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Introduction to Module

Curious to know more about ethical issues raised by stem cell research? Want to know about how
stem cell scientists engage with these issues in the real-world?

This module provides an introduction to ethical issues in stem cell and related research. The module
has been designed to enhance students’ understanding of ethical principles that underpin scientific
and biomedical research with consideration to the Australian curriculum, specifically in response to
Science as a Human Endeavour (SHE).

We outline activities linked to contemporary issues faced by Australian stem cell researchers, drawing
upon examples featured on the Stem Cells Australia Stories from the Labs website page, and this
module can be used as a companion document to the Stem Cells Australia At the Frontier of
Tomorrow’s Medicine Teaching Resource. Topics range from the derivation and use of stem cells in
laboratory and clinical settings, to situations involving cloning, ageing and gene editing technology and
cover ethical issues associated with both human and animal research.

Links to the current curriculum:
Australian curriculum: Science as a human endeavour
Curriculum descriptors:

e Solutions to contemporary issues that are found using science and technology, may impact on
other areas of society and may involve ethical considerations (ACSHE135 )

e People use scientific knowledge to evaluate whether they accept claims, explanations or
predictions, and advances in science can affect people’s lives, including generating new career
opportunities (ACSHE160)

e Values and needs of contemporary society can influence the focus of scientific research
(ACSHE228)

How to use this module:

The first three sections provide background information on ethical principles, focusing on human and
animal involvement in research. We draw case studies from the Stem Cells Australia Stories from the
Labs website page (highlighted in peach), to illustrate key points raised in each section. Ethical
concepts and links to sections 1-3 are outlined (highlighted in green). Activities for students are
provided at the end of each section (highlighted in blue) with links to further reading (highlighted in
yellow). References are numbered sequentially throughout the module and provided at the end of
the document

Teacher’s notes are provided in brief at the start of each section with a more detailed explnation
including example responses to student activites provided at the end of the document (highlighted in
red text).

Key to module:

Teacher’s | Research group examples taken from the | Where is the | Student Links to
Notes Stem Cells Australia Stories from the Labs. | ethical activities. | further
and companion At the Frontiers of | thinking? reading.
Tomorrow’s Medicine YouTube video | Concept Links.
series.
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1. Introduction to ethics in research

Teacher’s Note:

This section provides a background to stem cell research, and how ethics is relevant to this field. Key
ideas from this section are used later in this module to apply to real-life examples faced by Australian
researchers.

1.1 What is ethics?

Ethics comes from the Greek word ‘ethos’ which means custom or behaviour. The concept of ethics
first appeared in the writings of the Greek philosopher Aristotle, who used it to discuss the great
philosophical questions of everyday life. Today, ethics is used to describe a system of moral values
and principles that can govern or affect how people lead their lives and make decisions every day.
Ethics is often described as our ideas of ‘good’ and ‘bad’ or what is ‘right’ and ‘wrong’. From medicine
and science, to law, engineering and business, these ideas are vital in decision making. In some
professions, there are formalised systems or codes of ethics.

1.2 Why do we need ethics in medical research?

Medical research is essential to support progress within society and can have a great impact on many
aspects of our lives. Ethical thinking and action is very important when conducting responsible
research to ensure all stakeholders are treated with respect and dignity. The basic mission of
biomedical research, of which stem cell research is one component, is to improve our health,
wellbeing and quality of life (1). Ethics can be used as a framework when conducting responsible
research and can help navigate new issues that arise with scientific progress.

In this section we will discuss ethical principles and apply them to the context of stem cell research.
The flexibility and utility of stem cells and regenerative medicine has been of great interest to many
people in the research and medical world, as well as within the general public. Scientists have been
able to create unlimited cell cultures through the use of stem cells and new technologies continue to
emerge which offer researchers the capacity to make a multitude of specialised cells which could be
used to diseases such as diabetes, Parkinson’s disease and many other debilitating conditions.

Rapid advancements in the field of stem cell research have not been without controversy. The idea
that researchers can create an embryo directly from stem cells or through cloning technology can be
seen as a step too far. While for others — depending on the application — it may be seen as a
reasonable, or perhaps the only way to advance an area of promising research which will ultimately
benefit many people. Other issues include how and when animals should be used in such research,
and when it is appropriate to test an experimental treatment on people and how to ensure patients’
interests and rights are appropriately protected.

1.3 Why does ethics matter?

Many questions which are important to science, cannot be answered through the scientific method.
For example, when do the benefits of an experiment outweigh the risks? When is a new medicine safe
enough to be offered to the public? How should we distribute new treatments if there are not enough
for all that need them? To answer these questions, we cannot conduct experiments but must engage
in ethical reasoning. There are a number of reasons why ethics is important to the practice of science.



Firstly, good quality research is sustained by key ethical principles of honesty, transparency and
integrity (2). In contrast, falsifying or ‘making up’ results is considered unethical as it is dishonest and
does not accurately represent scientific findings. Such behaviour can compromise the quality and
value of research leading to harmful consequences to individuals. It also damages the reputation of
the field.

Secondly, research is very collaborative work; many researchers, academics and other scientists can
all work together to conduct an investigation. Ethical behaviour is vital for ensuring everyone in the
group is cooperative, respectful, fair and honest (2). Without these considerations, the group may not
be successful in conducting their research.

Thirdly, researchers must be accountable for their work. Often, research may use humans and animals
as participants or subjects. Depending on the experimental design, participants as well as the
researchers themselves, other people in the lab, or even the general public may be exposed to various
levels of risk. Researchers have an ethical responsibility to protect and care appropriately for those
around them and are required to adhere to guidelines and codes of conduct created by Australian and
international organisations, funding and regulatory bodies (2). If researchers don’t meet these
guidelines, they can also be faced with a number of serious consequences which will be discussed
later in this module.

