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Abstract

The purpose of this study is to investigate the importance of using human fetal
tissue to generate new animal models of human disease. The use of human fetal tissue in
research has been a subject of debate for decades despite evident benefits. This is largely
due to the significant ethical, legal and social issues associated with obtaining fetal tissue
following spontaneous or induced abortion. There are also broader societal concerns
about the ethics of abortion itself and the potential for someone to unethically and
illegally profit from the sale of tissue from an aborted human fetus. This study is
concerned mainly with using human fetal tissue to generate animal models for biomedical
research. It explores scientific enablement of humanized models using human fetal tissue
and their closer relevance to human disease, modeling a human system in a mouse, legal,
ethical and regulatory and policy implications in Pharma, and trends of in vivo models
use. This case study will show how using human fetal tissue to generate animal models of
human disease has been pivotal in the development of multiple biomedical
advancements. It will also show that using fetal tissue to create humanized animal models
can mimic most components of the human immune system more closely and has proven
to offer great opportunities for the discovery of drugs needed by millions of patients
worldwide. Importantly, the study will show that using humanized animal models has a
direct effect on reducing the overall number of animals used in research. The study

presents a harm benefit analysis, possible solutions such as creating an accreditation



program for all entities using human fetal tissue, and policy recommendations for the

biotechnology industry.
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Chapter L.

Introduction

The use of human fetal tissue in research has been a subject of debate for decades
despite the demonstrated benefits of understanding many underlying mechanisms of
human disease. Fetal tissue research raises significant ethical, legal and social issues
because such tissue is obtained following spontaneous or induced abortion (Gimbel,
2017) (Vawter & Gervais, 1995). The major concerns arise from the broader societal
debate about the ethics of abortion itself and there is also concern about the potential for
someone to profit from the sale of tissue from an aborted human fetus. Using animals for
research is in itself an ethical concern which adds even more complexity to the matter
(Festin & Wilkinson, 2007). Various governmental and private agencies have made
policies and guidelines that address ethical issues concerning the acquisition and use of
human fetal tissue in research.

However, it appears that these guidelines have not been followed thoroughly in
several instances (Wadman, 2017). There is governmental concern that some entities
have illegally profited from the sale of fetal tissue, a process which is illegal under
federal law. Another reason for potentially failing to adhere to guidelines is that the
process of provisioning fetal tissue entails a number of different organizations; hospitals,
procurement companies, research and academic institutions as well as other entities are
all involved (Heinrich 2000), which makes it very difficult to harmonize policy and

insure adherence across the different organizations. In addition, federal regulations have



historically impeded the advancement of related research projects because of these ethical
concerns.

Human drug development requires a collective understanding of biology and
science as well as establishing proof of concept. This includes many complimentary
components such as elucidating mechanism of action, demonstrating efficacy in a
translatable system, assessing pharmacodynamics and toxicology impact of the
candidates, studying immune interrogation (especially for biologics and vaccines) and
interfering factors (e.g., anti-drug-antibodies generation) and developing specific
biomarkers. In spite of constantly looking for alternatives (i.e 3D, cell culture) and
developing efforts to reduce animal use in general, and more specifically the use of
animals that utilize human fetal tissue, in vivo models remain an important component of
medical research strategy (Barré-Sinoussi & Montagutelli, 2015) as is also required by
the regulatory authorities such as the FDA and the European commission, to evaluate a
drug’s safety, efficacy and potential toxicity in animal models before the drug is studied
clinically (Corr & Williams, 2009). In addition, animal models in which fetal tissue is
implanted have demonstrated superior translatability in human disease (Denayer, Stohr,
Roy, 2014).

Normal lab mice, the most used animal for research purposes, do not reproduce a
human immune system response (Zschaler, Schlorke, Arnhold, 2014) because they are
not susceptible to human specific viruses (Takaki, H. et. al, 2017). Among the current
approaches to assess immunotherapies, those that rely on a mouse immune system tend to
limit the translatability of information obtained to the clinic. Therefore, relying on a

human immune system is key to evaluating new therapeutic agents. The Bone Marrow



Liver Thymic (BLT) mouse for example, mimics most components of the human
immune system (Smith, D.J. et. al. 2016) and offers great opportunity for the discovery of
drugs needed by millions of patients. Of course, every alternative method should be
considered, and using these animal models should be minimized. Nonetheless, using
models such as the BLT mouse is critical for the advancement of drug development
because the immune system is a key player in the control and development of many
disease including infectious disease, cancer, inflammatory disease to name a few (Sattler,
2017). The current most innovative therapeutic approaches seek to leverage immune
modulation (i.e. disease targeting antibodies), and alternatives to these systems are still
far from being able to predict the effect of drugs in the human body (Barré-Sinoussi &
Montagutelli, 2015) (FDA, 2019).

Therefore, to ensure continued successfully pioneering of leading-edge medical
solutions, it is important to establish clearly defined principles for how any human fetal
tissue employed in research should be obtained and used. In particular, because of the
sensitivity of this area of research, research using human fetal tissue should only be
conducted where there is high medical value. Biotech regulation and policy regarding the
use of human fetal tissue is currently immature globally.

The use of stem cells has long been an object of both much excitement and
controversy among not only the scientific community, but the general population as well.
The use of stem cell lines and humanized mice provides useful insights into human
diseases and improved understanding of congenital abnormalities, gene expression in
early human development, and disease development (Woods & Taylor, 2008). Human

fetal tissue is defined as tissues or cells obtained from a dead human embryo or fetus



obtained after a spontaneous or elective abortion or stillbirth (Gimbel, 2017). It is
required that informed consent be obtained, with full disclosure, to any tissue donation
used in research and transplantation for therapeutic purposes (FDA, 2019) (Gimbel,
2017). Fetal tissue is typically obtained from stillbirths and surgical abortion procedures,
which constitute 80% of abortions in the United States (Gimbel, 2017). Therefore, fetal
tissue can be obtained from the type of surgical abortions that make up the majority of
abortion procedures in the U.S (Gelber, McCullough, Chervenak, 2015) (Gimbel, 2017).
The use of laboratory animals often is a concern for the general public. In this
regard, while pharmaceutical companies strive to implement high standards in the ethical
use of animals for every step the R&D chain where they are needed and rely on
experienced and skilled staff, the number of animals used in research is large. Humanized
animal models using human fetal tissue may be an effective means to reduce the number
of animals used in experiments. The closer resemblance to the human immune system as
compared to other, conventional model allows for using a smaller number of animals in

experimental groups while improving the rigor and translatability of the model.

Research Aims, Goals and Hypothesis
The aim of this investigation is to identify the importance of using humanized
animal models using human fetal tissue in research. The study explores scientific
enablement of humanized models using human fetal tissue and their closer relevance to
human disease, modeling a human system in a mouse, legal, ethical and regulatory and
policy implications in Pharma, trends of in vivo models use, and insight into laboratory
animal research especially as it pertains to the use of human fetal tissue for the generation

of humanized models. This case study will show a representative example of the lack of



relevance of conventional animal models to human disease (many models and different
readouts), the role of humanized models in the development of critical biomedical
advances, the relevance of humanized models to human disease, and the direct effect
humanized models may have in reducing the overall number of animals used in medical
research. The study presents possible solutions like creating an accreditation program for
all entities using human fetal tissue, and policy recommendations for the biotechnology

industry.



