil the quality crite-
ria of (i) stem cell morphology, (ii) a normal STR profile, (iii) 
more than 50% viable cells, (iv) over 70% staining for each an-
alyzed stem cell marker (FACS), (v) no mycoplasma infection, 
(vi) a normal karyotype, (vii) clustering with other hPSCs in the 
PluriTest™, (viii) the ability to differentiate into cells of all three 
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Thyroid hormones (TH) play an important role during brain de-
velopment as they are involved in multiple neurodevelopmental 
processes, e.g., myelin formation, necessary for oligodendrocyte 
(OL) function. The impact of environmental endocrine disrupting 
chemicals that interfere with the TH signaling pathway is a ma-
jor concern with direct implications on children’s health. Identifi-
cation of TH disruptors is currently mainly performed as part of in 
vivo guideline studies for developmental and reproductive toxicity. 
However, these studies determine maternal TH serum levels only 
and neglect known TH-dependent neurodevelopmental effects in 
the offspring.

Therefore, there is an urgent need for an alternative in vitro 
method which is able to identify environmental TH disruptors in 
developing brain cells.

We developed an in vitro 3D neurosphere test method based on 
human and rat primary neural progenitor cells (NPCs), which al-
lows assessment of TH-dependent OL maturation by quantifying 
expression of myelin-associated genes (hMBP, rMog) in relation 
to differentiated O4 + OL in presence or absence of TH and/or the 
chemical of interest (NPC6). Using this assay, we evaluated the ad-
verse TH disrupting effects of Tetrabromobisphenyl A (TBBPA) 
and Perfluorooctanoic acid (PFOA) in comparison to the competi-
tive TH receptor antagonist NH-3. Additionally, we performed mi-
croarray analyses for gaining deeper mechanistic understanding. 
Data was placed in an AOP-context.

TBBPA altered OL maturation, while PFOA was not effective. 
Human NPCs appear to be more sensitive than rat NPCs. We iden-
tified two modes-of-action how TBBPA interferes with the estab-
lishment of a population of maturing OLs, dependent and inde-
pendent of TH signaling: (i) TBBPA as a TH disruptor impairing 
human OL maturation by dysregulation of oligodendrogenesis-as-
sociated genes. (ii) TBBPA disrupted genes regulating cholesterol 
homeostasis, reducing OL numbers independently of TH signaling.

The NPC6 assay is a promising alternative method to identify 
TH disrupting compounds in developing brain cells of human and 
rat origin.
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Animal studies are the current standard for neurotoxicity (NT) 
testing, however, due to their high resource needs and low-test 
throughput, insufficient numbers of chemicals can be tested. The 
resulting knowledge gap and species differences between ro-
dents and humans demand the development of alternative meth-
ods to assess the NT potential of chemicals faster, more cost-effi-
cient, and with increased relevance for the human society. Here, 
we expand our method portfolio with neurally-induced human 
induced pluripotent stem cells (hiPSCs) for setting up test meth-
od that assess disturbance of neuronal network formation as well 
as acute neurotoxicity.

We compared three different 2D neural induction protocols for 
the generation of hiNPCs from hiPSCs and two media for the 
subsequent differentiation. All protocols featured dual inhibition 
of the SMAD signaling pathway, yet two of them were modi-
fications of published protocols, while one was a commercial-
ly available kit (Stemcell Technologies™). After the 2D neu-
ral inductions, single cells were transformed into neurospheres 
and pre-differentiated by cultivation on a shaking platform. The 
emergence of functional neuronal networks was assessed upon 
plating the pre-differentiated neurospheres on microelectrode ar-
rays (MEAs). The different cell models were characterized for 
stemness and neural marker expression at different time points 
using FACS, qPCR, and immunocytochemistry.

All induction protocols generated hiNPCs expressing the pro-
liferation marker Ki-67 and the NPC marker Nestin and Pax6 
while losing expression of the stem cell marker Oct 3/4. How-
ever, we observed distinct transcriptional signatures of specific 
brain regions, i.e., forebrain (FOXG1), midbrain (LMX1A), or 
midbrain (EN1)/hindbrain (HOXA2) depending on the applied 
protocol. Although all hiNPCs generated neuronal networks con-
sisting of MAP2-positive neurons and S100β-positive astrocytes, 
differences in the neuronal subtype composition and synaptic 
marker expression were detectable. Moreover, assessment of the 
electrical activity revealed differences in the functionality of the 
neuronal networks depending on the induction protocol and the 
differentiation medium.
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Traditional Chinese Medicine (TCM) has been practiced for 
thousands of years to prevent disease. Especially Chinese Herb-
al Medicines (CHMs) have been widely used during pregnancy 
to promote health of mothers and fetuses. However, toxicities of 
most CHMs have not been thoroughly investigated. Considering 
the fact that the developing brain is a sensitive target, it is es-
sential to investigate the developmental neurotoxicity (DNT) of 
CHMs. Currently, DNT testing is done according to an OECD or 
EPA in vivo guideline study, but these studies are insufficient for 
large scale DNT testing as they consume high amounts of ani-
mals, time and money and bear the issue of species extrapolation.

We have developed 3D neurosphere in vitro test methods 
(NPC1-5) based on human primary neural stem/progenitor cells 
(NPCs), which assess neurodevelopmental key events (KE), like 
NPC proliferation, migration and differentiation into neural ef-
fector cells (astrocytes, neurons and oligodendrocytes). Using 
this model, we analyzed adverse effects of the CHMs Tian Ma 
(TM) and Lei Gong Teng (LGT). Additionally, microarray analy-
ses provide further insight into the modes-of-action of CHM tox-
icity. Data was placed in an AOP-context.

The classified non-toxic TM disturbs only differentiation into 
oligodendrocytes at the highest concentration in human NPCs, 
while it is negative for the same endpoint in rat NPCs. Based on 
transcriptomic changes, we hypothesized that oxidative stress 
might play a (major) role in the oligodendrocyte reduction. hN-
PC migration was the most sensitive endpoint (MSE) upon cellu-
lar LGT exposure and time-lapse microscopy of migrating NPC 
visualizes that LGT inhibits cell adhesion without affecting mo-
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Development and  
characterization of 3D spheroids 
for pre-clinical application
Tejal Pant1, Ganesh Gaikwad1, Prajakta Dandekar2 
and Ratnesh Jain1
1Department of Chemical Engineering, Institute of Chemical Technology, 
Nathalal Parekh Marg, Matunga, Mumbai, India; 2Department of 
Pharmaceutical Sciences and Technology, Institute of Chemical 
Technology, Nathalal Parekh Marg, Matunga, Mumbai, India
tejalpant@gmail.com 

A three-dimensional (3D) setup for the culture of mammalian 
cells is clinically more relevant as compared to monolayer cul-
ture as it can provide an environment that mimics cellular orien-
tation and micro-architecture that exists in vivo (Fennema et al., 
2013). Studies performed in 3D may reduce the number of candi-
dates that may further be evaluated in animal investigations and 
clinical studies, thus providing an alternative to it. With the in-
creasing use of nanoparticles in the field of medicine, their toxic-
ity evaluation becomes important (Sambale et al., 2015). A sim-
plistic 3D cell culture model of lung tumor for its potential in 
evaluating Eudragit (RL100) based nanoparticulate system has 
been studied here. A 3D mono and co-culture model was devel-
oped using epithelial and fibroblast cell lines. Ultra-low attach-
ment surface allowed cell-cell adhesion resulting in aggregation 
and compaction of cells and subsequently development of spher-
oids. A549 cells formed spheroids by day 3 and showed an in-
crease in diameter from 300 μm to 400 μm in 10 days. Use of cell 
tracker dyes confirmed the presence of both cell types within the 
co-culture spheroids. Quantification of nanoparticle uptake us-
ing flow cytometry after dissociating spheroids showed > 90% 
internalization. It was found that co-cultures were more resis-
tant to drug loaded nanoparticles than monocultures. The find-
ings demonstrated that lung co-culture spheroids were a suitable 
model for evaluating newer drug delivery systems.
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Foster and fund:  
Enhancing 3R activities at 
Charité – Universitätsmedizin 
Berlin by Charité 3R
Ida Retter, Julia Biederlack, Lisa Grohmann,  
Laura Behm and Stefan Hippenstiel
Charité – Universitätsmedizin Berlin, Berlin, Germany
ida.retter@charite.de 

Charité, the university hospital in Berlin, is the joint medical fac-
ulty of the Freie Universität Berlin and the Humboldt-Universität 
zu Berlin and conducts about 50,000 animal experiments per year 
for biomedical research. Since 2018, it actively strengthens the in-
house implementation of the 3Rs by the foundation of Charité 3R 
(https://charite3r.charite.de/en/) . The faculty body supports 3R re-
search and education by research funding, workshops and courses. 
The measures are accompanied by communication and outreach 
activities.

Up to now, 7 calls for 3R research projects have been published. 
For these, 88 proposals have been submitted and evaluated by in-
dependent peer-reviews. As a result, 33 projects have been fund-
ed with a total of 3.7€ Mio. The calls focus on refinement, innova-
tive high risk research ideas and other 3R approaches that are rarely 
funded by public funding agencies. Charité 3R aims to incentivize 
the change towards alternative methods and draw the attention to 
the relevance of refinement and reduction for high quality biomed-
ical research results. To disseminate 3R knowledge within young 
researchers, Charité 3R provides 3R courses for PhD students. In 
addition, Design Thinking Workshops for the creation of new 3R 
approaches are organized for PhD students and postdocs (“Re-
Think3R”). Outreach activities focus on public events, transparent 
communication on 3R research and collaborative strategies with the 
animal welfare officers.
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tility. Co-treatment with laminin indicates that LGT disturbs 
laminin-dependent cell adhesion, which is in accordance with 
our previously published AOP (Barenys et al., 2016).

The neurosphere assay is a valuable tool in compound hazard 
identification, including the compound class of CHM. For risk 
evaluation, exposures and IVIVE are needed.
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Maturation of human 
induced pluripotent stem 
cell-derived cardiomyocytes 
by mechanical stimulus
Su-Jin Lee and Hyang-Ae Lee
Korea Institute of Toxicology (KIT), Deajeon, South Korea
vanessa@kitox.re.kr 

The human induced pluripotent stem cells-derived cardiomyo-
cytes (hiPSC-CMs) provides the source of human CMs for cell 
therapy, drug testing, and disease modeling. However, the func-
tion and structure of hiPSC-CMs are similar to immature fetal 
CMs than mature adult CMs. There are many successful methods 
that have been developed for the maturation of hiPSC-CMs, such 
as long-term cultures for > 100 days, electrical and/or mechanical 
stimulation, co-culture with non-CMs, etc. Because CMs evolve 
in a mechanically active environments generated by spontaneous 
contraction, the exploring mechanical cue for the maturation of 
hiPSC-CMs may thus suggest a strong biomimicking rationale 
for producing functional (or spontaneously beating) myocardial 
tissue. Therefore, this study aims to elucidate the effects of me-
chanical stress on the maturation of hiPSC-CMs and its underly-
ing mechanism. In this study, we found that cyclic stretching in-
duced the electric maturation of hiPSC-CMs, and the increased 
cell size, and the decreased circularity. Cyclic stretching also in-
creases the ion channel expression, which is important to cardiac 
action potentials and function. In addition, the RNAseq analysis 
demonstrated several key molecules related to the maturation of 
hiPSC-CMs. These results provide a new insight to the relation-
ship of ion channel and maturation-related molecules during the 
physical stimulation of iPSC-CMs.
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Self-organized pigmented and 
vascularized full skin tissue 
model for melanoma research
Ana I. Soares1,2, Mariana T. Cerqueira1,2, Rogério P. 
Pirraco1,2, Rui L. Reis1,2 and Alexandra P. Marques1,2
13B’s Research Group, I3Bs – Research Institute on Biomaterials, 
Biodegradables and Biomimetics, University of Minho, Headquarters of the 
European Institute of Excellence on Tissue Engineering and Regenerative 
Medicine, Barco GMR, Portugal; 2ICVS/3B’s – PT Government Associate 
Laboratory, Braga/Guimarães, Portugal
apmarques@i3bs.uminho.pt 

Being a multi-layered organ, the complexity of human skin is 
difficult to mimic in vitro. Despite the major advances in cur-
rently available 3D skin models, they remain very simplistic in 
relation to native tissue complexity. Moreover, the integration of 
melanoma cells into 3D skin models rendering representative tu-
mor microenvironments is yet to be fully achieved. Cell sheet 
engineering has shown impressive results in recreating the na-
tive tissue structure and interactions of many different tissues by 
keeping intact the native cell-cell and cell-extracellular matrix 
interactions (Yanf et al., 2007; Haraguchi et al., 2012). Consider-
ing these major features, we built a 3D full skin model by stack-
ing heterotypic cell sheets of human dermal fibroblasts (hDFbs) 
and keratinocytes (hKCs) or of hDFbs and human dermal micro-
vascular endothelial cells (hDMECs), respectively as units of the 
epidermis- or dermis-like analogues. Melanocytes were further 
incorporated in the epidermis-like cell sheets before exposed to 
air-liquid interface (ALI), obtaining a pigmented stratified epi-
dermis. In order to understand how melanoma cells responded 
to the self-organized full skin model, different cell lines (WM-
115, SK-Mel-28, LM-MEL-33 and VMM15) were used. Histo-
logically analysis confirmed the organization of those cells with-
in the epidermis and their migration into the dermis through the 
formed basement membrane. Interactions between the melano-
ma cells and the stromal cells in the dermis are being assessed 
focusing on the known mechanisms involved in tumour progres-
sion in order to validate our approach.

Acknowledgments: Authors acknowledge the financial support from  
ERC-2016-CoG ECM_INK grant.
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Cytotoxicity of ZnO micro-  
and nanoparticles on HaCaT and  
A549 studied by MTT,  
NRU and LDH viability assays
Montserrat Mitjans, Laura Marics and María Pilar 
Vinardell
Fisiologia, Dpt de Bioquímica i Fisiologia, Facultat de Farmàcia i CC de 
l’Alimentació, Universitat de Barcelona, Barcelona, Spain
montsemitjans@ub.edu 

Nanomaterials are one of the most versatile products but due to 
their intrinsic physicochemical properties they can interact with 
various biological molecules or cells causing alterations in the or-
ganism. Consequently, the purpose of this work is to evaluate the 
potential cytotoxic effect of ZnO micro and nano particles on two 
human cell lines, HaCaT and A549, using three different endpoints, 
namely MTT, NRU and LDH. This comparative in vitro cytotoxic 
study will increase the knowledge on how metal nanoparticles de-
velop adverse effects.

The mean hydrodynamic diameter and the polydispersity index 
(PDI) of the particles were determined by dynamic light scattering 
(DLS) using a Malvern Zetasizer ZS (Malvern Instruments, Mal-
vern, UK). Before measurement, the particles were appropriately 
diluted in phosphate buffered saline (PBS, pH 7.4) and DMEM 5% 
FBS, and incubated for 2 h and 24 h at room temperature, at a final 
concentration of 1.0 mg/ml. We follow the protocol of Vinardell et 
al. (2017) for cell culture and treatment. After 24 h of treatments, 
cytotoxicity was assessed by the MTT and NRU viability assays 
and the LDH test.

Data from hydrodynamic diameter indicate that this variable in-
creases with time. This fact maybe due to agglomeration phenom-
ena or to possible adsorption of proteins on the particle surface, to 
a greater or lesser degree (Allouni et al., 2015). In the case of cyto-
toxicity, we have calculated IC50 for better comparisons among the 
different products and cell lines. IC50 is in general inferior to 100 
μg/ml IC50 except for the case of NRU, because cell viability at the 
maximum concentration assayed is approximately 80%. In general, 
comparing the different zinc oxides, micrometric ZnO is the most 
cytotoxic, followed by 100 nm ZnO and 50 nm.

In general, we can conclude that a relationship between nano-
metric size and higher toxicity cannot be directly attributed.
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Implementing the principles of 3Rs  
in the project application, 
evaluation, and authorization 
process in the University of  
Debrecen Committee  
of Animal Welfare’s work
Ádám Deák and István Furka
University of Debrecen Committee of Animal Welfare, Debrecen, Hungary
deak.adam@med.unideb.hu 

The tasks of Animal Welfare Bodies are defined by the Europe-
an Union’s (Directive 2010/63/EU of the European Parliament 
and of the Council; Article 26 and 27) and national legislations 
(in Hungary the Decree 40/2013 of the Hungarian Government; 
Article 39). One of the duties of Animal Welfare Bodies’ is the 
supervising of the authorization of scientific projects at the in-
stitutional level. The Animal Welfare Body of the University of 
Debrecen (named Committee of Animal Welfare) is participat-
ing actively during the application process for scientific projects.

To acquaint the researchers with the project application pro-
cedure, at the University of Debrecen in the Laboratory Animal 
Science and Welfare Courses’ was introduced new topics as fol-
lows: in Function Specific (Prerequisite) Modules the “Design 
of procedures and projects (Level 1 and 2)” as lectures and in 
the Additional Tasks Specific Modules the “Project evaluation” 
as seminars. These topics can help the participants to familiarize 
themselves with current legislation, with the application form, 
and the project application procedures. Moreover, the research-
ers can learn how to design a project, how to apply the principles 
of 3R’s during animal experiments, how to approach the severity 
assessment, and how to perform the retrospective analysis of the 
experiment.

We would like to present with examples and statistical data 
on how the EU/63/2010 Directive changes the attitude of the re-
searchers to apply the objectives of animal welfare during their 
scientific work.
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Differentiation of motor neurons 
for in vitro potency estimation 
of Botulinum neurotoxins
Maren Schenke1, Wiebke Bergforth1, Hélène-Christine 
Prause1,2 and Bettina Seeger1
1Institute for Food Quality and Safety, Department for Food Toxicology 
and Alternative/Complementary Methods to Animal Testing, University 
of Veterinary Medicine Hannover, Foundation, Hannover, Germany; 
2Department of Food Chemistry and Toxicology, Faculty of Chemistry, 
University of Vienna, Vienna, Austria
maren.schenke@tiho-hannover.de 

Botulinum neurotoxins (BoNTs) are bacterial toxins that cleave 
SNARE proteins, which are essential for neurotransmitter re-
lease in neurons. This results in a flaccid paralysis through in-
hibition of motor neurons (MNs). The serotypes BoNT/A1 and 
B1 are used for medical and aesthetic applications, for which the 
potency estimation of every produced batch is a prerequisite. An-
nually, 600,000 mice are used worldwide, despite the fact that 
cell-based alternative methods are available. However, these al-
ternatives are specific for unique BoNT serotypes. As new BoNT 
products are expected to enter the market, a universally applica-
ble in vitro assay for all BoNT serotypes would be advantageous. 
Since there are differences in sensitivity to BoNTs between hu-
mans and mice, human MNs are the most physiologically rele-
vant target cell type with presumably high sensitivity. Therefore, 
MNs were generated from human induced pluripotent stem cells 
in vitro with three optimized differentiation protocols. The re-
sulting neuronal cell populations were analyzed for their suitabil-
ity to be used in the potency estimation of BoNTs in comparison 
to the neuroblastoma cell line SiMa, which is commonly used for 
BoNT/A potency estimation. For this, the cleavage of the respec-
tive substrates was quantified via Western Blot. Interestingly, hu-
man MNs not only showed a much higher sensitivity to BoNT/
A1 than SiMa cells, but also high accordance to data from mouse 
lethality assays. MNs were less sensitive to BoNT/B1, which is 
in line with species differences in the sensitivity for this serotype, 
while SiMa cells did not show a dose-related response. To con-
clude, MNs can be used for potency estimation of BoNT/A1 and 
B1 and are a physiologically relevant and sensitive model, which 
could vastly improve current methods for estimation of BoNT 
activity.

Acknowledgement: MoNLightBoNT-Assay development is funded 
by a grant from the German Federal Ministry of Education and 
Research (FKZ 031L0132B).
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Recommendations on group  
housing of male mice –  
A compilation of experiences 
from Swedish laboratory animal 
facilities and scientific literature
Josefina Zidar1,2, Elin Weber3, Birgit Ewaldsson4, 
Solveig Tjäder5, Josefin Lilja6, James Mount7, Camilla 
Svensson6, Emma Svensk8, Eva Udén8, Elin Törnqvist9,6 
and Kaisa Askevik8
1Swedish Centre for Animal Welfare, Uppsala, Sweden; 2Swedish 
University of Agricultural Sciences, Uppsala, Sweden; 3Swedish University 
of Agricultural Sciences, Skara, Sweden; 4AstraZeneca, Mölndal, Sweden; 
5Uppsala University, Uppsala, Sweden; 6Karolinska Institutet, Stockholm, 
Sweden; 7Swedish Medical Products Agency, Uppsala, Sweden;  
8The Swedish 3Rs Centre, Jönköping, Sweden; 9The Swedish National 
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Stockholm, Sweden
3Rcenter@jordbruksverket.se 

Animals used for scientific purposes are protected by EU legis-
lation. Social animals should be kept in stable groups that enable 
species-typical social behavior and provide individuals with so-
cial comfort. However, when group housing male mice, aggres-
sion within the home-cage is a common husbandry and welfare 
problem. Excessive fighting and injuries due to aggression can 
cause pain and stress, resulting in individuals being euthanized 
or housed individually. In addition, stress can alter physiological 
parameters, risking scientific validity and generating larger sam-
ple sizes.

Mouse aggression, and the consequences thereof, thus opposes 
the 3R goals of Refining the methods to minimize potential pain 
and suffering and Reducing the number of animals used within 
research. Therefore, the aim of this project was to gather infor-
mation on strategies used in Sweden when group housing male 
mice, to compare this information to literature collected through 
a systematic search strategy, and finally, to produce recommen-
dations on how to prevent aggressive behavior.

During 2018-2020, we have worked with external experts to 
collect a broad knowledge base from Swedish laboratory ani-
mal facilities as well as scientific literature (Zidar et al., 2019). 
Based on the collected data we have compiled recommendations 
aimed at preventing aggression in group housed male mice and 
thus improve animal welfare, the working environment and, con-
sequently, the quality of research.

The recommendations cover the practicalities of animal hous-
ing and the overall work method – procedures, cooperation, and 
communication. As many of these aspects have not been suffi-
ciently studied in scientific literature, staff experiences are a cru-
cial source of knowledge.
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Multimodal monitoring in a  
preclinical study: Wheel  
running behavior uncovers  
impaired welfare due to  
serial intraperitoneal injections
Nora Weegh1, Eva Zentrich1, Dietmar Zechner2, 
Birgitta Struve1, Laura Wassermann1, Simone 
Kumstel2, Miriam Heider1, Brigitte Vollmar2, André 
Bleich1 and Christine Häger1
1Institute for Laboratory Animal Science, Hannover Medical School, 
Hannover, Germany; 2Rudolf-Zenker-Institute of Experimental Surgery, 
University Medical Center, Rostock, Germany
Zentrich.Eva@mh-hannover.de 

In many research fields, experiments still substantially rely on 
animal models. Routine procedures such as frequent handling 
and injections are performed according to the research aims with 
little consideration of the impact on the animals, despite the in-
fluence on study outcome and data quality. Therefore, this study 
monitored a preclinical experiment by assessing voluntary wheel 
running as a measure of general well-being. The study was here-
by aiming to identify impacts potentially being missed by con-
ventionally applied methods to enable refinement of the proce-
dures in future.

The study comprised a laparotomy for pancreatic cancer cell 
injection and a subsequent phase with daily intraperitoneal injec-
tions of chemotherapy and vehicle substances. After laparotomy, 
minimal body weight reductions, slightly elevated clinical scores 
but significantly decreased voluntary wheel running (VWR) be-
havior were observed. Following the repeated intraperitoneal 
injections, body weight was reduced in response to the chemo-
therapy, but not after vehicle treatment, while the activity-related 
behavior was decreased in both cases. Wheel running behavior 
further revealed differences between the substances and altered 
nightly activity patterns.

By assessing voluntary wheel running, this study demonstrat-
ed a high impact of the repeated injections and differences be-
tween substance effects on well-being. Moreover, it revealed 
VWR as a more sensitive indicator of impairment, strongly sug-
gesting the need for multimodal severity assessment and refine-
ment of experimental protocols. However, differences in tumor 
growth between the treatment groups could not be determined. 
This might be due to the high impact of the procedures uncov-
ered in this study, as exaggerated stress responses are potentially 
confounding factors in preclinical studies.
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Marching towards Asian Federation  
for Alternatives to Animal  
Testing (AFAAT) through 
harmonization of Asian 3R centres 
and associations for alternatives
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Gunatilake3 and Bae-Hwan Kim4
1Secretary General, Japanese Center for the Validation of Alternative 
Methods (JaCVAM), Institute of Health Sciences (NIHS), Kawasaki, 
Japan; 2General Secretary, Society for Alternatives to Animal Experiments, 
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Centre in Laboratory Animal Science, Faculty of Medicine, University of 
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In as much as West European and North American countries 
forge ahead in discovering, validating and practicing alternative 
methods the situation in developing countries, especially Asia, 
is not anywhere near. Adoption of alternative methods discov-
ered and validated elsewhere and contribution to discovery of 
newer methods for international harmonization by these coun-
tries can be greatly motivated and encouraged through establish-
ment of national societies. In Asia, Japan, through its JSAAE, 
stands a unique exemption. 3R/Alternatives Societies have come 
up in South Korea, China, India and Sri Lanka but national prior-
ities being different the alternatives scenario is not encouraging. 
The JSSAE has taken the initiative of a federation of these soci-
eties. Nevertheless, international harmonization at the global lev-
el such that the countries which are less endowed are pushed for-
ward by those that are better endowed, will be rewarding.
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The recommendations are available in English and Swedish at 
our webpage: https://jordbruksverket.se/3R
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Development of a statistical 
prediction model for skin 
sensitization by combining 
multiple in vitro tests
Yuichiro Goto1, Nana Mashimo2, Yumi Takagi2, 
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Development of skin sensitization evaluation system without an-
imal testing is one of the major issues in cosmetic safety assess-
ment. It is considered that single in vitro test may not replace 
fully conventional animal testing, because skin sensitization is 
complex immune systemic reactions (OECD, 2019). Thus, it 
is important to evaluate by a combination of multiple tests fol-
lowing AOP (Adverse Outcomes Pathway), and IATA (Integrat-
ed approach to testing and assessment) included them is being 
studied worldwide. Several case studies of IATA are introduced 
in OECD’s Guidance Document for skin sensitization (OECD, 
2016). However, the majority is to use expensive in silico models 
or machine learning systems that lack transparency.

In this study, we developed prediction models that predict 
skin sensitization categories determined from EC3 in LLNA 
(local lymph node assay) by combining in vitro tests following 
skin sensitization AOP. We selected SH-test (Susuki et al., 2009) 
(protein binding), KeratinoSens™ (keratinocyte activation), and 
h-CLAT (dendritic cell activation) as in vitro skin sensitization 
tests. To construct a new prediction model, we examined two sta-
tistical models, a liner regression model and a proportional odds 
model with the published data of 136 chemicals including the re-
sults of three in vitro tests and LLNA (Urbisch et al., 2015).

The predictive capacity of the liner regression was poor perfor-
mance. The reason is considered that any constant value of EC3 
for Non-sensitizer in LLNA was substituted. On the other hand, 
the proportional odds model showed high concordance rate.

We propose the developed predictive model using the propor-
tional odds model. The model is able to develop a relatively sim-
ple method with excellent robustness and transparency.
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The cardiac embryonic stem cell 
test shows presence of biomarkers 
for endodermal, ectodermal, 
and neural differentiation
Gina Mennen1,2, Marcia Oldenburger1 and  
Aldert Piersma1,2
1Centre for Health Protection, National Institute for Public Health and 
the Environment (RIVM), Bilthoven, The Netherlands; 2Institute for Risk 
Assessment Sciences (IRAS), Utrecht University, Utrecht, The Netherlands
gina.mennen@rivm.nl 

A well-studied screening tool for developmental toxicants is the 
cardiac embryonic stem cell test (ESTc). This in vitro test makes 
use of embryonic stem cells (ESCs) followed by embryoid body 
(EB) formation and spontaneous differentiation towards cardio-
myocytes. Also, other cell types differentiate within these EBs 
and could potentially be of additional use to enlarge the appli-
cability domain of the test. Therefore, this study aimed to fur-
ther investigate the biological domain of the ESTc by studying 
the presence of additional cell types. Several biomarkers were 
investigated in time by performing immunocytochemistry and 
gene expression analysis (RT-qPCR). Proteins were present for 
endodermal cells (AFP), neuroectodermal cells (NES), and neu-
ral cells (TUBB3) within the ESTc in addition to cardiomyocyte 
differentiation. Endodermal differentiation (AFP) over time, 
showed clearest results in the early differentiation track and di-
minished on differentiation day 10. Neurectoderm (NES) and 
neural (TUBB3) differentiation emerged on differentiation day 
4 of the ESTc. NES and TUBB3 positive cells were especially 
located at the EB borders. In time, the composition of TUBB3 
versus NES positive cells changed, with a higher presence of 
TUBB3 positive cells on differentiation day 10. Additionally, 
TUBB3 staining also showed axon-like structures from differen-
tiation day 4 onwards. The tested markers showed upregulations 
on gene expression levels over time. Comparing immunocyto-
chemistry results and gene expression levels in case of TUBB3, 
showed protein composition changes although gene expression 
levels didn’t show clear upregulations in time. This difference 
in sensitivity between these biomarkers should be considered 
when selecting gene transcript biomarkers for toxicity screen-
ing purposes. Taken together, these results show further appli-
cation of the ESTc through enlarging its biological applicability 
domain. This is promising when it comes to expanding the ap-
plicability domain of the ESTc for toxicological screening pur-
poses in the future.
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A human iPSC-based in vitro 
neuronal network formation assay 
to investigate neurodevelopmental 
toxicity of pesticides
Kristina Bartmann, Farina Bendt, Lynn-Christin  
Stürzl, Arif Dönmez, Eike Keßel,  
Stefan Masjosthusmann and Ellen Fritsche
IUF-Leibniz Research Institute for Environmental Medicine, Düsseldorf, 
Germany
kristina.bartmann@iuf-duesseldorf.de 

The spatiotemporal orchestration of key neurodevelopmental 
processes (KNDP) is essential for brain development. An ad-
verse outcome, i.e., developmental neurotoxicity (DNT), is ex-
pected, if at least one KNDP is affected due to exposure towards 
a compound during a critical period of neurodevelopment. The 
ultimate, functional readout for nervous system function in vitro 
is the formation and function of neuronal networks assessed via 
the neuronal network formation (NNF) assay.

The human NNF assay is based on network development of 
hiPSC-derived human GABAergic inhibitory and glutamater-
gic excitatory neurons, as well as primary human astroglia (Neu-
Cyte, USA). These pre-differentiated cells are seeded in a stan-
dardized ratio on 48-well microelectrode array (MEA) plates. Af-
ter one week of differentiation in absence of the test compounds, 
network activity is measured via the assessment of spike-relat-
ed, burst- and network-related parameters using the Axion Mae-
stro Pro System. These measurements serve as internal baselines 
for subsequent developmental exposure and later readouts from 
day 7 to day 35 in vitro. Currently, a set of 28 pesticides, that are 
known to either affect or not affect brain development based on 
the rodent DNT guideline study (OECD TG426), is tested in the 
NNF assay.

Results show that some pesticides like deltamethrin cause con-
centration-dependent effects on the mean firing rate and the syn-
chronicity of the network. Other compounds like flufenacet were 
identified as negative.

In a next step the effects of the 28 pesticides on the NNF assay 
will be compared to results from assays that covers other KNDP 
like proliferation, migration, neuronal differentiation and oligo-
dendrocyte formation as well as the rat NNF assay. The human 
NNF assay is a valuable addition to the current DNT in vitro test-
ing battery as it converges on multiple neurodevelopmental key 
events like neurite outgrowth, dendritic spine formation and syn-
aptogenesis.
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Normothermic machine 
perfusion of human diseased 
ex vivo livers to study hepatic 
pharmacokinetic processes
Lianne Stevens1,2, Jeroen Dubbeld2, Jason 
Doppenberg2, Bart van Hoek2, Catherijne Knibbe3, 
Wouter Vaes1, Evita van de Steeg1 and Ian Alwayn2
1The Netherlands Organization for Applied Scientific Research (TNO), 
Zeist, The Netherlands; 2Department of Surgery, Leiden University 
Medical Centre (LUMC) Transplant Center, Leiden, The Netherlands; 
3Division of Systems Biomedicine and Pharmacology, Leiden Academic 
Centre for Drug Research (LACDR), Leiden, The Netherlands
lianne.stevens@tno.nl 

The prediction of hepatic clearance and biliary excretion is of 
high importance to assess the pharmacokinetics of drugs, espe-
cially in patients suffering from hepatic diseases with altered liv-
er function. We therefore aim to develop a physiologically rel-
evant human pre-clinical ex-vivo model to investigate hepatic 
clearance, biliary excretion by utilizing normothermic machine 
perfusion (NMP) of diseased human livers.

Patients waitlisted for liver transplantation were given the op-
portunity to participate in this study. During liver transplantation 
procedure, the portal vein and the hepatic artery of the explant-
ed liver was immediately flushed, and reconstruction of the por-
tal vein and hepatic artery was performed. Perfusion was initi-
ated using the LiverAssist device at a temperature of 37°C for 
360 min. After 120 min, a bolus of a drug cocktail (rosuvastatin, 
digoxin, furosemide and metformin) was applied and at t = 240 
min, again a bolus of the cocktail was co-administered with in-
hibitors.

Seven explanted livers of patients undergoing liver transplan-
tation were included in this study: Primary Biliary Cirrhosis(P-
BC), Non-alcoholic Steatohepatitis(NASH), 3x Alcoholic Liver 
Disease(ALD), and 2x Hepatocellular carcinoma + Hepatitis B  
viral disease(HBV+HCC). All livers except PBC produced  
> 30 mL bile throughout the duration of the experiment. A rela-
tion was shown between the severity of the underlying disease 
of the patient and functioning of the liver during perfusion (lac-
tate levels, AST, ALT). The non-cirrhotic livers showed to rapid-
ly clear the drugs from the perfusate in contrast to the cirrhotic 
livers which showed a delayed plasma clearance. Differences in 
biliary clearance were observed which are related to the trans-
porter expression of the underlying disease.

Here we demonstrate for the first time that it is feasible to per-
fuse explanted diseased human livers to study hepatic clearance, 
biliary excretion under specific disease circumstances. We will 
further explore the potential of this model by studying other 
drugs and drug-interactions in comparison to clinical data
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In vitro tests of stone wool fibres  
dissolution
Denis V. Okhrimenko, Jesper A. Bøtner, Hanne K. Riis, 
Christoph Koch and Mette Solvang
ROCKWOOL International A/S, Hedehusene, Denmark
denis.okhrimenko@rockwool.com 

Stone wool fibres are widely applied in the construction indus-
try for heat insulation and fire spread protection. Potential long 
term health effect of fibre materials upon inhalation by humans 
is studied by biosolubility in vitro and biopersistence in vivo in-
vestigations. A reliable, robust and reproducible in vitro test pro-
cedure is required to build a correlation between in vitro and in 
vivo tests which is necessary in the wish to reduce animal use for 
in vivo tests.

Here we report an in vitro dissolution test procedure using a 
flow-through reactor setup with low dead volume for determi-
nation of a fibre dissolution rate. The fibre dissolution rate was 
measured for fibre samples with the same initial mass under con-
stant temperature (37°C) and flow rate (125 ml/day) of a modi-
fied Gamble’s solution (initial pH 4.5) over 21 days to simulate 
intracellular macrophage phagolysosome conditions. The intend-
ed flow-to-surface area ratio (F/A) was equal to 0.030 µm/s. The 
dissolution rate was estimated by ICP-OES measurements of the 
number of elements released from the fibres to the effluent solu-
tion. Element concentrations were normalized using sample sur-
face area calculated from fibre diameter distribution obtained us-
ing scanning electron microscopy (SEM).

It was shown that deviations from set flow rate and pH in-
crease caused by dissolution reaction significantly influence the 
dissolution rate. Increase of the solution pH decreases the disso-
lution rate, while changes of flow rate influence reproducibili-
ty of the results. Reproducible determination of the fibre sample 
surface area and its decrease caused by dissolution reaction are 
essential for F/A ratio settings in the experiments and dissolution 
rates calculations. It was concluded that it is important to keep 
F/A constant to obtain reproducible results and increase of pH 
the modified Gamble’s solution can be avoided by introducing 
buffers at pH 4.5.
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Introducing Brazilian students to 
lobbying – Enacting legislation 
against cosmetic testing on animals
Antoniana Ottoni1 and Helder Constantino2
1Humane Society International, Brasília, Brazil; 2Humane Society 
International, Búzios, Brazil
aottoni@hsi.org 

Half a million animals are used on annually for cosmetic testing, 
despite the existence of validated non-animal tests. To address 
this problem, HSI launched the Be Cruelty Free (BCF) campaign 
in several countries. In 2012, BCF was launched in Brazil and de-
spite many advances, a complete ban has not yet been achieved. 
The bill has moved through the two houses of the Brazilian par-
liament but has yet to become federal law – despite 10 states en-
acting a ban already. Over 70% of the Brazilian public wants ro-
bust federal legislation against cosmetic testing on animals.

In order to revitalize the bill, HSI have initiated a project with 
students between 14 to 17 years old, from three different schools 
in the capital Brasília. The aims of this project were to engage 
with the next generation, to introduce students to the issues of 
animal testing and to facilitate their transition to effective lobby-
ists. For the first part of the project, students and teachers attend-
ed to lectures on animal testing provided by HSI explaining the 
need for a ban on cosmetic testing and the non-animal methods 
available to test cosmetics. The second step was to visit politi-
cians, with students participating in a debate inside the Brazilian 
Parliament.

Our project revealed that the majority of students had not 
known about the use of animal for testing cosmetics, but after 
attending this program, they were unanimously against the prac-
tice. The politicians recognized this strength of opinion and com-
mitted to prioritize discussion of the bill at the plenary of the 
Senate.

We aim to continue this annually – continuing to engage young 
lobbyists and new politicians. Here, we also present strategies for 
expanding this program to enable other countries to use these ap-
proaches in response to the interests and concerns of their youth.

References
https://www.crueltyfreeinternational.org/which-animals-are-
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https://exame.abril.com.br/marketing/unilever-se-une-a-luta-
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Alternative method to culture 
intestinal organoids without loss 
of biological functionality
Kitty van Summeren1, Saertje Verkoeijen1, Jean 
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Steeg4, Birol Usta4 and Raymond Pieters1,5
1Innovative Testing in Life Sciences and Chemistry, University of Applied 
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3Danone Nutricia Research, Utrecht, The Netherlands; 4TNO, Zeist, The 
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kitty.vansummeren@hu.nl 

Over the last years, organoids have become increasingly popu-
lar in research as they resemble the composition and function-
ality of organs, making the organoid model an ideal alternative 
to in vivo testing. Intestinal organoids are derived from freshly 
isolated intestinal epithelial crypts that harbor Lgr5-expressing 
stem cells. A method for long-term culture of 3D murine intes-
tinal organoids was first developed by Sato et al. Several essen-
tial factors to maintain basic crypt physiology were described:  
Wnt/R-spondin1 to activate the Wnt signaling pathway, Nog-
gin as a BMP4 inhibitor and EGF to stimulate proliferation. For 
structural support and biochemical cues, organoids are cultured 
in Matrigel matrix.

In search for reduction of time and costs in culturing intestinal 
organoids, we screened several factors to replace one or more of 
the components used by Sato et al. This screening has led to the 
composition of a new culture medium. We developed and thor-
oughly tested our new culture medium and designed a standard 
operating procedure (SOP) for long-term maintenance of intes-
tinal organoids. To standardize our method, the SOP was per-
formed in three separate laboratories, in which a vial of murine 
ileum organoids from liquid nitrogen was thawed, expanded and 
maintained for 3 weeks, with weekly passaging. The viability of 
the organoids was assessed by observing morphology. In addi-
tion, the expression of IL22-induced gene expression of the an-
ti-microbial peptide Reg3G was determined by exposing organ-
oids to IL22 for 24 hours each week, followed by RNA isolation.

Results show that three laboratories were able to culture via-
ble and healthy murine intestinal organoids with the newly de-
veloped culture medium and SOP. As expected, IL22 stimulation 
consistently induced Reg3G expression in the organoids. These 
results indicate that the developed SOP to culture murine intesti-
nal organoids can be transferred to independent laboratories and 
can be used for long-term culture of intestinal organoids.
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Mass spectrometry-based 
quantification of all antigens in 
diphtheria-tetanus-acellular pertussis 
combination vaccines containing 
aluminum hydroxide as adjuvant
Larissa van der Maas1, Hugo Meiring1, Bernard Metz1, 
Gideon Kersten1,2 and Maarten Danial1
1Intravacc, Bilthoven, The Netherlands; 2Leiden Academic Center for Drug 
Research, Bilthoven, The Netherlands
larissa.van.der.maas@intravacc.nl 

Animal tests are, unfortunately, still common place in safety 
testing and vaccine batch release. Combination vaccines, such 
as DTaP (containing diphtheria toxoid, tetanus toxoid, pertus-
sis toxoid, filamentous hemagglutinin, pertactin, and fimbriae 
2 and 3) undergo strict batch release tests including in vivo as-
says based on serology and sometimes even challenge tests car-
ried out in guinea pigs and mice. A single method in which ac-
curate identification and quantitation of the antigens present in 
DTaP combination vaccines containing alum based adjuvant has 
remained elusive. As such, we have developed an LC-MS meth-
od that allows for both identification and quantitation of all anti-
gens in DTaP-vaccines within a single analysis. The quantitation 
approach is based on isotopically labeled, antigen-specific signa-
ture peptides. The method can be used to identify and quantitate 
pre-adjuvanted monovalent antigens that have been chemically 
inactivated with formaldehyde. Even more, Al(OH)3-containing 
final vaccine lots can also be subjected to the method, thereby al-
lowing for in-process and final product assessment. In addition, 
the specificity of the developed method was demonstrated using 
vaccines in which a single antigen has been intentionally omitted 
in the formulation. In summary, the LC-MS method ultimately 
paves the way to a reduction in the number of animals tests re-
quired for vaccine batch release.

Acknowledgment: This method is developed as part of a collab-
orative research project called VAC2VAC. The VAC2VAC proj-
ect is sponsored by the Innovative Medicines Initiative (IMI2); 
a public-private partnership between the European Commission 
and the Pharmaceutical Industries in Europe (VAC2VAC grant 
no 115924).
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Washington, DC, United States
dallen@ils-inc.com 

Dermal toxicity is driven by the ability of a substance to pene-
trate the skin. Dermal absorption can be estimated using the “tri-
ple pack”, a study design that combines in vivo rat, in vitro rat, 
and in vitro human data to calculate an estimated human dermal 
absorption factor (DAF). To assess the feasibility of deriving a 
DAF using only in vitro data, we conducted a retrospective eval-
uation of agrochemical formulations to compare the DAF de-
rived from each method. We also compared the DAF derived 
from the human in vitro study to the DAF generated from the tri-
ple pack approach. For most of the formulations evaluated, the 
in vitro rat method generated a similar or higher DAF value than 
the in vivo method. Absorption through in vitro human skin was 
found to be similar to or less than that observed in rat skin for 
all formulations. For most of the formulations, the human in vi-
tro method provided a similar or higher estimate of dermal ab-
sorption than the triple pack approach. For human health risk as-
sessment, in vitro assays using human skin would be preferable. 
Such tests would be directly relevant to the species of interest 
(which is humans) and avoid any overestimation of dermal ab-
sorption using rat models. However, rat in vitro studies would 
still have utility if human in vitro data were not available. In vitro 
rat data provide estimates of dermal absorption that are at least as 
protective as in vivo rat data, and thus could also be considered 
adequate for use in establishing dermal absorption factors. Ac-
cordingly, the comparisons presented in this poster support po-
tentially using in vitro data alone for DAF derivation for human 
health risk assessment of pesticides. 

Funding: This project was funded with federal funds from the  
NIEHS, NIH under Contract No. HHSN273201500010C.
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Ultrastructural and functional 
characterization of a reconstructed 
human corneal epithelium (HCE) 
as an alternative to animal use
Christian Pellevoisin, Florent Sahuc, Damien Lelievre 
and Christelle Videau
EPISKIN, Lyon, France
cpellevoisin@episkin.com 

The need for models of human corneal epithelia in pharmacol-
ogy and toxicology fields leads to the development of three-di-
mensional (3D) corneal models. SkinEthic HCE is a reconstruct-
ed human corneal epithelia model produced by EPISKIN from 
cultivation of transformed human corneal epithelial cells on a 
polycarbonate membrane at the air-liquid interface in a chemi-
cally defined medium. This 3D construct resembles the stratified 
cellular organization of human corneal epithelium: a monolayer 
of columnar basal cells covered by intermediate cells similar to 
in vivo corneal wing cells and a non-keratinized superficial lay-
er of flattened cells. Transmission electronic microscopy (TEM) 
imaging showed in all layers a well-developed cytoskeletal net-
work and cells-cells connection with numerous desmosomes 
and, in the cells of the basal layer, anchoring hemi-desmosomes 
connecting the construct to the support. Scanning electron mi-
croscopy (SEM) surface analysis of SkinEthic HCE revealed 
structures resembling to the microvilli observed in vivo. These 
structures appear to be coated with a sort of mucus forming large 
plaques suggesting presence of a superficial glycocalyx lay-
er as observed on human cornea. RT-qPCR analysis for mucin 
genes MUC1, MUC4, MUC5B, MUC5C and MUC16 on Ski-
nEthic HCE confirmed expression of these genes excepted for 
MUC4. Immunohistochemistry of the membrane-anchored mu-
cin, MUC1, showed a suprabasal location compatible with a gly-
cocalix-like accumulation. Cells of the suprabasal layer express 
also keratin 3, a human cornea-specific differentiation mark-
er. Barrier function of the SkinEthic HCE model can be mea-
sured by ET50 and the observation by immunohistochemistry of 
occludin protein in all layers is in agreement with existence of 
dense tight junction network.

This work has showed some parameters similarities between 
SkinEthic HCE model and the in vivo situation in human. It con-
firms suitability of 3D construct to model human corneal tissue 
as an alternative to animal use.

References
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ered mucins have multiple functions on the ocular surface. Exp 
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Combinatorial model organism 
strategy to predict developmental 
and reproductive toxicity (DART)
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Many petroleum substances (UVCBs) have a production volume 
of > 100 tons/year. According to European legislation (REACH), 
they therefore need to be tested for prenatal toxicity. As this re-
quires a huge number of test animals, innovative toxicity test sys-
tems that can be used during the R&D phase will be of clear add-
ed value in safety assessment. In the EFRO TOXFLOW proj-
ect we aim to develop an innovative toolkit to predict DART of 
UVCBs. To this end we selected two organisms, i.e., the nema-
tode Caenorhabditis elegans and zebrafish (Danio rerio) embry-
os, as first tier assays, and well-known cell-based assays like EST, 
CALUX and steroidogenesis assays, as second tier.

Here C. elegans results are presented. We optimized expo-
sure methods to improve exposure-controlled hazard predic-
tion of substances with different physicochemical properties. We 
confirmed the importance of these methods for different class-
es of chemicals. We also developed automated scoring methods 
to identify developmental and reproductive toxicity, as well as 
methods to assess neurotoxicity, chromosomal instability, and lip-
id levels.

Testing of > 50 chemicals confirmed the added value of both 
the exposure optimization and the sensitivity and predictivity of 
the C. elegans test system for different biological end points. This 
indicates the value of C. elegans as a first-tier test method.

Funding: This project is supported by European Funding for Re-
gional Development (EFRO) from the European Union.
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conjunction with other input variables (e.g., in vitro data) to es-
tablish defined approaches for eye irritation testing. 

Funding: This project was funded with federal funds from the 
NIEHS, NIH under Contract No. HHSN273201500010C.
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testing: Evaluating reproducibility 
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Regulatory agencies rely upon rodent in vivo acute oral lethal-
ity data to determine hazard categorization, assign appropriate 
precautionary labeling, and perform quantitative risk assess-
ments. As the field of toxicology moves towards animal-free 
new approach methodologies (NAMs), there is a pressing need 
to develop reliable and robust reference data sets to contextu-
alize results, to set expectations regarding NAM performance, 
and for training and evaluating computational models. To meet 
these needs, rat acute oral LD50 (dose corresponding to 50% 
lethality) data from multiple databases were compiled and cu-
rated. These data were analyzed to characterize variability 
and reproducibility of results across a set of more than 2400 
chemicals with multiple independent study records. We did not 
have sufficient study metadata to evaluate the impact of specif-
ic protocol components such as species/strain, age, sex of rat, 
feed used, treatment vehicle, etc. However, we assumed stud-
ies had followed standard test guidelines, and thus evaluated 
several chemical-based possible sources of variability, includ-
ing chemical structure, physiochemical properties, and func-
tional use. We could not attribute the observed variability to 
any chemical-specific characteristics, and thus concluded that 
inherent biological or protocol variability is likely underly-
ing the variance in the results. By bootstrapping across com-
puted chemical-specific standard deviations, quantified vari-
ability was used to define a 95% confidence interval of ± 0.25 
log10(mg/kg). This confidence interval was used to define the 
uncertainty associated with discrete in vivo rat acute oral LD50 
values and may serve as a benchmark to apply to future NAM 
performance assessments. 

Foster, J. B., Lee, W. (2013). In E. J. Holland, M. J., Mannis, W. 
B. Lee (eds.), Ocular Surface Disease: Cornea, Conjunctiva 
and Tear Film (17-21). London: W. B. Saunders.

Meloni, M., De Servi, B., Marasco, D. et al. (2011). Molecular 
mechanism of ocular surface damage: Application to an in vitro 
dry eye model on human corneal epithelium. Mol Vis 17, 113-
126. 
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hazard categories
Alexander Sedykh1, Neepa Choksi2, David Allen2, 
Nicole Kleinstreuer3, Warren Casey4 and Ruchir Shah1
1Sciome LLC, Research Triangle Park, NC, United States; 2ILS, Research 
Triangle Park, NC, United States; 3NIH/NIEHS/DNTP/NICEATM, 
Research Triangle Park, NC, United States; 4NIH/NIEHS/DNTP, Research 
Triangle Park, NC, United States
nchoksi@ils-inc.com 

Computational modeling can be used to design effective nonan-
imal approaches, if grounded in reliable experimental data. We 
have developed of a set of computational models to predict eye 
irritation and corrosion. The models were developed using a cu-
rated database of in vivo eye irritation studies from the scientific 
literature and stakeholder-provided data. The database contains 
over 500 unique substances, including many mixtures, tested at 
different concentrations. Substances were categorized according 
to Globally Harmonized System (GHS) and U.S. Environmen-
tal Protection Agency (EPA) hazard classifications. Two model-
ing approaches were used to predict classification of mixtures. A 
conventional approach generated predictions based on the chem-
ical structure of the most prominent component of the mixture. 
A mixture-based approach used weighted feature averaging to 
consider all known components in the mixture. Ranking accu-
racy rates (calculated based on the area under the receiver oper-
ating curve) for EPA hazard classification of undiluted test sub-
stances were 74-81% and 75-80% for the conventional and mix-
ture-based models, respectively. Ranking accuracy rates for EPA 
hazard classification of substances diluted to 10% in the conven-
tional and mixture-based models were 90-95% and 92-96%, re-
spectively. Ranking accuracy rates for GHS hazard classifica-
tions for undiluted test substances were 79-82% and 80-91% for 
the conventional and mixture-based models, respectively. Rates 
ranged from 89-95% for the diluted GHS classification predic-
tions for both approaches. We observed a strong correlation be-
tween a substance’s pH and activity. Our results suggest that 
these models are useful for screening compounds for eye irrita-
tion potential. Future efforts to increase the models’ utility will 
focus on expanding their applicability domains and using them in 
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Development of an intestinal 
organoid-based platform  
for screening antiviral agents
Fatma Masmoudi1,2, Innes Garcia Rodriguez2,  
Katja Wolthers2, Marijn Vlaming1, Dasja Pajkrt2, 
Jeroen De Groot1 and Ludovico Buti1
1Charles River, Leiden, The Netherlands; 2Amsterdam UMC, Amsterdam, 
The Netherlands
Ludovico.buti@crl.com 

Enteric viruses are a major source of human diseases, particu-
larly in neonates and young children. Despite being a pressing 
medical problem, very little is known regarding the events as-
sociated with the infection with these viruses on the human gas-
trointestinal (GI) tract. The interaction of such pathogens with 
the intestinal barrier depends on host-specific mechanisms that 
affect the success of an active viral infection in vitro. The use of 
immortalized cell lines, typically limited by the presence of on-
ly one cell type, have hampered our understanding of the host/
pathogen interactions and the development of novel interven-
tions against the infection with such pathogens. In addition, gas-
trointestinal toxicity is a major side effect of many drugs that 
limits compliance and thus limits efficacy of potential new 
drugs. Thus, a more reliable in vitro model is urgently needed to 
also reduce the work with animal models. Here, we aim to use 
primary stem cell-derived intestinal organoids to establish a new 
platform for antiviral drug discovery and as a pre-clinical tool 
to analyze drug toxicity. Intestinal organoids not only retain the 
genetic background of the patients from which they are derived, 
but also the differentiation of the adult stem cells can be steered 
towards all the major cell types that populate the GI epithelium, 
allowing to recapitulate the viral infection in vitro and better pre-
dict drug responses.
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Whole blood thrombin generation  
test to reduce animals  
used for plasma collection and  
single dose studies
Kasper Jensen, Torben Elm, Carsten Dan Ley,  
Maria Kiersgaard and Karina Thorn
Novo Nordisk A/S, Copenhagen, Denmark
mkrk@novonordisk.com 

Coagulation is a process by which blood clots are formed to stop 
bleeding from damaged blood vessels. For patients with hemo-
philia or other clotting disorders, monitoring of coagulation in 
blood is important for optimal treatment. Thrombin is an enzyme 
in the coagulation cascade which is essential for clot formation. 
Hence, thrombin generation in samples is an in vitro measure of 
coagulation potential and is commonly applied in mouse studies 
(as well as in clinical studies).

In vivo, other blood components and particularly platelets are 
important for coagulation, why it is often necessary to add plate-
lets to the plasma prior to evaluation. However, whole blood 
would be even more physiologically relevant.

Existing procedure for evaluating procoagulant compounds 
requiring platelets has been in vitro thrombin generation tests 
(TGT) in platelet-rich-plasma (PRP-TGT), followed by a confir-
matory single dose in vivo study. Using these methods, approxi-
mately 12 mice are required for each compound tested.

We replace the above methods with Whole-blood TGT (WB-
TGT) in order to use fewer mice and to replace confirmatory in 
vivo studies with in vitro Dose/Response studies.

WB-TGT can be performed in about ¼ of the volume of blood 
needed to produce plasma for PRP-TGT, thus saving mice. Fur-
thermore, due to the increased translational value, in vivo Dose/
Response studies can be designed without need for single dose in 
vivo studies, omission of which saves further mice.

This method has potential relevance in all research fields 
where coagulation is involved.

In conclusion, this reduces animal use since the same (or supe-
rior) results are achieved using fewer mice. Furthermore, there is 
an element of replacement since the results from this in vitro/ex 
vivo method can replace certain in vivo studies.
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In silico and in vitro approaches 
supporting target organ safety 
assessment in pharmaceutical 
drug discovery
Annie Delaunois1, Frédéric Brouta1, Annick Cauvin1, 
Reiner Class1, Miranda Cornet1, Renaud  
Fleurance1, Helga Gerets1, Vitalina Gryshkova1, Peter 
Hall2, Marie Lemper1, Julia Roquigny1, Marie-Luce 
Rosseels1, Leandro Royer1, Carolin Schramm2,  
Jean-Pierre Valentin1, Alison Wolfreys2 and Brigitte 
Olympe Depelchin1
1UCB Biopharma SRL, Braine-l’Alleud, Belgium; 2UCB Celltech, Slough, 
United Kingdom
annie.delaunois@ucb.com 

Understanding the factors driving the attrition rate and reducing 
it remain a key challenge in pharmaceutical drug development. 
Safety issues still represent about 80% of project closures in pre-
clinical phase, and around 40% of drug failures in clinical Phase 
I. Cardiac, hepatic and neurological toxicities are the leading rea-
sons. Tackling this challenge starts with an early comprehensive 
evaluation of the potential safety issues associated to the primary 
target (Target Toxicity Evaluation), followed by an evaluation of 
undesirable secondary targets (off-target profiling). While most 
pharmaceutical companies have developed robust safety strate-
gies to de-risk genotoxicity and cardiotoxicity issues, partly driv-
en by regulatory requirements, there is a paucity of well-estab-
lished and standardized models for derisking safety issues affect-
ing other organs or systems, such as the central nervous system 
or the liver. To address these risks, a combination of in silico and 
in vitro assays has been put in place from the earliest stages of 
drug discovery, to help chemists designing safer molecules, and 
to select the best compounds to progress into animal studies, 
thereby reducing the total number of animals used in a project. 
Whenever possible, the use of human-derived tissues or cell lines 
is favored. In addition to this de-risking strategy routinely ap-
plied to all our new chemical entities, mechanistic investigations 
can be deployed to solve project-specific safety issues, using fit-
for-purpose assays. Ultimately, understanding the predictive val-
ue of the in silico and in vitro tools for non-clinical safety testing 
and their translatability to humans will enable to optimize assays 
in order to address the key objectives of a safety strategy, i.e., 
hazard identification, risk assessment, and mitigation.
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Fully human skin-on-a-chip 
with a modular architecture 
and integrated sensors for drug 
screening and disease modelling
Patrícia Zoio1, Sara Ventura1 and Abel Oliva1,2
1Instituto de Tecnologia Química e Biológica António Xavier (ITQB), 
Oeiras, Portugal; 2Instituto de Biologia Experimental e Tecnológica 
(IBET), Lisbon, Portugal
patricia.zoio@itqb.unl.pt 

In vitro human skin models have been widely used as alternatives 
to animal testing for basic research and clinical applications. 
However, current commercially available models do not fully re-
produce the structure and function of human skin, mainly due to 
their use of animal-derived collagen and their lack of a dynamic 
flow system to mimic vascularization.

In this study, we present an innovative, fully human skin-on-
a-chip system that reproduces key aspects of the in vivo cellular 
microenvironment. Our approach combines the production of a 
fibroblast derived matrix with the use of an inert porous scaffold 
for long-term, stable cultivation of a human skin model, without 
the use of animal components. This advanced skin model is de-
veloped inside a biomimetic organ-on-a-chip system with a dy-
namic perfusion arrangement for continuous supply of nutrients 
and metabolites. The chip is reversibly sealed and has a modu-
lar architecture providing an easy-to-use workflow, precise cell 
seeding, and a removable culture insert that can be transferred 
between modules.

To characterize the development stage and barrier integrity of 
the produced skin, tetrapolar electrodes were integrated on the 
chip to quantify the transepithelial electrical resistance in re-
al time. The structure and functionality of the developed model 
were studied using histological and immunofluorescence stain-
ing.

The developed device was successfully used to grow and sus-
tain a physiologically relevant human skin model. Extracellular 
matrix components were secreted by the fibroblasts and accumu-
lated in the scaffold, recreating the microenvironment of the na-
tive human dermis. The use of a scaffold provided the necessary 
mechanical stability. The co-culture of primary human keratino-
cytes resulted in a fully differentiated skin equivalent. In the fu-
ture, this innovative low-cost platform could reduce the depen-
dence on animal models and provide a new in vitro system to 
study skin diseases and evaluate the safety and efficacy of novel 
drugs and technologies.
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Beyond animal testing for skin 
sensitization of cosmetic ingredients: 
A case study with propyl paraben
Hind Assaf Vandecasteele1, Françoise Gautier1, Fleur 
Tourneix2, Dagmar Bury1 and Nathalie Alépée2
1L’Oréal, Clichy, France; 2L’Oréal, Aulnay sous Bois, France
nathalie.alepee@rd.loreal.com 

Skin sensitization is a key adverse health effect to be addressed in 
the safety assessment of cosmetic ingredients. Since 2013, animal 
testing has been prohibited in the EU, promoting new approach 
methodologies without animal testing to be used for a so-called 
Next Generation Risk Assessment (NGRA). For a skin sensitiza-
tion NGRA, different non-animal methods have been integrated 
into our tiered sequential stacking testing strategy Defined Ap-
proach (DA). This case study shall illustrate how this DA, by 
combining several in silico, in chemico and in vitro methods, is 
able to predict sensitization hazard and potency, thus determin-
ing whether the consumer can be exposed to 0.2% propyl paraben 
(PP) in a face cream. Seven data inputs were integrated, including 
TIMES-M/P, TOXTREE, pH, volatility, qualitative DPRA, Ke-
ratinoSens™ and U-SENS™ using a combination of statistical 
models. PP was predicted as non-sensitizer with high probability 
(probability to be a skin sensitizer of 16% well below the cut-off 
of ≤ 30%). Given the positive test results of KeratinoSens™ and 
U-SENS™, a benchmark approach using structurally related par-
abens was applied to increase the confidence in the hazard predic-
tion. The DA clearly predicted these parabens as non-sensitizer. 
Based on animal and human data for the related parabens indicat-
ing none or only rare cases of skin sensitization, PP was consid-
ered as non-sensitizer supporting the DA outcome.

Thus, the use concentration of 0.2% PP in a face cream was re-
garded as safe for consumers in terms of the risk of skin sensiti-
zation.

Presentation: Poster

509

Bisphenol A, bisphenol F and 
bisphenol S: The bad and  
the ugly. Where is the good?
Sophie Fouyet1,2, Elodie Olivier1, Pascale Leproux1, 
Melody Dutot1,3 and Patrice Rat1
1Laboratoire de Chimie-Toxicologie Analytique et Cellulaire, Université de 
Paris, Paris, France; 2Léa Nature, Périgny, Paris, France; 3Yslab, Quimper, 
Paris, France
sophie.fouyet@gmail.com 

Background and Objectives: Bisphenol A (BPA), a reprotoxic 
and an endocrine-disrupting chemical, has been substituted by 
alternative bisphenols such as bisphenol F (BPF) and bisphenol S 
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Read-across can increase confidence 
in the next generation risk 
assessment for skin sensitization: 
A case study with resorcinol
Françoise Gautier1, Fleur Tourneix2, Hind Assaf 
Vandecasteele1, Dagmar Bury1 and Nathalie Alépée2
1L’Oréal, Clichy, France; 2L’Oréal, Aulnay sous Bois, France
nathalie.alepee@rd.loreal.com 

Historically skin sensitization risk assessment for cosmetic in-
gredients was based on animal models, however regulatory de-
mands have led to Next Generation Risk Assessment (NGRA), 
using data from New Approach Methodologies (NAM) and De-
fined Approaches (DA). This case study was meant to investi-
gate if the use of resorcinol at 0.2% in a face cream was safe and 
a maximum use concentration could be defined. As a first step 
existing information for resorcinol was collected, comprising 
physicochemical properties (molecular weight, volatility, logP, 
pH), in silico (TOXTREE, TIMES-M, TIMES-P), in chemico 
(DPRA) and in vitro (KeratinoSens™, U-SENS™, SENS-IS) 
data. The tier 1 hazard prediction by the sequential testing strate-
gy DA identified resorcinol as skin sensitizer (Cat. 1) with a high 
probability of 92%. The subsequent tier 2 potency prediction 
yielded equivocal Cat. 1B that could not provide sufficient confi-
dence to determine a point of departure (POD). Therefore, read-
across was applied to increase the level of confidence. Analogue 
searches in various tools and databases using “mode of action” 
and “chemical structural features” retrieved 535 analogues. After 
excluding analogues without a defined structure, similar reactivi-
ty profile and skin sensitization data, 39 analogues remained. The 
final selection was based on three approaches: expert judgment, 
chemical similarity or Local Lymph Node Assay data (LLNA). 
As already identified by the DA, all read-across approaches pre-
dicted resorcinol as a skin sensitizer and in addition indicated a 
moderate potency. A POD derived from the LLNA EC3 of 3.6% 
was determined leading to a favorable NGRA conclusion and a 
maximum use concentration of 0.36%. This was confirmed by a 
traditional risk assessment based on the available animal data for 
resorcinol.
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develop a comprehensive understanding of organoids non-in-
vasively during their development, confocal Raman microsco-
py was used in this study to characterize pancreas organoids in 
different ECMs. The label-free and chemically selective tech-
nique was implemented to monitor the interaction of cells with 
two synthetic hydrogels in order to assess their suitability to re-
place commercial Matrigel®. Using confocal Raman imaging, 
the contact-free analysis of pancreas cells within the ECM could 
be achieved, successfully showing the distribution of nucleic ac-
ids, protein- and lipid-rich regions within the cell. Further, the 
expansion mechanism and interaction of whole organoids with 
the ECM was investigated, monitoring the chemical composi-
tion of the surrounding environment as well as the lumen of the 
organoid in detailed imaging and higher throughput approaches. 
These results provide a glimpse into the possibilities of confocal 
Raman microscopy as an innovative technology to revolutionize 
the analysis of 3D cell culture systems.
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Human in vitro models to study  
bone metastases
Marjolein van Driel, Iris Robbesom, Joëlle Klazen, 
Bart Valkenburg and Hans van Leeuwen
Department of Internal Medicine, Erasmus MC, Rotterdam,  
The Netherlands
m.vandriel@erasmusmc.nl 

The skeleton is a preferential site for metastatic invasion by can-
cer cells, especially from prostate and breast cancer. Complica-
tions to the bone reduce both length and quality of life of patients 
in an aggressive way. No cure has been found yet, and the met-
astatic process is determined by complex interactions between 
cancer cells and the bone microenvironment. Since osteoblasts 
(bone forming cells) at the endosteal surface in the bone marrow 
are the first bone cells to be reached by invasive cancer cells, we 
aim to unravel the cellular “crosstalk” of metastatic cancer cells 
and osteoblasts and find new therapeutic routes.

We developed a human co-culture model of differentiating os-
teoblasts (SV-HFO) and metastatic prostate cancer cells, either 
bone (PC-3) or non-bone derived (LNCaP). To be distinguished 
from osteoblasts, cancer cells were lentivirally transduced with 
GFP (green fluorescent protein). Direct interaction with meta-
static cancer cells was studied during 3 weeks of osteoblast mat-
uration. FACS and fluorescence microscopy were used to mon-
itor growth of cancer cells and biochemical assays to study os-
teoblast differentiation and mineralization. Illumina micro-array 
analyses were performed after FACS-sort separation of osteo-
blasts and cancer cells.

Results showed that the stage of osteoblast differentiation is 
important in cancer cell fate. Both bone and non-bone metastatic 

(BPS) in the plastic industry. Despite their detection in placenta 
and amniotic fluids, bisphenols effects on human placental cells 
have not been characterized. Our objective was to in vitro ex-
plore and compare the toxicity of BPA to its substitutes BPF and 
BPS to highlight their potential risks for placenta and then preg-
nancy.

Materials and Methods: Human placenta cells (JEG-Tox cells) 
were incubated with BPA, BPF and BPS for 72 hours. Cell via-
bility, cell death and degenerative P2X7 receptor and caspases 
activation, and chromatin condensation were assessed using mi-
croplate cytometry and fluorescence microscopy.

Results: Incubation with BPA, BPF or BPS was associated 
with P2X7 receptor activation and chromatin condensation. BPA 
and BPF induced more caspase-1, caspase-9 and caspase-3 acti-
vation than BPS. Only BPF enhanced caspase-8 activity.

Discussion and Conclusion: BPA, BPF and BPS are all tox-
ic to human placental cells with P2X7 receptor being a common 
key element. BPA substitution by BPF and BPS doesn’t appear 
as a safe alternative for human health, more particularly for preg-
nant women and their fetus.
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organoids inside hydrogel matrices
Nathalie Jung1, Till Moreth2, Ernst Stelzer2, Francesco 
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Molecular Life Sciences, Goethe University, Frankfurt am Main, Germany; 
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n.jung@em.uni-frankfurt.de 

Within the growing field of alternative approaches to animal test-
ing, the implementation of in vitro cell cultures in 2D and 3D en-
vironments has experienced a surge in popularity over the last 
decades. The cultivation of three-dimensional cell culture sys-
tems, especially organoids, constitutes a promising approach in 
different fields of life sciences and is gaining interest with regard 
to clinical applications and personalized medicine. Although the 
cultivation of complex cellular systems is evolving steadily, their 
analysis is stagnating, relying on the visual inspection of organ-
oid size and development via light microscopy. While analyzing 
the expression of specific marker molecules via immunofluores-
cence staining is a reliable approach to determine the identity 
of organoids, the fixation and staining procedures of 3D cellu-
lar structures in their extracellular matrix (ECM) produces sev-
eral issues and artefacts. Further, the interaction of the cells with 
the ECM during organoid expansion and development is com-
pletely neglected in established analysis procedures. In order to 
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prostate cancer cells did not grow on late stage differentiated os-
teoblasts, only on early-stage osteoblasts. Bone metastatic cancer 
cells were able to keep the osteoblasts in this early stage, thereby 
affecting the bone maturation and stimulating cancer cell growth. 
Differential gene expression found during these stages revealed 
new targets for therapeutic intervention.