Finally, research can have a huge impact on the ‘greater good’ or on the lives of many people in
society. Scientific research can lead to the discovery of new drugs, treatments, or new information
and ideas that can benefit the community. Science is based on a foundation of trust; scientists and
members of the public need to be able to trust that research is conducted and reported appropriately,
accurately and honestly (2). Therefore, it is critical that researchers consider ethics in their work, in
order to maintain this trust, and use their research to benefit others.

1.4 Ethical principles in biomedical research

While ethics is described as a ‘moral framework’ that can be used to make decisions, what does this
actually mean when it comes to biomedical research? The research community recognises a number
of principles or ideas — referred to as ethical principles or values — that are used to help guide
researchers when making ethical decisions (3). While there are many important ethical principles in
research, these principles fall under four main themes: Research merit and integrity, Justice,
Beneficence and Respect (3). We will discuss each of these in further detail below.

Research merit and integrity

Research merit describes the need for research to be justified by its potential

benefit i.e. research should only be conducted when it will produce a beneficial

outcome or contribution to society (3). For example, in the case of a clinical trial

to test a new drug, there is likely to be some risk for the patients or volunteers

who choose to participate. This testing can only be considered ‘ethical’ if the

potential benefit of the study (i.e. producing a drug that may help many people)
outweighs the potential risks to the participants (e.g. side effects). If the risk of harm to the
participants is too high, then the research wouldn’t be justified. Another way to think about this is
through ‘consequence and utility’ i.e. what are the consequences of the research, and what benefit
does it bring?



Research integrity describes the need for research to be conducted to a high level of quality —i.e.
be designed appropriately and responsibly. Researchers need to be honest and transparent about
their work and follow recognised standards or ‘rules’ for research practice. This may include
accurately recording their results and methods, i.e. not falsifying, fabricating or misrepresenting
any data, nor deceiving colleagues, sponsors, or the public (2). This can also be described as being
‘transparent’ — another important value in research (3).

Justice

Justice refers to providing impartial, equitable and appropriate treatment of all
people (3). Justice can also be described as the rights that every individual has, and
duty of others to uphold these rights. In research, this can refer to treating all
research participants, members of the research team and society fairly. For
example, this can include sharing the risks or benefits of the study equally among all participants,
and not discriminating against particular groups of people.

Beneficence (‘benefiting others’)

e Beneficence refers to ‘doing right’ by a person, helping them or ‘promoting
o W good’ (3). Sometimes what is right is determined by the individual, and in other
cases, it is determined by governing bodies in Australia and internationally. In
eeeeee e esearch, thisinvolves prioritising participant wellbeing. Again, if there are any
risks to participants, these risks must be justified by the potential to produce
benefit through the research. Practicing beneficence in research can also
include minimising these risks of harm or discomfort to participants; this can include things like pain

relief, creating a comfortable environment, and not causing any unnecessary stress.

Respect

Researchers must be respectful towards others in their lab or research institute, as well as their
participants, any animals they use in their research, members of the community etc. On an
individual level, researchers decide what is ‘respectful’ behaviour using their own personal moral
thinking. On a larger level, governing bodies in the research world will also determine strict rules
outlying what is and isn’t respectful. Respect for human beings involves recognising the value of
others, and taking into consideration their feelings, wishes, beliefs and rights (3). Respect for others
can mean being considerate of peoples’ privacy, confidentiality and cultural

sensitivities. ‘4
Within the umbrella of respect is also autonomy — the capacity for individuals to ﬁi

make their own decisions and determine their own lives (3). Researchers have a
responsibility to respect others’ right to make their own decisions and to protect
any vulnerable people who may not be capable to do so (e.g. young children).



Benificence

Doing right
Benefiting Others

Research Merit
and Integrity
Transparency

Figure 1. Key ethical principles used in biomedical research

1.5 What does ethics look like for a biomedical researcher?

Upholding ethical standards is an important responsibility for all researchers and for the institute or
organisation in which the research is being conducted. These responsibilities can be classified as falling
within the following categories (4):

1. Professional responsibilities — the way the researcher conducts their studies

2. Responsibilities to their institution — meeting the rules (policies and codes of conduct) set by
their institution

3. Responsibilities to society — meeting the rules (laws, regulations, guidelines and codes of
practice) set by local, national and international authorities

In practice, the researcher’s responsibilities are assessed and addressed through an ethics committee
review and approval process that is undertaken prior to commencing research. This requires
researchers to describe their research plan, its significance, identify likely risks to participants and how
they will mitigate against any harm. For research involving humans this would include careful review
of how participants will be recruited to the study and how their consent would be sought to ensure
that participants are fully informed of their rights and any potential harms or benefits from taking part
in the study (referred to as obtaining informed consent) (3).

For animals other than humans who cannot provide consent, this would involve review of how and
why animals will be used in the research and whether their use is justified by the benefits of the study,
how their wellbeing will be supported, and how the researchers have minimised any possible
distresses or potential harm towards them (5). Further details about the regulation of human and
animal research is discussed in Sections 2 and 3, respectively.

In addition to obtaining formal ethics approval, there are several other ways that ethical practice is
reinforced in research. Below are some key examples:

e Research Records: Researchers should keep clear, accurate records of their research, to allow
others to verify and repeat their research if needed (6).

e  Public Communication: The dissemination or communication of research findings to others is
crucial to research if it is to have an impact on society. If a researcher makes a worthwhile
discovery, or simply adds to the knowledge of a particular subject, it is important that the new
knowledge is accurate, honest and easily understood by others. Researchers must be good at
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writing and talking about their research, so that other researchers and the public can
understand what they have done, how it is useful and the reasoning behind their research (6).

e Peer Review: Peer reviewing is an important method of ethical regulation. It usually involves
individual researchers with expertise in the area reading or reviewing another researcher’s
work. This is especially important when publishing a paper about a research project. In order
to be published in a high-quality research journal, research projects must be reviewed by
others to ensure they meet ethical and quality standards. This process is also a great way for
researchers to critically appraise and improve research quality and value (6).