Chapter I1.

Research Methods

The research method that will be used is a case study approach. The use of such
an approach allows for an in-depth exploration and reflection of the complex issue of
fetal tissue research in its natural and real-life applications. It is an established research
design that has been extensively used to generate valuable insight as an approach to
scientific inquiry (Crowe et al., 2011). Empirical and conceptual research in the area of
fetal tissue use in animal models will be thoroughly discussed and analyzed to inform
development of the case study. Analysis will be performed following the collection of in-
depth qualitative data which will be presented in an investigative paradigm. All aspects of
the fetal tissue use in research will be explored including historical use, bans, discussions
on the moral status of the embryo and fetus, as well as clarification on abortion as a
distinct issue. Previous works will be cited as examples, including HIV research to
illustrate the benefits of using humanized models as opposed to other conventional
methods. The effectiveness and acceptability of practice will be explored, with the
scientific validity of animal models proved. Qualitative techniques including interviews
and observations will also be utilized. Valuable insight from practicing scientists that
have been previously published will be obtained, including information about scientific
validity of humanized animal models, issues faced in the scientific community, and the
impact of humanization on animal conditions and welfare. Approaching the issue from
different angles will allow for development of a holistic view of the issue. A broader
appreciation of the stated issue will essentially be generated. The objective of the case

study is to deliver thoughtful and powerful insights into important aspects of fetal tissue



research as related to humanized animal models. Policy suggestions and regulations
specific to the U.S. as well as worldwide will be proposed, and a humble approach will
be made to harmonize policy for worldwide application. Further research directions,

recommendations, and future implications will also be incorporated.



Chapter II1.

Research Results

Focus on Scientific Enablement and Decision Making: Translatability, rigor, relevance
and reproducibility of humanized animal models
Across the scientific community, animal models are often criticized for their lack

of relevance, translatability and reproducibility (Teytelman, 2018).While reproducibility
stands for the similarity of outcomes between replicate studies, translatability is defined
as the ability of experimental results obtained on animals to accurately represent the
human biological response. Reproducibility itself raises many concerns in the scientific
community. The accuracy of reporting preclinical animal research has also come under
scrutiny as questions about the reproducibility of research have been (Prinz, 2011). The
US National Institute of Neurological Disorders and Stroke held a workshop and
recommended that key methodological items such as: sample size calculations; how
animals are randomized; blinding to treatment; and data handling all be reported.
Similarly, motivated by the irreproducibility of research, the Nature publishing group has
also instituted a checklist (Nature, 2013) for all animal-based papers, including
requirements for: sample size calculations; inclusion/exclusion criteria; how animals are
randomized, blinding to treatment; information on species, strain, sex, and age of
animals; as well as an ethics compliance statement. Many of these reporting items relate
to the design of animal experiments which was identified as a problem more than two

decades ago (Festing, 1992), and is now receiving more attention (Collins, 2014)



(Henderson, 2013). In addition, reporting guidelines for animal studies have been
developed; for example, the Animal Research: Reporting In Vivo Experiments
(ARRIVE), Gold Standard Publication Checklist (GSPC), Description of Animal
Research in Scientific Publications (DARSP) as well as area specific guidelines such as
the REFLECT statement for randomized control trials in livestock and food safety.
Improving the rigor and reporting of animal research experiments is critical to
improving and driving translation from preclinical animal models to human clinical trials.
Despite publication and adoption by many institutional guidelines such as the ones
mentioned above (ARRIVE, GSPC, DARSP), experimental animal studies are still
deficient in their reporting (Smith, 2018). Author compliance with such guidelines
continues to be a major issue. In this respect, besides strengthening requirements for code
availability in 2014 and introducing reporting standards in 2015, the Nature group has
recently introduced a mandatory data availability statement in all papers published in the
Nature journals. In addition, in 2017 Nature introduced “registered reports” a new
publication review format that bases acceptance upon the “significance of the question
and the robustness of the methods, rather than the outcome of the results” (Nature, 2017).
With this format, acceptance generally happens before the research outcomes are known,
which as a result neutralizes publication bias. Similarly, the National Institute of Health
NIH released a policy in 2015 that improves the rigorous assessment of experimental
variables and data, leading to better assessments of the translational potential of animal
models. Other checklists have also been created because the lack in reporting is due in
part to consulting the above-mentioned guidelines after the completions of experiments at

the time of publication. The DEPART checklist (Design and Execution of Protocols for



Animal Research and Treatment) for example, is intended to be used prior to starting
experiments, and as a result, enable completion of the ARRIVE checklist at the time of
publication.

Similarly, confidence in the translatability of animal data to the human clinical

situation enables clear Go / No Go decisions for pharmaceutical R&D projects.

Reproducibility and translatability in animal research

Efforts to increase the reproducibility and understand the translatability of
preclinical models and incorporate this information into research operating plans relies on
a close collaboration between biologists and other research personnel with expertise in
animal anatomy, physiology, pathology and behavior. An understanding of the molecular
pathways involved in an animal model as well as those involved in the human disease is
critical to the interpretation of translatability (Voelkl, 2020). While some models have
readouts that have been shown to be translatable to humans, such as blood pressure, other
models have readouts which are more challenging to translate, such as cognition.
Furthermore, in cases where animal model data and human clinical data are available for
a given target/pathway, the translatability of the model will be known (Denayer, 2014).
For some projects which have no clinical data available, the translatability of the animal
model remains unknown. In many cases, the only readout which may provide confidence
in translatability to humans is in vivo target engagement assessed through the use of a
translational biomarker.

Despite these challenges, and while decisions over project progression are made
upon the convergence of the results from several models including in silico, in vitro and

in vivo data, and even clinical data to strengthen translatability, animal data has been
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frequently used as the foundation for successful early and late development programs
(Leenaars, 2019). Despite this advancement in developing models that result in useful
readouts, these models have many limitations. This can be illustrated, by having multiple
models for a single disease, each offering its own advantages and disadvantages which
ultimately result in obstacles to achieve reproducibility and translatability. The next
section gives a representative example of the many different available models of
Inflammatory Bowl Disease (IBD).

Representative example of many models and several readouts for one indication:

summary of Commonly Used in Vivo IBD Models

e Dextran Sodium Sulphate DSS-induced colitis model
o Model for Ulcerative Colitis (UC)
o DSS (Dextran Sulfate Sodium) is a sulfated polysaccharide
o Ad libitum oral administration of DSS (36,000-40,000mw) is known to
cause colitis in animals
o Mainly compromises epithelial barrier integrity in the large intestine
o Acute or chronic depending on percentage of DSS and duration
administrered
e 2.4 6-trinitrobenzene sulfonic acid TNBS colitis model
o Model for Crohn’s Disease (CD)
o Intra-rectal instillation of trinitro-benzene-sulfonic acid (TNBS)
o TNBS haptenatize colonic autologous or microbial proteins to render as

antigen
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o

Known to cause Thl-mediated immune reation and transmural

inflammation resembling CD

e (Oxazolone colitis model

o

o

o

o

Model for UC

Intra-rectal administration of oxazolone (4-ethoxymethylene-2-phenyl-2-
oxazolin-5-one) elicits colonic inflammation that differs markedly from
that caused by TNBS.