Testing agents that restore osteoblast maturation and thereby 
inhibit cancer cell growth in the bone is the promising therapeu-
tic route that we are currently investigating in an adapted format 
of the current model towards high-throughput screening of FDA 
approved therapeutics.
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Global effort to end animal  
testing for health  
claims of foods and beverages
Frances Cheng and Shalin Gala
People for the Ethical Treatment of Animals, Norfolk, VA, United States
FrancesC@peta.org 

Due to growing ethical, scientific, financial, and public relations 
concerns, the global food and beverage industry is increasingly 
moving away from animal testing for establishing human health 
claims to market products and ingredients such as alcohol, cere-
al, chocolate, juice, pasta, soda, tea, and much more. Thousands 
of dogs, rabbits, monkeys, pigs, hamsters, mice, rats, and even 
chimpanzees have been used in these experiments, during which 
animals have been restrained, stressed, poisoned, lacerated, in-
fected, otherwise harmed and killed. PETA has so far success-
fully worked with more than 117 companies in this sector world-
wide – both those that have already and those that have not yet 
pursued animal testing for this purpose – to adopt new formal 
policies against conducting, funding, and commissioning ani-
mal tests unless explicitly required by law. PETA is also work-
ing with international government entities to remove any explicit 
requirements, suggestions, and/or acceptance of animal tests in 
their health claim regulations. In this study, we compare and con-
trast varying food and beverage health claim regulations from 
the United States, European Union, Canada, Japan, South Ko-
rea, China, and Taiwan. We discuss the scientific limitations of 
animal tests for some of the most common health claims such 
as blood pressure regulation, blood lipid control, anti-fatigue, di-
gestion improvement, immune system boost, and joint protec-
tion. We also describe non-animal testing methods that are more 
relevant to human health, and we share our experience in work-
ing with companies and government entities to end animal tests 
for establishing health claims to market food and beverage prod-
ucts and ingredients.
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BBB model for repeated dose 
toxicity testing with cyclosporine 
A as model compound
Sara Wellens1, Lucie Dehouck1, Vidya 
Chandrasekaran2, Pranika Singh3,4, Rodrigo Azevedo 
Loiola1, Emmanuel Sevin1, Thomas Exner5, Paul 
Jennings2, Fabien Gosselet1 and Maxime Culot1
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Encéphalique (LBHE), Faculté des sciences Jean Perrin, Lens, France; 
2Division of Molecular and Computational Toxicology, Department 
of Chemistry and Pharmaceutical Sciences, Amsterdam Institute for 
Molecules, Medicines and Systems, Vrije Universiteit Amsterdam, 
Amsterdam, The Netherlands; 3Edelweiss Connect GmbH, Technology 
Park Basel, Basel, Switzerland; 4Division of Molecular and Systems 
Toxicology, Department of Pharmaceutical Sciences, University of Basel, 
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sara_wellens@ens.univ-artois.fr 

The blood-brain barrier (BBB) is a highly restrictive barrier that 
preserves central nervous system homeostasis and ensures op-
timal brain functioning. Using BBB cell assays makes it possi-
ble to investigate whether a compound is likely to compromise 
BBBs functionality, thereby probably resulting in neurotoxici-
ty. Recently, several protocols to obtain human brain-like endo-
thelial cells (BLECs) from induced pluripotent stem cells (iP-
SCs) have been reported. Within the framework of the Europe-
an MSCA-ITN in3 project, we explored the possibility to use 
an iPSC-derived BBB model to assess the effects of repeated 
dose treatment with chemicals, using Cyclosporine A (CsA) as 
a model compound. The BLECs were found to exhibit import-
ant BBB characteristics up to 15 days after the end of the dif-
ferentiation and could be used to assess the effects of repeated 
dose treatment. Although BLECs were still undergoing transcrip-
tional changes over time, a targeted transcriptome analysis (Tem-
pO-Seq) indicated a time and concentration dependent activation 
of ATF4, XBP1, Nrf2 and p53 stress response pathways under 
CsA treatment. Taken together, these results demonstrate that this 
iPSC-derived BBB model and iPSC-derived models in general 
hold great potential to study the effects of repeated dose exposure 
with chemicals, allowing personalized and patient-specific stud-
ies in the future.
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of 11.5 million. However, closer scrutiny of the data reveals that 
an additional 12,597,816 animals were bred and killed, not used 
for any scientific purpose, bringing the actual total animal use for 
2017 to almost 22 million. Breakdown of this figure shows an al-
most equal split between genetically altered (6,113,281 uses) and 
conventional animals (6,484,535 uses).

It is a concern to note that data collected over the last eleven 
years in the UK suggest this is a sustained trend – surplus animals 
comprise half the total animal use, and this has been the case for 
at least the last seven years. This equates to over 13 million ani-
mals bred and killed in the UK alone, despite the introduction of 
a breeding framework and the ultimate aim of Directive 2010/63/
EU to replace animals in scientific procedures. The most recent 
European statistical report indicates an increase in the use of an-
imals for the creation of new genetically altered strains, and over 
five and a half million surplus animals bred and killed for the 
maintenance of genetically altered animal lines.

Here we focus on the extensive overbreeding of genetically al-
tered animals; we analyze research areas where genetically al-
tered animals are used most prominently, document the transla-
tional failure of these as models, and offer suggestions to replace 
animals to develop a more effective, human-predictive research 
strategy. We outline what is needed to streamline breeding pro-
cesses and suggest this could be rolled out to animal breeding 
programs more widely, in order to reduce overbreeding and 
wasteful culling of animals, until the biomedical research para-
digm completes the shift away from animal use altogether.
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Retinal diseases account for major discomfort and loss of vi-
sion, highlighting the need for alternative therapeutic strategies 
and newer drugs. Drug discovery and development for new-
er molecules alleviating retinal damage requires high through-
put screening methods and reliable models for recapitulating the 
in vivo retinal responses. Several animal models, in vivo and ex 
vivo explants are being employed for evaluating the drug mole-
cules in pipeline. However, most of these systems are unreliable 
as they fail to mimic the major physiological factors, like tissue 
extracellular-matrix and micro-architecture. Thus, the retina-on-
a-chip ideology was pursued to address these lacunae and pro-
vide an alternative-to-animal, in vitro, perfusion-based system 
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International harmonization of  
non-animal methods  
for biomedical training
Frances Cheng and Shalin Gala
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Due to heightened public concerns about the use of animals in 
experiments, technological advances in simulation, increased in-
stitutional financial constraints, and educators’ need for better 
teaching and assessment tools, biomedical institutions around the 
world are increasingly moving away from animal-based train-
ing methods. Millions of dogs, cats, rabbits, pigs, goats, mice, 
rats, guinea pigs, frogs, and other animals are used in biomedi-
cal training every year, during which they are cut into, burned, 
drugged, otherwise harmed and killed. PETA and its internation-
al affiliates have successfully worked with medical institutions 
around the world – via expert dialogue, meetings with regulators, 
public campaigns, and groundbreaking industry partnerships – to 
switch from using animals to instead using more modern humane 
teaching methods such as computer assisted learning, human pa-
tient simulators, virtual reality, and hyper-realistic synthetic tis-
sue models, among others. As a result of these and other sus-
tained efforts, numerous institutions around the world have ad-
opted non-animal methods across a variety of disciplines: K-12 
biology and anatomy classrooms, university life science and zo-
ology courses, undergraduate medical training, military and ci-
vilian trauma training, chemical casualty drills, pediatric intuba-
tion courses, graduate pulmonary programs, obstetrics and gy-
necology residencies, and more. In this study, we examine the 
scientific, ethical, and legal considerations for harmonizing 
non-animal medical training across different facilities globally, 
describe technological advancements that are more cost-efficient 
and relevant to human medicine and health, and share our expe-
rience in working with various stakeholders to end the use of an-
imals for biomedical training.
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Roadmap to replacement – 
Addressing surplus animal breeding
Lindsay Marshall
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The most recent European statistics on animals used for scientif-
ic purposes revealed an apparent downward trend. In 2017, 9.38 
million uses were recorded – an 18% decrease from the 2011 total 
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to make them more scientifically robust and human-relevant. For 
example, the use of foetal bovine serum (FBS) and animal-de-
rived antibodies can introduce a lot of batch-to-batch variabili-
ty potentially resulting in experimental quality (e.g., contamina-
tion of FBS; specificity of antibodies) and reproducibility issues 
(Baker et al., 2016; van de Valk et al., 2018). Additionally, it is 
more frequently becoming recognised that knowledge of all the 
constituents of the cell culture medium used and their influence 
on cellular processes are important for improved reproducibility 
(Hirsch and Schildknecht, 2019). Therefore, ideally chemically 
defined media would be used to culture human cells for in vitro 
assays to eliminate any remaining scientific quality issues result-
ing from use of animal- or human-derived components (van der 
Valk et al., 2010) although this is technically very challenging. 
Here we will describe some of the challenges, opportunities and 
potential options for replacing animal-derived products in in vi-
tro systems.
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World pharmacopeias are ready 
to adopt non-animal in-vitro 
replacement tests for detection 
of pyrogens. Are you?
Allen Burgenson1 and Katrin Pauls2
1Lonza Bioscience, Walkersville, MD, United States; 2Lonza Bioscience, 
Cologne, Germany
katrin.pauls@lonza.com 

As the world is increasingly concerned with the ethics of using 
animals for the detection of Pyrogens in pharmaceutical prepa-
rations, manufacturers seek to eliminate animals in these tests. 
However, current regulations require the testing of all injectable 

for cultivating retinal cells. A computationally validated micro-
fluidic device was designed and fabricated using PDMS, to sup-
port the co-culture of retinal cells from rats, under a continuous 
flow of medium. This perfusion-based, organotypic co-culture 
was screened for media optimization and proliferation in order 
to sustain the cellular shear exerted by the fluid flow. Further, the 
transepithelial-electrical resistance (TEER) and permeability of 
FITC-dextran was measured to study the barrier integrity of epi-
thelial cells. The co-culture was screened for retinal markers, as 
well as the retinal precursor cells were assessed for their photore-
ceptor characteristic and thereby analyzed for the effect of light 
exposure. Results indicated that the device demonstrated a high 
potential as an in vitro cellular model for an in depth understand-
ing of the retinal micro-physiology. The model was successfully 
used to understand the penetration and metabolism of therapeutic 
molecules, like chemical drugs and biomolecules.
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Towards the development of animal 
product-free in vitro systems 
for NGRA of consumer goods
Paul Russell, Sarah Hatherell, Ouarda Saib and  
Carl Westmoreland
Unilever Safety & Environmental Assurance Centre, Sharnbrook, United 
Kingdom
paul.j.russell@unilever.com 

There is an increasing acceptance of the role in vitro assays can 
play in assuring consumer safety, particularly as part of Next 
Generation Risk Assessment (NGRA) (Baltazar et al., 2020). 
NGRA is an exposure-led, hypothesis-driven approach integrat-
ing new approach methodologies (NAMs) to ensure chemical 
safety without the use of animal testing. There is also a grow-
ing desire to remove animal products from these in vitro assays 
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Confirmatory preclinical studies  
as means to guide  
decisions to engage in clinical 
trials: The decide project
Ulf Tölch1, Natascha Drude2, Lorena Martinez 
Gamboa2, Meggie Danziger2 and Ulrich Dirnagl1,2
1BIH QUEST Center for Transforming Biomedical Research, Berlin 
Institute of Health, Berlin, Germany; 2Department of Experimental 
Neurology, Charité – Universitätsmedizin Berlin, Berlin, Germany
ulf.toelch@bihealth.de 

In preclinical research, we typically explore potential novel ther-
apies with the ultimate goal of clinical translation. In a first step, 
exploratory studies aim to uncover possible, yet unknown patho-
physiological relationships. During confirmation, researchers 
generate incremental experimental evidence that reduces uncer-
tainty about investigated effect(s). Thus, confirmatory research 
potentially corroborates an initial hypothesis by replicating re-
sults, strengthening the validity and identifying boundary condi-
tions. This will mitigate the risk of failure for translation. To de-
velop new therapies in a responsible way, an increased and criti-
cal scrutiny of findings from preclinical studies is mandatory and 
resources (e.g., scientific personnel, funding as well as patients’ 
samples, laboratory animals or materials) need to be used effi-
ciently.

To investigate the processes and specificities of confirmatory 
research, the DECIDE project (Decision-Enabling Confirmation 
of Innovative Discoveries and Exploratory Evidence) will moni-
tor, counsel, and evaluate the scientific process and outcomes of 
preclinical confirmatory research projects over four years. The 
preclinical projects come from diverse biomedical disciplines 
and include studies across multiple sites. Within the scope of the 
project, we will
(i) support preclinical confirmatory studies through continuing 

education towards high methodological rigor,
(ii) develop a flexible framework for planning, conducting, an-

alysing, and evaluating confirmatory research,
(iii) refine this framework through communication with the re-

search community, leveraging a meta-analysis with the re-
sults of these projects; and

(iv) prepare means to facilitate dissemination and sustainability 
of the framework.

The overall goal of the DECIDE project is to develop recom-
mendations on best practice for confirmatory studies to help in-
creasing the evidence, robustness, and prediction of preclinical 
research.
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products for the presence of pyrogens, whose effects range from 
fever, shock, and in some instances, death.

Current compendial methods are the Rabbit Pyrogen Test 
(RPT), the Bacterial Endotoxins Test (BET), and the Monocyte 
Activation Test (MAT).

The RPT used over 400,000 animals in 2015 and this number 
is still growing today (Hartung, 2015). Ordinarily, rabbits may 
be reused in the RPT after a brief period. However, modern bi-
ological products, such as monoclonal antibodies, may induce 
an immune response preventing reuse of the rabbit. The in vi-
tro replacement for the RPT is the MAT, as it detects any sub-
stance that would be pyrogenic in humans. The assay uses human 
monocytes that release inflammatory cytokines upon pyrogenic 
stimulation, proportionally to the total amount of all pyrogens in 
a sample. The released cytokines are quantitated using an ELISA 
assay system.

The BET or LAL test has been in effect since the early 1980s. 
The test uses the amebocytes from the blood of Limulus poly-
phemus and Tachypleus tridentatus. The populations of Limulus 
are stable in the USA due to a highly regulated fishery while the 
populations of the three Asian species have been decimated. As 
a result, T. tridentatus is now listed as an endangered species by 
the IUCN (Laurie et al., 2019).

The replacement for the LAL test is the rFC assay initially de-
veloped to eliminate the need to draw blood from living animals. 
This test was firstly adopted by the European Pharmacopeia to 
become effective in January 2021.

This presentation discusses in vitro replacements for pyrogen 
testing, actions taken to incoprorate those replacements and re-
maining constraints for implementation.
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Retrospective evaluation  
of the acute fish toxicity test 
for pesticide registration
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Daniel1, William Eckel2, Jonathan Hamm1, Ethan 
Harwood3, Tamara Johnson3, Nicole Kleinstreuer4, 
Catherine Sprankle5, Jim Truax1 and Michael Lowit3
1ILS, Research Triangle Park, NC, United States; 2ILS, Washington, DC, 
United States; 3EPA/OPP, Washington, DC, United States; 4NIH/NIEHS/
DNTP/NICEATM, Research Triangle Park, NC, United States; 5ILS, 
Raleigh, NC, United States
pceger@ils-inc.com 

The acute fish toxicity test is used to assess the potential risk of 
substances to aquatic organisms. In the United States (U.S.), the 
test is typically conducted in three different fish species: a cold 
and a warm freshwater species and a marine/estuarine species. 
Therefore, three separate acute fish toxicity tests are conducted 
for a single chemical, with each test potentially requiring 200 or 
more fish per chemical. We conducted a retrospective analysis 
of data submitted to the U.S. Environmental Protection Agen-
cy (EPA) to support pesticide registrations to determine wheth-
er reducing the number of species tested would impact the abil-
ity of pesticide risk assessments to identify and characterize po-
tential risks to fish. Lethal concentration 50% (LC50) values and 
experimental details were extracted and curated from 762 acute 
fish toxicity studies submitted to EPA for pesticide registrations. 
From this data set, 87 substances had data from studies in three 
species that were considered acceptable based on defined crite-
ria. Data were analyzed to determine any trends among species 
in terms of relative differences in acute toxicity LC50 values. 
Where a difference could be detected, coldwater species were 
most often the most sensitive species (26/45); for the remaining 
42 substances there was no clear difference in species sensitivi-
ties. These results suggest that it may be possible to use data from 
as few as one species, thereby substantially reducing the number 
of fish required while still meeting risk protection goals. 

Funding: This project was funded in whole or in part with 
federal funds from the NIEHS, NIH under Contract No. 
HHSN273201500010C.
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Evaluating dog use in biomedical 
research in order to identify 
non-animal, human-based 
replacement options
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For the past decade, over 60,000 dogs have been used annually 
for research and testing in the US. Publicly accessible data are 
not available to evaluate the numbers of dogs used specifically 
for biomedical research in the US, but trends elsewhere suggest 
up to 68% may be used for basic, translational and applied re-
search purposes – at least 40,000 dogs per year.

We searched the National Institutes of Health REPORTER da-
tabase for projects using dogs between 2015 and 2019, in order 
to gain a clearer picture of how dogs are currently used in bio-
medical research funded by the U.S. Public Health Service. We 
evaluated the purposes of the research, total costs, the number 
of dogs used, procedures they underwent (including euthanasia), 
and tried to assess the potential benefits to human health as well 
feasibility of non-animal approaches. 

Of 679 projects that mentioned dogs in the abstract, 388 were 
actively using dogs, 188 of which were classified as biomedical 
research with total funding of over 83 million USD. Cancer re-
search was the most common use of dogs – however deeper anal-
ysis indicated that over 60% of these projects were employing 
client-owned companion dogs (parallel patient population). In 
contrast, 37 projects for cardiovascular disease research, an area 
which almost exclusively used purpose-bred dogs, often involv-
ing pain and distress, were awarded over 57 million USD. Ques-
tions are being raised about the validity of some canine models of 
research, including cardiac studies, and relevant non-animal re-
placement methods are rapidly evolving.

Overall, our research provides details of federally funded re-
search using dogs, allowing investigation into the validity of ca-
nine models that seek to address human health concerns and indi-
cating where non-animal methods are superior and could replace 
dogs altogether.

We propose a roadmap enabling replacement of dogs as mod-
els of human disease with human-based approaches.
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items are genotoxic or not. This analysis should be performed in 
several methods, including conventional microscopy (Rodrigues 
et al., 2018). On the other hand, the automated methods result in 
increased of sensitivity and combined with their rapidity. Such de-
tails are interesting when it is said that it is related to production 
in a Contract Research Organization (CRO). In this sense, our lab-
oratory verified the positive response criterion in relation to ve-
hicle control (VC) between the two methodologies (microscopy 
vs flow cytometry) in order to ensure the results safety. For this, 
30 assays were performed under three conditions (short exposure 
with and without metabolic activation and long exposure without 
metabolic activation) using the CHO-K1 cell line based on OECD 
487 (2016). The MN analysis was using microscopy and flow cy-
tometry, in which it was used Microflow in vitro (Litron) commer-
cial kit. Our results showed a 6-fold increase in the MN amount 
in relation to VC when microscopy was used. As expected, flow 
cytometry demonstrated an increase in the detection MN capaci-
ty, on average 11-fold, depends on condition and positive control 
concentration, since it is possible to discriminate it from nucleus 
according to the fluorescence intensity (Bryce et al., 2013). In ad-
dition to the high sensitivity, this methodology requires less mate-
rial than conventional reading, being an excellent technology and 
alternative, in front of our need for fast and reproducible results.
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Application of human induced 
pluripotent stem cell cardiomyocytes 
(hiPSC-CM) in preclinical  
in vitro cardiotoxicity assessment: 
Challenges and opportunities
Vitalina Gryshkova, Annie Delaunois and  
Jean-Pierre Valentin
UCB Biopharma, Braine l’Alleud, Belgium
Vitalina.Gryshkova@ucb.com 

Drug-induced cardiotoxicity is an important safety concern in 
clinical trials and a cause of drug withdrawal. Therefore, it is 
critical to identify cardiotoxic compounds early in drug devel-
opment. hiPSC-CMs and the xCELLigence® Real Time Cell An-
alyzer (RTCA) Cardio Extra-Cellular Recording (ECR) technol-
ogy enable collection of contractility, electrophysiology and cell 
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A novel system of infusion to provide 
drugs within ex vivo skin models
Emma Raude1, Emeline Pagès1, Michael Pastore1, 
Pascal Descargues2 and Laurent Malaquin3
1Genoskin SAS, Toulouse, France; 2Genoskin Inc., Salem, MA, United 
States; 3LAAS-CNRS, Toulouse, France
anna.trevisiol@genoskin.com 

The development of new models predicting human responses to 
biotherapeutics is a major challenge in the field of bioengineer-
ing. In particular, how high molecular weight molecules diffuse 
in human tissues is still elusive.

In this study, we integrate and characterize a novel microfluid-
ic system of infusion to provide drugs within ex vivo skin mod-
els. The resulting FlowSkin model is based on the implantation 
of a porous catheter into a human skin biopsy embedded in a ma-
trix and maintained in physiological conditions.

FlowSkin models have been cultivated and infused in standard 
culture conditions for 10 days. During this period, exchanges be-
tween the flow and the tissue were maintained without detectable 
alteration of tissue viability, while preserving physiological levels 
of cell proliferation. The diffusion of molecules exhibiting differ-
ent molecular weights has been investigated by a combination of 
X-ray tomography and Light-Sheet Fluorescence Microscopy. Bi-
ological effects on the infused skin models upon administration 
of a bioactive compound through the flow have been carefully in-
vestigated. The obtained results position the FlowSkin model as a 
new relevant tool to study the efficacy and/or toxicity of intrave-
nously administered drugs directly on human skin.
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New methodology implementation 
for in vitro micronucleus analysis 
in a CRO (Bioagri Laboratório 
Ltda – Merieux NutriSciences): 
Comparison of conventional 
microscopy and flow cytometry
Bruna Assunção Bechtold, Maria Paula Mancini 
Coelho, Thatiane Nunes de Santana, Julio César 
Cianci and Juliana Falcato Vecina
Merieux NutriSciences (Bioagri Laboratórios Ltda), Piracicaba, Brazil
juliana.vecina@mxns.com 

In vitro micronucleus (MN) analysis is extremely important with-
in the regulatory agency scenario, based on Guideline OECD 487 
(2016), the results obtained following its guidelines and good lab-
oratory practice (GLP) procedures determine whether the test 
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Defining the reproducibility 
and applicability domain of 
devTOX quickPredict, a human 
pluripotent stem cell-based 
developmental toxicity assay
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Colwell, Elizabeth L. R. Donley and Robert E. Burrier
Stemina Biomarker Discovery, Madison, WI, United States

jpalmer@stemina.com 

To establish confidence in new approach methods (NAMs) and 
enable their use in a regulatory setting, it is necessary to assess 
a NAMs accuracy and reproducibility, as well as define its ap-
plicability domain, in terms of both chemical and biological 
space. Over 100 chemicals have been evaluated with the dev-
TOX quickPredict (devTOXqP) assay, which predicts the de-
velopmental toxicity potential of a chemical based on changes 
in human iPS cell metabolism. The assay predicted the develop-
mental toxicity potential across this diverse set of chemicals with 
87% accuracy (88% sensitivity, 86% specificity). Within individ-
ual chemical classes (i.e., pharmaceuticals or pesticides), assay 
accuracy ranged from 81% to 94%, demonstrating the broad ap-
plicability of the assay. To understand the applicability domain of 
the assay, the results were separated into different pharmacolog-
ical categories and performance was assessed. The assay’s sen-
sitivity in the different pharmacological categories ranged from 
50% to 100% and provides insight into the assay’s biological ap-
plicability domain. For example, developmental toxicants classi-
fied as kinase modulators were predicted as correctly with 100% 
sensitivity, whereas receptor modulators were predicted with 
50% sensitivity, which was reflective of receptor expression in 
iPS cells. The reproducibility of the predictive model was eval-
uated using independent replicates of three chemical treatments 
(carbamazepine, methotrexate, thalidomide) conducted by multi-
ple technicians with two iPS cell lines over the course of 5 years. 
The interpolated developmental toxicity potential (dTP) values 
(determined using the devTOXqP predictive model) were with-
in two standard deviations of the mean for each of the chemicals, 
demonstrating that the assay endpoints are reproducible over 
time. These data demonstrate the importance of understanding a 
NAM’s biological system, its strengths and its limitations. Tak-
en together, these data demonstrate the accuracy, reproducibility 
and broad applicability domain of the devTOXqP assay and sup-
port its use as an alternative to animal models for developmental 
toxicity testing.
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viability data to perform an integrated assessment of changes in 
cardiomyocytes function upon treatment with compounds. Our 
objective was to test proprietary compounds in hiPSC-CM and 
compare with the data generated in silico, in vitro and in vivo.

For several compounds exhibiting strong in vitro hERG inhi-
bition, in silico action potential duration (APD) prolongation and 
the QTc prolongation in anesthetized guinea pigs, we observed 
field potential duration (FPD) prolongation and EAD (early af-
ter depolarization) events in hiPSC-CM. Good correlation was 
observed between beat rate and contractility amplitude in hiP-
SC-CM and heart rate and contractility in anesthetized guin-
ea pigs. For a few compounds electrophysiological changes ob-
served in hiPSC-CM did not directly translate to in vivo effects, 
which would require a more thorough analysis to understand the 
discrepancies.

Overall, using hiPSC-CM with RTCA Cardio ECR system 
have several advantages for preclinical safety assessment: rela-
tively easy to manipulate and quick turnaround time which al-
lows pre-selection/characterization of the compounds before in 
vivo studies; a simultaneous collection of many parameters re-
garding cardiomyocytes function; potentially a better translation 
to the clinic than animal cells. On the other hand, there are some 
challenges that should be considered when using this cell model: 
hiPSC-CM have immature phenotype compared to adult cardio-
myocytes; using a monocellular culture might not be sufficient 
to capture all cardiotoxic effects; high variability of the results 
between the experiments, different cell models or laboratories 
makes it difficult to establish a widely accepted cut-off criteria.
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A targeted metabolomics-based 
assay using human induced 
pluripotent stem cell-derived 
cardiomyocytes identifies 
structural and functional 
cardiotoxicity potential
Jessica Ann Palmer1, Alan M. Smith1, Michael R. 
Colwell1, Vitalina Gryshkova2, Elizabeth L. R. Donley1, 
Jean-Pierre Valentin2 and Robert E. Burrier1
1Stemina Biomarker Discovery, Madison, WI, United States; 2UCB 
Biopharma SPRL, Braine L’Alleud, Belgium
jpalmer@stemina.com 

Implementing screening assays that identify functional and 
structural cardiotoxicity earlier in the drug development pipeline 
has the potential to improve safety and the cost and time required 
to bring new drugs to market. In this study, a metabolic biomark-
er-based assay was developed that predicts the cardiotoxicity po-
tential of a drug based on changes in the metabolism and viability 
of human induced pluripotent stem cell-derived cardiomyocytes 
(hiPSC-CM). Assay development and testing was conducted 
in two phases: (1) biomarker identification and (2) targeted as-
say development. In the first phase, metabolomic data from hiP-
SC-CM spent media following exposure to 66 drugs was used to 
identify biomarkers that identified both functional and structural 
cardiotoxicants. Four metabolites that represent different meta-
bolic pathways (arachidonic acid, lactic acid, 2’-deoxycytidine, 
and thymidine) were identified as indicators of cardiotoxicity. In 
phase two, a targeted, exposure-based biomarker assay was de-
veloped that measured these metabolites and hiPSC-CM viabili-
ty across an eight-point concentration curve. Metabolite-specific 
predictive thresholds for identifying the cardiotoxicity potential 
of a drug were established and optimized for balanced accura-
cy or sensitivity. When predictive thresholds were optimized for 
balanced accuracy, the assay predicted the cardiotoxicity poten-
tial of 81 drugs with 86% balanced accuracy, 83% sensitivity, 
and 90% specificity. Alternatively, optimizing the thresholds for 
sensitivity yields a balanced accuracy of 85%, 90% sensitivity, 
and 79% specificity. This new hiPSC-CM-based assay provides 
a paradigm that can identify structural and functional cardiotox-
ic drugs that could be used in conjunction with other endpoints to 
provide a more comprehensive evaluation of a drug’s cardiotox-
icity potential.
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Ethical and scientific concerns 
regarding the continued  
use of experimentally induced 
brain injuries in primates
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For more than a century, researchers have been deliberately in-
ducing permanent, debilitating, sometimes fatal brain injuries 
in non-human primates for the purported purpose of gaining in-
sight into the neural bases of human behavior. While these ex-
periments have caused extreme suffering and death for countless 
primates kept in laboratories, their contribution to our accurate 
understanding of human brain-behavior relationships has been 
limited, at best. Confounds introduced by the negative physio-
logical and psychological impact of laboratory life on sensitive 
and intelligent animals, critical species differences in neurode-
velopment, neuroanatomy and neurochemistry, and oversimpli-
fied behavioral assays are just a few of the problems impacting 
the validity of data from these experiments. Furthermore, con-
siderable advances in our ability to study human brain structure 
and function in vivo, including multivariate algorithms for le-
sion-symptom mapping in humans, transcranial magnetic stim-
ulation, and non-invasive neuroimaging and electrophysiologi-
cal recording techniques have rendered these harmful procedures 
obsolete and needless.

Despite the inherent cruelty, limited utility, and lack of neces-
sity, numerous laboratories still induce brain lesions in our fellow 
primates. We will present data on the current prevalence, pur-
pose, and cost of these procedures in federally funded research 
in the United States and describe superior alternative research 
methods available to replace these ongoing experiments. We will 
also discuss the numerous ethical and scientific arguments for the 
discontinuation of these methods in contemporary neuroscience 
research.
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By STE test, all formulations were tested at 5% and 0.05%. It is 
known that BCOP and STE methods have low false negatives to 
classify No-Cat. products. The STE also has low false positives to 
classify Cat I. Taking into account the sensitivity and specificity 
of each method, we have distinguished the products into three cat-
egories: 1, 2A+2B and No Cat. with an accuracy of 76.5% (13 of 
17). The remaining 23,5% corresponds to products whose damage 
was overestimated with respect to the in vivo test (there were no 
cases of low estimation).

Finally, we successfully established an in-house strategy for 
testing agrochemicals eye irritation.
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CRISPR-Cas9 gene editing in 
cultured fish cells – Toward a new 
era of mechanistic toxicology
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Dübendorf, Switzerland; 2Institute of Laboratory Animal Science, 
University of Zurich, Zürich, Switzerland; 3EPF Lausanne, ENAC, 
Lausanne, Switzerland; 4ETH Zürich, Department of Environmental 
Systems Science, Zürich, Switzerland
marina.zoppo@eawag.ch 

In environmental toxicology, adverse outcome pathways (AOPs) 
provide mechanistic insights into toxicity pathways, spanning 
multiple levels of biological organization, from cell to organism 
to entire populations. On the cellular level, chemicals can ex-
ert a toxic response through a variety of molecular mechanisms. 
However, the genes associated with these molecular mechanisms 
are not fully characterized, preventing the generation of reliable 
AOP networks. The CRISPR-Cas9 gene-editing system consti-
tutes a well-suited instrument to interrogate the genes involved in 
toxicity pathways on a cellular level. In this work, we established 
a CRISPR-Cas9 gene-editing platform in the rainbow trout (On-
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3Rs Centre in laboratory 
animal science in Sri Lanka
Mangala Gunatilake Delwatta
Faculty of Medicine, University of Colombo, Colombo, Sri Lanka
mangalagunatilake@hotmail.com 

3Rs Centre was founded in 2019 at the Faculty of Medicine, Uni-
versity of Colombo to promote and facilitate alternative models 
to replace animals use (Replacement) in education (skills devel-
opment) and research. This reduces the number of animals (Re-
duction) bred and use for research purposes leading to reduction 
of animal suffering (Refinement). Necessary measures were al-
ready taken to introduce several alternative models for research 
and skills development.
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irritation assessment of 
agrochemical formulations
Martín Nicolás Rivero1, Mariela Lenze1, Mercedes 
Izaguirre1,2, Juan Ignacio Pina3, Silvia Wikinski1,2  
and María Laura Gutiérrez1,2
1Institute of Pharmacology – University of Buenos Aires, Ciudad 
Autónoma de Buenos Aires, Argentina; 2CONICET, Ciudad Autónoma de 
Buenos Aires, Argentina; 3ATANOR SCA, Buenos Aires, Argentina
mlgutierrez.ebal@gmail.com 

For the registration of agrochemical formulations, acute eye toxic-
ity assessment is required by regulatory agencies. The Draize rab-
bit eye test (OECD TG 405) has worldwide acceptance to assess 
eye irritation, even it has been increasingly questioned. The test 
distinguishes four categories considering reversible and non-re-
versible ocular lesions according to UN GHS Category 1 (severe 
eye damage), 2A and 2B (reversible eye damage) and No Catego-
ry (minimal effects).

Bovine Corneal Opacity and Permeability (BCOP) and Short 
Time Exposure (STE) are methods for identifying Cat. 1 and No 
Cat. products, according to OECD TG 437 and TG 491 respec-
tively. The limitation of both methods is to classify in the mid-
dle-range categories (2A and 2B). The aim of this work was to in-
tegrate the results of different methodologies to identify these cat-
egories.

The BCOP and STE methods were used to test 17 pesticides 
manufactured by ATANOR SCA. These products had been previ-
ously classified in categories 1, 2A, 2B or No Cat. using the Draize 
eye irritation test.

Using the BCOP test, liquid products were tested neat and at 
10% and then corneal histopathological analysis was performed. 
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assessment. In addition, ToxEraser, based on the identification 
of structural alerts by ToxRead, has been developed and includ-
ed as a tool to suggest candidate substances for risky chemi-
cals. Both LIFE SPHERA and ToxEraser are currently being ap-
plied for different case studies. Here, the results obtained for the 
Food Contact Materials (FCM) case study are presented. For this 
case study, a migration model for plastic FCM was developed 
and linked to the hazard predictions made in VEGA within the 
LIFE SPHERA tool. In addition, a database containing substanc-
es used in all FCM types was compiled and used to identify those 
FCM substances with the highest priority for substitution and to 
propose possible candidate compounds.
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Identifying putative modes-of-action 
for environmental chemicals using 
high-throughput phenotypic profiling
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Daniel Chang1, Imran Shah1 and Joshua Harrill1
1Center for Computational Toxicology and Exposure, Office of Research 
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United States; 2Oak Ridge Institute for Science and Education (ORISE), 
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(ORAU), Oak Ridge, TN, United States
nyffeler.johanna@epa.gov 

The United States Environmental Protection Agency (USEPA) is 
exploring the use of high-throughput profiling methods for rapid 
bioactivity screening of environmental chemicals. In phenotypic 
profiling using the Cell Painting assay, cell organelles are labeled 
with multiple fluorophores to quantify morphological changes of 
cells upon chemical exposure. While it is well known that drug-
like chemicals can be grouped by mode-of-action (MOA) based 
on the phenotypic profiles, here we explore whether this is al-
so true for environmental chemicals (i.e., pesticides, industrial 
chemicals, etc.) that might lack a primary target in human cells.

To this end, we screened 120 chemicals with annotated MOAs 
(“reference chemicals”) and 441 environmental chemicals at 8 
concentrations (1/2 log10 spacing, 4 biological replicates) in U-2 
OS cells. Cells were exposed for 24 h, fixed and labeled with flu-
orescent dyes to visualize multiple organelles: nucleus, nucleoli, 
endoplasmic reticulum, Golgi, actin cytoskeleton, plasma mem-
brane and mitochondria. 1300 features were extracted per cell to 
construct profiles, which were then compared to each other using 
Pearson correlation.

Among the reference chemicals, multiple distinct profiles were 
observed. For example, various DNA damaging compounds (al-
kylators, topoisomerase inhibitors, antimetabolites) have simi-
lar profiles, while microtubule modulators had a different, char-
acteristic profile. Among all tested chemicals, approximately 16 
clusters were observed, and 141/441 environmental chemicals 

corhynchus mykiss) intestinal cell line (RTgutGC) based on the 
electroporation of ribonucleoprotein (RNP) complexes consist-
ing of the Cas9 protein and tracr/crRNA duplex targeting cyp1a1, 
a gene encoding for one of the main enzymatic components of 
the Cyp P450 complex in fish. T7 endonuclease assay, Sanger 
sequencing and bioinformatic analysis indicated the presence of 
insertions and deletions of variable length in the cyp1a1 gene re-
gion targeted by the CRISPR/Cas9 machinery. Finally, a meth-
od for the derivation of clonal cell lines was established for RT-
gutGC cells, allowing the isolation of two pure cyp1a1 clones 
bearing 1 bp and 101 bp insertions, respectively, disrupting the 
open reading frame. Overall, our gene-editing system in RTgut-
GC cells has the potential to revolutionize the field of environ-
mental toxicology by offering molecular insights into toxic reac-
tions in fish cells and an alternative method for chemical toxicity 
testing in live animals.
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Development, Electricité de France, Chatou, France
birgit.mertens@sciensano.be 

Worldwide, the interest to substitute harmful chemicals contin-
ues to grow in industry, NGOs and the public sector. However, 
the substitution of these chemicals poses a number of challeng-
es as the candidate compound for substitution may have its own 
risk profile. Thus, multiple assessments need to be done to ad-
dress the different possible human health or environmental haz-
ards, the persistence or bioaccumulation potential of the candi-
date compound, and this by using various exposure scenarios. 
At present, a series of tools has to be applied to perform these 
assessments, resulting in both practical and theoretical difficul-
ties, as the individual parts of the evaluation may not cover the 
complete picture. Development of appropriate tools and methods 
to support the substitution process, together with adequate guid-
ance on their use is therefore urgently needed. Within the LIFE 
VERMEER project, a comprehensive platform has been devel-
oped integrating existing software for environmental and human 
health risk assessment. More specifically, the platform consists 
of the new user-friendly LIFE SPHERA tool which combines the 
MERLIN-Expo tool for multi-stressors, multi-target and multi-
route exposure with the VEGA tool for multi-endpoint hazard 
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International approaches 
to implementing alternative 
test methods for marine 
biotoxins in shellfish
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The mouse bioassay (MBA) or biological method is commonly 
used to test for marine biotoxins in shellfish in many parts of the 
world. Authorities such as the World Health Organization, Euro-
pean Food Safety Authority, and US Food and Drug Administra-
tion have noted its lack of sensitivity, specificity, and precision. 
For scientific as well as ethical reasons, some countries, such as 
Canada and New Zealand, no longer use the test for routine tox-
icity testing of shellfish, and as of 2019, the use of the test is ef-
fectively prohibited in the European Union as a result of Direc-
tive 2010/63/EU. However, other countries still commonly use 
the MBA. Here, we consider the availability and advantages of 
alternative test methods for marine biotoxin testing in shellfish. 
We analyze the capabilities of different methods to protect public 
health, their regulatory acceptance in various countries, and what 
resources are needed for their implementation. We also highlight 
the reasons that some countries transitioned to non-animal meth-
ods of marine biotoxin detection, reasons that others continue to 
use the MBA, and steps being taken in some countries to increase 
the use of non-animal methods.
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clustered with reference chemicals, indicating that they produce 
similar phenotypes and hence might have similar cellular effects. 
A group of strobilurin fungicides had a common profile related to 
changes in mitochondrial features, consistent with strobilurin’s 
MOA to inhibit mitochondrial respiration in fungi.

Overall, these preliminary results indicate (1) that our screen-
ing strategy yields distinct phenotypic profiles and (2) that en-
vironmental chemicals may be grouped using these profiles to 
identify putative MOAs. This abstract does not reflect USEPA 
policy.
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properties of cosmetic 
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Skin barrier is located at the outermost layer of the epidermis, 
and is an important shield protecting the body from excessive 
transepidermal water loss (TEWL) and invasion of external fac-
tors such as antigens, infectious agent, etc. In understanding the 
function of the barrier in normal skin and skin diseases, 3D skin 
models are impactful tools for in vitro studies. The purpose of 
this study is to use 3D skin model in evaluating the effectiveness 
of cosmetic ingredient in term of moisturizing effectiveness and 
skin barrier restorative capabilities.

The reconstructed human epidermal model (RHE) has simi-
lar morphologies, characteristics, and even biochemical marker 
expressions comparable to native human skin. In this study, we 
evaluated the effects of ceramide, which is known to improve 
skin barrier function, through its skin barrier restorative capabil-
ities observed with RHE. RHE was damaged by SDS treatment, 
and then treated with four types of ceramides. The restoration of 
skin barrier function on RHE was assessed by the measurement 
of TEWL and immunohistochemical staining of epidermal ex-
pression markers.

SDS treatment to RHE increased the TEWL value (152%) 
and decreased the expressions of proliferation and differentia-
tion markers such as p63, CK14, CD44 and filaggrin. When ce-
ramides were applied on RHE pretreated by SDS, TEWL value 
effectively decreased, and the expression of proliferation and dif-
ferentiation markers increased.

These results show that RHE can be used as a useful tool in 
evaluating skin barrier function and determining moisturizing ef-
fectiveness.
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Results: Tissue engineered Fibroblast derived matrices (FDM) 
produced a self-assembled organized, collagen fiber meshwork 
with a thickness over 100 μm. This results in models histologi-
cally resembling human skin tissue and displayed classical ex-
pression of AE/13, collagen type iv and E-cadherin. These equiv-
alents remained viable for at least 42 days in culture as observed 
by metabolism assay. Immune cells (MUTZ-3 or THP-1) have 
been added in order to predict allergic potential of cosmetic in-
gredients. Several contact sensitizers and UVB effect have been 
tested upon repeated exposure. We have also tested whether an-
tioxidant can reverse the detrimental effect of repeated exposure 
to sensitizers and UVB by measuring cell viability and transepi-
dermal electric resistance (TEER). Intercellular communication 
was also observed by live cell imaging in a non-invasive manner.

Conclusion: This novel skin equivalent provides physiologi-
cally relevant, flexible yet robust in vitro tools for use in phar-
macological and cosmetic chemical toxicity testing, modelling 
disease processes and drug absorption studies. It allows repeat-
ed testing and study immune response in a non-invasive manner.
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The changing face of chemicals 
legislation in India: Opportunities 
to minimize testing on animals
Ankita Pandey
People for the Ethical Treatment of Animals (PETA) India, New Delhi, 
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A new legislative framework for chemicals in India has long been 
anticipated and, last year, the Indian Ministry of Chemicals and 
Fertilizers released the draft Chemicals (Management & Safety) 
Rules, 20XX. The draft Rules include provisions for the creation 
of a national chemical inventory; the registration, prioritization, 
and restriction of chemicals imported into or manufactured in In-
dia; the implementation of a hazard-communication system; and 
a safety/chemical accident prevention program.

Modernization of the chemicals legislation provides India with 
an opportunity to use and promote the most scientifically ad-
vanced non-animal assessment strategies, allowing resources to 
be saved and the lives of countless animals to be spared.

International chemicals legislation, such as the Registration, 
Evaluation, Authorisation and Restriction of Chemicals regu-
lation in the European Union (Regulation (EC) No 1907/2006) 
and the US Toxic Substances Control Act (2019) include require-
ments to avoid the use of animal tests wherever possible, and In-
dia must implement similar requirements to ensure it is aligned 
with international standards. Therefore, PETA India made rec-
ommendations to the Indian government highlighting several op-
portunities for using non-animal testing approaches that protect 
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A full thickness long term skin 
equivalent allows repeated 
testing of cosmetics to evaluate 
efficacy and safety
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Introduction: Most commercial 3D in vitro epithelial model sys-
tems are currently limited by their relatively short longevity that 
ranges from 3-5 days meaning that long-term or repeat-dose 
chemical testing over prolonged periods is not possible. There is 
currently no safe cost-effective way to assess the allergenicity of 
novel compounds. The Patch Test creates patient discomfort and 
can trigger anaphylactic shock.

Objectives: This study aims to develop a safe and robust pre-
dictive method for allergenicity testing of cosmetic compounds 
and cosmetics.

Materials and Methods: Normal human dermal fibroblasts 
(HDF) were isolated from biopsies and cultured to generate their 
own native connective tissue scaffolds. After the 28-day devel-
opment of fibroblast-derived matrices (FDM), hTERT-1 skin ke-
ratinocytes were seeded on to the surface.
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tive stress plays a role in AMD and RP pathogenesis as well as in 
the pathogenesis of several other diseases, there is so far no suit-
able ex-vivo model (Youssef et al., 2011; Hartong et al., 2006).

Methods: Primary retinal cells and retinal organ cultures are 
exposed to blue light in varying intensities and for different pe-
riods of time.

ROS production was measured, and the apoptotic state of the 
retinal cells and organ cultures was determined. Furthermore, 
the degree of degeneration was determined by means of specific 
markers using immunohistology, western blot and qRT-PCR. On 
the one hand, cell-specific markers were used, on the other hand 
markers for cell death, cellular stress as well as disease-specific 
markers.

Results: We successfully established a disease model with 
blue-light-induced retinal (neuronal) degeneration which can 
be used to test novel therapeutic approaches ex-vivo in a setting 
much closer to the human condition, as the morphology of the pig 
eye is more similar to the human eye than the rodent eye (Hen-
drickson and Hicks, 2002). Furthermore, organ culture combines 
the advantages of cell culture experiments: highly reproducible 
system, which is very standardizable, and a large number of sam-
ples can be obtained without major restrictions and in-vivo exper-
iments without needing to kill animals for the experiments, as the 
eyes are a waste product from food production.
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models with a non-invasive 
fluorescein leakage assay
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One of the main functions of the skin is to protect the body from 
external, potentially harmful influences. For biomedical research, 
3D in vitro skin models of varying complexity have been gener-
ated. However, an intact barrier function is often not verified be-

human health and the environment, which have now been ad-
opted in the draft Rules (Chemical Watch, 2020). These include, 
the mandatory use of valid non-animal methods, testing on ver-
tebrate animals only as a last resort, consideration of existing sci-
entific evidence, acceptance of data submitted in foreign jurisdic-
tions, approval of testing strategy prior to conducting any new 
tests and promotion of a “risk-based assessment” approach.

PETA India continues to work with the Indian government to 
incorporate additional opportunities to ensure the new chemicals 
legislation is the most scientifically advanced in the world. This 
presentation provides the blueprint that will ensure better protec-
tion of human health and the environment while promoting the 
use of reliable, relevant non-animal methods.
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retinal dystrophy model by light 
induced neurodegeneration
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Purpose: The aim of this project was to establish a reactive oxy-
gen species (ROS) induced degeneration model on ex-vivo por-
cine retinae. The retina, like all neuronal tissue, is particularly 
susceptible to oxidative stress because of its high consumption of 
oxygen, its high proportion of polyunsaturated fatty acids, and its 
exposure to visible light (Yildirim et al., 2011; Fang et al., 2017). 
Retinal diseases such as age-related macular degeneration (AMD) 
or retinitis pigmentosa (RP) lead to neurodegeneration and loss of 
photoreceptors, which ultimately leads to vision loss and blind-
ness Although there is strong evidence that photochemical oxida-
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ed, or dosing has to be lowered, which negatively impacts sur-
vival rates. As our understanding of the molecular mechanisms 
underlying 5-FU intestinal toxicity is limited, prevention of treat-
ment side effects is difficult. Therefore, this study aims to elu-
cidate molecular mechanisms of 5-FU induced GI-toxicity by 
establishing the associated transcriptomic responses and cyto-
toxicity using organoids as a novel 3D in vitro model of the in-
testines. In vitro human small intestine (SI) and colon organoids 
were established in a 3D extracellular matrix and exposed to 0, 
10, 100, 1000 µM of 5-FU. Doses of 5-FU were selected based 
on physiologically based pharmacokinetic (PBPK) model simu-
lations of clinically relevant dosing regimens for cancer patients. 
Following exposure, cell viability and apoptosis were assessed 
as functional endpoints, as well as gene expression profiles by 
performing RNA sequencing. Based on transcriptomic analysis 
of differentially expressed genes (DEGs), the most prominent 
molecular pathways were identified, including cell cycle, DNA 
damage/repair, p53 signaling, mitochondrial ATP synthesis, me-
tabolism and apoptosis, demonstrating time and dose effects. 
Short time-series expression miner (STEM) was used to further 
explore gene alterations, which identified novel, tissue specific 
mechanisms affected by 5-FU. For colon this includes biosyn-
thesis and transport of small molecules, and mRNA translation 
mediated by eukaryotic translation termination factor 1, ETF1. 
In turn, cell signaling mediated by Rho GTPases and FoxO were 
observed in SI. These results show the potential relevance of hu-
man organoid models in the safety assessment of future drugs in 
development. Insights into possible 5-FU toxicity mechanisms 
using this human relevant in vitro model may lead to the im-
proved prediction of drug-induced damage in human intestines.
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Housing and care programs for laboratory pigs have primarily 
been developed based on cost, convenience of staff, and health 
status of animals, but with limited consideration of comprehen-
sive animal behavioral management (ABM) programs. Current-
ly, there are many recommendations for improving the well-be-
ing of commercial pigs held on farm; however, there are few 
papers or recommendations specifically about enhancing the be-
havioral management of research pigs of different breeds. Capi-
talizing on 2019 as the lunar “Year of the Pig”, we formed a Pig 
Welfare Working Group with the goal of improving research 
pig behavioral management, with special consideration given to 

fore the examination, which can lead to misinterpretation of the 
results obtained. To investigate this epithelial barrier in vitro, we 
use an innovative technique to create full skin 3D tissue models, 
namely cell crowns covered with a biological vascularized scaf-
fold (BioVaSc-TERM®). In order to test the integrity of the bar-
rier before using models in downstream applications, we are de-
veloping a non-invasive, indirect assay employing fluorescein as 
a marker molecule. Fluorescein, as a well-characterized validation 
substance, does not damage the cells when passing paracellularly 
through human epithelial barriers. In case the barrier is not prop-
erly developed, fluorescein leakage is increased, thus providing an 
indirect measurement of the tightness and, moreover, the function-
ality of the skin model.

In short, a biological decellularized matrix (SISmuc) is reseed-
ed with primary human fibroblasts and keratinocytes in a co-cul-
ture. On day 19 of development, model tightness is estimated by 
applying solely fluorescein to the skin model. The leakage into the 
basal compartment is measured time-dependently up to 1h after ap-
plication. If the model is then judged to be intact, we apply three 
well-characterized substances on d21, which will later serve as ref-
erence substances. These are caffeine as non-irritant but penetrat-
ing, SDS as irritant and penetrating and HCl as corrosive substance.

This approach might serve as a further replacement for the 
Draize skin irritation test (OECD Guideline 404) and a refinement 
for test methods based on reconstructed human epidermis (OECD 
Guideline 439) to a more natural full-skin model. Furthermore, 
we are working on additional non-invasive techniques for mod-
el characterization, e.g., 2-photon microscopy or an optimized 
TEER-device.
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New insight into the mechanisms 
underlying 5-fluorouracil-induced 
intestinal toxicity by establishing 
transcriptomic responses in exposed 
human intestinal organoids
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Kingdom
d.rodrigues@maastrichtuniversity.nl 

5-fluorouracil (5-FU) is a widely used chemotherapeutical agent 
that has been associated with acute intestinal toxicity, leading to 
diarrhea, nausea, abdominal pain, and impairment of patients’ 
quality of life. Consequently, cancer therapies are often interrupt-
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with the knowledge necessary for every day clinical practice, 
while specialists will improve surgical skills and researchers will 
be able to deepen and share their knowledge even further. Our 
3D-avatar learning concepts are based on grounded educational 
theories and stimulate active and embodied learning.

We present a working example of a 3-dimensional avatar rat, 
using Microsoft HoloLens for vivid holographic projection. The 
student is able to view the avatar from different angles and to 
show/hide anatomical structures (e.g., bones, muscles, organs, 
nerves) in an interactive way, using intuitive gestures and voice 
control. We aim to implement this model within the Dutch Lab-
oratory Animal Science course programs as a replacement to ro-
dent anatomy dissection sessions. Importantly we will investi-
gate how effective the developed tools are in order to reach as-
signed learning goals.
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Systematic review on the reporting 
of mouse models for bone healing
Angelique Wolter1,2, Anna Rapp2, Mattea Durst3, Paulin 
Jirkof4 and Annemarie Lang1,2
1Department of Rheumatology and Clinical Immunology, Charité-
Universitätsmedizin Berlin, Berlin, Germany; 2German Rheumatism 
Research Center, Berlin, Germany; 3Division of Surgical Research, 
University Hospital Zurich, University Zurich, Zurich, Switzerland; 
4Department Animal Welfare and 3Rs, University of Zurich, Zurich, 
Switzerland
annemarie.lang@charite.de 

The outcomes of animal experiments can be influenced by a va-
riety of factors, such as animal species, strain, age, housing, hus-
bandry, and appropriate analgesic regimes. Thus, adequate and 
precise reporting is necessary to obtain reliable and reproducible 
data. Initiatives such as the ARRIVE guidelines have been en-
rolled during the last decade to provide a road map and criteria 
for sufficient reporting. Fracture healing is a finely orchestrated 
and closely regulated process that relies on the complex interplay 
between the immune system, the vasculature and bone-forming 
cells. To understand the sophisticated process of bone regenera-
tion and to develop new therapeutic strategies, small rodents, es-
pecially mice, are frequently used in bone healing research. Since 
many factors might influence the results from those studies, we 
performed a systematic literature search from 2010 to 2019 to 
identify studies involving mouse osteotomy models (stable fix-
ation) and evaluate the reporting of general and model-specific 
experimental details. 254 pre-selected publications were system-
atically analyzed, showing a high reporting accuracy for the used 
mouse strain, the age or developmental stage and sex of mice 
as well as model-specific information on fixation methods and 
fracturing procedures. However, reporting was more often insuf-

minipigs. Our primary areas of consideration were enhancing op-
tions for pigs to express natural behaviors such as rooting, chew-
ing and foraging; providing comfortable housing with exercise 
and opportunities for social interaction; increasing use of oper-
ant conditioning techniques to better prepare pigs for studies; 
employing fear-free methods of handling, restraint, transporta-
tion, and conduct of technical procedures; and inserting periodic 
welfare assessments to ensure the program is suited to meet each 
pigs’ needs. While principally designed to implement within our 
facilities in the EU and North America, these guidelines for a re-
search pig ABM program can be used as a best practice frame-
work that other organizations and facilities can adopt and modify 
to meet their own program-specific needs.
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3D interactive holographic models
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To date, the education and training of veterinarians, human doc-
tors and researchers is still largely based on the use of live ani-
mals. Only in the Netherlands, yearly more than 22,000 animals 
are used for training and research.

Virtual reality (VR) and Augmented reality (AR) offer unlim-
ited and standardized specimens for dissection. Introduction of 
this new technology aims to decrease the number of animal and 
human specimens used for teaching and training.

By substituting animals and humans with dynamic holograph-
ic 3D models (Avatar models), we aim to study and acquire an-
atomic, physiologic, pathologic knowledge of specific systems 
in a comparative way, while not being restrained by ethical con-
cerns and huge costs. We will study anatomical phenotypes, dis-
eases and mimic operations without being restricted by time or 
availability.

The student/researcher will manipulate 3-dimensional ana-
tomical structures up close, from all angles. In addition, dynam-
ic exploration will be supplemented with rich and immediate au-
tomated feedback further boosting applicable knowledge, reten-
tion, and motivation. The doctor of the future will be equipped 
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Comparing human cell line  
co-cultures and porcine organoids: 
Studying (patho)physiological 
intestinal mechanisms
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Infectious gastrointestinal (GI) diseases are frequently caused 
by bacterial toxins (e.g., cholera toxin [CTX]), impairing the 
physiological functions of the intestines. Usually, rodent mod-
els are used to study zoonotic GI diseases, although they often 
fail to mimic species-specific features. To obtain functional intes-
tinal models for studying relevant disease mechanisms without 
the use of animals, two approaches were chosen: human entero-
cyte-like Caco-2 cells were co-cultured with human goblet cell-
like HT29-MTX cells (Kleiveland, 2015). Additionally, porcine 
organoids of the jejunum were seeded in a 2D-manner (van der 
Hee et al., 2018). Using these two models, an in vitro study of hu-
man and porcine GI barriers focusing on (patho-)physiological 
aspects was performed.

Epithelial transport properties were investigated using the Uss-
ing chamber system and structural analysis was performed by his-
tochemical staining. As a proof of concept regarding pathophysi-
ology, both models were exposed to CTX in the Ussing chamber.

During cultivation, co-cultures and organoids formed func-
tional barriers of polarized epithelial cells characterized by a 
high steady-state electrical resistance due to increased expres-
sion of tight junction-associated proteins. Incubation of the hu-
man co-culture system with CTX resulted in an increase in 
short-circuit currents as a measure for electrogenic ion transport, 
corresponding to an increase in apical Cl- secretion, confirming 

ficient in terms of mouse substrains and genetic backgrounds of 
genetically modified mice, body weight, hygiene monitoring/im-
mune status of the animal, anesthesia, and analgesia. Raising sci-
entists’ awareness of the importance of reporting will improve 
scientific quality, increase animal welfare, and promote transla-
tion to the clinic in the future.
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to stereotaxic neurosurgery
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Stereotaxic neurosurgery in laboratory animals is a demanding 
technique used in a wide variety of studies in Neurosciences. Al-
lowing to position one or more optical, electrical, or chemical 
probes, this approach remains indispensable for exploring brain 
functions. To date however, stereotaxic surgery is not taught as 
a subject per se, but rather passed-on behind closed door in re-
search laboratories, resulting in a variety of practices and success 
rates. There is therefore a need to harmonize practices and en-
hance neuroscientists’ abilities to explore the brain in a valuable 
and reproducible way.

Here we introduce an animal-free training on stereotaxic neu-
rosurgery. The teacher/trainee ratio is 1:3 and, as a pre-requisite, 
trainees validate an online course on elementary concepts such as 
aseptic techniques, anesthesia and pain management, per-opera-
tive animal care, incisions and sutures (Vogt et al., 2011).

The course covers the theoretical background of stereotaxis 
and focuses on techniques and surgical approaches to optimize 
spatial precision, while minimizing the risks of irreversible harm 
to the animal. Anatomy and functional organization of the brain 
are reminded, with a peculiar attention to the 3-dimensional ar-
rangement of brain blood vessels and ventricles. Hands-on prac-
tice includes exercises to acquire an ease in the manipulation of a 
stereotaxic frame, micropositioners, rulers and verniers. Instead 
of real animals, trainees use realistic high-resolution simulation 
devices to measure stereotaxic coordinates of cranial landmarks 
and entry points, and safely prepare the skull for the insertion and 
fixation of a probe. Exercises are repeated as needed and the ac-
curate placement of a probe can be checked promptly without 
the need of histology. Tools and supports are made available for 
trainees to maintain their skills once back to their laboratory.

Really designed with the 3Rs principle in mind, this course 
should contribute to promote more reproducible and compas-
sionate approaches in animal research in Neuroscience.
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Two-dimensional (2D) models do not have the tissue struc-
ture and organization of the human heart. In contrast, 3D 
models have the advantage of resembling tissue organiza-
tion, function and cell-cell interaction. The current gold stan-
dard 3D cardiac in vitro model, validated by different scientif-
ic groups, is the engineering heart tissues (EHT) (Weinberger 
et al., 2017).

We have successfully developed a medium-throughput plat-
form that fits in a 12 well plate, where we can produce 36 EHTs 
using human pluripotent stem cell-derived cardiomyocytes (hP-
SC-CMs). The contraction force of the 3D cardiac tissues is an-
alyzed with a custom-made software that identifies the displace-
ment of flexible pillars during tissue contraction. Such pillar dis-
placement is converted to force using the Young’s modulus of the 
material. This software automatically goes through the stack of 
folders with the recordings of the EHTs and provides 2 graphs: 
force of contraction and contraction speed. For generating car-
diac EHTs we used a fluorescent Double Reporter of mRu-
byII-α-Actinin and GFP-NKX2.5 (DRRAGN) in hPSCs, which 
allows live recording of sarcomere movement and alignment of 
cardiac cells.

Here we used this advanced EHT platform for functional anal-
ysis of cardiac maturation, by comparing different culture media, 
electrical stimulation and co-culture of cardiac cells (including 
hPSC-derived fibroblasts and endothelial cells). These improved 
culture conditions for cardiac maturation using this EHT plat-
form will be important for a higher predictability regarding hu-
man cardiac disease modeling and drug screening.
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A novel in silico framework for  
in vitro model optimization through 
generalized allometric scaling
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1Research Centre “E. Piaggio”, University of Pisa, Pisa, Italy; 2Department 
of Information Engineering, University of Pisa, Pisa, Italy
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Kleiber’s Law (KL) is recognized as a universal law of biology: 
applicable over 20 orders of magnitude of mass, it states that the 
basal metabolic rate of an organism scales with its body size ac-
cording to a quarter-power law (Savage et al., 2004).

the typical CTX-induced secretory diarrhea in humans. Despite 
the asymptomatic infection of Vibrio cholerae in pigs, CTX in-
duced the same effect in the organoid culture.

Overall, these models have a great potential to serve as physi-
ological models to study interactions of the GI tract with patho-
gens or pathogen-secreted toxins without the use of animals. 
Comparison of species-specific characteristics of the human and 
porcine GI tract can be performed due to the highly comparable 
responses potentially allowing the identification of differences 
and similarities of both species.

Acknowledgement: The project is funded by R2N, Federal State 
of Lower Saxony.
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José Manuel Rivera-Arbelaez1, Marcelo Catarino 
Ribeiro1,2, Carla Cofiño Fabres1, Verena Schwach1, 
Jeroen Stein3, Christine Mummery4,3, Albert van den 
Berg5, Loes Segerink5 and Robert Passier1,6
1Applied Stem Cell Technologies, TechMed Centre, University of Twente, 
Enschede, The Netherlands; 2RiverBioMedics, Enschede, The Netherlands; 
3Department Anatomy and Embryology, Leiden University Medical Center, 
Leiden, The Netherlands; 4Applied Stem Cell Technologies, TechMed 
Centre, University of Twente, Enschede, The Netherlands; 5BIOS Lab-on-
a-Chip Group, MESA+ Institute for Nanotechnology, Technical Medical 
Centre, University of Twente, Enschede, The Netherlands; 6Department 
Anatomy and Embryology, Leiden University Medical Center, Leiden,  
The Netherlands
j.m.riveraarbelaez@utwente.nl 

The main function of the heart is to pump the blood through the 
body, via contraction of cardiomyocytes (CMs) that constitute 
the cardiac tissue (Voorhees et al., 2015). The contraction force 
produced by the cardiac tissue is a factor that determines the ma-
turity of the CMs. A higher contraction force indicates a higher 
degree of maturation of CMs, which is more representative of a 
functional human heart.
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Evaluation of anti-EGFR induced 
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adverse effects in a microfluidic 
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The human epidermal growth factor receptor (EGFR) is a key 
regulator of organ homeostasis mediating physiological cell 
turnover, proliferation and differentiation and is frequently over-
expressed in many tumors (Sigismund et al., 2018). Therefore, 
EGFR serves as a prime target for tumor therapies. However, its 
inhibition can induce adverse responses primarily in skin and in-
testine – the organs with the highest physiological cell turnover 
(Holcmann and Sibilia, 2015).

In this study, we developed a new multi-organ chip-based “saf-
ficacy” assay enabling the simultaneous investigation of efficacy 
and safety data for anti-EGRF induced cancer therapies (Hübner 
et al., 2018). The HUMIMIC chip2 was used to co-culture H292 
lung tumor spheroids and a human full-thickness skin equivalent. 
H292 cells are known to express the target receptor EGFR and 
are widely used in basic research (Ekert et al., 2014). The culture 
time was set to five days including a repeated exposure to the an-
ti-EGFR antibody cetuximab. In addition, we compared antibody 
effects with response data for the tyrosine kinase inhibitor afati-
nib – a small molecule benchmark drug.

The tumor model showed an aggressive metastatic behavior 
resulting in the generation of a heterogeneous tissue architecture. 
Repeated treatment of cetuximab induced an increased expres-
sion of pro-apoptotic genes. In addition, antibody-exposed skin 
equivalents showed an irregular arrangement of keratinocytes 
accompanied by a complete loss of proliferative keratinocytes in 
the basal layer. Evaluation of the levels of the proinflammatory 
chemokines CXCL8 and CXCL10 revealed changes similar to 
known in vivo effects by anti-EGFR treatments.

To the best of our knowledge, no in vitro assay exists imple-
menting the requirements to generate efficacy and safety data at 
the same time. We are confident that it presents a useful tool to be 
adapted for future efficacy and safety studies of anticancer drugs.
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The pertinence of KL as a design constraint for developing 
physiologically relevant in vitro models has been highlight-
ed (Ucciferri et al., 2014). Additionally, computational models 
have been implemented for identifying the size range in which 
3D in vitro constructs obey KL (Ahluwalia, 2017; Magliaro et 
al., 2019).

However, KL is generally formulated as a deterministic frame-
work relating average values of the physiological parameters in-
volved. As fluctuations and heterogeneity are inevitable, they 
should be accounted for in model systems, which should be ide-
ally capable of reflecting the variations found in nature. In this 
light, we established a novel in silico framework for allometric 
scaling, accounting for fluctuations. Specifically, we implement-
ed finite element modelling for investigating oxygen metabolism 
in simulated in vitro constructs of different sizes, considering 
stochastic variability for geometrical and biological parameters 
(i.e., construct radius, kinetic constants). We thus generated joint 
distributions of construct masses and metabolic rates and devel-
oped new statistical tools to test whether and in which size range 
a generalized formulation for KL (Zaoli et al., 2019) applies.

We found that stochasticity significantly restricted the range 
of construct sizes complying with KL, implying that many of the 
current cellular models lack translatability. Our results are under 
experimental validation by measuring oxygen consumption in  
vitro, comparing the dynamics and the eventually emerging scal-
ing behaviors with those predicted in silico.

