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Foreword

The term “Bioethics” appears to have first been used in 1927 by Fritz Jahr, a German
protestant pastor, in an article titled “Bio-ethics: A Review of the Ethical
Relationships of Humans to Animals and Plants.” Jahr (1927: 2—4) was calling for
the development of what today would be called an ecological ethic. That was also
the sense in which Van Rensselaer Potter, an American biochemist and oncologist,
used it in the 1970s, apparently without knowing of Jahr’s earlier usage, to urge that
we broaden our understanding of ethics to include not just how we should act with
regard to our fellow-humans but also towards our environment, and the biosphere of
our planet (Potter, 1970). Potter in turn acknowledged his debt to Aldo Leopold, the
ecologist who wrote of a “land ethic” that would govern our relation “to land and to
the animals and plants which grow upon it” (Leopold, 1949).

To coin a term is one thing; to control how it is used is another. In 1969, just a
year before Potter first used the term “bioethics” in print, Willard Gaylin and Daniel
Callahan founded the Institute of Society, Ethics and the Life Sciences, initially
located in Hastings on Hudson, New York. The founding of the Hastings Center, as
the Institute became known, reflected and facilitated the rapid growth of interest in
the interdisciplinary field covered by “Society, Ethics and the Life Sciences.” But
that field needed a shorter name, and “bioethics” was the one that caught on. By
1978, when the first Encyclopedia of Bioethics was published, it was clear that the
term was being used to refer to an area of studies concerned with ethical, social, and
legal issues in the biological and life sciences. Issues in medicine and health care
were particularly prominent among them (Reich, 1978).

Potter himself recognized that the term he proposed had developed a meaning
other than the one he had intended. He tried to rescue the term by adding the prefix
“Global” to distinguish bioethics in the sense that he was concerned with — our ethi-
cal approach to the world as a whole, and to the global biological systems on which
we depend — from ethical issues in the biological and life sciences. But “global
bioethics,” in the sense that Potter intended it, was never widely used (Potter, 1988).

I start with this look back at the origin of the term because the Handbook of
Bioethical Decisions edited by Erick Valdés and Juan Alberto Lecaros goes some
way towards reuniting the two senses of “bioethics.” This first volume includes
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many of the core ethical issues in bioethics, as the term is now understood, includ-
ing gene editing, experimentation with human embryos, cloning, genetic enhance-
ment, the extension of human life, and the ethics of experimentation on nonhuman
animals; but a substantial part of this volume is headed “Animals, Food and
Environment.” That includes several chapters examining our relations with animals,
some of which are concerned with the broader question of the moral status of ani-
mals. The final section, on “GMOs for Global Challenges,” is concerned with the
ethical issue of feeding the world in a time of climate change, and also considers
whether the use of genetically modified foods poses environmental risks, and what
it means for sustainable agriculture — issues that are not always regarded as part of
“bioethics” as it is narrowly conceived but which, as I have shown, fall squarely
within the original use of the term, and which, in view of their great significance for
the future of our planet and all who live on it, richly deserve their inclusion in
this volume.

The Handbook of Bioethical Decisions is a monumental project, bringing
together, over its two volumes, a total of 68 full-length chapters on a wide range of
issues in bioethics, focused on the ethics of biomedical research. You will find here
a variety of different, and often conflicting, approaches to some of the key questions
discussed. For example, now that the technique known as CRISPR makes gene edit-
ing possible with a level of precision that previously was only a dream, this new-
found ability raises a variety of deep, ethical questions. Brendan Parent presents a
balanced view of several of these ethical issues. He does not find a decisive objec-
tion to gene editing but emphasizes the importance of distributing its benefits fairly,
especially to vulnerable and marginalized populations. In contrast, Calum MacKellar
regards the use of gene editing to avoid genetic disabilities as form of eugenics,
unless the parents wish to avoid having a disabled child is due solely to their belief
that they would be unable to cope with a child with the anticipated disability. If they
have the capacity to cope, but prefer a child without the disability because, for
example, they believe that the disability will reduce the child’s quality of life, or the
child’s ability to live independently, that is, in MacKellar’s view, contrary to the
principle that all humans have equal dignity and worth, and therefore, always wrong.
That view is in turn opposed by Ferdinando Insanguine in his chapter about gene
therapy and germline cells research. Erick Valdes also takes a more liberal position
when he writes about the use of preimplantation genetic diagnosis to avoid genetic
disabilities.

A separate set of essays discuss the possibility of using gene editing or other
techniques for enhancing our children or future generations. Nick Bostrom, Anders
Sandberg, and Matthew van der Merwe convincingly set aside the objection that we
are unlikely to be able to improve on human nature as selected by evolution, while
Daniel Loewe weighs the case for enhancing mood. Because severe, prolonged
depression is responsible for more years of suffering than almost any other illness,
the case for enhancing the mood of people suffering from this condition is very
strong. But if we learn how to safely change mood, should we limit ourselves to
eliminating such clearly negative abnormal mental states, or would it also be per-
missible to select for children with a tendency to be more positive and cheerful than
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the median for human beings? Further, Elena Atienza Macias asks, would selecting
for psychological states that confer a competitive advantage in certain sports be a
form of cheating, like doping?

At the end of this section on enhancement, Allen Porter writes about research
aimed at enabling us to live longer — perhaps much longer. In contrast to almost all
of the other chapters in this volume, Porter does not express any opinion on whether
research with this goal is, or is not, ethically defensible or even obligatory. Instead,
he rejects the idea that we can search for true, or more defensible, or better argued,
views on normative ethical questions. This belief is, Porter holds, a legacy of the
Enlightenment idea that it is possible to offer a rational justification for a secular
morality on grounds that will appeal to rational beings. Those who, like Porter,
believe that we are living in a “postmodern” world consider this hope for rational
justification to be untenable. The claim that it is untenable is, however, an assump-
tion rather than a position for which Porter argues in any depth. Moreover, even if
we cannot provide rational foundations for particular moral theories that will con-
vince everyone, it will still be valuable to explore and clarify the ethical implica-
tions of widely held ethical views. Debates about normative ethical questions,
including the question whether it is desirable to enable humans to live to 150, or
even longer, can be seen as doing just that. It is, no doubt, to the credit of the editors
that they have been sufficiently open-minded to include in their Handbook a chapter
that attacks the foundations of the volume itself, but given the inclusion of Porter’s
essay, I would have liked to also see an explicit defense of rational argument in
secular ethics.'