Acute superficial inflammation of the mucosa in the distal colon

IL-13 and NKT

e Cell transfer colitis model

o

Initiated in lymphopenic (SCID or Rag™) that are the recipients of naive
CD45RB"e" T cells (cannot generate regulatory T cells in timely fashion)
Provides a way of isolating function of effector cells and regulatory cells
Does not develop in germ-free mice. This suggests that transfer colitis, as
in DSS, is marked by a change in epithelial barrier function and that it is
the entry of either commensal bacteria or bacterial components into the

lamina propria that drives inflammation

e Interleukin-10 knockout model

o

o

Model for both UC and CD

Genetic polymorphisms at the IL-10 locus confer increased risk of both
ulcerative colitis and Crohn’s disease.

IL-10"" develop spontaneous inflammation of the colon

TLR ligand stimulation is critical

12



o for induction of colitis in this model

N8BS

Oxazolone

Ceyy
Irg
s fer

'?0&

Epithelial barrier
function

Efficacy of anti-
cytokine therapies

Model of
ulcerative colitis

Immunoregulation and
regulatory T cells

immunoragulﬂlon and
macrophage function

Figure 1. Key experimental models of inflammation grouped in relation to their varying inducing condition. To the right
of the individual mouse models are the major mucosal inmune functions/therapies/diseases that are best addressed

using these respective models < https.//www.ncbi.nlm.nih.gov/pmc/articles/PMC4435576/>
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Illustrative Review of the Key IBD Models used in specific research projects and the

different readouts they produce.

Article Information Model Used Pharmaceutical Summary
Tested
Intestinal anti-inflammatory effect | DSS-induced | Saccharomyces Objective: Elucidate mechanism by which probiotic

of the probiotic Saccharomyces
boulardii in DSS-induced colitis in
mice: Impact on microRNAs
expression and gut microbiota

composition

Rodriguez-Nogales et al. The

Journal of Nutritional

Biochemistry. September 1 2018

PMID: In Press, Not yet available
Affiliation:

Center for Biomedical Research,

University of Granada, Granada

Spain.

IBD mouse

model

boulardii probiotic

Saccharomyces ameliorate intestinal inflammatory activity.
Also studied impact on selected miRNAs and the gut microbiota

composition.

Results: Saccharomyces ameliorated colonic damage induced
by DSS, as evidenced by lower DAI values and colonic
weight/length compared with untreated mice. Treatment
modified colonic expression of different inflammatory markers
and the epithelial integrity proteins, and induced changes in
miRNAs expression. Treatment also increased bacterial
diversity in the microbiota, thus ameliorating the dysbiosis

produced by DSS-colitis.

Bacterial $-(1,3)-glucan prevents
DSS-induced IBD by restoring the
reduced population of regulatory T
cells

Lee et al. Immunobiology Volume

219, Issue 10, October 2014

PMID: 25092569

DSS-induced

IBD mouse

model

Bacterial B-(1,3)-

glucan produced

from

Agrobacterium sp.

R259.

Objective: Elucidate the functional mechanism and therapeutic

efficacy of Bacterial B-(1,3)-glucan in DSS-induced IBD.

Results: The decline of body weight gain, colonic architecture,
disease score and histological score was recovered in DSS-
induced IBD mice when pretreated with bacterial B-(1,3)-
glucan. The recruitment of macrophages and the gene

expression of pro-inflammatory cytokines, such as IL-18, IL-6

14



https://www.sciencedirect.com/science/article/pii/S0955286318305333#!
https://www.sciencedirect.com/science/article/pii/S0955286318305333#!
https://www.sciencedirect.com/science/article/pii/S0955286318305333#!
https://www.ugr.university/pages/research_innovation_transfer/research_institutes_centres/cibm
https://www.ugr.university/pages/research_innovation_transfer/research_institutes_centres/cibm
https://www.ugr.university/pages/research_innovation_transfer/research_institutes_centres/cibm
https://www.sciencedirect.com/science/article/pii/S0171298514001168
https://www.sciencedirect.com/science/article/pii/S0171298514001168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bacterial+%CE%B2-(1%2C3)-glucan+prevents+DSS-induced+IBD+by+restoring+the+reduced+population+of+regulatory+T+cells

Affiliation:

School of Biological Sciences and

Technology, Chonnam National

University, Republic of Korea

and IL-17A/F, were markedly decreased in the colon of B-(1,3)-
glucan-pretreated mice. B-(1,3)-Glucan induced the recovery of
Tregs in terms of their frequency in DSS-induced IBD mice.
Intriguingly, B-(1,3)-glucan reversed the functional defects of
NK cells and excessive IgA production in DSS-induced IBD
mice. Bacterial $-(1,3)-glucan prevented the progression of
DSS-induced IBD by recovering the reduction of Tregs,

functional defect of NK cells and excessive IgA production.

Novel sphingosine kinase-1 DSS-induced | Sphingosine Objective: Determine the efficacy of a novel SK1 selective
inhibitor, LCL351, reduces IBD mouse Kinase-1 inhibitor LCL351.

immune responses in murine DSS- | model inhibitor,

induced colitis LCL351. Results: LCL351 does not have any adverse side effects in vivo.
Pulkoski-Gross et al. Treatment with LCL351 protected from blood loss and
Prostaglandins and Other Lipid splenomegaly. LCL351 also reduced the expression of pro-
Mediators. Volume 130, May inflammatory markers, and reduced neutrophil infiltration in
2017. colonic tissue.

PMID: 28377281

Affiliation:

Department of Pharmacological

Sciences, Stony Brook University

Stony Brook, NY., USA.

Sodium Butyrate Inhibits TNBS- Sodium butyrate Objective: Assess the anti-inflammatory activity of sodium
Inflammation and Maintains induced IBD butyrate on TNBS-induced colitis mice, and explore the

Epithelium Barrier Integrity in a
TNBS-induced Inflammatory
Bowel Disease Mice Model

Chen et al. EBioMedicine. Volume

30. April 2018.

mouse model

potential mechanism of SB in IBD.

Results: In vitro, pre-treatment with SB dramatically inhibited
the expression of TNF-a and IL-6 in LPS-induced RAW246.7

macrophages. SB inhibited the LPS-induced phosphorlylation of

15



http://global.jnu.ac.kr/jnumain_en.aspx
http://global.jnu.ac.kr/jnumain_en.aspx
http://global.jnu.ac.kr/jnumain_en.aspx
https://www.sciencedirect.com/science/article/pii/S1098882316301587
https://www.sciencedirect.com/science/article/pii/S1098882316301587
https://www.sciencedirect.com/science/article/pii/S1098882316301587
https://www.sciencedirect.com/science/article/pii/S1098882316301587
https://www.ncbi.nlm.nih.gov/pubmed/?term=Novel+sphingosine+kinase-1+inhibitor%2C+LCL351%2C+reduces+immune+responses+in+murine+DSS-induced+colitis
https://www.pharm.stonybrook.edu/
https://www.pharm.stonybrook.edu/
https://www.pharm.stonybrook.edu/
https://www.sciencedirect.com/science/article/pii/S2352396418301178
https://www.sciencedirect.com/science/article/pii/S2352396418301178

PMID: 30089249

Affiliation:

College of Animal Science and

Veterinary Medicine, Jilin

University, Changchun, China

the NF-kB p65 and AKT signaling pathways, but failed to
inhibit the phosphorylation of the MAPK signaling pathway. In
vivo, SB significantly ameliorated the inflammatory response
and intestinal epithelium barrier dysfunction in TNBS-induced
WT mice, but failed to provide a protective effect in TNBS-
induced GPR109a"~ mice.