These studies will enable the definition of robust criteria for 
improving the physiological relevance of biomimetic models as 
a key step for designing cell constructs with translational value, 
paving the way towards alternatives to animal experiments.
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lations yielded results within expected range based on historical 
EpiOcular™ data. To explore the suitability and performance of 
the Epikutis® model, we again partnered with ZJIFDC and IIVS. 
Three blinded surfactant formulations and a positive matrix con-
trol were tested with the time to toxicity protocol. ZJIFDC used 
China-based Epikutis® and SkinEthic™ models. IIVS used the 
EpiDerm™ model. ET50 values for all positive controls were 
within expected range for all three models. As surfactant con-
centration increased, ET50 values decreased in all models, indi-
cating a dose-response effect on cell viability. ET50 variabilities 
were observed between models, which could be due to difference 
in tissue structure and/or laboratory variability. Overall, our re-
search supports further opportunity for BioOcullar® and Epiku-
tis® models in China.
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(Replacement) in mind
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Currently, in vivo data is heavily relied on in efforts to identi-
fy endocrine disruptors under EU chemical safety regulations. 
Protocols have been established for identifying endocrine dis-
ruptors in plant protection products and biocides and changes to 
the data requirements for substances under REACH are expect-
ed as the European Commission works to harmonise the identi-
fication and control of endocrine disruptors across a number of 
regulatory frameworks. In vivo test methods for providing ei-
ther mechanistic or adverse effect information have a number of 
serious shortcomings, not least because of the issue of species 
difference which calls into question the wisdom of using such 
methods for predicting adverse effects in exposed populations. 
Moreover, thanks to the cosmetics testing ban, which reflects so-
ciety’s unwillingness to test on animals for the sake of cosmet-
ics products, the harmonisation of regulatory approaches cannot 
extend to cosmetics so long as the reliance on in vivo test meth-
ods persists. Nevertheless, full harmonisation across all chemi-
cal regulatory frameworks including cosmetics can be realised 
if the ultimate 1R (Replacement) goal of Directive 2010/63/EU 
is achieved for the generation of endocrine disruption data. We 
explore the potential of non-animal methods for providing both 
mechanistic information and supporting adverse-effect determi-
nations and question the orthodoxy that effective regulation of 
endocrine active substances necessitates in vivo testing.
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Strides have been made in China to develop in vitro tissue mod-
els for non-animal test methods for evaluating cosmetic prod-
ucts. BioOcullar® and Epikutis® are commercially available 3D 
tissue models developed by Guangdong (previously Shannxi) 
BioCell Biotechnology, Co. Ltd. BioOcullar® is a reconstructed 
human corneal epithelium (RhCE) model with structure similar 
to the MatTek EpiOcular™ model validated for use in OECD TG 
492 Eye Irritation Test (EIT). Epikutis® is a reconstructed hu-
man epidermis (RhE) with similarities to the MatTek EpiDerm™ 
and EpiSkin SkinEthic™ models validated for use in OECD TG 
439 Skin Irritation Test (SIT). To examine suitability and perfor-
mance of the BioOcullar® model, we partnered with Zhejiang 
Institute for Food and Drug Control (ZJIFDC) to evaluate ten 
blinded cosmetic formulations. Duplicate test articles were sent 
to the Institute for In Vitro Sciences (IIVS) to evaluate in the Epi-
Ocular™ model. The time to toxicity protocol was used for both 
sample sets. BioOcullar® ET50 values had high level of agree-
ment with EpiOcular ET50 values (intraclass correlation coeffi-
cient = 0.8444), indicating high interchangeability between the 
two models. Further BioOcullar® studies on 21 additional formu-
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A novel human material-
based platform technology 
for tissue engineering
Johannes Hackethal1,2, Simone Hennerbichler2,3, Heinz 
Redl1,2 and Andreas Herbert Teuschl2,4
1Ludwig Boltzmann Institute for Experimental and Clinical Traumatology 
in AUVA Trauma Research Center, Vienna, Austria; 2Austrian Cluster 
for Tissue Regeneration, Vienna, Austria; 3Red Cross Blood Transfusion 
Service of Upper Austria, Linz, Austria; 4Department of Life Science 
Engineering, University of Applied Sciences Technikum Wien, Vienna, 
Austria
johannes.hackethal@trauma.lbg.ac.at 

Introduction: Human extracellular matrix (ECM) represents the 
ideal environment for mammalian cells. Placenta is currently 
classified as clinical waste. A human placenta ECM substrate 
(hpS) was previously introduced as an alternative to animal ma-
terial-based products such as Matrigel or fetal calf serum (FCS). 
The aim of this study was to investigate the potential of hpS as a 
novel platform technology for tissue engineering.

Methods: 2D coating experiments were performed with NI-
H3T3 fibroblasts or HUVEC, cultivated on either hpS- or 
Matrigel-coated wells. 3D in vitro experiments were performed 
with HUVEC, or primary colon organoids. FCS substitution ex-
periments were performed with HaCaT, or HepG2, which were 
cultivated in cell culture media supplemented with ether FCS, 
or hpS. Viability rates were assessed using MTT. Morphologic 
changes were microscopically analyzed.

Results: hpS was well suited as 2D coating material and 3D 
gel. Viability was highest in NIH3T3 cells growing on 150 µg/
mL hpS coating, whereas the viability rates on Matrigel were 
significantly lower. HUVEC spontaneously differentiate into 
cell networks on hpS-coatings with a significantly higher de-
gree of complexity when compared to Matrigel. In 3D in vitro 
studies using a mix of hpS, fibrinogen and HUVEC, or primary 
colon cells, randomly oriented 3D cell networks, or colon or-
ganoids of diameters from 90-240 µm, were formed. Regard-
ing the use of hpS as FCS substitution, HaCaT or HepG2 cells 
were successfully cultivated in cell culture medium supple-
mented with hpS instead of FCS. Morphological analysis re-
vealed cell cluster formation only in FCS-supplemented me-
dia and slight changes to more stretched morphology were 
observed in the groups with hpS-supplemented media using 
HaCaT cells.

623

Transepithelial electrical resistance 
as a fast read-out of in vitro 
and ex vivo models mimicking 
the GI-tract inflammation
Sabrina Schnur1,2, Ralf-Kilian Zäh3, Nina Grzeschik4, 
Dietmar Brück3, Marc Schneider1,2 and Marius 
Hittinger4
1Department of Pharmacy, Saarbrücken, Germany; 2Department of 
Biopharmaceutics and Pharmaceutical Technology, Saarland University, 
Saarbrücken, Germany; 3University of Applied Sciences, School 
of Engineering, Department Automation, Microcontroller, Signals, 
Saarbrücken, Germany; 4Department of Drug Delivery, PharmBioTec 
GmbH, Saarbrücken, Germany
sabrina.schnur@uni-saarland.de 

The inflammatory bowel disease is a widespread chronic disease 
of the GI-tract with an increasing number of affected people (Ng 
et al., 2017). Unfortunately, the previous treatment with immu-
nosuppressants leads to strong side effects and a weakened im-
mune system (Wehkamp et al., 2016). Therefore, the need for 
new drugs is still high.

The screening of new drugs addressing the inflammatory bow-
el disease, without the usage of animal experiments, requires ro-
bust and reliable models mimicking the in vivo situation. We in-
vestigated two inflammatory models: First, we developed an in 
vitro co-culture model consisting of Caco-2 cells to simulate the 
epithelial barrier and monocyte derived macrophages (MDM) as 
immune cells. Second, an ex vivo model using the small intestine 
of pigs, received as waste from slaughterhouse, in combination 
with a new electrical measuring system was created. The barri-
er properties of both models in inflamed and healthy conditions 
were monitored using TEER-measurements. Additionally, trans-
port studies were performed.

In terms of the co-culture model a reproducible inflammato-
ry state, created by the stimulation of MDM, could be achieved. 
The TEER values of the Caco-2 cells dropped originating from 
around 650 Ω*cmE2 in healthy conditions to around 300 Ω*c-
mE2 in inflamed conditions caused by the increased permeability 
of the epithelial barrier. This could be proven by the increase of 
Papp-values from 1.63*10E-7 cm/s to 3.0*10E-6 cm/s.

Regarding the ex vivo model a new set up with four measuring 
cells could be obtained. The frequency screening from 20 Hz to 
200 kHz confirmed that the usage of 1000 Hz as measuring fre-
quency led to representative values. The resistance values for the 
small intestine depend strongly on the donor and were in a range 
of 15 Ω to 100 Ω. In the next steps the model will be further opti-
mized, and the inflammatory state will be investigated.
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ditions, primary human cells (immune cells from buffy coat, 
monocyte derived macrophages, human alveolar macrophages), 
human mucus & cell lines (hAELVi, Calu-3, A549) were used. 
Read out was performed by TEER-measurement, ELISA (TNF, 
IL-6, IL-8), transport studies (sodium fluorescein) and cytotoxic-
ity (MTT and live/dead staining).

Result: We recommend submerged culture conditions with Ca-
lu-3 and A549 for the first experiments (MTT-assay). They allow 
for a rough comparison with animal and human data (Metz et al., 
2020; Sauer et al., 2013). These first experiments should follow 
more complex systems and a physical characterization. Air-liq-
uid conditions combined with human cell cultures allow for a rel-
evant safety evaluation (Metz et al., 2018). These data should be 
combined with the cytokine release of MDM or human alveo-
lar macrophages (Hittinger et al., 2016). Transport studies with 
hAELVi and Calu-3 can be applied to estimate bioavailability. 
More details, such as mucus penetration/permeation, can be in-
vestigated by additional assays (e.g., transport in Ussing Cham-
ber).

Outlook: Method validation of research-based in vitro tools 
and more physiological relevant in vitro systems for efficacy 
evaluation are still required (Hittinger et al., 2017). A human data 
set for in vitro in vivo correlation is needed for the improvement 
and development of such models.
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Discussion/Conclusions: hpS shows high potential as cell 
culture material for various 2D/3D purposes to substitute ani-
mal-derived materials. More experiments have to be performed 
to assess the full potential of hpS as a platform technology for tis-
sue engineering.

References
Hackethal, J., Weihs, A. M., Hofer, A. et al. (2019). Novel hu-

man placenta-based extract for vascularization strategies in tis-
sue engineering. Cells and Materials, eCM Meeting Abstracts 
2019, Collection 3, p. 556

Hussey, G. S., Dziki, J. L. and Badylak, S. F. (2018). Extracellu-
lar matrix-based materials for regenerative medicine. Nat Rev 
Mater 3, 159-173.

Kleinman, H. K. and Martin, G. R. (2005). Matrigel: Basement 
membrane matrix with biological activity. Semin Cancer Biol 
15, 378-386. doi:10.1016/j.semcancer.2005.05.004 

Lobo, S. E., Leonel, L. C. and Miranda, C. (2016). The pla-
centa as an organ and a source of stem cells and extracellu-
lar matrix: A review. Cells Tissues Organs 201, 239-352. 
doi:10.1159/000443636 

Naranjo, J. D., Scarritt, M. E., Huleihel, L. et al. (2016). Regen-
erative medicine: Lessions from mother nature. Regen Med 11, 
767-775. doi:10.2217/rme-2016-0111 

Presentation: Poster

626

Keep it simple, save your money and 
stick to the preclinical in vitro tools 
for pulmonary drug development
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Katharina Knoth1, Sabrina Schnur1, Christopher Ruf1, 
Henrik Groß1 and Claus-Michael Lehr1,3,4
1PharmBioTec GmbH, Saarbrücken, Germany; 23RProducts – Marius 
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Saarland University, Saarbrücken, Germany
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Introduction: Companies asked us to suggest and perform in vi-
tro experiments in order to support the development of inhalation 
drug products. Beside ethical concerns, avoiding animal exper-
iments means reducing development costs. In this context, we 
want to give a summary of lessons learned and point out new 
challenges.

Methods: Different test strategies were applied to investi-
gate safety and efficacy with in vitro models. Complex cocul-
ture models, monolayer systems, air-liquid and submerged con-
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Alternative toxicity testing strategies 
to advance the 3Rs – A case study 
on conserved molecular pathways 
Diksha Bhalla1 and Vera van Noort1,2
1Centre of Microbial and Plant Genetics, KU Leuven, Leuven, Belgium; 
2Institute of Biology, Leiden University, Leuven, Belgium
diksha.bhalla@student.kuleuven.be 

Testing chemical compound toxicity is a regulatory requirement, 
but guidelines typically require extensive testing on large num-
ber of animals for approval. Current OECD guidelines are based 
on traditional methods that require extensive animal experimen-
tation. Organizations face a challenge as the procedure of testing 
toxicity is time consuming and costly. In addition to that, tradi-
tional in vivo toxicity testing is often based on fixed set of as-
sumptions or uncertainties, which fail to assist in related regu-
latory and policy decisions. These methods often lack informa-
tion on how a toxin might impact genes at the cellular level or 
its effect in other species. Currently, there is a growing interest 
in computational methods which can integrate and analyze com-
plex datasets to assist decision making for toxicity testing. In-
tegrating this information would allow generating insight which 
a single set of experiments might fail to identify. This can then 
be combined into current tests in regulatory requirements, which 
might aid in reducing, replacing and refining (3Rs) animal test-
ing. This not only improves the process itself but offers more 
transparency and validity. By knowing which genes and proteins 
are conserved across species, the effect of a chemical in a specific 
species can be non-invasively evaluated. This can facilitate un-
derstanding a species susceptibility to a specific class of toxins.

Molecular pathways play an important role in how a specific 
chemical might affect an organism. Understanding pathway con-
servation across species (human vs alternative test species) forms 
the basis for developing reliable pre-screening strategies. This is 
especially useful for reducing redundancy in toxicity testing of 
chemicals with large number of analogues.

In this pilot study, we focus on molecular pathways involved in 
developmental and reproductive toxicity to gain understanding 
on its conservation across species, with a broader focus on devel-
oping methods to advance the 3Rs in toxicity testing.
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FDA’s Alternative Methods 
Working Group (AMWG) 
evaluating microphysiological 
systems for regulatory use
Thomas J. Maruna, Suzanne Fitzpatrick, Tracy 
MacGill and Donna Mendrick
Food and Drug Administration, Silver Spring, MD, United States
Thomas.Maruna@fda.hhs.gov 

Advances in systems biology, stem cells, engineered tissues, and 
mathematical modeling are creating unique opportunities to im-
prove the Food and Drug Administration’s (FDA) predictive 
ability, potentially enhancing our ability to predict risk and ef-
ficacy. These advances are expected to help bring FDA-regulat-
ed products to market faster or prevent products with increased 
toxicological risk, including new tobacco products, from reach-
ing the market. Also critical is the potential for these advanc-
es to replace, reduce, and/or refine animal testing. The Alterna-
tive Methods Working Group’s (AMWG) principal goal is to 
strengthen FDA’s long commitment to promoting the develop-
ment and use of new technologies to better predict human and 
animal responses to a wide range of substances relevant to FDA’s 
regulatory mission. The AMWG addresses needs and opportuni-
ties that typically extend across FDA’s product centers and pres-
ents current thought on viable ways to foster the development 
and evaluation of emerging methods and new technologies that 
will allow FDA to incorporate these methods and technologies 
into regulatory review of safety and efficacy. In support of FDA’s 
Predictive Toxicology Roadmap, the AMWG’s initial case study 
focuses on the coordination, development, and evaluation of in 
vitro Microphysiological Systems (MPS) for regulatory use be-
ginning with defining agreed-upon terminology for MPS and re-
search/regulatory gaps for which MPS may be useful, identifying 
partnerships to advance MPS technology, and the development 
of draft performance criteria for MPS in cooperation with private 
and government stakeholders. Additionally, FDA has launched a 
dedicated monthly webinar series on emerging predictive meth-
ods to provide an opportunity for developers/users to present 
new methods and methodologies, providing an open forum be-
tween developers and the FDA to discuss translational issues rel-
evant to scientific and regulatory applicability.
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Zebrafish embryo model for 
chemical-induced cleft palate
Rika Narumi1, Junichi Tasaki2, Shujie Liu2, Naohiro 
Ikeda1 and Osamu Morita2
1Kao Corporation, Kawasaki, Japan; 2Kao Corporation, Tochigi, Japan
tasaki.junichi2@kao.com 

Currently it is necessary to establish alternative testing methods 
for product safety assessments. However, alternative methods for 
developmental toxicity tests have not been well developed be-
cause of the complicated toxicological responses. Zebrafish ear-
ly embryos are non-protected animals and one of the promising 
models for screening of common birth defects owing to con-
servation between their developmental programs and those of 
mammals, rapid development and transparency. Although con-
served endpoints are necessary for accurate prediction of effects 
in mammals, little is known about cross-species conservation of 
teratogenic responses between mammals and fishes. We focused 
on cleft palate, one of the most frequent birth defects and one for 
which it is difficult to evaluate chemicals’ potential effects us-
ing cell culture assays. We investigated a conserved mechanism 
of cleft palate between mammals and fishes. Zebrafish embryos 
were exposed to 12 teratogens that induce cleft palate in mam-
mals. Palatal morphology and number of proliferative and apop-
totic palatal cells were examined at 96 hpf. By impacting tWnt 
signaling pathway chemically, we investigated the involvement 
of canonical Wnt signaling, a key contributor to genetically in-
duced orofacial clefts. All 12 teratogens induced palatal defects 
in zebrafish embryos, with decreased proliferation and increased 
apoptosis in the palate. Wnt signaling was inhibited in these ze-
brafish, and the aberrant phenotypes were rescued at the cellu-
lar and molecular levels by Wnt agonist treatment. We identified 
conserved responses to teratogens between mammals and zebraf-
ish: palatal malformation and regulation of proliferation/apopto-
sis via the Wnt signaling pathway.

Our results suggest that our zebrafish embryo assay would be 
a suitable model for assessing chemical-induced cleft palate as 
well as being a screening tool for prediction of cleft palate in 
mammals (Narumi et al., 2020). We will confirm the conserved 
key endpoints by a comprehensive analysis as a next step for ac-
curate prediction of teratogenicity in mammals.
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Get-away housing for breeding 
laboratory rats: Is time away from 
pups beneficial for rat dam welfare?
Anna Ratuski and Dan Weary
University of British Columbia Animal Welfare Program, Vancouver, 
Canada
aratuski@mail.ubc.ca 

Under natural conditions, rat dams spend increasing amounts of 
time away from their litter as pups grow older, however rats in 
laboratories are typically confined in a cage with their pups until 
weaning. There is evidence that a lack of agency (i.e., the ability 
to exert control or avoid stressors) may negatively impact animal 
welfare. We housed rat dams and their litters in cages with or with-
out a loft to allow the dam to spend time away from pups, with the 
prediction that dams housed without get-away lofts would spend 
more time passively nursing (i.e., initiated by pups rather than 
the dam) and experience more negative moods. We assessed dam 
nursing behavior and anticipatory behavior in response to a food 
reward (to assess reward sensitivity as an indicator of mood). Re-
sults were analyzed using linear mixed models with pup age and 
treatment as fixed effects with rat identity as a random intercept. 
Dams without loft access showed increased anticipatory behav-
ior as pups got older, indicative of negative mood (24.5 ± 1.8 be-
haviors per minute in week 3 compared to 18.8 ± 1.0 in week 1; p 
= 0.01); there was no effect on dams with a loft (p = 0.83). Dams 
without loft access spent more time passively nursing as pups 
grew older (p = 0.03). At 3 weeks, dams without lofts spent more 
time nursing (59 ± 2% of time versus 36 ± 4% for dams with lofts; 
p = 0.01). Mean time spent in the loft was negatively correlated 
with mean time spent nursing (r = -0.80, p < 0.01), suggesting 
that lofts allowed rats to better control nursing interactions. These 
findings indicate that an inability to spend time away from pups, 
especially later in lactation, is associated with increased passive 
nursing and negative mood; the provision of a get-away loft may 
improve the welfare of laboratory rat dams.
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Better than Matrigel? Alternative 
cell culture coatings for induced 
pluripotent stem cell culture and 
renal podocyte differentiation
Cormac Murphy, Elisabeth Naderlinger, Amber Mater, 
Paul Jennings and Anja Wilmes
Vrije Universiteit Amsterdam, Amsterdam, The Netherlands
a.wilmes@vu.nl 

Human induced pluripotent stem cells (iPSC) are widely used in 
several research areas, including regenerative medicine, disease 
modelling and in vitro toxicology testing. While they hold great 
promises in terms of reduction and replacement of animal exper-
iments in the future, their culture requires the use of an extra-
cellular matrix (ECM), which is most often Matrigel, a product 
produced in animals. Matrigel is produced in mice, by inducing 
them with sarcoma tumors. The replacement of Matrigel with an-
imal free products is therefore desired for both, ethical and scien-
tific reasons, including better standardization conditions.

Here, we carefully evaluated and compared existing alterna-
tive products, including human recombinant Vitronectin, Lami-
nin-521 and Laminin-511, with a major focus on iPSC quality 
and stability. Furthermore, we tested more cost-effective coat-
ings by employing human cell lines to harvest ECM. Pluripo-
tent markers, including Nanog and Oct4 and the capacity of cells 
to form embryoid bodies were analyzed via High Content Im-
aging in 3 iPSC lines cultured for several passages on alterna-
tive coatings. Furthermore, transcriptomics (TempO-Seq) and 
shallow DNA sequencing (for copy number variations) were per-
formed. In addition, differentiation of iPSC into renal podocytes 
(as described by Rauch et al., 2018) were tested on alternatives 
coating and compared to Matrigel. iPSC-derived podocytes were 
stained with podocyte-specific markers, including synaptopodin 
and WT1.

Our results show that alternative coatings are well suited for 
both, maintenance of undifferentiated iPSC as well as differenti-
ation of iPSC into renal podocytes.

Funding: This project was funded by Stiftung set (Stiftung zur 
Förderung der Erforschung von Ersatz- und Ergänzungsmetho-
den zur Einschränkung von Tierversuchen), Germany.
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Drugs and mucus: Deciphering 
the interaction mechanisms using 
a biosimilar mucus model
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1Molecular Biotechnology and Health Sciences Department, University of 
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(CHT), UdR INSTM, University of Pavia, Pavia, Italy
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Mucus covers the wet epithelia of the human body ensuring pro-
tection against air pollutants or pathogens. Drugs administered 
by oral or pulmonary routes have to overcome the mucosal layer 
to be absorbed and to exert the therapeutic effect. However, mu-
cus can represent a strong barrier to tackle even for drugs, espe-
cially in those pathological conditions where mucus is overpro-
duced (Butnarasu, 2019). Despite the critical role played by mu-
cus on drug absorption, very little is known about the molecular 
properties that promote the interaction of drugs to mucus, there-
by reducing their absorption. In addition, there are no standard-
ized mucus models to be employed in the early drug discovery 
process for the screening of potential drug candidates.

We have developed a biosimilar mucus model that mim-
ics a pathological mucus (Pacheco, 2019). A natural polysac-
charide was used to reproduce the viscoelastic behaviour while 
the composition was mimicked by adding mucin which is the 
main glycoprotein forming mucus. The mucus model was cou-
pled to 96-well permeable supports (PAMPA) to recreate muco-
sal surfaces then was used to study the diffusion of drugs. The 
mucus model not only represented a physical barrier, but it re-
ally behaved as an interactive filter. Different structures related 
differently to mucus. The diffusion of the majority of the tested 
compounds was reduced; for some of them, the effect was less 
pronounced while for a few the diffusion was even enhanced. 
Multivariate statistical analysis was used to decipher which mo-
lecular descriptors play a pivotal role in retention on mucus.

Since drug development is characterized by a high rate of fail-
ure, the mucus platform could help to reduce at an early drug 
discovery stage the number of poor performers that reach pre-
clinical trials. Moreover, the model is completely tunable as oth-
er mucus components (lipids, DNA, proteins) could be included 
during the production phase.
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Effects of testing moment  
on behavior and cognition 
in the laboratory mouse
Aurélie Zaros and André Ferrara
University of Liège, Liège, Belgium
aurelie.zaros@uliege.be 

The daily light-dark cycles allow the synchronization of behav-
ioral and physiological processes to the external environment. 
Light is the most important environmental cue or zeitgeber that 
coordinates many aspects such as activity, maintenance behav-
iors, alertness, body temperature, hormonal regulation or long-
term potentiation (Fisk et al., 2018; Peirson et al., 2018). Mice 
are among the main animals used in behavioral neuroscience 
and preclinical research laboratories. Although nocturnal, they 
are generally tested during day (i.e., during their resting phase). 
Even if convenient for the experimenter, a perturbation of the 
sleep-wake cycle such as manipulations during day can gener-
ate some stress to the animal, produce few reliable data and may 
lead to negative consequences for health, physiology, behavior 
and cognition (Hawkins et al., 2018; Peirson et al., 2018). More-
over, several cognition studies about memory, learning, cogni-
tive flexibility or attention have shown that mice performed bet-
ter when tested during their active phase (i.e., the night) and, re-
cently, a lack of data related to the effect of testing moment on 
behavior was highlighted (Hawkins et al., 2018; Peirson et al., 
2018). Thereby, the testing moment might be a predominant vari-
able affecting animal behavior and therefore all the inferences 
we make about cognitive processes.

In this study, we focused on an anxiety test (the Elevated plus 
Maze, EPM) and a memory test (the Object Recognition Test, 
ORT). We tested 4 different testing moment, two in the light 
phase and two in the dark phase, to determine if there is a more 
appropriate testing moment for animal experimentation where 
mice show the less anxiety and the best performance. Then, we 
hypothesize that mice tested during their active period will per-
form at least as good as mice tested in their rest period, arguing a 
change in laboratory practice.
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The use of animal-derived 
products in in vitro methods 
for skin sensitization testing
Bianca Marigliani1, Josemar Vinicius Maiworm  
Abreu Silva2, Luciene Bottentuit López Balottin2, 
Catherine Willett3 and Lindsay Marshall3
1Research and Toxicology Department, Humane Society International, Rio 
de Janeiro, Brazil; 2Laboratory of Tissue Bioengineering, National Institute 
of Metrology, Quality and Technology (Inmetro), Rio de Janeiro, Brazil; 
3Research and Toxicology Department, Humane Society International, 
Washington, DC, United States
bmarigliani@hsi.org 

In vitro methods are of utmost importance in the replacement of 
animals for cosmetic testing. However, most of the current cell 
culture and associated techniques for skin sensitization predic-
tion apply several animal derived products (Marigliani et al., 
2019a). Some of these products hold serious technical and eth-
ical issues, which is the case for fetal bovine serum (FBS), a cell 
culture media supplement known to exhibit batch-to-batch vari-
ations and contamination by microorganisms. FBS is extracted 
from bovine fetus blood, collected by cardiac puncture without 
anesthesia (Van der Valk et al., 2004). A systematic review of 
in vitro methods for skin sensitization testing showed that 78% 
of the 83 analyzed methods (identified among 156 articles) use 
FBS. Inclusion of animal sera was found in 100% of the methods 
used to assess keratinocyte activation and in 94% of those used to 
assess dendritic cell activation, while bovine serum albumin was 
clearly mentioned by 25% and 62% of these, respectively. A to-
tal of 92% of the methods to assess dendritic cell activation and 
100% of those to assess T-cell activation mentioned the use of 
animal-derived, monoclonal/polyclonal antibodies (Marigliani et 
al., 2019a). However, animal-free alternatives are emerging and 
there are successful examples of recent efforts to adapt cells to 
chemically defined media (Marigliani et al., 2019b) and to adapt 
validated methods to animal-product-free conditions (Belot et 
al., 2017; Edwards et al., 2018). As there are non-animal alterna-
tives to many of animal products and as the social demand is for 
cruelty free cosmetics, more effort should be made not only to re-
place animals in cosmetics safety assessment, but also to replace 
animal-derived products in validated in vitro methods and to 
keep them out of the development of new ones, in order to have 
technically and ethically better methods for cosmetic testing.
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dents agreed that 3R results in increased scientific quality more 
than junior and senior researchers, respectively (Replacement 
55, 23, and 28%; Reduction 52, 24, and 28%; Refinement 93, 79, 
and 72%, p < 0.05).

In general, all respondents showed an equal positive attitude 
towards the 3Rs, especially Refinement. Observed differences 
indicate that students in some cases are more positive. This might 
be due to differences in responsibilities/experience, and that 
younger generations have more recent and updated knowledge 
in animal ethics and behavior and higher confidence in computer 
and cell models. This will be further explored, e.g., by filming the 
students learning in a documentary during 2020.
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Characterization of chemical 
substances using cytochrome 
P450 inhibition data
Michiko Watanabe11, Takamitsu Sasaki1, Jun-ichi 
Takeshita1,2, Ryota Shizu1, Takuomi Hosaka1 and 
Kouichi Yoshinari1
1University of Shizuoka, Shizuoka, Japan; 2National Institute of Advanced 
Industrial Science and Technology, Shizuoka, Japan
yoshinari@u-shizuoka-ken.ac.jp 

To establish alternatives to animal testing for chemical safety as-
sessment, in silico methods, such as (quantitative) structure-ac-
tivity relationship and category approaches/read-across, are well 
studied. In these methods, molecular descriptors are often used 
to describe chemical and structural properties of chemical sub-
stances. However, it remains very difficult to establish such an 
in silico method using molecular descriptors for some toxici-
ty, such as repeated-dose toxicity. This is partly because some 
chemicals exhibit their toxicity after metabolic activation in the 
body. Cytochrome P450 (P450) is the group of enzymes with dif-
ferent substrate specificity and involved in both detoxification 
and metabolic activation of chemical substances. In this study, 
we have investigated possible use of P450 inhibition data as a 
tool to characterize and classify chemical substances. Inhibiting 
ability of 220 test compounds against 10 human forms and 7 rat 
forms of P450s (family 1-3) were determined using recombinant 
enzymes (Supersomes; Corning) and P450-Glo assays with che-
miluminescent substrates (Promega). A total of 148 (67%) and 
201 (91%) compounds inhibited at least one P450 by > 15% and 
> 10%, respectively, at 0.1, 1.0 or 10 µM. Among the P450s test-
ed, human CYP1A1, CYP1B1, CYP2C19, CYP3A4 and rat CY-
P1A1 and CYP2B1 were highly inhibited while rat CYP2D1 and 
CYP2E1 were less inhibited. Pearson’s correlation analyses of 
the P450 inhibition profiles demonstrated no significant correla-
tion for most of the combinations except the human and rat or-

Marigliani, B., Sehn, F.P., Silva, J.V.M.A. et al. (2019a). The 
overt and hidden use of animal-derived products in alternative 
methods for skin sensitisation: a systematic review. ATLA 47, 
174-195. doi:10.1177/0261192919896361 
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Adaptation of a skin sensitization assay to a chemically de-
fined culture. Toxicol In Vitro 57, 145-153. doi:10.1016/j.
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Van der Valk, J., Mellor, D., Brands, R. et al. (2004). The hu-
mane collection of fetal bovine serum and possibilities for se-
rum-free cell and tissue culture. Toxicol In Vitro 18, 1-12.
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Students’ and researchers’  
attitudes to the 3Rs at  
the Karolinska Institutet –  
The importance of education
Elin Törnqvist1,2, Mette Pedersen3, Johan Lindsjö4,5, 
Annika Hanberg1, Mattias Öberg1 and Viveka 
Hillegaart5
1Institute of Environmental Medicine, Karolinska Institutet, Stockholm, 
Sweden; 2Film and Tell AB, Stockholm, Sweden; 3Swedish University of 
Agricultural Sciences, Uppsala, Sweden; 4Dep. Animal Environment and 
Health, Swedish University of Agricultural Sciences, Uppsala, Sweden; 
5Swedish Centre for Animal Welfare (SCAW), Swedish University of 
Agricultural Sciences, Uppsala, Sweden
elin.tornqvist@ki.se 

Besides ethics and science, attitude and behavior are key compo-
nents in 3R development. Researchers, as main users of research 
animals and animal-free models, have opportunities and respon-
sibilities to contribute to 3R development. Students is an import-
ant target group for 3R education as next generation of scientists 
and specialists in academia, authorities and private industry.

We have been following students in the Global Master’s Pro-
gramme in Toxicology at Karolinska Institutet, in which the 3Rs 
are integrated into all courses. Students’ attitudes were com-
pared with researchers at Karolinska Institutet in a 3R-survey us-
ing the response alternatives Strongly disagree, Disagree, Nei-
ther/Nor, Agree, Strongly Agree. Respondents were divided into 
three groups: students, junior researchers and senior researchers  
(N = 44, 63, and 44, respectively).

When asked about usefulness of the 3Rs when defining re-
search question and reporting data, the majority agreed or strong-
ly agreed (69-71%, no differences between the groups). All three 
groups agreed to a higher extent (79-100%) to usefulness related 
to animal handling, housing and euthanasia, students even more 
than the researchers (95 to 100%, p < 0.05), indicating high en-
gagement in Refinement. The vast majority in all groups agreed 
that stressed animals yield less valid results (93, 95, 91%). Stu-
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Are dogs still needed in safety 
testing of pesticides?
Patricia Bishop
The Humane Society of the United States, Washington, DC, United States
pbishop@humanesociety.org 

When registering a new pesticide active ingredient (AI), sub-chron-
ic 90-day oral toxicity studies, performed both on rats and dogs, are 
standard testing requirements and are intended to be representative 
of shorter-term incidental pesticide exposures. To determine how 
often the 90-day dog study was selected as the point of departure 
for assessing incidental risk, human health risk assessments (RAs) 
for 137 pesticide AIs registered by the U.S. Environmental Protec-
tion Agency within the last 22 years were reviewed. The dog study 
was used for the point of departure in 36 of these RAs because the 
dog NOAEL (No Observable Adverse Effect Level) was the low-
est of all the shorter duration tests. In nine of the 36 cases, the low-
er NOAELs could be attributed to dose spacing when compared to 
the rat 90-day study, meaning the dog was selected as an artifact of 
dose setting not because it was the most sensitive species. When 
the principles of allometric body weight scaling based on metabol-
ic rate (Kleiber, 1932, 1947), which can account for larger species 
showing effects at lower doses than smaller species (Schneider et 
al., 2004), were applied, dog and rat NOAELs were at “equipo-
tent” doses for 23 of the 36 AIs. Only 13 AIs remained for which 
dose spacing and/or body weight scaling could not account for the 
dog appearing to be more sensitive, although for some of these AIs, 
studies with comparable NOAELs were available. Overall, impacts 
to RA were minimal for nearly all AIs without the dog study, but 
in a few cases identification of important hazards may have been 
missed. The results of this analysis suggest that in most cases the 
90-day dog study does not add materially to pesticide risk decisions 
and provide a basis for developing criteria to waive it.
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thologs and the same subfamily members, as expected from the 
P450s’ substrate specificity. When the test compounds were di-
vided into 14 groups by hierarchical clustering using the inhi-
bition data, most of the groups consisted of structurally diverse 
compounds although nearly identical compounds tended to be in 
the same group. These results suggest that P450 inhibition pro-
files obtained by high-throughput in vitro assays can be used as 
novel biological descriptors for characterizing chemical sub-
stances.
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Assessing the uptake of 
research dog adoption
Barry Londeree, Lindsay Marshall, Mary Hilley, 
Michelle Shaw and Kathleen Conlee
The Humane Society of the United States, Washington, DC, United States
blonderee@humanesociety.org 

In the U.S., around 60,000 dogs are used annually for research 
and testing. Many will undergo terminal procedures, where-
by their tissues are collected for histological analysis and thus 
the dogs are euthanized, denied any chance of a normal healthy 
life outside the laboratory. However, U.S. legislation urging the 
adoption of companion animals used in research was started in 
2014 in Minnesota, with 13 states passing similar bills to date, 
and federal legislation under consideration. Additionally, the 
Food and Drug Administration (FDA) recently announced its in-
tention to permit the adoption of healthy animals once they have 
been used in experiments (Bucchino, 2020), following similar 
policies adopted by various other federal agencies. The species 
included in laws and policies varies and as yet, no U.S. law re-
quires reporting of the number of animals rehomed.

We set out to assess the impact of formal legislation on dog 
adoption, specifically requesting the number of dogs adopted fol-
lowing their use in research and testing, and organization poli-
cies on the adoption of dogs. Here, we will report on the results 
of public information requests made to government-funded insti-
tutions in order to ascertain levels of adoption. Analysis of U.S. 
Department of Agriculture (USDA) reports indicates that the 
bulk of dog use is in private laboratories, where we have no le-
gally mandated access to data. Despite the lack of legal obliga-
tion for private companies to disclose requested information, we 
also reached out to those companies using dogs to let them vol-
untarily provide their data on adoption numbers and policies.

Based on these responses, here we make recommendations to 
enhance adoption rates, including the incorporation of reporting 
requirements into new legislation and existing policies, which 
will increase adherence to the intent of legislation and policies 
for rehoming of dogs out of laboratories.

https://thehill.com/policy/healthcare/482074-new-fda-policy-allows-lab-animals-to-be-adopted-after-experiments
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Make people better scientists 
in the lab: Altertox vision
François Busquet1, Nathalie Belot2 and Valentin 
Salamone1
1Altertox Academy, Bruxelles, Belgium; 2Altertox Academy, Nivelles, 
Belgium
valentin@altertox.be 

Altertox Academy connects international experts to provide 
hands-on-training (HOT) in human-relevant alternative meth-
ods and technologies for toxicologists of all levels of experience, 
from entry level technician to laboratory or department manager. 
The participants will become familiar with new technologies and 
their critical steps. A HOT is a perfect way to quickly approach a 
method. The training allows not only to understand methods that 
researchers want to set up, but also the data analysis and inter-
pretation that could be a critical step when generating results. In 
the past three years, Altertox Academy has organized more than 
30 HOT with a format allowing a detailed and practical descrip-
tion of the methods (20% lectures and 80% HOT or case studies 
throughout two days). With a maximum of 15-20 participants, 
divided in small groups for the practical component of the train-
ing, this format allows networking and connects experts to peo-
ple that will daily use their method. Focused on alternatives to 
animal testing, the topics covered by our trainings are in silico 
methods (endocrine disrupting compounds, in silico models for 
cosmetics) and in vitro methods (lung inhalation, skin sensitiza-
tion, hepatotoxicity and more). Promoting education and train-
ing brings improvement in scientists’ day-to-day work and can 
also have a positive impact on the general scientific community. 
Participating in our trainings will improve your skills for a specif-
ic method, showing each method’s limitations, and provide you 
with the capacity to challenge the tests and interpret data. Alter-
tox Academy follows also the vision to MAKE scientists BET-
TER citizens, by offering a Skills4Science training for young re-
searchers. The primary focus of “Skills4Science” is to tackle top-
ics that do not emerge during conventional scientific congresses 
and to empower in particular young researchers on understand-
ing social media influence on researchers’ activity, gender in-
equality, scientometrics and scientific collaboration.
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Use of the full thickness model, 
T-Skin™, to investigate the effects 
of UVA and UVB on skin and 
photoprotective effects of vitamin C
Damien Lelievre, Michel Bataillon, Adeline Chapuis, 
Steven Durand, Anne Sophie Rigaudeau, Isabelle Besné 
and Christian Pellevoisin
EPISKIN, Lyon, France
cpellevoisin@episkin.com 

The skin represents a major barrier to penetration of chemicals 
into the systemic circulation. It is also subject to damaging effects 
from environmental factors such as UV radiations. The safety of 
topically applied pharmaceuticals and cosmetics, as well as top-
ically exposed environmental chemicals, requires a robust and 
predictive skin model. T-Skin™ is a reconstructed full-thick-
ness model with a well stratified, differentiated and self-renew-
ing epidermis and a dermal compartment composed of functional 
fibroblasts embedded in a matrix of collagen I (1). We have used 
this 3D model as a reproducible, in-vivo-like, and predictive hu-
man skin model to (a) characterize the effects of UVA1 and Solar 
Sun radiation UVA1 + UVB (UVSSR) exposure on skin tissue 
and (b) to investigate the protective effects of vitamin C against 
UVA1 radiation damage. Endpoints measured were tissue vi-
ability, histology, fibroblast number and cytokine and chemok-
ine release. Classical photoaging responses of human skin due to 
UVA1 exposure (Biological Efficient Dose) were observed i.e., a 
viability decrease mainly located in the dermis associated with a 
loss of a dermal fibroblasts disappearance, a metalloproteinase-1 
pro-inflammatory mediators releases. UVSSR caused damag-
es to both epidermis and dermis parts, and a more extensive re-
lease of inflammatory mediators than UVA1 exposure. Vitamin 
C protected against UVA1 induced damages, evident at level of 
dermal damage (preventing a loss of viability and the number of 
fibroblasts in the dermis and the attenuation of metalloprotein-
ase-1 release), as well reducing the release of IL-1a and IL-8. 
This study shows that the T-Skin™ model mimics the main re-
sponses to UV radiation and supports its use as screening tool to 
develop new UVA1-protective ingredients.
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Nearly 200 million animals used 
in medical research worldwide
Katy Taylor1 and Laura Rego Alvarez2
1Cruelty Free International, London, United Kingdom; 2Cruelty Free 
International, Palm Coast, FL, United States
katy.taylor@crueltyfreeinternational.org 

The use of live animals in experiments remains controversial. 
However, there is a lack of reliable data on the scale of animal 
testing. Almost 80% of the world’s animal using countries do not 
publish the numbers they use.

In 2005 Cruelty Free International set about trying to provide 
an overall estimate for the worldwide use of animals in harm-
ful research. We could find only 37 countries, mostly European, 
which provided annual statistics. We created a simple regression 
model, using publication of animal-based research as a proxy for 
the number of animals, to extrapolate figures for non-reporting 
countries. For the year 2005 we estimated approximately 115 
million animals per year were used worldwide.

Ten years later we set about to update the statistic (Taylor and 
Alvarez, 2019). Unfortunately, the number of reporting countries 
had not changed and this time the estimate for 2015 was 192 mil-
lion animals per year. Most of the increase could be explained 
by increased science publications from Asian countries- meaning 
that our estimates for their use of animals in research are proba-
bly now more accurate.

We estimate that China is the greatest user of animals in ex-
periments (20.5 million), followed by Japan (15 million) and 
the United States (14.6 million). The United Kingdom, Germa-
ny and France are also in the top ten, being the largest users in 
Europe with around two million animals each. We also estimate 
there were over 200,000 tests on dogs and nearly 160,000 tests 
on monkeys in 2015.

We hope our new estimate will encourage greater efforts to re-
place and reduce animal use whilst also acting as the baseline 
from which to measure success.
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Virtual class on alternative 
methods in toxicology
Francesca Caloni and Alessia Bertero
Department of Environmental Science and Policy, Università degli Studi  
di Milano, Milan, Italy
francesca.caloni@unimi.it 

In the second semester of the AY 2019/2020, started a pilot on-
line version of the course “Alternative Methods in Toxicology”, 
a mandatory module in the master curriculum Veterinary Bio-
technology Sciences, first year, in the Università degli Studi di 
Milano.

The module, 4 credits/30 hours, is focused on 3R concept, al-
ternative test methods and new approach in toxicology, stand-
alone methodologies, Integrated Testing Strategy, validation. 
The module is in English and is designed to provide 3 hours per 
week, 18 hours lectures and 12 hours practical activity.

Students are weekly informed by the teacher on the scheduled 
lectures and course activities thorough a notice-board present 
on an on-line platform (https://fcalonimat.ariel.ctu.unimi.it/v5/
home/Default.aspx), specifically dedicated. The students are in-
vited to follow the video lessons provided according to a scheme 
uploaded on the platform, and subsequently to take part to a vid-
eo conferencing in a Virtual Class for a synchronous action with 
the teacher, entering with a code, where an open and dynamic 
discussion starts on the topic of the day. Other didactic materi-
al, i.e., articles, slides, videos, is also available for the students 
and shared during the Virtual Class. Corner, forum and meeting 
are planned, and external experts are also invited to attend. The 
Virtual Class is also the place where students give suggestions 
on possible implementation and strategies on alternative meth-
ods and identify some topic priorities.

The Virtual Class seems to evoke an evident and stimulating 
interest from the student perspective, demonstrated by the con-
tinuous and active participation.

At the end of the course will be required to the student to fill a 
questionnaire.

Acknowledgment: We acknowledge the students of the first year 
of Veterinary Biotechnology Sciences Course, Università degli 
Studi di Milano AY 2019/2020
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ternative methods. Building on over 20 years of experience with 
this specific issue, over the last 5 years Cruelty Free International 
has been closely tracking a number of animal tests to identify the 
scale and cause of this phenomenon.

In an effort to draw attention to the issue, we produced the Re-
place Animal Tests (RAT) list which highlights ten common an-
imal tests with accepted non animal alternatives or where the 
scientific consensus is heavily towards redundancy. The list in-
cludes the rabbit pyrogen, skin irritation and eye irritation test, 
the guinea pig skin sensitisation test and the mouse botulinum 
toxin, shellfish toxin and skin sensitisation assays. There are oth-
ers of course. The total numbers of animals that this affects could 
be in excess of one million in Europe alone.

In this presentation we provide statistical evidence that these 
tests are still be conducted and open for discussion the reasons 
why this may be. Some reasons are well understood, such as the 
desire for international harmonisation before absolute deletion, 
others could be due to a lack of monitoring and enforcement. It 
is imperative that these animals are not forgotten, and that the re-
placement process is truly completed for both scientific and mor-
al reasons.
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The monocyte activation test as 
alternative to the rabbit pyrogen 
test: Choosing the optimal 
serum source for the assay
Marijke W. Molenaar-de Backer1, Eelo Gitz2,  
Miranda C. Dieker3,4, Paulien Doodeman1 and  
Anja ten Brinke3,4
1Sanquin Diagnostiek, Dept Virology and MAT services, Amsterdam, 
The Netherlands; 2Sanquin Reagents, Amsterdam, The Netherlands; 
3Sanquin Research, Dept Immunopathology, Amsterdam, The Netherlands; 
4Landsteiner Laboratory, Amsterdam UMC, University of Amsterdam, 
Amsterdam, The Netherlands
e.gitz@sanquin.nl 

The monocyte activation test (MAT) is used to detect pyrogens 
in pharmaceutical products and serves as a replacement of the 
rabbit pyrogen test (Ph. Eur. chapter 2.6.30, 2017). The periph-
eral blood mononuclear cell (PBMC)-based MAT assay requires 
the addition of serum to the cell culture medium which could be 
fetal bovine serum (FBS) or human serum (HS). Since the ca-
pacity to detect non-endotoxin pyrogens (NEPs) in a sensitive 
manner is an important strength of the MAT compared to, e.g., 
the bacterial endotoxin test (BET), the performance of the MAT 
using FBS and HS as serum source was investigated using en-
dotoxin and several NEPs (flagellin, peptidoglycan, R848, heat-
killed Staphylococcus aureus and Pam3CSK4). The MAT, using 
a cryopreserved pool of PBMC’s from 4 donors, was more sensi-
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The prevalence of gavage incidents 
in regulatory toxicity studies
Katy Taylor1 and Laura Rego Alvarez2
1Cruelty Free International, London, United Kingdom; 2Cruelty Free 
International, Palm Coast, FL, United States
katy.taylor@crueltyfreeinternational.org 

Gavage is the preferred technique in many regulatory and exper-
imental animal studies requiring the oral ingestion of test sub-
stances. It is well established that gavage is stressful and that oc-
casional deaths can occur due to “gavage incidents”. Less well 
appreciated is the prevalence of signs of “gavage-related reflux” 
(GRR), which include respiratory distress, rooting or eating bed-
ding, excessive salivation and nasal discharge, throat or lung in-
juries which can also lead to death. There has been no compre-
hensive survey of the prevalence of gavage-related incidents in 
regulatory toxicology studies.

In this study, we reviewed the robust study summaries of 333 
repeated dose toxicity studies published in the EU REACH 
chemicals database. 13% of studies reported that there had been 
at least one death as a result of the gavage procedure; range 1-22 
animals per study. A further 11% studies reported signs that the 
study report considered were consistent with gavage injury or re-
flux; an additional 16% reported signs including deaths that were 
consistent with GRR or gavage injury but were not reported as 
such and a further 14% reported excessive salivation, a key sign 
of GRR. In total over half of the studies were affected by deaths 
or signs of GRR in some of the animals.

Deaths due to gavage incidents were more likely to occur in 
treatment groups suggesting that the properties of the substance 
can play a role in GRR and/or difficulty in performing the proce-
dure. Signs of GRR or deaths were more likely to occur with cor-
rosive substances. Urgent review of the use of the gavage proce-
dure is needed on both scientific and welfare grounds.
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Completing the replacement process, 
why do some animal tests persist?
Katy Taylor1 and Laura Rego Alvarez2
1Cruelty Free International, London, United Kingdom; 2Cruelty Free 
International, Palm Coast, FL, United States
katy.taylor@crueltyfreeinternational.org 

It may be commonly assumed that animal tests that have sub-
sequently been replaced with non animal alternatives no longer 
occur, or at least rarely. The reality is that such animal tests can 
persist and even increase long after the adoption of suitable al-
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needs, have suggested that there should be a systematic move to 
increase the dose levels used in repeat dose toxicity studies, com-
bined with a resistance to the use of kinetics to inform dose lev-
el selection. Beside animal welfare consideration, inappropriate 
dose setting hinders our ability to correctly estimate human risk 
while overestimating hazard, identifying the urgent need for sci-
ence-based guidance.

In the development of the guidance, we proposed practices that 
reflect the current state of the sciences, considering the follow-
ing elements. A) Discussion of the dilemma of studies expect-
ed to fulfil a dual purpose of providing information for risk as-
sessment as well as for hazard characterization, indicated that 
human-relevant and exposure-led information should be prefer-
entially used in dose selection where appropriate. B) The critical 
review of the basis for using a Maximally Tolerated Dose led to 
a consensus that there is no direct link between increasing doses 
beyond this value and better protection of human health, neither 
for serving classification needs or for risk assessment/risk ben-
efit analysis. C) Existing practices in dose-setting across indus-
trial sectors and regulations have been reviewed, including the 
value of range-finding in vivo studies. The review included dose 
selection parameters indicated in current (primarily OECD) test 
guidelines, some improved assessment of maternal toxicity in re-
productive studies and preparation of sector specific recommen-
dations (including pharmaceuticals, chemicals, agrochemicals, 
biocide, food) D) Guidance for use of toxicokinetic and phar-
macodynamic evidence in dose setting was prepared reviewing 
approaches and examples, confirming that testing in non-linear 
kinetic ranges correspond to exceedance of Maximum Tolerat-
ed Doses.
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Development of functional 3D 
cardiovascular construct
Hanna Vuorenpää, Kirsi Penttinen, Mari Pekkanen-
Mattila, Jenny Parraga, Christine Gering,  
Minna Kellomäki, Katriina Aalto-Setälä and Susanna 
Miettinen
Faculty of Medicine and Health Technology, Tampere University, Tampere, 
Finland
hanna.vuorenpaa@tuni.fi 

To mimic human heart, in vitro cardiac model should accurate-
ly recapitulate the 3D structure and vasculature of healthy and 
diseased cardiac tissue. Animal models and 2D cell cultures fail 
to capture human cardiac physiology due to species differenc-
es in electrophysiology, beat rate and in 3D microenvironment. 
We have previously shown that vascular structures support the 
maturation of pluripotent stem cell-derived cardiomyocytes (hP-
SC-CMs) in 2D culture (Vuorenpää et al., 2017) and that hypox-

tive for endotoxin when FBS was used as serum source, howev-
er for most NEPs the MAT was more sensitive when performed 
in HS. Heat-inactivation of FBS had minor effects on the per-
formance of the MAT for endotoxin, but not for the NEPs. Inter-
estingly, heat-inactivation of HS led to an almost complete loss 
of reactivity towards endotoxin and reduced reactivity in the re-
sponse towards HKSA and PGN, while having minor or no ef-
fects on the responses towards R848, flagellin and Pam3CSK4. 
Therefore, to guarantee optimal performance of MAT heat-inac-
tivated serum should be avoided. Moreover, product testing of a 
human blood-derived product in MAT using HS was beneficial 
since endotoxin spike recoveries were improved. This product is 
therefore currently batch released with the HS-based MAT assay. 
Overall, The HS-based MAT appears to be the first choice to re-
place the rabbit pyrogen test while in some cases the FBS-based 
MAT may be favored.

Reference
European Pharmacopoeia, 10th edition. EDQM, Council of Eu-

rope, chapter 2.6.30 (07/2017)
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Guidance on dose-setting in 
repeated-dose toxicity studies; 
outcome of an ECETOC Task Force
Dick Lewis1, Amanda Andrus2, Alice Brousse3, 
Johnathan Burke4, Marco Corvaro5, George Daston6, 
Bryan Delaney7, Jeanne Domoradzki8, Carole Forlini9, 
Maia Green10, Thomas Hofmann11, Sven Jaeckel12, 
Moungsook Lee13, Fiona Sewell14 and Michael 
Temerowski15
1Syngenta, Bracknell, United Kingdom; 2The Dow Chemical Company, 
Midland, MI, United States; 3European Centre for Ecotoxicology and 
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Advanced Materials, Stockton-on-Tees, United Kingdom; 5Corteva 
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Indianapolis, IN, United States; 9Arkema, Colombes, France; 
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Germany; 13Clariant, Sulzbach am Taunus, Germany; 14National Centre 
for the Replacement, Refinement and Reduction of Animals in Research 
(NC3Rs), London, United Kingdom; 15Bayer Crop Sciences, Mannheim, 
Germany
marco.corvaro@corteva.com 

The European Centre for Ecotoxicology and Toxicology of 
Chemicals (ECETOC) has established a Task Force with the ob-
jective to provide guidance on dose-setting to support appro-
priate design and interpretation of toxicity studies. Recent reg-
ulatory opinions mainly in the EU, and driven by classification 
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In vitro modeling of gastrointestinal 
exposure and response  
to engineered nanomaterials
Marek Puskar1, Jan Markus1, Pierre Llanos2, Mitchell 
Klausner2, Alex Armento2, Yulia Kaluzhny2 and Seyoum 
Ayehunie2
1MatTek In Vitro Life Science Laboratories, Bratislava, Slovakia; 2MatTek 
Corporation, Ashland, MA, United States
mpuskar@mattek.com 

There is a growing number of applications for various engi-
neered nanoparticles (ENP), however, their impact on human 
health and various organs is poorly understood. In this study we 
utilized a 3D reconstructed human intestinal microtissues, Epi-
Intestinal tissue model, to develop an in vitro system for assess-
ment of toxicological profiles of ingested nanomaterials. The tis-
sues were exposed to various concentrations of three types of 
nanoparticles: copper (II) oxide (CuO) (50 nm in size), zinc ox-
ide (ZnO, 35-45 nm in size), and titanium oxide (TiO2, 40 nm in 
size). Sonicated nanoparticles were resuspended in 40 μl of buf-
fer and applied apically onto the tissues for 4 hours. Following 
application, the tissues were washed and incubated for additional 
24 hours in standard medium. Subsequently the barrier integri-
ty (TEER) and viability (MTT) were determined for each tissue. 
In addition, medium was collected to determine levels of select-
ed pro-inflammatory cytokines released following the nanopar-
ticle exposure. Using IC15 (concentration of nanoparticles that 
reduces barrier function or tissue viability by 15%) as a cut off, 
we observed a dose response reduction of barrier integrity and 
tissue viability for CuO and ZnO. On the other hand, the titani-
um oxide did not induce toxic effects even at the highest con-
centration. Similar observation was detected through the cyto-
kine production – we have seen a dose-dependent increase of in-
terleukin 8 (IL-8) in tissues exposed to CuO and ZnO. Overall, 
we have shown that the TEER measurement is very reproducible 
and more sensitive endpoint than MTT. In conclusion, these re-
sults suggest that reconstructed small intestine tissues might be-
come a sensitive tool not only for determining the toxicity of in-
gested nanoparticles, but also for further studying interactions of 
nanoparticles with host gastrointestinal system.
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ia affects the structure and function of the cardiomyocytes (Häkli 
et al., 2021). Now, we establish 3D cardiac construct with vascu-
lar structures resembling human heart in healthy and in ischemic 
conditions.

To form 3D construct, novel hydrazone crosslinked gela-
tin-gellan gum hydrogel was used. For this, carbodihydrazide 
(CDH) Gelatin A 60 mg/ml and gellan gum 40 mg/ml (GG, Gel-
zan CM Gelrite) (Koivisto et al., 2019) were dissolved in Dul-
becco’s modified eagle medium. First, vascular structures were 
formed by self-assembly of human adipose stem cells and GFP 
expressing human umbilical vein endothelial cells (Cellworks) 
in the hydrogel. After 7 days, hPSC-CMs were seeded either em-
bedded in the hydrogel or as a monolayer on top of the 3D vas-
cular structures. Tubule formation, cellular morphology, orien-
tation and cardiac functionality were characterized after 9 to 15 
days of co-culture.

The results showed the stability of gelatin-gellan gum hy-
drogel for 7-15 days. The hydrogel supports formation of alpha 
smooth muscle-positive cell network and modest vasculature. In 
3D co-culture, the cardiomyocytes show elongated morphology 
and aligned orientation. Contractility of the 3D construct is more 
synchronous and visually stronger compared to cardiomyocyte 
monocultures.

The 3D environment with vascular structures improved the 
functionality of the hPSC-CMs exhibiting features that mim-
ic the complex in vivo conditions. The 3D cardiovascular mod-
el can be used to study mechanisms of myocardial ischemia with 
our custom-built hypoxia chamber (Häkli et al., 2021).

References
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Thelohan, S. and de Meringo, A. (1994). In vitro dynamic sol-
ubility test: Influence of various parameters. Environ Health 
Perspect 102, 91-96.
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IPAM, the Italian Platform on  
Alternative Methods
Isabella De Angelis1, Maurilio Calleri2, Francesca 
Caloni3, Cristina Maria Failla4, Paola Granata5, 
Michela Kuan6, Stefano Lorenzetti1, Francesco Nevelli7 
and Augusto Vitale1
1Istituto Superiore di Sanità, Rome, Italy; 2LIMAV Italia OdV, Sanremo 
(IM), Italy; 3Department of Environmental Science and Policy, Università 
degli Studi di Milano, Milan, Italy; 4Experimental Immunology Laboratory, 
IDI-IRCCS, Rome, Italy; 5Federchimica – Aispec – MAPIC, Milan, Italy; 
6LAV, Rome, Italy; 7Merck Group, Colleretto Giacosa (TO), Italy
isabella.deangelis@iss.it 

National Platforms for alternative methods were created about 
twenty years ago with the aim to promote and inform about al-
ternative methods to speed up their regulatory acceptance. To 
achieve these goals effectively and incisively, collaboration be-
tween the following four areas was considered as a priority: Re-
search – Industry – Government Institutions – Associations for 
animal protection.

The Italian Platform on Alternative Methods (IPAM), in full 
compliance with this approach, pursues at: i) promoting research 
and information on alternative methods in animal experimenta-
tion in Italy, ii) building synergies to accelerate development and 
acceptance of alternatives methods in basic, applied, and regula-
tory research. Within this framework, IPAM regularly organiz-
es national and international events and meetings (Rovida et al., 
2013; Nagy et al., 2016; Caloni et al., 2018) aimed at different 
stakeholders (students, researchers, general public). Among the 
most recent, the exhibition “Science & Consciousness, a journey 
inside the 3Rs” a didactic itinerary on alternatives in animal ex-
perimentation which was hosted by several Italian universities 
and research institutes, and the IPAM-ecopa symposium 2019 on 
“Non Animal Methodologies (NAMs): research, testing, assess-
ment and applications”, recently co-organized with ecopa (Eu-
ropean consensus-platform for alternatives) (Lorenzetti et al., 
2020).

Moreover, since 2007, the IPAM-Farmindustria award is as-
signed every two years to a young researcher author of a paper 
and/or a thesis degree relevant to the application of 3Rs Principle 
in pharmacological research. IPAM also actively dialogue with 
national and international regulatory bodies and its members fre-
quently share their expertise in training events organized by uni-
versity, industries, and public entities.
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Development of an “agitated”  
in-vitro test for glass fiber dissolution
Quentin Herault and Elodie Chaudan
Saint-Gobain Research Paris, Aubervilliers, France
elodie.chaudan@saint-gobain.com 

Mineral (glass and stone) wool is one of the most used insulation 
materials, due to its outstanding effectiveness, but also because 
of extensive and robust studies supporting the fact that they are 
safe to use when standard safe work practices are followed. Spe-
cific protocols to characterize fiber biopersistence have been de-
fined by European authorities (Bernstein et al., 1999). Tested ac-
cording to one of these protocols, the fibers have to demonstrate 
a low biopersistence to not be classified as carcinogenic under 
the EU CLP Regulation (Note Q, Regulation (EC) n°1272/2008). 
Mineral wool manufacturers, such as Saint-Gobain, need to re-
duce as much as possible the number of these in-vivo tests, as 
they raise ethical issues and are costly and time-consuming. 
Thus, the development of in-vitro tests reliable, quicker, cheaper 
and predictive of in-vivo biopersistence is required.

EURIMA (EURopean Insulation Manufacturers Association) 
(Sebastian et al., 2002) aims to develop an acellular in-vitro test, 
in which fibers dissolution in a flow-through system is followed 
by chemical analysis of the solutions. Saint-Gobain has a long 
experience on dissolution tests (de Meringo et al., 1994; Thelo-
han et al., 1994; Guldberg et al., 2000) and has decided to devel-
op an acellular in-vitro test in a different way, with a closed sys-
tem in which the dissolution fluid is agitated but not circulating.

In this work, the Saint-Gobain in-vitro test is presented; the pa-
rameters impacting glass wool and stone wool dissolution, such 
as the fluid composition and pH, are studied; and differences be-
tween “circulating” and “agitated” in-vitro dissolution tests are 
discussed. The “agitated” fluid allows to reduce the test duration 
and to maintain a constant pH during experiment, which increas-
es the reproducibility. This test is still under development as it al-
so displays limits. Further efforts will be needed to obtain a ro-
bust predictive tool.
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coating for mimicking the totally sticky bottom condition imple-
mented in silico.

Moreover, since nanoparticle uptake by cells (i.e., the bot-
tom stickiness) is an ENM-specific feature, we exploited a plas-
ma-spectrometer for assessing the cumulative dose internalized 
in HepG2 cell monolayers after different time of exposure to the 
three insoluble ENMs. The results revealed significantly differ-
ent adsorption profiles, allowing to accordingly tune the sticki-
ness parameter of the models for each ENM and thus to improve 
the capability of the GUI in determining the cumulative effec-
tive dose reaching cells as a function of the initially administered 
dose.

Further in vitro testing is ongoing for relating effective dose 
predictions with corresponding biological effects, refining the 
dose-response characterization, and establishing the proposed 
tool as the basis for a reliable alternative to expensive and ethi-
cally sensitive animal experiments.
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TargetTri: Safety assessment and 
de-risking of novel drug targets
Jennifer Venhorst, Gino J. Kalkman, Tanja Rouhani-
Rankouhi, Erik C. Lemcke, Jochem de Vries, Eugene P. 
van Someren and Simon Folkertsma
TNO, Zeist, The Netherlands
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Assessing safety liabilities of (exploratory) drug targets in the 
early preclinical phase of development is an important aspect of 
managing the drug discovery pipeline. On the one hand, toxici-
ty information is imperative for the de-risking of therapeutic tar-
gets that are progressing through the development pipeline. On 
the other hand, safety considerations can aid in the prioritization 

Finally, the IPAM’s website (www.ipamitalia.org) and Face-
book social (www.facebook.com/IPAMITALIA) represent an 
important point of reference of information, updates, and discus-
sion for anyone who is interested on the 3R Principle, alternative 
methods and their applications in science.
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A novel in silico tool for dose 
assessment in cell  
monolayer nanotoxicology
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Due to the widespread use of Engineered Nanomaterials (ENMs), 
in vitro ENM dose assessment appears crucial in nanotoxicology 
(Sohal et al., 2018). In this context, in silico modelling provides 
an outstanding tool for predicting the amount of ENMs delivered 
to biological tissues in specific configurations (Poli et al., 2020). 
In literature, two computational models have emerged regard-
ing ENM dosimetry: the DG (DeLoid et al., 2015) and the ISD3 
model (Thomas et al., 2018), implementing the 1D dynamics of 
nanoparticles through a protein-enriched culture medium with a 
cell monolayer on the bottom.

In this study, we firstly integrated these models within a 
Graphical User Interface (GUI) purposely developed in Matlab, 
enabling to identify the most suitable one for a specific applica-
tion. Then, we exploited it for insoluble ENM (i.e., CeO2, TiO2, 
and BaSO4) dosimetry. The predictions of the GUI in terms of 
middle height concentration profiles over time for such ENMs 
were successfully validated (R2 > 0.75) by fitting them on the 
corresponding experimental profiles, measured using a gelatin 
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was determined. Based on the determined acute IC75 value, Epi-
Airway tissues were exposed to additional serial dilutions of the 
test chemicals, using the IC75 as the baseline dose. Every Mon-
day, Wednesday and Friday the tissues were apically exposed for 
3 hours and subsequently washed. TEER was measured before 
each application. Experiments continued for at least 30 days to 
determine no-observed-adverse-effect level (NOAEL) doses. 
Rank ordering of NOAEL levels obtained for 8 chemicals was as 
follows: formaldehyde << butyl amine < oxalic acid << vinyl ac-
etate < morpholine < methyl methacrylate << dimethylacetamide 
< ethanol. These results indicate that in vitro airway tissue mod-
els using TEER as a convenient non-destructive endpoint are a 
promising alternative to animal tests for assessment of subacute 
28-day respiratory toxicity and NOAELs. With further in vivo 
correlation and validation, this test may be a useful non-animal 
alternative for determining safe human subacute exposure levels 
for inhaled chemicals.
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Machine learning based 
meta-analysis using multiple 
toxicogenomics datasets does not 
improve genotoxicity prediction
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Department of Toxicogenomics, GROW School for Oncology and 
Developmental Biology, Maastricht University, Maastricht, The 
Netherlands
danyel.jennen@maastrichtuniversity.nl 

Toxicogenomics-based approaches using in vitro cell models, de-
veloped as alternatives to animal testing, have been shown to be 
able to predict genotoxicity in vivo with accuracies above 85%, 
thereby outperforming the standard test batteries required by reg-
ulatory agencies. Despite their performance these approaches 
are not widely used yet due to the limited number of compounds 
used, the imbalance in classes, and/or the type of cell model 
used. In this study, we aim to overcome these hurdles by per-
forming a meta-analysis on the large amounts of toxicogenomics 
data sets that have been generated the past decade, thereby fur-
ther improving in vivo genotoxicity prediction. From the diXa 
Data Warehouse, NCBI GEO, and EBI ArrayExpress we collect-
ed gene expression data for human, rat and mouse in vitro liver 
cell models exposed to 156, 88 and 44 compounds, respectively, 
with known genotoxicity information at different time points and 
dosages resulting in 853, 702 and 100 experiments, respectively. 
The obtained datasets were merged and pre-processed per spe-
cies. Species-specific prediction models were built by using 10 
machine learning algorithms on 10 train/test sets, each contain-
ing 80% of the data for training and 20% for testing. To avoid bi-
as and possibly overfitting experiments with the same compound 

and selection of exploratory drug targets. Both contribute to the 
reduction of attrition rates that have hampered the launch of new 
drugs in recent years.

TNO, a non-profit research organization, is developing the tar-
get triaging platform “TargetTri” together with pharmaceutical 
partners. By combining data mining, text mining, and systems 
biology/network analysis, this web-based platform offers insight 
in various aspects of target-related toxicities in separate views. 
These provide for example information on diseases, biological 
(adverse) effects, SNPs, transgenic models, pharmacological 
tools, clinical data and expression profiles and subsequent risk 
mitigation strategies.

The TargetTri platform has been applied to analyze and de-risk 
Oncostatin M (OSM), identified as a potential therapeutic target 
for cardiovascular disease by the CarTarDis consortium. Identi-
fied major risks concerned anemia and increased susceptibility 
to infection based on clinical and preclinical data. Reduction of 
myocardial remodeling and angiogenesis may also be of concern 
for the atherosclerotic patients based mainly on preclinical stud-
ies. The occurrence of such effects needs to be evaluated in sub-
sequent de-risking assays supported by TargetTri.