1.6 What are the consequences of not meeting ethical standards?

Research misconduct, such as dishonesty, falsifying data, or harming participants is considered
unethical and can have a number of detrimental impacts on researchers, their participants, the lab or
research institute. It can also negatively impact how the wider community views
pports medical research, by reducing the public’s trust in scientists. Poorly designed and unethical
research can undermine the value of the research, and limit how useful it is (3).

Failure to meet ethical standards can have a direct impact on researchers. Their conduct would be
reviewed, previously published papers may be retracted (i.e. removed from academic journals and
libraries), they may lose research funding, their reputation and their job. They may even face criminal
charges. Their conduct can affect the reputation of their lab and the institution where the research
was conducted.

Unethical research can also put the wider community at risk. If a researcher fabricates their results,
fails to appropriately perform trials of new drugs or treatments, or exaggerates their findings, patients
may ultimately be harmed. For example, if a researcher misrepresents finding from an animal study
which is then used to justify a clinical trial, people enrolled in that trial may be at risk and other
researchers mislead, leading to a waste of funds and time that could be better employed.

Activities for students
Activity 1: Using the link: https://www.who.int/health-topics/ethics choose a global health issue

and read the given text. You may need to conduct more research to learn more about the issue.
How might the ethical principles in section 1.4 relate to your chosen topic?

Further reading:

e What |Is Ethics & Why Is It Important: https://www.niehs.nih.gov/research/-
resources/bioethics/whatis/index.cfm

e Glossary of Commonly Used Terms in Research Ethics: https://www.niehs.nih.gov/-
research/resources/bioethics/glossary/index.cfm

e The Ethical Challenges of Socially Responsible Science: https://www.ncbi.nlm.nih.gov/-
pmc/articles/PMC4631672/

e Science and Ethics: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1084045/

e For the Sound Development of Science, The Attitude of a Conscientious Scientist:
https://www.jsps.go.jp/j-kousei/data/rinri_e.pdf

e Stem Cells: A Brief History and Outlook: http://sitn.hms.harvard.edu/flash/2014/stem-
cells-a-brief-history-and-outlook-2/
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2. Research Involving Humans

Teacher’s Note:

This section outlines key principles and considerations in human research and how the rights and
safety of those participating in such research are protected. Key ideas from this section are used later
in this module to apply to real-life contexts. A description of a research group from the Stem Cells
Australia Stories from the Labs web page and companion videos on the Australian Stem Cell Research
video wall page are used to provide real-life context to the key issues and ideas raised.

2.1 What do we mean by ‘research involving humans’?

Medical research often involves people. This includes research about a group of people, data collected
about or from them, or use of their cells or tissues. Research involving humans can include people
participating in surveys and focus groups; volunteering to test a new medicines; analysing data from
people (e.g. recording height or weight measurements) or their tissues (e.g. blood sample) (3).
Although there are different considerations depending on the type of research, it is important that
ethical principles are adhered to at every stage of a research project — from conception to after
completing the research including dissemination of the findings (3).

2.1 Regulation of ethical conduct in human research

Medical research is being conducted in many different institutes, organisations and businesses across
Australia and around the world. In the past, before ethics in research was regulated and the first
guidelines were created (the Nuremberg Code in 1949 (7)), there was poor oversight of ethical
conduct which often led to many people participating in research without informed consent and being
put at risk of harm. Thus today, there are many guidelines and rules in place to ensure that this doesn’t
occur. While each laboratory or the institution in which it is housed may have its own standards in
place to address ethical issues, it is also important that researchers meet national and international
ethical standards.

In Australia our two major funding bodies, the National Health and Medical Research Council
(NHMRC), and the Australian Research Council (ARC) have established guidelines and principles that
provide a common reference for decisions about the ethical nature of human research. The National
Statement on Ethical Conduct in Human Research (known as the National Statement) sets out agreed
guidelines, and, the Australian Code for the Responsible Conduct of Research sets out the principles
for how research should be conducted (3, 4). It is a requirement that researchers meet ethical
standards to receive funds from the NHMRC, ARC and other funding bodies.

In addition to meeting national standards, researchers may also seek guidance from international
bodies. Although not linked directly to receipt of funding, these expert bodies may provide additional
guidance on key developments in a specific field. For example, the International Society for Stem Cell
Research (ISSCR), has published guidelines for responsible and ethical use of stem cells, addressing
issues related to emerging technologies and applications that may not be fully explored in existing
local regulation.

Obtaining ethical approval

An important part of ethics in human research is applying for ‘ethical approval.” Before starting any
project, all researchers must apply for ethical consideration by the local regulatory body. This involves


https://stemcellsaustralia.edu.au/about/about-stem-cells/how-are-stem-cells-used/
https://stemcellsaustralia.edu.au/research/
https://stemcellsaustralia.edu.au/research/
https://www.nhmrc.gov.au/
https://www.arc.gov.au/policies-strategies/research-integrity
https://www.nhmrc.gov.au/about-us/publications/national-statement-ethical-conduct-human-research-2007-updated-2018#toc__15
https://www.nhmrc.gov.au/about-us/publications/national-statement-ethical-conduct-human-research-2007-updated-2018#toc__15
https://www.nhmrc.gov.au/about-us/publications/australian-code-responsible-conduct-research-2018
https://www.isscr.org/
https://www.isscr.org/policy/guidelines-for-stem-cell-research-and-clinical-translation

the researchers writing a document that describes the scope and purpose of their research and
outlines all the potential risks in their investigation as well as how they would address any risks and
minimise them. This shows that the researchers are aware of their ethical responsibilities and ensures
that their decisions and practices meet standards put in place by regulatory bodies.

The ethics application is sent to a Human Research Ethics Committee (HREC). There is a HREC in every
research organisation or institute and is often made up of a variety of employees. The committee
reads the description of the experiment and decides whether a) the experiment worth doing, i.e. the
benefits of the research outweigh the risks and b) all the risks have been properly addressed.