Data indicated that SB ameliorated the TNBS-induced
inflammatory response and intestinal epithelium barrier
dysfunction through activating GPR109A and inhibiting the

AKT and NF-kB p65 signaling pathways.

Anti-inflammatory effect of
taurocholate on TNBS-induced
ulcerative colitis in mice

Yang et al. Biomedicine and

Pharmacotherapy. Volume 81, July

2016

PMID: 27261622

Affiliation:

Key Laboratory of Resource

Biology and Biotechnology,

Northwest University, China

TNBS-

induced IBD

mouse model

Natural
conjugated bile

acid Taurocholate

Objective: evaluate the anti-inflammatory effect of taurocholate
in TNBS-induced ulcerative colitis in mice assessed by body
weight, colonic weight and length, macroscopic scores, and

histopathological examinations

Results: treatment with taurocholate (20, 40 and 60 mg/kg)
significantly inhibited the body weight loss, improved colonic
weight and length, and decreased macroscopic and
histopathological scores. Furthermore, the activity accumulation
of MPO and the colonic tissue levels of IL-1p, IFN-y and TNF-a

were also decreased by administration of taurocholate.

Nerol alleviates pathologic
markers in the oxazolone-induced
colitis model

Gonzalez-Ramirez et al. European

Journal of Pharmacology. Volume

776. April 2016

PMID: 26875635

Oxazolone-

induced

colitis mouse

model

Natural
monoterpene

Nerol

Objective: Investigate whether nerol prevents the appearance of
pathological markers and hyperalgesia in oxazolone-induced

colitis, and protects against gastric damage produced by ethanol.

Results: Nerol (30—300 mg/kg, p.o.) prevented or significantly
decreased the pathological alterations observed in the

oxazolone- induced colitis model. It also showed anti-

16



https://www.ncbi.nlm.nih.gov/pubmed/?term=Treatment+with+Trichilia+catigua+ethyl-acetate+fraction+improves+healing+and+reduces+oxidative+stress+in+TNBS-induced+colitis+in+rats
http://global.jlu.edu.cn/User/Index/collegeDetail?id=49
http://global.jlu.edu.cn/User/Index/collegeDetail?id=49
http://global.jlu.edu.cn/User/Index/collegeDetail?id=49
https://www.sciencedirect.com/science/article/pii/S0753332216301159
https://www.sciencedirect.com/science/article/pii/S0753332216301159
https://www.sciencedirect.com/science/article/pii/S0753332216301159
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Prophylactic effect of Kudingcha Oxazolone- Kudingcha Objective: Research the preventive effect of Kp on colitis.
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colitis through its antioxidant colitis mouse Results: KP can significantly (p < 0.05) reduce DAI in mice

capacities model with colitis and inhibit shortening of colon caused by colitis,
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tranilast could ameliorate colonic inflammation.

Results: Mast cell-deficient rats presented a weak response to
oxazolone, while wild-type rats showed severe ulcerative colitis
after stimulation with oxazolone. The mast cell-deficient rats
model had a significantly lower disease activity index score than
wild-type rats model (1.8 = 1.64 vs 8.3 & 0.58 respectively; P <
0.01). Tranilast could reduce the secretion of cytokines,
immunoglobulins and myeloperoxidase activity in tranilast

treatment groups compared with the model group. The number
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of mast cells in the wild-type model was higher than in the other
groups. There was no significant change in mast cell-deficient

rats.

Table 1. Representative example of the different IBD animal models available and the
different readouts they produce. IBD remains a challenge until today.

The use of fetal tissue in animal models is evidently pivotal for the development
of new treatments for many conditions and there are currently no alternative research
models that can replace animal models with fetal tissue (Garry, 1992). Fetal tissue
research models have been vital for the development of multiple important medical
advances. In particular, the mouse has become one of the most commonly used model
organisms for biomedical research, discovery and validation.

Its small size, short generation time and relatively simple maintenance have
established the mouse as a cost-effective tool for modern laboratories. The high degree of
conservation in protein-coding genes between mice and humans (~99%) coupled with the
ability to genetically manipulate the mouse genome have provided critical insights into
gene function in vivo (Legrand, 2009).

While the use of mice has provided important insight into our understanding of
normal and pathophysiological processes, the biological differences between mice and
humans are limiting factors in the translation of many discoveries to the clinical setting.
There is thus a growing need for animal models that more faithfully recapitulate
important features of human biology. Towards this goal, various methods have been
developed to “humanize” mice, and these models are quickly becoming an essential tool

for basic and applied research.
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Humanization

Animal models have long been used by researchers to study complex biological
processes which underlie the complexity of human physiology and disease states. The
mouse is typically used, though due to biological differences between mice and humans,
there are obvious limiting factors in the translatability of research findings to the clinical
setting. Humanization is the process of genetic modification, which allows the mouse to
carry human transgenes and/or become engrafted with human cells or tissues. Advances
in genome engineering has allowed a range of options for researchers to produce complex
models which contain both human genes and functional cells or tissues of human origin.
It is possible to perform humanization of individual nucleotides and amino acids, as well
as many megabases of human DNA (Zhu et al., 2019).

The use of humanized mice has broad applications to numerous therapeutic areas.
Historically, utilization of humanized immune system mice was first applied to HIV
research (Denton & Garcia, 2009). More recently, there is wide application to immune-
oncology research, where humanized immune system mice have provided critical insights
into development of cancer immunotherapies. Modulation of human immune responses
as related to autoimmune disease and graft vs. host disease is another major area of
application for these models is research (Li et al., 2017). Humanizing the mice genome
by adding entire human chromosomes can model complex human aneuploidy disorders,
such as Down syndrome (Zhu et al., 2019). Furthermore, they also act as models for
testing small molecule drug therapies, gene therapies, and antibody therapeutics (Zhu et

al., 2019).
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Generation of Humanized Mice Using Human Cell or Tissue Grafts

The ability to humanize mice with cells or tissues of human origin has been made
possible through advances in the development of immunodeficient mice that are
engrafted with functional human immune systems (Kenney et al., 2016). The immune
system is a complex network of cells, tissues and organs that acts to protect against
disease causing pathogens and foreign substances. Early attempts to transplant human
cells or tissues into immunocompetent mice caused swift rejection and clearance of grafts
from the host. Fortunately, advancements in the development of immunodeficient mice
engrafted with functional human immune systems has led to availability of humanized
mice models for the study of human immune responses. This is particularly important as
a pre-clinical model system for drug evaluation as well as research into mechanisms
responsible for human allograft rejection (Kenney et al., 2016). Use of humanized mice
models may also provide insight into approaches to prevent graft loss in transplant
recipients.