Acknowledgment: This research is supported by the Dutch Min-
istry of Economic Affairs.
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Subacute 28-day respiratory  
toxicity assay using an  
in vitro human airway model
Jan Markus1, George Jackson2, Michelle Debatis2, 
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Timothy Landry2 and Seyoum Ayehunie2
1Mattek In Vitro Life Science Laboratories, Bratislava, Slovakia; 2MatTek 
Corporation, Ashland, MA, United States
jmarkus@mattek.com 

Determining the subacute (28-day) respiratory toxicity potential 
is an important component of establishing safety profile of chem-
icals and consumer products. Here we describe our efforts to de-
velop an alternative, non-animal method for determining sub-
acute respiratory toxicity using the EpiAirway™ in vitro human 
airway model. The first stage consisted of determination of acute 
toxicity. The EpiAirway tissues were exposed for three hours to 
four concentrations of test chemicals via apical application using 
either aqueous or corn oil vehicles. After rinsing, the tissues were 
incubated for additional 21 hours in standard cultivation condi-
tions. Barrier integrity (determined by measuring transepitheli-
al electrical resistance (TEER)) and viability (MTT assay) were 
determined and an IC75 concentration (concentration required to 
reduce the endpoint value to 75% of vehicle exposed controls) 
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Evaluation of the single-cell level 
immuno-efficacy of recombinant 
protein for avian influenza 
subunit vaccines with a novel 
AAT integration platform
Jie-Long He
Asia University (Taiwan), Taipei, Taiwan
Jielonghe@asia.edu.tw 

Avian influenza virus (AIV) has extensively circulated in migra-
tory waterfowl and poultry. The potential of AIV infecting hu-
mans might be a significant threat. Therefore, the development 
of a new vaccine against AIV is urgent. Subunit vaccines is a new 
type of vaccine technology. The AIV subunit vaccine do not con-
tain whole virus particles or live components of the influenza vi-
rus. It differs from inactivated whole virus vaccines of influenza 
from chicken embryo eggs, it contains only the antigenic parts of 
the major surface structure proteins. Even it is only a sequence 
that would been recognized by a neutralizing antibody (He et al., 
2014). Just for this reason, it is advantageous in business and pro-
duction. Global efforts to promote development of next-gener-
ation influenza subunit vaccine, universal and long-lasting pro-
tective vaccine. However, the development of next-generation 
vaccines often requires many experimental animals, and the pro-
motion of alternatives to animal testing (AAT) has become a 
global goal in recent years. The author’s past research, includ-
ing “Pathogenesis and molecular modeling of avian influenza vi-
rus (He et al., 2013)”, “A novel secretory bi-cistronic baculovirus 
protein expression platform (Hsieh et al., 2018)”, “Modular mi-
crofluidic chip control system (He et al., 2015)” and “Peripher-
al blood mononuclear cell (PBMC) isolation microfluidic chip” 
were integrated into an AAT project. We developed a molecular 
modeling process for structural regions of key protein for avian 

were all placed in either the training or test set. Support Vector 
Machines algorithm had the best accuracy for predicting geno-
toxicity in vivo at 69-82% with 81-93% specificity and 46-61% 
sensitivity. In conclusion, the meta-analysis did not improve in 
vivo genotoxicity prediction. The saying “the more the merrier, 
the fewer the better fare” may actually be true here.
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Transcriptomic alterations in 
human iPSC derived podocytes 
exposed to doxorubicin, 
pamidronate and cyclosporine A
Cormac Murphy, Anja Wilmes and Paul Jennings
Division of Molecular and Computational Toxicology, Amsterdam Institute 
for Molecules, Medicines and Systems, Vrije Universiteit Amsterdam, 
Amsterdam, The Netherlands
c.murphy@vu.nl 

Glomerular visceral epithelial cells aka podocytes are essential 
for the function and maintenance of the glomerular filtration bar-
rier. Podocytes play a central role in glomerular disease initia-
tion and progression and their health can be adversely affected in 
specific genetic diseases, in diseases states such as diabetes and 
by injury from xenobiotics. Podocytes are notoriously difficult to 
culture, due to the fact that terminally differentiated podocytes 
no longer proliferate. Human induced pluripotent stem cells (iP-
SC), with their capacity for self-renewal offer a potential to pro-
vide a continuous source of patient-derived podocytes. The main 
objective of this work was to investigate for transcriptomic alter-
ations of iPSC-derived podocytes following their exposure to a 
range of xenobiotics including specific nephrotoxins.

iPSCs were differentiated into podocyte-like cells over 10 
days as previously described and cells were characterized based 
on morphology, immunofluorescence staining for podocyte-spe-
cific markers, and VEGF production that was assessed by ELI-
SA. Differentiated podocyte-like cells were exposed to cyclospo-
rine A (1.25 to 15 µM), pamidronate (10 to 50 µM) and doxoru-
bicin (0.05 to 1.25 µM). Quantification of approx. 3500 genes 
was conducted using the TempO-Seq assay (BioSpyder). After 
differentiation cells no longer proliferated and exhibited a podo-
cyte-specific morphology with the characteristic “foot process-
es”. In addition, podocyte markers, including synaptopodin, 
podocin, nephrin and WT-1 and were expressed and cells pro-
duced VEGF after 10 days of differentiation. Transcriptom-
ic analysis demonstrated a concentration dependent impact of a 
range of compounds and also provided mechanistic insights.

We conclude that iPSC derived podocytes represent a promis-
ing tool to identify potential glomerular nephrotoxins.

https://doi.org/10.1007/978-1-4939-9477-9_8
https://doi.org/10.1007/978-1-4939-9477-9_8
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models to a) investigate their robustness for chemical testing and 
b) analyze the temporal alterations caused in the pathways affect-
ed upon exposure to cadmium.

iPSC derived PTLs were treated with 5 µM cadmium chloride 
(a non-cytotoxic concentration) for 1 h, 2 h, 4 h, 6 h, 8 h, 12 h, 16 h,  
20 h, 24 h, 72 h and 168 h.

The results showed the early activation of metal response path-
way at 1 h which maintained a stable expression level throughout 
the exposure period of maximum 168 h. Oxidative stress pathway 
was also activated early at approximately 4 h but started to de-
crease to baseline levels by 24 h. This demonstrated that iPSC de-
rived PTLs were able to capture the relevant temporal alterations 
of these two pathways and suggests that they may represent an al-
ternative human-relevant model for in vitro toxicity testing.

Funding: The project was funded by a Marie Sklodowska-Curie 
Action - Innovative Training Network, entitled in3, under grant 
no. 721975.

Presentation: Posters

794

Scoring 3Rs activities  
of European Member States
Francois Busquet
Altertox, Ixelles, Belgium
francois.busquet@altertox.be 

Two official sources of information are currently available to 
supposedly know what European Member States (MS) are do-
ing to pursue the implementation of the 3Rs at the national level. 
First source is Article 47 of directive 2010/63/EU published on 
DG Environment website. Second source is question 4 sent by 
European Commission (COM) to MS to provide comments and 
contextualize their annual statistics submitted. Results of ques-
tion 4 were published along with 2020 statistics report. Based 
on Article 47, only 15 MS out of 27 have published at least one 
time their effort for further 3Rs. Based on question 4, a set of 
criteria developed by the author was used to score progress in 
3Rs at MS level. Four aspects were considered: 1) Education and 
training, 2) Communication and dissemination 3) Funding and 
awards and 4) National or local 3Rs center. With “1” point allo-
cated per criteria; maximum score was “4”. Looking at the over-
all 3Rs activities i) 56% are actively communicating, disseminat-
ing 3Rs principles for end-users ii) 44% are coordinating educa-
tion and training iii) 24% secure funding and awards for 3Rs iv) 
24% have established a national or regional 3Rs centers.

The author will discuss relevance and completeness of the in-
formation provided by MS. Moreover, the author will provide an 
overview of precedent attempts of identifying MS efforts (Tay-
lor, 2014) as well as discus the development of criteria to go be-
yond the reductionist analysis based solely on the trends in ani-

influenza subunit vaccines. In addition, we prepared influenza vi-
rus segmented expression proteins with the baculovirus protein 
expression platform based on the prediction of molecular model-
ing. Finally, we tried to use the PBMC microfluidic chip to screen 
immunodominant, universal and long-lasting protective epitopes 
of Taiwan H6N1 avian influenza virus. These efforts accelerated 
the AAT of the avian influenza subunit vaccine development.
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Human iPSC-derived proximal 
tubular cells-based transcriptomics 
data to evaluate cadmium exposure 
at a high temporal resolution
Pranika Singh1,2, Vidya Chandrasekaran3, Anja 
Wilmes3, Barry Hardy1, Paul Jennings4 and Thomas E. 
Exner1,5
1Edelweiss Connect GmbH, Technology Park Basel, Basel, Switzerland; 
2Division of Molecular and Systems Toxicology, Department of 
Pharmaceutical Sciences, University of Basel, Basel, Switzerland; 
3Division of Molecular and Computational Toxicology, Department of 
Chemistry and Pharmaceutical Sciences, AIMMS, Vrije Universiteit 
Amsterdam, Amsterdam, The Netherlands; 4Division of Molecular and 
Computational Toxicology, Department of Chemistry and Pharmaceutical 
Sciences, AIMMS, Vrije Universiteit Amsterdam, Amsterdam,  
The Netherlands; 5Seven Past Nine d.o.o.,  Cerknica, Slovenia
pranika9110@gmail.com 

Renal proximal tubular cells are one the most susceptible seg-
ments of the nephrons to many xenobiotics, including cadmi-
um. In this study, we have explored the utilization of human in-
duced Pluripotent Stem Cells (iPSCs) derived renal proximal tu-
bule-like cells (PTL) as an alternative to other human in vitro cell 
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The ethics of non-human 
primate research
Angela N. Hvitved1 and Adam Shriver2
1William H. Miller III Department of Philosophy, Johns Hopkins 
University, Baltimore, MD, United States; 2Centre for Applied Ethics, 
University of British Columbia, Vancouver, Canada
angela.hvitved@gmail.com 

The use of non-human primates (NHPs) for research poses im-
portant ethical questions. In recent years, these ethical consider-
ations have led to increased scrutiny and diminished public sup-
port of NHP research. Yet, reliance on NHP research continues 
and, in some scientific domains, is increasing. Ethical consid-
erations are crucial in shaping public policy and in the United 
States, there is increasing pressure to better align NHP research 
policy with our current understanding of the ethical implications 
of this work.

To support this effort, our report “The Ethics of Non-human 
Primate Research” examines the various ethical features of NHP 
research from the perspective of different ethical frameworks 
that influence our moral understanding and, subsequently, pub-
lic policy. The report opens with an overview of how key eth-
ical frameworks consider issues of harm and moral status, and 
then examines the ethically salient features of NHP research. By 
guiding readers through examples of how different ethical frame-
works might reflect on the specific features of various research 
contexts, it provides an opportunity for those outside the field 
of professional ethics to consider the unique ethical features of 
NHP research. The ethical analyses provided are grounded in our 
current understanding of the cognitive and behavioral capacities 

mal uses. Last, a way forward will be discussed for national com-
petent authorities and policy makers to take advantage of this 
scoring system. Ideally, defining criteria can identify good prac-
tices and being shared among other MS so that new and specific 
steps towards replacement are ongoing.

Reference
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Difficult paradigm shift? Reasons 
for continued animal use for 
educational purposes revealed 
in non-technical summaries
Miriam A. Zemanova1, Andrew Knight2 and Susanna 
Lybæk3
1Animalfree Research, Bern, Switzerland; 2University of Winchester, 
Winchester, United Kingdom; 3The Norwegian Animal Protection Alliance 
(Dyrevernalliansen), Oslo, Norway
miriam.andela.zemanova@gmail.com 

Animals have been considered instrumental in serving as a tool 
to learn knowledge and skills of living organism functioning as 
well as in human and veterinary medicine for millennia (Hart et 
al., 2008). However, animal use in education has been recent-
ly criticized by students, scientists, educators, philosophers and 
policy makers on ethical, economic and environmental grounds 
(Oakley, 2013; Sapontzis, 1995; Tolbert, 2019). Replacement of 
animals in education should be easy considering the variety of 
the non-harmful alternatives that are currently being developed 
and successfully implemented. And yet, every year thousands 
of animals continue being used for the purposes of education 
and training in the European Union alone (European Commis-
sion, 2020). The aim of this study was to understand why this is 
the case. In order to answer this question, we analyzed recent-
ly published non-technical summaries, which all EU Member 
States are obliged to publish in line with the Directive 63/2010 
EU. Data from 249 non-technical summaries from 18 EU and 
EEA Member States published in 2017-2019 revealed that the 
most often cited barriers to implementation of animal-free alter-
natives are: 1) practice on living animals is necessary for proper 
learning or 2) there is no adequate model currently available. In 
majority of the cases, the latter argument is however invalid, and 
I will provide specific examples in my presentation to demon-
strate that. In conclusion, it is necessary to put a stronger empha-
sis on engagement with ethical questions that underlie the use of 
animals and careful consideration of how the learning objectives 
could be achieved through non-harmful alternatives.
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intra-cutaneous test is implemented into the ISO 10993-23:2021 
standards used to evaluate medical device biocompatibility.

References
Casas, J. W., Lewerenz, G. M., Rankin, E. A. et al. (2013). Toxi-

col In Vitro 27, 2175-2183. doi:10.1016/j.tiv.2013.08.006 
De Jong et al. (2018). Round robin study to evaluate the recon-

structed human epidermis (RhE) model as an in vitro skin ir-
ritation test for detection of irritant activity in medical de-
vice extracts. Toxicol In Vitro 50, 439-449. doi:10.1016/j.
tiv.2018.01.001 

ISO 10993-23:2021 Biological evaluation of medical devices – 
Part 23: Tests for irritation, Publication date : 2021-01.

Kandarova, H., Willoughby, J. A., De Jong, W. H. et al. (2018). 
Toxicol In Vitro 50, 407-417. doi:10.1016/j.tiv.2018.02.007 

Presentation: Posters

801

In vitro cell transformation 
biomarkers as criteria for 
evaluating potential carcinogens
Maryna Anisovich, Natalya Dudchik and  
Iryna Ilyukova
Republican Unitary Enterprise “Scientific Practical Centre of Hygiene”, 
Minsk, Belarus
erllemarina@gmail.com 

Assays for neoplastic cell transformation (CTA) imitate some of 
the in vivo steps of multi-stage carcinogenesis process and can de-
tect both genotoxic and non-genotoxic carcinogens in vitro. But 
there are a number of issues that hamper consensus on test approv-
al. The proposed assessment of transformed cells in culture in the 
described methods is purely subjective in nature (morphological 
features, cell orientation relative to each other). Thus, the develop-
ment of new approaches to the identification of transformed cells 
will increase the prognostic efficiency of CTA.

The aim of this work was to investigate the possibility of using 
biomarkers of cell transformation in culture as criteria for eval-
uating potential carcinogens in a test for neoplastic cell transfor-
mation.

Cell lines of transformed and normal embryonic muscle-skin fi-
broblasts of mice, a Syrian hamster were obtained and character-
ized. Cultures of transformed cells were obtained at passage 8-12 of 
culturing cells from the “foci” of the cell layer with signs of trans-
formation (random orientation of cells in a monolayer, lack of con-
tact inhibition between cells and the formation of “foci” of cells).

A comparative analysis of the levels of proliferative activity 
was carried out. Histochemical indices for cadherin and integrin 
were established. The analysis of changes in the total area of the 
colonies and the morphology of transformed and normal cells af-
ter 8 days of cultivation was carried out.

of NHPs and how these capacities relate to issues of welfare and 
well-being.

Careful examination of these ethical considerations suggests 
that NHP research policy in the U.S. fails to adequately account 
for important ethical features and that closer attention to con-
cerns about harm and suffering is warranted.
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In vitro skin irritation protocol  
for medical devices  
extracts using EpiDerm model
Silvia Letasiova1, Jan Markus1, Bridget Breyfogle2, 
Michael A. Bachelor2 and Helena Kandarova3
1MatTek In Vitro Life Science Laboratories, Bratislava, Slovakia; 2MatTek 
Corporation, Ashland, MA, United States; 3Centre of Experimental 
Medicine SAS, Slovak Academy of Sciences, Bratislava, Slovakia
sletasiova@mattek.com 

Safety evaluation of medical devices is a complex process and 
evaluation of skin irritation potential is indispensable part of this 
process. The rabbit skin irritation test developed by Draize has 
been successfully replaced by reconstructed human epidermis 
protocol (RhE) (OECD TG 439). However, this protocol is opti-
mized for neat chemicals and medical device (MD) extracts are 
dilute solutions with low irritation potential.

To reflect the requirements of ISO 10993 directive, optimized 
protocol using known irritants and spiked polymers was devel-
oped in 2013 (Casas et al., 2013). After successful transfer and 
standardization, validation scheme was prepared. All 17 labora-
tories trained in the protocol worldwide produced results with al-
most 100% agreement with predictions for selected references 
(Kandarova et al., 2018).

In follow up approach, several medical devices benchmark 
materials (5 irritants and 2 vehicles) were evaluated in the con-
trolled human patch testing (4 h and 18 h) and in EpiDerm in  
vitro skin irritation protocol. Results were then compared to ex-
isting rabbit skin irritation test data.

Based on the preliminary studies an international round robin 
validation study was conducted in 2016 to confirm the ability of 
the RhE models to correctly predict the intra-cutaneous irritation 
of extracts from medical devices (4 irritants and 3 non-irritant 
materials). Blinded polymer samples were extracted with sesame 
oil and saline according to ISO 10993-12 (De Jong et al., 2018).

The protocol employing EpiDerm tissues was able to correct-
ly predict virtually all of the irritant polymers in the saline, sesa-
me oil as well as in both solvent extracts. Our results confirmed 
the ability of in vitro approach using RhE tissue models to detect 
the presence of skin irritants at low concentrations in dilute med-
ical device polymer extracts (De Jong et al., 2018). The use of 
the reconstructed tissue models, as replacements for the rabbit 
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demonstrating a clear relationship between metabolism and iso-
mer-conjugate dependent mitochondrial perturbation.
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Liver spheroid co-cultures with fresh 
or cryopreserved hepatocytes and 
endothelial cells as tool to investigate 
metabolism and hepatotoxicity
Jana Moer1, Anett Ullrich1, Dieter Runge1, Simon 
Beuck2, Madlen Matz-Soja3 and Andrea Zimmermann4
1PRIMACYT GmbH, Schwerin, Germany; 2A&M Labor Service GmbH, 
Bergheim, Germany; 3University of Leipzig, Institute for Biochemistry, 
Leipzig, Germany; 4SIKT Leipzig, Leipzig, Germany
anett.ullrich@primacyt.de 

Primary human and animal liver cells are the gold standard for 
all pharmacological-toxicological in vitro studies during drug de-
velopment. Three-dimensional (3D) cultures became more pop-
ular in recent years since they might mimic the in vivo cell mor-
phology, polarity and cell-cell interactions better than traditional 
two-dimensional (2D) cultures. Due to better access and contin-
uous availability, cryopreserved cells become more popular, but 
functional differences to fresh hepatocytes might occur.

Here, 3D spheroids were generated in U-bottom ULA (ultra- 
low attachment) plates with fresh and cryopreserved human he-
patocytes as single culture, and in co-culture with liver endotheli-
al cells to display an even more physiological situation. The met-
abolic activity of different Cytochrome P450 activities and the 

The data obtained led to the conclusion that a change in indica-
tors such as proliferative activity (an increase in the mitotic index 
by an average of 17%), an increase in the number of cells and the 
area of colonies, the level of ROS in the cells, adhesive ability 
(changes in the expression of adhesion molecules) are character-
istic features of transformed cells and can be used as additional 
markers and criteria in CTA.
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Trichloroethylene glutathione 
conjugates: Biotransformation 
kinetics and impact on oxygen 
consumption rates (OCR) 
in human renal proximal 
tubular cells (RPTEC/TERT1)
Liliana Santos Capinha
Vrije Universiteit Amsterdam, Amsterdam, The Netherlands
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Trichloroethylene (TCE) is a high-production volume chemi-
cal that has been widely used for decades and poses a significant 
hazard to human health (Cichocki et al., 2016). Animal and in vi-
tro studies have demonstrated that hepatic glutathione conjuga-
tion of TCE by glutathione S-transferases (GST) and subsequent 
renal metabolism involving ϒ-glutamyl-transferase (GGT), cys-
teinylglycinase and cysteine conjugate β-lyase activity can lead 
to the formation of a reactive thioketene, causing oxidative stress 
and mitochondrial injury (Birner et al., 1997; Cummings and 
Lash, 2000; Lash et al., 2014).

Here, we re-examined the hepatic GSH-conjugation of TCE 
and its effects on human renal proximal tubule cells. By using 
human liver fractions and recombinant human GSTs we demon-
strate the formation of trans 1,2-dichlorovinyl-glutathione (trans 
1,2 DCVG) and 2,2-dichlorovinyl-glutathione (2,2 DCVG). 
RPTEC/TERT1, (Wieser et al., 2008) were differentiated and 
treated with trans 1,2 DCVG and 2,2 DCVG. A fast and complete 
metabolism of the initial GSH-conjugates was observed within 
2 hours, with a temporal transient increase of the respective cys-
teine-glycine conjugate (DCV-cys-gly), followed by the forma-
tion of the cysteine conjugate (DCVC). LC-MS-TOF was used 
to monitor the biotransformation of the GSH-conjugates over 24 
h. The specific effects of the two GSH-regioisomer conjugates 
on mitochondrial respiration were quantified by using a Seahorse 
bioanalyzer. A decreased in oxygen consumption rate (OCR) and 
redox capacity was observed for trans 1,2 DCVG, but not in the 
presence of β-lyase inhibitor aminooxyacetic acid (AOAA). On 
the other hand, 2,2 DCVG showed no effect for the same condi-
tions.

This study provides new insight regarding the molecular pro-
cesses of TCE metabolism and toxicity in human renal cells 
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with the plastic surface on plates which are not fully inert. One 
should carefully choose the equipment as this has a major impact 
on quality of the cell aggregates. Spheroids from cryopreserved 
Cynomolgus hepatocytes were inducible for CYP activity in a 
similar extent in Biofloat plate and all other tested ULA plates. 
These results indicate that Biofloat is an optimal polymer formu-
lation to generate cell repellent surfaces and thereby making 3D 
cultures possible. The coating provides the possibility to attach 
functional groups anchored in a fully inert background which are 
usable for other cell culture purposes.
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Hepatic non-parenchymal cells 
isolated from rodent livers and 
characterized for the development 
of primary hepatic co-cultures
Tanja Krimmling, Anett Ullrich and Dieter Runge
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Liver cells are established as in vitro models for toxicology studies 
in 2D and 3D cultures. The goal is to approach the in vivo situation 
as good as possible. To expand the specificity of the liver models, 
the total cell population of the liver has to be taken into account. 
Cultivation and verification of these non-parenchymal cells, like 
Liver Sinusoidal Endothelial Cells (LSEC), Kupffer cells (KC) 
and Stellate cells (SC) remain an issue. Percoll gradients for cell 
separation of non-parenchymal cells have been established, but 
the yield of NPC per gram liver tissue can be low. At PRIMACYT, 
internal experiments comparing Percoll- and Iodixanol gradients 
in rat liver showed a slightly higher yield (20%) of the whole NPC 
population when cells were isolated by an Iodixanol gradient com-
pared to Percoll. In mice, this effect was more obvious by provid-
ing about 54% higher NPC yield with Iodixanol. We examined as-
says to prove purity and viability of the KC, LSEC and SC frac-
tions of the rats and mice after purification by Iodixanol. In a first 
step, Kupffer cells were tested over culture time for their stimula-
tion by LPS, followed by a phagocytosis test. LSEC fractions were 
tested equally to proof of the absence of phagocytic cells. Stel-
late cells were tested for the presence of lipid droplets by Oil Red 
O staining. Further analysis was done by immunofluorescence by 
CD68 (KC), CD31 (LSEC) and Vimentin (SC). Finally, cells were 
tested for RNA markers CLEC4F (KC), TIE1 (LSEC) and POSTN 
(SC) to get a clear indication of the purity of the cell fractions. To-
gether, the tests could give rise to a clear characterization of the 
liver cells. Finally, the approach to utilize tissue-like co-cultures 
should reduce the number of laboratory animals used for toxicity 
studies and drug development.
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acute toxicity for known substances like acetaminophen were 
tested and compared for fresh and cryopreserved cells. Spheroids 
from fresh and cryopreserved human hepatocytes were inducible 
for CYP activity, but a strong variability of basal CYP activity 
and CYP-induction potential was detected between different do-
nors especially in fresh hepatocytes. A higher CYP activity and 
CYP inducibility was determined in 3D-cultures compared to 
2D. In total, CYP inductions demonstrated a better and more sta-
ble inducibility in spheroids from cryopreserved cells. The ATP 
assay displayed almost the same concentration dependent toxici-
ty for acetaminophen in 3D and 2D cultures. In contrast, the Ala-
marBlue assay didn’t show this dependency for spheroids, here 
only the highest concentration led to a decrease in viability.

Our results indicate that differences may exist between 3D-cul-
tures with fresh and cryopreserved hepatocytes and in compari-
son to standard 2D-culture models. These differences may lead 
to different and conflicting results in the assessment of drug tox-
icity and drug-drug interaction.
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A novel polymer generates  
cell repellent surfaces  
and allows 3D cell culture
Anett Ullrich1, Veronique Schwartz2, Dieter Runge1 and 
Tobias Mentzel2
1PRIMACYT GmbH, Schwerin, Germany; 2Chemovator GmbH, 
Mannheim, Germany
anett.ullrich@primacyt.de 

Once isolated, primary cells are usually placed in an artificial en-
vironment in protein coated plastic or glass containers, where 
they assemble as 2D layer, reshaping their morphology and be-
havior. Limitations in such 2D cultures have been increasingly 
recognized and different systems have been established which al-
low growing primary cell as 3D spheroid. Low attached surfac-
es are chemical defined and can be easily handled, but remaining 
interaction of cell and surface coating may impact the morphol-
ogy and behavior of the cell spheroid. Here, a cell repellent sur-
face with Biofloat solution was generated in uncoated non-tissue 
culture treated U-bottom plates. The plates were used to assem-
ble 3D spheroids with cryopreserved non-human primate he-
patocytes. These cultures were compared to spheroid cultures in 
U-bottom ULA plates available on the market. Time for spheroid 
formation and functionality of 3D cultures in terms of metabol-
ic CYP P450 activities and their inducibility were investigated. 
All products worked to grow spheroids. Round spheroids with 
clear borders were formed. Clear differences could be found in 
shape and kinetic of spheroid formation for the different prod-
ucts. Pre-coated benchmarks tend to form spheroids, which were 
less regular and needed more time to form a compact aggregate. 
This is likely due to remaining adhesion points and interaction 
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Three-dimensional culture improves 
the morphology and function  
of cardiomyocytes derived from 
human pluripotent stem cells
Su-Jin Lee1, Hyeon-A. Kim1,2 and Hyang-Ae Lee1
1Korea Institute of Toxicology, Daejeon, South Korea; 2Chungnam 
National University, Daejeon, South Korea
vanessa@kitox.re.kr 

So far, we have been conducting animal tests or simple in vitro 
assays for preclinical studies in drug development. However, the 
animal models often cannot recapitulate an entire disorder or dis-
ease, and the human system and in vitro assays are too simple to 
reproduce the detailed physiological features observed in vivo. 
The cells derived from a human pluripotent stem cell (hiPSC) of-
fer important advantages for drug toxicity screening against rel-
evant human organ cells and may facilitate drug development. 
Especially, the hiPSC-derived cardiomyocyte (hiPSC-CMs) 
represents a potentially powerful tool to model aspects of heart 
physiology relevant to disease and adverse drug effects. How-
ever, two-dimensional (2D) monolayers of hPSC-CMs are limit-
ed in their ability to mimic native cardiac tissue structurally and 
functionally. To elucidate the physiological changes according to 
culture conditions, we compared the morphological features with 
microscopy imaging analysis and electrophysiological functions 
with cardiac action potential and the relative gene profiling in 
2D- or 3D-cultured hiPSC-CMs. In this study, we found that 3D 
culture induced the intracellular morphological changes of hiP-
SC-CMs with the increased population of organized myofila-
ments and highly quantified mitochondria. The 3D culture also 
enhances the action potential parameters in electrophysiological 
analysis, which is consistent with the result of the increase in car-
diac ion channel expression important to cardiac function. These 
results demonstrate that the 3D culture improves the phenotypi-
cal maturity and electric functionality of hiPSC-CMs.

Acknowledgements: This work was supported by the Tech-
nology Innovation Program funded by the Basic Science Re-
search Program funded by the Ministry of Education (NRF-
2019M3A9H1103719). This work was also supported by the 
Ministry of Food & Drug Safety of Korea (19172MFDS168).
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Impact of culture conditions  
on the expression and function of  
bile acid transporters  
in primary rat hepatocytes
Anett Ullrich1, Vincent Roennpagel2, Tanja Krimmling1, 
Dieter Runge1 and Markus Grube2
1PRIMACYT GmbH, Schwerin, Germany; 2University Medicine 
Greifswald, Institute for Pharmacology, Greifswald, Germany
anett.ullrich@primacyt.de 

In primary hepatocytes, the expression of membrane transport-
ers like the bile acid transporters NTCP (Slc10a1) and BSEP 
(Abcb11) is rapidly downregulated in culture. Therefore, exper-
iments concerning transporter function should be carried out as 
soon as possible after isolation. We analyzed the impact of dif-
ferent culture conditions on the expression and function of both 
transporters in primary rat hepatocytes. The cell suspension was 
directly plated after isolation or kept on ice for 24 h in cell pres-
ervation solution before plating the next day. Transporter ex-
pression was analyzed 2 and 4 days after isolation using qPCR 
and western blot, as well as on functional level for NTCP us-
ing Cholyl-L-Lysyl-Fluorescein (CLF) as substrate. No signifi-
cant differences in transporter expression were detected between 
freshly prepared hepatocytes and cells stored for one day on ice. 
However, both transporters were dramatically downregulated 
after two and four days in culture on mRNA and protein level.  
In contrast to the directly plated cells, hepatocytes seeded after 
24 h on ice showed a higher protein level for NCTP and BSEP 
two days after preparation. These results are in line with our 
transport studies indicating a 30% enhanced uptake of CLF in-
to cells stored on ice for 1 day compared to directly plated ones 
on day two after preparation. The active uptake of CLF could 
be better inhibited by Rifampicin in cells plated on day 1 after 
isolation. These results suggest that the storage of hepatocytes 
on ice for 24 h supports and maintains transporter expression. 
For studying NTCP- and BSEP-mediated transport, this modi-
fied protocol was superior to regular culture until day 2. These 
findings should be taken into account when using hepatocytes 
from external suppliers: ordering of cells in suspension instead 
of plated hepatocytes seems to be advantageous when bile acid 
transporter activities are studied.

Presentation: Posters

mailto:vanessa@kitox.re.kr
mailto:anett.ullrich@primacyt.de


Poster Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 323

teria to be placed on the market. Carcinogenicity was proven to 
be driven by fibers biopersistence in the lungs (Bernstein et al., 
2001). Based on the in vivo results, fibers can be exonerated from 
being classified as carcinogenic (EC 1272/2008), if their clear-
ance from the lungs is fast enough, i.e., weighted fiber half-life 
should be less than 10 or 40 days, for inhalation and intratracheal 
instillation test, respectively. Thus, it is important that fibers are 
biosoluble. The solubility of fibers could be assessed by in vitro 
tests and many methods using different simulated lung solutions 
for acellular in vitro testing of inhaled materials have already been 
developed and proposed (Sebastian et al., 2002; Cannizzaro et al., 
2019; Marques, 2017) however, solutions that simulate lung flu-
ids used for the test vary greatly in the published literature.

In our study, the influence of several simulated lung solutions, 
mimicking the extracellular lung environment, on the dissolu-
tion of glass and stone mineral wool fibers were evaluated. The 
solution formulation varied from simple inorganic to the one con-
taining the most abundant representatives of organic found in ex-
tracellular lung fluid. Solution composition was proven to be af-
fecting the solubility of both glass and stone mineral wool fibers. 
Buffering capacity of the solution and the presence and content 
of organic compounds were shown to be the crucial parameters.
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Simulation of dystocia in bovine  
and equine using models  
preserved by the Elnady Technique
Fawzy Elnady
Virginia Maryland College of Veterinary Medicine, Blacksburg, VA,  
United States
felnady@vt.edu 

Among the major challenges encountered during parturition in 
bovine and equine is dystocia. Dealing successfully with such 
cases depends mainly on the veterinarian’s level of technical 
skills. This work aimed to enhance the training of veterinary stu-
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Successful development of 
recombinant human diphtheria 
antitoxin: A project update
Jeffrey Brown
PETA International Science Consortium Ltd., San Francisco, CA, United 
States
jeffreyb@peta.org 

Diphtheria antitoxin (DAT) is a life-saving drug, but the way it 
and other antitoxins are manufactured hasn’t changed in more than 
100 years. As with most therapeutic antitoxins, DAT is produced 
from the serum of equines who have been hyperimmunized by re-
peated toxin injections. In addition to documented animal welfare 
problems at facilities where hyperimmunized equine serum is pro-
duced, equine antitoxins can cause adverse health effects in hu-
mans who receive them. In recent years, public health authorities 
have noted a global shortage of equine DAT and called for the de-
velopment of alternative products. As a first step toward develop-
ing a non-animal replacement for equine DAT, the PETA Inter-
national Science Consortium Ltd. funded the development of hu-
man monoclonal antibodies against diphtheria toxin that can be 
produced in cell culture. In 2017, we introduced this project and 
presented early results at Word Congress 10. Here, we report the 
successful results of the completed project, which has led to the 
development of a set of fully human diphtheria toxin-neutraliz-
ing antibodies that are ready for clinical development (Wenzel et 
al., 2020). The process used in this project serves as a template 
for other groups interested in replacing animal-derived therapeu-
tic and diagnostic antibodies with human recombinant antibodies.

Reference
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tibodies neutralizing diphtheria toxin in vitro and in vivo. Sci 
Rep 10, 571. doi:10.1038/s41598-019-57103-5 
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The importance of simulated 
lung fluid composition for in vitro 
solubility of mineral wool fibers
Natasa Drnovsek1,2, Ana Georgievski1, Urska 
Kovacic1,3, Eric Pezennec4, M. Debeljak1, P. Kiefer1 
and M. Marinsek3
1Knaufinsulation, Skofja Loka, Slovenia; 2Josef Stefan Institute, Skofja 
Loka, Slovenia; 3Faculty of Chemistry and Chemical Technology, 
Ljubljana, Slovenia; 4Knaufinsulation, Vise, Belgium
natasa.drnovsek@knaufinsulation.com 

In the European Union, vitreous fibers are classified as a potential 
carcinogen to humans, thus they have to fulfill certain safety cri-
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Results: RT-qPCR results show an upregulation of cell-specif-
ic marker genes in experiments with porcine intestinal organ-
oids. Experiments with human intestinal organoids as well as im-
munofluorescence staining are ongoing.

Discussion and Conclusion: Upregulation of cell-specific 
marker genes indicates upregulated expression of the epitheli-
al cells aimed for in the differentiation protocols. Further anal-
yses will show how these cells are arranged and whether they 
are functional so that these organoids can be used to study path-
omechanisms.

Acknowledgement: The project is funded by the H. Wilhelm 
Schaumann Stiftung.
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Cosmetic Europe’s long range 
science strategy non-animal 
safety assessment case study of 
phenoxyethanol in cosmetics
Evita Vandenbossche1, Andreas Schepky2, John 
Troutman3, Eric Hack4, Nicky Hewitt5, Martina Klaric5, 
Gerry Kenna6, Catherine Mahony7, Sam Piechota1, 
Katie Przybylak1, Joan Fisher3, Mark Cronin8, James 
Firman8, Sarah Tozer7 and Matthew Dent1
1Unilever, Bedford, United Kingdom; 2Beiersdorf, Hamburg, Germany; 
3Procter and Gamble, Cincinnati, OH, United States; 4Scitovation, 
Durham, NC, United States; 5Cosmetics Europe, Brussels, Belgium; 
6Cosmetics Europe, Macclesfield, United Kingdom; 7Procter and Gamble, 
Bagshot, United Kingdom; 8Liverpool John Moores University, Liverpool, 
United Kingdom
matthew.dent@unilever.com 

The Cosmetics Europe Long Range Science Strategy (LRSS) is 
performing several case studies to evaluate the practical applica-
tion of Next Generation Risk Assessment (NGRA) for cosmetic in-
gredients. The present work is an exposure led NGRA case study 

dents and novice practitioners in how to deal with various cas-
es of dystocia in large animals. Effective training can minimize 
the stress on the fetus and the dam. We preserved the cadavers of 
a full-term foal, donkey, and two calves using the Elnady Tech-
nique. The developed models are realistic, relatively flexible, du-
rable, dry, and have no offensive odor. Phantoms for holding the 
specimens were constructed for the dam. Together, the training 
models allow the dystocia cases to be presented and corrected. 
They showed a high fidelity and were well received by both the 
students and the instructors.
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Differentiation and upregulation of 
specialized epithelial cells in porcine 
and human intestinal organoids
Judith Lehmann1 and Bettina Seeger1,2
1Institute for Food Quality and Food Safety, Research Groop Food 
Toxicology and Replacement/Complementary Methods to Animal Testing, 
University of Veterinary Medicine Hannover, Foundation, Hannover, 
Germany; 2Center for Replacement and Complementary Methods to 
Animal Testing, University of Veterinary Medicine Hannover, Foundation, 
Hannover, Germany
judith.lehmann@tiho-hannover.de 

Background and Objectives: Due to anatomical and physiolog-
ical similarities, the pig is a popular model for translational re-
search in gastrointestinal diseases. Beside many similarities, 
there are species-specific differences in the pathophysiological 
outcome of diseases like the infection with Yersinia enterocolit-
ica, which causes severe diarrhea in humans while pigs remain 
mostly asymptomatic. In order to study underlying mechanisms, 
intestinal organoids have become an important model. This study 
aims to differentiate and overexpress specialized epithelial cells 
in human and porcine intestinal organoids for investigation of 
molecular mechanisms in zoonoses.

Material and Methods: Human intestinal organoids were dif-
ferentiated from human-derived induced pluripotent stem cells 
while porcine intestinal organoids were generated from porcine 
jejunal crypts. Organoids of both species were first cultured in 
long-term culture medium containing Wnt3a, R-Spondin and 
Noggin. In different experiments, following adjustments to the 
medium were made: IGF-1 and bFGF were added to achieve a 
more diverse and therefore more physiological epithelial cell 
population (Fujii et al., 2018). Further experiments aimed to dif-
ferentiate M-Cells by adding RANKL (Rouch et al., 2016), gob-
let cells by adding DAPT and enteroendocrine cells by adding 
DAPT, IWP-2 and PD0325901 (Basak et al., 2017). The organ-
oids are analyzed for the expression of characteristic markers for 
specialized epithelial cells via RT-qPCR and immunofluores-
cence staining.
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The RTGILL-W1 cell line assay to  
predict fish acute toxicity of 
water samples and chemicals 
(ISO 21115:2019)
Melanie Fischer1, Julita Stadnicka-Michalak1, Adam 
Lillicrap2 and Kristin Schirmer1,3,4
1Eawag, Swiss Federal Institute of Aquatic Science and Technology, 
Dübendorf, Switzerland; 2NIVA, Norwegian Institute for Water Research, 
Oslo, Norway; 3ETH Zürich, Department of Environmental Systems 
Science, Zurich, Switzerland; 4EPF Lausanne, ENAC, Lausanne, 
Switzerland
melanie.fischer@eawag.ch 

The acute fish toxicity test is one of the most commonly per-
formed vertebrate tests in the environmental risk assessment 
of chemicals and water samples. Fish are exposed to different 
concentrations and deaths within a 96hour period are recorded 
as the endpoint. Annually, millions of fish are sacrificed for this 
test, which, together with its large resource need motivates the 
need for alternative testing procedures. Assuming that the gills 
of fish are the major target organ during short term exposure, 
we have developed an in vitro assay based on the rainbow trout 
(Oncorhynchus mykiss) cell line, RTgill-W1. In this assay, 
cells are exposed to chemicals in 24-well plates for 24hours in 
a fully defined exposure medium, L-15/ex. Exposure concen-
trations are verified at the onset and end of exposure, and effect 
data (cell viability) are calculated based on measured chemi-
cal concentrations. Cell viability is assessed by means of three 
fluorescent indicator dyes. These are applied to the same set of 
cells, targeting metabolic activity, cell- and lysosomal- mem-
brane integrity. Two independent validation studies (Natsch et 
al., 2018; Tanneberger et al., 2013) with over 70 organic chem-
icals of varying physico-chemical properties, modes of action 
and toxicities demonstrated the high predictive capability of 
this test to forecast acute fish toxicity (i.e., LC50 values). Nu-
merous municipal and industrial water samples have been ex-
plored as well. Repeatability (intra-laboratory variability) and 
reproducibility (inter-laboratory variability) of the assay have 
been demonstrated in a round-robin study focusing on six test 
chemicals and involving six laboratories from the industri-
al and academic sector (Fischer et al., 2019). As the obtained 
results confirmed the accurate and robust performance of this 
test, the International Standardization Organization (ISO) has 
recently approved the assay as the first international standard 
based on a fish cell line (ISO 21115:2019) – rendering it a fore-
runner in this regard.
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peatability and reproducibility of the RTgill-W1 cell line as-
say for predicting fish acute toxicity. Toxicol Sci 169, 353-364. 
doi:10.1093/toxsci/kfz057 

for the preservative ingredient phenoxyethanol. The case study was 
guided by the SEURAT-1 safety assessment workflow (Berggren et 
al., (2017) and the International Cooperation on Cosmetics Regu-
lation (ICCR) NGRA principles (Dent et al., 2018), with the aim 
of using only non-animal approaches to assure the systemic safe-
ty of this ingredient when present at an active level (1%) in a prod-
uct with a high level of consumer use (body lotion). This strategy is 
aligned with the US EPA’s next generation blueprint for toxicology, 
which seeks to characterize whether a chemical acts via defined bi-
ological pathways/targets or if it may induce cellular changes by a 
non-specific mechanism (Thomas et al., 2019). PBK modelling was 
performed to estimate the internal (plasma) concentration of phe-
noxyethanol in consumers following use of the product. Population 
modelling, taking into account known genetic polymorphisms, pro-
vided a 95th percentile population Cmax of 6.3 µM for phenoxyeth-
anol. In vitro bioactivity data including high throughput transcrip-
tomics, the ability to interact with specific molecular targets and da-
ta evaluating cellular stress were generated and Points of Departure 
(PoDs) were compared with the internal exposure estimations. The 
relevant PoD for risk assessment was the lowest pathway No Ob-
served Transcriptional Effect Level (NOTEL) BMDL10 in HepG2 
cells of 171 µM. Sources of uncertainty were identified and charac-
terised to enable the level of confidence in the safety assessment to 
be assessed. The PoD identified was 27 times lower than the 95th 

percentile Cmax of phenoxyethanol.
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hPlacentox: New method for 
endocrine disruptor assessment 
using a human placental model
Patrice Rat1, Sophie Fouyet1,2, Pascale Leproux1, 
Mélody Dutot1,3 and Elodie Olivier1
1Laboratoire de Chimie Analytique et Toxicologie Expérimentale 
Toxicologie Cellulaire (UMR CNRS 8038), Faculté de Pharmacie de Paris, 
Université de Paris, Paris, France; 2Léa Nature, Paris, France; 3Yslab, 
Paris, France
elodie.oliviertoxicologue@gmail.com 

Background and Objectives: Endocrine disrupting chemicals con-
stitute an important public health issue, since more and more sub-
stances are suspected to be endocrine disruptors. Endocrine dis-
ruptors (ED) are defined by the World Health Organization (WHO) 
as exogenous substances or mixtures that alter function(s) of the 
endocrine system and consequently cause adverse health effects 
in an intact organism, or its progeny, or (sub)populations. Most 
of existing tests dedicated to the assessment of endocrine disrup-
tion only focus on hormonal disturbance and none of them evalu-
ates both hormonal disturbance and adverse effects. Our objective 
was to develop a human placental cell model for the evaluation of 
endocrine disruption potential according to WHO definition. Pla-
centa supports the normal growth and development of the fetus 
by coordinating exchanges of nutrients and wastes between mater-
nal and fetal circulatory systems and by secreting numerous hor-
mones. Placental dysfunctions are therefore commonly associat-
ed to pregnancy disorders. Amongst pregnancy disorders, preterm 
birth has been associated to the purinoreceptor P2X7.

Materials and Methods: We previously selected the human pla-
cental JEG-3 cell line and optimized culture conditions to high-
light chemicals cytotoxicity and named our cell model JEG-Tox 
(Olivier et al., 2021). The release of polypeptide hormones hpL 
and hCG was quantified by ELISA and steroid hormones estradiol 
and progesterone release by fluorescence energy transfer. The ac-
tivation of P2X7 receptor was measured by the YO-PRO-1 assay.

Results: Bisphenol A, dibutylphthalate and 3-benzylidene cam-
phor that are all established endocrine disruptors induced P2X7 
receptor activation and increased or decreased hormones release.

Discussion and Conclusion: Endocrine disruptors (bisphenol 
A, dibutylphthalate and 3-benzylidene camphor) triggered the ac-
tivation of P2X7 degenerative receptor and altered hormones re-
lease in JEG-Tox cells. Based on those results, our method hPla-
centox has been selected by the European academic-private PEP-
PER platform to enter the OECD pre-validation process for the 
assessment of endocrine disruptions.
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E-learning modules to promote 
implementation and development 
of new alternative approaches 
to animal testing: Content 
development and potential 
integration into training courses
Amanda Ulrey1, Chantra Eskes2, Katya Tsaioun3, 
Andrew Lee4, Rob de Vries5, Merel Ritskes-Hoitinga5, 
Judith van Luijk5 and Erin Hill1
1Institute for In Vitro Sciences, Inc., Gaithersburg, MD, United States; 
2Independent Consultant, Fribourg, Switzerland; 3Evidence Based 
Toxicology Collaboration, Baltimore, MD, United States; 4Ecorys, 
Rotterdam, The Netherlands; 5SYRCLE, Nijmegen, The Netherlands
ehill@iivs.org 

Since the publication of the Directive on the Protection of An-
imals used for Scientific Purposes (EU Directive/2010/63), the 
European Commission has supported several initiatives to har-
monize its interpretation and implementation. One such initia-
tive was the creation of online learning modules to (1) facilitate 
the identification of existing non-animal approaches and (2) as-
sist in the development of new alternative approaches among ac-
ademic laboratories, test system suppliers, industry and educa-
tional bodies. Content providers with experience in systematic 
searches, developing and validating new approach methodolo-
gies, and e-learning content creation have collaborated to devel-
op these modules for presentation on the Education & Training 
Platform for Laboratory Animal Science (ETPLAS). Content of 
the modules, including learning outcomes, and demonstrations 
of how the project has translated regulatory guidance into acces-
sible training materials to harmonize interpretation and aid in the 
speed of implementation will be presented. Suggestions for, and 
examples of, potential integration of these modules into academ-
ic courses and job specific industry trainings are provided.
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epidermis (RHE) were successfully validated to investigate in 
vitro potential skin irritants (OECD Test Guideline N°439). 
However, the use of these RHE models has a high degree of 
dependability in the commercial strategies of the suppliers, and 
they have limited accessibility for companies of countries with 
customs barriers. Thus, this study reports the development and 
characterization of a novel epidermal equivalent meant to be 
used for in vitro skin irritant testing. For developing the in-
house RHE, we have modified published protocols (Poumay et 
al., 2004; Pedrosa et al., 2017). The in-house RhE, construct-
ed with neonatal KCs (nKCs) plated on collagen IV-coated in-
serts, presented a well-differentiated epidermis (≈ six layers 
of differentiated viable cells, mature stratum corneum, 64.5 
μm thickness), and resembles human epidermis (Hematoxylin 
staining). This model also demonstrated similarities to native 
human epidermis in terms of marker expression (Keratin-10, 
Keratin-14, Filaggrin, Involucrin). Parameters of cell viabili-
ty (optical density average at 570 nm of 1.6) and barrier func-
tion integrity (IC50 of 3.23 mg/mL – sodium dodecyl sulfate) 
match the quality control criteria adopted by OECD 439. The 
performance of in-house RhE as skin irritation model was eval-
uated by the SkinEthic™ test method with 19 reference sub-
stances (OECD 439); and results shown that the in-house RHE 
was able to discriminate between irritating and non-irritating 
substances. Moreover, its performances as a skin irritation test 
were similar to the ones described in the OECD 439 (Alépée 
et al., 2010; Kojima et al., 2013; OECD 439). Taken together, 
these results demonstrate the potential use of a novel RHE (in-
house RHE) as skin irritation model especially for those coun-
tries in which validated RHEs have limit accessibility.
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Towards an ADME competent 
4-organ-chip
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Samantha Bevan4, Frederic Bois5, András Dinnyés3, 
Paul Walker4, Paul Jennings2, Wolfgang Moritz6  
and Uwe Marx1
1TissUse GmbH, Berlin, Germany; 2Vrije Universiteit Amsterdam, 
Amsterdam, The Netherlands; 3BioTalentum Ltd, Gödöllő, Hungary; 
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United Kingdom; 6InSphero AG, Schlieren, Switzerland
beren.atac@tissuse.com 

Complex human in vitro ADME models involving co-culture 
of key organs to mimic certain exposure routes present a chal-
lenge to establish physiologically relevant organ models as well 
as physiologically based pharmacokinetic (PBPK) distribution 
behavior in the culture environment. In our recent study, we de-
veloped a PBPK compliant ADME 4-Organ-Chip (Chip4) with 
a downscale factor of 1:100,000 of human body. The integration 
of an intestinal barrier model for absorption, liver microtissues 
for the main metabolism, a kidney model with proximal tubu-
lar-like cells and podocytes for excretion, and neuronal spheroids 
as a potential target organ were optimized in the chip and co-cul-
tured for 14 days. We exposed the Chip4 to Haloperidol, an an-
tipsychotic medication in butyrophenone family and to Carba-
mazepine, a tricyclic compound with anticonvulsant properties 
through different routes with a repeated dose to observe their me-
tabolite induced toxic effects on an organ-specific level. We aim 
to develop a testing system as a potential new approach method-
ology for toxicological testing and to increase predictability in 
the preclinical stage with the multi-organ-chip platform.

This project has received funding from the European Union’s 
Horizon 2020 research and innovation program under grant 
agreement No: 681002.
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A novel epidermis equivalent for  
in vitro skin irritation testing: 
Characterization and performance
Viviana Costa Gagosian1, Ana Carolina Schwarzer1, 
Emanoela Thá1, Edvaldo da Silva Trindade1, Cynthia 
Bomfim Pestana2 and Daniela Morais Leme1
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Rebuilding epidermis has been of interest to replace animal 
models for toxicological studies, and six reconstructed human 
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3Rs principles in animal ethics  
and experimentation:  
How a methodology to analyze 
micronucleus can influence  
the excellence of laboratory and  
reduce animal numbers
Maria Paula Mancini Coelho, Bruna Assunção 
Bechtold, Thatiane Nunes de Santana, Julio César 
Cianci, Amanay Sousa de Padua, Carlos Alberto Goia, 
Luis Paulo Fava, Everton Candido Kestner Vecina  
and Juliana Falcato Vecina
Merieux NutriSciences (Bioagri Laboratórios Ltda), Piracicaba, Brazil
juliana.vecina@mxns.com 

The 3R’s Principle was proposed by William Russell and Rex 
Burch in 1959, requesting the replacement, reduction, and re-
finement of experimental methods. Therefore, in the last two 
decades the development of alternative methods to animal ex-
perimentation has been progressing rapidly. In vitro methods 
are extremely important in the evaluation of toxicological sub-
stances, especially those already validated by regulatory agen-
cies (Kandárova e Letasiová, 2011). Among the various meth-
ods, in vitro mutagenicity tests were the first accepted for regu-
latory purposes (Liebsch and Spielmann, 2002). Following the 
global trend and together with the publication of the new regu-
latory framework in Brazil (RDC 294 in July 2019), the Con-
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An innovative millifluidic 3D human 
trabecular cell in vitro platform as 
tool to mimic the pressure variations 
observed in open angle glaucoma
S. Vernazza1, S. Tirendi2, S. Scarfì3,4,  
M. Passalacqua2,4, V. Almonti2,4, S. C. Saccà5  
and A. M. Bassi2,4
1IRCCS Fondazione G.B. Bietti, Rome, Italy; 2Department of 
Experimental Medicine (DIMES), University of Genoa, Italy; 3Department 
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Glaucoma is a chronic, progressive and heterogeneous optic neu-
ropathy marked by progressive optic nerve atrophy and retinal 
ganglion cell death. Up to today, the most common glaucoma 
risk factor is elevated intraocular pressure (IOP) and it is also the 
only clinically modifiable one in glaucoma treatment. However, 
this approach often fails because it does not offer a complete pro-
tection towards the sight deterioration (Overby et al., 2009; Yang 
et al., 2018).

Therefore, a better understanding of both the generation and 
the regulation of the outflow resistance could improve the knowl-
edge of glaucoma therapies.

A significant body of evidence suggests that the inner wall en-
dothelium of Schlemm’s Canal and the juxtacanalicular connec-
tive tissue, which is a part of trabecular meshwork (TM), are re-
sponsible for the intraocular pressure homeostasis maintenance 
(Stamer and Clark, 2017). However, in glaucomatous eyes, due 
to TM damage (i.e., changes in the extracellular matrix deposi-
tion), there is a lack of this proper control and an “extra” outflow 
resistance is generated.

To set up an innovative in vitro model to investigate the ear-
ly molecular mechanisms triggered by pressure increase on a 3D 
model of human TM cells (HTMC), we fine-tuned our platform 
of milli-scaled multi-organ device in a single flow configuration 
(Saccà, 2020) by adding an auxiliary device to simulate the circa-
dian increased pressure flow (IPF). The HTMCs were subjected 
daily to a 10% IPF for 10 h/day, up to 7 days.

Preliminary data evidenced that IFP boost acts as mechanical 
stress on TM, inducing an up-regulation of inflammatory cyto-
kines (TNF-α, IL-1α), profibrotic markers (SPARC, TGFβ2) and 
MMPs gene levels, all strictly linked to ECM turnover. Taking 
into account these preliminary findings, our innovative in vitro 
devised model could provide a useful tool to discover new mo-
lecular targets to restore outflow resistance and/or the TM func-
tions.
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ly, the process of matrix mineralization can only be investigat-
ed by end-point assays that require the destruction of the organ-
oid. Therefore, a sensor-based, reliable and robust method for 
a non-invasive and continuous determination of in vitro matrix 
mineralization would be of great advantage, especially when 3D 
constructs are cultured in microphysiological bioreactors. In the 
presented work, we show data from impedance measurement on 
a collagen scaffold-dummy with osteogenic medium (Schulze 
et al., 2014). Measurements were performed in a bioreactor (ID 
= 13 mm, height = 3mm) which was sandwiched by two imped-
ance foils (Bio24, well B3 with passivated feed line). For imped-
ance measurement a VersaSTAT 3 was used. Impedance spec-
troscopy from 1 Hz to 1MHz with an RMS of 30 mV was per-
formed. The setup was mounted in a Faradic cage which was 
heated to 37°C. With the performed measurement we were able 
to distinguish pure osteogenic medium from a medium soaked 
collagen scaffold by approximately 60 Ω in the real part. During 
the performed proof-of-principle measurement no clear differ-
ence in the imaginary part of the impedance was visible. Further 
measurements with mineralized bone tissue are planned to fur-
ther investigate the possibilities of the technology. The results 
indicate that the proposed geometry can be used to perform im-
pedance measurement at bone scaffolds. Furthermore, a fixed 
frequency of 10kHz and 30mV seems to be suitable for the mea-
surement (Schmidt et al., 2020).
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tract Research Organization (CRO) had to adapt. In this sense, 
our laboratory implemented the in vitro micronucleus analy-
sis, then replacing the previous method, in vivo. During the first 
year, the analyses were performed by conventional microscopy, 
whose disadvantage was their prolonged time to analysis and 
the requirement for specialists, resulting in customer dissatis-
faction and personnel costs. On the other hand, this substitu-
tion has saved about 7000 animals previously used for in vivo 
analysis. After its automation (flow cytometry), it was possible 
to reduce the experimental period to 60 days, and increase the 
laboratory production capacity, previously from 3 to 4 studies 
per month to 16 to 20. Therefore, the implementation of such 
methodology and its automation led not only to the reduction in 
the number of animals used, as well as fast and accurate results 
promoting increased visibility in the market and satisfaction of 
our customers.
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Proof-of-principle for impedance 
measurement with carbon 
electrodes for implementation 
in a bone-on-a-chip system
Joachim Wiest1 and Frank Schulze2
1cellasys GmbH, Kronburg, Germany; 2BfR – Centre for Documentation 
and Evaluation of Alternative Methods to Animal Experiments, Berlin, 
Germany
wiest@cellasys.com 

Organ-on-chip (OoC) systems are a promising alternative to the 
still common animal experimentation. However, when com-
pared to OoC systems found in literature such as lung, liver or 
kidney, bone is underrepresented as indicated by the rather low 
number of proposed systems (Scheinpflug et al., 2018). One 
reason is that the development of bones in-vitro is a time-con-
suming process that can take up to several weeks. Current-
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with molecular targets of epigenetic signaling and inflammation. 
Thus, alternatives will offer perspectives when addressing efforts 
for ethics and lab animals’ welfare.
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Quantitative sensitizing  
potency assessment  
using GARDskin dose-response
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SenzaGen AB, Lund, Sweden
henrik.johansson@senzagen.com 

Proactive identification and characterization of sensitization haz-
ards are central aspects of risk assessment of chemicals. Current 
legislations and trends in predictive toxicology advocate a tran-
sition from in vivo methods to non-animal alternatives, with a 
number of methods for hazard assessment of skin sensitizers cur-
rently available. However, non-animal methods capable of pro-
viding quantitative assessment of sensitizing potency are cur-
rently lacking.

The GARDskin assay is a next-generation in vitro assay for 
hazard assessment of skin sensitizers, currently progressing to-
wards regulatory acceptance. Recently, the GARDskin Dose-Re-
sponse (DR) testing strategy was introduced, in which test chem-
icals are evaluated by the GARDskin assay in a titrated range 
of concentrations, in order to investigate the dose-response re-
lationship between GARDskin classifications and test chemical 
concentration. As such, it provides a quantitative estimation of 
sensitizing potency, referred to as cDV0, which corresponds to 
the least required dose able to generate a positive response in the 
GARDskin assay. The cDV0 value obtained for a test chemical 
may be viewed as an analogue to the LLNA EC3 value, based on 
which further hazard characterization and risk assessment may 
be performed. Statistically significant correlation between the 
GARDskin DR cDV0 and the LLNA EC3, as well as with human 
No Expected Sensitization Induction level (NESIL) estimations 
has been confirmed, thus enabling direct extrapolation between 
the different metrics.

Here, we further illustrate how these results can be used on 
their own to facilitate direct potency-associated ranking of test 
chemicals. Furthermore, we demonstrate how obtained cDV0 
values can be extrapolated to LLNA EC3 values with a 95% 
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in medicinal mushroom research: 
In silico predictive evaluation 
of epigenetic modulatory 
events and anti-inflammatory 
potential of polyphenols
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In silico models emerge as a popular non-animal method to pre-
dict biological activities, due in part, to worldwide pressure to re-
duce, refine and replace the use of animals in science.
Mycotherapy is a promissory source of agents with immuno-
modulating, anti-inflammatory and antitumor properties (Morris 
et al., 2017). We highlight the utility of in silico predictive evalu-
ation of epigenetic modulatory events and anti-inflammatory po-
tential of mushrooms polyphenols by an approach consisting of 
molecular docking coupled to drug-likeness and ADME/T study 
(absorption, distribution, metabolism, excretion and toxicity).

The molecular docking between phenolics and six enzymes – 
two DNA methyltransferases, two histone acetyltransferases and 
two histone deacetylases – was carried out. Free energy (ΔG), 
dissociation constant (Ki) and ligand efficiency (LE) were esti-
mated. In the docking with DNA methyltransferases hesperetin 
showed the strongest interaction in terms of ΔG -10.01 Kcal/mol, 
Ki 45.6 nM and LE -0.46. For histone acetyltransferases, the 
myricetin model showed the robust interaction, ΔG -9.60 Kcal/
mol, Ki 92.3 nM and LE of 0.48. All models achieved similar 
results for histone deacetylases. The molecular interactions be-
tween these enzymes with their phenolic ligands, suggested their 
potential modulating effect on relevant epigenetic events in can-
cer chemoprevention.

The interactions between polyphenols and four proteins in-
volved in inflammation: the transcriptional factor NF-kB, and the 
enzymes NADPH oxidase, 2-cycloxygenase (COX-2) and 5-li-
poxygenase (5-LOX) was also studied. The results showed the 
potential of the quercetin and catechin as inhibitors of NF-kB,  
NADPH oxidase, and COX-2 and, particularly, of homogentisic 
acid as inhibitor of 5-LOX. The homogentisic acid displayed the 
best results in terms of drug likeness and ADME/T tests.

We demonstrate the utility of a computerized workflow to 
identify the structural basis for the interaction of polyphenols 
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confidence interval, thereby also facilitating potency-associ-
ated subcategorization of test chemicals according to UN GHS 
classification criteria. Lastly, we illustrate how results generat-
ed with GARDskin DR can be directly incorporated into existing 
strategies for Quantitative Risk Assessment using an entirely in  
vitro setup.
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Educators’ views on dissection 
alternatives at the onset  
of the COVID-19 pandemic
Pamela Osenkowski, Ignas Karaliunas and  
Merari Diorio
National Anti-Vivisection Society, Chicago, IL, United States
posenkowski@navs.org 

When the COVID-19 pandemic struck in 2020, many schools 
made the decision to cancel face-to-face classes and move in-
struction online. To better understand how the pandemic affected 
science educators’ plans to conduct classroom animal dissection 
exercises, we conducted a nationwide survey of biology teachers 
(n = 2,131) and asked about their experience as classes transi-
tioned online. Our survey revealed that 72% of biology educators 
had planned on having their students participate in classroom 
animal dissection exercises in the spring of 2020. Of those edu-
cators, 29% shifted to the use of dissection alternatives, such as 
web-based programs, as a result of remote learning. Our survey 
investigated which alternatives were most used, whether teachers 
were already familiar with the alternatives, how teachers iden-
tified those alternatives, and whether the educators planned to 
use dissection alternatives again for in-person or online learn-
ing. These survey results provide insight into biology educators’ 
use of dissection alternatives during the COVID-19 pandemic as 
well as their post-pandemic plans and may increase awareness 
and usage of dissection alternatives within the educational com-
munity.
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Development and characterization  
of the Skin Surface  
Temperature Modulation and 
Control (Skin-Temp-MC) device
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The relationship between skin function and barrier properties de-
pends among others on skin surface temperature (SST) and envi-
ronmental conditions. Temperature regulation and water transport 
are both important functions. Changes in SST are known to de-
pend on, e.g., age, gender, body region, blood flow, agitation, day-
time and season of the year (Yosipovitch et al., 1998; Batinga et 
al., 2015). In summary, the in vivo temperature fluctuates around 
the physiological relevant temperature of 32°C, which is reflected 
in the 3R method on in vitro skin absorption set to 32°C ± 1°C. Ac-
cordingly, a fast and accurate monitoring and controlling the SST 
is demanded to evaluate temperature effects and interactions with 
topical formulations.

The Skin-Temp-MC device is equipped with a contact-less IR 
or miniature resistance thermometer. A closed loop system featur-
ing a heating/cooling unit with short reaction time and accurate 
temperature measurement controls the SST. In constant perfor-
mance mode, full thickness pig skin and human skin showed no 
macroscopically visible alteration in surface appearance. In vary-
ing mode, the 24-h in vivo circadian SST rhythm (Lorenz et al., 
2019) was simulated in vitro in less than 1 hour by changing the 
temperature in the heating/cooling element accordingly.

In general, human skin showed a fast response to temperature 
increase or decrease, whereas full thickness pig skin exhibited a 
time lag. Performance qualification on human skin included in-
finite dosing of water tempered to 15°C or 6°C. In both cases, a 
fast on-set and incline similar to a saturating exponential was ob-
served. Cooling of the skin surface with tap water demonstrated 
lower extent (AUC) and maximum temperature decrease (ΔTmax) 
than with water at a temperature of 6°C. Both parameters were 
significantly different for the two different temperatures.
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to assess eye corrosion/irritation  
potential of agrochemical 
formulations
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Multiple in vitro and ex vivo eye irritation and corrosion test 
methods are available as internationally harmonized test guide-
lines for regulatory use. Despite their demonstrated usefulness 
to a broad range of substances, they have not been widely ad-
opted for testing agrochemical formulations due to a lack of 
concordance with results from the rabbit eye test. The inherent 
variability of the rabbit test, differences in the anatomy of the 
rabbit and human eyes, and differences in modeling exposures 
in rabbit eyes relative to human eyes contribute to this lack of 
concordance. Ultimately, the regulatory purpose for these tests 
is protection of human health; therefore, there is a need for a 
testing approach based on human biology. This presentation re-
views the available in vivo, in vitro and ex vivo test methods 
with respect to their relevance to human ocular anatomy, an-
ticipated exposure scenarios, and the mechanisms of eye irrita-
tion/corrosion in humans. Consideration of the mechanisms of 
eye irritation, and the strengths and limitations of the methods 
show that the in vitro/ex vivo methods are as or more reflective 
of human biology and less variable than the currently used rab-
bit test. Combining structural and functional information about 
a test substance with results from human-relevant methods will 
ensure the best protection of humans following accidental eye 
exposure to agrochemicals. 

Funding: This project was funded with federal funds from the 
NIEHS, NIH under Contract No. HHSN273201500010C.
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1Bock Project Management, Tawern, Germany; 2Bayer Vital GmbH, 
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In wound healing, topical gel products support moisture and 
pH-value of small superficial wounds and dexpanthenol sprays 
are recommended for slight burns and sunburn. Some products 
claim an auxiliary cooling effect. Pursuant to 3R, we evaluated 
the impact of selected wound gels and dexpanthenol sprays on 
the extent (AUC) and maximum temperature decrease (ΔTmax) 
on dermatomized human skin in vitro under in-use conditions.

Skin Surface Temperature Modulation and Control (Skin-
Temp-MC) device features a contact-less digital IR and a min-
iature resistance thermometer and allows for fast and accurate 
monitoring and controlling the skin surface temperature. After 
equilibrating the skin surface temperature to 32°C, controls and 
topical products were evaluated. IR thermometer was used for 
gels and water as first aid in burns care (Cho and Choi, 2017; 
Venter et al., 2007). Contact thermometer was used for spray ex-
periments. Controls included tap water (15°C) and cooled wa-
ter (6°C) under infinite-dose conditions, wound gels and topical 
sprays under finite-dose conditions.

Three different cooling curve shapes were observed: 1) fast 
on-set and incline similar to a saturating exponential, 2) falling 
and rising curve progression (rectangular function), and 3) no or 
negligible effect.