Under the National Statement, each HREC consists of a:
e Chairperson
e Person without research knowledge/experience
e Lawyer
e Person who performs pastoral care (e.g.. minister of religion)
e Two people with research knowledge/experience
e Person with knowledge or experience in professional care of people (e.g. doctor)

2.2 Does stem cell research have any special ethical considerations?

Like all medical research, stem cell researchers must adhere to these ethical regulations and guidelines
such as those contained within the National Statement. However, research involving human stem cells
also includes sensitivities that require further ethical considerations. This includes:

e the use of human embryos and gametes in research,

e making and distributing human pluripotent stem cell lines,

e making chimeric animals using stem cells,

e creating models of early embryo development from pluripotent stem cells, and

e applications of genetic modification that can be inherited.

In Australia, there are specific laws around the use of human embryos and related research that
provides guidance to stem cell researchers (3). For example, since 2002 researchers have been able
to apply for a licence to use human embryos that are donated by women or couples who have
undergone infertility treatment but no longer require the embryos. Embryos available for research
include those that have previously been frozen and stored originally with the intent to treat infertility,
or embryos identified as carrying a mutation or not being suitable to be used for infertility treatment.
In this context where there is an approved project, donors can opt to donate their embryo to research
rather than to someone else or have the embryo destroyed (8). There is also an explicit ban on the
use of technology to create human embryos for research and to attempt to clone a human (9) and
other law's that regulates the manufacture and advertising of cell therapies which include those
derived from stem cells, recently updated to provide greatly consumer protection (10).

Further reading:

e National Statement on Ethical Conduct in Human Research: https://www.nhmrc.gov.au/-
about-us/publications/national-statement-ethical-conduct-human-research-2007 -updated-
2018

e Australian Code for the Responsible Conduct of Research: https://www.nhmrc.gov.au/-
about-us/publications/australian-code-responsible-conduct-research-2018

e Guidelines for Stem Cell Research and Clinical Translation:
https://www.isscr.org/policy/guidelines-for-stem-cell-research-and-clinical-translation

e Peer Review in Scientific Publications: Benefits, Critiques & A Survival Guide:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4975196/
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The Porrello Group: “Fixing hearts by finding out what makes them tick”

what makes them tick”

In this section, we look at the research of the Porrello
Group to discuss important issues in human research.
Refer to the web page “Fixing hearts by finding out

D —

Fixing hearts by finding out

what makes them tick

or scroll through the
Australian Stem Cell Research video wall to navigate
to a video summary.

The Porrello Group is a research group headed by
developmental biologist, Associate Professor Enzo

Porrello. He collaborates with a chemical and

biological engineer from University of Queensland, Associate Professor James Hudson. They are
interested in engineering healthier heart tissue and developing new therapeutic drugs for heart
failure and regeneration. The lab uses stem cells to make beating heart tissue for drug screening,
‘artificial pumps’ for children with congenital heart conditions, and develops drugs to simulate heart

repair or improve function and broadly improve our understanding of the heart and how it works.

The Porrello Group are faced with a number of ethical challenges. These include the process of
applying for ethical approval and gaining informed consent from participants as well as challenges

specific to the use of participant cells.

Applying for ethical approval

In order to use stem cells to make heart tissue, the
lab must acquire somatic cells (i.e. cells of the body
which are not gametes) from participants such as
skin or muscle cells. While some researchers can
approach participants directly, many groups like the
Porrello Group in this instance use stem cell lines
already derived from participants by another
research group. In these situations, it is important
that the Porrello group gain the consent of the
original donors before using their cells. Before they
can do this however, they must apply for ethical
approval. Outlining how they will recruit people into
their study and obtain informed consent to use
patient cells is a key part of the ethical review.

Gaining Informed Consent from participants

Informed consent means that people only
participate in research if a) they are informed of
what the experiment entails (including any
potential risks and likelihood (if any) of benefit),
and b) they specifically agree to participate. There
must be no payment or pressure for people to
participate. Participants must be allowed to choose
whether they want to be involved in the research
project or not.

20 Using someone’s cells

For this project, participants were informed that
their cells would be used to make stem cells (in this
case induced pluripotent stem cells). They were also
told what would be done with their cells, what the
purpose of the research was, who would be using
their cells, how long their cells would be used for,
and any risks associated with being part of the
research.

m Children in Research

Although this project is currently focused on
understanding how the cells interact in the lab,
future studies may involve getting cells from
children or ultimately transplanting the ‘artificial
pumps’ into children. Research involving children
has additional rules and ethical considerations
around consent. Parents are usually required to
provide consent as young children may not have
the capacity to understand the risks and likely
benefits of participating and therefore are unable
to provide informed consent.
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Activities for students

Activity 2.1: Imagine you are contacted by the Porrello Group to volunteer to participate in their
research. Firstly, they talk you though an explanatory statement which explains to you what their
research is about, why they are doing this research, and your role within it. They have ethical
approval to do their research.

As someone who is interested in participating, what questions might you have for the researchers?
Watch the following video to get some ideas: What to Expect if You Participate in iPSC Research:
https://youtu.be/NecrZNf4Gbc
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3. Animals in Research

Teacher’s Note:

This section provides a background into the ethics of animal use in research, including why and how
they are used. Key ideas from this section are used later in this module to apply to real-life contexts.
Research groups from the Stem Cells Australia Stories from the Labs web page and companion videos
on the Australian Stem Cell Research video wall page are used to provide real-life context to the key
issues and ideas raised in this text.

The use of animals other than humans in research has advanced our understanding of biology and
pathology, leading to valuable new medicines and treatments to reduce human suffering. However,
the use of animals in research has also attracted substantial controversy and raises ethical challenges
because it has the potential to cause animal suffering. Advances in stem cell research therefore, are
seeking new ways to reduce the number of animals in research; for example we are increasingly able
to use tissue cultures, organoids (mini organ-like structures) and cell cultures to model disease.