The innate component of immunity acts as a first line defense mechanism based
on recognition of pathogen-associated molecular patterns. It is mediated at the cellular
level by phagocytes (macrophages, neutrophils, dendritic cells), natural killer (NK) cells,
and the biochemical complement system. The adaptive component of the immune system
consists of T and B lymphocytes which are involved in more specific antibody and cell-
mediated mechanisms of long-term immune protection (Young, Her & Chen, 2018). The
earliest stage of uncommitted immune cell lineage precursors in both mice and humans

are multipotent hematopoietic stem cells (HSCs). During early stages of embryogenesis,
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HSCs reside in the liver. There is then migration to the bone marrow, where they reside

throughout adulthood (Young, Her & Chen, 2018).

Modeling a Human Immune System in a Mouse

The creation of mouse models with a functional human immune system is a major
goal of immunological research. Complete and fully functional rendering of human
immunity has yet to be achieved, but efficient humanized mouse strains have been
developed that support the engraftment of human immune cell populations.

A commonly used method for engraftment of a functional human immune system
in humanized mouse models is the transplantation of human hematopoietic stem cells
(HSC) that engraft and differentiate into various types of human immune cells. Another
method is the injection of human peripheral blood mononuclear cells (PBM). Use of
either model depends on the scientific question under investigation, as the models differ
in the cell types that engraft, immune function of the engrafted human cells, timelines for

development, and the useful study window (Kenney et al., 2016).

Biomedical Advances of Fetal Tissue Animal Model Research
Fetal tissue use in medical research has great potential both in the past, present
and future, with promising use in the development of vaccines, stem cell research, and
transplantation (Gimbel, 2017). Past medical uses and achievements of medicine utilizing
fetal tissue are evident in history. The vaccines for rubella, chicken pox, hepatitis A,
rabies, and shingles were all developed from cell lines from aborted fetuses in the 1960’s
(Gimbel, 2017). In addition, the development of antiviral drugs to prevent HIV/AIDs

have also required fetal tissue research (Temple & Goldstein, 2019). Once vaccines are
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developed, there is no need for additional fetal cells to sustain the cell lines from which
the vaccines were derived, as the original cells are able to reproduce on their own in
development of an immortalized culture (Temple & Goldstein, 2019). Present examples
of fetal tissue use are in trials for an Ebola vaccine, Zika virus preventatives, and
immunotherapies for currently untreatable cancers (Gimbel, 2017). Vaccine development
alone can strongly present an argument to justify fetal tissue use in scientific research,
due to the great benefits to society at large. As mentioned, the continued manufacturing
of vaccine does not require unlimited fetal tissue as immortalized cultures are ultimately

used (Gimbel, 2017).

Legal, Ethical and Regulatory & Policy Implications in Pharma

Legal and Ethical Implications in Pharma

The major opposition to fetal tissue research is due to the main source of fetal
tissue being from elective abortion, which is legal in all 50 states in the US. Thus, the use
of human fetal tissue has been opposed by anti-abortion groups, though there is no
evidence that the number of abortions will decrease if fetal tissue research funds are
removed (ScienceDirect, 2019). As for those who argue that demand for tissue could
influence a woman’s decision to terminate a pregnancy, there is also no evidence to
validate this concern as only after the decision to terminate has been made will consent
for research be discussed and obtained (Woods & Taylor, 2008). Furthermore, the
morality of abortion is another issue in and of itself, that is not sufficient to make fetal
tissue research wrong. Another argument made is that alternative animal models can be

utilized in some areas of research. However, there are a number of limitations. For
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example, mesenchymal stem cells (MSC) which are found in bone marrow are limited in
use, as large numbers are required for therapeutic effects. MSC also have a shorter
lifespan and can only make a limited number of specialized cell types that are organ
specific (ScienceDirect, 2019). The benefits of using fetal tissue cell lines as opposed to
other cell types include the ability to grow rapidly, the ease of differentiating into
multiple cell types, and a lower likelihood to be rejected by the body (ScienceDirect,
2019). Human fetal tissue research is key in development of treatments for a number of
diseases and conditions such as vaccines, cystic fibrosis, and cancer immunotherapy
(ScienceDirect, 2019).

Among the scientific community, it is known that there are many areas in which
government policy and public opinion have a large impact on the ability of scientists to
pursue important research efforts, especially when using controversial materials such as
fetal tissue and embryonic stem cells (Charo et al., 2019). The value of such research
endeavors may not be apparent to the layfolk, as there are many misconceptions and
inaccurate claims made. Arguments made are not typically related to scientific or medical
value, and thus there is a need for professional knowledge and experience. An
understanding of scientific and medical values makes it clear than embryonic stem cells
and fetal tissue should be used in valuable research rather than otherwise be routinely
discarded and destroyed (Charo et al., 2019). Additionally, researchers in the U.S. follow
well-established and rigorous practice guidelines. There are high medical and ethical
standards used for fetal tissue research (Temple & Goldstein, 2019). The requirement of
fetal tissue research review by a research ethics committee can address any ethical

concerns. As research with fetal tissues is a complex and changing field, there is a need to
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continuously evaluate and inform guidelines. Restrictions on government funding for
fetal tissue research from elective abortions will impede research efforts, including
critical projects related to vaccines and HIV therapies (ScienceDirect, 2019). Using
political arguments such as abortion, which will occur regardless of research, against fetal
tissue research denies hope and potential cures to millions of patients and families of
patients with life-threatening diseases and conditions. Rather, the potential to save lives
through development of new vaccines and novel treatments through the use of fetal tissue
research far exceeds any political disputes, especially in light of the limitations of
alternative models that exist (Charo et al., 2019). Informed public opinion and regulatory
reform is needed for the continuation of research that is essential to saving lives, and to

allow for important fetal tissue research to thrive.

Regulatory Framework

In the United States, federal laws and regulations govern the use of fetal tissue for
research. There are several conditions that must be met for federally funded research
involving fetal tissue. Under the Common Rule, research protocols are also implemented
to ensure the rights and welfare of research subjects are protected (Sekar et al., 2019).
Historically, there has been bipartisan support in the United States for human fetal tissue
research, with the recognition that it serves an important scientific purpose (Sekar et al.,
2019). Human fetal tissue research has been conducted in the United States since the
1930s and has received funding from the National Institutes of Health since the 1950s
(IDSA, 2020). More recently however, there has been a higher degree of controversy
around fetal tissue research with new restrictions put in place by President Trump in

2018, when the U.S. Department of Health and Human Services (HHS) announced the
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intent to discontinue research within the National Institutes of Health (NIH) that involves
human fetal tissue (Wadman & Kaiser, 2018).

Internationally, the European Parliament and Council adopted the European
Tissues and Cells Directive in 2004, through collaboration with specialists from the
Council of Europe (CoE) and European Centre for Disease Prevention and Control
(ECDC) as well as other expert bodies (European Commission, 2019). This legal
framework defines the safety and quality standards for tissues and cells and provides
directives for implementation that cover all steps of donation, procurement, testing,
processing, preservation, distribution, and storage. Furthermore, the counties that make
up the European Union can individually implement more stringent policies to supplement

those of the commission as well (European Commission, 2019).