Two parameters AUC and ΔTmax enable direct comparison of 
water controls, gels and sprays. Tap water was successfully in-
tegrated as positive control, AUC and ΔTmax were significant-
ly different for both temperatures with the cooling effect being 
greater for the colder water. Bepanthen® Kühlendes Schaum-
spray demonstrated a pronounced cooling, the effect of Pan-
thenol® Spray was very low and statistically different for AUC 
and ΔTmax. Add on, Bepanthen® Kühlendes Schaumspray was 
quickly absorbed by the skin, whereas Panthenol® Spray re-
mained as foam film on the skin surface. Gels BepanGel® Wund-
gel (Zhang et al., 2020), octenisept® Gel and Tyrosur® Wundhei-
lgel were superior to MediGel® Schnelle Wundheilung in terms 
of cooling (AUC and ΔTmax).
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The healthy oral mucosa maintains an ecological balance with 
abundant microbes. It constantly adapts itself to the changing mi-
crobial exposure to maintain homeostasis. However, there is little 
direct evidence supporting this, as most of the current knowledge 
is from animal studies and simple monolayer cells which are less 
human representative. The aim of this study was to develop an 
in vitro co-culture model which closely resembles the interplay 
between the healthy mucosa and the microbiome, to determine 
whether microbes contribute to the oral barrier function, e.g., a 
highly proliferative, extensively stratified, thick and antimicrobial 
defense primed epithelium, with the support of fibroblasts under-
neath. Two optimal models were used: a 3D reconstructed human 
gingiva (RHG), and a multi-species biofilm representing com-
mensal microbiota. The organotypic RHG consists of a stratified 
gingiva epithelium on a fibroblast-populated hydrogel (mimick-
ing lamina propria). Biofilm was cultured from healthy human sa-
liva and consists of typical commensal genera Granulicatella and 
major oral microbiota genera Veillonella and Streptococcus. Bio-
film was applied topically to RHG and host-microbe interactions 
were studied over 7 days. Compared to the unexposed RHG, bio-
film-exposed RHG showed increased epithelial thickness, more 
organized stratification and increased keratinocyte proliferation. 
Furthermore, biofilm exposure increased the production of RHG 
anti-microbial proteins Elafin and HBD2, as well as the transcrip-
tion of Elafin, HBD2 and HBD3 but not HBD1, adrenomedullin 
or cathelicidin LL-37. Inflammatory and antimicrobial cytokine 
secretion (IL-6, CXCL8, CXCL1, CCL20) showed an immedi-
ate and sustained increase indicating protective host response. In 
conclusion, exposure of RHG to commensal oral biofilm active-
ly contributes to the RHG epithelial barrier function. Such a hu-
man-representative model has huge potential for studying the dy-
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using the U-SENS™ assay
Isabelle Lee1, Mihwa Na1, Nathalie Alépée2, Walter 
Westerink3, Irene Eurlings3 and Anne Marie Api1
1Research Institute for Fragrance Materials, Woodcliff Lake, NJ, United 
States; 2L’Oréal Research and Innovation, Aulnay sous Bois, France; 
3Charles River Laboratories, Den Bosch, The Netherlands
ilee@rifm.org 

Ethical considerations and the European Union’s legislative ban 
of animal testing on cosmetic products has accelerated the de-
velopment of several in vitro methods to characterize the skin 
sensitization potential of chemicals. The U-SENS™ assay was 
developed to address the third key event of the skin sensitization 
adverse outcome pathway (AOP) (OECD, 2012), dendritic cell 
(DC) activation, and is described in OECD test guideline 442E 
(OECD, 2017). U-SENS™ quantifies the change in the expres-
sion of a cell surface marker, CD86, associated with monocyte 
and DC activation in the human histiocytic lymphoma cell line 
U937. A dataset of 68 fragrance ingredients comprising of 8 
non-sensitizers and 60 sensitizers was tested in the U-SENS™ 
assay. We aimed to determine how well U-SENS™ predicted 
the sensitization potential of fragrance ingredients when com-
pared to weight of evidence (WoE) from combined historical hu-
man and animal data. Of the non-sensitizers, 3 were predicted 
to be negative while 5 were predicted to be positive. Of the sen-
sitizers, 49 were predicted to be positive, while the remaining 
11 were negative. Positive and negative predictive values were 
91% and 21%, respectively. No specific chemical property (e.g., 
solubility and interference) could account for the misclassified 
ingredients. As a general agreement within the scientific com-
munity, that one single NAM would not be sufficient to replace 
the animal-based methods for skin sensitization, combining 
complementary in silico and in vitro methods to the U-SENS™ 
data should be integrated to define the hazard classification of 
fragrance ingredients and therefore perform the risk assessment.
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To develop a novel intestinal drug absorption system using in-
testinal epithelial cells derived from human induced pluripo-
tent stem (iPS) cells, the cells must possess sufficient pharma-
cokinetic functions. However, the CYP3A4/5 activities of hu-
man iPS cell-derived small intestinal epithelial cells prepared 
using conventional differentiation methods is low. Further, stud-
ies of the CYP3A4/5 activities of human iPS-derived and prima-
ry small intestinal cells are not available. To fill this gap in our 
knowledge, here we used forskolin to develop a new differen-
tiation protocol that activates adenosine monophosphate signal-
ing. mRNA expressions of human iPS cell-derived small intes-
tinal epithelial cells, such as small intestine markers, drug-me-
tabolizing enzymes, and drug transporters, were comparable to 
or greater than those of the adult small intestine. The activities 
of CYP3A4/5 in the differentiated cells were equal to those of 
human primary small intestinal cells. The differentiated cells 
had P-glycoprotein and PEPT1 activities equivalent to those of 
Caco-2 cells. Differentiated cells were superior to Caco-2 cells 
for predicting the membrane permeability of drugs that were ab-
sorbed through a paracellular pathway and via drug transporters. 
In summary, here we produced human iPS cell-derived small in-
testinal epithelial cells with CYP3A4/5 activities equivalent to 
those of human primary small intestinal cells.
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namic host-microbe interactions in the oral cavity, thus providing 
a valuable platform for further studies, e.g., the effect of oral-ad-
ministrated cosmetics, health care products and medication which 
may influence the healthy host-microbiome balance.
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and organize discussion of science-
policy needs for a sustainable 
regulation of chemicals
Martin Paparella1, Andrew Worth2, Francois Busquet3 
and Christof Paparella4
1Medical University Innsbruck, Innsbruck, Austria; 2European 
Commission, Joint Research Centre (JRC), Ispra, Italy; 3Altertox, Brussels, 
Belgium; 4International Input-Output Association (IIOA), Vienna, Austria
martin.paparella@i-med.ac.at 

The success of the European Green Deal and its Chemicals Strat-
egy for Sustainability (European Commission, 2020) will de-
pend on Green Chemistry. The latter implies the need to improve 
the safety of chemical processes, avoid waste, use renewable 
feedstock, improve the energy footprint, and change to safe and 
sustainable chemicals and products. For safety and sustainabili-
ty, Green Chemistry needs Alternative Methods (Worth, 2020), 
i.e., Non-Animal Methodologies (NAMs), but it may also prof-
it from an alternative socio-economy reducing the overall expo-
sure to chemicals and alternative regulatory procedures. Here we 
draw a mind-map, outlining the hypothesis, that a Green Chemis-
try policy can lead to a society, in which there is always an alter-
native to animal testing, be it NAMs, or alternatives to the use of 
pesticides, biocides, chemicals and pharmaceuticals, or alterna-
tive regulatory assessment processes requiring comprehensive, 
green chemistry and NAM toxicology datasets for sustainable 
uses. For the success of Green Chemistry and alternatives to ani-
mal testing, an international science-policy dialogue may also be 
essential as well as the development of indicators to set goals and 
monitor the transition to sustainability. This may include pro-
gressive, utopian ethical and socio-economic policy discussions 
as drivers for longer term developments. Examples concern the 
need to take seriously the conflicts from empathy and ethical ar-
guments for animal protection and the need to overcome current 
economic growth constraints to achieve true human wellbeing. 
In addition, targeted education may be essential. We are inviting 
congress participants to extend our mind-map for a collective un-
derstanding and engagement with all stakeholders.
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Microphysiometric systems offer alternative approaches to ani-
mal experiments in various applications (Brischwein and Wiest, 
2019). Reference electrodes are usually required to implement 
electrochemical microsensors in such systems (McConnell et 
al., 1992). To investigate the cytotoxic properties of silver-based 
electrodes in microfluidic systems, we performed a biocompati-
bility assay based on contact inhibition (Wiest, 2016) and com-
pared the cytotoxic effect of a silver wire coated with silver chlo-
ride to that of a bare silver wire. We found that a zone of cy-
totoxicity developed around both wires. Remarkably, the silver 
chloride coated silver wire produced a larger cytotoxic zone than 
the bare wire after the same elapsed time. The larger cytotoxic 
zone is probably due to the fact that the silver chloride coating 
emits Ag+ ions with a higher flux than the pure metallic silver 
surface. A possible explanation is that in silver chloride the sil-
ver is bound in the form of an ionic bond, and in silver as a met-
al bond. Another explanation would be a manufacturing-induced 
increase in the roughness of the silver chloride layer and the as-
sociated larger interfacial surface area. We modelled the ob-
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Based on the 2019 annual government report, 410 Institutional 
Animal Care and Use Committees (IACUCs) were registered 
with the Animal Protection & Welfare Division of the Animal 
and Plant Quarantine Agency, Ministry of Agriculture, Food 
and Rural Affairs. Korea IACUCs are classified as four differ-
ent types: hospitals (35), government (73), academia (126), and 
industry (176). The authors developed Korean Guides, to pro-
vide consistent application of animal study protocol templates, 
simplifying effective and efficient protocol review incorporat-
ing Korean laws and required regulations: “Guide for the An-
imal Study Protocols” and “Guide for the IACUC Lay Mem-
ber”. This project was funded by the Animal and Plant Quar-
antine Agency and the Bioethics Information Centered (BIC) 
Study. A national survey was conducted from 22 September 
to 20 October 2020, to determine the views of three specific 
groups on the draft guides and protocol templates, namely: IA-
CUC members, IACUC administration staff, and researchers. 
Three different types of questionnaires were prepared, accord-
ing to the requirements for each specific group, with a link to 
the online version. A supporting email to all IACUC adminis-
tration staff was distributed by the funding government agency. 
A total of 162 respondents participated: 43 IACUC members, 
50 IACUC administration staff, and 69 researchers. The results 
were analyzed by professional survey consultants and the find-
ings informed the final version of the two Guides, published 
in December 2020. The funding government agency is also 
shared the findings of the survey with those directly involved 
with the care and use of animals for scientific purposes, i.e., in-
stitutional managers, investigators, IACUC and staff members, 
animal carers, as well as animal advocacy groups and those in-
volved with policy and legislation. This paper provides an as-
sessment of the overall processes within the Korean research 
community, as well as a number of the issues and recommen-
dations for improvement.
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The E-Morph Assay is a novel in vitro screening assay that 
addresses a human-relevant functional endpoint, i.e., the es-
trogen-dependent reorganization of cell-cell contacts in breast 
cancer cells (Bischoff et al., 2020; Kornhuber et al., 2021). We 
used this assay to screen a library of 440 toxicologically rele-
vant industrial chemicals, biocides and plant protection products 
that were proposed to act on nuclear hormone receptors (estro-
gen receptor, androgen receptor, glucocorticoid receptor and thy-
roid-stimulating hormone receptor). The E-Morph Assay detect-
ed known estrogenic substances with relative potencies that cor-
related very well with the ER bioactivity score published by the 
U.S. EPA Endocrine Disruptor Screening Program. Moreover, 
the E-Morph Assay identified substances with yet undescribed 
estrogenic activity, and the two known anti-estrogens Tamoxifen 
and Raloxifene. These results provide a proof-of-concept study 
demonstrating the applicability of the E-Morph Assay in cell-
based HTS approaches.

A European and international (PCT) patent application for 
the E-Morph Assay has been filed at the European Patent Office 
(Schönfelder et al., 2019).
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approach methodologies for 
consumer-based risk assessment: 
Challenges and future perspectives
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Using the risk assessment of 0.1% coumarin in a face cream and 
body lotion as an exemplar case study, we recently demonstrated 
how new approach methodologies (NAMs) can be applied in Next 
Generation Risk Assessment (NGRA) to assess the safety of con-
sumer product ingredients (Baltazar et al., 2020). While this study 
helps build confidence in the use of NAMs for consumer-based 

served propagation of cytotoxic zones in a numerical simulation 
to predict them in fluidic systems. How the observed difference 
between the two effects is divided cannot yet be distinguished 
and is subject of further research. This includes investigation of 
possible other influences such as cellular sensing properties.
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Adverse health effects caused by the unintended exposure to en-
docrine disrupting chemicals (EDCs) including substances with 
anti-/estrogenic activity in the environment, food, and consumer 
products are of high public concern. Exposure to EDCs that in-
terfere with normal estrogen hormone function can lead to im-
paired development, reproduction, and carcinogenesis. The tra-
ditional in vivo studies for the identification and characterization 
of EDCs are time consuming, expensive, and require high num-
bers of test animals. In view of the up to 800 substances that have 
been listed as suspected EDCs in recent years and the more or 
less unlimited number of possible co-exposure scenarios, mod-
ern cell-based high-throughput screening (HTS) approaches are 
increasingly playing a central role in regulatory toxicology.
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ate an in vitro human model of the air-blood-barrier, we co-cul-
tured alveolar epithelial cells (hAELVi cell line; Kuehn et al., 
2016) with monocyte-derived macrophages (differentiated THP-
1; Kletting et al., 2018) on the organ-on-chip. The co-culture was 
subjected to dynamical stretch, emulating the physiological com-
pression and expansion of the alveolar surface during breathing. 
Additionally, to model alveolar inflammation and anti-inflamma-
tory drug administration, the co-cultures were subjected to dif-
ferent inflammatory stimuli, like lipopolysaccharide, and the an-
ti-inflammatory drug Budesonide, respectively. Subsequent cy-
tokine release from the co-cultures was analyzed by bead-based 
flow cytometry. Transepithelial electrical resistance and paracel-
lular permeability were measured to monitor barrier integrity in 
static and breathing-like conditions. Interestingly, the intensity 
of inflammatory response seems to be modulated by the breath-
ing motion and is weaker than in static conditions, highlighting 
the importance of dynamics in modeling the air-blood-barrier in 
vitro. Treatment with Budesonide mitigated cytokine release in 
both static and dynamic conditions.

Acknowledgment: Authors are members of the AiM4DoC proj-
ect (Advanced Inhalation Model for Drug Discovery on Chip) 
founded by the Eureka Eurostars™ program (Project ID E! 
12977 – AIM4DoC).
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A proof of concept study to 
investigate the applicability domain 
for agrochemical formulations
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Several in vitro methods for detection of skin sensitization have 
been formally validated for regulatory use The Genomic Aller-
gen Rapid Detection (GARD™) is a genomic based assay plat-

risk assessments, there is an on-going need to demonstrate that 
these approaches can be used to define low-risk consumer expo-
sures for a wider range of chemicals, exposure scenarios and end-
points. In general, the use of NAMs in NGRA are critically depen-
dent on being able to integrate computational modelling approach-
es with in-vitro assay data in a robust manner. This encompasses 
a range of challenges, including that the assay data and associat-
ed metadata are generated in accordance with appropriate quali-
ty standards and are reproducible; that uncertainties in model in-
ferences can be quantified using appropriate computational ap-
proaches; that both the models and assay designs undergo relevant 
forms of evaluation. In order illustrate and discuss these issues 
further, we will draw on specific examples from our recent work 
on evaluating NAMs for use in systemic toxicity and skin allergy. 
The intention is that these will help illustrate the future challenges 
that need to be addressed in order to ensure the wider acceptance 
of NGRA for consumer-based risk assessment.

Reference
Baltazar, M. T., Cable, S., Carmichael, P. L. et al. (2020). A next 

generation risk assessment case study for coumarin in cosmet-
ic products. Toxicol Sci 176, 236-252.
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An in-vitro model of 
alveolar inflammation on a 
breathing lung-on-chip
Clémentine Richter1,2, Alberto Hidalgo1, Patrick 
Carius1,2, Nuria Roldan3, Janick Stucki3, Nina Hobi3, 
Brigitta Loretz1, Nicole Schneider-Daum1 and  
Claus-Michael Lehr1,2
1Helmholtz Institute for Pharmaceutical Research Saarland, Helmholtz 
Center for Infection Research, Saarbrücken, Germany; 2Department of 
Pharmacy, Saarland University, Saarbrücken, Germany; 3AlveoliX AG, 
Swiss Organ-on-chip Innovation, Bern, Switzerland
clementine.richter@helmholtz-hips.de 

The rising need for alternative methods to animal testing in the 
context of inhaled drug development and pulmonary disease 
modeling is leading to the development of organ-on-chip sys-
tems with complex cellular in vitro models. Traditional in vitro 
models lack complex structural and dynamic environment as 
well as cellular diversity, which are essential to precisely emu-
late pathological conditions and predict drug response. We aim 
to develop an advanced and robust in vitro model of the human 
alveolus based on the organ-on-chip developed by AlveoliX AG 
(Stucki et al., 2018), which allows for physiological stretch and 
aerosol exposure within the Vitrocell® Cloud System.

The human air-blood-barrier in the alveoli is the largest epi-
thelium in direct contact with air, making it a significant way of 
entry for both pathogens and pharmaceutical agents. To gener-
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Data on the extent of invasive biomedical procedures on dogs 
in U.S. laboratories were accessed across several key sources of 
information, including research publications, National Institutes 
of Health (NIH) grant proposals, and United States Department 
of Agriculture (USDA) data.

Publication and grant data indicated the largest number of in-
vasive biomedical procedures using dogs involved some type of 
cardiovascular research, although the number of dogs per study 
was typically not large. Another significant category for dog use, 
drug/regulatory studies, often involved a greater number of dogs. 
Certain data categories were susceptible to missing or incom-
plete information, including dog number, pain management, dog 
source, and disposition of dogs. Justifications for selecting dog as 
the animal model were usually provided, although consideration 
of alternatives was not. USDA data provided information about 
laboratory uses of dogs by USDA-licensed institutions, includ-
ing number, cost, and sources of dogs; number of painful proce-
dures; and Animal Welfare Act violations.

Results of this study will be used to inform and support initia-
tives to reduce, refine, and replace dogs in invasive biomedical 
research. They may also benefit parallel initiatives such as the re-
cent recommendation from the National Academies of Sciences, 
Engineering, and Medicine for the U.S. Department of Veterans 
Affairs to collaborate on identifying alternatives.1

Support: Grant to NAVS from Carroll Petrie Foundation.

Reference
National Academies of Sciences, Engineering, and Medicine 

(NASEM) (2020). Necessity, use, and care of laboratory dogs 
at the U.S. department of veterans affairs. The National Acade-
mies Press. doi:10.17226/25772 
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A study on the correlation 
between the HET-CAM and the 
reconstructed vaginal tissue model 
for safety test of feminine wash
Minseok Choi, Won-Hee Jang and Susun An
Safety & Regulatory Division, Research and Development Center, 
Amorepacific, Yongin, South Korea
ms.choi@amorepacific.com 

For assessing vaginal irritation of feminine wash, the rabbit 
vaginal irritation test (RVI) has been the most frequently used. 
However, since March 2009, using animal for testing cosmetics 
has banned by the council of the European Union, and also has 
banned in Republic of Korea since February 2017. According 
to the trend of animal testing ban, many alternative animal test 

form which is currently being assessed for inclusion in the OECD 
test guideline program. GARDskin and GARDpotency, address-
es Key Event 3 (dendritic cell activation) of the skin sensitization 
Adverse Outcome Pathway, and provides reliably potency infor-
mation for several chemical classes.

The purpose of this work is to verify the applicability domain 
of GARDskin and GARDpotency, for the product class of agro-
chemical formulations to favor future regulatory uptake.

For this proof of concept, 20 agrochemical formulations were 
tested using GARDskin. When GARDskin was positive, GAR-
Dpotency assay was used to determine the severity of sensitiza-
tion potential. Tests were conducted according to the assay de-
veloper Standard Operating Procedures. The selected agrochem-
ical formulations were liquid (11 water-based; and 9 organic 
solvent-based) with a balanced distribution (11 not classified; 7 
GHS cat 1B; 2 GHS cat 1A, which is rare for agrochemical for-
mulations). GARD results (available for 18 formulations at this 
time) were compared with in vivo data (mouse LLNA) already 
available for registration purpose, in order to verify concordance 
(GHS hazard and potency categories). For hazard, GARDskin 
was able to correctly identify 7/10 not classified (true negatives) 
and 7/8 GHS1B/1A (true positives), with 1 false negative and 3 
false positives. The accuracy, sensitivity, and specificity for pre-
diction of hazard were 77.8% (14/18), 87.5% (7/8) and 70.0% 
(7/10), when using available LLNA results as classification refer-
ence. Additionally, GARDpotency was able to correctly identify 
5 GHS cat 1B and 1 GHS cat 1A out of 7 correctly predicted sen-
sitizer (underprediction from 1A to 1B occurred in 1 case).

In conclusion, GARDskin and GARDpotency, showed a satis-
factory performance in this initial proof of concept.
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Dog as the experimental  
model: Laboratory uses of dogs  
in the United States
Sherry L. Ward1,2 and Pamela Osenkowski3,4
1BioTred Solutions, New Market, MD, United States; 2University 
of Maryland Global Campus, Adelphi, MD, United States; 3National 
Anti-Vivisection Society (NAVS), Chicago, IL, United States; 4Loyola 
University, Chicago, IL, United States
wrdclss@hotmail.com 

Dogs are used in all types of biomedical research, from behav-
ioral to invasive surgical procedures, often resulting in pain and 
distress to the animals and, ultimately, in their death. While the 
literature reporting research studies using dogs is extensive, there 
are few reviews focusing more broadly on the use of dogs in bio-
medical research. Therefore, NAVS undertook a study to inves-
tigate how dogs are currently being used in invasive experiments 
in the United States.
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When twelve skin sensitizers and three non-sensitizers were 
reacted with NBD-GSH, adducts formed only with the skin 
sensitizers and LC-MS analyses showed that NBD-GSH react-
ed with the skin sensitizers via its thiol and amino groups. Us-
ing 1-chloro-2,4-dinitrobenzene known as a strong skin sensi-
tizer, the limit of detection (LOD) of an NBD-GSH adduct was 
determined as the concentration of 6 × 10-8 mol/L in a sample 
solution by LC with fluorescence detection. When primary al-
cohol was oxidized and the reaction mixture was incubated with 
NBD-GSH, an NBD-GSH adduct formed with the trace level of 
skin-sensitizing aldehyde which was produced as an intermedi-
ate between the corresponding alcohol and carboxylic acid, and 
could be specifically detected by fluorescence detector and iden-
tified by LC-MS. We will demonstrate that this method will be 
useful for detection and identification of small amounts of skin 
sensitizers in raw materials, intermediates, reaction mixtures, 
and end products in the chemical industry.
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Pyrogen detection in pharmaceutical 
quality control: Moving away 
from the rabbit pyrogen test with 
a ready-to-use monocytic cell line
Laure Robert
Merck, Illkirch-Graffenstaden, France
laure.robert@merckgroup.com 

The batch release of parenteral drugs relies on several quality 
control tests including the pyrogen test. Currently, the standard 
test is the rabbit pyrogen test (RPT), which has been widely used 
for decades despite known weaknesses.

After the discovery of the reaction of Limulus Amebocyte Ly-
sate (LAL) towards endotoxin (a very potent pyrogen coming 
from Gram negative bacteria) the LAL test was progressively 
adopted by the pharmaceutical industry, as a replacement of the 
RPT for batch release.

If the RPT can measure the actual pyrogenic reaction in rab-
bits, the LAL test can only detect the presence of one pyrogen-
ic contaminant (lipopolysaccharide, LPS) in a sample, leaving 
the risk to miss out on other pyrogenic contaminants, often men-
tioned as non-endotoxin pyrogens (NEPs). It is also worth men-
tioning that the LAL test highly relies on the use of an endan-
gered animal species.

In the 90s, the first monocyte activation test (MAT) was 
patented, opening a new way for in vitro pyrogen tests. MAT 
brings several advantages: it is a test that mimics the human re-
action to pyrogens, thanks to the release of cytokines by mono-
cytic cells. Recently, ready-to-use solutions have been de-
veloped to facilitate the implementation of MAT in pharma-

methods for testing safety of personal care products and ingredi-
ents have been developed. Cell-based models, reconstructed tis-
sue models and explant-based models are a typical in vitro test 
for assessing irritation of feminine wash. These have been con-
firmed that they have the potential to replace the RVI.

Hen’s egg-chorioallantoic membrane (HET-CAM) assay has 
been used as an alternative method to the Draize rabbit eye irrita-
tion test. And it is now widely used. According to ISO 10993-10, 
it is suggested that irritation potential for eye and vaginal mem-
brane is similar (Palmeira-de-Oliveira et al., 2018).

In this study, the correlation between the HET-CAM and the re-
constructed vaginal tissue model in vaginal irritation test of fem-
inine wash was studied. It was tested in various products, such as 
gel and bubble types. Test results showed different levels of irrita-
tion. These results were similar in the two test methods and were 
able to distinguish between severely and weak irritating prod-
ucts. The R2 between the two methods was 0.6164 for gel types, 
0.7117 for bubble types and 0.6846 for total products. We have 
confirmed the possibility of HET-CAM as a test method for vag-
inal irritation test through a comparative study of the HET-CAM 
and the reconstructed vaginal tissue model. The HET-CAM has 
the advantage of saving time and cost compared to other vaginal 
irritation tests (RVI, the reconstructed vaginal tissue model).

Reference
Palmeira-de-Oliveira, R., Monteiro Machado, R. et al. (2018). 
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Identification of skin sensitizing 
impurities in reaction mixtures by 
fluorescent nitrobenzoxadiazole-
labeled glutathione
Gaku Yamamoto, Takashi Tokunaga, Teruki Takahashi, 
Makiko Mukumoto, Masayuki Sato and Masahiko 
Okamoto
Sumitomo Chemical Co., Ltd., Osaka, Japan
yamamotog1@sc.sumitomo-chem.co.jp 

Allergic contact dermatitis is a critical issue in the development 
of new chemicals. Even when exposed to minor impurities with 
strong skin-sensitizing properties, allergic contact dermatitis 
can be induced. However, it is very difficult to identify them in 
product mixtures. In this study, in order to identify very small 
amounts of skin sensitizers in mixtures, we designed fluorescent 
nitrobenzoxadiazole-labeled glutathione (NBD-GSH) and devel-
oped a new method to detect and identify them as NBD-GSH ad-
ducts with high sensitivity by liquid chromatography (LC) with 
fluorescence detection and mass spectrometry (MS).
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Kolle, S. N., Mathea, M., Natsch, A. et al. (2021). Assessing 
experimental uncertainty in defined approaches: Borderline 
ranges for in chemico and in vitro skin sensitization methods 
determined from ring trial data. Appl In Vitro Toxicol, Epub. 
doi:10.1089/aivt.2021.0003
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Cytotoxicity evaluation of 
tetrabromobisphenol A  
and polystyrene nanoplastics 
on RTgill-W1 fish cells
Inés Tejeda, Ana Peropadre, Patricia Soto-Bielicka, 
Miguel Martin, Mª José Hazen and Paloma Fernández 
Freire
Biology Department (Cell Biology), Faculty of Sciences, Universidad 
Autónoma de Madrid, Madrid, Spain
ines.tejeda@estudiante.uam.es 

Brominated flame retardants (BFRs) and nanoplastics (NPs) are 
contaminants of emerging concern due to their persistent and 
ubiquitous presence in the environment. Most of these com-
pounds can be bioaccumulated through the food chain, poten-
tially causing detrimental effects on human and environmental 
health. Particular interest is now focused on the ability of NPs to 
interact with other chemical pollutants which might increase the 
toxic effects in aquatic organisms.

This work evaluates the cytotoxic effects of tetrabromobisphe-
nol A (TBBPA), one of the most prevalent BFR, and polystyrene 
nanoparticles (CML Latex Beads, 40 nm) in a rainbow trout gill 
epithelial cell line (RTgill-W1), after individual and combined 
exposures for 24 hours. Different culture media compositions 
were tested to compare their influence on cytotoxicity: L15 with 
10% serum, L15 with 2% serum, and L15/ex. Three complemen-
tary endpoints were used to assess metabolic activity (Alamar 
Blue, AB), and integrity of plasma membrane (5-Carboxyfluo-
rescein Diacetate Acetoxymethyl Ester, CFDA-AM), and endo-
somal compartment (Neutral Red Uptake, NRU). After evaluat-
ing single exposures in concentrations ranging from 1 to 150 µM 
for TBBPA (0.27-108.8 µg/mL) and from 0.1 to 200 µg/mL for 
NPs, relevant conditions were selected for co-exposures. In addi-
tion to the cytotoxicity evaluation, further experiments were con-
ducted, including alkaline comet assay for potential genotoxicity, 
perturbations of transepithelial resistance (TEER), and morpho-
logical evaluation of cell cultures.

Our results suggest that both TBPPA and NP have detrimental 
effects on the viability of RTgill-W1 cells under our experimen-
tal conditions, both individually and in combination. The toxic 
injury is highly dependent on the composition of the exposure 
media, being metabolic activity the most sensitive endpoint. The 

ceutical quality control laboratories, including a test system 
relying on the use of a ready-to-use monocytic cell line, the 
Mono-Mac-6 cell line.

Although MAT has been accepted as a compendial method in 
the European Pharmacopeia for more than 10 years, its adoption 
has remained slow. One of the concerns relates to the ability of 
monocytic cell lines to detect NEPs.

We have demonstrated that the MM6 cells are suitable for the 
detection of various NEPs targeting different monocytic toll-like 
receptors, making MM6 cell line-based MAT suitable for RPT 
replacement.

Presentation: Poster

989

Assessing experimental 
uncertainty in defined approaches 
for skin sensitization
Susanne N. E. Kolle1, Miriam Mathea1, Andreas 
Natsch2, Barbara Birk1 and Robert Landsiedel1
1BASF SE, Ludwigshafen, Germany; 2Givaudan Schweiz AG, Kemptthal, 
Switzerland
susanne.kolle@basf.com 

Prediction models of most toxicological assays translate con-
tinuous data to a binary classification (“positive” or “negative”) 
using cut-off values. Mostly these cut-offs do not consider da-
ta variability. Some OECD test guidelines, however, provide a 
range close to the cut-off: If a test result is in this range, a rep-
etition of the test is proposed. Yet, these ranges were based on 
few data and not systematically derived. In the present study 
we determined the borderline ranges from multi-laboratory 
ring trial studies for five non-animal methods addressing skin 
sensitization: Direct Peptide Reactivity Assay (DPRA, OECD 
TG 442C), KeratinoSens® and LuSens (OECD TG 442D), and 
human cell line activation test (h-CLAT, OECD TG 442E) as 
well as the kinetic direct peptide reactivity assay (kDPRA; draft 
update of OECD TG 442C). We used a uniform statistical ap-
proach based on the log median absolute deviation (MAD). Im-
plementing the proposed borderline ranges helps to assess cer-
tainty of both individual test result and of combinations of mul-
tiple data sources in a defined approach (DA) or an integrated 
approach. The draft OECD guideline on DAs for skin sensitiza-
tion provides the first regulatory application of borderline rang-
es to the “2 out of 3” DA.
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Immunogenicity studies of  
pre- and post-exposure anti-rabies  
vaccination (ARV) using  
BALB/c mice: A systematic review
Hasanthi Rathnadiwakara1, Chandrindu Abeykoon2, 
Ranil Jayawardena1, Merel Ritskes-Hoitinga3 and 
Mangala Gunatilake1
1Department of Physiology, Faculty of Medicine, University of Colombo, 
Nugegoda, Sri Lanka; 2Department of Veterinary Clinical Sciences, Faculty 
of Veterinary Medicine and Animal Science, University of Peradeniya, 
Peradeniya, Sri Lanka; 3Systematic Review Centre for Laboratory 
Experiments, Nijmegen, The Netherlands
hasanthirathnadiwakara.pdn@gmail.com 

Vaccination against rabies is an effective control measure of the 
disease. Immunity development following ARV needs optimiza-
tion of various immune parameters. Those parameters were test-
ed initially in laboratory animal models before their testing in 
large animals. We conducted a systematic review (SR) of stud-
ies performed on laboratory animal models to assess immune pa-
rameters that affect the immunity development following ARV.

PubMed, Web of Science and SCOPUS were searched for rel-
evant publications until 14.06.2020. Relevant publications were 
selected based on pre-determined inclusion/exclusion criteria by 
two independent reviewers.

Our search revealed that BALB/C mouse is the mostly used 
model in this regard. Five studies which used BALB/C mice 
commencing from year 2000 until the search date were selected 
for this paper. Except one, all studies have used female mice. Age 
group varied from 4 to 8 weeks. All studies have used plasmid/
DNA vaccine constructs and immunity level was determined by 
measuring rabies virus neutralizing antibody titers (VNA).

Based on the review, most effective route of vaccination was 
intramuscular (IM) with the dose of 100 µg/100 µl of the vac-
cine construct. Using doses > 100 µg, provided no advantage 
in the IM route. In all studies, IM immunization have shown > 
50% protection after the post-vaccination virus challenge. In 
post-exposure studies, DNA vaccine constructs had triggered 
the production of rabies-specific antibodies as rapidly as cell cul-
ture-based vaccines and protection from the challenge were > 
50%, even with a single dose. A study showed gene-gun deliv-
ery method for the immunization had been effective in produc-
ing a VNA titer of 8 IU/ml but was less than with IM vaccina-
tion (VNA = 16 IU/ml). Another study showed the effectiveness 
of administrating comparatively higher doses of oral vaccines 
which significantly increased VNA titers with > 50% protection 
following the challenge.

In the conclusion, BALB/C mice seems to be an effective 
screening model for immunogenicity following ARV.
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presence of serum in the culture media influences the behavior 
of the polystyrene nanoparticles, inducing aggregation and high-
er nanoparticle sizes, which could partially explain the observed 
effects.
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Increasing the availability and 
quality of human tissue for research
Janine McCarthy and Kristie Sullivan
Physicians Committee for Responsible Medicine, Washington, DC,  
United States
jmccarthy@pcrm.org 

Advances in 3D and other in vitro tissue model systems have led 
to important developments in research on human diseases, ad-
vancement of novel therapies, and safety testing. In addition, his-
tological and cellular studies of human tissues continue to serve 
as keystones in understanding disease and health processes. 
Technologies, like organs-on-chips and 3D bioprinting, rely on 
human cells and have the potential to have a powerful impact on 
scientific advancement. As interest grows in using more human 
tissues, guidelines are needed to encourage consensus among 
stakeholders concerned with the use of human tissues and hu-
man-model systems, to establish and maintain best practices, to 
promote effective quality control systems, to facilitate education 
and training, to support journal editors, and to help end users and 
regulators who need to understand results and draw conclusions 
based on human tissue data. A lack of a standardized approach 
to the donation, procurement, and processing of tissue, coupled 
with the absence of a U.S. wide strategy to oversee recovery and 
use leaves gaps in tissue quality and availability. Our working 
group, comprised of stakeholders from the research community, 
regulatory agencies, and organ procurement organizations, are 
exploring and addressing the barriers to the use of human tissues 
and cells in research. We have established a set of recommenda-
tions and are developing guidelines for standardizing the charac-
terization of human tissues and cells to facilitate greater access to 
high-quality human tissues for biomedical research and toxicol-
ogy and help ensure the transition away from the dependence on 
animal models.
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Generation of reporter-gene 
models based on genetically 
engineered progenitor cells 
using CRISPR-Cas9 technology
Marion Alriquet, David Bovard, Rémi Dulize, David 
Bornand, James Battey, Emmanuel Guedj, Nicolas 
Sierro, Karsta Luettich, Marco van der Toorn, Stefan 
Frentzel and Julia Hoeng
Philip Morris Products S.A., Neuchâtel, Switzerland
marion.alriquet@pmi.com 

CRISPR-Cas9 has become a very popular gene-editing tech-
nique and its potential applications, including in the field of tox-
icology, are endless.

We present a new approach for generating reporter-gene mod-
els based on genetically engineered progenitor cells, which 
could make toxicity assessment of whole aerosols in vitro fast-
er. We focused on the stress-induced protein heme oxygenase 1 
(HMOX1) and tagged it with green fluorescent protein (GFP) by 
CRISPR-Cas9-mediated knock-in. With the induction of the fu-
sion protein being driven by the endogenous promoter of the tar-
get gene, such reporter models allow easy monitoring of stress 
responses upon treatment with test compounds.

The method was first established in the immortalized cell line 
HEK293, in which five different guide RNAs (gRNAs) were 
screened. Four of them targeted an area close to the start codon 
of HMOX1, while the last one targeted an area close to the stop 
codon. The cells were transfected by electroporation with CRIS-
PR-Cas9, the gRNA, and a DNA repair template containing the 
GFP gene surrounded by homology arms. Successfully geneti-
cally engineered clones were identified by PCR, western blot, 
and whole-genome sequencing. Two gRNAs gave rise to posi-
tive clones in which HMOX1 was tagged at the N- or C-terminal 
ends. The inducibility of the fusion protein was tested upon treat-
ment with hemin, a well-known oxidative stress inducer and sub-
strate of HMOX1. We observed that HMOX1-GFP was induced 
in a dose-dependent manner upon hemin treatment. Preliminary 
results indicated that the system responds to exposure to aerosol 
fractions.

The optimized technique will then be applied to primary air-
way epithelial cells. These cells grow and differentiate at the 
air-liquid interface, forming three-dimensional organotypic tis-
sues, and can be directly exposed to whole aerosols. Subsequent 
measurement of the fluorescence emission will allow us to quick-
ly evaluate aerosol toxicity in close-to-physiological conditions.
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Non-animal derived antibodies 
in research and diagnostics
Giulio Russo
Abcalis GmbH, Braunschweig, Germany
giulio@abcalis.com 

The most widely used in vitro technology for antibody selection 
is antibody phage display (Breitling et al., 1991). This method al-
lows to select recombinant monoclonal antibodies directly from 
human naïve or patient derived antibody gene libraries, hence 
without any need for animal immunization. These antibodies are 
uniquely identified by their DNA sequence, which can be used 
as starting material to indefinitely produce the corresponding an-
tibody molecule, but that can also be modified at need to gener-
ate a reagent that better fits the intended final application. Now-
adays, phage display for antibody selection is already a standard 
for therapeutic human antibody generation, a field where the 
unique features of recombinant antibodies are widely explored. 
Recently, the applicability of this technology also for diagnos-
tics and research has been recognized and encouraged by the EU 
(Viegas Barroso et al., 2020), in line with the Directive on the 
protection of animals used for scientific purposes (2010/63/EU).

In this presentation we will illustrate the potential of the in vi-
tro technology for antibody selection in comparison to the most 
known immunization approaches. We will provide examples of 
the applicability of the method to replace animal sera in diagnos-
tics and research (recombinant Multiclonal secondary antibod-
ies) and a glimpse on the positive impact that antibody format 
conversion and modifications can have, likewise in therapy, also 
on diagnostic applications.
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Quality control of hepatic 
stem cells derived from 
human fetal hepatocytes 
using novel nanoparticles
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Matsushita1 and Seiichi Ishida1,2
1Graduate School of Engineering, Department of Life Science, Sojo 
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Introduction: The quality control of the stem cells is very im-
portant for regenerative medicine and cell-based assay system 
for drug discovery. In cell transplantation therapy, malignant 
transformed cells, that are generated in the process of cell cul-
ture, proliferate abnormally in vivo after cell transplantation and 
pose a risk of tumor formation. Therefore, it is required to estab-
lish a method for eliminating such tumorigenic cells. We have 
previously found that tumorigenic (transformed) cells emerged 
during the induction process of normal human fetal hepatocytes 
(Hc cells) into hepatic stem cells by sodium butyrate (SB) treat-
ment (Kiyota et al., 2007). In this study, we use nanoparticles 
(hybrid liposomes, HLs) to selectively eliminate tumorigenic 
cells. HLs had been developed at our university and specifical-
ly induced apoptosis for cancerous cells without affecting normal 
ones (Matsumoto et al., 2005).

Materials and Methods: HLs were prepared by sonicating the 
mixture of vesicular and micellar molecules. The tumorigenic-
ity was evaluated using the soft agar colony forming method.  
CYP3A4 activity was measured as benzyloxyresorufin-O-deal-
kylation activity. The cell membrane fluidity was measured by 
the fluorescence depolarization method. The selective accumu-
lation of HLs containing fluorescent phospholipid was examined 
by flow cytometric analysis. Induction of apoptosis was detected 
by measurement of activated caspase-3.

Results and Discussion: HLs suppressed the colony forming 
ability of SB-treated Hc cells. The result that high CYP3A4 ac-
tivity of the HLs-treated cells was observed in a three-dimen-
sional in vitro assay, which induces their differentiation into he-
patocytes, indicated HLs treatment did not diminish hepatic 
stem cells. HLs selectively fused and accumulated into the cells, 
which increased in cell membrane fluidity. Furthermore, apopto-
sis was induced for HLs-treated cells. These results indicate that 
HLs selectively eliminated the tumorigenic cells and seemed to 
be useful for quality control of the stem cells.
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The demand for developing humanized in vitro test for the safe-
ty evaluation of chemical substances is increasing in recent years 
to reduce the number of animal test. Based on such demands, the 
development of Microphysiological Systems (MPS), which cul-
ture cells in a microenvironment similar to that of living organ-
isms, have been actively pursued. In this study, we examined the 
culture condition that medium is perfused in a sealed compart-
ment to mimic the zonation observed in hepatic sinusoids. Or-
gan-on-a-chip (OOC) (Enschede, The Netherlands), which is 
commercially available from Micronit, was used as the MPS. Af-
ter the membrane was coated with type I collagen, human liv-
er cancer-derived cell line HepaG2 were seeded and cultured 
in static conditions until the cells adhered (4-5 hours). Mem-
brane with adherent cells were immersed in 10 ml of medium in  
10 cm dish and incubated for 72 hours. After 72 hours, the OOC 
chamber containing the membrane was set in a folder and per-
fusion-culture was started. When the upper and lower chambers 
were perfused with medium, the cells grew in an island like-
shape as in static culture. When medium was perfused only in the 
lower chamber of membrane, cells formed a uniform monolayer, 
and the cell morphology was different from that of static culture. 
The assay using LIVE/DEAD® Cell Viability Kit (Thermo Fish-
er Scientific) demonstrated that the proportion of dead cells in-
creased toward the outlet under the condition perfusing medium 
in the lower chamber of membrane alone. These results suggest 
that a concentration gradient in the medium composition mim-
icking hepatic sinusoidal zonation may have been formed under 
this culture condition.
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U-SENS™: APC can be used as 
an alternative in case of strong 
chemical-induced autofluorescence 
at the FITC-specific wavelengths
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Decades of intensive research have provided Adverse Outcome 
pathways and New Approach Methodologies (NAM) for ani-
mal-free assessment of skin sensitization. The U-SENS™ (OECD 
Test Guideline 442E), addressing the key event 3 of the skin sensi-
tization has been foreseen to be combined with complementary in-
formation in defined approaches in the Next Generation Risk As-
sessment.

The U-SENS™ is modelling the dendritic cell activation upon 
exposure to chemicals. Upon contact with sensitizers, U937 human 
histiocytic lymphoma cells are activated and increased the CD86 
expression measured by flow cytometry using a fluorescein isothio-
cyanate (FITC) CD86 monoclonal antibody. The U-SENS™ assay 
has been shown to be applicable to a broad range of chemicals (fra-
grances, dyes, preservatives, UV filter, and non-cosmetics ingredi-
ents…). However, strong fluorescent chemicals emitting at the same 
wavelength as FITC might interfered with the flow cytometric de-
tection and thus cannot be correctly evaluated using FITC-conjugat-
ed antibodies.

Therefore, the aim of the present study was to 1) identify other 
fluorochrome-tagged antibodies, 2) demonstrate similar results as 
the FITC-tagged antibodies by testing the proficiency substances 
identified in the OECD TG 442E, and 3) determine the outcome of 
an interfering FITC-chemical.

As an alternative of the fluorophore FITC (excited at 488 nm), the 
APC (excited at 633 nm) has been evaluated. The results showed 
that all acceptance criteria of the test method were fulfilled by using 
the APC fluorochrome. The 10 OECD proficiency chemicals pro-
vided similar results (EC150 values and classification) as the FITC-
tagged antibody. An enlarged set of 30 non-to-extreme sensitizers 
confirmed the relevance of this APC fluorochrome. In addition, the 
applicability domain of the APC was demonstrated with a flavonoid 
interfering FITC- chemical.

In conclusion, the use of the APC coupled antibody could be 
seem as an alternative fluorochrome of the FITC-tagged antibodies 
enlarging the applicability domain of the U-SENS™ test method.
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In May 2020, the European Union Reference Laboratory for al-
ternatives to animal testing (EURL ECVAM) published a recom-
mendation on non-animal-derived antibodies (NADA) (Viegas 
Barroso, 2020), calling for their widespread replacement in basic 
research, animal health and therapeutics. In response, the Euro-
pean Animal Research Association (EARA), European Federa-
tion of Pharmaceutical Industries and Associations (EFPIA) and 
AnimalhealthEurope surveyed members and established a work-
ing group of leading scientists from public and private biomedi-
cal institutions to raise their scientific concerns over any immedi-
ate obligations to require the use of NADA.

Of 133 members surveyed, 74% reported it would not be pos-
sible to completely replace animal-derived antibodies (ADA) at 
their institution, citing reasons such as lack of availability and the 
essential role of ADA in some applications. Respondents com-
mended the forward-thinking approach of the report in line with 
Directive 2010/63/EU, however, were concerned that the recom-
mendation oversimplifies the current situation and did not ad-
dress the difficulties associated with adopting NADA at this time.

The expert working group expanded on these issues held by 
the biomedical community in a report published in November 
2020, by exploring the scientific justifications for the continued 
need for ADA in some applications (EARA, 2020). Members of 
the group represented a wide range of fields and had experience 
of using both ADA and NADA in research and drug discovery 
but had reservations about the recommendation. The report fo-
cused in particular on the need for ADA in therapeutic and an-
imal-health related fields, which were omitted from the EURL 
ECVAM report. This presentation will showcase some of the sci-
entific arguments for the continued use of ADA where necessary, 
and the measures currently taken by public and private research 
institutions to ensure reduction in the number of animals used.
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Thyroid disruption rescue of iodide 
on a zebrafish vertebrate model
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The zebrafish (Danio rerio) vertebrate model is broadly used in 
both human and aquatic toxicity assessment as an excellent al-
ternative to in vitro and in vivo models due to their cost-efficien-
cy, small size, rapid development, and homology with mammals.

There is an increasing concern about the environmental im-
pacts of chemicals that can disrupt the endocrine system, which 
can result in adverse effects on developmental, reproductive, 
neurological, and/or immune functions in both humans and wild-
life. Iodide is crucial for thyroid hormone synthesis and function. 
Iodide can decrease the response of the thyroid gland to the thy-
roid-stimulating hormone, suggesting a major role in the nega-
tive feedback loop.

The aim of this work was to investigate the potential role of 
iodide-exposure in modulating the impact of EDCs. For that 
purpose, Sodium Iodide was co-exposed with two known thy-
roid disrupting (TD) substances (potassium perchlorate, prop-
ylthiouracil) at different concentrations. The screening was per-
formed in a three-phase assay. First, TD chemicals were eval-
uated using the transgenic line tg(tg:mcherry), which expresses 
red fluorescence in the thyroid gland under the thyroglobulin 
promoter. The quantification of the fluorescence intensity allows 
monitoring in vivo the upregulation of the thyroglobulin gene 
expression as a compensatory reaction to thyroid gland disrup-
tion. Second, gene expression analysis was carried out to mea-
sure thyroid-related genes (tshβ, tg, and tpo). Third, thyroid hor-
mone levels (T4, T3, 3,5-T2, and 3,3’-T2) were quantified by liq-
uid chromatography (LC/HRMS) in whole-embryo extracts. Our 
data show that both compounds induced an increase of the fluo-
rescence of thyroglobulin in the tg (tg:mcherry) transgenic line, 
overexpression of thyroid-related genes, and a concomitant de-
crease of T4 hormone levels. Preliminary data shows that iodide 
co-exposure reversed the TD effect of potassium perchlorate but 
not that of propylthiouracil.

The zebrafish offers a sensitive and cost-effective model to 
screen and evaluate potential EDCs.
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Regulatory acceptance and implementation of new approach 
methodologies depend on public-private partnerships, which en-
able communication and cooperation among federal agencies 
and the private sector. To that end, the PETA Science Consortium 
International, the Interagency Coordinating Committee on the 
Validation of Alternative Methods, the National Toxicology Pro-
gram Interagency Center for the Evaluation of Alternative Tox-
icological Methods, and CropLife America companies are col-
laborating to assess the applicability of in vitro and ex vivo test 
methods to assess eye irritation potential for agriculture pesticide 
formulations. The goal is to identify methods most appropriate 
for human-relevant defined approaches to hazard evaluation that 
do not use animal data. To date, sixteen formulations have been 
tested in the bovine corneal opacity and permeability, neutral red 
release, isolated chicken eye, EpiOcular, and porcine cornea re-
versibility test methods. Results were compared to the hazard 
classification assigned based on the in vivo rabbit test. For each 
test method, at least one formulation was discordant with the in 
vivo rabbit classification, but none of the methods yielded discor-
dant results for all tested formulations. Initial results indicate that 
certain test method combinations may be used to predict in vi-
vo outcomes. Additional analyses will focus on physicochemical 
properties and composition of tested formulations to determine 
if there are any common features that impact in vitro test meth-
od performance. These data will be considered in the context of a 
recent review of ocular anatomy and mechanisms of chemically 
induced ocular irritation in humans and other species, which sup-
ported reduced reliance on comparisons to rabbit data to show 
the validity of other methods, and instead a focus on human-rele-
vance and assay reliability. 

Funding: This project was funded with federal funds from the 
NIEHS, NIH under Contract No. HHSN273201500010C.
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Variability in the rabbit skin irritation  
assay
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The in vivo rabbit test is the benchmark against which new ap-
proach methodologies for skin irritation are usually compared. 
Guideline in vitro methods for assessing skin irritation potential 
are accepted as partial replacements for the in vivo test, but none 
are capable of classifying moderate and mild irritants. A limiting 
factor in identifying a complete replacement could be the vari-
ability inherent to the subjective scoring of erythema and ede-
ma in the rabbit test. This is particularly relevant for mild and 
moderate irritants, where interindividual differences in scoring 
are most likely to occur. To characterize the reproducibility of 
the in vivo assay, we assessed variability in study results from 
substances tested multiple times. We compiled and curated 2624 
test records, representing 990 unique mono-constituent substanc-
es, each tested at least twice. Methodological deviations from 
guidelines were noted, and multiple data sets with differing tol-
erances for such deviations were created. Where possible, pri-
mary dermal irritation indices were estimated from the available 
data and used to classify chemicals according to the U.S. Envi-
ronmental Protection Agency (EPA) skin irritation classification 
criteria. Globally Harmonized System (GHS) hazard classifica-
tions were extracted from study reports when available. Condi-
tional probabilities were used to evaluate the reproducibility of 
the in vivo method in identification of EPA or GHS hazard cat-
egories. Chemicals classified as moderate irritants at least once 
were classified as mild irritants or non-irritants at least 40% of 
the time when tested repeatedly. Variability was greatest between 
mild and moderate irritants, which both had less than a 50% like-
lihood of being replicated. This analysis indicates that variability 
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OPERA, an open-source and  
open-data suite of QSAR models
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OPERA is a freely accessible standalone application based on 
the open-source/open-data concept providing a suite of QSAR 
models for toxicity endpoints and physicochemical, environ-
mental fate, and ADME properties (Mansouri et al., 2018).  
OPERA follows the five OECD principles for QSAR modeling 
to provide scientifically valid, high accuracy models with min-
imal complexity that support mechanistic interpretation, when 
possible. Experimental data is thoroughly curated, and chemical 
structures standardized, prior to modeling. Recent additions to 
OPERA include models for estrogen and androgen pathway ac-
tivity, and acute oral systemic toxicity developed through inter-
national collaborative projects (Kleinstreuer et al., 2018; Man-
souri et al., 2016, 2020). Existing OPERA models are also updat-
ed regularly. Recently, models predicting plasma protein binding 
and intrinsic hepatic clearance, two important ADME parameters 
for in vitro to in vivo extrapolation, have been updated with the 
latest publicly available datasets to improve their predictivity and 
applicability domain coverage. Models predicting physicochem-
ical parameters such as logKow, water solubility, and vapor pres-
sure have been updated to account for highly investigated groups 
of chemicals such as polyfluorinated substances (PFAS). OP-
ERA also provides a tool for standardizing chemical structures 
and its models yield prediction accuracy estimates, applicabili-
ty domain assessments, and experimental values when available. 
Technical and performance details are described in OECD-com-
pliant QSAR model reporting format (QMRF) reports. OPERA 
predictions are available through EPA’s CompTox Chemicals 
Dashboard (https://comptox.epa.gov/dashboard) and the Na-
tional Toxicology Program’s Integrated Chemical Environment 
(https://ice.ntp.niehs.nih.gov/). The OPERA application can be 
downloaded from the NIEHS GitHub repository as a standalone 
command-line or graphical user interface for Windows and Li-
nux operating systems. It is also provided as Python, C/C++ and 
Java libraries that can be embedded in other applications. The 
views expressed in this presentation are those of the authors and 
do not necessarily reflect the views or policies of the U.S. EPA or 
any federal agency.

References
Kleinstreuer, N. C., Karmaus, A. L., Mansouri, K. et al. (2018). 

Predictive models for acute oral systemic toxicity: A workshop 
to bridge the gap from research to regulation. Comput Toxicol 
8, 21-24; doi:10.1016/j.comtox.2018.08.002 

https://doi.org/10.1289/ehp.1510267
https://doi.org/10.1289/ehp.1510267
https://doi.org/10.1186/s13321-018-0263-1
https://doi.org/10.1186/s13321-018-0263-1
https://doi.org/10.1289/EHP5580
mailto:jrooney@ils-inc.com
mailto:kamel.mansouri@nih.gov
https://comptox.epa.gov/dashboard
https://ice.ntp.niehs.nih.gov/
https://doi.org/10.1016/j.comtox.2018.08.002


Poster Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 347

The use of the interface enables the selection of relevant bio-
logical tests for DART assessment and supports the prioritization 
of chemicals and adverse outcome effects for further investiga-
tion. By integrating years of scientific research and knowledge 
that is available in public resources, we aim to boost the accep-
tance of alternatives to mammalian DART testing. We thank the 
National Centre for the Replacement, Refinement and Reduction 
of Animals in Research (NC3Rs) CRACK IT Challenges pro-
gramme for funding this work.
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The assessment of skin sensitization potential is one of the ele-
ments included in international regulatory safety evaluation of 
pesticides. Several non-animal test methods have been adopt-
ed as globally harmonized test guidelines that can help to re-
duce animal use in these evaluations. No single assay is rec-
ommended as complete replacement for existing animal tests, 
such as the murine local lymph node assay (LLNA). Instead, de-
fined approaches (DAs) that integrate data from multiple meth-
ods have been proposed to replace animal use for skin sensiti-
zation testing. However, these DAs have been evaluated using 
mono-constituent substances rather than mixtures or formula-
tions (i.e., end-use products, multi-constituent substances with 
defined compositions). To fill this data gap, we tested 27 agro-
chemical formulations using the direct peptide reactivity assay 
(DPRA), the KeratinoSens™ assay, and the human cell line ac-
tivation test (h-CLAT). Test data were used to evaluate several 
rule-based DAs that use these methods for hazard and/or poten-
cy categorization of skin sensitization. Balanced accuracy for the 
DAs for predicting skin sensitization hazard in vivo ranged from 
56% to 73%. The best performing DA for GHS potency classifi-
cation had a correct classification rate of 52%. By comparison, 
of the individual test methods, KeratinoSens had the highest per-
formance for predicting in vivo hazard outcomes (balanced ac-
curacy = 81% vs. 62% for DPRA and 56% for h-CLAT) and had 
higher balanced accuracy than any of the DAs. These results 
demonstrate that non-animal test methods have promising utili-
ty for evaluating the skin sensitization potential of agrochemical 

of the rabbit skin irritation test should be considered when eval-
uating the performance of nonanimal alternative methods as po-
tential replacements. 

Funding: This project was funded in whole or in part with 
federal funds from the NIEHS, NIH under Contract No. 
HHSN273201500010C.

Presentation: Poster

1006

Development of an in silico platform 
to assess developmental  
and reproductive toxicity (DART)
Monique van der Voet1, Marvin Steijaert2, Vera van 
Noort3, Diksha Bhalla3, Marc Teunis4, Jan-Willem 
Lankhaar4, Tobias Verbeke2, Gerrit Keizer1, Cyrille 
Krul4, Martijn Rooseboom5, Raymond Pieters4 and 
Marjolein Wildwater1
1Vivaltes, Utrecht, The Netherlands; 2Open Analytics, Antwerp, Belgium; 
3KU Leuven, Centre of Microbial and Plant Genetics, Leuven, Belgium; 
4Utrecht University of Applied Sciences, Innovative Testing in Life 
Sciences & Chemistry, Utrecht, The Netherlands; 5Shell Health,  
The Hague, The Netherlands
m.wildwater@vivaltes.com 

Assessment of developmental and reproductive toxicity (DART) 
uses a large number of mammals. It is particularly in this field of 
toxicology that alternative test methods that follow the principles 
of the 3Rs (Replacement, Reduction, and Refinement) are high-
ly warranted, to reduce the amount of animal testing. There are 
many efforts to design alternate assays, whose results are very 
encouraging. However, a challenge remains in the interpretation 
of the data. DART is very complex, involving many diverse bio-
logical processes and interconnected adverse outcome networks. 
It is now possible to address this challenge with the recent devel-
opments in molecular biology, omics datasets, database intercon-
nectivity, and data science.

We have designed a user-friendly web-based platform that en-
ables complex data integration. For example, the interface can 
be used starting from chemical(s), via (predicted) DART pheno-
types, to adverse outcome pathway, and reversely: from an ad-
verse outcome pathway towards DART phenotypes. Molecular 
fingerprints are used to compute compound similarity, which al-
lows the comparison of toxicity profiles between similar com-
pounds. Additionally, the interface contains DART phenotyp-
ic endpoint data for a wide variety of test systems, to compare 
OECD DART test data with 3R test methodologies (zebrafish, C. 
elegans, slime mold, and cell-based assays). Cross-species phe-
notype-to-pathway analysis of toxicity endpoints allows the pre-
diction of evolutionary-conserved pathways affected by com-
pounds.
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ACH might be safe for the human respiratory tract concerning 
immunotoxicity and epigenetic changes, but it may induce oxi-
dative stress on alveolar cells. Hence, further research is needed 
to ensure that the exposure to ACH via inhalation is safe.
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Access to high-quality in vivo, in vitro, and in silico data is essen-
tial to development and validation of new approaches for chemi-
cal safety testing. Sources of such data must address user require-
ments for accessibility, content, and usability. High-quality us-
er documentation supports all three of these requirements, which 
are concordant with FAIR (Findable, Accessible, Interoperable, 
and Reusable) data principles. Improvement of user documen-
tation is a key focus of each release of the National Toxicolo-
gy Program Interagency Center for the Evaluation of Alternative 
Toxicological Methods (NICEATM) Integrated Chemical Envi-
ronment (ICE). Since its launch in 2017, ICE has been continual-

formulations. Further investigation will be required to determine 
whether DAs can outperform individual assays such as Keratino-
Sens for predicting in vivo sensitization hazard of pesticide for-
mulations in general. 

This project was funded with federal funds from the NIEHS,  
NIH under Contract Nos. HHSN273201500010C and 
HHSN273201400017C and Corteva funds for the DPRA and Ke-
ratinoSens testing.
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Although exposure to most cosmetics is limited to dermal con-
tact, inhalation exposure is reasonably foreseeable when using 
cosmetic aerosols. Thus, potential adverse effects in the respi-
ratory tract should be investigated to provide a more robust risk 
assessment of these products (Rothe et al., 2011; Steiling et al., 
2014). Aluminium chlorohydrate (ACH) is extensively used in 
aerosols as the active ingredient of antiperspirants (Schwarz et 
al., 2018), and animal studies have demonstrated its potential to 
deposit and induce local toxic effects in the lungs (e.g., alveolar 
wall thickening) (Stankus et al., 1978; Drew et al., 1974). Hu-
man relevant research on the acute inhalation toxicity of this al-
uminium salt is limited; therefore, we used A549 cells as an in 
vitro model of human alveolar cells to assess ACH’s potential to 
induce oxidative stress, immunotoxicity, and epigenetic chang-
es. A549 cells were exposed to three non-cytotoxic concentra-
tions of ACH (0.25, 0.5 and 1 mg/mL) for 24 hours, and the flow 
cytometry-based tests were carried out. Our results showed that 
ACH induced the production of reactive oxygen species (ROS) 
(H2DCFDA probe) with a two-fold increase in median fluores-
cence intensity (MFI). However, no alterations on the released 
cytokine profile (Cytometric Bead Array (CBA) Human Inflam-
matory Cytokine kit) were observed, indicating that ACH may 
not induce inflammation on lung cells. Moreover, the global 
DNA methylation pattern (5-methylcytosine (5-mC) and 5-hy-
droxymethylcytosine (5-hmC)) and the presence of histone mod-
ification associated with DNA damage (phospho-histone H2AX 
(gamma-H2AX)) (immunostaining for flow cytometry) were not 
affected by ACH exposure. In conclusion, our data suggest that 

https://doi.org/10.1016/j.toxlet.2011.05.1038
https://doi.org/10.1016/j.toxlet.2011.05.1038
https://doi.org/10.1007/s00204-017-2151-2
https://doi.org/10.1007/s00204-017-2151-2
https://doi.org/10.1016/j.toxlet.2014.03.005
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mailto:emanoelatha@gmail.com
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and n-butanol as proficiency chemicals. The same procedures 
were also done with the extract of Baccharis trimera, which is 
a Brazilian plant rich in polyphenols with antioxidant and UV 
blocker activities with chlorogenic acid as his isolated marker. 
As the in chemico protocol is not validated for complex mixtures 
as plant extracts, this work also provides a light on this possibil-
ity, since it compares and discuss the potential of the extract as a 
sensitizer and its performance between different methodologies. 
The results show that is possible to combine the skin permeation 
parameters obtained with the in silico methods with the in chemi-
co results, even when an isolated majoritarian substance is used 
as a substitutive for the complex mixture.

Reference
OECD (2014). The Adverse Outcome Pathway for Skin Sensiti-

sation Initiated by Covalent Binding to Proteins. OECD Series 
on Testing and Assessment, No. 168. OECD Publishing, Paris. 
doi:10.1787/9789264221444-en 
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Dose-dependent cytotoxicity of 
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Bruna Marcon1, Ariane Campos1,2,  
Crisciele Kuligovski1, Bruno Dallagiovanna1,  
Cintia Horinouchi1 and Alessandra Melo de Aguiar1
1FIOCRUZ-PR, Curitiba, Brazil; 2Current address: Boticario Group, 
Curitiba, Brazil; 3UFTPR, Curitiba, Brazil
alephx.aguiar@gmail.com 

Nanoparticles (NPs) have emerged as new potential tools for ma-
ny applications in previous years. Among all types of NPs, bis-
muth NPs (BiNPs) have a very low cost and potential for many 
applications, ranging from medicine to industry. Although the 
toxic effects of bismuth have been studied, little is known about 
its toxicity at the nanoscale level. Therefore, in this study, we 
aimed to investigate the cytotoxic effects of BiNPs produced by 
laser ablation synthesis in solution (LASiS) in a reference mam-
malian cell line (BALB/c 3T3 cells) and human adipose-derived 
stem cells (ADSC). BiNPs were synthesized by LASiS and sta-
bilized in two different solutions: culture medium supplemented 
with fetal bovine serum (FBS) and bovine serum albumin (BSA). 
Additionally, BiNPs were characterized by UV/Vis spectrosco-
py, dynamic light scattering (DLS) and transmission electron mi-
croscopy (TEM) and zeta potential. The cytotoxicity of BiNPs 

ly expanded and improved in response to stakeholder feedback. 
Help resources provided by ICE include tooltips to explain fea-
tures and terminology, dialogs that explain inputs and outputs in 
greater detail, metadata that provide context for download data, 
webpages within the ICE site that provide explanations of da-
ta sets and tools, and downloadable user guides for every ICE 
tool. During every ICE update, documentation is reviewed and 
improved using a process that leverages the expertise of subject 
matter experts and technical communicators to ensure accuracy 
and continuous improvement. This process has resulted in ICE 
having a body of user support documentation that has been rec-
ognized for its utility and quality by both stakeholders and an 
independent review of technical communications professionals. 
The presentation will describe the ICE user help resources and 
improvement process in detail, offering ICE as a case study in 
how effective documentation can be provided for a toxicological 
data resource. 

Funding: This project was funded with federal funds from the 
NIEHS, NIH under Contract No. HHSN273201500010C.
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Marcio Adriano Andréo1, Marcelo Dutra Duque1  
and Patricia Santos Lopes1
1Federal University of São Paulo, Diadema, Brazil; 2University of 
Campinas, Campinas, Brazil
gabriella.99lisboa@outlook.com 

Skin sensitization is an important toxicological endpoint for cos-
metic products, although one step still uses animals (OECD TG 
429). In this context we are proposing the use of the concept of 
IATA – Integrated Approaches to Testing and Assessment com-
bining the results of in chemico and in silico tests to provide a 
more realistic prediction when using alternative methods, in an 
attempt to reduce even more the substances that must be tested 
using the last step of the skin sensitization cascade. This work 
proposed a view on the capacity of skin permeation and cova-
lent biding of four proficiency substances using in silico and in 
chemico approaches. The first one uses the software ADMET 
Predictor™ and QSAR Toolbox, in which the physicochemi-
cal properties of the substances were analyzed. In chemico tests 
were made following the DPRA protocol (OECD 442C) using 
1-chloro-2,4-dinitrobenzene, butane-2,3-dione, cinnamaldehyde 

https://doi.org/10.1787/9789264221444-en
mailto:alephx.aguiar@gmail.com
mailto:gabriella.99lisboa@outlook.com
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beling of Chemicals (GHS) toxicity categories 1-5 and unclassified 
toxicity and determined the dose-response curves for percentage 
and area of cell differentiation by using the Hill function with an 
R2 ≥ 0.85. The resulting IC50 values were used for LD50 predic-
tion and for estimating the starting dose for the ATC method. Our 
results indicated that use of the inhibition of adipogenesis assay to 
estimate the starting dose for the ATC method would decrease ani-
mal use for 7 out of 10 tested substances, possibly all substances if 
we consider the more toxic test substances in GHS categories 1, 2, 
and 3. We can conclude that the present assay is a suitable alterna-
tive to reduce animal testing in the first steps of predicting highly 
toxic substances. Moreover, this method also presents internal and 
external controls as differentials, which guarantee the quality of the 
assay as well as the results. These features are important for sug-
gesting a methodology for regulatory purposes.

Reference
Abud, A. P. R., Kuligovski, C., Corrêa, N. C. R. et al. (2019). 

Toxicol Lett 311, 80-90. doi:10.1016/j.toxlet.2019.04.009. 

Presentation: Poster

1016

Development of 3D cultures of  
zebrafish liver and embryo 
cell lines by hanging drop and 
orbital shaking methods
Irisdoris Rodrigues de Souza1, Andrezza Di Pietro 
Micali Canavez2, Desiree Cigaran Schuck2, Viviana 
Stephanie Costa Gagosian1, Isisdoris Rodrigues de 
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Daniela Morais Leme1
1Graduate Program in Genetics, Department of Genetics, Federal 
University of Paraná (UFPR), Curitiba, Brazil; 2Grupo Boticário, 
Department of Safety Assessment, São José dos Pinhais, Brazil; 3Graduate 
Program in Cell and Molecular Biology, Department of Cell Biology, 
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iris_doris.91@outlook.com 

Acute fish bioassays are required to evaluate chemical toxicity in 
aquatic environments, and although the fish-embryo test has been 
adopted by OECD to refine the acute bioassay on adult fish, re-
cent statistics warn of the high number of fish used. Fish cells have 
been proposed as an alternative to reduce the use of fish in ecotox-
icology, and 3D fish cultures may be of great utility; however, the 
3D culture methods need first to be well established for fish cells. 
For this study, we tested and compared the effectiveness (capaci-
ty of assembling fish spheroid, size uniformity, spheroidal shape) 
of different 3D culture methods (hanging drop (HD), orbital shak-
ing (OS), HD combined with OS (HD+OS) to generate spheroids 

was evaluated through the neutral red uptake (NRU) and MTT 
assay. TEM was performed to evaluate the ultrastructural inter-
action between BiNPs and 3T3 cells and TUNEL assay was per-
formed to assess the cell death mechanism. The cytotoxicity of 
BiNPs in BALB/c 3T3 cells through NRU using culture medium 
(IC50: 28.51 ± 9.96 μg/ml) and BSA (IC50: 25.54 ± 8.37 μg/ml)  
was assessed, and they were not significantly different. The LD50 
was predicted, and BiNPs were estimated as GHS class 4. We al-
so found that cell death occurs due to apoptosis and ultrastructural 
level analysis suggest that BiNPs internalization originates my-
elin figures inside the cells. In preliminary assays, the cytotoxic-
ity of BiNPs+BSA in ADSC through NRU (IC50: 271.35 µg/ml) 
and MTT (IC50: 243.08 µg/ml) was assessed, predicting BiNPs 
as GHS class 4 as well. To date, this is the first study to assess the 
cytotoxicity of BiNPs produced by LASiS and to predict the pos-
sible LD50 and GHS class of BiNPs.

Reference
Reus, T. L., Machado, T. N., Bezerra Jr, A. G. et al. (2018). Toxi-

col In Vitro 53, 99-106 doi:10.1016/j.tiv.2018.07.003 
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The inhibition of adipogenesis 
via an in vitro assay can reduce 
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estimating the starting dose for 
the acute toxic class method
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Alessandra Melo de Aguiar1
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3Current address: UFMG, Uberlândia, Brazil; 4Boticario Group, Curitiba, 
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alephx.aguiar@gmail.com 

We established an adipogenesis inhibition assay as an adequate and 
sensitive in vitro model for reducing animal use by estimating the 
starting dose for the acute toxic class (ATC) method. Human adi-
pose-derived stem cells (ADSCs) underwent adipogenic differen-
tiation induction for 14 days. Then, by high-content imaging anal-
ysis, we determined the percentage and area of cell differentiation 
that we considered suitable for negative and positive internal con-
trol according to the quality control criteria strictly standardized 
mean difference (SSMD) and robust SSMD. Moreover, we estab-
lished sodium dodecyl sulfate (SDS) as an external positive control 
in this assay. To measure reduction in animal use to estimate the 
starting dose for the ATC method, we evaluated 10 chemicals rep-
resenting Globally Harmonized System of Classification and La-

https://doi.org/10.1016/j.toxlet.2019.04.009
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ble with brain tissue (Axpe et al., 2020). For all the tested time 
points, hydrogel supernatants did not reduce SH-SY5Y and 
C8D1A cell metabolic activity with respect to standard medium. 
At 0, 30 and 60 minutes, hydrogels formed continuous filaments 
with over 85% shape fidelity. The width of the printed fibers was 
directly proportional to printing pressure. At 0 and 30 minutes, 
both preparations were extruded at pressures under 45 kPa, com-
patible with cell survival (Fantini et al., 2019).

Conclusions: Pectin-based 3D printed hydrogels were devel-
oped to reproduce the structural organization of the nervous tissue.