During the COVID-19 pandemic, there was no higher research priority than the
development of a safe and effective vaccine against the virus that was causing so
many deaths. Although vaccines were developed in a shorter time than many had
expected, the organization 1Day Sooner encouraged people to register their willing-
ness to participate in human challenge trials, as such trials could have enabled us to
have vaccines even sooner. (The name of the organization was intended to make the
point that every day’s delay in getting a safe and effective vaccine to market would
cost thousands of lives). Many people registered their willingness to take part in
human trials, mostly young, healthy people at low risk of death or serious illness
from COVID-19. (At the time of writing, nearly 40,000 volunteers, from 166 coun-
tries have registered).? Yet, as Erick Valdes describes, there was a surprising reluc-
tance to make use of these fully informed consenting volunteers. Some people
suggested that to make use of them would violate the Kantian principle of using
people as a means, even though in this case they were giving their informed consent.
When acting on what some believe to be an ethical principle is going to cost many
lives — as the initial refusal to hold human trials did — we need to have an extremely
high level of confidence that the principle is both sound and sufficiently important

"For one such defense, based on the views of the Victorian philosopher Henry Sidgwick, see: de
Lazari-Radek and Singer (2014).

2www.1daysooner.org, Accessed January 19, 2023.
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to take precedence over saving the lives at stake. I do not believe that the arguments
against using volunteers in human challenge trials were so strong that any reason-
able person could have the required degree of confidence in them.

In contrast to this extreme reluctance to use informed human volunteers in low-
risk, high value medical research, more than 100 million animals are used each year,
without their consent, in experiments that cause them severe suffering and death,
often in research that has low or negative value. Several chapters in this volume
discuss the ethics of this use of animals. That in itself is to be applauded, because it
is wrong to limit our ethical concern to members of our own species. Pain is, in
itself, a bad thing, irrespective of the species of the being experiencing it.
Nevertheless, I cannot refrain from expressing the opinion that some of the chapters
discussing the use of animals in research fail to present a realistic picture of research
on animals as it is carried out today. They may give readers the impression that the
various regulations and guidelines described are sufficient to prevent any unneces-
sary infliction of pain or suffering on animals. Thus, they are able to conclude that
the practice of experimenting on animals is ethically acceptable. Yet as Jeff Sebo
points out in his powerfully argued chapter on “Integrating Human and Nonhuman
Research Ethics,” in the area of research on animals, the necessity of using animals,
or even of inflicting pain on them, is interpreted to mean what is necessary to achieve
the goal of the research, without assessing whether this goal is itself worthwhile.
For example, poisoning hundreds of animals may be “necessary” for testing the
safety of a drug, but the drug may be a “me-too” drug that a company wishes to
bring to market in order to obtain a share of a lucrative market that is currently
dominated by a patented drug manufactured by a competitor. These “me-too” drugs
do not need to perform better than the existing drug, and may even be less effective,
but the poisoning of the test animals will still have been considered “necessary”
because the drug could not be marketed without it (Aronson & Green, 2020).

Severe suffering can also be deliberately inflicted on animals when it is judged
“necessary” for research that has only a very remote prospect of yielding any benefit
to anyone other than the experimenters who are making their career by experiment-
ing on animals. To give just one of a huge number of examples, and one that is far
from being the worst: researchers at Florida State University put prairie voles (small
rodents native to American grasslands) in plastic tubes and used plastic mesh and
Velcro straps to, in their own words, “completely immobilize the subject.” They
then kept them, unable to move at all, for a full hour. They did this because they
were studying depression, and this kind of immobilization had been found, in previ-
ous research, to cause stress to the voles. Prairie voles are predominantly monoga-
mous and form pair-bonds, and the study showed that the presence of a partner
reduced the signs of stress in the immobilized vole. The researchers conclude that
“As social environments are a critical part of our lives, we must continue to explore
this area of research to understand how social bonds may ultimately shape our
health outcomes and well-being.”

Voles may resemble humans in being predominantly monogamous, but their
monogamy is not an adequate reason to subject them to an hour of severe stress —
and if vole pair-bonds really are anything like human relationships, the partners
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observing the immobilized voles must also be undergoing a stressful experience.
This research was funded by the US National Institutes of Health and presumably
was approved by the usual institutional animal care committee, and certified as
complying with US regulations for the care of animals in experiments. Yet it is only
one of several experiments involving stressed voles by various authors, and in turn
only one of a much larger number of experiments conducted, over many decades,
and in many countries, that deliberately cause stress and anxiety to a very large
number of animals, without achieving significant benefits for humans (Donovan
et al., 2023).

On this issue of the ethics of using animals in research, as with all the other
issues considered in the Handbook of Bioethical Decisions, the material included
will stimulate many valuable discussions. It is my firm belief that open, reasoned,
and civil exchanges between people of different opinions lead to better outcomes
than not having such exchanges. It is in this spirit that I encourage you to read the
chapters that follow with an open mind, to engage critically with the arguments they
contain, and yet at the same time to be prepared to learn from them.