Current and Future Trends in Laboratory Animal Use

The number of genetically modified mouse models used in research is growing
constantly as science has allowed for enhanced resemblance to human disease. In
parallel, there are various trends in the use of non-rodent animals such as NHPs
depending on research applications and strategies). Thanks to scientific and technical
innovation, the future is full of opportunities to further decrease the numbers of all
animals used for research. Promising technologies like organ-on-a-chip and other non-
animal methods are emerging and have shown human-like responses using human cells in

synthetic systems.
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General trends of in vivo model use in research

Over the years 2015-2018, academic institutions, private industry, and contract
research organizations all report small but significant (~3%) yearly increases in the
number of animals used for research purposes, as well as the number of research
procedures performed on animals. Similarly, a market analysis for global preclinical in
vivo toxicology testing services projects a 5% cumulative annual growth rate, driven
largely by the biotech and pharmaceutical industries (Beroe Inc, 2016). While firm data
on the cause of the upward trend is elusive due to variable animal use reporting
requirements (e.g., the U.S. does not require reporting of the numbers of mice, rats,
poultry, and fish used in animal research), it is well accepted that the increase is
attributable to the increased availability, use and reporting of genetically modified (GM)
mice. For example, the market for genetically modified humanized mouse models,
largely associated with R&D activities at biopharmaceutical companies, is projected to
grow to $119.8M in 2019, a ~10% increase from 2018. Similar trends exist for other GM
mouse models. Mice have always made up the vast majority of animals used in research
(70-75% industry-wide), and this proportion is likely to increase as mice are responsible
for the increased overall animal use numbers (Beroe Inc, 2016).

The increased use of GM mouse models reflects a desire to use the most relevant,
translatable animal models of disease, as human-specific genetic mutations can be
introduced readily into mice. Novel gene editing techniques have allowed mutations to be
introduced into all strains of mice, making the use of GM mice more versatile and
relevant to different drug targets and projects. As the technology to introduce these

mutations has evolved and become more accessible to vendors, the market for GM mice
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has become competitive, bringing the cost of GM mice down (Gurumurthy, 2019). This
is likely to further contribute to the increased use of these animals as research models.

The use of non-rodent research animal models appears to be declining industry
wide. In particular, the use of non-human primates has declined in Europe due to
increasing regulatory constraints. Overall, there is a trend in the global market to
outsource nonhuman primate discovery research studies to contract research
organizations located in China, as there is an increase in the number of purpose-bred
animals in this country (Zhang, X., 2014). Nonhuman primate use is likely to remain
consistent or increase with the increasing proportion of biologics in many companies’
pipelines. It even reached an all-time high in 2017 for US biomedical research (Grimm,
2018). Bio-therapeutic candidates which bind to human targets are more likely to cross-
react with macaque targets than rodent or other species, therefore making the non-human
primate an essential component of preclinical in vivo testing.

Although the increased adoption of alternatives to animal testing to evaluate both
efficacy and safety of novel pharmaceutical agents may constrain the use of in vivo
models in the future, it currently appears that these alternatives are being used in a
complementary manner to in vivo testing, and that animal use is increasing. As the
translatability of alternative systems is validated through publications, and as regulatory
agencies increase their acceptance of these alternative models, it is likely that they will be

used in lieu of in vivo models rather than concurrently with them.

Animal Use Decrease Across Major Pharmaceutical Companies
While some pharmaceutical companies currently only report animals used

internally, other companies are publishing both internal and external use. Hence, numbers
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are not always easy to compare from one company to another, but the following graphs

gives indications on the trends in animal usage among several major players.
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Figure 2: Reduced animal usage across a selection of major pharmaceutical companies over the years (2013-2014)

In addition to allowing comparison of animal usage among the companies in
figure 2, these curves illustrate the trend of externalizing animal work to Contract

Research Organizations (CROs).
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Chapter IV.

Discussion & Recommendations

In vivo Models Unavoidable Realm: humanized models using human fetal tissue can
evidently reduce the number of animals used in research
Reliance on up-to-date science and breakthrough techniques is key to converting

innovation into new and advanced therapeutic solutions for patients. We must make the
best possible use of non-animal methods and clinical research data, bringing in
computerized-modeling and artificial intelligence to handle big data. Meanwhile, and for
the decades to come, animal models remain unavoidable as illustrated by the contribution
they have had across the spectrum of biomedical development. More generally, reliance
on animal models is a fundamental component of the progress of medical research and
scientific knowledge, as demonstrated by the numerous Nobel Prize awarded to scientists
who used animals as part of their groundbreaking research, until the very recent Nobel

Prize in Physiology or Medicine 2018 (The Nobel Assembly, 2018).

The Importance of Using Fetal Tissue to Generate Animal Models Versus the
Alternatives
Humanized animal models are an especially important area of fetal tissue
research. Common laboratory animals that are humanized include mice and rats. One
track of research includes the humanization of lab animals to implant and grow human
fetal organs with hopes for future transplantation, or to study and potentially predict
human responses to both toxic stimuli and therapeutic treatment (Gimbel, 2017).

According to statistics as of March 2020, over 112,000 individuals are on the national
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transplant waiting list, and twenty people die waiting each day (HRSA, 2020).
Furthermore, research on developmental gene expression cannot be conducted without
use of the developing embryo of mouse models or donated fetal tissue from spontaneous
abortion or elective termination of pregnancy (Woods & Taylor, 2008). Animal models
are widely used in research surrounding development of the fetus and embryo (Gerrelli,
Lisgo, Copp, & Lindsay, 2015). Fetal tissue is also transplanted into mice to produce a
close complement of the human blood system, which provides an invaluable method of
modeling diseases (Temple & Goldstein, 2019). Typically, fetal tissue from bone
marrow, the liver and thymus, are injected into the host animal to transform the host
immune system to more closely resemble that of humans (Gimbel, 2017). Following this,
immunological responses of humanized mice to various stimuli, including diseases and
drug treatments, are studied for the purpose of better understanding pathology (Gimbel,
2017). The most prominent humanized mouse model is the BLT (bone marrow-liver-
thymus) mouse, created in 2006, which has accelerated the study of HIV (Wadman,
2015). Furthermore, the development and testing of possible therapies and curative
treatments are able to be tested in humanized mice models prior to use on human test
subjects. Since other types of stem cells are unable to humanize mice in the same way
fetal tissue can, this is an area of research that constitutes a major source of demand for
fetal tissue (Wadman, 2015). Using human fetal tissue to produce humanized mice can
lead to many discoveries and their translation to human therapies (McCune & Weissman,
2019).