Why are animals other than humans valuable in biomedical research?

Some animals are biologically very similar to humans, and so can be used as a proxy to humans and
studied to better understand human biology — for example, mice share more than 98% of their DNA
with humans, while chimpanzees share over 99% (11). This means that researchers are able to use
animals as biological models that work in similar ways to the human body. For example, by studying
how cells in a mouse brain respond to a particular drug can provide insight into how the same drug
could affect humans.

Animals other than humans also have a shorter life cycle than humans. This means that researchers
are able to study animals throughout their entire lives. This allows researchers to investigate the
effect of a drug for the animal’s entire life or many generations. Researchers are also able to easily
control the environment for animals (e.g. food or housing) which may not be possible in humans
(12).

Animal sentience — the capacity for animals to think and feel —is an important consideration when
using animals in research. It is important for researchers to be aware of and alert to whether
animals are in distress and take action to minimise any suffering animals used in research may feel.

What types of animals other than humans are used in biomedical research?

Many different animals are useful models to study disease. These include rats, mice, birds, rabbits,
guinea pigs, sheep, fish, frogs, pigs, birds, dogs, cats and primates (11). The type of animal chosen
to use in scientific research depends on multiple factors, including how and in which ways they are
like humans, how accessible they are (i.e., local vs imported animals) and how well they can be
cared for.

3.1 Regulation of animal use in research

Researchers often use animals to advance understanding about how cells function, what happens
during different diseases, or to test whether new drugs and other treatments are effective or pose
any risks. However, like the regulation of human research, researchers are required to comply with
strict standards when using animals in their research. Such guidelines are designed to ensure the use
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of animals for scientific purposes is ethical, humane and responsible. For example, the Australian code
for the care and use of animals for scientific purposes (the Code), created by the NHMRC, outlines the
ethical principles for researchers to follow (12).

The Code explains that researchers have an obligation to respect animals, including:
e Balancing whether the potential effects on the animals involved in research is justified by the
potential benefit of the research to humans, animals or the environment.
e Ensuring that the research using animals has scientific or educational merit i.e. it is ‘good
research’ and ‘worth doing’,
e When animals are used, ensuring that the number of animals is minimised, their wellbeing
supported, and any risk of harm or distress is reduced.

This means that researchers only use animals when they can prove that the research will benefit the
community. Furthermore, The Code should be applied throughout the involvement of animals in
research — including how and where they are acquired, transported, housed, bred and provided for
(12).

3.2 The 3 R’s of animal ethics
A useful concept for scientists who use animals in their research is to follow the “3 R’s.” First raised
over sixty years ago by two researchers, Russell and Burch, this concept has now become widely
accepted and adopted by many countries around the world (13).

The first R is replacement, which refers to avoiding or replacing the use of animals in research. (13)
For example, the use of stem cells from a patient to develop ‘mini-organs’ to create a model or
replica of a human organ in a dish, such as liver or kidney, means that animals are not needed to
test new drug candidates for toxicity.

The second, is reduction, which refers to reducing the number of animals used in research (13). If
only ten mice are needed to study how a gene functions in the body, it is unnecessary and unethical
to use 40. Similarly the use of mini-organs derived from stem cells to test new drugs or understand
what happens in disease may reduce the number of animals needed in research.

The final R is refinement which refers to modifying current experimental procedures to minimise
any distress or harm that could come to animals in the experiment and improve their welfare from
the time it is born until death (13). This can include things like improving living conditions or using
anaesthetic to reduce any pain or distress during surgery.

Sometimes, certain risks cannot be avoided. For example, if a mouse model was needed to study a
particular disease, this may pose unavoidable risks to the mouse — either from the disease itself, or
from surgery and/or dissection. Ethical considerations are important when deciding if the research is
worth doing despite the risks. This ‘ethical thinking’ weighs the balance between the risks and
potential harms of conducting an experiment, versus the overall good this research may provide to
the wider community.

Applying for ethical approval: using animals in research

Like using humans in research, applying for ethical approval is crucial when scientists plan to use
animals. Ethics approval must be given before researchers can begin their project. This involves writing
to the local regulatory body called an Animal Ethics Committee or AEC. Each research organisation has
its own AEC, which is in charge of deciding which research projects are ethical and can be conducted.
Again, similar to applying for ethical approval to use people in their projects, researchers must write
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a document that describes the scope and purpose of the research, outlines all the potential risks of
the experiment and how they would address these risks and minimise them. Researchers must show
the AEC that they are aware of ethical responsibilities, and that their use of animals is justified and
comply with the guidelines put in place by regulatory bodies such as the NHMRC.

Animal ethics committees (AECs) like HRECs are made up of various members who consider and
evaluate all research using animals. Much like HRECs, they evaluate ethics applications that describe
and justify the research project, as well as the need for animals, and how they will be cared for.

An AEC must include:
e Aveterinarian
e Ananimal researcher
e A person who shows dedicated commitment to animal welfare and is not involved with the
research, or animal supplier to the research
e Anindependent person who does not fit the other categories and is not associated with any
of the groups involved and has never been involved with animals for research

Reducing animal involvement in research: stem cells

The following research groups illustrate some of the ethical challenges posed in stem cell research
involving animals. In these activities, students are asked to explore how ethical principles govern the
use of animals in stem cell research.

The Bourne Group: “Building tools for brain repair”

The Bourne Group is a research group at the Australian
Regenerative Medicine Institute at Monash University and
is headed by Professor James Bourne and includes
researcher Dr Jihane Homman-Ludiye. Their group is
focussed on brain diseases and disorders and exploring
ways to develop tools for brain repair using stem cells. The
group studies non-human primates to understand the best
environment for repair after brain injury. We can use the
Bourne Group’s research to discuss why animals are used in scientific research and consider the
pros and cons of studying them. Refer to the web page “Building tools for brain repair” or scroll
through the Australian Stem Cell Research video wall to navigate to a video summary.