Princeton University Peter Singer
Princeton, NJ, USA
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Chapter 1
Introduction: Biomedical Research in One
World: Current and Future Challenges

Check for
updates

Erick Valdés and Juan Alberto Lecaros

Abstract Biomedicine has sparked interest around the world as it may offer knowl-
edge about fundamental biological processes as well as latest generation break-
throughs to human health. Yet with these developments many questions arise about
some technical aspects of achieving desired results and avoiding unwanted effects,
and about a variety of uses that may include not only healing, but also preventing
disease in current and future generations, or even altering traits unrelated to health
needs. As the issue of biomedical regulation displays itself at national and interna-
tional levels, collaborative bioethics must harmonize regulation in a context of dif-
ferent countries laws. Although problems and concerns are different in heterogeneous
social and cultural contexts, the application of new biomedical breakthroughs is
similar. Therefore, transnational and intercultural regulation is necessary, especially
considering global epistemological and regulatory scopes of bioethics.

Keywords Biomedical research - Bioethics - Biomedicine - Enhancement
technologies - Biomedical regulation

As current pandemic goes through, planetary risk looming over the world has
become an indisputable reality, so thinking of future devastating scenarios for man-
kind seems to be a task far from trivial. Global catastrophe is no longer mere litera-
ture and thinking that the entire globe is not facing any threat encompasses
counterfactual and counterintuitive arguments. Prophesying our future then is not a
frivolous endeavor as biotechnological and biomedical breakthroughs display not
only the ability to fight diseases and improve life, but also comprise a whole brand-
new constellation of hazards never faced before in our species’ history.

The exponential growth of the contemporary biotechnological device seemed, at
first, to herald the arrival of a promised dawn for humanity. Yet, such innocent
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conjecture turned into a prelude to disturbing events. All super powerful bio-tools
originally aimed at improving lives and fighting disease hide the underlying risk of
a malicious use. This scenario demands, now more than ever, positive actions from
different regions of human thought.

Reflection on bioethics and new technologies applied over life should be based
on different forms of interaction with natural and animal world, as well as with
society and other human beings, rather than on the powers offered by these new
technologies. However, such inventions make possible an important transformation
of natural environment that distort the objectivity of human gaze before the plane-
tary deployment of contemporary technological apparatus.

New technologies are capable of building new social universes and challenging
human beings to build unprecedented vital projects, in tune with new demands of the
twenty-first century. In this scenario, it is necessary to sustain more specific theoreti-
cal positions that help understand and regulate a profuse array of technological events,
whose scope and consequences seem like fracturing traditional ethical analysis. Such
inexorable mutation drives the need to reestablish a moral congruence between ethics,
policy and latest generation technologies, which are not external regarding the settings
they work in, but, in contrast, they modify individual and social capacities to face
moral dilemmas emerged from biomedical and biotechnological applications. New
technological gadgets are not simply instruments; they also redefine reason’s limits
continually shaped by interactions between humans and their environment.

An ‘ethics/biomedicine’ constellation appears in contemporary times, traversed
by an unprecedented element: the extension of human action’ scopes, made possible
by technological progress. This very revolution reaches all spheres of human exis-
tence, which become fractured by such technological colonization that embraces all
levels of human networks and relationships. Therefore, a collaborative bioethics
able to provide a right understanding of biomedical practices and aimed at integrat-
ing different lines of research, as well as relating bioethical issues to regulatory
debates is needed. The dematerialization of science through data-based research
brings up new challenges for biomedicine’s governance in an open science context.
Collaborative bioethics, then, comes into play in new open science atmospheres,
oriented to common good and to interjurisdictional regulation, goals that Covid
pandemic has made visible, by sharpening the need for a global collaborative
research. The importance of a global scientific community to carry out biomedicine
that engenders immediate translation, as well as innovative therapies reaching the
market and the patient quickly, is, therefore, undeniable.

Such a task seems to necessarily require unmasking what is behind biomedical
research, as the form of rationality underlying human intellection of it, is often
exclusively intended to calculable and measurable results. While biomedicine is
conceived as a determining factor in the configuration and transformation of the
world, the need for collaborative bioethics to participate in such transformation
must now be seriously considered.

This encounter bioethics-biomedicine mobilizes public debate beyond ethics and
law, as it significantly concerns the entire social spectrum, mainly regarding the true
scope of powerful and revolutionary inventions, which encompass not only ethical
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but also anthropological challenges, such as cloning, chimeras, gene editing
research, enhancement, dysgenic biogenetics, and different disturbing modifica-
tions of the environment, in an era of anthropocene, that seems like forcing us to
improve human nature.

Biomedicine has sparked interest around the world as it may offer knowledge
about fundamental biological processes as well as latest generation breakthroughs
to human health. Yet with these developments many questions arise about some
technical aspects of achieving desired results and avoiding unwanted effects, and
about a variety of uses that may include not only healing, but also preventing dis-
ease in current and future generations, or even altering traits unrelated to health
needs (National Academies of Science and Medicine, 2017: xi).

As a matter of fact, any therapeutic germline gene editing can also be done for
non-therapeutic purposes, opening up a wide range of potential bioethical issues.
Also, the reception of the ethical scope of this technique is complex, since, for its
extension to biotechnological industry and its massive commercialization, the old
figure of a tacit social pact is used, assuming an implicit agreement of society to be
introduced into daily life. In this scenario, an argumentative and discursive model of
consensus is preferable, where all those who may be affected by these new tools
(including non-human animals and nature) should be represented in a deliberative
process ending in explicit and reasoned decisions about the eventual proliferation
and regulation of biomedicine, especially when it gets a non-therapeutic dimension.

Some principles that can serve as a basis to articulate policy and regulatory
frameworks to carry out biomedical practices with more ethical and legal certainty,
may be the following (Valdés, 2021: 179-180):

Beneficence: that is, promoting the welfare of society, maximizing biomedicine’s
benefits and minimizing its risks.

Transparency: openness in the exchange and dissemination of information before
carrying out any genetic editing practice, understandable and accessible enough
for those potentially affected.

Precaution: protecting society from possible risks associated with biomedical appli-
cations. Thus, research should only be carried out when there is solid scientific
evidence on those applications’ aftermaths. Otherwise, research should not be
carried out.