Claims that stem-cell based, or other alternatives are adequate are rather false and

scientifically inaccurate, disregarding limitations of stem-cell research and the value of
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fetal tissues research. Rather, fetal tissue remains an essential resource for many research
applications including finding therapies for incurable and infectious diseases, cancer,
birth defects, and heart disease (Temple & Goldstein, 2019). Research using human fetal
tissue can be justified on scientific grounds, as there are known differences in human and
mouse gene expression patterns and phenotypes (Woods & Taylor, 2008). In the present
political climate, more than ever, it is important to clear misconceptions surrounding the
use of fetal tissue and highlight its necessity in research. Restricting fetal tissue use halts
current research in macular degeneration, multiple sclerosis, spinal cord injuries, and
Parkinson’s disease, which could lead to therapies that would improve the lives of
millions of patients (Haskins, 2019). Recent restrictions on fetal tissue use in research in
the U.S. has also blocked the ability of scientists to conduct experiments on possible
treatments for the new coronavirus (Goldstein, 2020). Many disorders that develop later
in life may have origins in fetal development. For this reason, it is important to develop a
baseline understanding of normal developmental patterns, gene function and its role in
disease to be better informed on abnormal development (Woods & Taylor, 2008). Other
uses for fetal tissue include research on childhood cancers. Examining fetal tissues can
give researchers insight into which cells cause conditions such as retinoblastoma, a
cancer or the eye, or rhabdomyosarcoma, a cancer of the muscle (Temple & Goldstein,
2019). Examining fetal cells can also allow us to understand neural impairments that
occur in utero and cause hereditary disease later in life, such as Alzheimer’s disease.
Without access to fetal tissue and cells, we are not able to effectively understand or

combat such difficult disease which begin in utero (Temple & Goldstein, 2019). To stop

31



the use of fetal tissue models would be a great injustice to patients and families affected

by diseases that benefit from this research.

Research using human fetal tissue: harm benefit analysis

Harm:

e Human fetal tissue: one donor for an average cohort of between 70-120 mice
e Stage of the use of the model: validation, screening of candidates, late in research

e Image and reputation in relation with the use of fetuses

Benefits

o Scientific value of the model (higher predictivity, translatability)
e Scientific expectations of the studies (benefit for the project)

e Process/Governance to assess the justification

Centralizing accreditation of pharmaceutical companies for procuring and using human
fetal tissue to create humanized animal models
Responsible animal research and good science are major drivers of

biopharmaceutical projects. In addition to complying with local, state, and federal laws,
accreditation for procuring and using human fetal tissue for creating new animal models
must be in place. Currently, there is currently no entity which provides such
accreditation. In this section, I propose establishing an independent, third party, nonprofit
organization that can provide a network of accreditation based on rigorous criteria at

multiple levels:
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1. Healthcare Provider (HCP) accreditation to obtain fetal tissue from the dead
fetuses.
2. Accreditation of companies that procure and transport fetal tissue.
3. Accreditation of pharmaceutical companies for the use of fetal tissue in
animals.
Such an organization can serve as international recognition for companies that use fetal
tissue to create humanized animal models. It would also improve transparency and
oversight across the entire process of using human fetal tissue in animal research.
This can be compared to the success of the AAALAC International, which is an
independent 3rd party nonprofit organization that promotes the humane treatment of
animals in science and has been essential in continuously improving animal welfare

standards across major pharmaceutical companies.

Corporate Social Responsibility (CSR), Communication and Advocacy

The aim of obtaining accreditation for procuring, transporting and using human
fetal tissue in animal research is to advocate for the commitment to the highest standards
of addressing ethical issues concerned with using human fetal tissue at the
pharmaceutical company level. These companies have a vital role to play and must
increasingly engage to openness and transparency with regards to obtaining and using
human fetal tissue.

In this respect, information with significant level of detail needs to be made
available easily to the general public through the corporates’ home pages on the internet.
Helpful details would include where the fetal tissue was obtained, how it was transported,

and what projects it is being specifically used for. Additionally, data that shows how
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humanized animal models have allowed for the decrease in the animal of numbers used
per experiment is especially important and must be shown openly.

Within one organization, internal initiatives are great opportunities for researchers
to present their work and explain why and how animal models generated with the use of
human fetal tissue are being used. Researchers should also show case possible
alternatives to replace or improve the use of humanized animals. These initiatives should
not be merely organized for colleagues who may be familiar with the work concerning
human fetal tissue in animal research, but rather beyond the “in vivo community” to the
broader organization to illustrate the use of human fetal tissue for research and
development purposes.

Information and awareness raising events is also a recommendation to improve
CSR and communication. These events would consist of education presentations on the
need for using human fetal tissue to generate new animal models to pursue R&D projects
and debates on the critical aspects around this topic such as ethical considerations and
initiatives developed to replace in vivo models.

Communication initiatives at the corporate level should include a broad
contribution to help coordinate efforts on creating international harmonization of
standards and practices. On one side, this consists in supporting professional
organizations and sponsoring, among others, specific events or specific e-learning
training for ethics committees and animal welfare body members. On the other side, this
can develop a direct involvement of corporate experts in the preparation and

implementation of training course, at the national level.
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Oversight of standards applied at external partners

In today’s pharmaceutical industry where many studies are externalized it
becomes critical for pharmaceutical companies to plays a critical leadership role in
providing centralized oversight on standards applied at external partners for animal
supply and use. The oversight that is applied on internal research activities in terms of
compliance and accreditation must also be applied systematically and consistently with
suppliers, external partners (contract research organizations — CROs) and the academic
institutions and collaborators. It is important to have an assessment program in place to
visit and audit sites of external partners before any collaboration is accepted. Based on
ethical concerns, science and quality aspects, this assessment program can provide
researchers with guarantee that their necessary external partner is aligned with adherence

to the organization’s policies on obtaining and using human fetal tissue.

Innovation, scientific and technical opportunities and ethical challenges

Several innovative technologies are likely to affect the future use of in vivo
models in pharmaceutical research. One is the field of micro-physiological systems, also
known as “organs-on-chips”. These systems use synthetic systems which mimic the
physical environment of an organ using a scaffold which is seeded with human-derived
cells. Numerous organ systems are represented, and because they are modeled on human
anatomy and physiology and contain human cells, it is hypothesized that test results in
these systems will be more translatable to the human clinical situation. These systems are
a natural evolution of human cell and tissue assays, which can often successfully predict
the response of an intervention in vivo but may be limited by the lack of environmental

influences of the whole organism.
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In an attempt to demonstrate more human-like responses in animals, there have
been many technical advances in the creation of animal models beyond genetic
modification. Examples include engrafting human skin, liver, and immune cells into
immunodeficient mice (Brehm, 2012) (Tan, Loh, & LT, 2017) (Shultz, et al., 2012).
These models are gaining increased acceptance with regulatory agencies and their use is
likely to increase as there is more data generated and published in these models. Some
ethical considerations however arise in these models as the source of the human cells
which are engrafted into mice. For example, in the case of the “BLT” (bone-liver-
thymus) mouse, human hematopoietic stem cells derived from fetal tissue are engrafted
into immunodeficient mice. The model has demonstrated robust function immune
responses which mimic those in humans and has been used to drive a significant amount
of immunology and inflammation research. However, utilizing fetal tissue to reconstitute
the mice raises remarkably high ethical concerns and typically is a sensitive topic which
should be given full consideration by the Biopharmaceutical Bio-Ethics committees. On
the other hand, it is reassuring to acknowledge that such scrutiny is being given at several
leading biopharmaceutical companies as such questions may increase in the future, as

recently highlighted by the cloning of macaques in China (Cyranoski, 2018)

Specific Policy Position Recommendations for Biopharmaceutical Organizations
e Use human fetal tissue, or products derived using human fetal tissue, for the
purposes of medical research that seeks to improve human health.
e Do not engage in research in which human fetal tissue is transplanted into humans

nor will we engage in research on fetuses themselves.
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If human fetal tissues are used in the development of animal models, the
justification must be approved by an animal ethical and welfare committee, such
as the accrediting entity recommended at the start of this chapter.