Building tools for brain repair

Why use non-human primates?

Studying the human brain can prove to be more difficult than studying other organs — as a biopsy
of brain tissue cannot be taken from a living person. While researchers can sometimes look at the
brain of a deceased person, this may be of limited use to answer a particular question. Instead,
researchers turn to animal models. The Bourne Group studies the brains of non-human primates to
understand how they function. Given their similarities with human brains, this information is also
very relevant in understanding human brain function. Although mice might be useful when
investigating certain genes or proteins in the brain, their use in other circumstances are unrelated
to how the human brain functions. Thus, research groups like the Bourne Group must study animals
more similar to humans. It should be noted that although primates are extremely valuable they are
one of the least used experimental animals in Australia (14).
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The Bourne group is currently working to test their research in patients undergoing neurosurgery;
the use of animals before this testing is vital when protecting the safety of humans. This is an
important factor of animal use in research — by confirming the safety of experimental procedures,
therapies or treatments in animals, we can reduce the risk of harm to humans.

Another important part of animal involvement in research is considering whether their involvement
has merit (i.e. is it ‘worth it’). This means that researchers like the Bourne Group must consider
whether the research is worth doing — i.e. if there are any risks in the project, and if these are
justified by the potential good this research can provide. By understanding how nerve cells function
in an in-vitro settings (i.e. looking at the chimpanzee brain in real time), this allows the group, as
Professor James Bourne describes, “to create the best environment for repair after brain injury,”
and “give potential stem cell therapies for brain trauma the best chance of success.” Using these
arguments, the research can be considered worthy as the benefits of the research outweigh the
costs.

Some of these benefits include learning how to optimise brain repair to help thousands, maybe
even millions of people who suffer from brain diseases or injuries, and potentially save their lives
and future lives. Another way to justify this research is to consider that by using a very small number
of primates, the Bourne Group are able to help many people.

Activities for students

Activity 3.1: With a partner, consider the factors that may be for or against the use of non-human
primates in scientific research. Create a plus/minus/interesting chart of your ideas. You may find
this article written by Professor Bourne helpful to prompt your discussion: “You might find my
research using monkeys abhorrent, but it could save your life:”

The Abud Group: “Having the guts to make a difference”

To understand the 3R’s of Animal Ethics in
context, we can look at the research of the Abud
Group. Refer to the Stem Cells Australia web page
“Having the guts to make a difference” or scroll
through the Australian Stem Cell Research video
wall to navigate to a video summary.

The Abud Group is headed by Professor Helen
Abud who leads the epithelial regeneration lab at
Monash University’s Biomedicine Discovery
Institute. Helen has collaborated with Dr Thiery Jarde to study the inner cells of the intestine to
create ‘mini-guts’ or intestinal organoids that mimic a functional human intestine. Using this model,
the group is able to explore the function of certain cells in the intestine and understand how
tumours may occur. They can also begin to test drugs on their organoid models that may prevent
or treat certain diseases.
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The Pouton Group: “Enlisting the brain’s immune cells to fight MS”

Professor Colin Pouton and his group at the Monash
Institute of Pharmaceutical Sciences have found a way
to create microglia — the immune cells of the brain —
from stem cells using iPSC technology. These cells are
of interest to researchers who are looking for new
ways to treat multiple sclerosis (MS) — a chronic
disease that causes the degeneration of the myelin in Enlisting the brain’s
neurons (brain cells) which makes it hard for your brain immune cells to fight MS
to send signals to the rest of your body. S ‘

Microglia are important in cleaning up the debris from the degenerated brain cells — which can help
improve brain signalling. The group creates theses microglia from stem cells and transplants them
into animals to test their effectiveness in improving brain signalling.

We can use the Pouton Group’s research to discuss another perspective to using animals to model
disease and test treatments. Refer to the Stem Cells Australia web page “Enlisting the brain’s
immune cells to fight MS” or scroll through the Australian Stem Cell Research video wall to navigate
to a video summary.

Researchers like the Pouton group need animal models to test microglia’s effectiveness at
improving brain repair. Thus it is important that the group only uses as many animals as needed for
their research, and refines their methods so that the animals they use are protected and respected.

Activity 3.2: Describe the 3 R’s of animal ethics in your own words to a partner. You may each take
turns explaining the three concepts — one of you will have to explain two. Discuss together which
‘R’ does the Abud Group research support and why? How might the Pouton Group incorporate the
3R’s? Are there any limitations to relying only on the use of organoids?
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The Harvey Group: “Pathways to Heart Repair”

The Harvey Group is a research group run by At a glance REGENERATIVE MEDICINE
Professor Richard Harvey as well as Dr Aude Bt L] Pathways to

two Australian research

Dorison at the Victor Chang Cardiac Research [RRESSrEa=raes :

Institute and The University of New South Wales. s i
The research by the Harvey Group is focused on
developmental biology of the heart and congenital
heart disease in newborns, such as hypoplastic left
heart. The group use adult stem cells and induced

pluripotent stem cells (iPSCs) to study potential ﬂ )=
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therapies to treat this disease. o : ;
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We can use the Harvey Group as an example to discuss the use of animals in research. Refer to Stem
Cells Australia web page “Pathways to Heart Repair” or scroll through the Australian Stem Cell
Research video wall to navigate to a video summary.

In the video, Dr Dorison mentions that their research involving animals “really needs to be approved
by an independent committee before we do it”, she also mentions that in all research that they
undertake, the researchers “respect” the animals and use as few as possible.

Activities for Students

Activity 3.3: Explain how the Harvey Group are attending to one or more of the ‘R’s’ in the 3R
model. Discuss with your partner and then visit the Animal ethics page on the NHMRC website to
further explore the 3R’s or the governing principles of animal ethics.

a) What can researchers do to ensure they are respecting animals when using them in research?
b) Who decides what is appropriate and not appropriate for animal handling and use in Australian
research?