Autonomy: respect for people and their individual decisions.

Equality: all people have the same moral value in bioscientific research, regardless
of their genetic qualities.

Distributive justice: similar cases must be treated equally, without any exogenous
element contaminating the balance of benefits and risks.

Transnational cooperation (The National Academies of Sciences, 2017): nations
should be committed to work together to articulate interjurisdictional regulatory
to be applied in different cultures and traditions.

As for articulating elements for international and integrative regulatory models,
some rules to be considered may be (Valdés, 2021: 180):
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* Implement gene editing procedures and applications to promote health.

* Guide practices for treatment and prevention of diseases.

* Minimize risks with a high degree of scientific certainty.

* Ensure a reasonable balance of risks and benefits.

e Deliver and disclose confidential information timely.

* Assume public input or feedback as a very important element of judgment.

e Proceed with caution, allowing systematic monitoring of biomedical practices,
by considering cultural and social views.

e Ensure high-quality experimental design and analysis, permanently reviewing
and evaluating scientific protocols.

* Give the same value to all subjects involved in research.

* Respect and promote self-determined decisions.

* Prevent different forms of abusive research practices.

* Do not stigmatize disability.

* Impartially distribute benefits and burdens of research.

* Guarantee broad and equitable access to clinical applications resulting from
research.

* Respect different national policies to articulate interjurisdictional regula-
tory models.

e Coordinate standards and regulatory procedures between different countries
whenever possible.

* Ensure transnational collaboration to share data and samples.

On the other hand, concerns about regulation of enhancement technologies have
boosted. In this book there is consensus on policy and oversight must integrate and
specify, in terms of content, general bioethical principles already expressed in inter-
national documents: primacy of human being in the field of scientific and techno-
logical progress, respect for physical integrity, non-commercialization and arbitrary
manipulation of the human body and its parts, informed and responsible autonomy,
and justice, among others. Likewise, collaborative bioethics must define and specify
meanings for such principles, with special reference to enhancement technologies.
The protection of integrity and identity must be made explicit with reference to
autonomy instead of a vague concept of dignity. In addition, justice must be under-
stood as a compatibility between the right to enhancement and the right to refuse it,
as a conscious option to refrain from using enhancement technologies, without
causing discrimination, disadvantage or marginalization.

Collaborative bioethics may represent a general horizon for regulation, which
must be clarified in relation to individual technologies. Given biomedical develop-
ment’s dynamism, it is essential that bioethics methodologically develops towards
an updated monitoring of scientific research. Scientific advisory committees, in
continuous dialogue with bioethicists, are indispensable for this purpose. As it will
be seen in the Volume II of the Handbook, creating national and international bio-
ethics committees is also relevant, as they can contribute to critical reflection on
these issues in a context of ethical and legal pluralism.
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Bioethical debates must also be opened and extended towards the public space,
through ample information and, at the same time, it must consider and monitor
social expectations and concerns. In this fashion, collaborative bioethics must bal-
ance scientific assessment and public consultation; it is essential to seek a balance
in the relationship between science and society. Furthermore, it is key that demo-
cratic participation be informed, inclusive and active. This is possible by promoting
public debate in any regulatory standardization process.

As the issue of biomedical regulation displays itself at national and international
levels, collaborative bioethics must harmonize regulation in a context of different
countries laws. Although problems and concerns are different in heterogeneous
social and cultural contexts, the application of new biomedical breakthroughs is
similar. Therefore, transnational and intercultural regulation is necessary, especially
considering global epistemological and regulatory scopes of bioethics.

Many legal systems around the world — one world — have been modified or
updated, especially stimulated by new genetic technologies applied to life. New
regulatory regimes have been developed to understand and resolve still emerging
concerns raised by practices such as genetic testing and the use of genetic informa-
tion. Additionally, social implications of these new inventions have also been sub-
ject of debate, to define and implement security policies and protocols for their use.
In this way, disturbing confines of genetic engineering have led to debate on repro-
ductive cloning, experimental subjects’ safety, implementation of human challenge
studies, redesign of human genome, and genetic intervention of life as a whole,
among others.

The emergence of predictive genetic tests - which reveal the increasing risks or,
in some cases, the virtual certainty of suffering future diseases - has caused wide-
spread concern about the potential use of genetic information among insurance
companies, health institutions, employers, and, eventually, other social institutions,
as the potential detriment of future generations of humans seems to be closer than
before. Such consternation has been important enough to prompt, in the United
States and some Western European countries, the installation of a legislative agenda
to discuss the scope and eventual consequences of the Human Genome Project and
other related programs.

Some reasons for this agenda are, basically: 1. As health care in several countries
has been increasingly effective, the threat of genetic diseases being excluded from
coverage has also grown; 2. Predictive genetic tests threaten to move many people
from healthy to asymptomatic, as they are destined to suffer certain diseases in the
future; and 3. Concerns of health institutions, researchers, scientists, and the genetic
testing industry in general, related to healing, investigating, and expanding tests,
have been equated with the worries of individuals who are patients, eventual test
subjects, and potential clients. These factors have generated a powerful initial impe-
tus to implement legislative reform measures, as well as have challenged health and
insurance companies about the role and social responsibility they will have in this
new scenario.

As the problem of regulating challenging practices and scenarios (artificial intel-
ligence creating in silico and in vitro models to perform research, paradoxes in
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animal research, producing chimeras, and at the same time, refining the require-
ments to use animals in laboratories, and environmental and sustainability chal-
lenges GMOs entail), scales nationally and internationally, collaborative bioethics
must harmonize jurisdictions to conduct biomedical research.