Acknowledgements: This work has been supported by Fondazione  
Cariplo, grant n° 2019-4615.
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to FBS-free media: Process and  
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Replacing the use of fetal bovine serum (FBS) in cell culture 
media bolsters the reproducibility of in vitro research and over-
comes the ethical and legal challenges associated with its use. In-
creasingly, scientists are focusing on replacing the use of FBS as 
a supplement in cell culture media with chemically defined, xe-
no-free, or serum-free components.

of zebrafish cell lines (ZFL – liver-derived, ZEM2S – embryon-
ic-derived). Time in HD (3-5 days) and different rotational speeds 
(70 and 100 rpm) in flat- or round-bottom 96-well plates in OS 
were evaluated. HD was not able to form ZFL spheroids, where-
as HD (5 days) + OS (5 days) successfully formed ZFL spheroids. 
The OS method formed ZFL spheroids only in the round-bottom 
plate, and 70 rpm was the best rotational speed tested. ZFL spher-
oids of both HD+OS and OS (70 rpm) were reproducible in size 
(177.50 ± 2.81 and 225.62 ± 19.20 µm, respectively) and circular-
ity (0.83 ± 0.02 and 0.80 ± 0.01, respectively). The OS method in 
round-bottom plate also formed reproducible ZEM2S spheroids in 
1 day (226.23 ± 0.57 µm diameter and 0.80 ± 0.01 circularity). OS 
method was the fastest (5 days) and simplest 3D spheroid method, 
while HD + OS required considerable time (10 days) to fully form 
ZFL spheroids, and it is labor-intensive. This study contributes to 
identify a fast, reproducible, and simple protocol to generate sin-
gle piscine spheroids in 96-well plates and supports the applica-
tion of fish 3D models in the industry and academic laboratories.
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Introduction: Two-dimensional cultures are limited in modeling 
the complexity of chemical and physical stimuli that character-
ize the nervous tissue (Zhuang et al., 2018). To fabricate hydro-
gel-based multi-layered structures with accurate control over the 
arrangement of materials and cells, recent advances have focused 
on 3D printing (Knowlton et al., 2018). In this work, we exploit-
ed pectin, a versatile class of anionic and branched polysaccha-
rides to develop bioinspired, extrusion-based bioinks as suitable 
candidates for in vitro models of nervous tissue.

Materials and Methods: Pectin was dissolved in 0,9% w/v Na-
Cl or DMEM and hydrogels were prepared by internal gelation 
with calcium carbonate (Secchi et al., 2014). For both solutions 
and hydrogels, viscoelastic properties were characterized by rhe-
ological measurements at 0, 30 and 60 minutes after mixing. For 
DMEM preparations, indirect cytocompatibility was assessed 
with SH-SY5Y neuroblast-like and C8D1A astrocyte cells by 
MTS assay up to 7 days. After printing (INKREDIBLE+, CEL-
LINK), filament width dependence on time, printing velocity, 
nozzle diameter and pressure were studied.

Results: All the produced hydrogels showed shear-thinning 
and self-healing properties, with an elastic modulus compati-

https://doi.org/10.1038/s41467-020-17245-x
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https://doi.org/10.1088/0953-8984/26/46/464106
https://doi.org/10.1016/j.biomaterials.2017.10.002
mailto:katherineg@thepsci.eu
mailto:marta.tunesi@polimi.it


Poster Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 2021352

Using the framework, both new TLEs and confidence intervals 
on them were derived. The recalculated TLEs and points-of-de-
parture include ammonia (n = 2.13, 95% CI: 1.98-2.27),  
allyl alcohol (n = 0.95, 95% CI: 0.76-1.15), 1,1,1-trichloroethane 
(n = 3.46, 95% CI: 2.85-4.07), carbon tetrachloride (n = 2.51, 
95% CI: 2.27-2.76), and oxygen difluoride (n = 1.29, 95% CI: 
0.26-2.32). Next, the new TLEs and their confidence intervals 
were applied in calculations of short-term inhalation points of de-
parture at five reference AEGL durations.

Disclaimer: The findings and conclusions in this presentation 
have not been formally disseminated by the Centers for Disease 
Control and Prevention/the Agency for Toxic Substances and 
Disease Registry and should not be construed to represent any 
agency determination or policy.
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Animal-derived components, including fetal bovine serum, coat-
ing materials, growth factors, dissociation enzymes, and antibod-
ies are routinely used in cell/tissue culture and other in vitro lab-
oratory practices. In addition to ethical issues, the use and pro-
duction of animal-derived materials and reagents raises many 
scientific concerns regarding experimental reproducibility and 
biosafety (OECD, 2018; van der Valk et al., 2018; Pinheiro de Ol-
iveira et al., 2013; Gray et al., 2016). To map the current use of 
these reagents across multiple sectors and to identify the obstacles 

Here we describe replacements for FBS, including their ad-
vantages and disadvantages. Using A549 cells, an immortalized 
human epithelial alveolar cell line commonly used in respirato-
ry research, as a case study, we demonstrate the process of tran-
sitioning cell culture medium containing FBS to four types of 
commercially available media containing only chemically de-
fined, xeno-free, or serum-free components and for cryopreser-
vation of transitioned cells. To determine whether the transition 
was successful, numerous techniques were used to characterize 
the cells. Cellular morphology and functionality were assessed 
by imaging (scanning electron microscopy); calculating cell dou-
bling time, cytokine release (Bio-Plex), and cell viability (Ala-
mar blue assay); monitoring the expression of relevant genes; 
and determining surfactant production (surfactant droplet test). 
Our results show that, while success varies based on the transi-
tion process and type of media, animal derived components can 
be replaced in the culture of A549 cells. This case study has the 
potential to be used as a template to guide the transition and eval-
uation process for replacing FBS for other cell lines.
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For short-term chemical inhalation exposures to hazardous chem-
icals, the incidence of a health effect usually conforms to a gen-
eralized linear model with a bivariate probit link function de-
pendent on inhalant concentration (C) and the duration of ex-
posure (t). The National Academy’s Acute Exposure Guideline 
Levels (AEGLs) Committee relies on this model when deriving 
AEGLs. Threshold concentrations at AEGL durations are estab-
lished by the toxic load equation, C^n x t = constant, which Tox-
ic Load Exponent n (TLE or n-value) directly follows from the 
probit model. When multiple probit datasets are available, often 
they cannot be directly pooled together because of disparities in 
experimental design. Recently, we reported both a meta-analyti-
cal framework for multiple studies (Prussia et al., 2020) and an 
application of the new methodology to dimethyl sulfide (Dem-
chuk et al., 2018). The new methodology allows accurate TLE es-
timation even if multiple datasets are heterogenous. The utilized 
techniques include categorical regression, common-effect and 
random-effects models. The proposed framework was applied to 
multiple-study datasets from AEGL technical support documents. 
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ta collected was “research type,” and a simple nomenclature was 
needed for this application. Existing nomenclatures, controlled 
vocabularies, and ontologies, including Medical Subjects Head-
ings (MeSH) (NLM, n.d.), were examined and found too lengthy 
and/or complex, or otherwise inadequate. However, the research 
categories and subcategories established by the European Union 
(EU) to categorize animal research for EU statistical reporting 
requirements (EUR-Lex, 2012) did provide useful terminology 
for this application.

One of three research categories and a subcategory were identi-
fied for each publication and grant as follows: (1) “basic research” 
with 13 subcategories, (2) “translational/applied research” with 
25 subcategories, or (3) “regulatory use.” Several EU subcatego-
ries were not used. A secondary subcategory was added to further 
categorize “basic research/non-regulatory toxicology” and “reg-
ulatory use.”

The significance of reporting this use of the EU nomenclature 
is two-fold. First, in contrast to the EU, the United States De-
partment of Agriculture (USDA) and other US institutions do not 
collect detailed animal use statistics, and therefore do not have a 
similar nomenclature of animal research categories. Adopting an 
established and internationally recognized nomenclature, along 
with requiring detailed animal use reporting, would benefit the 
many researchers and agencies needing this kind of data. Sec-
ond, having a simple and established nomenclature to categorize 
animal use in publications and grants would benefit researchers 
internationally who need this information to address 3Rs goals.

The retroactive identification of research categories for publi-
cations and grants in this study was time consuming and difficult, 
with potential errors due to insufficient information. Therefore, 
we recommend animal use category assignments be provided by 
researchers as part of grant or manuscript submission.

Funding: Carroll Petrie Foundation grant to NAVS.
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preventing the implementation of non-animal derived alternatives, 
we have launched a global online survey aimed at understanding: 
1.What are the animal-derived materials and reagents most com-
monly used in in vitro experimentation, 2.What are the main is-
sues perceived as associated with the production and use of an-
imal-derived materials and reagents, 3.What is the current level 
of knowledge on available non-animal derived alternative mate-
rials and reagents and 4. What educational and information sourc-
es could be useful or most impactful to disseminate knowledge on 
these non-animal derived alternative materials and reagents. This 
survey caters to any professionals active in the human health, an-
imal or life science area at any level or representatives of any life 
science-related institution. Survey results will be used for creating 
a framework to shape the policy in science and education. The ul-
timate goal is to promote a fully replacement of animal-derived 
materials to ensure data reproducibility and reliability, as advocat-
ed in the Guidance Document on Good In Vitro Method Practices 
(GIVIMP), and in accordance with EU Directive 2010/63.
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of Maryland Global Campus, Adelphi, MD, United States; 3National 
Anti-Vivisection Society (NAVS), Chicago, IL, United States; 4Loyola 
University, Chicago, IL, United States
wrdclss@hotmail.com 

As part of our project to examine the use of dogs in invasive bio-
medical research in US laboratories, various types of data were 
collected from publications and grants. The first category of da-

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02012D0707-20140115
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02012D0707-20140115
https://www.nlm.nih.gov/bsd/disted/meshtutorial/introduction/index.html
https://www.nlm.nih.gov/bsd/disted/meshtutorial/introduction/index.html
https://doi.org/10.1016/j.tibtech.2016.05.017
https://doi.org/10.1016/j.tibtech.2016.05.017
https://www.oecd-ilibrary.org/content/publication/9789264304796-en
https://www.oecd-ilibrary.org/content/publication/9789264304796-en
https://doi.org/https://doi.org/10.1787/9789264304796-en
https://doi.org/https://doi.org/10.1787/9789264304796-en
https://doi.org/10.1016/j.biologicals.2013.08.005
https://doi.org/10.1016/j.biologicals.2013.08.005
https://doi.org/10.14573/altex.1705101
https://doi.org/10.14573/altex.1705101
mailto:wrdclss@hotmail.com
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normothermically perfused 
ex vivo livers based on whole 
porcine slaughterhouse organs
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Marco Rasponi2
1LifeTec Group, Eindhoven, The Netherlands; 2Politecnico di Milano, 
Eindhoven, The Netherlands
a.ruppelt@lifetecgroup.com 

The development of highly predictive liver models for toxicity 
screenings is both important and challenging. Ex vivo machine 
perfusion has emerged in the last years as a promising tool to 
maintain organ functions and complexity. Research in this field 
is focusing primarily on organ transplantation and extracor-
poreal support rather than on long-term ex vivo perfused organ 
platforms for pre-clinical research purposes. We here present a 
normothermic ex vivo liver perfusion model based on slaugh-
terhouse material for interventional studies to test new medical 
devices or to study acute tissue response to drug treatment.

After procurement of the liver at the slaughterhouse, the liv-
er is attached to an extracorporeal perfusion circuit and re-per-
fused at 39°C. Pressures of 10 and 80 mmHg are applied to veins 
and arteries, respectively. Flows reach physiological levels ow-
ing to resistance of the organ itself. To assess liver function, we 
performed the indocyanine green (ICG) test, blood gas analysis, 
quantified bile production and oxygen consumption.

In our study, a simplified normothermic perfusion model was 
developed to successfully perfuse an ex vivo liver obtained from 
a slaughterhouse. Functionality and viability were demonstrat-
ed by continuous bile production (Grosse-Siestrup et al., 2001), 
which was confirmed by an ICGt1/2 result comparable to litera-
ture (Schreiter et al., 2016) and stable oxygen consumption.

The platform allows research on biological pathways or bio-
mechanics of the liver, and it is is an ethically well-considered 
partial alternative in pre-clinical studies to reduce animal testing. 
Further development and circuit optimization will lead to a long-
term liver model and a novel versatile platform for interventional 
studies and drug treatment.

Acknowledgment: The project was funded by EU’s Horizon 2020 
research program under the Marie Skłodowska-Curie grant 
agreement No.860715.
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Patricia Soto Bielicka, Ana Peropadre, Miguel Martín 
Martín-Doimeadios, María José Hazen and Paloma 
Fernández Freire
Department of Biology (Cell Biology), Faculty of Sciences, Autonomous 
University of Madrid, Madrid, Spain
patricia.sotob@estudiante.uam.es 

Nanoplastics (NPs), small particles with sizes from 0.1 to 0.001 
μm, tend to accumulate in the ecosystems, causing negative ef-
fects on the environment. Potential implications in human health 
of these emerging pollutants of global concern that can also be 
carriers of other potentially toxic chemicals remain largely un-
known. The aim of the present study was to evaluate whether 
a co-exposure of the brominated flame retardant tetrabromobi-
sphenol A (TBBPA) and polystyrene nanoparticles (NPs) might 
potentiate the individual toxic effects of these compounds in hu-
man intestinal cells. In the first set of experiments, we assessed 
the acute (24 h) basal cytotoxicity of both compounds (TBB-
PA 1-150 µM, 0.544-81.6 µg/mL; NPs 0.1-200 µg/mL) on Ca-
co-2 cells and Caco-2/HT29-MTX co-culture model, using three 
complementary parameters (metabolic activity, plasma mem-
brane integrity, and lysosomal integrity). The most relevant con-
ditions were selected for chronic exposure for 21 days, encom-
passing the differentiation period of these cells. We also tested 
the genotoxic effects using the alkaline version of the Comet as-
say. With the co-culture model, we observed at the selected com-
bined concentrations (10 µM TBBPA + 50 µg/mL of NPs) a sig-
nificative reduction in metabolic activity after 21 days according 
to the Alamar Blue assay, although no effects were detected with 
those same conditions for the individual exposures. Interestingly, 
the integrity of the plasma and lysosomal membranes remained 
unchanged with these conditions. In addition, preliminary results 
suggest the induction of DNA damage after 24 h combined treat-
ments. Thereby, our results suggest a potential interaction be-
tween the two tested compounds, revealing that the polystyrene 
nanoplastics are able to increase the toxic effects produced by 
TBBPA in intestinal human cells.
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3Rs info hub
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The 3Rs info hub bundles current and relevant 3Rs multimedia 
content into a single information portal.

A critical selection of the 3Rs-related multimedia content 
available on the internet has been made in order to present rel-
evant material in one hub in a structured way. Animations, pre-
sentations, online-seminars, podcasts and video contributions 
addressing 3Rs were categorized, e.g., by level of prior knowl-
edge required, 3R method and organ system addressed. Assign-
ing keywords were given to each content and make it easy for 
the users to find the topic they are looking for. Materials can eas-
ily be accessed via links from the 3Rs info hub rather than being 
overwhelmed by the plethora of search engine results and losing 
track of the numerous studies and procedures available.

We started this project with pharmacologically and toxicologi-
cally relevant organ systems, but the hub will be extended to oth-
er organ systems soon. The site was deliberately designed in En-
glish to allow worldwide use.

In addition to the multimedia content links, learning scenarios 
were developed for each topic addressed. Face-to-face teaching 
can frame the use of the 3Rs info hub: While the e-learning ele-
ments serve the purpose of knowledge acquisition in self-study, 
classroom teaching consolidates, applies and discusses what has 
been learned. With the 3Rs info hub, lecturers have a preselected 
content and material to design a seminar according to their needs.

Each module contains a learning success control (3Rs quiz). 
This allows students to check what they have learned in a fun 
way without jeopardizing their grade point average.

In order to involve students directly in the development pro-
cess and to implement the research oriented 3Rs teaching, we 
have created a podcast series called StudentCast on 3Rs. In the 
episodes students discuss with experts common 3Rs topics and 
current research on non-animal methods.
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Exposure to environmental pollution and certain pharmaceu-
ticals can adversely affect the kidney and contribute to the ac-
celeration of chronic renal disease which is a heavy burden on 
health care systems worldwide. While human renal cell lines, 
such as the RPTEC/TERT1 cells are useful tools to study neph-
rotoxicity, they represent only one genetic background and may 
have acquired and lost some typical characterizations in culture. 
One such example is the absence of megalin (LRP2) expression 
in most of the existing 2D in vitro proximal tubular models. iP-
SC derived models are promising new tools that may be able to 
overcome some of these limitations. This study investigates the 
utility of a newly developed iPSC protocol for deriving proxi-
mal tubule-like cells (PTL) and the ability of this model to study 
megalin-mediated aminoglycoside toxicity. Undifferentiated iP-
SC were differentiated into PTL and temporal alterations of the 
cells were characterized by assessing the expression of plurip-
otency markers, renal developmental markers, and maturation 
markers via immunofluorescence and western blot analysis. 
Differentiated PTL cells exhibited a polarized phenotype, bar-
rier formation, and expression of the functionally active proxi-
mal tubule-specific marker, megalin. To compare the effects of 
megalin-facilitated aminoglycosides uptake on different proxi-
mal tubular models, iPSC derived PTL, human primary proximal 
tubular cells, RPTEC/TERT1, and HK2 were exposed to amino-
glycosides (gentamicin and tobramycin) at the concentration of 
12, 250, and 450 µg/ml. Transcriptomic alterations were quan-
tified using the TempO-Seq assay (BioClavis, ltd). iPSC derived 
PTL and primary proximal tubular cells showed similar respons-
es with increased interferon signaling and anti-viral response in 
both gentamicin and tobramycin exposure. On the other hand, 
RPTEC/TERT1 and HK2 cells didn’t show any predominant 
pathway activation. In conclusion, iPSC derived PTL represents 
an improved human-relevant model for nephrotoxicity and could 
provide an opportunity to study the effects of compounds that are 
taken up through megalin-facilitated endocytosis.
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findings in toxicity testing
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Platzack4, Mattias Öberg1 and Elin Törnqvist1
1Unit of Integrative Toxicology, Institute of Environmental Medicine, 
Karolinska Institutet, Stockholm, Sweden; 2Department of Computer and 
Systems Sciences, Stockholm University, Kista, Sweden; 3Department 
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of Pharmacy, Uppsala University, Uppsala, Sweden; 4Chemical and 
Pharmaceutical Safety Unit, Research Institutes of Sweden (RISE), 
Södertälje, Sweden
antero.silva@ki.se 

Animal testing for toxicity assessment of chemicals and pharma-
ceuticals must take the 3R principles into consideration. During 
toxicity testing in vivo, clinical signs are used to monitor animal 
welfare and to inform about potential toxicity. This study inves-
tigated possible associations between clinical signs, body weight 
change and histopathological findings observed after necropsy. 
We hypothesized that clinical signs and body weight loss ob-
served during experiments could be used as early markers of or-
gan toxicity. This represents a potential for Refinement in terms 
of improved study management and decreasing of pain and dis-
tress experienced during animal experiments. To this end, data 
from three sequential toxicity studies of an anti-cancer drug can-
didate in rats were analyzed using the multivariate partial least 
squares (PLS) regression method. Associations with a predictive 
value over 80% were found between the occurrence of mild to 
severe clinical signs and histopathological findings in the thy-
mus, testes, epididymides and bone marrow. Piloerection, eyes 
half shut and slightly decreased motor activity were most strong-
ly associated with the pathological findings. A 5% body weight 
loss was found to be a strong empirical predictor of pathological 
findings but could also be predicted accurately by clinical signs. 
Thus, we suggest using mild clinical signs and 5% body weight 
loss as toxicity markers and as a non-invasive surveillance tool to 
monitor research animal welfare in toxicity testing. These clini-
cal signs may also enable Reduction of animal use due to their in-
formative potential to support scientific decisions regarding drug 
candidate selection, dose setting, study design, and toxicity as-
sessment.
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Effect of gnawing wood enrichment 
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Non-alcoholic steatohepatitis (NASH) is the most prevalent form 
of chronic liver disease worldwide. Currently no approved phar-
macological treatment is available for use in patients. Mouse 
models which rely on diet-induced development of NASH are 
used in the preclinical drug development phase for novel thera-
peutics. Gnawing wood sticks commonly serve as cage enrich-
ment in mouse studies but can potentially affect intestinal uptake 
and/or result in faecal excretion of dietary components following 
binding or attachment to wood fibres. In the current study we in-
vestigated whether addition of gnawing wood cage enrichment 
could affect the dietary induction of NASH in mice.

APOE*3Leiden.CETP mice, a translational animal model that 
displays histopathological characteristics of NASH in the con-
text of obesity, insulin resistance and hyperlipidemia were used 
in this study. To induce NASH, mice were fed a high fat and cho-
lesterol (HFC) diet for 25 weeks (HFC control group) with (n = 
15) or without (n = 15) addition of gnawing wood as cage enrich-
ment. The effects on body weight, food intake, plasma parame-
ters and NASH histopathology were assessed.

Addition of gnawing wood led to a similar obese body weight 
in the mice, nor did it affect food intake. Blood glucose levels 
were similar between both groups and in both groups hypercho-
lesterolemia and hypertriglyceridemia were induced by the di-
et to a similar extent. Liver weights were similar between both 
groups and histopathological evaluation revealed that macrove-
sicular steatosis, microvesicular steatosis, hepatic inflammation 
and hepatic fibrosis were all similarly induced as well.

Addition of gnawing wood did not affect the induction of 
NASH and fibrosis in HFC fed APOE*3Leiden.CETP mice and 
can be used as cage enrichment in this type of diet-induced dis-
ease model.
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sur Seine, France; 6Henkel AG & Co. KGaA, Düsseldorf, Germany; 
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In recent decades, considerable progress has been made in the 
field of alternatives to animal testing to assess the safety of chem-
icals. In order to determine the performance of these methods, 
the results are compared with reference data (animal or human) 
based on a confusion matrix, a cross table that reports the pre-
dicted classes against the reference classes. In case of a binary 
response, sensitivity and specificity are widely used statistical 
measures of performance. In case of a multi-class response (three 
or more categories), sensitivity and specificity can be calculated 
based on a one-vs-all approach and provide information on the 
class-specific performance.

Several in vitro test methods have been OECD-adopted to 
identify chemicals causing serious eye damage (Cat.1), or to 
identify chemicals not requiring classification and labelling for 
eye irritation or serious eye damage (No Cat.). Their predictive 
capacities (accuracy, sensitivity, false negatives, specificity, and 
false positives) are generally computed based on a 2x2 confu-
sion matrix. Recently, Cosmetics Europe developed two defined 
approached (DAs) for eye hazard identification that distinguish 
between the three UN GHS categories, including Cat. 2 defined 
as chemicals causing reversible effects on the eye (Alépée et 
al., 2019a,b). The overall performance of the DAs was assessed 
based on 3x3 confusion matrices. To evaluate the class-specific 
performance, the 3x3 matrix is converted into three 2x2 matrices 
and sensitivity, specificity, and balanced accuracy are calculated 
for each matrix separately. This is the first time that this approach 
is applied to eye hazard identification considering the three UN 
GHS categories. While the focus is on the performance of alter-
natives methods/defined approaches for eye hazard identifica-
tion, the computations shown here with a numerical example are 
also applicable to other domains of hazard identification and to 
more than 3 categories.
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The use of genetically altered (GA) animal models has grown 
significantly in recent years with GA animals now being used in 
42% of all experimental procedures in the UK. This percentage 
has doubled in the past decade (Home Office, 2020). The breed-
ing and maintenance of GA animal lines alone accounts for 1.67 
million procedures. The ability to manipulate mouse genes to en-
able the simulation of aspects of human diseases such as diabe-
tes, motor neuron disease or others, is considered cutting edge 
science and vast amounts of time, money and energy are dedi-
cated to improving the methodology. The advent of CRISPR has 
allowed genetic modification to become easier and more accessi-
ble, whilst a growing body of published literature in this field fu-
els further investment and demand for funding.

However, given that all research funding has an opportunity 
cost, could or should this time and funding be more appropriately 
directed to more relevant human-based methods, and what would 
be required to make this shift? There are significant and unavoid-
able problems with using GA models, most notably that the hu-
man diseases under investigation often have significant lifestyle 
and aging factors which can’t be replicated. In addition, GA lines 
are understandably closely controlled to ensure that there is little to 
no natural variability in phenotypes. Once again, this fails to ade-
quately replicate the behaviour of a disease within the human pop-
ulation. Finally, there is a significant welfare concern around the 
suffering of these animals and whether this is warranted. FRAME 
is commissioning a piece of research to understand the motivations 
of leading GA animal researchers for using animal models over al-
ternatives, investigate the perceived strengths and weaknesses of 
these models in different areas of research, and identify the current 
gaps that prevent researchers using non-animal methods.
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in the tested differentiation routes which could be incorporated 
into the safety predictions.
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Cosmetics Europe develop two defined approaches (DAs) for 
eye hazard identification, i.e., addressing both serious eye dam-
age and eye irritation (or the absence thereof), for non-surfac-
tant liquid test substances. DAL-1 combines four physicochem-
ical properties, the Reconstructed human Cornea-like Epitheli-
um (RhCE: EpiOcular™ EIT (VRM1) and SkinEthic™ HCE 
EIT (VRM2)) test method (OECD TG 492), and Bovine Corneal 
Opacity and Permeability (BCOP) test method (OECD TG 437). 
DAL-2 combines the Short Time Exposure (STE) test method 
(OECD TG 491) and BCOP test method (OECD TG 437). In 
both DAs, the BCOP laser light-based opacitometer (LLBO) is 
used, as described within the OECD TG 437, however only the 
opacity is used to identify liquids that cause serious eye damage. 
The performance of the DAs to distinguish between the three UN 
GHS categories were compared against the minimum perfor-
mance values for each category proposed by the OECD Expert 
Group on Eye/Skin Irritation/Corrosion and Phototoxicity.

Note that 16 Cat. 1, 21 Cat. 2, and 31 No Cat. reference chem-
icals were tested in common by the DAs. The balanced accuracy 
(average of the % correct predictions of each category) of DAL-
1 with VRM1, DAL-1 with VRM2, and DAL-2 was 69.2%, 
75.2%, and 74.3%, respectively. DAL-1 with VRM1 identified 
76.5% of Cat. 1 (N = 17), 59.1% of Cat. 2 (N = 22) and 72.1% of 
No Cat. (N = 55) correctly (69.2). DAL-1 with VRM2 identified 
76.5% of Cat. 1 (N = 17), 68.7% of Cat. 2 (N = 23) and 80.4% of 
No Cat. (N = 46) correctly. DAL-2 identified 81.2% of Cat. 1 (N 
= 17), 56.3% of Cat. 2 (N = 24) and 85.3% of No Cat. (N = 123) 
correctly. These values were greater than the proposed minimum 

collections/animals-in-science-statistics (accessed 26.03. 
2021).

House of Lords (2002). Select Committee on Animals In Scientif-
ic Procedures – Report. Chapter 8: Genetically Modified Ani-
mals. https://bit.ly/3rMq2rD (accessed 26.03.2021).
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One of the in vitro embryotoxicity screens is the cardiac embry-
onic stem cell test (ESTc), which uses cardiomyocyte formation 
as the main differentiation route. Studies are ongoing into wheth-
er a wider use of the biological domain may contribute in broad-
ening the applicability of the test, to prioritize structurally simi-
lar chemicals for its safety. The use of gene transcript biomarkers 
would contribute to a quantitative readout of the test. But which 
biomarkers could be useful for safety predictions? To answer this 
question, the morpholines (tridemorph – TDM; fenpropimorph – 
FPM) and piperidines (fenpropidin – FPD; spiroxamine – SPX) 
were tested. These compounds cause fetal malformations in the 
rat such as cleft palate. The formation of cleft palate in general 
is linked to interference with retinoic acid balance, neural crest 
cell migration, and cholesterol biosynthesis. Markers related to 
these pathways were tested at low (ID10) and high (ID50) con-
centrations after 24 hours and 7 days of exposure. All tested com-
pounds showed stimulating effects on the cholesterol biosynthe-
sis related marker Msmo1 after 24 h exposure and TDM showed 
Cyp26a1 inhibition which codes for an enzyme that inactivates 
retinoic acid. A long exposure duration stimulated expression 
levels for pluripotency (Pou5f1), but also for the ectodermal 
(Nes) and endodermal (Gata4) germ layer markers. Differentia-
tion markers were affected for cardiomyocyte (Nkx2-5; Myh6), 
neural (Tubb3), and neural crest cell development (Ap2α; Msx2; 
Snai2). These gene expression levels were captured in gene-net-
works which showed clear differences in signatures between the 
morpholines and piperidines, especially at low concentrations af-
ter 7 days of exposure. The different biomarker response profiles 
gave more mechanistic insight into the compound interferences 
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prior crosslinking (Lan et al., 2010). MTT test and confocal mi-
croscopy, with live/dead kit were employed to evaluate viabil-
ity and spatial distribution. The produced hydrogel shows rhe-
ological characteristics reproducing the ones of the liver tissue 
and is stable up to 11 days. Loaded HepG2 cells were viable and 
homogeneously distributed within the 3D-matrix. Their number 
increased upon time and the production of physiological-like ag-
gregates is observed. The model is now being employed for the 
study of hepatoxicity to the administration of various drugs (i.e., 
acetaminophen, midazolam, chlordiazepoxide). Furthermore, the 
developed model can be tailored to mimic not only physiological 
organs, but also diseased ones; this study is integrated in the de-
velopment of new approach methodologies applied to toxicology 
and preclinical drug evaluation.
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by high shear stress oscillation-decellularization. Sci Rep 7, 
5534. doi:10.1038/s41598-017-05134-1 
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Implementation of an in vitro 
transgenic rodent (TGR)  
assay for the detection of potential 
mutagens and assessment  
of their mechanism of action
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Bennard van Ravenzwaay and Robert Landsiedel
BASF SE, Ludwigshafen, Germany
barbara.birk@basf.com 

The TGR assay (OECD 488) is an in vivo test addressing gene 
mutations. Hereby, the bacterial lacZ gene, amongst others, is 
used as a reporter gene to detect mutations easily and reliably. 
Multiple copies of this gene are integrated in the mouse chro-
mosome. An in vitro version of this mutagenicity assay has been 
described by Cox et al. (2019). In this in vitro version, “in vitro 
TGR assay”, primary hepatocytes (PHs) isolated from transgenic 
mice (MutaMouse) instead of the living animal are treated with 
the test substance. Due to the similarity of the in vivo and the cor-
responding in vitro assay, this approach deems to predict the in 
vivo outcome better than other in vitro genotoxicity assays.

performance of 75% for Cat. 1, 50% for Cat. 2 and 70% for No 
Cat. Furthermore, the class-specific performance metrics are also 
provided for each DA.

References
Alépée, N., Adriaens, E., Abo, T. et al. (2019a). Development of 

a defined approach for eye irritation or serious eye damage for 
neat liquids based on Cosmetics Europe Analysis of in vitro 
RhCE and BCOP test methods. Toxicol In Vitro 59, 100-114. 
doi:10.1016/j.tiv.2019.04.011 

Alépée, N., Adriaens, E., Abo, T. et al. (2019b). Development of 
a defined approach for eye irritation or serious eye damage for 
liquids, neat and in dilution, based on cosmetics Europe analy-
sis of in vitro STE and BCOP test methods. Toxicol In Vitro 57, 
154-163. doi:10.1016/j.tiv.2019.02.019 

Presentation: Poster

1044

ECM-based in vitro 3D-models of 
the liver for hepatotoxicity testing
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Silvia Dotti2, Riccardo Villa2, Paola Petrini1 and  
Livia Visai3,4
1Department of Chemistry, Materials and Chemical Engineering “Giulio 
Natta”, Politecnico di Milano, Milan, Italy; 2National Reference Center 
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ICS Maugeri, IRCCS, Pavia, Italy
giuseppe.guagliano@polimi.it 

In the context of drug development, liver plays a crucial role. It 
is not only directly responsible for drug metabolism, but it is al-
so implied in hundreds of viable functions, whose impairment 
might produce differences in active principle processing, and 
pharmacokinetics, leading to the outbreak of severe adverse re-
actions, including hepatoxic effects. This work will present the 
first developmental steps of an ECM-based, in vitro 3D-model 
of the liver, to assess drugs hepatotoxicity. ECM was obtained 
from decellularized porcine liver, by a combination of differ-
ent methods (Mazza et al., 2017). The decellularization buffer 
was injected in multiple sites of 0.5 cm cubes of liver and then 
used to incubate the samples while under orbital stirring up to 7 
days. Lyophilized cubes were grinded after freezing in liquid N2. 
ECM powder (1.4% w/v) was added in an alginate (ALG) solu-
tion (3.5% w/v) in complete medium. The hydrogel was char-
acterized by rheological testing and the stability in medium was 
evaluated up to 14 days. For cell loaded hydrogels, HepG2 cells 
were suspended in the ALG-ECM suspension (2x106 cell/ml) 
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work considering ADME, potential exposure, sub-chronic tox-
icity, genotoxicity, immunosuppression, hormone perturbation, 
MOA and risk assessment of each, using a WoE evaluation. A 
thorough read across assessment was conducted to compare da-
ta on registered chemicals that were of a similar pesticidal MOA 
or shared structural similarity to support the prediction of chronic 
toxicity and/or tumorigenic potential. The case studies represent 
a range of different scenarios, from a new molecule in a well-es-
tablished chemical class with a known MOA to a molecule with 
a new pesticidal MOA and limited read across to related mole-
cules. Key learning from the case studies along with feedback 
from regulatory agencies will be presented. This effort represents 
an important step to establish criteria for waiving the rodent can-
cer bioassay(s) while ensuring a health protective chronic risk as-
sessment.
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categorization of fragrance 
ingredients
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Reliable human potency data is necessary for appropriate evalu-
ation of new non-animal methods for skin sensitization potency 
prediction. The potency information is also critical for the quan-
titative risk assessment. Previously, human skin sensitization po-
tency of fragrance materials was derived primarily using human 
data (Api et al., 2017). However, human testing is not typically 
conducted to explore the dose-response of a chemical. Rather, 
the human testing is conducted at a single dose that is expected to 
be safe. For this reason, the No Observed Effect Level (NOEL) 
from the human test can be close to, or well below, the thresh-
old of the induction of sensitization. This means that human da-
ta alone may not correlate well with the actual potency of a giv-
en material. Therefore, we propose a Weight of Evidence (WoE) 
approach for potency categorization, where all existing data 
should be considered collectively. To demonstrate this approach, 
human, animal, in vitro, in chemico, and in silico data on 106 
fragrance materials were evaluated to set skin sensitization po-
tency categories (Extreme, Strong, Moderate, Weak, Very Weak 
and Non-Sensitizer). None was considered an extreme sensitiz-
er, while 6, 23, 41, and 28 materials were categorized as strong, 
moderate, weak, and very weak sensitizers, respectively. Eight 
materials lacked evidence for the induction of skin sensitization. 
The skin sensitization potency categories for fragrance materi-

This in vitro test system was validated in our laboratory by us-
ing 6 different gene mutagens each bearing its own characteristic 
mechanism of action and requirement for metabolization. All test-
ed mutagens, except cyproterone acetate, showed an increase in 
lacZ MF, ranging from 4- to 13-fold compared to vehicle control.

Thus, the in vitro TGR assay was able to detect the mutagenic 
potential of direct-acting and pro-mutagens with a performance 
qualitatively similar to the in vivo TGR assay. The current inves-
tigations aim at sequencing the transgene in order to obtain a mu-
tagenic fingerprint for the respective mechanism of mutagenic 
action.
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Assessing human carcinogenicity risk 
without the rodent cancer bioassay
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Douglas C. Wolf1
1Syngenta Crop Protection, LLC, Greensboro, NC, United States; 2PETA 
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amber.goetz@syngenta.com 

The rodent cancer bioassay is often conducted when it may not 
be needed for human health risk assessment. As part of a collabo-
rative effort, the Rethinking Carcinogenicity Assessment for Ag-
rochemicals Project developed a reporting framework to guide a 
WoE evaluation for rodent cancer bioassays that can be waived 
as a data requirement. The framework is the result of an itera-
tive process of writing waivers, regulatory agencies’ reviews, 
and framework revision. The example waivers used to develop 
the framework were written for registered pesticide active in-
gredients in which the necessary data and information could be 
obtained through risk assessment documents or data evaluation 
records from the US EPA. This exercise was critical to the de-
velopment of a draft framework, but it lacked authenticity; the 
regulators reviewing the waiver already knew the outcome of the 
rodent cancer bioassay(s). Syngenta has expanded the evaluation 
of the ReCAAP reporting framework by writing three case stud-
ies for new AIs where the data packages have not yet been sub-
mitted for registration. Waivers followed the established frame-
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of the fibers towards the three macrophage phenotypes. Different 
rates of cell toxicity, apoptosis, ROS production, DNA damage 
and cytokine release were observed for the three macrophage phe-
notypes with the fibers, with M0 and M1 macrophages showing 
higher rates of responses than M2. In general, at 24 h, crocidolite 
and chrysotile were more potent with respect to erionite in trigger-
ing apoptosis and cytokine release, while erionite had the highest 
effect in intracellular ROS production and, apparently, DNA dam-
age. Overall, this in vitro model allows to perform accurate toxic-
ity and inflammation comparative studies on the effects of miner-
al fibers on the three macrophage phenotypes, which could allow 
more accurate previsions of their carcinogenic effect.
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vanessaalmonti@gmail.com 

Among mineral fibers, asbestos (i.e., chrysotile and crocido-
lite) and fibrous erionite are classified as carcinogens (Sayan et 
al., 2016). Two mechanisms of cyto-genotoxicity are proposed:  
(1) physical interference with the cellular processes, (2) stimula-
tion of oxidative imbalance by increasing reactive oxygen spe-
cies (ROS) production (Srivastava et al., 2010).

In order to investigate them, in this study a human endothelial 
(HECV) and a monocyte-like THP-1 cells were exposed, direct-
ly (dc) or indirectly (ic), to crocidolite, chrysotile and erionite. 
Briefly, 50 µg/mL of dissolved fibers were added to culture me-
dium in dc-experiments, while in ic-assays the same amount was 
placed into Transwell® PET inserts (0.4 µm pore size).

Fiber-induced effects were investigated in terms of prolifera-
tion index (PI, DNA content assay; Rao et al., 1992), ROS pro-
duction (dichlorofluorescein assay), DNA oxidative damage and 
inflammatory response.

als based on the WoE approach are provided in this work. The 
WoE categories can serve as references for evaluation of the new 
non-animal methods, as well as for the quantitative risk assess-
ment.
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Inhalation of mineral fibers leads to chronic lung inflammation 
and the subsequent development of lung malignancies. Macro-
phages have a fundamental role in both triggering and maintain-
ing the inflammatory response in the lung tissue. It is also known 
that cell damage is a necessary step for triggering the inflam-
matory response by immune cells. Three types of differentiated 
macrophages can contribute to the chronicization of the inflam-
matory response in the lung, namely M0, M1 and M2 cells cor-
responding to non-activated, pro-inflammatory and alternatively 
activated macrophages. Since until now, no comparative data are 
available on the acute toxicity and inflammatory response of M0, 
M1 and M2 macrophages challenged with mineral fibers, we set 
up an in vitro model based on human THP-1 monocytes, to study 
the acute effects of three types of toxic/carcinogenic mineral fi-
bers, namely crocidolite, chrysotile and erionite.

After differentiation, the three macrophage phenotypes ob-
tained were exposed to fibers for 24h. Cytotoxicity was quantified 
by the MTT test, LDH release, ROS production and apoptosis in-
duction. DNA damage was investigated by gamma-H2AX foci de-
tection and inflammation was studied by cytokine release quantifi-
cation (IL-1beta and MCP-1). The results indicate different effects 
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To address this challenge, we examined effects of concentra-
tion-dependent eye irritation employing a modified protocol of 
the Organisation for Economic Co-operation and Development 
(OECD) 492 test guideline. Instead of an MTT-assay, we used 
non-destructive impedance spectroscopy to analyze reconstructed 
cornea like models based on primary human cells. By using im-
pedance spectroscopy cell barrier properties are detectable via ad-
justed frequency ranges. We tested four category 1 substances in 
three different dilutions: 100%, 5% and 1%. Tracking concentra-
tion dependent damage, we measured impedance six times over 
11 days. The transepithelial electrical resistance at the frequen-
cy of 1000 Hz (TEER1000Hz) decreased to below 10% in undi-
luted category 1 chemicals, indicating severe eye damage. How-
ever, with the dilution the TEER values increased above 80% of 
the control indicating a non-irritant and a dose dependent effect. 
These findings were supported by morphologic analysis of H&E 
staining in the tissues, displaying dose dependent damage.

Summarized, impedance spectroscopy indicated substance-re-
lated irritation effects of diluted testing substances in our cornea 
like model. Impedance-based predictions could influence the la-
belling of formulated consumer goods and pave the way to alter-
native tests.
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viability of individual organs 
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Every year, 800,000 babies are born extremely preterm (EP;  
< 28 weeks of age) worldwide. A large proportion of survivors 
face lifelong disabilities, including breathing, cardiac, neuro-
logical, and metabolic problems. Current treatment requires the 
preterm initiation of body functions for which the respective or-
gans are not prepared. The Perinatal Life Support (PLS) consor-
tium envisions a medical device that can support the safe devel-
opment of EP infants outside the womb by preserving the innate 
fetal cardiorespiratory physiology ex vivo. Part of this artificial 
womb system is a liquid-based environment that provides the 
EP infant with oxygen and nutrients using an artificial placenta. 
LifeTec Group is developing an ex vivo organ model to evaluate 
prototype suitability in ensuring prolonged viability of individ-
ual organs. To develop this model, a porcine liver and blood are 

In THP-1, 48 h of dc-treatment reduced PI by 20%, while, sur-
prisingly, in ic-exposure crocidolite and erionite increased PI by 
10 and 20%, after 48 h and 72 h, respectively.

On ic-THP-1, 4h of crocidolite, chrysotile and erionite treat-
ments increased ROS production by 50, 90, and 150%, respec-
tively, while in dc-HECV only chrysotile slightly stimulated 
ROS production ( ̴ 20%). In both cell lines ROS over-production 
was accompanied, at 24 h, by the phosphorylation of H2AX, a 
marker of DNA damage.

On dc-HECV, chrysotile and erionite increased proinflamma-
tory IL-1β cytokine and MCP-1 chemokine release (ELISA), af-
ter 24 h and 72 h, respectively. On dc-THP-1 all experimental 
treatments increased IL-1β and MCP-1 levels, suggesting a may-
or susceptibility to activation of cellular damage-response. In ic-
THP-1 these markers were slightly secreted in the medium but 
increased their intracellular content (10 folds vs basal levels).

These findings, although preliminary, suggest that in HECV 
and THP-1 the oxidative unbalance is responsible for both cyto-
toxic and pro-inflammatory action of the fibers.
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Ocular irritancy testing on animals for safety reasons such as the 
Draize eye test are still prevalent around the globe. The height-
ened sensitivity of the eye requires a particularly strict control of 
chemicals. In the Global Harmonized System (GHS), neat chem-
icals are categorized and labelled along their eye irritation sever-
ity into category 1 for severe eye damage and category 2 for eye 
irritation. The Draize test only provides neat-related substance 
testing to reduce animal suffering. However, consumer goods are 
often based on diluted substances. Therefore, a method to identi-
fy concentration dependent eye irritation potential of a chemical 
is of great interest for risk assessment.
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tively quantified using Lumit™ and ELISA techniques. Lentivi-
rus Construct Core expressing SARS-CoV-2 Spike protein from 
Brown University was used to mimic SARS-CoV-2 infection.

Results: Quercetin at 50 µM reduced the release of IL-6 and 
IL-8 cytokines induced by poly(I:C) and counteracts the P2X7 
receptor activation at 50 µM. Quercetin at 50 µM had no effect 
on pseudovirus SARS-CoV 2 infection.

Discussion: Quercetin reduced P2X7 receptor activation and 
acted as an anti-inflammatory compound against the viral mimet-
ic poly(I:C). Quercetin didn’t demonstrate any significant effect 
against pseudovirus SARS-Cov-2. This flavonoid didn’t seem to 
act specifically on SARS-CoV-2 infection process, nevertheless 
quercetin appeared to be an interesting modulator of P2X7 recep-
tor and inflammation.
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Respiratory allergic diseases have developed to a global health 
problem, resulting in high morbidity and mortality. The immuno-
logical mechanisms leading to skin sensitization are well charac-
terized, while the mechanisms involved in respiratory sensitiza-
tion caused by chemical compounds are still not fully unraveled. 
The available validated methods for the identification of skin 
sensitizers fail to distinguish respiratory from skin sensitizers.

We aimed to test the capacity of our 3D-alveolar in vitro model 
for the prediction of respiratory sensitization (Chary et al., 2019). 
The model is built on a permeable membrane using cell lines: 
alveolar epithelial cells (A549) are seeded on the apical surface 
and endothelial cells (EA.hy926) on the basolateral side. Macro-
phage-like cells (PMA-differentiated THP-1 cells) and dendrit-
ic-like cells (THP-1) are distributed on the luminal surface of the 
epithelial, respectively beneath the endothelial cell monolayers. 
The 3D setup allows the exposure to chemicals under realistic 
conditions, at the air-liquid-interface, and the development of a 
tissue-like microenvironment by cell-to-cell direct communica-
tion and indirectly through secreted messenger molecules.

A set of 12 chemicals was tested to verify the ability of the 
model to discriminate between respiratory and skin sensitizers, 
and irritants. Viability was measured 24 hours post-exposure to 
obtain a dose-response curve for the calculation of the dose in-
ducing a 25% reduction of cell viability (CV75) for each com-
pound. After exposing the model at the CV75 dose of the select-

procured at a slaughterhouse and reperfused at LifeTec Group 
laboratory. Antibiotics are used to ensure blood sterility. During 
reperfusion, several vital parameters are monitored: O2, PO2, 
CO2, blood flow and blood pressure. Furthermore, the setup al-
lows for measuring of hemoglobin, blood metabolites (e.g., lac-
tate) and hemolysis and sterility are controlled periodically. In 
this study we develop a prototype organ perfusion system aiming 
to keep an organ in a functional state for prolonged time (up to 12 
hours). The system will be used to research vascular cannulation 
techniques and organ (development) responses. Further research 
will focus on longer perfusion time and automatization of the 
processes needed to keep hemodynamic values and blood param-
eters in an acceptable range. Overall, the integrated PLS system 
will allow major progress towards translation for an urgent med-
ical need, where new solutions are lacking as preclinical models 
are inadequate and clinical trials not feasible.

Funding: This project is funded by Horizon 2020 Framework 
Programme of the European Union under grant agreement num-
ber 863087.
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Background and Objectives: The world has been facing the 
SARS-CoV-2 pandemic for more than one year. Till now, there 
is no curative treatment for COVID-19 disease. Clinical observa-
tions highlighted a cytokine storm leading to multiorgan damage 
in severe COVID-19 patients. At the cell level, cytokine storm is 
triggered by inflammasome activation, itself triggered by the ac-
tivation of the P2X7 purinoreceptor. Molecular docking studies 
revealed that the flavonoid quercetin could be a good candidate 
for the management of SARS-CoV-2 due to its antioxidant and 
anti-inflammatory properties, with no side effects when ingested. 
Our objective was to study the modulation of P2X7 receptor and 
cytokine release by quercetin on a pulmonary in vitro model and 
to check the effect of quercetin on SARS-CoV-2 infection.

Materials and Methods: We performed our study with the hu-
man bronchial BEAS-2B cell line. The cells were preincubated 
with quercetin (6.25-50 µM) for 20 minutes, then the cytokine 
storm was induced using poly(I:C), a widely used viral mimet-
ic. P2X7 receptor expression was measured using Western Blot 
technique and its activation using the YO-PRO-1 assay. The re-
lease of IL-6 and IL-8 proinflammatory cytokines were respec-
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The morphological and histochemical analysis showed the 
highest angiogenic potential in untreated scaffold (77.51%) com-
pared to soaked scaffolds with pro-angiogenic factors (VEGF-A 
– 75.11%, FGF-2 – 69.82%). The weakest angiogenic potential 
was observed in scaffolds soaked with FGF-2 inhibitor SU5402 
(19.69%). Gene expression of pro- and anti-angiogenic mark-
ers followed similar results. VEGF-A promotes angiogenesis ex-
tensively in untreated scaffolds, while FGF-2 caused less effec-
tive proangiogenic response. FGF-2 anti-angiogenic inhibitor, 
SU5402 partly weakened the angiogenesis in both untreated and 
treated scaffolds (VEGF-A, FGF-2).

The CAM is a rapid way to specify biocompatibility and an-
giogenic potential of porous biomaterials intended for use in the 
field of tissue engineering with respect to the 3Rs.
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Zebrafish is a popular model organism in many research areas 
due to its high fecundity, the convenience of handling, availabil-
ity of genetic information and transparency of the embryo (Li-
eschke et al., 2007). The commonest method of fish anesthesia 
is the use of MS 222, which is expensive and can cause toxicity 
at higher doses. Some anesthetics may interfere with the sample 
processing (ex. Clove oil) and some may cause adverse effects 
on tissue (ex. Lidocaine) (Collimore et al., 2014). Rapid cooling 
is an alternative for such anesthetics and this study aims to deter-
mine the effect of cooling on adult zebrafish. Both gradual cool-
ing effect starting from room temperature (25°C) and acute cold 
exposure (10°C) were examined using 24 adult zebrafish. Time 
and temperature at the anesthetic phase and recovery phase were 
obtained. In gradual cooling, loss of balance initiated after 2 min-
utes at 16.5 (± 0.5)°C, loss of fin movements after five minutes at 
10 (± 0.5)°C and the loss of opercular movement was observed 
after 6.5 minutes at 9 (± 0.5)°C. Comparatively, five zebrafish 
used in acute cold exposure at 10°C were anaesthetized within 
one minute. In both methods after transferring to fresh water at 
25°C, rapidly recovery (initiation of opercular movement, fin 

ed compounds, the expression of specific cell surface markers 
was measured in the dendritic-like cells.

Our data show that the model can discriminate respiratory sen-
sitizers from irritants. The model correctly identifies piperazine 
as a respiratory sensitizer, chemical which has been reported as 
false negative in other assays. In a next step additional sensitiz-
ers, irritants and innocent chemicals will be tested to further eval-
uate false negative and false positive results.

Reference
Chary, A., Serchi, T., Moschini, E. et al. (2019). ALTEX 36, 403-
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The chicken chorioallantoic 
membrane as a pre-screening 
method for monitoring 
biocompatibility of porous 
biopolymer scaffolds
Zuzana Demcisakova1, Lenka Luptakova2, Lubomir 
Medvecky3 and Eva Petrovova1
1Department of Morphological Disciplines, University of Veterinary 
Medicine and Pharmacy in Kosice, Kosice, Slovakia; 2Department of 
Biology and Physiology, University of Veterinary Medicine and Pharmacy 
in Kosice, Kosice, Slovakia; 3Division of Functional and Hybrid Systems, 
Institute of Materials Research of the Slovak Academy of Sciences, Kosice, 
Slovakia
zuzana.demcisakova@gmail.com 

The chorioallantoic membrane (CAM) is an extraembryonic 
membrane that is commonly used to study angiogenesis, and its 
inhibition in response to tissues, cells, or soluble factors (Mangir 
et al., 2019). We studied the angiogenic response of the chicken 
CAM (Gallus gallus domesticus) after the implantation biopoly-
mer composite prepared on the base of polyhydroxybutyrate and 
chitosan. This study described an approach to detect the forma-
tion of blood vessels inside biopolymer scaffolds using the CAM 
as an in vivo alternative animal model. Differences in the angio-
genic response of CAM was observed depending on the addition 
of vascular growth factors (VEGF-A, FGF-2), and FGF-2 inhib-
itor (SU5402).

On embryonic day 7 (ED7), the tested biomaterial was placed 
on the CAM alone/or soaked with growth factors VEGF-A and 
FGF-2 at an application dose of 25 ng. Similarly, scaffold was 
soaked with FGF-2 inhibitor SU5402 in concentration 5 mM and 
placed on the CAM. Three days after the implantation, the vas-
cular reaction was documented using stereomicroscopy. We ob-
served and evaluated formation of vessels in surrounding area of 
the scaffold as well as inside of the implant by WGA marker of 
endothelial cells and KUL-01 marker of macrophages.

https://doi.org/10.1021/acsbiomaterials.9b00172
mailto:prasadi@uwu.ac.lk
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Poster Presentations

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 365

ed a new herbicidal AI with an established mode of action hav-
ing many exemplars for which the toxicology and ecotoxicolo-
gy is well characterized. The presentation will demonstrate that 
these data can be curated and analyzed to provide an appropri-
ate human health and vertebrate ecological hazard characteri-
zation for the purpose of risk assessment of a new AI, without 
the generation of new vertebrate data.
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Toward regulatory acceptance 
of recombinant Factor C based 
assays in the United States
Elizabeth Baker, Jessica Ponder and Kristie Sullivan
Physicians Committee for Responsible Medicine, Washington, DC, United 
States
ebaker@pcrm.org 

All vaccines and injectable therapies must be tested for fever-in-
ducing contaminants, called pyrogens, before administration to 
humans. Bacterial endotoxins testing (BET) provides rapid and 
quantitative analysis of the most common pyrogen risks. The fre-
quently used Limulus Amoebocyte Lysate (LAL) assay relies on 
the clotting cascade of zymogen proteases isolated from horse-
shoe crab blood. Efforts to modernize the production of BET 
reagents have yielded a synthetic source of the key enzyme in 
the pathway, Factor C, via recombinant production. Notably, the 
BET using recombinant Factor C (rFC) eliminates the nonspe-
cific pathway that causes artificially increased endotoxin mea-
surements common to LAL assays, avoids variation within LAL, 
helps avoid supply chain issues associated with relying on a sin-
gle species, and helps companies meet ethical commitments to 
reduce animal testing.

Ongoing efforts over the past two decades to evaluate rFC-
based assays have demonstrated that recombinant assays give 
equivalent results to traditional LAL assays in response to pre-
pared LPS as well as naturally occurring endotoxins. This has 
led to the Pharmacopeial adoption of rFC as a compendial BET 
method in Europe as well as FDA-approval of parenteral drugs 
based solely on rFC data in the United States. In an effort to work 
toward global harmonization, global pharmacopoeias and health 
authorities have an opportunity to remove barriers to rFC use 
by modifying published guidelines and guidance to allow spon-
sors to submit rFC data for BET requirements without addition-
al evaluation hurdles. In the United States, opportunities exist for 
the United States Pharmacopeia and the Food and Drug Admin-
istration.
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and body movements) occurred in two minutes. After the grad-
ual cooling method, no mortality was observed while one death 
was reported from the acute cold exposure method. In conclu-
sion, cooling can be practiced as a cost-effective, minimum risk 
and rapid anesthetic method for short term anesthesia.
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Developing a new approach to 
assess crop protection chemical 
safety that minimizes reliance on 
vertebrate testing and protects 
human health and the environment
Natalia Ryan1, Douglas C. Wolf1, Ramanarayanan 
Tharacad1, Haitian Lu1, David Dreier1, Richard A. 
Currie2, Odette Alexander1 and John Abbott1
1Syngenta Crop Protection, Greensboro, NC, United States; 2Syngenta, 
Bracknell, United Kingdom
natalia.ryan@syngenta.com 

Efforts to reduce the use of vertebrate studies and improve reg-
ulatory science for the assessment of agrochemicals challenge 
crop protection companies to develop new approaches for reg-
istration of new active ingredients (AIs) that ensure no unrea-
sonable risk to human health and the environment. To deter-
mine the scope and direction of a project, Syngenta developed 
a problem statement in collaboration with regulatory agency 
scientists: “Develop, demonstrate and implement a modern 
scientifically-sound strategy that applies appropriate and flex-
ible exposure and effects characterization without chemical 
specific vertebrate tests to robustly and reliably address risk, 
uncertainties, and deficiencies in data, and its interpretation, 
with the same or greater confidence to that provided by the cur-
rently accepted test guidelines and meets the regulatory needs 
of the agencies”. To address this problem, a project was initi-
ated to create a case study applying existing conceptual frame-
works based on modern scientific approaches to identify and 
characterize the dose-range over which potential adverse ef-
fects may occur relative to the anticipated exposure from pro-
posed uses of a new AI, determine whether these frameworks 
meet risk assessment needs for human health and vertebrate 
ecotoxicology, and to identify where further development of 
new approaches for compound-specific data generation would 
be required. To maximize the reuse of existing data, we select-
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ical and legislative oversight of the use of animals for scientific 
purposes in Australia and to raise awareness of the scientific and 
ethical issues that need to be taken into account and the practi-
cal considerations to ensure high standards of animal welfare and 
scientific integrity.

The Australian Code for the Care and Use of Animals for Sci-
entific Purposes (NHMRC, 2013) details the responsibilities of 
all people involved in the care and use of animals and mandates 
appropriate education, training, and assessment of competence of 
investigators be they researchers, teachers, or students (Rose and 
Grant, 2013). As animal-based research was still ongoing during 
the lockdown in Sydney, there still existed demand for the animal 
care and ethics course which could not be delivered in its current 
format due to pandemic-related restrictions. As such the existing 
course was converted into online modules to comply with the ed-
ucation and training requirements of the Australian code.

This presentation will discuss the process of converting a 
face-to-face course to an online platform within a restricted time 
frame. It will identify the problems and challenges encountered 
during development and after the release of the online mod-
ules. We will also discuss how the face-to-face hands-on train-
ing session of the course was conducted during physical distanc-
ing restrictions, and how it inadvertently led to a refinement in 
the practical training component of the animal care and ethics 
course.
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Systems vaccinology enables  
to evaluate vaccine  
safety and quality in vitro
Takuo Mizukami, Eita Sasaki, Haruka Momose,  
Keiko Furuhata and Isao Hamaguchi
Department of Safety Research on Blood and Biologicals, National Institute 
of Infectious Diseases, Tokyo, Japan
tmiz@nih.go.jp 

Vaccines are the most effective tool to prevent and control infec-
tious diseases in humans and remain a major combatting tool for 
newly emerged infectious diseases such as SARS-COV-2. Re-
cent advances in vaccinology, combined with molecular biol-
ogy and immunology, enable us to develop well-designed vac-
cines to induce target-oriented immunity without using conven-
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Policy initiatives for integrating new 
approach methodologies for testing 
pharmaceuticals in the United States
Elizabeth Baker and Kristie Sullivan
Physicians Committee for Responsible Medicine, Washington, DC,  
United States
ebaker@pcrm.org 

New approach methodologies (NAM) that are expected to better 
protect public health than traditional nonhuman animal-based ap-
proaches are at the forefront of toxicology testing. Many NAMs 
have been commercialized, and both private and publicly funded 
scientists are working to develop a multitude of additional NAMs 
that utilize human cells and tissues. In order to support NAM in-
tegration into regulatory decision-making for drug development, 
policies outlining a drug sponsors requirements and expectations 
must clearly allow for NAM use. This level of regulatory certain-
ty is critical because traditional animal studies are otherwise in-
grained in regulatory policy and industry practice.

Multiple activities in the United States are moving toward inte-
gration of new approaches. FDA’s Innovative Science and Tech-
nology Approaches for New Drugs (ISTAND) is a pilot program 
that provides an evaluation pathway for NAMs that may become 
acceptable for regulatory use under the program. A method qual-
ified for a context of use under ISTAND can be included in reg-
ulatory submissions for the context of use without the need for 
FDA to reconsider and reconfirm its suitability. Opportunities re-
main for updating the regulatory framework. For example, many 
regulations require nonclinical animal data. To account for evolv-
ing NAM development, requirements should be neutralized by 
changing references from “in vivo” and “animal” to “nonclinical,” 
which encompasses in vivo, in vitro, and in silico approaches.
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Challenges in developing  
an online animal ethics course
Josephine Joya, Lucie Nedved, Arthur Yuk Kong Chau 
and Margaret Rose
University of New South Wales, Sydney, Australia
j.joya@unsw.edu.au 

Recent lockdowns as a result of the ongoing global COVID-19 
pandemic forced many universities to convert face-to-face teach-
ing to online platforms to deliver lectures and tutorials. The UN-
SW animal care and ethic course was offered as a blend of face-
to-face lectures, workshops and an introductory hands-on session 
on common procedures in laboratory mice and rats. This course 
was designed to introduce the arrangements that support the eth-
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Dynamic in vitro assessment  
of lung epithelial cells  
under mechanical strain
Sandeep Keshavan1, Alain Rohrbasser1, Anne 
Bannuscher1, Roberta Nossa2, Ludovica Cacopardo2, 
Nicole Guazzelli2, Alke Petri-Fink1, Arti Ahluwalia2 
and Barbara Rothen-Rutishauser1
1Aldolphe Merkle Institute, Université de Fribourg, Fribourg, Switzerland; 
2Research Center “E. Piaggio”, University of Pisa, Pisa, Italy
sandeep.keshavan@unifr.ch 

A bioreactor capable of simulating breathing motions was devel-
oped to enhance the physiological relevance of lung cell mod-
els and to investigate the effects of aerosolized nanoparticles on 
air-liquid interface (ALI) of the lung cells. DALI (Dynamic mod-
el for Alveolar Interface) is a cutting-edge device developed with-
in the framework of PATROLS (EU H2020) to study lung cell be-
havior under breathing conditions (Nossa et al., 2020). It features 
an ALI, cell culture media flow to mimic blood flow in the low-
er compartment, a permeable membrane stretching, and an aero-
sol deposition system for nanoparticle exposures. The membrane 
was fabricated by electrospinning made of Bionate®.This high-
ly biocompatible and stretchable material replicates the alveolar 
basement and ensures membrane flexibility, which is needed to 
mimic the cyclic motion during breathing (Agarwal et al., 2008). 
To optimize cell growth, in vitro experiments were performed us-
ing the human alveolar epithelial cell line A549 on both uncoated 
and rat-tail collagen (RTC) coated membranes under submerged 
conditions. With the coated membranes the A549 cells achieved 
a higher level of confluency. Optimal cell growth was discovered 
when cells were cultured for 1 day submerged and 2 days at ALI 
on RTC coated membranes. In conclusion, A549 cells are well 
adapted to culture in a DALI-bioreactor, and a confluent cell lay-
er was obtained that remained stable under stretching conditions 
that mimicked breathing. A549 cells will be exposed to aerosol-
ized DQ12, TiO2 (NM-105), LPS (positive inflammatory con-
trol), and water (negative control) in a DALI-bioreactor with and 
without stretching/breathing in future experiments.

Funding: This work was supported by the European Commission 
through H2020-PATROLS, grant agreement no. 760813.
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tional vaccine production platforms, such as the inactivation of 
live pathogens and splitting their components. On the other hand, 
assessment of vaccine safety at the preclinical studies and lot 
to lot quality evaluation after the licensure using animal model 
have not changed since these testing methods were introduced 
50 years ago. Our laboratory has been committed a vaccine safe-
ty and assuring the lot-to-lot consistency of vaccines as a nation-
al control laboratory. Herein, we introduced our new assessment 
method for vaccine safety and quality control (Mizukami et al., 
2014). Genomic profiling approaches enable us to identify po-
tent biomarkers (BMs) for evaluating the safety and efficacy of 
influenza vaccines and adjuvants administered via any in vivo in-
jection route in mouse models (Sasaki et al., 2020, 2018a,b,c). 
Some parts of BMs could be applied or extrapolate for humans 
using in vitro human peripheral blood mononuclear cell models 
(Sasaki et al., 2018a,b,c) and in vivo humanized mouse models. 
Recently, we have also identified cell line that could recapitulate 
BM expression after the vaccination in animal model and eval-
uate vaccine quality using BM expression. Taken together, our 
findings could allow us to bring next-generation in vitro safety 
and quality evaluations of vaccines and adjuvants.
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Comparison of the effects of 
engineered nanomaterials  
in simple versus complex in vitro 
models of human intestine
Angela Kämpfer1, Mathias Busch1, Veronika Büttner1, 
Gerrit Bredeck1, Burkhard Stahlmecke2, Bryan 
Hellack3, Adriana Sofranko1, Tina Wahle1, Catrin 
Albrecht1 and Roel Schins1
1IUF, Düsseldorf, Germany; 2IUTA, Duisburg, Germany; 3IUTA/UBA, 
Duisburg, Germany
Angela.Kaempfer@IUF-Duesseldorf.de 

With growing knowledge on the importance of the intestine for 
overall health, increasing effort is invested in the development of 
advanced intestinal in vitro models to study the effects of engi-
neered nanomaterials (ENM) after ingestion. Whereas highly so-
phisticated models are available, the necessity of their individu-
al building blocks and selected endpoints are rarely determined.

We studied silver (Ag-PVP) and titanium dioxide (TiO2) ENM 
in four in vitro models of increasing complexity: proliferating 
monocultures of Caco-2 and HT29-MTX-E12 (E12) cells, Ca-
co-2/E12 co-cultures, and triple cultures with THP-1 cells in 
healthy and inflamed state (Kämpfer et al., 2021). Acute expo-
sures over 24h were compared to repeated exposures over 5 days. 
Adverse effects were only observed in proliferating monocul-
tures and were more substantial for Ag-PVP. Even high concen-
trations of ENM did not impact cell viability, cytokine release or 
DNA damage in advanced models. Neither the inflammation-like 
state nor the repeated exposure resulted in enhanced adverse ef-
fects of the tested ENM.

The results underline how the choice of parameters can sub-
stantially affect the outcomes, at least for the limited number of 
endpoints and ENM tested. The inclusion of additional param-
eters and use of other ENM might affect this (Llewellyn et al., 
2021). While proliferating monocultures could facilitate a time 
and cost-effective approach for the screening or prioritizing of 
ENM, advanced models are likely more suitable for mechanistic 
or AOP-related research.

Funding: This research has received funding from the European 
Union’s Horizon 2020 research and innovation program under 
grant agreement No.760813 (PATROLS).
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An inverted in vitro triple  
culture model of the healthy  
and inflamed intestine:  
Adverse effects of 
polyethylene particles
Mathias Busch, Angela Kämpfer and Roel Schins
IUF – Leibniz Research Institute for Environmental Medicine, Düsseldorf, 
Germany
Mathias.Busch@IUF-Duesseldorf.de 

Advanced in vitro models possess great potential as an alterna-
tive to animal studies and can be adapted and developed to ad-
dress highly specific research questions. Previously, we estab-
lished a triple culture transwell model of the healthy and inflamed 
human intestine composed of enterocytes (Caco-2), mucus-pro-
ducing goblet cells (HT29-MTX-E12) and macrophages (THP-
1) for the investigation of ingested particulate toxicants. Polyeth-
ylene (PE), one of the most produced polymers and most abun-
dant type of microplastic particles in the environment, food and 
water, has a density of ~0.95 g/cm³ and is therefore buoyant in 
cell culture medium. However, physical interaction between 
cells and particles is pivotal when investigating particle toxici-
ty in vitro. Thus, we established a spatially inverted modification 
of the triple culture transwell model, which allows direct con-
tact between buoyant particles and cells to study the intestinal 
effects of polymeric particles with a density of < 1 g/cm³ in vi-
tro. We validated this model against the original model in regular 
orientation using the enterotoxic, non-steroidal anti-inflammato-
ry drug diclofenac and subsequently assessed the cytotoxic and 
pro-inflammatory effects of PE microparticles. The results show 
that the inverted model exhibits the same distinct features as the 
original model in terms of barrier development and inflammatory 
parameters. Treatment with 2 mM diclofenac causes severe cy-
totoxicity, DNA damage and complete barrier disruption in both 
models. PE particles induced cytotoxicity and pro-inflammatory 
effects in the inverted model, which would have remained unde-
tected in conventional in vitro approaches, as no effect was ob-
served in non-inverted control cultures.