Further reading:

e National Health and Medical Research Council — Any use of animals for scientific
purposes must be ethical, humane and responsible: https://www.nhmrc.gov.au/research-
policy/ethics/animal-ethics

e The Dana Foundation - Build a Better Brain Model: https://dana.org/article/build-a-better-
brain-model/
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4, Putting it all together: real-life examples of ethical conundrums in
stem cell research

Teacher’s Note:

In this Section we delve into case studies from the Stem Cells Australia Stories from the Labs and
companion videos on the Australian Stem Cell Research video wall as well as from high profile media
reports to further explore ethical considerations related to the use of stem cells. Each case study will
include some background, a description of some of the issues involved, and an explanation of how it
is linked to sections 1-3 of this module, with suggested activities for students. Suggested activities will
reinforce students’ understanding of the ethical principles and terminology, as well as expand their
critical thinking of scientific concepts within the context of stem cell science and related technologies.

4.1 Mini-brains in a dish

In 2011, Massimo — a 4-year old kid — was diagnosed with leukodystrophy
— a rare genetic disease that affects the white matter of the brain. After
years of not really understanding how this condition was causing the
serious deterioration in his brain, Massimo’s parents arranged for a
sample of his cells to be given to Professor Ernst Wolvetang, a researcher
at the University of Queensland (15).

Professor Wolvetang took Massimo’s skin cells and reprogrammed them
by changing what genes were expressed — thus, turning the cells back into very Brain organoid
primitive stem cells (iPSCs or induced pluripotent stem cells). These iPSCs were Tmaee eonrea

then differentiated into neurons (which means encouraging the stem cells to become nerves of the
brain). Professor Wolvetang grew Massimo’s nerve cells in 3D so that they
formed a ‘brain organoid’ or a ‘mini-brain’. This microscopic structure (only
just visible to the naked eye) was effectively a model to mimic what was
actually happening in Massimo’s brain. You can see Professor Wolvetang
and Massimo’s brain organoids in this episode of Australian Story.

For neurological diseases like Massimo’s it is difficult to get answers to .
important questions about how diseases develop from animal research, or “Mini-brains”
to dissect affected tissue in the brain without causing harm to the patient. Imace Sanree
However, by using stem cells to create brain organoids researchers are able to create ‘mini-brains’
that behave similarly to patient’s own brain offering a new way to study diseases and potentially test
new drugs.

How does ethics come into play?

Some ethical considerations arise when creating mini-brains. This can involve questions like:
e If we grow little brains in a dish, can they think or feel?
e What are the benefits to society for this kind of research (i.e. beneficence) and do these
justify any concerns?
e What would we do with these organoids? Growing them in a dish is one thing, but could
we transplant them into humans or animals, and what would be the consequences of that?
(16)
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Where is the ethical thinking?
Links to Section 1 - Ethical Principals

e Research merit and integrity: The research has merit as the disease leukodystrophy may
shorten Massimo’s life expectancy. The benefit of increasing his longevity and minimising
his suffering, as well as that of other people suffering from the disease can be used to justify
the research.

e Respect: Respecting Massimo and his family is a key priority for researchers. The
researchers need to receive informed consent from Massimo and his family before being
able to use his cells in research. Because Massimo is considered a minor (i.e. under the age
of 18) his parent or guardian will need to give consent on his behalf..

e Justice: If, by studying Massimo’s brain a cure was developed for leukodystrophy, it is
important that all people who suffer from the disease have access to it.

o Beneficence: Doing good by the people taking part in research. Any potential harms to
Massimo or his family during the research is avoided or minimised. Making brain organoids
from stem cells can ‘reduce’ the number of animals needed to be used in research.

Activities for Students

Activity 4.1: Using Massimo’s story, discuss with a partner the benefits and limitations of creating
brain organoids. Create a list of benefits and drawbacks. Compare your list to other pairs in the
class. Finally, write a brief concluding statement on your opinion using these points you have
considered. Use the vocabulary and ideas you have learned from this module to help you.

Further Reading:

e The Ethics of Brain Organoids: https://www.eurostemcell.org/ethics-brain-organoids

e Could brain organoids develop feelings or even consciousness?
https://youtu.be/VVimvlixdIE

e Do you think the benefits outweigh the risks of pursuing research with brain
organoids? https://youtu.be/jxzRTLfT vY

e Ethical issues in human organoid and gastruloid research: https://dev.biologists.org/-
content/144/6/942

e MIT Technology Review - Brain Organoids: https://www.technologyreview.com/-
technology/brain-organoids/

4.2 Using my cells for research: Henrietta Lacks

Henrietta Lacks’ story is an important one in research history. Henrietta was a cervical cancer patient
in the 1950s, whose cells were used to create the first human cells grown into an ‘immortal

line’ called the Hela line. The cells were taken from a tumour in her body while she was a patient at
John Hopkins Hospital in Maryland, USA. A cell biologist at the hospital, Dr George Otto Gey used
Henrietta’s cells to create a line of cells that could self-replicate and never die (much like embryonic
and induced pluripotent stem cells). Her cells have been extensively used in a number of medical
breakthroughs since then - including developing a polio vaccine, and to study leukemia, AIDS and
cancer (17,18). They have even been sent into space.
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However, we also learn a lot about consent from her story. In the 1950s there were no established
policies for obtaining patients’ informed consent before using their tissues or genetic material. So,
when Henrietta died in 1951, she was never asked permission as to whether her cells could be used
for medical research or told of what they would be used for (18). While we need to acknowledge that
this may have been consistent with current practices at the time, her story illustrates an important
principle in research: transparency: the need to be explicit, clear and open about the methods or
procedures in research. By not telling Henrietta (or her family) what her cells were used for, or asking
her permission to do so, the researchers were not being transparent about their work — which today
would be considered unethical.