The Handbook of Bioethical Decisions (Vol. I: Decisions at the Bench) is aimed
at addressing and analyzing the most important ethical concerns and moral quanda-
ries arisen in biomedical and scientific research. Part One, Research with Human
Subjects, addresses topics such as genetic and cell research, enhancement research,
research with human biological samples, and biomedical challenges in research,
among others. Part Two, Animals Food and Environment, analyzes the use of ani-
mals in scientific research, decision making and alternatives to animal use in
research, and GMOs and environmental issues. We are aware of that some of the
chapters dedicated to the use of animals in research may give the reader the wrong
impression that, as Peter Singer asserts in his Foreword, current regulations and
instruments are enough to prevent animals from suffering when research on them is
carried out. We are far from that assumption. Yet we decided not setting aside
visions different from ours in order to enrich such an important section of the
Handbook.

As this volume identifies and problematizes on a comprehensive range of ethical
issues researchers must deal with in different critical contexts, the Handbook may
be helpful for them to make decisions and deliberate in complex practical scenarios.
In this fashion, we reunite different points of view, even some that evidently collide
with the very basis of this work. However, instead of including only essays tuned
with our own position we have assumed an inclusive criterion under the strong con-
viction that such a thing will give readers room enough to get a better knowledge
and take without any sort of external manipulation their own side on pressing bio-
ethical issues of the day.

Consequently, and far from an oblique view, this work seeks to engender dense
ethical epistemology scientists can count on when conducting latest generation bio-
medical research. By bringing together an impressive array of contributions on the
most important elements and categories for “at the bench” bioethical decisions as
well as offering chapters by some of the most world renowned and prominent
experts in bioethics, the Handbook will probably become a paradigmatic text in its
area, so we are proud to present it to the public.

References

National Academies of Science and Medicine. (2017). Human genome editing. Science, ethics, and
governance. The National Academies Press.
Valdés, E. (2021). Biolaw. Origins, doctrine and juridical applications on the biosciences. Springer.



Part I
Biomedical Research: Genetic and Cell
Research



®

Check for
updates

Chapter 2

Learning from Icarus: The Impact
of CRISPR on Gene Editing Ethics

Brendan Parent

Abstract After centuries of crude genetic engineering through crossbreeding, the
ability to directly intervene in life’s fundamental blueprint led to breakthroughs
including longer lasting produce, cheaper insulin without using animal organs, and
research animal models demonstrating disease progressions. But this was slow,
resource-intensive work. After four decades of moderate technique advancements,
CRISPR-Cas9 burst on the scene and blew the doors off previous gene editing (GE)
mechanisms. Suddenly, long-standing philosophical thought experiments about
whether we should put wings on donkeys and design virtuoso violinists became
more concrete possibilities. Most say the ease, speed, and great potential of CRISPR
do not fundamentally change the gene editing ethics questions, they just make it
more urgent to answer them. But CRISPR traits do change the ethics. They play to
our hopes, make us take risks, and might threaten our commitment to solidarity.
This chapter explores long-standing GE ethics considerations including utilitarian
calculations, “Playing God,” transparency and democracy, informed consent, treat-
ing disease versus accepting difference, and most importantly fairness and equity.
Each ethics issue will be demonstrated through current and near-future gene editing
applications, and will focus on how these interplays are impacted by the unique
attributes of CRISPR based tools.
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10 B. Parent
Introduction

Gene editing has the capacity to make extraordinary advances for human well-being.
It also makes us question our identity, values, and role on the planet. In some cases,
it might just go wrong and harm people. Each decade since the conceptualization of
recombinant DNA has been marked both by gene editing (GE) progress and renewed
concerns about whether we should be engaging at all and if so, what limitations and
expectations will best support human flourishing. Strict opponents have generally
been overwhelmed by proponents with at least some attention to how to mitigate
risks. Only human germline engineering — edits to embryos that would be inherited
by future generations — has received a temporary stop supported by majorities of
the public and scientific community. But significant ethics concerns remain for each
GE endeavor, which have stagnated in terms of their power to shape practice.

Meanwhile, CRISPR-Cas9 has redefined expectations for gene editing. The
unprecedented speed, efficiency, and low cost of “Clustered Regularly Interspaced
Short Palindromic Repeat” (CRISPR) sequences combined with Cas proteins
streamline almost every aspect of gene editing research. This gene editing tool and
its subsequent relatives, hereafter CRISPR, have led to exponential growth in GE
research and practice. It has been argued that CRISPR has not changed the GE eth-
ics landscape, it just makes existing concerns more urgent. But immediacy has
transformed the ethics landscape in critical ways. The simplicity and accessibility of
CRISPR-based editing make it easier to ignore risks in favor of potential benefits,
while little has changed about the actual risk-benefit balance. CRISPR could revo-
Iutionize agriculture, healthcare, environmental preservation, and energy produc-
tion. But it also plays on our predilection for hope and if deployed irresponsibly, it
could undermine our obligations to justice and solidarity.

This chapter will first provide a brief history of gene editing. It will then describe
what, if anything, is ethically unique about CRISPR, and discuss how property
rights to CRISPR affect ethical considerations. It will then consider long standing
GE ethics considerations — utilitarian calculations, “playing God,” transparency
and democracy, informed consent, treating disease versus accepting difference,
fairness and equity — in context of several current and near future applications.
These include gene drives, somatic and germline human interventions, and nonhu-
man animal modification for xenotransplantation. Every CRISPR application could
be examined through the light of countless ethical considerations. This chapter will
only be able to examine a few of these interplays and will focus on how they are
impacted by the unique attributes of CRISPR based tools.

Brief History of Gene Editing and CRISPR

While genetic engineering is old — going back to unintentional domestication of
canines 20,000 years ago, to intentional pea plant breeding in the mid-1800s —
gene editing is relatively new. The discovery of life’s common denominator in genes
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composed of nucleic acid structures in the 1950s led to a fair question: Why can’t
we replace genes we don’t want with genes we do want?