Funding: This work was funded by the Jürgen Manchot founda-
tion.
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A novel alternative test platform for 
real-time monitoring of TEER values 
in human epithelial tissue models
Gowsinth Gunasingam1, Bedia Begum Karakocak1, 
Alke Petri-Fink1, Silvia Angeloni2, Adrian Auderset3 
and Barbara Rothen-Rutishauser1
1BioNanomaterials Group, Adolphe Merkle Institute, University 
of Fribourg, Fribourg, Switzerland; 2SiMPLInext SA, Biel/Bienne, 
Switzerland; 3Switzerland Innovation Park Biel/Bienne, Nidau,  
Switzerland
gowsinth.gunasingam@unifr.ch 

Robust and reliable human epithelial tissue models can acceler-
ate the use for early screening testing in pharmaceutical, cosmet-
ic, and chemical industries as an alternative in vitro test meth-
od (Bas et al., 2021). Epithelial cells are typically assembled 
on semi-permeable inserts consisting of two-chamber compart-
ments. Transport studies and drug efficacy tests are assessed with 
transepithelial resistance (TEER) measurements of tight junc-
tion formation along with permeability assays. However, both 
assays require a handling of the cells outside the cell incubator 
and is time consuming and operator dependent. Aim of this proj-
ect is to use a smart insert (SiMPLI SSI®) (Jud et al., 2015) fea-
tured with integrated non-invasive electrodes to monitor on-line 
the impedance, as biomarker of tissue permeability, and an ul-
trathin permeable support to enhance the physiology of the cell 
growth environment. We compared the cell growth of different 
human epithelial cell lines, i.e., two lung cell lines (A549, Ca-
lu-3), a retinal cell line (ARPE-19), and an intestine cell line (Ca-
co-2) on the passive version of the SiMPLI insert and compared 
cell growth and TEER values with cells grown on convention-
al polyethylene terephthalate (PET) inserts. The data revealed a 
comparable cell growth morphology and increase in impedance 
on both insert types. Calculation of absolute TEER values is on-
going. In addition, apparent permeability (Papp) values will be 
used. We will transfer the optimized tissue design onto the smart 
version of the SiMPLI inserts to demonstrate the superiority of 
the SiMPLI-CoMPLI SSI® system as a reliable platform for re-
al-time monitoring of TEER values in epithelial tissue models 
relevant for early drug screening or testing of chemicals. We are 
paving the way to making quantitatively reliable the use of im-
pedance as parameter to assess human epithelial tissue permea-
bility and, with the same set-up, to enable the insight into the po-
larity, the adhesion and the proliferation of cells constituting it.
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Gap analysis of effect-directed 
monitoring tools for risk 
assessment of drinking water
Valentin De Gussem1, Ioanna Gkika1, Nynke Kramer1 
and Annemarie van Wezel2
1Institute for Risk Assessment Sciences, Utrecht University, Utrecht, 
The Netherlands; 2Institute for Biodiversity and Ecosystem Dynamics, 
University of Amsterdam, Amsterdam, The Netherlands
v.r.j.degussem@uu.nl 

Providing clean drinking water remains a challenge. Although 
safe drinking water is characterized as potable for human con-
sumption and contains non-toxic levels of concentrations of 
chemicals, potential adverse effects of chemical mixtures and 
unknown chemicals are impossible to assess with the current 
regulated analytical methods. Effect-directed monitoring tools 
or bioassays conform to the 3Rs principle and are cost-effec-
tive methods that help overcome the challenge of providing safe 
drinking water. In this study, we gathered the available in vitro 
bioassays that are used in studies assessing water quality. More-
over, a gap analysis was performed to highlight the missing tox-
icity endpoints to monitor the potential adverse effects associated 
with prioritized chemicals in drinking water. The analysis shows 
that some toxicity endpoints are not well covered by bioassays, 
such as neurotoxicity, nephrotoxicity, cardiotoxicity, teratoge-
nicity, developmental toxicity, hematotoxicity, reproductive tox-
icity. In a further step, we gathered the available bioassays for 
risk assessment that could be implemented to extend the moni-
toring of human toxicity and human embryonic toxicity. The re-
sult show that various in vitro tests developed for chemical risk 
assessment, such as the embryonic stem cell test and multi-elec-
trode arrays assay, may complete the battery of bioassays in the 
context of water quality monitoring.
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Chronic cardiac contractility 
assessment of human iPSC-derived 
cardiomyocytes in a pro-maturation 
environment for preclinical cardiac 
safety and toxicity studies
Matthias Gossmann1, Peter Linder1, Elena Dragicevic2, 
Bettina Lickiss1, Niels Fertig2, Ulrich Thomas2 and 
Sonja Stoelzle-Feix2
1innoVitro GmbH, Juelich, Germany; 2Nanion Technologies GmbH, 
Munich, Germany
lickiss@innovitro.de 

Undetected cardiovascular side effects of newly developed drugs 
entering clinical phases are one of the major reasons for costly 
late-stage drug attrition. This issue is partly generated through 
preclinical cardiac safety and toxicological approaches using an-
imal models that are not 100% translatable to humans. Due to 
the advantages of direct species applicability as well as cost and 
time-effectiveness, human cell-based assays provide an ideal al-
ternative.

Human iPSC-derived cardiomyocytes (hiPSC-CM) are pre-
dominantly used in modern cardiac safety and toxicity assays due 
to their reproducibility and low ethical concern. Nevertheless, 
their premature phenotype causes issues concerning non-physio-
logical responses to positive inotropic compounds. Another lim-
iting factor is the primary application of hiPSC-CMs for acute 
testing with timescales ranging from minutes to hours, partly due 
to the inability of common cell-based assays to analyze cellular 
behavior reliably over prolonged periods of time.

Here we describe the high-throughput 96 well FLEXcyte tech-
nology and its positive effect on hiPSC-CM maturation as well 
as its applicability to assess cardiovascular safety and toxico-
logical questions on acute as well as chronic level. hiPSC-CMs 
treated with positive inotropic compounds isoproterenol, S-Bay 
K8644 and omecamtiv mercabil displayed the desired adult-like 
CM responses when plated on FLEXcyte 96 plates, proving the 
pro-maturation effect of a physiological environment. A compre-
hensive inotropic toxicological study was also conducted with 
18 anthracyclines and tyrosine kinase inhibitors (all with well-
known toxicological profile) over a period of 5 days to evaluate 
chronic cardiotoxic side effects on hiPSC-CMs.

Our results indicate that the FLEXcyte technology enables the 
assessment of physiologically relevant inotropic effects of hiP-
SC-CMs on an acute and chronic level for safety and toxicolog-
ical studies that will diminish discrepancies between preclinical 
and clinical studies due to direct species applicability.
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Performance of the GHS 
mixtures equation for predicting 
acute oral toxicity
Jon Hamm1, David G. Allen1, Patricia Ceger1,  
Tara Flint2, Anna Lowit2, Lindsay O’Dell2, Jenny Tao2 
and Nicole C. Kleinstreuer3
1ILS, Research Triangle Park, NC, United States; 2EPA/OPP, Washington, 
DC, United States; 3NIH/NIEHS/DNTP/NICEATM, Research Triangle 
Park, NC, United States
jhamm@ils-inc.com 

The United Nations Globally Harmonized System for Classifi-
cation and Labeling (GHS) provides a mathematical approach to 
estimate the acute oral toxicity of a mixture based on the com-
bined toxicities of its individual components. We evaluated how 
well toxicity values calculated using the GHS formula, and the 
corresponding U.S. Environmental Protection Agency (EPA) and 
GHS hazard categories, agreed with those obtained from in vivo 
acute toxicity studies of the same formulations. Data were com-
piled for approximately 700 formulations submitted for pesti-
cide registration including agrochemical and antimicrobial prod-
uct formulations, most of which were classified in the less haz-
ardous EPA Categories III and IV and GHS Categories 4, 5, and 
Not Classified (NC). The extent to which more toxic formula-
tions might be underpredicted by the mixtures equation could not 
be addressed with full confidence. Overall concordance was be-
tween 55% to 82% depending on the classification system and 
the ranges of LD50 values used. Most discordant results were 
associated with substances with a limit test LD50 > 2000 mg/kg 
or a measured LD50 between 2000 and 5000 mg/kg, which were 
predicted using the mixtures equation as having minimal toxici-
ty LD50 > 5000 mg/kg. Therefore, most of the discordance ob-
served may be of lesser concern than if more toxic substances 
were underpredicted. Our results suggest the mixtures equation 
is a promising approach for identifying substances that would not 
be expected to induce toxicity. The lack of more toxic formula-
tions in the data set preclude us from reaching definitive conclu-
sions across the spectrum of hazard categories. 

Funding: This project was funded with federal funds from the 
NIEHS, NIH under Contract No. HHSN273201500010C. 
Disclaimer: The views expressed above do not necessarily repre-
sent the official positions of any federal agency.
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Standardizing developmental 
toxicology study extractions using 
automated application of ontologies
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Hamm2, Jim Truax2, Bevin Blake3, Barry McIntyre3, 
Vicki Sutherland3, Matt Stout3 and Nicole Kleinstreuer4
1ICF, Durham, NC, United States; 2ILS, Research Triangle Park, NC, 
United States; 3NIH/NIEHS/DNTP, Research Triangle Park, NC, United 
States; 4NIH/NIEHS/DNTP/NICEATM, Research Triangle Park, NC, 
United States
caroline.foster@icf.com 

Extraction of toxicological data from primary sources is a central 
component of systematic reviews in human health risk assess-
ment. Data obtained from disparate sources must be standardized 
to ensure that endpoints are identified in a harmonized manner. 
This standardization process, which can require large labor re-
sources if done manually, is critical to downstream data analyses 
such as calculating chemical-specific effects, establishing refer-
ence datasets for validation of new approaches, and computa-
tional modeling purposes.

To expedite the process, and reduce overall level of effort re-
quired, we developed a Python script that automates applica-
tion of pre-existing ontologies and controlled vocabularies to 
extracted endpoints. Our approach created a harmonized con-
trolled vocabulary crosswalk comprising Unified Medical Lan-
guage System codes, German Federal Institute for Risk Assess-
ment DevToxDB ontology terms, and Organisation for Econom-
ic Co-operation and Development endpoint vocabularies. The 
crosswalk was applied to roughly 36,000 extractions from prena-
tal developmental toxicology studies conducted by the National 
Toxicology Program and 6,400 extractions from prenatal devel-
opmental toxicology studies submitted by registrants to the Eu-
ropean Chemicals Agency (ECHA).

Our script automatically applied standardized terms to 76% 
of the NTP extracted endpoints and 60% of the ECHA extracted 
endpoints. About half (53%) of the standardized terms required 
manual review after automation to ensure accuracy. Extract-
ed endpoints that were not mapped to standardized terms were 
too generalized (e.g., “number of fetuses with abnormal organ”) 
or required human logic to find an adequate match. We estimate 
that our automated language standardization saved ~375 hours 
of time while still yielding a valuable computationally accessible 
dataset. This open-source approach can be applied to other devel-
opmental toxicology datasets or customized for other study types 
to leverage legacy datasets for use in modeling or other analyses.

Funding: This project was funded with federal funds from the 
NIEHS, NIH under Contract No. HHSN273201500010C.
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Contactless body temperature 
assessment for determining humane 
endpoints in the cecal ligation 
and puncture model of sepsis
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Carmo, Anna Olsson and Nuno Henrique Franco
i3S – Institute for Research & Innovation in Health, Universidade do Porto, 
Porto, Portugal
catarina.miranda@ibmc.up.pt 

The severity of experimental sepsis raises welfare concerns in 
animal research. Humane endpoints are therefore paramount, 
but lack of objective criteria for euthanasia can lead to experi-
ments being terminated either too soon (wasting animals’ lives) 
or too late (causing unnecessary suffering). Severe hypothermia 
has been proposed for signaling humane endpoints in sepsis re-
search. Temperature variations are, however, model-dependent, 
thus case-by-case determination of cut-off points is warranted. 
The goal of this study was to identify early temperature cut-off 
points that by themselves or combined with other clinical signs 
(e.g., weight variation) could robustly signal non-recovery in 
murine models of sepsis.

Abiding to the principle of Reduction, we collected data from 
animals already destined to be used by ongoing research work in 
other projects. We followed a cohort of C57BL/6 mice (N = 27) 
subjected to sham surgery or experimental sepsis by severe cecal 
ligation and puncture (CLP) and a cohort of mice (N = 24) with 
mid-grade severity CLP-induced sepsis. The first were moni-
tored 4 times per day, while the latter were monitored thrice dai-
ly for 10 days post-surgery or until reaching a predefined humane 
endpoint based on a clinical score. This included assessment of 
subcutaneous temperature (read from thermosensitive PIT tags) 
and surface temperature (thermal imaging).

Receiver operating characteristic (ROC) curve analysis shows 
predetermined cut-off points for temperature drop and percent-
age of weight loss robustly predict non-recovery stages (with 
high sensitivity and specificity) in the severe model of CLP. 
However, body surface temperature assessment by thermal im-
aging did not allow assessing non-recovery stages, likely from 
cages being kept on a heating pad, following recommendations 
of the animal facility. These results suggest subcutaneous tem-
perature and weight loss are relevant markers to assess disease 
progression and non-recovery stages in a severe CLP sepsis 
model, and a combination of the two parameters may further re-
fine welfare assessment.
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Systematic evidence mapping 
 of research on environmental 
exposures and cardiovascular  
disease
Shagun Krishna, Brandiese Beverly, Vickie Walker, 
Nicole Kleinstreuer and Andrew Rooney
Division of the National Toxicology Program (DNTP), National Institute of 
Environmental Health Sciences (NIEHS), Research Triangle, NC, United 
States
nicole.kleinstreuer@nih.gov 

Cardiovascular diseases (CVDs) are a group of disorders of the 
heart and blood vessels that represent a leading cause of mortal-
ity in the United States and worldwide. Various factors influenc-
ing CVD have been relatively well-characterized, such as life-
style choices, genetic factors and off-target pharmaceutical ef-
fects. Another potentially significant but underappreciated risk 
factor contributing to the development and severity of CVD is 
environmental exposure to chemicals that may interfere with 
critical CV targets and pathways. The heart and vascular sys-
tem have been shown to be vulnerable to multiple environmen-
tal agents including pesticides, flame retardants, polycyclic aro-
matic hydrocarbons (PAHs), plasticizers, air pollutants, arsenic, 
cadmium, lead, and there is mounting evidence that long-term 
environmental chemical exposure plays a significant role in pro-
gression of CVD. To better understand the landscape of environ-
mental chemical influence on CVD, we developed a scoping re-
view to systematically identify and categorize research reporting 
potential associations between environmental exposures and ad-
verse cardiac outcomes. A comprehensive search was conduct-
ed in Pubmed, Scopus, and Web of Science that retrieved over 
200,000 references. Given the particularly large number of refer-
ences, iterative artificial intelligence algorithms were leveraged 
to prioritize and support manual title and abstract screening in 
Distiller, and machine learning approaches were used to facili-
tate categorization of references that reported data on cardiovas-
cular outcomes after exposure to an environmental agent. Rele-
vant references were characterized by evidence stream (human, 
animal, or in vitro exposure), study design, exposure, and major 
CV outcomes. An interactive evidence map was prepared to en-
able researchers to explore data rich and data poor areas in the 
literature by cardiovascular outcomes, environmental exposures 
and other key factors. This map will inform evidence-based de-
cisions on the identification, selection, and prioritization of assay 
platforms and environmental chemicals that will be used by the 
DNTP to evaluate cardiovascular toxicity.

Presentation: Poster

1095

High-throughput screening 
to predict hERG inhibition
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(NCATS), Bethesda, MD, United States
nicole.kleinstreuer@nih.gov 

The human ether-a-go-go related gene (hERG) potassium chan-
nel, a member of voltage-gated potassium channels, plays a piv-
otal role in cardiac rhythm regulation, especially in the repolar-
ization of cardiac action potential. Inhibition of hERG channels 
can lead to a prolongation of the QT interval which, in the se-
vere case, triggers torsade de pointes arrhythmia and can prog-
ress to ventricular fibrillation and sudden death. Environmental 
toxicants have the potential to contribute to the pathophysiolo-
gy of complex diseases, but the underlying mechanisms remain 
obscure. To date, more than 100,000 chemicals have been in-
troduced into commerce with limited toxicological testing. An 
evaluation of the effect of environmental chemicals on hERG 
channel function can help inform the potential public health 
risks of these compounds. To assess the effect of environmen-
tal chemicals on hERG channels, the US federal Tox21 program 
has screened a collection of 9667 chemicals using a cell-based 
thallium-influx assay in U2OS cells stably expressing hERG in 
a quantitative high-throughput screening (qHTS) format. The 
chemical results in the hERG qHTS assay were characterized us-
ing a set of 1D/2D molecular descriptors and physicochemical 
properties, Self-Organizing Maps (SOM) and hierarchical clus-
tering. Statistical machine learning approaches were applied to 
build quantitative structure-activity relationships (QSAR) mod-
els to predict the probability of a chemical to inhibit hERG in 
this thallium flux assay, applying both classification and regres-
sion techniques. Models were compared with existing QSAR 
hERG models and dataset. The evaluation of performance crite-
ria of generated models revealed that Random Forest model out-
performs other models and demonstrated 0.907 cross-validated, 
0.928 test set accuracy and equivalent performance against exter-
nal test sets. This tiered clustering and predictive modeling ap-
proach facilitates detection of environmental chemicals that mer-
it more extensive evaluation for cardiotoxicity and provides use-
ful structural information that could be applied to predicting the 
potential for new chemical entities to inhibit hERG.
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Lack of enforcement  
actions by USDA against research 
facilities using animals
Mary Hilley, Lindsay Marshall and Vicki Katrinak
The Humane Society of the United States, Washington, DC, United States
mhilley@humanesociety.org 

The U.S. Department of Agriculture (USDA) is responsible for 
inspecting animal research facilities to ensure compliance with 
the Animal Welfare Act (AWA) and corresponding regulations. 
To understand whether these inspections uphold animal wel-
fare standards, we tracked the inspection reports posted on US-
DA’s public search tool. Over 5000 inspections were completed 
at registered facilities in a 5-year period. Over 1000 non-compli-
ant items (NCIs) were cited on the inspection reports, with ap-
proximately 14% of the NCIs being critical problems and ap-
proximately 2% being direct violations of the AWA. The NCIs 
involved multiple species, including dogs, cats, pigs, non-human 
primates, rabbits, and others. While some of the cited laborato-
ries had one-time violations, others were repeat violators that had 
no enforcement action taken against them. For example, one fa-
cility had 20 cited violations and as of yet, this facility has faced 
no consequences for these violations. This is one of the more ex-
treme examples, but there are many other facilities that have re-
peat AWA violations.

Enforcement action is rarely taken against research facilities, 
despite the large number of violations cited. Here, we look at 
how research facilities that violate the AWA are permitted to con-
tinue research and testing on animals at their facilities with little 
or no enforcement action taken by USDA. We also examine the 
lack of clarity around what qualifies a laboratory to have enforce-
ment action taken against it by the USDA. Additionally, we offer 
recommendations to improve enforcement for noncompliant fa-
cilities and address the serious concerns for animal welfare that 
result from enforcement failures.

Reference
USDA’s public search tool of inspection reports. https://aphis-

efile.force.com/PublicSearchTool/s/inspection-reports 
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Assessment of phototoxic potential of 
chemicals using the in vitro  
3D-PT SkinEthic RHE test method
Christelle Videau1, Corinne Grégoire1, Solène 
Dreyfuss1 and Nathalie Alépée2
1EPISKIN SA, Lyon, France; 2L’Oréal R&I, Aulnay sous Bois, France
nathalie.alepee@rd.loreal.com 

Phototoxicity is defined as a toxic response elicited by topical-
ly or systemically administered photoreactive chemicals after 
the exposure of the body to environmental light. Photosafety 
evaluation of any new ingredients (pharmaceuticals or cosmet-
ics) should be therefore conducted when any probabilities of hu-
man exposure might have occurred. In the context of animal test-
ing ban, international standards for photosafety assessment have 
been adopted as guidance with the consideration to the use in vi-
tro alternative methods.

The proposed 3D-PT SkinEthic™ RHE test method is based 
upon a comparison of the cytotoxicity of a chemical when test-
ed with (+UVA) and without (-UVA) exposure to a non-toxic 
dose of UV light. Cytotoxicity is determined as reduction of mi-
tochondrial conversion of MTT to formazan and a chemical is 
predicted to have a phototoxic potential if a decrease in viability 
exceed 30% when compared with the identical concentrations of 
the (-UVA) part.

The method has been progressed through a protocol optimiza-
tion phase (with training and test chemicals sets). More than 30 
chemicals (well-balanced set) were tested in at least a run. Anal-
ysis of the data identified the majority of non-phototoxicants as 
negative in vitro. On contrary, a significant decrease of cell via-
bility was observed in treated tissues exposed to UVA, as com-
pared with those non-exposed for the phototoxicants. Sensitiv-
ity and specificity were therefore high indicating that the meth-
od was able to discriminate efficiently between phototoxic and 
non-phototoxic products.

In conclusion, this study provides evidence that the 3D-PT 
SkinEthic™ RHE test method is capable of correctly predict the 
phototoxicity potential of chemicals. Therefore, the method sup-
ports international directives towards reducing and replacing the 
use of animals in chemical photosafety evaluations as well as the 
ongoing new OECD “In Vitro Phototoxicity: Reconstructed Hu-
man Epidermis Phototoxicity Test (RhE PT) Method” test guide-
lines.
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Cooperative training is an 
opportunity for refinement that 
eliminates restraint as a source 
of variation and confounding 
to improve the predictive 
value of primate models
Scott Oppler Jr1,2, Laura Hocum Stone2, Jody Janecek2, 
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1College of Veterinary Medicine, University of Minnesota, St. Paul, 
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Primates have been essential in unlocking novel immune mecha-
nisms that have driven the development of groundbreaking new 
therapies for infectious disease, transplantation, and autoimmune 
disorders. As a result, primates have served as critical “gatekeep-
ers” in safety and efficacy evaluations of vaccines and immuno-
therapies prior to implementation in clinical studies. Experimen-
tal design that closely represents the intended clinical situation 
maximizes likelihood of successful translation. The use of pri-
mates in safety and toxicology studies often requires frequent 
and intensive handling to obtain required biological samples, 
perform thorough physical examination, and adequately manage 
the relevant disease state. Common sampling practice involves 
serial sampling from a chemically or capture (mechanically) re-
strained animal. While sedation-based sampling may protect re-
searcher safety during studies of infectious disease and facili-
tate ease of sample collection, it typically has no clinical concor-
dance, comes at a cost to animal welfare, and introduces potential 
confounders related to an elevated stress response that reduces 
accuracy in modeling the clinical situation and may complicate 
outcome interpretation. Consequently, important study specific 
endpoints related to stress, immune response, and safety may be 
influenced by model-imposed handling independent of disease 
or therapeutic effects, such that model design must be careful-
ly considered to avoid misinterpretation of outcome measures. 
Additionally, sedative drug regimens used for chemical restraint 
introduce the risk of adverse events, such as vomiting and in-
appetence, which are outcomes that may be improperly attribut-
ed to the disease or therapy of interest and also affect welfare. 
There are significant effects of repeated sedation in primates on 
immune response, stress response, and adverse event prevalence 
in comparison with those trained to actively cooperate during 
equally frequent sampling events.
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ALT4EI: Determination of eye 
irritating potential of 59 chemicals 
using EpiOcular™ time-to-toxicity 
neat and dilution protocols
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and An R. Van Rompay4
1MatTek In Vitro Life Science Laboratories, Bratislava, Slovakia; 2Centre 
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Slovakia; 3Adriaens Consulting bvba, Aalter, Belgium; 4VITO NV, UNI 
Health, Mol, Belgium
sletasiova@mattek.com 

Determination of acute eye irritation potential is part of interna-
tional regulatory requirements for testing of chemicals. Objec-
tive of ALT4EI (ALTernatives for Eye Irritation) project was to 
confirm the testing strategy developed in CON4EI (CONsortium 
for in vitro Eye Irritation testing strategy) project. These projects 
focused on development of tiered testing strategies for eye irri-
tation assessment for all drivers of classification and evaluation 
of whether the test methods can discriminate chemicals not re-
quiring classification for serious eye damage/eye irritancy (No 
Category) from chemicals requiring classification and labelling 
for Category 1 (Cat 1) and Category 2 (Cat 2). In CON4EI proj-
ect, a new testing strategy for EpiOcular time-to-toxicity was de-
veloped, the sensitivity for predicting GHS Cat 1 and GHS Cat 
2 chemicals was 73% and 64%,respectively and the very high 
specificity of 97% was maintained. None of the Cat 1 chemi-
cals was underpredicted as GHS No Category. Plus the goal of  
ALT4EI project was to fill remaining data gaps and strengthen 
the data set. A new set of 59 chemicals (41 liquids:(un)diluted, 
and 18 solids) was tested using the reconstructed human cor-
nea-like epithelium, EpiOcular, in two EpiOcular time-to-tox-
icity tests (neat and dilution).The set of chemicals contained 32 
chemicals not requiring classification (No Cat) and 27 chemicals 
requiring classification (16 Cat 2 and 11 Cat 1).The chemicals 
were tested blinded in two independent runs by MatTek IVLSL. 
In this study, a testing strategy to achieve optimal prediction for 
all three classes developed in CON4EI project (combining the 
most predictive time-points of both protocols and which tests liq-
uids and solids separately) was used. Using the CON4EI testing 
strategy, we were able to identify correctly 63.6% of the Cat 1 
chemicals, 56.6% of the Cat 2, and 76.6% of No Cat chemicals. 
Reproducibility between both runs was 88.7%.The combina-
tion of the EpiOcular time-to-toxicity neat and dilution protocols 
seems to be promising in integrated testing strategy (ITS) for eye 
irritation assessment.
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Comparative toxicological analysis 
of an iPSC derived airway epithelium 
model with a primary bronchial 
airway epithelium model at an air 
liquid interface using TempoSeq
Ivo Djidrovski1,2 and Lyle Armstrong1,2
1Newcells Biotech Ltd, Newcastle upon Tyne, United Kingdom; 
2Biosciences Institute, Newcastle University, Newcastle upon Tyne, United 
Kingdom
i.djidrovski2@newcastle.ac.uk 

The airway epithelium represents the main barrier between in-
haled air and the tissues of the respiratory tract and is therefore 
an important point of contact with xenobiotic substances into the 
human body. Several studies have recently shown that in vitro 
models of the airway grown at an air-liquid interface (ALI) can 
be particularly useful to obtain mechanistic information about 
the toxicity of chemical compounds. However, such methods 
are not very amenable to high throughput since the primary cells 
cannot be expanded indefinitely in culture to obtain a sustainable 
number of cells. Induced pluripotent stem cells (iPSCs) have be-
come a popular option in the recent years for modelling the air-
ways of the lung, but despite progress in the field, such models 
have so far not been assessed for their ability to metabolise xeno-
biotic compounds and how they compare to the primary bronchi-
al airway model (pBAE). Here we report a comparative analysis 
by TempoSeq® (templated oligo sequencing) of an iPSC derived 
bronchial airway model (iBAE) with a pBAE. The iBAE and 
pBAE were differentiated at ALI and then evaluated in a 5-com-
pound screen with exposure to a sub lethal concentration of each 
compound for 24 h. We found that despite lower expression of 
xenobiotic metabolism genes, that the iBAE similarly predicted 
the toxic pathways when compared to the pBAE model. Our re-
sults show that iPSC airway models at ALI show real promise for 
inhalation toxicity assessments with further investigation and de-
velopment.
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Chemical regulatory authorities worldwide consider acute sys-
temic toxicity data to substantiate safety assessments; many reg-
ulatory agencies even require these data. Acute oral, dermal, and 
inhalation data are typically used to develop product hazard la-
bels for consumer or worker protection and to assess risks from 
acute exposure to chemicals. Other uses for acute data may in-
clude setting occupational exposure levels, dose-setting for lon-
ger-term studies, and classifying mechanisms of action. Acute 
toxicity studies to generate regulatory information historically 
use animals to determine a lethal dose, which pose strong ethi-
cal and scientific concerns. To identify opportunities for regula-
tory uses of non-animal replacements for acute systemic toxicity 
tests, we reviewed acute systemic toxicity testing requirements 
for Brazil, China, Canada, Japan, the European Union, South 
Korea, and the United States. These jurisdictions also partici-
pate in the International Cooperation on Alternative Test Meth-
ods (ICATM). Our chemical sectors of interest for each jurisdic-
tion were cosmetics and personal care products, consumer prod-
ucts, industrial chemicals, pharmaceuticals, medical devices, 
and pesticides. We found acute systemic toxicity data were of-
ten required for hazard identification rather than risk assessment. 
When animal methods were required, animal reduction meth-
ods and guidelines were typically recommended. However, for 
many jurisdictions and chemical sectors, non-animal approach-
es were not accepted. The most frequently acceptable non-ani-
mal approaches were test waivers when toxicity information was 
available from other studies. Understanding international regula-
tory requirements for acute systemic toxicity testing will inform 
ICATM’s strategy for the development, acceptance, and imple-
mentation of non-animal alternatives to assess the health hazards 
and risks associated with acute toxicity. 

Funding: This project was funded by the Physicians Committee 
for Responsible Medicine and with federal funds from the NIE-
HS, NIH under Contract No. HHSN273201500010C.
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The cosmetic industry in Colombia has been skyrocketing in 
the latest years, becoming one of the most booming in the re-
gion. The Law 2.047 of August 10th, 2020, issued by the Nation-
al Congress prohibits the importation, manufacturing and sales 
of cosmetic products and their ingredients tested on animals, es-
tablishing a 4-year deadline for public and private sectors to ad-
just to this new reality, strengthening the need of robust alter-
native methods in Colombia. Skin irritation data is essential for 
safety evaluation of cosmetics. In Europe, validated alternative 
methods using reconstructed human epidermis (RHE) replaced 
the use of animal testing for cosmetics. Nevertheless, Colombia 
has not made relevant scientific advances to implement alterna-
tive methods. Here we describe a successful partnership between 
Belcorp, Colombian cosmetic company, and EPISKIN Brazil 
supplying SkinEthic™ RHE model.

For 10 years, Belcorp in vitro safety laboratory has been apply-
ing in vitro strategies to test the safety of cosmetic products and 
raw materials. These in vitro tests have been taking a strategic 
position through the implementation of international guidelines, 
beyond the design of own methodologies adjusted according to 
specific requirements.

Some biological and biotechnological materials are not acces-
sible in Colombia, thus advances in the field of alternative meth-
ods in Brazil have been of huge influence to Colombian industry. 
The supply of SkinEthic™ RHE model by EPISKIN Brazil sub-
sidiary is an important milestone to make such emblematic mod-
el available as alternative model for research, training and regu-
latory purposes.

Availability, training and dissemination efforts are crucial to 
prepare and anticipate the needs in terms of demand, creating an 
efficient network to widely deploy alternative methods through-
out the country. With this recent legislative evolution, it is im-
portant to anticipate the implementation of alternative methods 
in order to be prepared when the law comes into force in 2024.

https://doi.org/10.22239/2317-269x.01055
https://doi.org/10.22239/2317-269x.01055
https://dapre.presidencia.gov.co/normativa/normativa/LEY 2047 DEL 10 DE AGOSTO DE 2020.pdf
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https://dapre.presidencia.gov.co/normativa/normativa/LEY 2047 DEL 10 DE AGOSTO DE 2020.pdf
mailto:rvecchi@rd.loreal.com


ALTEX Proceedings 9 (1), 2021, Maastricht 2021 377

Aalto-Setälä, Katriina, 311
Aasland Hansen, Kristine Eraker, 45
Abbi Nazi, Sami Ait, 22
Abbott, John, 365
Abedini, Jaleh, 348
Abelson, Klas, 9
Abeykoon, Chandrindu, 341
Abo, Takayuki, 260, 357, 358
Abramjuk, Claudia, 103
Abud, Ana, 350
Accardo, Angelo, 117
Accastelli, Enrico, 128
Ade, Nadège, 344
Adeleye, Yeyejide, 182
Adriaens, Els, 227, 228, 260, 

262, 357, 358, 374
Aerts, Hélène, 187
Aerts, Liesbeth, 133
Agui, Takashi, 165
Ahluwalia, Arti, 59, 205, 297, 314, 367
Ahmed, Haysam, 237
Akbarsha, Mohammad A., 117, 270
Akerman, Gregory, 212
Akgun Olmez, Sevcan Gul, 139
Aknouch, Ikrame, 127, 164
Akyürek, Dilan, 99
Albrecht, Catrin, 368
Albrich, Werner, 151
Alépée, Nathalie, 227, 228, 257, 

258, 258, 259, 260, 262, 279, 
279, 333, 344, 357, 358, 373, 

Alexander, Odette, 365
Alexandra, Lorenz, 197
Alkema, Wynand, 190
Allen, David G., 96, 115, 129, 131, 

172, 274, 276, 276, 285, 332, 345, 
346, 347, 348, 370, 371, 375

Almonti, Vanessa, 328, 361, 361
Alriquet, Marion, 342
Alsaraheni, Aseel, 355
Alves, Vinicius, 129
Alwayn, Ian, 272
Al-Zeer, Munir, 97
Amaral, Fréderic, 257, 262
Ambe, Kaori, 242
Ambroise, Bathilde, 240
Amendola, Lucia, 46
Ämmälä, Carina, 100, 119
An, Susun, 338

Andersen, Søren, 217
Anderson, David, 94
Andersson, Patrik L., 241
Andersson, Tommy B., 100, 119
Andrade, Carolina, 129
Andréo, Marcio Adriano, 349
Andresen, Niek, 28
Andreu, Toni, 38
Andrus, Amanda, 311
Angeloni, Silvia, 369
Angrisani, Nina, 243
Anisovich, Maryna, 319
Annis, Francesca, 351
Antonelli, Alessandro, 35, 101
Api, Anne Marie, 131, 234, 253, 333, 360
Arena, Maria, 123
Armento, Alex, 312
Armstrong, Lyle, 178, 375
Asano, Koji, 90
Ashikaga, Takao, 89, 242
Askevik, Kaisa, 269
Assaf Vandecasteele, Hind, 279, 279
Assunção Bechtold, Bruna, 286
Asturiol-Bofill, David, 35, 101
Atac-Wagegg, Beren, 193, 327
Attignon, Eleonore, 187
Aubrecht, Jiri, 57
Audebert, Marc, 5
Auderset, Adrian, 369
Auteri, Domenica, 123
Autilio, Chiara, 87
Avci-Adali, Meltem, 78
Axelsson, Michael, 249
Ayehunie, Seyoum, 312, 315
Azevedo Loiola, Rodrigo, 281

Bachelor, Michael A., 88, 319
Bacon, Heather, 202
Baderna, Diego, 290
Bae, Sang, 68
Baek, Dong Jin, 236
Baeten, Martijn, 126
Baeza-Squiban, Armelle, 169
Bagley, Dan, 228, 260, 357, 358
Bailey, Jarrod, 57
Bailey, Michele, 165
Baines, Julia, 218
Bajard, Lola, 189
Bajramovic, Jeffrey, 117

Baker, Elizabeth, 161, 162, 365, 366
Balaguer, Patrick, 241
Baldassari, James, 212
Balk, Fabian Gerhard Peter, 81
Balls, Michael, 57
Balottin, Luciene Bottentuit López, 305
Bal-Price, Anna, 4, 35, 49, 101, 115
Baltazar, Maria Teresa, 39, 67, 69, 

209, 234, 235, 237, 254, 255
Bankstahl, Marion, 243
Bannuscher, Anne, 59, 367
Bansal, Sakshi, 198
Baran, Szczepan, 86
Barbeau, Emilie, 244
Barel, Gal, 99
Baron, Giovanna, 35, 101
Barone, Flavia, 137
Barosova, Hana, 59
Barrile, Riccardo, 111
Barroso, João, 147, 160, 332
Barrucci, Federica, 4
Bars, Rémi, 248, 256, 358
Bartels, Jan, 159
Bartmann, Kristina, 271
Bartnicka, Joanna Julia, 35, 101, 352
Barton-Maclaren, Tara, 146, 150
Bassan, Arianna, 53
Bassi, Anna Maria, 205, 328, 361, 361
Basta, Daniel, 86
Bastiaens, Alex, 159
Bastos, Luisa Ferreira, 352
Bataillon, Michel, 308
Battalora, Michael, 212
Battey, James, 342
Bauer, Cassie, 41
Bauer, Sophie, 100, 119, 256
Baumann, John R., 127, 181
Baumans, Vera, 24, 165
Bayjanov, Jumamurat, 315
Bayne, Kathryn, 60
Bazou, Despina, 36
Beale, Amy, 357
Beaumont, Maria, 70
Beausoleil, Claire, 241
Bechtold, Bruna Assunção, 328
Beekhuijzen, Manon, 6, 53
Beekhuizen, Henry, 256
Beekmann, Karsten, 127
Behm, Laura, 228, 266

Author Index



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021378

Behrensdorf-Nicol, Heike, 245, 247
Behr-Gross, Marie-Emmanuelle, 140
Behrsing, Holger, 180, 234
Beilmann, Mario, 104
Beirinckx, Filip, 155
Beken, Sonja, 183
Bekeredjian-Ding, Isabelle, 239
Belanger, Scott, 50, 92
Belastova, Lada, 105
Belfield, Samuel, 157
Belgur, Chaitra, 111
Belik, Vitaly, 28
Bell, Shannon, 96, 348
Bellmann, Olaf, 243
Belot, Nathalie, 308
Beltrán, Yaixa, 330
Benas, Damien, 80
Benavides, Ianna, 330
Bendt, Farina, 264, 265, 271
Benfenati, Emilio, 124, 290
Benigni, Romualdo, 53
Bentley, Karin, 345
Benz, Franziska, 99
Berg, Johanna, 97, 226
Bergforth, Wiebke, 268
Bernardi, Claudio, 105
Bernasconi, Camilla, 2, 101, 209
Beronius, Anna, 35, 101
Berreville, Olivier, 166
Bert, Bettina, 241
Bertels, Diane, 104
Bertelsen, Thomas, 47, 216, 217, 221
Bertero, Alessia, 309
Bertinetti-Lapatki, Cristina, 111
Besné, Isabelle, 308
Besselink, Harrie, 101
Beuck, Simon, 320
Bevan, Samantha, 327
Beverly, Brandiese, 372
Bhalla, Diksha, 302, 347
Biagini, Francesco, 297
Bicherel, Pascal, 50, 92
Bieback, Karen, 63
Biederlack, Julia, 266
Bielec, Kevin, 263
Biernot, Svenja, 243
Birk, Barbara, 33, 79, 105, 244, 

245, 246, 247, 248, 340, 359
Bischoff, Sabine Juliane, 30, 55
Bishop, Patricia, 307
Bisig, Christoph, 33
Blaha, Luděk, 189
Blake, Bevin, 371
Blanchet, Delphine, 244
Bleich, André, 28, 77, 206, 

206, 227, 239, 243, 269

Blömeke, Brunhilde, 145
Blumberg, Bruce, 241
Bobeldijk, Ivana, 237
Bobeldijk-Pastorova, Ivana, 230
Bock, Udo, 145, 331, 332
Boden, Laura, 42
Boeckmans, Joost, 142, 152, 155
Boelen, Anita, 53
Bois, Frederic, 327
Boland, Sonja, 169
Bomfim Pestana, Cynthia, 327
Bonifas, Ursula, 245, 247
Boogaard, Peter, 152, 275
Boon, Ruben, 185
Boon, Wouter, 44
Borba, Joyce, 129
Bornand, David, 342
Borrel, Alexandre, 372
Bos, Peter, 94
Bøtner, Jesper A., 272
Böttcher, Patricia, 250
Botte, Ermes, 297, 314
Bottentuit López Balottin, Luciene, 159
Bouman-’t Jong, Anke, 117
Bourguet, William, 241
Boutillier, Stéphanie, 22
Bovard, David, 42, 342
Bovee, Toine, 101, 105
Bowden, Anthony, 234
Bowe, Gerard, 101, 101, 105
Boyle, Erin Colleen, 227
Braakhuis, Hedwig, 42, 181
Brabers, Rob, 104
Bracher, Mike, 73
Braeken, Dries, 133
Braga, Rodolpho, 129
Brandmair, Katrin, 233
Brattelid, Trond, 45
Braunbeck, Thomas, 50, 92
Bredeck, Gerrit, 368
Brehm, Ralph, 296
Breous-Nystrom, Ekaterina, 111
Breves, Gerhard, 296
Breyfogle, Bridget, 319
Briatico-Vangosa, Francesco, 351
Briedé, Jacob, 64, 252
Brockerhoff, Gabriele, 263, 264
Brodbeck, Carsten, 222
Brohem, Carla, 350
Brønstad, Aurora, 55
Brotchie-Fine, Candice, 86
Brousse, Alice, 311
Brouta, Frédéric, 278
Brouwer, Lieke, 127
Brouwers, Huub, 90
Brown, David, 181

Brown, Jeffrey, 323
Brown, Michael, 148
Browne, Patience, 35, 101, 101, 111
Browne, William, 43
Browning, Lauren, 348
Brück, Dietmar, 300
Bruckner, Lukas, 140
Brunt, Michael, 46
Brusten, Wilfried, 22
Bryant, Timothy, 294
Buch, Thorsten, 193
Buesen, Roland, 212
Bugnon, Philippe, 132
Burden, Natalie, 65
Burgenson, Allen, 283
Burke, Johnathan, 311
Bürki, Tina, 151
Burla, Sabina, 363
Burleson, Florence, 251
Burm, Judith L. A., 45
Burm, Saskia, 117
Burmester, Marion, 296
Burrier, Robert E., 287, 288
Bury, Dagmar, 246, 279, 279
Busch, Mathias, 368, 368
Buskermolen, Jeroen Kees, 333
Busquet, Francois, 31, 60, 61, 

65, 66 308, 317, 334
Buti, Ludovico, 277
Butnarasu, Cosmin Stefan, 304
Buttgereit, Frank, 50, 60, 61, 62
Büttner, Veronika, 368
Butzke, Daniel, 241
Buyl, Karolien, 142, 152, 155

Caballero Alfonso, Ana Yisel, 124
Cable, Sophie, 67, 69, 209, 234, 237, 255
Cabon, Lauriane, 111
Cacciamali, Andrea, 105
Cacopardo, Ludovica, 59, 367
Cai, Zhenzi, 257, 258, 258, 259, 259
Caiment, Florian, 57, 99, 210
Calleri, Maurilio, 313
Caloni, Francesca, 309, 313
Cambier, Sébastien, 351
Campia, Ivana, 2, 209
Campos, Ariane, 349
Canavez, Andrezza, 348
Capaldo, Theodora, 164
Capri, Donatella, 229
Cardarelli, Lia, 40
Carius, Patrick, 337
Carmichael, Paul, 39, 67, 69, 110, 

127, 154, 223, 235, 237, 255
Carmo, Alexandre, 371
Carviola, Elisa, 105



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 379

Casey, Warren, 5, 96, 276, 276, 345
Cassotta, Manuela, 352
Castro-Piedra, Silvia Elena, 242
Catarino Ribeiro, Marcelo, 297
Cauvin, Annick, 278
Caviola, Elisa, 262
Cecchetti, Serena, 137
Ceger, Patricia, 96, 285, 346, 370, 371
Ceriani, Lidia, 53
Ceriotti, Laura, 105
Cerqueira, Mariana T., 267
Cestari, Marta Margarete, 350
Chamuleau, Steven A. J., 151
Chan, Eric Chun Yong , 155, 156
Chan, James Chun Yip, 155, 156
Chandna, Alka, 250
Chandrasekaran, Vidya, 

161, 281, 317, 355
Chandrasekera, Charu, 188, 189
Chang, Daniel, 290
Chang, Denison, 90
Chang, Ji-Hae, 291
Chang, Xiaoqing, 96, 346
Chapuis, Adeline, 308
Chary, Aline, 102, 351, 363
Chau, Arthur Yuk Kong, 366
Chaudan, Elodie, 313
Chayawan, Chayawan, 124
Chen, Even, 299
Chen, Lizao, 257, 258, 258, 259
Chen, Qilong, 259
Cheng, Frances, 165, 281, 282
Cheng, Shujun, 27, 199
Chesné, Christophe, 241
Chesnut, Megan, 139
Chichagova, Valeria, 178
Chien, Hsiaotzu, 82, 140
Chilton, Martyn, 234
Chiono, Valeria, 205
Chipangura, John, 162
Cho, Doo-Wan, 213
Choe, Byung In, 116, 225, 236, 335
Choi, Minseok, 338
Choksi, Neepa, 276, 285, 

332, 345, 346, 371
Chortarea, Savvina, 151
Cianci, Julio César, 286, 328
Ciffroy, Philippe, 290
Cildir, Gökhan, 148
Cinato, Flavio, 105
Cipriano, Madalena, 168
Clark, Alejandra, 37
Clarke, David O., 88
Class, Reiner, 232, 278
Clements, Julie, 255
Cleve, Carla, 99, 362

Clevers, Hans, 78
Clevert, Djork-Arné, 187
Clewell, Rebecca, 46, 200
Clippinger, Amy J., 22, 102, 165, 

204, 212, 223, 332, 345, 351
Clutton, Eddie, 45
Coecke, Sandra, 35, 101, 101, 105, 

108, 115, 132, 199, 244, 352
Cofiño Fabres, Carla, 297
Colacci, Annamaria, 105
Cole, Thomas, 35, 101, 101, 105
Coleman, Kelly, 88
Colley, Helen, 292
Colwell, Michael R., 287, 288
Conlee, Kathleen, 285, 307
Connors, Kristin, 50, 92
Conor, Melanie, 202
Consentius, Christine, 133
Constant, Samuel, 234
Constantino, Helder, 273
Contal, Servane, 102, 351
Cope, Rhian, 212
Coppens, Emmanuelle, 112
Cornet, Miranda, 278
Corton, Chris, 25
Corvaro, Marco, 311, 337, 345, 347
Corvi, Raffaella, 21, 35, 101
Cos, Paul, 330
Cosson, Pierre, 188
Costa, Anna, 314
Costa, Joana, 59, 314
Costa Gagosian, Viviana Stephanie,  

327, 350
Costin, Gertrude-Emilia, 299
Cotter, Mabel, 209
Coyle, Luke, 294
Crielaard, Wim, 333
Cristobal, Susana, 241
Crofton, Kevin, 4
Cronin, Mark, 154, 157, 157, 324
Crooker, Emma, 86
Cruz, Antonio, 87
Cubberley, Richard, 67, 69, 237, 255
Cuevas Beltran, Laureano, 105
Cull, Tom, 67, 69, 237, 255
Culot, Maxime, 281
Currie, Richard A., 177, 182, 365
Curtin, Caroline, 19
Cutiño, Lisandra, 330

D’Alessandro, Vito, 352
D’Alessi, Mattia, 362
da Silva, Antero Vieira, 356
Da Silva, Emilie, 87, 87
da Silva Lima, Maria, 192
da Silva Trindade, Edvaldo, 327, 350

Dakic, Vanja, 376
Dallagiovanna, Bruno, 349, 350
Dalsgaard, Charlotte, 221
Damerau, Alexandra, 50, 60, 61, 62
Dandekar, Prajakta, 222, 265, 282
Daneshian, Mardas, 115
Dang, Alphonsus, 299
Danial, Maarten, 274
Daniel, A. B., 375
Daniel, Amber, 285, 346, 348, 371
Danilin, Sabrina, 22
Danoux, Louis, 193
Danziger, Meggie, 115, 284
Dassie Felippi, João Antonio, 349
Daston, George P., 25, 33, 34, 224, 311
Davis, Alison, 90
De Abrew, Nadira K., 224
De Angelis, Isabella, 137, 313
de Boek, Jolan, 185
de Boer, Alie, 18
de Crozé, Noemie, 156
De Groot, Jeroen, 277
de Gruijl, Tanja D., 45
De Gussem, Valentin, 369
de Haan, Judith, 151
de Haan, Willemina, 63, 64
de Jong, Adriaan, 201
de Jong, Menno, 275
De Jong, Wim, 88
De Kock, Joery, 142, 152, 155
de Kok, Theo, 252, 294
De La Fonteyne, Liset, 88
de la Vieja Escolar, Antonio, 105
de Lange, Johannes, 105
de Leeuw, Victoria Cathérine, 54
de Leeuw, Wim A., 80, 151
De Moor, Annick, 137
de Santana Leandro Junior,  

Marcos Vinícius, 152
De Servi, Barbara, 262
De Silva, D. P. N., 364
De Smedt, Jonathan, 185
de Souza, Terezinha, 294
De Strooper, Bart, 133
De Vecchi, Rodrigo, 135, 376
de Vries, Jochem, 314
de Vries, Rob, 115, 190, 326
de Vrij, Femke, 198
de Waard, Bas, 84, 190
de Wit-Bos, Lianne, 94
de Wolf, Charlotte, 82, 140
Deák, Ádám, 268
Debatis, Michelle, 315
Debeljak, M., 323
Decelle, Thierry, 21
Deceuninck, Pierre, 2



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021380

Dechiario, Lexi, 138
Deferme, Lize, 22, 104
Degryse, Anne-Dominique, 91
Dehne, Eva-Maria, 74, 128, 

197, 231, 251, 327
Dehouck, Lucie, 281
Delagrange, Mona, 67, 237, 255
Delahanty, Aaron, 133
Delaney, Bryan, 311
Delaunois, Annie, 278, 286
Delrue, Nathalie, 51
Demchuk, Eugene, 352
Demcisakova, Zuzana, 364
Demeneix, Barbara, 35, 101
Demkes, Charlotte, 256
Demortain, David, 170
Dempster, Robert, 90
Deng, Dongmei, 213, 333
Denning, Chris, 69, 196
Dennison, Ngaire, 55
Dent, Matthew, 39, 67, 69, 71, 81, 

209, 223, 235, 237, 255, 324
Depelchin, Brigitte Olympe, 278
Depraetere, Hilde, 194
Descampe, Blaise, 85
Descargues, Pascal, 286
Detroyer, Ann, 244
Devineau, Stephanie, 169
Di Giuseppe, Dario, 361, 361
Di Pietro Micali Canavez, Andrezza, 350
Dias Roja, Liseth Yamille, 376
Diaz, Carlos, 12
Dibusz, Krystof, 129
Dieker, Miranda C., 310
Diesing, Karoline, 61
Dijkstra, Grietje, 256
Dimida, Antonio, 101
Dinnyés, András, 327
Diorio, Merari, 331
Dirnagl, Ulrich, 115, 284
Dissanayake, S. N., 364
Djidrovski, Ivo, 375
Doenmez, Arif, 263
Doerge, Daniel, 101
Doktorova, Tatyana, 103
Domoradzki, Jeanne, 311
Donkers, Joanne, 230
Donkers, Tim, 230
Donley, Elizabeth L. R., 96, 287, 288
Dönmez, Arif, 271
Dontas, Ismene, 91
Doodeman, Paulien, 310
Doppenberg, Jason, 272
Dotti, Silvia, 105, 359
Dragicevic, Elena, 370
Dreier, David, 365

Dreyfuss, Solène, 373
Drieschner, Carolin, 224
Drnovsek, Natasa, 323
Drost, Rinske, 256
Drude, Natascha Ingrid, 115, 284
Du, Juan, 119
Dubbeld, Jeroen, 272
Dübel, Stefan, 1
Dudchik, Natalya, 319
Dulize, Rémi, 342
Duncker, Dirk J., 151
Dunn, Bruce, 46
Dunst, Sebastian, 336
Duque, Marcelo Dutra, 349
Durand, Steven, 308
Durieux, Isabell, 100
Durieux, Isabell, 128
Durst, Mattea, 122, 295
Dutot, Mélody, 279, 326, 363
Dvorakova, Marketa, 105
Dwyer, Cathy M., 202

Ebbrell, David, 52
Ebert, Lisa, 148
Ebi, Christian, 224
Eckel, William, 285
Eddy, Jessica, 220
Eenjes, Evelien, 78
Eggink, Hannah M., 121
Egli, Lukas, 178
Egodauyana, K. P. U. T., 364
Ehrig, Rainald, 62
Ekert, Jason E., 106
El Baraka, Oussama, 193
Ellison, Corie A., 66, 71
Elm, Torben, 277
Elnady, Fawzy, 323
Embry, Michelle, 65
Emery, Sylvie, 244
Empl, Michael Telamon, 296
Engels, Gerwin, 142
Enkelmann, Astrid, 30
Enoch, Steven, 154
Erfurth, Hendrik, 128, 148, 197
Ermler, Sibylle, 241
Eschenhagen, Thomas, 69
Escher, Sylvia, 121, 123
Eskes, Chantra, 326
Eslami Amirabadi, Hossein, 230, 237
Eurlings, Irene, 333
Evelo, Chris, 71, 103
Ewaldsson, Birgit, 269
Ewart, Lorna, 33
Exner, Thomas E., 71, 103, 

131, 161, 281, 317, 355
Ezendam, Janine, 31, 37

Fabian, Eric, 71, 79, 127
Faccani, Lara, 314
Failla, Cristina Maria, 313
Falcato Vecina, Juliana, 286
Fan, Xiaohui, 187, 265
Fant, Kristina, 101, 105
Farcal, Lucian, 103
Fardellas, Achilleas, 119
Faßbender, Christopher, 50, 92
Faust, Daniel, 74, 231
Fautz, Rolf, 96, 176
Fava, Luis Paulo, 328
Fehr, Markus, 18
Fentener van Vlissingen, Martje, 121
Ferguson, Stephen, 209
Fernández Freire, Paloma, 340, 354
Fernando, Ruani, 155
Ferrao Blanco, Mauricio, 145
Ferrara, André, 305
Ferreira, Guilherme, 44
Ferreira, Sofia, 294
Fertig, Niels, 370
Fetter, Eva, 120
Fiaschetti, Katia, 178
Fietz, Agnes, 293
Filipova, Dilyana, 205
Fiore, Gianfranco Beniamino, 205
Firat, Hüseyin, 22
Firman, James, 157, 324
Fischer, Lisa, 62
Fischer, Melanie, 75, 232, 325
Fisher, Ciarán, 294
Fisher, Joan, 324
Fitzi-Rathgen, Julika, 82
Fitzpatrick, Jeremy, 276
Fitzpatrick, Suzanne, 115, 197, 302
Flecknell, Paul, 13, 95
Fleurance, Renaud, 278
Flick, Burkhard, 247
Flint, Tara, 370
Flockton, Hannah, 255
Foley, Patricia, 163
Folia, Maria, 172
Folkertsma, Simon, 314
Forlini, Carole, 311
Forreryd, Andy, 251, 253, 253, 330
Fortaner-Torrent, Salvador, 35, 101
Foster, Caroline, 371
Fouyet, Sophie, 279, 326
Fragki, Styliani (Stella), 76
Franco, Nuno Henrique, 91, 129, 139, 371
Frentzel, Stefan, 42, 342
Freund, Delilah, 46
Freyberger, Alexius, 35, 101, 101
Friis Mikkelsen, Lars, 5
Frijns, Evelien, 22, 104, 204



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 381

Fritsche, Ellen, 101, 263, 263, 
264, 264, 265, 271

Fritz, Sabrina, 219
Fromenty, Bernard, 241
Fuchs, Anne, 219
Fuchs, Merle Arnika, 226
Fujii, Ryuya, 343
Fujimoto, Hiroki, 219
Fukuda, Takako, 90
Furka, István, 268
Furuhata, Keiko, 366
Furuno, Tetsuo, 292

Gaber, Timo, 50, 60, 61, 62
Gadaleta, Domenico, 124
Gade, Peter Lund, 29
Gagosian, Viviana, 348
Gaikwad, Ganesh, 265
Gala, Shalin, 281, 282
Galanjuk, Saskia, 263
Gallacher, David, 93, 97
Galligioni, Viola, 55
Gant, Timothy, 210
Garcia Rodriguez, Innes, 277
Gardner, Iain, 294
Gaudin, Sebastien, 175
Gautier, Françoise, 240, 244, 279, 279
Geerts, Lieve, 22, 104
Gehen, Sean, 337, 345, 347
Gehrke, Helge, 251
Geiger, Martina, 111
Gelzinyte, Elena, 172
Genies, Camille, 71
Genies Pierre, Camille, 233
Georgievski, Ana, 323
Geraets, Liesbeth, 94
Gerberick, G. Frank, 234, 360
Gerecke, Eve, 293
Gerets, Helga, 278
Gerhold, David, 115
Gericke, Corina, 205
Gering, Christine, 311
Geris, Liesbet, 145
Gerlach, Silke, 233
Germolec, Dori, 347
Gervasoni, Damien, 296
Geurts, Lucie, 18
Gibbs, Susan, 45, 213, 215, 333
Giese, Christoph, 133
Gilbert, Mary, 35, 101
Gilmour, Nicola, 255
Ginane Bezerra-Jr., Arandi, 349
Giri, Varun, 245
Gispen-de Wied, Christine, 44
Gitz, Eelo, 310
Giustarini, Giulio, 233

Giusti, Anna Maria, 111
Giusti, Arianna, 260, 357, 358
Gjovreski, N., 111
Gkika, Ioanna, 369
Glaudo, Markus, 210, 211, 211, 212
Glazier, James A., 180
Gledhill, Jon, 13, 95
Gmuender, Hans, 99
Go, Seon Myeong, 203
Goepfert, Alina, 359
Goetz, Amber, 212, 360
Goia, Carlos Alberto, 328
Goldfain-Blanc, Françoise, 187
Gomes, Caroline, 79, 359
Gomez, Cristi, 299
Gomez, Guillermo, 148
Gomperts, Brigitte, 46
Goodman, Jonathan, 172
Gordon, John, 131
Gore, Manish, 222
Gorecka, Agata, 232
Gorski, Julian, 332
Gosens, Reinoud, 185
Gosselet, Fabien, 281
Gossmann, Matthias, 370
Goto, Yuichiro, 270
Gourmelon, Anne, 51
Gradin, Robin, 251, 330
Graham, Melanie, 374
Granata, Paola, 313
Grandidier, Marie Helene, 227, 262
Grange, Emma, 125, 126, 299
Gräns, Albin, 249
Grant, Heather, 111
Grassl, Guntram A., 296
Gräßle, Sarah, 298
Gray, Alison, 38
Grayson, Matthew, 172
Green, Andrew, 101
Green, Maia, 311
Green, Nicole, 225
Green, Victoria Louise, 109
Greenman, John, 109
Grégoire, Corinne, 373
Grégoire, Sebastien, 71, 244
Gribaldo, Laura, 44, 133, 184
Griffin, Julian L., 241
Griffioen, Henriette, 83
Griggs, Abbie, 86
Grignard, Elise, 35, 101
Grillari, Johannes, 168
Grillari-Voglauer, Regina, 168
Groeber-Becker, Florian, 99, 362
Groff, Katherine, 34, 223, 291, 351
Grohmann, Lisa, 266
Groß, Henrik, 301

Grube, Markus, 322
Gryshkova, Vitalina, 278, 286, 288
Grzeschik, Nina, 300, 301
Gstraunthaler, Gerhard, 115
Guadagnoli, Marco, 240
Guagliano, Giuseppe, 359
Gualtieri, Alessandro, 361, 361
Guazzelli, Nicole, 367
Guedj, Emmanuel, 342
Guerin, Kelly, 164
Guillemot, Fabien, 187
Guillén, Javier, 2
Gunasingam, Gowsinth, 369
Gunatilake, Mangala, 24, 270, 289, 341, 
Guo, Jiabin, 110, 154
Gutiérrez, María Laura, 289
Gutleb, Arno, 101, 102, 351, 363
Gutsell, Steve, 172, 209, 254
Guyton, Kathryn Z., 6

Haake, Volker, 245
Hack, Eric, 71, 324
Hackethal, Johannes, 300
Häger, Christine, 77, 243, 269
Haishima, Yuji, 88
Halder, Marlies, 50, 92, 101, 140, 147
Hale, Geoff, 55
Hall, Peter, 278
Hallmark, Nina, 248, 358
Hamaguchi, Isao, 366
Hamers, Timo, 53, 70, 101
Hamilton, Geraldine, 111
Hamm, Jon, 370, 371
Hamm, Jonathan, 285
Han, Hyoung-Yun, 213
Han, Su-Cheol, 213
Hanberg, Annika, 306
Hanemaaijer, Roeland, 150, 237
Hanemann, C. Oliver, 73
Hans, Fabian, 301
Hanschmann, Kay-Martin, 247
Hansen, Helle Nordahl, 29
Hansen, Jitka S., 87
Hansen, Tanja, 222
Hao, Weidong, 110
Harding, Amy Leigh, 292
Hardy, Barry, 103, 317
Harrill, Joshua, 136, 209, 290
Harris, Isabelle, 192
Hart, Lynette, 116, 225, 236, 335
Hartmann, Julia, 264
Hartung, Thomas, 115, 139, 171
Harwood, Ethan, 285
Hasan, Md Zobaer, 292
Hassall, Laura, 93
Hatherell, Sarah, 67, 235, 237, 255, 283



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021382

Haugabrooks, Esther, 166, 167, 375
Haupt, Tina, 260
Hawkins, Penny, 14, 14
Hayden, Patrick, 315
Hayes, Wallace, 212
Hazen, María José, 340, 354
Hazenoot, Monique, 240
He, Jie-Long, 316
Hedenqvist, Patricia, 165
Heider, Miriam, 269
Heinonen, Tuula, 105, 249
Hellack, Bryan, 368
Hellwich, Olaf, 28
Hendriksen, Coenraad, 67
Hennerbichler, Simone, 300
Henriquez, Joseph, 337, 347
Henschel, Noah, 264
Hepburn, Paul, 18
Herault, Quentin, 313
Herberts, Carla, 82, 140
Hermanns, Alexandra, 210
Herms, Fenja, 238
Hernandez-Jerez, Antonio F., 4
Herold, Michael, 245
Herrmann, Kathrin, 89, 167
Herwig, Ralf, 99
Herzler, Matthias, 130, 131
Hessel, Ellen, 53, 54
Heusinkveld, Harm, 25
Hewitt, Nicola J., 71, 81, 

96, 176, 233, 324
Hewitt, Philip, 178
Heymans, Stephane, 99
Hibatallah, Jalila, 228, 260, 357, 358
Hickey, Christina, 181, 200
Hidalgo, Alberto, 337
Hiemstra, Pieter, 78
Hierck, Beerend, 295
Hildebrandt, Barbara, 263
Hilgen, Birthe, 178
Hill, Erin, 110, 230, 299, 326
Hillegaart, Viveka, 306
Hiller, Thomas, 97, 226
Hilley, Mary, 307, 373
Hilscherová, Klára, 35, 70, 101
Hilton, Gina M., 15, 212, 360
Hippenstiel, Stefan, 97, 266
Hirose, Akihiko, 257
Hirota, Morihiko, 225
Hittinger, Marius, 300, 301
Hobi, Nina, 337
Hocke, Andreas, 97
Hocum Stone, Laura, 374
Hoeng, Julia, 42, 342
Hoff, Paula, 50
Hoffmann, Pascal, 296

Hoffmann, Sebastian, 88, 96, 176, 241
Hoffmann, Silke, 197
Hofmann, Lisa, 238
Hofmann, Thomas, 311
Hofstra, Angela, 345
Hogberg, Helena T., 139, 171
Hogeveen, Kevin, 174
Hohlbaum, Katharina, 28, 55
Hollanders, Karen, 22, 104
Hollender, Juliane, 81
Holloway, Marcelle, 122
Holt, Sanne, 240
Honarvar, Naveed, 359
Hong, Saet-Byul, 165
Hoogenveen, Rudolf, 76
Horak, Jan, 129
Horinouchi, Cintia, 349
Horiuchi, Shinichiro, 343
Horland, Reyk, 197, 251
Hosaka, Takuomi, 306
Hougaard Bennekou, Susanne,  

4, 49, 121, 123
Houghton, Jade, 67, 237, 255
Hoyer, Christian, 148, 222
Huang, Fang, 258
Huang, Ruili, 372
Huang, Zhibiao, 258
Hübenthal, Ulrike, 263, 264, 265
Huber, Florian W., 148
Hubesch, Bruno, 15, 203
Hübner, Juliane, 133, 148, 298
Hudecova, Lenka, 374
Huener, Hans-Albrecht, 244, 245
Huijser, Dorien, 64
Hurst, José, 238, 293
Hurtado de Mendoza, Jorge, 345
Hutter, Simon, 178
Hvitved, Angela N., 318
Hwang, Ji Yeon, 236

Ikeda, Naohiro, 261, 303
Ilyukova, Iryna, 319
Imai, Noriyasu, 270
Imakura, Yuki, 334
Inforzato, Monique, 345
Ingber, Donald E., 194
Ingenhut, Bastiaan L. J., 230
Ingram, Jay, 199
Inutsuka, Takashi, 115
Ishida, Seiichi, 343, 343
Iturria, Iñaki, 48, 345
Iwao, Takahiro, 334
Iyama, Yosuke, 225
Izaguirre, Mercedes, 289

Jackson, George, 315

Jacobs, An, 22, 104
Jacobs, Fiona, 113, 253
Jacobs, Miriam, 241
Jacobsen, An, 105
Jacques-Jamin, Carine, 71, 233
Jaeckel, Sven, 311
Jäger, Jonas, 128
Jahagirdar, Devashree, 222
Jain, Ratnesh, 222, 265, 282
Jaka, Oihane, 345
Jakobs, Mira, 332
Jalkanen, Jutta, 119
Janecek, Jody, 374
Jang, Ji-Woo, 213
Jang, Won-Hee, 338
Janowska-Sejda, Elzbieta, 182
Jans, Mia, 155
Janssen, Ger M. J., 106
Janssen, Hilke, 243
Janssens, Monique, 80, 91
Janus, Marleen Marga, 333
Jarque, Sergio, 120
Jarrett, Wendy, 6
Jarvis, Gavin, 118
Jäschke, Michelle, 222, 231
Jayawardena, Ranil, 341
Jeliazkova, Nina, 15, 203
Jennen, Danyel, 107, 294, 315
Jennings, Paul, 161, 195, 281, 

304, 316, 317, 327, 355
Jensen, Alexander C. Ø., 87
Jensen, Anaïs, 253
Jensen, Kasper, 277
Jeong, Mi Suk, 116, 225, 236, 335
Jeong, Sunhwa, 12
Jeppesen, Claus, 221
Jerchow, Boris, 55, 193
Jerre, Anders, 253
Jeung, Eui-Bae, 12, 203
Jiang, Yi Hong, 299
Jinno, Riko, 343
Jirkof, Paulin, 9, 11, 11, 55, 59, 122, 295
Jirova, Dagmar, 105, 249
Jo, Sun Young, 291
Joachim, Stephanie C., 238
Johansson, Angelica, 253
Johansson, Henrik, 79, 251, 253, 253, 330
John, Linu, 221
Johnson, Kent, 57
Johnson, T., 285
Jones, Becky, 344
Jones-Engel, Lisa, 40
Jonker, Michiel, 275
Joo, Young-Shin, 116, 225, 236, 335
Joore, Jos, 178
Jordanova, Ekaterina S., 45



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 383

Jourdan, Fabien, 241
Joya, Josephine, 366
Jozef, Barbara, 232
Judson, Richard, 11, 209, 346
Jukes, Nick, 166
Jung, Eui-Man, 12
Jung, Nathalie, 280
Jüngst, Christian, 265

Kabeya, Tomoki, 334
Kahlert, Christian, 151
Kalkman, Gino J., 314
Kaluzhny, Yulia, 312
Kamp, Hennicke, 121, 123, 174, 245
Kämpfer, Angela, 368, 368
Kamstra, Jorke H., 241
Kanda, Yasunari, 77, 115
Kandarova, Helena, 35, 88, 

101, 249, 319, 374
Kanebratt, Kajsa P., 100, 119
Kant Negi, Chander, 189
Kanungo, Jyotshna, 13
Kappes, Sebastian, 332
Kapr, Julia, 263
Karakocak, Bedia Begum, 369
Karalis, Katia, 111
Karaliunas, Ignas, 331
Karande, Pankaj, 138
Karmaus, Agnes, 276
Karperien, Marcel, 120, 184
Karwelat, Diana, 256
Katrinak, Vicki, 373
Katsutani, Naruo, 257
Kauschke, Stefan, 195
Kawamura, Tomoko, 257
Kegel, Birgit, 247
Keizer, Gerrit, 347
Kejlova, Kristina, 249
Keller, Detlef, 71, 81, 246
Keller, Johannes, 248
Kellomäki, Minna, 311
Kempfert, Merle, 243
Kenna, Gerry, 71, 81, 324
Kenny, Julia, 96, 176
Keppel, Miriam, 301
Kermanizadeh, Ali, 178
Kern, Fredy, 233
Kersten, Gideon, 274
Keshavan, Sandeep, 367
Keßel, Eike, 271
Kestner Vecina, Everton Candido, 328
Keubler, Lydia, 227
Kiefer, P., 323
Kienhuis, Anne, 31
Kienzler, Aude, 35, 92, 101, 105
Kiersgaard, Maria, 29, 277