A great retelling of Henrietta’s story is the 2017 film, The Immortal Life of Henrietta Lacks, starring
Oprah Winfrey. The film follows Henrietta’s life and depicts the impacts of Dr Gey’s actions and the
impact her cells have had in the research world, with a dramatic emotive lens into how this affected
her and her family.

Today, if researchers wish to use tissues from a donor, national regulation prohibit them from doing
so without informed consent. This raises important questions regarding pluripotent stem cells, as
patients who donate their cells for technologies like iPSC may not be fully aware of what they’re being
used for, who is using them, and where they’re going to be used, especially into the future. To avoid
repeating what happened to Henrietta, it is important that these questions are considered by both
researchers and participants when using stem cells in research.

Pébay Group: “Seeing eye disease clearly with robotics”

Associate Professor Alice Pébay from the Univgrsity of Seeing eye
Melbourne and Associate Professor Alex Hewitt from disease clearl
the University of Tasmania both work at the Centre for _ . y
Eye Research Australia (CERA). They are with robotics
reprogramming patients’ skin cells into induced

pluripotent stem cells (iPSCs), then growing them into cells affected by various
eye diseases.

We can use the Pébay Group’s research to discuss iPSCs and consent. Refer to o1
the Stem Cells Australia web page “Seeing eye disease clearly in robotics” or scroll through the
Australian Stem Cell Research video wall to navigate to a video summary.

The Pébay group is using iPSC biotechnology to grow and sustain millions of cells collected from a
large number of donors. The group uses these cells (also known as a culture) to create a biological
model of the eye so that they can visualise and understand how and why eye diseases manifest.
This information is valuable in understanding disease and creating and testing drug-therapies and
potential treatments for blindness.

In the course of their work, the Pébay researchers were collecting cells from a variety of people and
using them in a range of projects. It is important that donors fully understand what their cells will
be used for. The Pébay group is obliged to ensure all donors are fully aware of the implications of
using their cells to provide the researchers with informed consent and permission to use the cells.

During the consent process, the Pébay group researchers noticed that written information was not
sufficient for patients to fully understand the process of cell collection, culture and use. In response,
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the Pébay group made a video to improve the consent process and ensure their research was
transparent. Carefully constructed consent processes ensure another situation like Henrietta’s
won’t happen again.

When groups like the Pebay group collect biological samples, they are stored in biobanks.
Biobanking refers to storing biological samples for future research. The banking of stem cells is
useful in managing a continuous supply and access of stem cells for various research groups such
as the Pebay group (19). This can promote stem cell research, by improving the efficiency of
acquiring and using stem cells. It can also reduce the number of embryos or tissue biopsies needed
for research.

Where is the ethical thinking?
Links to Section 1 - Ethical Principals

e Research merit and integrity: When Henrietta’s cells were used in research, her family
were not told at the time so were not able to provide informed consent. This was partly
because tissue culture was a new technology at the time and there were not ethical
structures and processes in place. We can continue to develop and improve ethical
processes to enhance integrity in research.

e Respect: It is important when using peoples’ tissues or samples that peoples’ choices,
opinions and their own tissues are respected, and their rights maintained. Researchers
need to receive informed consent from participants before they can commence their
research. Further, ethical regulation of research practices is necessary to ensure
researchers understand their responsibilities, and so that participants know what to expect.

e Justice: Historically, there were few laws or guidelines that dictated what was just ethical
conduct for researchers. The lack of clear legislation and policy has led to situations where
people, like Henrietta, were not treated ethically. Henrietta’s cells were used all over the
world for many different types of research — including in the development of new drugs by
pharmaceutical companies - however Henrietta came from a poor family, who never shared
in any of rewards, financial or otherwise.

o Beneficence: Henrietta’s cells have gone on to be used numerous medical research studies
and contributed to research that has benefited the lives of many individuals all across the
world.

Activities for Students

Activity 4.2: Watch the film: The Immortal Life of Henrietta Lacks. Henrietta’s story describes the
ethical concerns around commercialising cells and genetic material.

Q1. What are the benefits and limitations of using Henrietta’s cells for research? How would you
feel if your cells were used despite not giving your consent? Describe some of the emotions you
would feel and if/how Henrietta might have felt the same way. Consider the advantages and
disadvantages of obtaining informed consent. Use the table below to frame your response.

Informed consent Advantages Disadvantages
Merit
Justice
Beneficence
Respect
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https://youtu.be/NecrZNf4Gbc

Q2. How might Henrietta’s story relate to the Pebay Group’s iPSC research? Write a brief summary
of why Henrietta’s story is important today and describe the relevance to the new field of iPSC
research.

Q3. The Pebay Group developed an interactive video to improve their consent process. Explain how
their consent process aligns with the ethical principles of honesty, transparency and integrity.

4.3 Clones clones clones

Cloning describes the process of creating an exact replica of an organism with an identical genome. It
is also used to describe when scientists make many identical copies of a particular region of DNA.
However, it is the possibility of cloning humans that has attracted so much attention in the research
world, science fiction and pop culture. Films like The Island or Star Wars as well as television shows
like Orphan Black and The Simpsons, have all depicted different types of clones and touch on the many

ethical questions associated with cloning.

Image 3: Star wars clones
Image source

Image 1: Artwork by
Barandash Karandashich Image 2: Homer clones
Image source

While cloning of animals was first achieved in the 1960s when Nobel Laureate Sir John Gurdon was
able to make frogs from a gut cell, it was not until 1996 that the first healthy cloned mammal was
born. In a famous study, researchers in Scotland successfully and created Dolly the sheep using a
process called somatic cell nuclear transfer or SCNT (See Image 4: Dolly the sheep). A somatic cell is a
cell that gives rise to a specific group of tissues in the body. Eggs and sperm are not somatic cells. SCNT
involves taking an egg from a donor sheep, removing the nuclear DNA from the egg and replacing it
with the nucleus from a somatic cell of another sheep. The embryo that develops is then transferred
into the uterus (or womb) of a third sheep. If pregnancy is established, the lamb that is born will be a
clo