Preparatory work in the 1960s involving gene isolation, ligation, and methyla-
tion and restriction enzymes launched the era of laboratory gene splicing and
recombinant DNA in the 1970s. This capacity widened everyone’s eyes. Should we
edit life’s foundational structure? The message from the 1975 Asilomar conference
of leading scientists was to proceed, but cautiously (Berg et al., 1975). The 1980s
brought development of genetically engineered products like insulin to treat diabe-
tes that drastically reduced the need for pig and cow pancreases, and intergeneric
marvels like knock-out mice that enabled examination of disease processes and
interventions.

Fascination and excitement surrounded the possibility that these milestones were
paving the way to editing humans — the elimination of fatal diseases or maybe
smarter and more compassionate societies. Yet, into the 90 s and early 2000s even
pioneering geneticists recognized the technology — largely driven by protein engi-
neering of homing endonucleases or DNA binding proteins like zinc finger nucle-
ases and TALENS nucleases (Bak et al., 2018) — was too clunky, too imprecise to
risk editing the germline of our own species. Not to mention the risks of a new
eugenics where a few empowered people dictate desirable characteristics and avail-
able edits, exacerbating marginalization and discrimination of disempowered com-
munities (Sufian & Garland-Thomson, 2021). These concerns led to regulations in
several countries that, to various degrees, prohibit clinical application of germline
editing (Araki & Ishii, 2014). But many countries still permit extensive germline
editing research and many acknowledge a future where the technology will be safe
enough to translate into medical practice (Araki & Ishii, 2014). All the while, work
on nonhuman applications like phosphorescent tobacco plants and heartier and
larger farmed salmon continued in earnest (Van Eenennaam & Muir, 2011; Ow
et al., 1986).

In 2012/13 — after a global series of CRISPR-related work going back to
1993 — CRISPR-Cas9 was characterized at the biochemical level and harnessed for
editing eukaryotic cells (“CRISPR Timeline”, n.d.). This system captured the ability
of a bacterial adaptive immune system to recognize potentially harmful invading
viruses, break the DNA of such viruses, and incorporate a “snapshot” of this DNA
into the bacteria’s own DNA to then use for future invader identification (Memi
et al., 2018). Doudna and Charpentier at Berkeley and Zhang at MIT proved that
such a system could be engineered to break DNA at desired locations and replace
specific sequences. Almost overnight, a 45 year-long philosophical thought experi-
ment — whether to genetically edit human embryos — developed the weight of

reality.
Not all forms of human GE remained off limits. Somatic gene editing or “gene
therapy” — genome manipulation of an individual that is not passed on to future

generations — has been researched since 1990. But in 1999, a young person with a
mild genetic disorder, which was managed with diet and medication, enrolled in a
gene therapy experiment at a major research university in the United States. He
received the maximum dose and had an immune response that caused massive organ



12 B. Parent

failure and his death (Gelsinger & Shamoo, 2008). Some say this and other gene
therapy studies that led to cancer and death set the field back a decade (Couzin &
Kaiser, 2005). These events were critical warnings about unknowns and risks.

Gene therapy cases undoubtedly informed the consensus statement of leading
genetics researchers, attorneys, and ethicists who met in 2015 to discuss CRISPR’s
potential for a different kind of human GE — germline editing. Their recommenda-
tions were to hold off on clinical germline editing, bolster transparent research,
educate the public, and convene more stakeholder meetings (Baltimore et al., 2015).
Since then, two Chinese teams modified nonviable embryos with limited success;
an American team did so with greater success (Servick, 2017). None of these
researchers intended to bring embryos to fruition. But all their efforts were intended
to pull such a future closer, approaching but respecting legal lines. And then came
the 2018 Second International Summit on Human Gene Editing in Hong Kong.

At this event, Chinese Scientist He Jiankui revealed that he had used CRISPR to
modify nonidentical twin girl embryos, and that they were born (Greely, 2021).
He’s audacity was both shocking and completely predictable. He was universally
condemned and excommunicated from the scientific community. China apologized
on the global stage and ultimately sentenced He to prison (Cyranoski, 2020). The
specific facts, ethical violations, and aftermath of this case will be revisited later in
this chapter. The overarching narrative demonstrates the key ethical challenge posed
by CRISPR — how ought we to handle such a powerful, accessible, and imperfectly
understood tool? Are we capable of exercising adequate restraint and accurately
weighing risks and benefits? Just as He has been punished, germline editing research
continues and CRISPR-based gene therapy trials in humans are currently underway
(Uddin et al., 2020).

Human applications are but a small fraction of current GE research and practice.
CRISPR-based developments are exploding in genetically modified foods (Mabh,
2019), attempts to edit wild animal and insect populations (von Gleich & Schroder,
2020), synthetic biology (Schmidt & Platt, 2017), xenotransplantation (Ryczek
et al., 2021), and even pet animals (Sohal et al., 2020). The number of academic
publications about genome editing has increased exponentially after CRISPR’s
appearance (Duensing et al., 2018). Each of these arenas will have significant con-
sequences for the human condition.

What Is Ethically Unique About CRISPR?

A common refrain is that CRISPR does not pose new ethics challenges with regard
to gene editing, it only recapitulates and makes more urgent longstanding concerns
(Mulvihill et al., 2017). But this urgency does create new ethics challenges that
revolve around the values we prioritize. More than four decades have built toward
the ability to predetermine aspects of life’s manifestations with promises of health-
ier and longer lasting food, disease-free mosquitoes, industrialized microorganisms
that can produce fuel and reduce pollution, and eliminating human diseases.
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The pace has been a valiant, resource-intensive, and inexorable trudge, thanks to
deep emotional and financial investments. Suddenly, CRISPR obliterates the over-
head costs yet the expansive hope and money remain. Our capacity to anchor the
brilliant possibilities with recognition of risks had previously been supported by
technical limitations. With the anchor severed, we might be finding ourselves sprint-
ing into environmental releases without adequate public engagement (Caplan et al.,
2015), and back into clinical trials without adequate understanding of off-target
mutations (Lander et al., 2019). Such haste is explainable by deeply human psycho-
logical characteristics. Hope creates blinders that can make us fixate on benefits and
ignore risks, and hope is empowered when goals are made more accessible (Caplan,
2021). Taking significant risks is not necessarily unethical, particularly when pos-
sible benefits are immense. The problem arises when the most vulnerable in society
are likely to be the worst affected by decisions that prioritize progress over caution,
and when such decisions are made without adequate consideration for, and input
from, these populations.