If and when a biotech company engages in the use of human fetal tissue from
either a spontaneous or induced abortion in our research or in the use of
preclinical ‘humanized’ animal models developed using such fetal tissue, the
tissue will have been obtained by the company or accredited third party in manner
that meets the highest ethical standards. Specifically,

o Each company or third party researcher must comply with all national,
state and local laws, and regulations in the country(s) in which the human
fetal tissue was obtained and the country(s) where the research will be
conducted.

o Any company sponsored or funded research that makes use of human fetal
tissue, or a product developed using human fetal tissue, will proceed only
when the tissue was obtained in accordance with the principles below.
This would apply, for example, to newly-derived human cell lines or
humanized animal models. In addition, when obtaining fetal tissue from a
third party, it is recommended to require an assurance in a contractual
agreement or unilateral representation from the provider of these same
conditions:

= The tissue was obtained in compliance with all relevant and

applicable national, state and local laws and regulations.
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= The individual providing the tissue (the donor) gave written
consent for the tissue to be used for research.

= The consent was freely-given and without inducement, monetary
or otherwise.

= The individual donating the tissue was given no option to specify
the use of the tissue for a particular research purpose.

= The privacy of the tissue donor was respected.

= Ifthe tissue was obtained from an induced abortion, no monetary
or other incentives were offered to terminate the pregnancy for the
purposes of research, and no coercion was applied.

= The decision to abort the pregnancy was made prior to the decision
to donate the tissue for use in research as documented in a written
consent.

= The third party providing the original fetal tissue realized no profit,
while allowing reimbursement for associated costs, e.g., for tissue
transport or storage.

o The biotech company or the third party did not, take part in any decisions
as to the timing, method, or procedures used to terminate a pregnancy or
in determining the viability of a neonate where the fetal tissue is intended
to be used for research.

o No employee shall be obligated to conduct research using human fetal
tissue or products derived from human fetal tissue if he/she has an ethical

or moral conflict with doing so.
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COVID-19 Vaccine Development

Cells derived from fetuses following spontaneous or induced elective abortion
have been used since the 1960s and 1970s when the first human fetal cell lines were
derived (Jacobs, Jones, Baille, 1970), namely MRC-5 and WI-38. Despite their origin,
these cells have gained endorsement from several of the mainstream religions to be used
in research because their historically demonstrated benefits outweigh the harm and have
potentially saved millions of lives (Grabenstein, 2013). It is important to note that these
two cell lines, among others, were derived from electively aborted fetus decades ago and
require no abortion to be used today since they are preserved.

Today, as the world faces the COVID-19 pandemic caused by the SARS-CoV-2
virus, there is dire need to develop the most efficacious vaccine to save people
worldwide. While there are several types of vaccines being developed. Johnson &
Jonson’s Jansssen vaccine is one of the leading efforts using human fetal cell lines to
develop a vaccine against COVID-19. It is delivered to the human body via an inactive
adenovirus (the virus that causes the common cold). Janssen uses PER.C6 human fetal
cell lines to manufacture the vaccine.

As noted earlier, this cell line descended from tissue taken from a 1985 line (Pau,
M. et al., 2001). The features of this cell line allow for a safe and reliable production of
viral vector vaccines. Janssen’s vaccine is the first single-dose considered as safe by the
World Health Organization, according to the WHO. While adenovirus-vectored vaccines
have different pros and cons (Zhu et al., 2020) and currently cannot be ruled more
effective than any of the other vaccines being developed (Lee, McGeer, 2020), it remains

a moral obligation to develop as many vaccines as possible to stop the millions of lives
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being lost to COVID-19 and supply poor nations with the necessary doses to stop the

pandemic.
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Appendix I.

Definition of Terms

AAALAC International: a private, nonprofit organization that promotes the humane
treatment of animals in science through voluntary accreditation and assessment
programs.

ABAE: Advisory Body on Animal Ethics

Abortion: the termination of a human pregnancy resulting in death of the embryo
or feus

ADME: Absorption, Distribution, Metabolism and Excretion (of a compound)
AIDS: Acquired Immuno-deficiency Syndrome

BBB: Blood-Brain Barrier

BLT mouse: A humanized bone marrow-liver-thymic mouse model created in 2006,
developed to model a human immune system

CD: Crohn’s Disease

CoFE: Council of Europe

Common Rule: baseline standard of ethics by which any government-funded
research in the United States is held

Congenital abnormalities: structural or functional anomalies that occur during
intrauterine life

CRO: Contract Research Organization

CSR: Corporate Social Responsibility

DMPK: Drug Metabolism and Pharmacokinetics
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DNA: Deoxyribonucleic acid

DSS: Dextran Sulfate Sodium

ECDC: European Centre for Disease Prevention & Control

EMA: European Medicines Agency

FDA: Food and Drug Administration

GLP: Good Laboratory Practices

GM: Genetically modified

HCP: Healthcare Provider

HHS: U.S. Department of Human Health Services

HIV: Human Immunodeficiency Virus

HSCs: Human Stem Cells

Human fetal tissue: tissues or cells obtained from a dead human embryo or fetus
obtained after a spontaneous or elective abortion or stillbirth

Humanized mouse: a mouse carrying functioning human genes, cells, tissues,
and/or organs commonly used in scientific research for human therapeutics
Immortalized culture: cell lines manipulated to proliferate indefinitely

Induced abortion: termination of pregnancy using drugs or surgical interventional
after implementation and before the embryo or fetus has become independently
viable

Informed consent: permission given in the full knowledge of possible risks and
benefits

KO/KI: Knock-out/Knock-in animal models
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Laboratory mouse: small rodents which are bred and used for scientific research
purposes mainly because of their close association and homology with humans and
their high reproductive rate

Mesenchymal stem cells (MSC): an example of tissue stem cells which are typically
found in bone marrow

MPS: Micro-Physiological Systems

NHP: Non-human primate

NIH: National Institute of Health

NK: Natural Killer Cells

PBM: Human peripheral blood mononuclear cells

PHS: Public Health Service

POC: Proof of Concept Study

OSAR: Quantitative structure-activity relationship (of a compound)

R&D: Research & Development

Spontaneous abortion: a miscarriage, any pregnancy that is not viable or in which
the fetus is born before the 20" week of pregnancy

Stem cells: an undifferentiated cell of a multicellular organism capable of giving
rise to indefinitely more cells of the same type, and from which other types of cells
arise through differentiation

The Guide: Guide for the Care and Use of Laboratory Animals

Translatability: The ability of experimental results obtained on animals to
accurately represent the human biological response.

UC: Ulcerative Colitis
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WHQO: World Health Organization

WT: Wild-type
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