Kiesewetter, Lisa, 99
Kiessling, Andrea, 232
Kijanska, Monika, 178, 232
Kilpatrick, Amy, 86
Kim, Bae-Hwan, 114, 270
Kim, Hye Soo, 291
Kim, Hyeon-A., 322
Kim, Kyung-Tai, 213
Kim, Seolyeong, 291
Kim, Seung Yeon, 116, 225, 236, 335
Kim, Su-Ji, 291
Kim, Sung-Hyun, 213
Kirkman Smith, Dean, 190
Kiss, Flora Marta, 148, 222
Kitamoto, Sachiko, 90
Klaric, Martina, 71, 81, 246, 324
Klausner, Mitchell, 312, 315
Klazen, Joëlle, 280
Kleensang, Andre, 139
Klein, Christian, 111
Kleinjans, Jos, 57, 99, 107, 294, 315
Kleinstreuer, Nicole, 16, 16, 17, 96, 129, 

131, 274, 276, 276, 285, 332, 345, 346, 
346, 347, 348, 370, 371, 372, 372, 375

Klenk, Christian, 207
Klimek, Jolanta, 245, 247
Klose, Christian, 178
Klose, Jördis, 264, 265
Klutzny, Saskia, 336
Klüver, Nils, 156
Knapen, Dries, 35, 101
Knebel, Jan, 222
Knetzger, Nicola, 99, 362
Knibbe, Catherijne, 272
Knight, Andrew, 318
Knipping, Karen, 18
Knöspel, Fanny, 226
Knoth, Katharina, 301
Knudsen, Thomas B., 25, 172
Ko, Hon-Sum, 131
Ko, Ji Seung, 236
Kobolák, Julianna, 327
Koch, Christoph, 272
Koch, Katharina, 264, 264, 265
Koch, Martin, 217
Koenig, Leopold, 74, 231
Koh, Hor Cheng, 155
Köhrer, Karl, 264, 265
Kojima, Hajime, 28, 91, 235, 270
Kojima, Nobuhiko, 68
Kolarova, Hana, 249
Kolle, Susanne N., 230, 

248, 260, 340, 345
Komizu, Yuji, 343, 343
Koponen, Ismo K., 87
Kormos, Tzippi, 212

Kornhuber, Marja, 336
Korpale, Vikram, 282
Kosata, Bedrich, 129
Kovach, Samuel, 371
Kovacic, Urska, 323
Kowalczyk, Kornelia, 105
Kozuki, Hirokazu, 225
Kral, Vivian, 355
Kramer, Nynke, 18, 108, 131, 

191, 191, 191, 369
Krämer, Beate, 245, 247
Krause, Annika, 243
Krauskopf, Julian, 57
Krebs, Anna-Catharina, 251
Krebs, Catharine E., 138
Kreuchwig, Annika, 12
Krimmling, Tanja, 321, 322
Krishna, Shagun, 372, 372
Kroese, Dinant, 121, 123
Krom, Bastiaan Philip, 333
Kroon, Andre, 78
Krüger, Christopher T., 71, 81
Krul, Cyrille, 121, 137, 275, 347
Krul, Lisette, 18
Kuan, Michela, 313
Kuang, Rong, 110, 258, 299
Kubo, Takumi, 343
Kuehnlenz, Julia, 256
Kuennemann, Katrin, 296
Kühn, Sandra, 238
Kühnl, Jochen, 233
Kuijpers, Tim, 107
Kukic, Predrag, 67, 69, 172, 209, 237, 255
Kuligovski, Crisciele, 349, 350
Kumar, Manoj, 185
Kumstel, Simone, 269
Kunne, Cindy, 83
Kurimoto, Masayuki, 242
Kuroda, Yukie, 343
Kurreck, Jens, 97, 226
Kushner, Steven, 198
Kustermann, Stefan, 168, 178
Kӧhrle, Josef, 35, 101

Labram, Briony, 65
Lafauce, Jacob, 86
Lagadic, Laurent, 124
Lagares, Liadys Mora, 124, 154, 208
Laistner, Laura, 168
Lako, Majlinda, 178
Lakshmipathy, Uma, 115
Lam, Ann, 138
Lam, Mimi, 214
Lambert, Jason Christopher, 146
Lamplmair, Franz, 55, 56
Lamprecht, Alf, 331, 332



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021384

Landi, Margaret S., 41
Landry, Timothy, 315
Landsiedel, Robert, 79, 105, 158, 230, 

244, 245, 246, 247, 260, 340, 359
Lang, Annemarie, 50, 59, 60, 

61, 61, 62, 122, 228, 295
Lang, Catherine, 140
Langan, Laura, 92
Langeheine, Marion, 296
Langermans, Jan, 83
Langezaal, Ingrid, 35, 101, 101, 105
Lanham, Austin, 86
Lankhaar, Jan-Willem, 347
Lao, Junpeng, 154
Larner, Joanne, 255
Larsen, Søren T., 87
Laue, Heike, 92
Lauster, Roland, 74, 148, 251
Lavadié, Carlos, 330
Lavelle, Maura, 234, 360
Laws, Susan C., 101
Le Gac, Séverine, 120
Le Greves, Madeleine, 91
Le Hegarat, Ludovic, 174
Leal, Martha Elena, 299
Leblanc, Virginie, 227
Ledermann, Birgit, 43
Lee, Andrew, 326
Lee, Geonhee, 291
Lee, Gwi Hyang, 116, 225, 236, 335
Lee, Hyang-Ae, 266, 322
Lee, Isabelle, 333, 360
Lee, Jae-Hwan, 12, 203
Lee, Michelle, 88
Lee, Mi-Young, 67, 237, 254, 255
Lee, Moungsook, 311
Lee, Su-Hyon, 291
Lee, Su-Jin, 266, 322
Lee, Un Jung, 96
Leech, Kirk, 344
Leenaars, Cathalijn, 28, 206, 206, 239
Lefevre, Isabel Ann, 153
Legler, Juliette, 241
Legnardi, Manuela, 359
Lehmann, Judith, 324
Lehn Brand, Christian, 217
Lehr, Claus-Michael, 301, 337
Leijten, Jeroen, 120
Leinala, Eeva, 73
Leinwetter, Manuela, 293
Leist, Marcel, 115
Lelievre, Damien, 275, 308
Lemcke, Erik C., 314
Leme, Daniela, 348
Lemper, Marie, 278
Lenze, Mariela, 289

Léonard, Marc, 156
Leproux, Pascale, 279, 326
Lesage, Raphaelle, 145
Lester, Cathy, 71
Letasiova, Silvia, 88, 315, 319, 374
Leung, Ping Chung, 265
Leuthold, David, 156
Leuvenink, Henri, 121
Lewejohann, Lars, 28
Lewis, Dick, 311
Ley, Carsten Dan, 277
Li, Hequn, 67, 223, 235, 237, 254, 255
Li, Jin, 110, 154
Li, Lu, 265
Li, Nan, 135, 257, 258, 258, 259, 259
Li, Qiang, 203
Li, Qing, 258
Li, Sandy, 110
Li, Zhongyu, 110
Lichter, Jutta, 145
Lickiss, Bettina, 370
Lidbury, Brett Andrew, 20
Lidster, Katie, 43
Liiv, Elin, 356
Lilja, Josefin, 269
Lilley, Elliot, 24, 45, 55
Lillicrap, Adam, 50, 92, 325
Lin, Jieying, 155
Linder, Peter, 370
Lindsjö, Johan, 306
Linke, Kirstin, 168
Linklater, Nicole, 128
Liodo Missigba, Nancy, 243
Lisboa dos Santos, Gabriella, 349
Liska, Roman, 50, 101, 101, 105
Littlewood, Anne, 285
Liu, Chao, 110
Liu, Shennan, 110
Liu, Shujie, 261, 303
Liu, Yanfeng, 258, 258, 259
Lizarraga, Lucina, 200
Ljung, Per E., 249
Llanos, Pierre, 312
Llauradó, Gabriel, 330
Lockwood, Alex, 165
Lofgren, Jennifer, 163
Lokman, Muhammad, 24
Londeree, Barry, 307
Longmore, Chris, 113
Lopes, Patricia Santos, 349
López González, Marta, 45
Lord, Caleb, 360
Lorencini, Márcio, 138, 348, 350
Lorenzetti, Stefano, 313
Loretz, Brigitta, 337
Loskill, Peter, 37, 168

Lotz, Christian, 99, 362
Louhimies, Susanna, 98, 98, 98
Louisse, Jochem, 105, 132
Louter, Johanna, 256, 275
Lowit, Anna, 212, 274, 370
Lowit, Michael, 285
Lu, Haitian, 365
Lu, Hua Rong, 97
Lu, Shui-Yuan, 26
Lu, Yongbo, 110
Luettich, Karsta, 42, 342
Lumen, Annie, 96, 108
Lungu-Mitea, Sebastian, 165
Luptakova, Lenka, 364
Lurvey, Stephen, 86
Lybæk, Susanna, 318
Lyra, Annanda, 349

M’Rabet, Laura, 273
Macedo, Leticia, 221
MacGill, Tracy, 302
MacGregor, James T., 229
Machado, Thiago, 349
Mack, Amanda, 115
Macleod, Malcolm, 201
Macmillan, Donna, 234
Madalena Rolim, Clarice, 221
Madden, Judith, 52, 154, 231
Madec, Sullivan, 174
Madia, Federica, 21
Maeda, Kohei, 343
Maertens, Alexandra, 186
Maes, Frederick, 22, 204
Magauer, Corinna, 327
Magliaro, Chiara, 297
Magnusson, Lisa U., 119
Magnusson, Otto, 56
Maherally, Zaynah, 48
Ma-Hock, Lan, 248
Mahony, Catherine, 18, 33, 71, 81, 324
Maialetti, Francesca, 137
Majumder, Abhijit, 282
Malany, Siobhan, 68
Malaquin, Laurent, 286
Malcomber, Sophie, 67, 69, 237, 255
Maldeniya, M. U. S., 364
Maly, Marek, 249
Mancini Coelho, Maria Paula, 286, 328
Maner, Jenny, 224
Mangas, Iris, 4
Manou, Irene, 33, 55, 88, 140
Mansouri, Kamel, 96, 276, 346
Marcelino Rodrigues, Robim, 152
Marcon, Bruna, 349
Marengo, Barbara, 361, 361
Margiotta-Casaluci, Luigi, 241



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 385

Marics, Laura, 267
Marigliani, Bianca, 305
Marinsek, M., 323
Markus, Jan, 312, 315, 319
Marques, Alexandra P., 267
Marroni, Fred, 101
Marshall, Lindsay, 3, 8, 9, 173, 

282, 285, 305, 307, 373
Martens, Marvin, 71, 103
Martí, Celia, 48, 345
Martin, Miguel, 340
Martin, Solenne, 262
Martín-Doimeadios, Miguel Martín, 354
Martinez Arias, Alfonso, 196
Martinez Gamboa, Lorena, 115, 284
Martino, Laura, 4
Maruna, Thomas J., 302
Marx, Uwe, 42, 74, 100, 128, 

133, 148, 193, 197, 222, 231, 
233, 251, 256, 298, 327

Maschmeyer, Ilka, 100, 233, 298
Mashimo, Nana, 270
Masjosthusmann, Stefan, 264, 271
Masmoudi, Fatma, 277
Mater, Amber, 304
Mathea, Miriam, 340
Mathes, Daniela, 221
Matheson, Joanna, 131
Mathpati, C. S., 282
Matsumoto, Mariko, 257
Matsumoto, Yoko, 343
Matsunaga, Tamihide, 334
Matsushita, Taku, 343, 343
Matsuura, Katsuhisa, 20
Mattos, Guilherme, 376
Mattson, Ulrika, 337
Matz-Soja, Madlen, 320
Maxwell, Gavin, 39, 53, 209, 255
Mazidi, Zahra, 168
Mazón, María José, 48, 345
Mazzuoli-Weber, Gemma, 296
McAfee, Eric, 348
McCallum, Janet, 162
McCarthy, Janine, 2, 209, 214, 341
McFarland, Richard, 115
McGrath, Abbey, 86
McIntyre, Barry, 371
McIvor, Emily, 146
McLaughlin, Rene, 240
McNamee, Antony P., 144
Medema, Rosan, 295
Medvecky, Lubomir, 364
Meijboom, Franck, 28, 206, 206
Meiring, Hugo, 274
Melching-Kollmuss, Stephanie, 212
Mello da Rosa, Raquel, 221

Melo de Aguiar, Alessandra, 349, 350
Meloni, Marisa, 105, 262
Mendrick, Donna, 302
Meneses, Marcos, 330
Menke, Aswin, 356
Mennecozzi, Milena, 232
Mennen, Gina, 271, 358
Menon, Julia, 151
Mentzel, Tobias, 321
Merken, Jort, 99
Merli, Marta, 351
Mertens, Birgit, 243, 290
Metz, Bernard, 274
Metz, Julia, 301
Meulmeester, Erik, 256
Mewes, Karsten, 228, 250, 260, 357, 358
Meyer, Michael, 215
Micallef, Virginie, 111
Miccoli, Beatrice, 133
Michaut, Valerie, 227, 262
Michielon, Elisabetta, 45
Middleton, Alistair, 39, 67, 69, 

209, 235, 237, 255, 336
Miettinen, Susanna, 311
Milcamps, Anne, 101, 101
Milchak, Lawrence, 72
Miloslav, Nic, 133
Mima, Shinji, 334
Minovski, Nikola, 208
Mirata, Serena, 361, 361
Mitjans, Montserrat, 207, 267
Miyashita, Toshihide, 334
Miyazawa, Masaaki, 219
Mizukami, Takuo, 366
Mizuno, Makoto, 270
Modi, Sandeep, 182
Moe, Jannicke, 92
Moer, Jana, 320
Mohorič, Tomaž, 71, 103
Mohr, Bert, 162
Molenaar-de Backer, Marijke W., 310
Molina, Enrique, 330
Momose, Haruka, 366
Montanari, Florian, 187
Moon, Seong Ho, 236
Moors, Ellen, 44
Moos, Lukas, 239
Moraes, Elizabeth, 350
Morais Leme, Daniela, 327, 350
Morales, Isaac, 330
Morales-Sánchez, Johan Enrique, 242
Mörbt, Nora, 261
Moreau, Erik, 294
Moreni, Giulia, 127
Moreth, Till, 280
Moreton, Dean, 86

Morita, Osamu, 220, 303
Moritz, Wolfgang, 178, 327
Moroni, Lorenzo, 70, 204
Morris, Humberto Joaquín, 330
Morris, Tim, 13
Mortensen, Holly, 175
Mosig, Alexander S., 195
Mota, Carlos, 204
Motter Catarino, Carolina, 138
Mount, James, 269
Moussaoui, Saliha, 22
Movia, Dania, 36
Moxon, Thomas, 67, 127, 

223, 237, 254, 255
Mueller, Boris, 33
Mueller, Chantal, 244, 246, 248
Muellerbader, Pia, 78
Muhsmann, Ann-Kristin, 148
Mukumoto, Makiko, 339
Muller, Iris, 234
Müller, Antonia, 261
Müller-Bühl, Ana M., 238
Mummery, Christine, 69, 297
Muncan, Vanesa, 164
Munic Kos, Vesna, 241
Munn, Sharon, 35, 35, 101
Munnerlyn, Ronda, 299
Munoz Pineiro, Amalia, 35, 101
Muratov, Eugene, 129
Murdoch, Craig, 292
Muriana, Arantza, 48, 345
Murphy, Cormac, 304, 316, 327
Murray, Judy, 41
Mushmann, Ann-Kristin, 197
Musselman, Rod, 208

Na, Mihwa, 234, 333, 360
Naciff, Jorge, 71, 81, 224
Nadal, Angel, 241
Naddi, Assyl, 90
Naderlinger, Elisabeth, 304
Nagesh Jahagirdar, Devashree, 282
Nakagawa, Shota, 220
Nakanishi, Hirofumi, 292
Nakayama, Kanako, 219
Nandi, Manasi, 171
Naraoka, Hitoshi, 52
Narayanasamy, Angayarkanni, 222
Narcisi, Roberto, 145
Nardelli, Laurent, 257, 262
Narumi, Rika, 261, 303
Natale, Alessandra, 142, 152
Natássia, Natássia, 350
Nathainail, Alexis, 67, 237, 255
Natsch, Andreas, 260, 340
Navis, Marit, 164



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021386

Nedeljkovic, Ivana, 215
Nedved, Lucie, 366
Neiveyans, Véronique, 244
Neuhaus, Winfried, 27
Neukamp, Franziska, 362
Neumann, Dirk, 331, 332
Neumann, Gaby, 205
Nevelli, Francesco, 313
Neves, Mariana, 241
Nguyen, Nhutuyen, 231
Nic, Miloslav, 129
Nicol, Beate, 67, 237, 254, 255
Nicolini, Gabriella, 205
Nieskens, Tom, 56
Nigg, Susanne, 151
Nikravesh, Niusha, 160
Nishida, Hayato, 225
Nogueira-Librelotto, Daniele, 221
Nolan, John C., 19
Nooijen, Irene H. G., 230
Norinder, Ulf, 356
Nossa, Roberta, 59, 367
Note, Reine, 244
Novič, Marjana, 124, 154, 208
Novotny, Tomas, 129
Nowlan, Peter, 13
Nudischer, Ramona, 99
Nukada, Yuko, 220
Nukaga, Takumi, 225
Nunes, Carolina, 131
Nunes de Santana, Thatiane, 286, 328
Nyffeler, Johanna, 290

O’Brien, Devin, 234, 360
O’Brien, Fergal J., 19
O’Dell, Lindsay, 370
Oberfrank, Carina, 79
Öberg, Mattias, 306, 356
Ochiai, Masaki, 219
Oelgeschläger, Michael, 336
Ogura, Izumi, 334
Ohata, Hideo, 257
Ohlmeier, Luisa, 222
Okamoto, Maiko, 220
Okamoto, Masahiko, 339
Okhrimenko, Denis V., 272
Okoniewski, Nicole, 289
Oksdath Mansilla, Mariana, 148
Oldenburger, Marcia, 271
Olinga, Peter, 121
Oliva, Abel, 278
Oliveira, Anax, 62
Oliveira, Liliana, 371
Oliveri Conti, Gea, 35, 101
Oliverio, Orazio, 112
Olivier, Elodie, 279, 326, 363

Olsson, Anna, 371
Oluwasegun Aina, Kehinde, 195
Olzinski, Alan, 70
Omori, Takashi, 270
Onoue, Satomi, 225
Oosterhof, Nynke, 117
Oppler Jr, Scott, 374
Orlova, Valeria V., 188
Ormsby, Rebecca, 148
Osamu, Morita, 261
Osborne, Nicola, 85
Osenkowski, Pamela, 331, 338, 353
Oshikata, Ayumi, 235
Ostendorf, Robert, 237
Otani, Mitsuhiro, 90
Ottoni, Antoniana, 273
Ouédraogo, Gladys, 15, 71, 81, 96, 

176, 224, 240, 244, 258, 259
Overdahl, Kirsten, 129
Ovigne, Jean-Marc, 80
Owen, Kathryn, 43

Pagès, Emeline, 286
Paggi, Carlo Alberto, 120
Paini, Alicia, 35, 52, 101, 108
Pajak, Agnieszka, 178
Pajkrt, Dasja, 3, 127, 164, 277
Pal Singh, Vijay, 18
Pallardy, Marc, 248, 358
Palmeira Oliveira, Ana, 105
Palmeira Oliveira, Rita, 105
Palmer, Jessica Ann, 96, 287, 288
Pamies, David, 101, 115, 139, 171
Pampaloni, Francesco, 280
Panagiotis Daskalopoulos, Evangelos, 2
Pandey, Ankita, 218, 291, 292
Panfil, Claudia, 210, 211, 211, 212
Pang, Yuan, 110
Panner, Alexander, 148
Pant, Tejal, 265
Pantelyushin, Stanislav, 289
Panzarea, Martina, 4
Paparella, Christof, 334
Paparella, Martin, 4, 49, 50, 92, 334
Papineni, Sabitha, 212
Parafati, Maddalena, 68
Parish, Stanley, 173
Park, Seon Mi, 12
Park, Sung-Won, 236
Parraga, Jenny, 311
Partosa, Natascha, 248
Parvatam, Surat, 158
Pasdelou, Carine, 262
Passalacqua, Mario, 328, 361
Passier, Robert, 297
Passini, Elisa, 141

Pastor, Manuel, 14
Pastore, Michael, 286
Patak, Alex, 101
Patlewicz, Grace, 276, 290
Paul-Friedman, Katie, 101
Pauls, Jo P., 144
Pauls, Katrin, 283
Pavan, Manuela, 53
Pedersen, Emma, 101, 105
Pedersen, Mette, 306
Peffer, Richard, 212
Peijnenburg, Ad, 105, 132
Pekkanen-Mattila, Mari, 311
Pelleter, Mylène, 253
Pellevoisin, Christian, 80, 88, 

135, 135, 253, 275, 308
Peña, Javier, 330
Penalver-Nieto, Miguel, 35, 101
Penco, Susanna, 361
Pendlington, Ruth, 67, 237, 254, 255
Peneda Pacheco, Daniela, 304
Peng, Feng, 208
Peng, Shuangqing, 103, 110 , 154
Pennings, Jeroen, 248
Penson, Peter, 52, 231
Penttinen, Kirsi, 311
Percie du Sert, Nathalie, 84
Pereira, Marina, 153
Pereira Canuto, Thais, 376
Perera, J. L. C. S., 364
Perez Castillo, Yunierkis, 124, 208
Perez-Gil, Jesus, 87
Perin, Olivier, 240, 244
Peropadre, Ana, 340, 354
Perrin, Sally, 148
Perron, Monique, 23, 75, 274
Peters, Laura, 238
Petersen, Marie, 29
Petersohn, Dirk, 250
Peterson, Andre, 192
Peterson, Erik, 249
Petri-Fink, Alke, 33, 367, 369
Petrillo, Mauro, 101
Petrini, Paola, 304, 351, 359
Petropolis, Debora, 111
Petrovova, Eva, 364
Petzsch, Patrick, 264, 265
Pezennec, Eric, 323
Pezzetta, Daniele, 105
Pfannenbecker, Uwe, 228
Pfeiffenberger, Moritz, 50, 60, 61, 62
Pfuhler, Stefan, 96, 176, 229
Phillips, Jason, 348
Phillips, Jenny, 90
Pi, Jingbo, 110
Pibiri, Francesca, 93



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 387

Pickford, Daniel, 35, 101
Pickles, Juliette, 254
Piechota, Prezemyslaw, 254
Piechota, Sam, 172, 324
Piersma, Aldert, 25, 31, 53, 

54, 76, 248, 271, 358
Pieterman, Elsbet, 237
Pieters, Ellis, 84, 190
Pieters, Lisanne, 230
Pieters, Raymond, 233, 273, 275, 347
Pilkington, Geoffrey, 48, 73
Pilkington, Karen, 73
Pina, Juan Ignacio, 289
Pinckaers, Nicole, 132
Piotrowski, Megan, 208
Piroird, Cécile, 344
Pirraco, Rogério P., 267
Piskareva, Olga, 19
Pistollato, Francesca, 1
Pistollato, Francesca, 2, 35, 

101, 115, 209, 229, 352
Pitson, Stuart, 148
Piutti, Claudia, 105
Plasenzotti, Roberto, 105, 107
Platzack, Björn, 356
Poelma, Fred, 63, 64, 83
Poelmans, David, 22
Pognan, Francois, 12, 14, 178
Poirier, Ghislaine M., 7, 114
Ponder, Jessica, 365
Poojary, Brinda, 133
Poonnoose, Santosh, 148
Poosala, Suresh, 24, 178
Poulsen, Véronique, 124
Pound, Pandora, 110
Prang Nielsen, Emilie, 217
Prause, Hélène-Christine, 268
Prescott, Mark, 43, 84, 220
Prina-Mello, Adriele, 36
Prins, Jan-Bas, 91, 136, 137
Prior, Helen, 88, 92
Probst, Christopher, 168
Proenca, Susana, 131
Prota, Valentina, 137
Prussia, Andrew James, 352
Przibilla, Julia, 233
Przybylak, Katarzyna, 69, 324
Puertas, Ana, 345
Puertas Gallardo, Antonio, 101
Punt, Ans, 127, 132, 209
Puskar, Marek, 312

Qin, Jianhua, 110
Qin, Qin, 257, 258, 259
Qu, Xiaoting, 103
Querci, Maddalena, 101

Raabe, Hans A., 332
Raasch, Martin, 195
Raffael, Barbara, 101
Rainer, Alberto, 205
Rajaeean, Neda, 355
Raldúa, Demetrio, 101
Ramachandran, Sabarinathan, 374
Ramaiahgari, Sreenivasa, 21
Rambo, Felix, 42, 148
Ramirez Hincapie, Sabina, 245
Ramme, Anja, 74, 193, 231
Rao, Srinivas, 182, 182
Rapp, Anna, 122, 295
Ras, Morris, 127
Raschke, Marian, 256, 298
Rasenberg, Mike, 143
Rasponi, Marco, 354
Rat, Patrice, 279, 326, 363
Rathnadiwakara, Hasanthi, 341
Ratuski, Anna, 303
Raude, Emma, 286
Razafiarison, Tojo, 215
Redhead, Keith, 140
Redl, Heinz, 300
Reed, Barney, 4, 116, 225, 236, 335
Rego Alvarez, Laura, 309, 310 , 310
Reid, Kirsty, 19
Reifenrath, Janin, 243
Reininger Gutmann, Birgit, 105, 107
Reinke, Petra, 128
Reis, Rui L., 267
Reisinger, Kerstin, 96, 176
Reiss, Irwin, 78
Remy, Sylvie, 22, 104, 241
Renaud, Philippe, 224
Renko, Kostja, 35, 101, 101, 244
Retter, Ida, 266
Reus, Thamile Luciane, 349
Reynolds, Georgia, 67, 209, 237, 255
Reynolds, Joseph, 67, 69, 235, 237, 255
Riches-Duit, Rebecca, 93
Richling, Elke, 245
Richter, Clémentine, 337
Richter, Johanna, 355
Rickabaugh, Keith, 208
Rietjens, Ivonne M. C. M., 223, 229
Rigarlsford, Annabel, 69
Rigaudeau, Anne Sophie, 308
Riis, Hanne K., 272
Rijk, Jeroen, 105
Rioja-Lang, Fiona, 202
Ritacco, Gretchen, 253
Ritskes Hoitinga, Merel,  

20, 190, 326, 341
Ritter, Detlef, 58, 222
Riu, Anne, 240, 244

Rivera-Arbelaez, José Manuel, 297
Rivero, Martín Nicolás, 289
Robbesom, Iris, 280
Robert, Laure, 339
Roberts, David, 234
Robinson, Sally, 163, 163
Robinson, Vicky, 220
Rochester, Jo, 371
Rodrigo, Rodrigo, 350
Rodrigues, Daniela, 294
Rodrigues, Oscar, 221
Rodrigues, Robim M., 142, 155
Rodrigues de Souza, Irisdoris, 350
Rodriguez, Blanca, 141
Roe, Katherine V., 218, 250, 288
Roennpagel, Vincent, 322
Roffel, Sanne, 213, 215, 333
Roggeband, Rob, 55
Roggen, Erwin L., 8, 229
Rogiers, Vera, 142, 152, 155, 243
Rohrbasser, Alain, 59, 367
Röhrs, Viola, 226
Rojas, Julio, 330
Rojas Guevara, Johanna, 376
Roldan, Nuria, 337
Rollins, Thor, 88
Romano, Chiara, 105
Rombaut, Matthias, 142, 152
Roodsant, Thomas, 164
Rooney, Andrew, 372
Rooney, John P., 274, 346
Roos, Brian, 117
Rooseboom, Martijn, 347
Roquigny, Julia, 278
Rorsman, Patrik, 175
Rose, Jane, 246
Rose, Margaret, 366
Rosseels, Marie-Luce, 278
Rossi, Andrea, 263
Rossi, Fabrizio, 32, 129, 136
Rossi, Laura H., 42
Rosso, Marianna, 58
Roszak, Joanna, 105
Roth, Adrian, 33, 99, 111, 149
Roth, Nadine, 247
Rothen-Rutishauser, Barbara,  

33, 59, 181, 367, 369
Rottier, Robbert, 78
Rouhani-Rankouhi, Tanja, 314
Roussel-Berlier, Laurène, 244
Rovida, Costanza, 56
Royer, Leandro, 278
Rucki, Marian, 249
Ruelker, Claudia, 359
Ruf, Christopher, 301
Rülicke, Thomas, 132



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021388

Runge, Dieter, 320, 321, 321, 322
Ruppelt, Alicia, 354
Russell, Paul, 39, 69, 112, 

172, 200, 209, 283
Russo, Giulio, 342
Rutault, Laurent, 187
Rütschle, Isabel, 42, 298
Ryan, Natalia, 212, 345, 360, 365
Ryder, Stephanie, 235

Saccà, S. C., 328
Sachana, Magdalini, 49
Safford, Robert, 234
Sahuc, Florent, 80, 275
Saib, Ouarda, 283
Saibene, Melissa, 363
Saibene, Valentina, 105
Sakaguchi, Hitoshi, 219
Salamone, Valentin, 308
Salazar-Hernandez, Camilo, 148
Salem, Harry, 115
Salvatori, Daniela, 91, 295
Sampieri, Maria, 105
Samrani, Laura, 248
Sanches da Rocha, Mitscheli, 212
Sanchez, Katarzyna, 178
Sanchez-Guzman, Daniel, 169
Sang, Jing, 258, 299
Santos, Ana Isabel, 113
Santos Capinha, Liliana, 320
Sanz, Ferran, 12, 14
Saravanan, Surat, 352
Sardelli, Lorenzo, 351
Sasaki, Daisuke, 20
Sasaki, Eita, 366
Sasaki, Takamitsu, 306
Sato, Hideyuki, 225
Sato, Masayuki, 339
Sauve-Ciencewicki, Alaina, 360
Scarfì, Sonia, 328, 361, 361
Schäfer-Korting, Monika, 26
Scharnowske, Lara, 301
Scheinpflug, Julia, 17, 83
Schellekens, Huub, 44
Schenke, Maren, 268
Schepky, Andreas, 71, 81, 233, 324
Schimek, Katharina, 42, 222
Schins, Roel, 368, 368
Schirmer, Kristin, 50, 75, 81, 

92, 224, 232, 289, 325
Schlapbach, Ralph, 99
Schlünder, Katharina, 168
Schmidt, Christian, 215
Schmitt, Michael, 178
Schmuck, Katharina, 264
Schneider, Anneliese, 168

Schneider, Marc, 300
Schneider, Marlon, 17, 83
Schneider, Steffen, 244, 246
Schneider-Daum, Nicole, 337
Schnepel, Nadine, 296
Schnichels, Sven, 238, 293
Schnur, Sabrina, 300, 301
Schnurre, Susanne, 298
Schoberer, Mark, 362
Scholz, Stefan, 50, 92, 120, 156
Schomaker, Shelli, 57
Schönenberger, René, 224
Schönfelder, Gilbert, 83, 241, 336
Schordan, Eric, 22
Schot, Arend, 295
Schouten, Jacobine, 295
Schrage, Norbert, 210, 211, 211, 212
Schramm, Carolin, 278
Schuck, Desiree, 348, 350
Schuck, Desiree Cigaran, 138, 350
Schultsz, Constance, 164
Schultz, Terry, 157
Schulze, Frank, 17, 83, 329
Schuren, Frank, 230
Schuster, David, 359
Schutte, Katrin, 18, 85, 86, 

88, 143, 144, 170
Schwach, Verena, 297
Schwartz, Veronique, 321
Schwarz, Katharina, 58
Schwarz, Michael, 54
Schwarzer, Ana Carolina, 327
Schwenk, Christine, 119
Schwillens, Paul, 76
Scollon, Edward, 212
Scorrano, Fabrizio, 216
Scott, Sharon, 69
Sedykh, Alexander, 276
Seeger, Bettina, 268, 296, 324
Segerink, Loes, 297
Sekino, Yuko, 115
Selevsek, Nathalie, 99
Seligman, Bruce, 210
Sen, Chandani, 46
Sena, Emily S., 185
Seok, Seung-Hyeok, 165
Serchi, Tommaso, 363
Seto, Yoshiki, 225
Settivari, Raja, 337, 347
Sevin, Emmanuel, 281
Sewell, Fiona, 92, 311
Shaef, Ida, 226
Shafer, Timothy J., 183
Shah, Imran, 209, 290
Shah, Ruchir, 276
Shaid, Shahjahan, 95

Shan, Yuquing K., 224
Shang, Jie, 299
Shang, Lin, 213, 333
Sharaf, Ahmed, 117
Sharma, Monita, 22, 204, 351
Shaw, Michelle, 307
Sherf, Bruce, 101
Shi, Leming, 210
Shia, David, 46
Shimizu, Tatsuya, 20
Shizu, Ryota, 306
Shriver, Adam, 41, 318
Sidhu, Sachdev S., 40
Sierro, Nicolas, 342
Signore, Michele, 136
Siklodi, Botond, 140
Silva, Arthur, 129
Silva, Josemar Vinicius Mai-

worm Abreu, 305
Silva Miranda, Catarina, 371
Sim, Bushra, 113
Simeonov, Anton, 115
Simmonds, Michael J., 144
Simmons, Steven, 101
Singer, Thomas, 111
Singh, Pranika, 131
Singh, Pranika, 161, 281, 317, 355
Singh, Vijay Pal, 24
Sjöblad, Axel Erland, 79
Sjögren, Anna-Karin, 56
Slats, Annelies, 78
Smirnova, Lena, 115, 139, 171
Smith, Adrian, 10, 10, 45, 55
Smith, Alan M., 287, 288
Smith, Benjamin, 155
Smith, Gina, 255
Sneddon, Andrew, 231
Snowball, Martin, 90
Soares, Ana I., 267
Sofranko, Adriana, 368
Solvang, Mette, 272
Sonnenschein, Nico, 222
Sørli, Jorid B., 87, 87
Sorrell, Ian, 69, 127, 254
Soto-Bielicka, Patricia, 340, 354
Sousa de Padua, Amanay, 328
Sparham, Chris, 69
Speirs, Valerie, 75
Spencer, Richard, 25
Sperber, Saskia, 245
Speulman, Angelique E. A. M., 230
Spijker, René, 127
Spinu, Nicoleta, 154
Sprankle, Catherine S., 285, 348
Sridhar, Adithya, 127, 164
Staal, Yvonne, 25, 31, 42



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 389

Stacey, Glyn, 115
Stadnicka-Michalak, Julita, 75, 81, 325
Stahlmecke, Burkhard, 368
Steckler, Thomas, 130
Steger-Hartmann, Thomas,  

12, 14, 32, 33, 256, 298
Stegmeijer, Koen, 137
Steijaert, Marvin, 347
Stein, Jeroen, 297
Steinbrenner, Jutta, 248
Stelzer, Ernst, 280
Stepanov, Dmitri, 355
Stepnik, Maciej, 105
Stetsenko, Svitlana, 335
Stetter, Ernst, 217
Stevens, Lianne J., 230, 272
Stichova, Julie, 239
Stickings, Paul, 93
Stigter, Nienke, 275
Stijnen, Marco, 354, 362
Stintzing, Florian, 261
Stirling, Catrina, 183
Stittelaar, Koert, 127, 164
Stockhofe-Zurwieden, Norbert, 14
Stoddart, Gilly, 50, 92
Stoelzle-Feix, Sonja, 370
Stoffels, Charlotte, 102, 351
Stoker, Tammy, 35, 101
Stokman, Geurt, 230, 237, 356
Stone, Vicki, 181
Stoop, Reinout, 356
Stoppelkamp, Sandra, 78
Stopper, Helga, 229
Storey, Joanne, 70
Stout, Matt, 371
Straccia, Marco, 32, 38, 38, 136
Strickland, Judy, 129, 131, 276, 347, 375
Stringer, Emma, 220
Struhkamp, Rita, 84, 190
Struve, Birgitta, 77, 243, 269
Stuard, Sharon, 71
Stucki, Janick, 337
Stürzl, Lynn-Christin, 271
Suckow, Mark, 163
Sullivan, Kristie, 115, 138, 166, 

167, 214, 341, 365, 366, 375
Sun, Wei, 110
Sund, Jukka, 35, 101
Sutherland, Vicki, 371
Suzuki, Masaharu, 242
Svensk, Emma, 269
Svensson, Camilla, 269
Svobodova, Lada, 249
Szalata, Rainer, 335 

Tabernero Urbieta, Maria, 18

Tagle, Danilo, 115
Tagliati, Valerie, 227, 262
Takagi, Yumi, 270
Takahashi, Teruki, 339
Takahashi, Yasuhiko, 90
Takayuki, Abo, 228
Takeshita, Jun-ichi, 306
Takezawa, Toshiaki, 235
Tan, Shawn Pei Feng , 155, 156
Tan, Yu-Mei, 52
Tansley, Geoff D., 144
Tao, Jenny, 370
Tao, Thi Phuong, 233
Tasaki, Junichi, 261, 303
Taylor, Ingrid, 250, 252
Taylor, Katy, 149, 309, 310, 310
Tea, Melinda, 148
Team, Abcalis, 1
Teisman, Ard, 93
Teisman, Ard, 97
Teixeira Leijten, Liliana Moreira, 120
Teixidó, Elisabet, 120, 156
Tejeda, Inés, 340
Teluob, Severine, 227, 262, 344
Temerowski, Michael, 311
ten Brinke, Anja, 310
ten Klooster, Jean Paul, 233, 273
ter Veld, Marcel, 159
Tergaonkar, Vinay, 148
Terron, Andrea, 4
Tertoolen, Leon, 69
Teunis, Marc, 275, 347
Teuschl, Andreas Herbert, 300
Thá, Emanoela, 327, 348
Thallmair, Michaela, 11
Tharacad, Ramanarayanan, 365
Theiss, Carsten, 238
Theiventhran, Mathura, 234
Theunissen, Peter, 82, 140
Theve, Elizabeth, 86
Thierse, Hermann-Josef, 131
Thomas, Paul, 50
Thomas, Russell S., 107
Thomas, Ulrich, 370
Thompson, Courtney, 52, 231
Thöne-Reineke, Christa, 28
Thorn, Karina, 277
Ticha, Olga, 239
Tiebosch, Ivo, 63, 64
Tigges, Julia, 263, 263, 264, 265
Timmerman, Raissa, 117
Tinwell, Helen, 248, 256, 358
Tirendi, Sara, 328, 361, 361
Tiwari, Ankit, 222
Tjäder, Solveig, 269
Toelch, Ulf, 115

Toet, Karin, 237
Tohkin, Masahiro, 242
Toinon, Audrey, 175
Tokunaga, Takashi, 339
Tokuyoshi, Yasuharu, 225
Tölch, Ulf, 284
Tolksdorf, Beatrice, 97
Tomigahara, Yoshitaka, 90
Tomson, Bert, 121
Tonacchera, Massimo, 101
Tong, Weida, 10, 210
Toprakhisar, Burak, 185
Törnqvist, Elin, 269, 306, 356
Toubia, John, 148
Tourneix, Fleur, 279, 279
Tozer, Sarah, 71, 324
Tran, Dinh Nam, 12, 203
Treasure, Carol, 113, 253
Trgovcich, Joanne, 371
Triantis, Vassilis, 18
Tricot, Tine, 185
Trietschel, David, 30
Trindade de Souza e Silva, Gabriela, 349
Triunfol, Marcia, 118
Tropsha, Alexander, 129
Troutman, John, 324
Trovato, Cristian, 141
Truax, Jim, 131, 285, 346, 347, 371
Trunnell, Emily R., 165, 218, 218
Tsai, Wei-Ren, 26
Tsaioun, Katya, 326
Tsamou, Maria, 229
Tsujii, Shinji, 257
Tukker, Anke Marije, 198
Tunesi, Marta, 351
Turek, Claudia, 261
Turley, Audrey, 88
Turner, Kylie, 90
Turner, Patricia, 41, 163, 165, 294
Twomey, Breda, 232
Tzoulaki, Ioanna, 4

Udén, Eva, 269
Ueno, Manako, 90
Ullrich, Anett, 320, 321, 321, 322
Ulrey, Amanda, 230, 326
Urmaliya, Vijay, 93
Usta, Birol, 230, 273

Vaas, Lea, 12
Vaccari, Monica, 105
Vaes, Wouter, 272
Vaessen, Mitch, 354
Vagaggini, Pietro, 314
Valentin, Jean-Pierre, 278, 286, 288
Valkenburg, Bart, 280



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021390

van Aerts, Leon, 88
van Benthem, Jan, 31
van Bergenhenegouwen, Jeroen, 273
Van Bossuyt, Melissa, 290
van Breda, Simone, 252
van de Steeg, Evita, 121, 

230, 237, 272, 273
van de Wal, Nanneke, 83
van de Water, Bob, 18, 121, 

123, 125, 209, 237
van de Wetering, Bertus, 362
van den Berg, Albert, 297
van den Broek, Stijn, 275
Van den Eede, Guy, 101
van den Hoek, Anita, 356
van den Hoorn, Tineke, 82, 140
Van der Ark, Kees, 164
van der Bles, Anne Marthe, 186
van der Harst, Johanneke, 18
van der Kroeg, Mark, 198
van der Laan, Jan Willem, 82, 140
van der Maas, Larissa, 274
Van der Meer, Andries, 23
Van der Mierden, Stevie, 206, 239
van der Naald, Mira, 151
Van Der Schueren, Jan, 155
van der Toorn, Marco, 342
van der Vaart, Anna, 275
van der Valk, Jan, 31
van der Velden, Daniel, 256
van der Voet, Monique, 275, 347
van der Zalm, Anna, 332
Van Deun, Masha, 22, 104
van Dijk, Henk, 295
van Dongen, Catharina, 79
van Driel, Marjolein, 280
Van Eeckhoutte, Thomas, 155
van Emst, Maarten, 295
van Engelen, Jacqueline, 94
van Ham, Tjakko, 117
Van Hoeck, Els, 290
van Hoek, Bart, 272
van Kemenade, Folkert, 121
van Kleef, Regina, 198
Van Laer, Jo, 22, 104
van Leeuwen, Bo, 295
van Leeuwen, Hans, 280
Van Loo, Pascalle, 55, 80
van Loveren, Cor, 333
van Luijk, Judith, 125, 326
van Marle, Andre, 121
van Meer, Berend, 69
van Meer, Peter, 44, 82, 88, 140
van Meeuwen, Jeroen, 256
Van Mulders, Mieke, 243
van Noort, Vera, 302, 347

van Nunen, Teun, 159
van Oeveren, Willem, 142
van Oort, Erica, 84, 190
van Oostrom, Conny, 76
van Osch, G .J. V. M, 145
Van Overmeire, Ilse, 290
van Ravenzwaay, Bennard, 79, 127, 

244, 245, 246, 247, 248, 359
van Riet, Sander, 78
Van Rompay, An R., 374
van Soest, Elke, 362
van Someren, Eugene P., 314
van Summeren, Kitty, 233, 273
van Tongeren, Tessa, 223
van Trigt, Nikki, 356
van Veen, Evert-Ben, 121
Van Vugt, Sanne, 64
van Wezel, Annemarie, 369
Vandebriel, Rob, 42
Vandenbossche, Evita, 33, 

71, 81, 246, 324
Vanhaecke, Tamara, 142, 152, 155
Vanhoof, Christine, 22
Vanneste Straccia, David, 32
Vauth, Leah, 148
Vecina, Juliana Falcato, 328
Veening-Griffioen, Désirée, 44
Vega, Linet, 330
Végh, Anna M. D., 151
Vemuri, Mohan, 115
Venema, Koen, 18
Venhorst, Jennifer, 314
Ventura, Sara, 278
Venzac, Bastien, 120
Verbeke, Tobias, 347
Verfaillie, Catherine, 185
Verhave, Nelleke, 67, 83
Verheijen, Marcha, 210
Verkoeijen, Saertje, 233, 273
Verlohner, Andreas, 79, 245
Vermond, Sophie, 240
Vernazza, Stefania, 328, 361, 361
Verstraelen, Sandra, 22, 

104, 133, 204, 374
Verstreken, Patrik, 133
Veth, Jennifer, 117
Vicari, Taynah, 350
Vickers, Catherine, 178
Videau, Christelle, 135, 253, 275, 373
Vilén, Liisa, 100, 119
Villa, Riccardo, 105, 359
Villamar-Bouza, Laura, 123
Vinardell, Maria Pilar, 207, 221, 267
Vincentini, Olimpia, 137
Viricel, Anaëlle, 262, 344
Visai, Livia, 205, 304, 359

Visconti, Nicolo, 212
Visentin, Sonja, 304
Vitale, Augusto, 313
Viviani, Laura, 74
Vlaming, Marijn, 240, 277
Vlasblom, Ronald, 256
Vlkova, Alena, 249
Voelkl, Bernhard, 58
Vogt, Catherine, 296
Volk, Hans-Dieter, 128, 133
Vollmar, Brigitte, 269
vom Berg, Johannes, 289
von Aulock, Sonja, 36
Vries, Robert, 178
Vrints, Martine, 155
Vuorenpää, Hanna, 311

Waaijman, Taco, 45, 333
Wade, Michael, 35, 101
Wærenskjold, Øyvind, 55
Wagner, Kristina, 262
Wahle, Tina, 368
Walker, Paul, 235, 327
Walker, Vickie, 372
Wall, Brian, 96, 176
Wallace, Joanne, 234
Walles, Heike, 293
Walter-Rohde, Susanne, 50, 92
Wang, Chi Chiu, 265
Wang, Hui, 27
Wang, Miao, 299
Wang, Ranran, 259
Wang, Wen Bo, 115
Wang, Xiaohong, 224
Ward, Sherry L., 338, 353
Wareing, Britta, 248, 260
Warner, Roscoe, 57
Wassermann, Laura, 77, 243, 269
Watanabe, Michiko, 306
Watatani, Hirokatsu, 235
Weary, Daniel M., 46, 303
Weaver, Richard, 233
Webb, Elizabeth, 345
Webb, Steven, 52, 231
Weber, Andreas Georg, 105, 244, 246
Weber, Elin, 269
Weber, Marie-Christin, 62
Weber, Tilo, 72, 262, 352
Wedlake, Andrew, 172
Weegh, Nora, 77, 269
Wehkamp, Tjalling, 273
Weide, Yoran, 105
Weinbauer, Gerhard F., 7
Weir, Lucinda, 88
Weiss, Martin, 168
Wellens, Sara, 281



Author Index

ALTEX Proceedings 9 (1), 2021, Maastricht 2021 391

Welting, Tim, 145
Weltje, Lennart, 124
Wen, Lei, 110
Wendel, Hans-Peter, 78
Wenker, Mira, 53
Wennberg Huldt, Charlotte, 100, 119
Wertan, Nina, 285
Westdijk, Janny, 93
Westerink, Remco, 198
Westerink, Walter, 121, 333
Westmoreland, Carl, 39, 67, 69, 

110, 154, 209, 237, 255, 283
Wever, Kimberley E., 151
Wheeler, James R., 124
Whelan, Maurice, 2, 21, 33, 

101, 134, 141, 147, 209
White, Alan, 170
White, Andrew, 67, 235, 237, 255
Whitfield, Lucy, 55, 91
Wick, Peter, 151, 160
Wieczorek, Dagmar, 263
Wierenga, Esmée, 230
Wieser, Matthias, 168
Wiest, Joachim, 207, 215, 

217, 262, 329, 335
Wignall, Jessica, 371
Wijers, Debby, 137
Wikinski, Silvia, 289
Wild, Emina, 247
Wildwater, Marjolein, 275, 347
Wilkinson, Dan, 46
Wilkinson, Lois Michele, 294
Wilks, Martin, 4
Willett, Catherine, 53, 109, 199, 305
Williams, Antony, 346
Williamson Riffle, Brandy, 212
Willighagen, Egon, 71, 103, 176
Willis, Clinton, 290
Wilmes, Anja, 161, 304, 

316, 317, 327, 355
Wilt, Nathan, 299
Windbergs, Maike, 280
Windebank, Sam, 234
Winter, Annika, 19, 42, 100, 233, 251

Winter, Robin, 187
Witt, Kristine L., 30, 229
Witters, Hilda, 22, 104, 105, 133
Wittwehr, Clemens, 2, 209
Woelk, Samuel, 247
Wohlleben, Wendel, 248
Wolf, Douglas C., 173, 212, 360, 365
Wolf, Melanie, 78
Wolfreys, Alison, 278
Wöllhaf, Manuel, 28
Wolschrijn, Claudia, 295
Wolter, Angelique, 61, 62, 122, 295
Wolterman, Lydia, 256
Wolthers, Katja, 127, 164, 277
Wolton, Kathryn, 182
Worms, Nicole, 356
Worth, Andrew, 21, 101, 154, 334
Wu, Gang, 215
Wulff, Birgitte, 221
Würbel, Hanno, 51, 58

Xia, Menghang, 1, 372
Xiong, Xikun, 258
Xu, Feng, 110
Xu, Ping, 110

Yadav, Shital, 282
Yamada, Tadanori, 334
Yamada, Takashi, 242, 257
Yamaguchi, Hiroyuki, 235
Yamamoto, Akihiko, 219
Yamamoto, Gaku, 339
Yamazaki, Daiju, 115
Yan, Zhongyu, 212
Yang, Mi-Jin, 213
Yang, Ying, 110, 258
Yang, Young-Su, 213
Yano, Kazuo, 165
Yasujima, Tomoya, 334
Yi, Donglin, 203
Yin, Dezhong, 115
Ylikomi, Timo, 101
Yoo, Yeong-Min, 203
Yoon, In Ha, 116, 225, 236, 335

Yoshihara, Keita, 220
Yoshinari, Kouichi, 306
Yuasa, Hiroaki, 334

Zäh, Ralf-Kilian, 300
Zalko, Daniel, 241
Zanoni, Ilaria, 314
Zaros, Aurélie, 305
Zechner, Dietmar, 269
Zeeman, Wouter, 121
Zeilmaker, Marco, 76
Zemanova, Miriam A., 47, 318
Zentrich, Eva, 243, 269
Zevnik, Branko, 193
Zhang, Aiqian, 110
Zhang, J. S., 299
Zhang, Jinsong, 258
Zhang, Qiang, 154
Zhang, Quanshun, 110
Zhang, Xiaowei, 110
Zhao, E., 258
Zhao, Jinghua, 372
Zhao, Robert, 135
Zhong, Lingyan, 259
Zhou, Xiaobing, 196
Zhu, J. B., 110
Zidar, Josefina, 269
Zietek, Tamara, 205
Zifle, Anne, 219
Zilkowski, Ilona, 261
Zimmermann, Andrea, 320
Zintzsch, Anne, 132
Zoio, Patrícia, 278
Zoppo, Marina, 289
Zoschke, Christian, 355
Zuehr, Etta, 263
Zuiderwijk-Sick, Ella, 117
Zuo, Yi Y., 87
Zurich Fontanellaz, Marie- 

Gabrielle, 101, 131
Zvonar, Zvonimir, 5556



ALTEX Proceedings 9 (1), 2021, Maastricht 2021392

144 145

• P237: RABIES 2+1 SEQUENTIAL TESTING TO REDUCE 40% OF THE USE OF ANIMALS
 Roman Adamczyck, (ABSTRACT ID: 489)

• P238: TBE SINGLE-DILUTION AS VIRAL VACCINE POTENCY TESTING TO REDUCE 70% OF THE USE 

OF ANIMALS
 Roman Adamczyk, GSK (ABSTRACT ID: 491)

• P247 HUMAN IN VITRO MODELS TO STUDY BONE METASTASES
 Marjolein van Driel, Erasmus MC (ABSTRACT ID: 515)

• P265 CONFIRMATORY PRECLINICAL STUDIES AS MEANS TO GUIDE DECISIONS TO ENGAGE IN 

CLINICAL TRIALS THE DECIDE PROJECT
 Natascha Drude, Charité Universitätsmedizin Berlin -Berlin Institute of Health QUEST Center for 

transforming biomedical research (ABSTRACT ID: 541)

• P292 DEVELOPMENT OF AN EX-VIVO RETINAL DYSTROPHY MODEL BY LIGHT INDUCED 

NEURODEGENERATION
 Jose Hurst, University Eye Hospital Tuebingen (ABSTRACT ID: 577)

• P305 COMPARING HUMAN CELL LINE CO-CULTURES AND PORCINE ORGANOIDS STUDYING 

(PATHO)PHYSIOLOGICAL INTESTINAL MECHANISMS
 Pascal Hoffmann, University of Veterinary Medicine Hannover (ABSTRACT ID: 606)

• P314 TRANSEPITHELIAL ELECTRICAL RESISTANCE AS A FAST READ-OUT OF IN VITRO AND EX VIVO 

MODELS MIMICKING THE GI-TRACT INFLAMMATION
 Sabrina Schnur, Saarland University (ABSTRACT ID: 623)

• P328 ZEBRAFISH EMBRYO MODEL FOR CHEMICAL-INDUCED CLEFT PALATE.
 Junichi Tasaki, Kao Corporation (ABSTRACT ID: 646)

• P379 DEVELOPMENT OF FUNCTIONAL 3D CARDIOVASCULAR CONSTRUCT
 Hanna Vuorenpää, Tampere University, Finland (ABSTRACT ID: 749)

• P432: REVIEW OF ANIMAL TESTING REQUIREMENTS IN WHO GUIDELINES AND 

RECOMMENDATIONS FOR BIOLOGICS: A PROPOSAL TO IMPLEMENT 3RS PRINCIPLES
 Elliot Lilley, NC3Rs – National Centre for the Replacement, Refinement and Reduction of Animals 

in Research (ABSTRACT ID: 841)

• P433 THE IMPORTANCE OF SIMULATED LUNG FLUID COMPOSITION FOR IN VITRO SOLUBILITY OF 

MINERAL WOOL FIBERS
 Natasa Drnovsek, Knauf Insulation (ABSTRACT ID: 843)

• P452 A NOVEL EPIDERMIS EQUIVALENT FOR IN VITRO SKIN IRRITATION TESTING 

CHARACTERIZATION AND PERFORMANCE
 Daniela Leme, Federal University of Paraná (UFPR) (ABSTRACT ID: 924)

• P462 AN INNOVATIVE MILLIFLUIDIC 3D HUMAN TRABECULAR CELL IN VITRO PLATFORM AS TOOL 

TO MIMIC THE PRESSURE VARIATIONS OBSERVED IN OPEN ANGLE GLAUCOMA
 Anna Maria Bassi, University of Genoa, Italy (ABSTRACT ID: 941)

• P474 ASSESSMENT OF COOLING EFFECTS OF TOPICAL PRODUCTS ON HUMAN SKIN IN VITRO
 Udo Bock, Bock Project Management (ABSTRACT ID: 964)

• P498 IMMUNOGENICITY STUDIES OF PRE- AND POST-EXPOSURE ANTI-RABIES VACCINATION (ARV) 

USING BALB/C MICE A SYSTEMATIC REVIEW
 Hasanthi Rathnadiwakara, Department of Physiology, Faculty of Medicine, University of Colombo, 

Sri Lanka (ABSTRACT ID: 993)

• P533: PRECISION-CUT LUNG SLICES AND REFINED CLINICAL READOUTS IN HAMSTER MODEL 

SUPPORT THE 3RS IN CORONAVIRUS RESEARCH
 Nadia Oreshkova, WUR (ABSTRACT ID: 1040)

• P548 MODULATION OF P2X7 RECEPTOR USING QUERCETIN ROLE IN COVID-19 INFLAMMATION 

MANAGEMENT?
 Elodie OLIVIER, Université de Paris (ABSTRACT ID: 1057)

• P575 CONTACTLESS BODY TEMPERATURE ASSESSMENT FOR DETERMINING HUMANE ENDPOINTS 

IN THE CECAL LIGATION AND PUNCTURE MODEL OF SEPSIS
 Catarina Miranda, i3S - Institute for Research & Innovation in Health, Universidade do Porto 

(ABSTRACT ID: 1092)

SPONSORS
Platinum sponsors

 

 

 

 

 

 

 

 

 

 

 

L’OREAL

L’Oréal has devoted itself to beauty for over 100 years. With its unique international portfolio of diverse 

and complementary brands, the Group generated sales amounting to 26.9 billion euros in 2018 and 

employs 82 000 people worldwide.

Research & Innovation, and a dedicated research team of 3 993 people, are at the core of L’Oréal’s 

strategy, working to meet beauty aspirations all over the world. L’Oréal’s sustainability commitment 

for 2020 “Sharing Beauty With All” sets out ambitious sustainable development objectives across the 

Group’s value chain.

Consumer health and safety is and has always been an absolute priority of the L’Oréal Group. 

Defending animals’  welfare as well. To achieve these two objectives, L’Oréal conducts a very 

strict safety evaluation policy for its products. Starting by the development of the first models 

of reconstructed skins in 2019, L’Oréal has been a pioneer in the development and use of new 

alternative in vitro and in silico methods.

Thanks to this long term investment and conviction , L’Oréal stopped testing its products on animals 

in 1989, 14 years before required to do so by law.  L’Oréal no longer tests its ingredients on animals 

neither tolerates any exceptions to this rule.

L’Oréal’s commitment to ending animal testing is supported by the provision of reconstructed skin 

models thanks to 3 production Units through its subsidiary EPISKIN SA (based in France, China, 

Brazil), the development and validation of new alternative methods and the sharing of its scientific 

advances.

In 2017, the OECD adopted two new alternatives methods developed by the L’Oréal Research 

Laboratories, to evaluate skin allergy and eye irritation. Today, L’Oréal is committed to develop next 

generation of new safety assessment approaches alternative to animal testing to ensure product 

safety for consumers and environment and support innovation.
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PROCTER AND GAMBLE

Our brands are trusted everyday in millions of living rooms, kitchens, laundry rooms, and bathrooms 

– and have been family favorites from generation to generation for over 180 years. We know that

to continue to be the brands people choose, we must continue to innovate high quality and safe

ingredients. We also recognize that we must continue to evolve our approach to demonstrating safety.

We are committed to making animal testing obsolete. For more than 40 years, P&G has engaged in 

non-animal approaches and solutions. We have sponsored and contributed to all World Congresses 

on Animal Alternatives, including the first held in 1993 in Baltimore, Maryland. Over that time, P&G 

has invested more than $420 million in developing non-animal alternatives, yielding more than 

25 alternative test assays invented or co-invented by our experts. Many of these approaches have 

been accepted as the new standard in non-animal safety assessment used by academia, industry or 

regulatory authorities around the world. Some of them, like the Direct Peptide Reactivity Assay (DPRA), 

have been recognized with prestigious awards by animal welfare groups.

Yet there is more to be done. Therefore, we are a proud sponsor of #BeCrueltyFree, calling for an end to 

all animal testing of cosmetic products globally.

And we are pleased to sponsor the 11th World Congress to enable the sharing and reapplication of the 

latest progress in non-animal alternatives. Let’s work together, because only together can we make our 

shared goal a reality: Making animal testing obsolete.
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UNILEVER

On any given day, 2.5 billion people use Unilever products.  Our range of more than 400 brands give 

us a unique place in the lives of people all over the world. Seven out of every ten households around 

the world contain at least one Unilever product, and our range of world-leading, household-name 

brands includes Dove, Knorr, Lipton, Axe, Hellmann’s and Omo. Unilever’s purpose and business 

strategy are to make sustainable living commonplace.

We use a wide range of non-animal approaches to assess the safety of our products for consumers. We 

are committed to ending animal testing. Our leading-edge research has one clear purpose: to continue 

to develop new non-animal approaches that can guarantee that our products are safe, without any 

need for animal testing.  As part of our commitment to ending animal testing, we have a growing 

number of brands that ensure that neither their products – nor the ingredients they use – are subject 

to animal testing by suppliers or by regulatory authorities. These brands’ commitment to no animal 

testing is certified by animal welfare groups.

Our commitment to ending animal testing is under-pinned by our work since the 1980s in 

developing and using alternatives to animal tests for assessing safety, e.g. computer-based modelling 

and cell-based ‘in vitro’ methods. Unilever’s framework for safety assessment is risk-based rather than 

hazard-based. This enables us to use a wide range of non-animal approaches to assess the safety of 

our products for consumers.  We are making good progress in developing next generation (non-

animal) risk assessment approaches for assessing new ingredients and share our scientific research 

on a dedicated

Safety Science in the 21st Century website.
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Silver sponsor

HUMANE SOCIETY INTERNATIONAL

Humane Society International works to create a kinder, more humane world for all animals through 

science, education, advocacy and policy change. Our Research & Toxicology team includes scientists, 

regulatory and government affairs professionals who are active on the ground in the world’s leading 

innovation economies. We work with industry and lawmakers to enact legislation that reduces reliance 

on animal testing in favor of best scientific practice and to implement bans on animal testing of 

cosmetics (hsi.org/becrueltyfree). We work with regulatory authorities and stakeholders to accelerate 

regulatory acceptance of animal-free safety assessment practices across multiple industry sectors 

(animalfreesafety.org). Our team also leads the BioMed21 Collaboration (biomed21.org) to move 

medical research to embrace 21st century science.

SPONSORS
Bronze sponsors

ALTERNATIVES RESEARCH & DEVELOPMENT FOUNDATION

Established in 1993, ARDF promotes alternatives to the use of animals in 

biomedical research, testing and education. The foundation has awarded over 

$3.5M through its Annual Open Research Grant program. It also sponsors scientific 

meetings and presents the Cave Award for outstanding achievements in advancing 

alternative methods. ARDF recently launched the Alternatives in Research 

Challenge, a program to focus science funding and prize money exclusively in the 

area of alternative methods for biomedical research.

BEIERSDORF

Beiersdorf is a leading provider of innovative, high-quality skin care products and 

has over 135 years of experience in this market segment. The Hamburg-based 

company has about 20,000 employees worldwide and is listed on the DAX, the 

German benchmark equities index. Beiersdorf generated sales of €7.2 billion in 

financial year 2018. Its product portfolio comprises strong, international leading 

skin and body care brands including NIVEA, Eucerin, Hansaplast/Elastoplast, and 

La Prairie.

EPAA

The European Partnership for Alternative Approaches to Animal Testing (EPAA) is 

an unprecedented voluntary collaboration between the European Commission, 

European trade associations, and companies from 7 industry sectors.

The partners are committed to pooling knowledge and resources to accelerate the 

development, validation and acceptance of alternative approaches to animal use 

in regulatory testing. The overall aim is the replacement, reduction and refinement 

(3Rs) of animal use in regulatory testing.

IFRA

The International Fragrance Association (IFRA) is the representative body of the 

fragrance industry worldwide. Comprised of eight multinational companies, 

hundreds of small and medium-sized companies in 21 National Associations, and 

eight supporting members, IFRA’s membership covers about 90% of the industry 

by production volume. We seek to promote the safe use of fragrance for everyone’s 

enjoyment, working with regulators and promoting our flagship self-regulatory 

program, the IFRA Code of Practice and the IFRA Standards.

THE HUMANE SOCIETY OF THE UNITED STATES

The Humane Society of the United States is working tirelessly to decrease and 

eventually end the use of animals for harmful research and testing. We work 

toward this goal by focusing on key areas such as eliminating cosmetics testing on 

animals through our Be Cruelty Free campaign, ending the use of dogs for testing, 

expanding the development and use of non-animal methods, and ensuring 

retirement of chimpanzees from laboratories to sanctuaries as soon as possible.
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Every product Unilever makes must be safe for people to use and safe 

for our planet. We believe that animal experiments should not be 

used to make sure that are products are safe. 

Unilever started to develop non-animal approaches to assess the 

safety of its products and ingredients over 40 years ago and we are 

committed to using what we have learnt to help accelerate use of 

new science and technology in chemical and product safety 

assessment, to ultimately replace the need for animal test data. 

Our ability to innovate using non-animal safety assessment 

approaches is underpinned by scientific partnerships with over 70 

leading research teams globally to develop and apply new capability. 

We Look to openly share the experience gained from these 

collaborations through publications, presentations and through our 

website (tt21 c.org/resources/). 

In the spirit of this goal, we would like to welcome you to the 11th 

World Congress on Alternatives to Animal Use in the Life Sciences 

and invite you to come and meet us at one of our events: 

• Oral & poster presentations throughout the Congress

• Unilever - sponsored sessions - live panel discussions &

presentations throughout the congress and YOU-WC11

welcome reception

• Congress booth for more information and any questions you

may have

Everything Unilever shares du ring the WC11 is available for download 

here: https://tt21 c.org/events/WC11/ 

https://tt21c.org/events/WC11/
www.tt21 c.org/resources/


WORLD LEADER IN TISSUE ENGINEERING FOR IN VITRO TESTING

ONE MISSION 100% Focused on 3D model Excellence
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FRANCE CHINA 
BRAZIL JAPAN
KOREA  INDIA

ANYWHERE
ANYTIME

WWW.EPISKIN.COM

DISCOVER OUR LATEST NEWS 
BY VISITING OUR DIGITAL BOOTH

www.episkin.com
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Safety

PROGRAM
Friday 27 August 2021 - Day 5

5.00 - 7.00 PM S314 Applications of New Approach Methods in Genotoxicity and 
Developmental toxicity testing

Every year, large numbers of new compounds are being developed for 
a wide range of purposes. Due to the large numbers of compounds 
that require safety assessment, there is an increasing demand for 
rapid and reliable in vitro assays that assess their toxicity in an early 
phase of drug or product development. At the same time, there is a 
strong demand to reduce animal testing. We have therefore developed 
various in vitro cell-based assays for chemical safety assessment 
with the focus on understanding the mode-of-action (MoA) of toxic 
compounds. ToxTracker is a unique stem cell-based reporter assay for 
reliable genotoxicity and carcinogenicity hazard identification. The 
ToxTracker assay reliably identifies genotoxic compounds and provides 
insight into their mode-of-action. The assay is able to discriminate 
between direct DNA reactivity and indirect genotoxicity related to 
oxidative stress or protein damage and can differentiate between 
genotoxic compounds with a clastogenic or aneugenic MoA. Various 
extensions of ToxTracker to further investigate the MoA of genotoxic 
compounds are combined in the ToxTracker suite. ReproTracker is a 
human induced pluripotent stem cell (hiPSC)-based biomarker assay 
that follows the differentiation during early embryonic development. 
The hiPSCs are differentiate into the primordial endoderm, ectoderm 
and mesoderm germ layers and further matured into hepatocytes, 
cardiomyocytes, and neural rosettes. The differentiation process is 
followed by morphological profiling and expression pattern analysis of 
cell-specific biomarkers. In this system, decrease in the expression of 
the biomarker genes and morphology disruption of the differentiated 
cells following compound treatment indicated teratogenicity. In this 
session we will address the latest developments and applications of 
these novel tools for the fields of genotoxicity and developmental 
toxicity. We will discuss how results from the in vitro assays can 
be extrapolated to in vivo exposures and how these assays help in 
replacing or reducing animal testing by providing reliable in vitro data.

Sponsored by Toxys

Session chair 
Giel Hendriks

Time Speakers

5.00 PM INTRODUCTION
Giel Hendriks

5.10 PM HUMAN STEM-CELL BASED ASSAY FOR IN VITRO ASSESSMENT OF 
DEVELOPMENTAL TOXICITY

Amer Jamalpoor, Toxys

5.35 PM INTEGRATION OF REPROTRACKER INTO A NEXT GENERATION RISK 
ASSESSMENT (NGRA) APPROACH

Iris Muller, Unilever

6.00 PM TOXTRACKER, A HIGHLY QUANTITATIVE NEW APPROACH METHOD 
FOR MECHANISTIC GENOTOXICITY ASSESSMENT

Inger Brandsma, Toxys

6.25 PM APPLICATION OF IN VITRO TO IN VIVO EXTRAPOLATION TO 
TOXTRACKER DATA FOR POINT OF DEPARTURE DERIVATION

Marc Beal, Health Canada

6.50 PM GENERAL DISCUSSION AND CONCLUSIONS

PLATINUM SPONSOR

WE ARE PASSIONATE 
ABOUT ANIMAL WELFARE 
AND RESPONSIBLE 
SAFETY ASSESSMENT

From the very beginning, P&G knew that 
committing to animal-free testing would be 
a significant and challenging undertaking 
that would take years. Undeterred, we have 
used our passion to achieve the right thing: 
an ethical safety approach, combining 
better safety science that is more accurate 
than ever before. Several decades of effort 
and innovation have led us to establish the 
safety of cosmetic products without the use 
of animals.

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 8

Day 7

Day 9
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