Who Owns CRISPR, and Does This Matter?

Despite a 2013 Supreme Court decision that genes cannot be patented (Mulvihill
et al., 2017), thousands of CRISPR and CRISPR-Cas gene editing systems are pat-
ented (Mischel, 2021). While products of nature cannot be owned, many legal sys-
tems want to reward ingenuity and protect interventions that employ these products
for new ends — like wielding CRISPR systems in human and nonhuman animal
cells where they do not naturally occur— as intellectual property (Mulvihill et al.,
2017). The patent owners will drive what is done with these tools. Concentrating
CRISPR GE power in individual hands, and allowing markets to drive such deci-
sions, makes it easier for hope — and avarice — to overwhelm caution.

The original CRISPR-Cas9 fight between Doudna/Charpentier of Berkeley and
Zhang of MIT has yet to be fully resolved, but there are now patents on tweaks to
their system and on more prominent tweaks using different Cas proteins (X,Y,12,14)
that could be more efficient and effective for specific applications (Mischel, 2021).
This makes it unlikely that the CRISPR world itself will be owned by any one indi-
vidual or even just a few. But the fact that such systems can be owned, marketed,
and licensed does not incent attention to ethical concerns for any person or group
likely to make extraordinary sums of money.

Diversifying ownership of gene editing does not by itself create structures that
ensure adequate review of research results for off-target editing effects, containment
strategies for newly created organisms, engagement plans for local communities
where research is taking place, or development of effective informed consent proto-
cols for human subjects. Generally, CRISPR-based GE can take place at nonprofits
like research universities without licenses as long as they do not profit (Horizny,
2020/2021), and these institutions tend to have ethics oversight mechanisms that
sometimes function better than nothing (Caplan & Redman, 2018). But most private
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sector biotechnology work is subject to significantly less scrutiny. The scale and
speed of the private sector is great for innovation, and most prominent actors have
awareness of some risks (Baltimore et al., 2015). But the consequences of one GE
misstep or one inadequately supervised GE human research trial could be signifi-
cant. Furthermore, those who own and supply CRISPR technology are less likely to
be attuned to the needs of vulnerable populations most likely to be affected by
poorly designed/understood GE human subject research trials, accidentally released
GE microorganisms, or intentionally released but uncontrollable GE organisms.

Technical Concerns, Risks, and Benefits

The most discussed GE ethical consideration is weighing risks against benefits, and
specifically risks that stem from technical challenges. These consequentialist con-
cerns are the easiest for many to grasp, rooted in the desire to obtain the best out-
come for society. Moratoriums on human germline editing are founded on the
notion that the technology is not yet accurate enough and the genotype to phenotype
relationship is not yet well enough understood to make genetic changes that could
persist for generations. But the implication is that these technical obstacles will be,
and should be, overcome. The same line of reasoning is echoed across CRISPR GE
applications — the new tools are more effective and efficient than previous editing
tools, but they are not yet perfect and nor is our knowledge of how genes interact
with each other or how they are affected by the environment. In practice, this means
continuing research in earnest and as soon as possible translating to marketed goods,
drugs, and interventions.

GE technical risk concerns are by nature, and perhaps by design, conquerable. If
we characterize the potential benefits as great enough — improving food supply,
curing disease, creating renewable energy (Lorenzo et al., 2018) — they subdue the
risks. Simultaneously, with more research and investment, we assume we can reduce
the design flaws and better understand the role of genes, thereby decreasing the
risks. The ultimate challenge is determining when the balance has shifted enough to
justify GE action. There is no universal risk-benefit arbiter; instead, society decides
when benefits outweigh the risks. Researchers and investors, policy and law makers,
advocates, and the public sometimes push in different directions. These stakehold-
ers must align sufficiently to shift the balance, and some of these stakeholders have
more power to influence the rest. The enticing attributes of CRISPR are playing a
strong role in how the balance of GE risks and benefits are described and perceived,
despite the actual balance not shifting much with CRISPR’s arrival.

Although CRISPR is more accurate and efficient than other GE techniques
(Hrouda, 2016), CRISPR is still found cutting in unintended locations — creating
“indels” — deleting and rearranging wrong sequences (Memi et al., 2018). For any
organism edited by CRISPR, essential genes could be deactivated or unwanted
genes like those that cause cancer might be activated (Baylis, 2018). The edited
organism could also have innate or adaptive immunity to specific CRISPR-Cas
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systems (Memi et al., 2018). Incomplete editing across the cellular network can lead
to “mosaicism” and uncertainty whether the desired change or perhaps some other
harmful phenotype will manifest. Even if indels, mosaicism, and immune responses
can be prevented, we cannot know all the effects of editing a single targeted gene.
We have characterized the roles of many genes, but each gene might have multiple
unknown roles. For example, modifying a gene involved in a signaling pathway for
cell division could also affect tumor suppression (Tue et al., 2017). For any given
GE endeavor, we must ask how to ensure that unintended effects will either be pre-
vented or will be inconsequential. CRISPR’s ease of use, low cost, and potential
cannot be allowed to obscure significant technical risks.

Lawmakers and regulatory bodies are important in deciding the course of
CRISPR-based GE, but they cannot solely be responsible for calculating risks ver-
sus benefits. Their moral compasses are not necessarily better calibrated than other
stakeholders, they can be influenced and persuaded, and their power is limited. For
government-funded and non-profit research endeavors, oversight committees help
with risk-benefit calculations. These entities are limited to overseeing publicly
funded research, are oriented to template considerations of research subject risk,
and are rarely trained in the science of GE. Furthermore, it is unclear whether they
should be considering the potential benefits of a given study in addition to the risks,
and if so, how to do this in a methodological and consistent way. There is also a
complicated web of GE regulation where pieces of oversight are delegated to differ-
ent institutions (“Human and Agriculture Gene Editing: Regulations and Index”,
n.d.), sometimes with uncertain overlap (Waltz, 2021), and sometimes without
resources for rule enforcement especially across borders (Marchant, 2021). Alone,
law and regulation might thus be outmatched by CRISPR-bred hope and money
when determining when GE jumps from research to application.

All relevant stakeholders should subject each CRISPR application to careful risk
benefit analysis throughout development. Despite significant challenges including
how to actually compare the weight of risks against benefits, and how to determine
likelihood of risk or benefit manifestation, the combined utilitarian assessments of
multiple affected parties can help inform societal GE decisions. Sometimes, collec-
tive determinations cut clearly in one direction. For example, near global moratori-
ums on germline engineering represent the strong likelihood that performing such
intervention right now is wrong.

When He Jiankui decided to modify the CCRS gene (involved in the ability of
HIV to affect cells) of two human embryos toward pregnancy and birth, this was
universally recognized as an unethical catastrophe. He circumvented ethics review
and formal peer review and misrepresented the experiment to the childrens’ parents
(Rusconi & Giacomelli, 2020). In one of the children, there is incomplete CCRS5
deletion meaning HIV might still be able to enter her cells, and the other child is
likely mosaic for the CCRS5 gene, meaning some cells are edited as intended and
others are not (Xie et al., 2019). These actions harmed the parents’ dignity, poten-
tially physically harmed the children and their offspring, harmed the reputation of
He’s institution, and harmed the field of GE. The claimed goal and intended benefit
of this trial was protection against HIV for the resulting children, which could have
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been achieved via other means (Rusconi & Giacomelli, 2020). Another more plau-
sible goal was to provide proof of concept for CRISPR-based germline editing,
which had low probability due to preceding CRISPR lab data. Lack of sufficient
oversight and the allure of CRISPR overwhelmed better judgment, and those most
affected were the parents, vulnerable in their desire to have healthy children, and the
children themselves who had no choice. Here, consensus outcome analysis should
have prevented unethical behavior leading to harmful outcomes.

Transparency and Public Deliberation

Consensus or public approval do not necessarily dictate the right course of action.
But risky action — even if well intended and potentially helpful — should rarely be
taken without consensus or permission from those who will be affected. CRISPR
gene drives — editing a species and releasing it into the wild with a mechanism that
ensures its featured mutation is inherited by future generations — are being designed
and researched to 1 day help people and environments by preventing disease spread,
beating back invasive species, and potentially reversing pesticide resistance
(Champer et al., 2016). It would likely be unethical to release a gene drive in a com-
munity without their knowledge, but it is unclear what constitutes adequate public
engagement, and when the public has or should have the power to veto such projects.

We must understand the nature of a community-impacting project to determine
the need for transparency and role of public deliberation. The most prevalent gene
drive example is modifying disease-carrying mosquitoes and releasing them into
communities to mate with wild types that transmit malaria, dengue, zika, and
yellow fever. If the drive succeeds, future generations that inherit the edited genes
cannot transmit infection, do not bite because they are all male (only females bite),
or just die off (Patrdo Neves & Druml, 2017). We cannot question the value of a
mosquito gene drive’s goal; reducing disease-spread is critical. And traditional pest
control methods have become less effective with the development of evolutionary
resistance to pesticides (Waltz, 2021).

But concerns exist about the efficacy and safety of gene drives, which matter to
locales where drives are proposed. Some research shows gene drives being naturally
edited out after a few generations (McLean & Jacobs-Lorena, 2016). Would the
release of these bugs have minimal impact on disease vectors and just become addi-
tional (although non-biting) nuisances? Would destroying a natural mosquito popu-
lation damage the ecosystem? Would the edits lead to some kind of worse mutation
through unknowable effects of the edited gene when integrating into the wild?
Researchers are attempting to create safety mechanisms, like “reversal drives”
(release new bugs to undo the first bugs) and “daisy drives” (drives that die out over
generations) in case damage control is needed (Scudellari, 2019). Preferably, catas-
trophes would be prevented in the first place, so researchers are testing gene drives
in controlled environments. But we cannot synthesize the exact parameters of the
wild. The only way to know what would happen with a gene drive is to do one.
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These are critical facts to relay to communities facing the possibility of gene drives
in their neighborhoods.

Also critical to note is that as of this writing no gene drive has yet been released
in the wild. But genetically modified species — without gene drive technology that
replicates the gene modification onto both chromosomes in progeny — have been
released in Burkina Fasso, Malaysia, Brazil and most recently the Florida Keys.
Existing trials have all been preceded by community engagement efforts. There was
significant community pushback before the Florida Keys trials, with one commu-
nity passing a referendum to prevent the trial from taking place, so the trial moved
to a nearby community (Waltz, 2021).

CRISPR could change the speed and scale of gene drive impact, meaning bene-
fits like elimination of disease transmission could be achieved sooner. However, if
any of the previously mentioned risks were to manifest, they also might be harder to
control or reverse. What mechanisms must be in place to guarantee that host com-
munities are given this information in ways they can understand, are able to ask
questions, and voice concerns? Can we trust companies designing and implement-
ing gene drive technology, or the governing bodies with which they partner, to host
such conversations in objective and respectful ways? If the lay public would not be
able to fully comprehend the risks, and the gene drive would happen regardless of
the community’s reaction, is this real public deliberation or just a symbolic show?

Community leaders and government organizations perform many services for
their constituents without explicit constituent agreement, and thus without permis-
sion. It would be too unwieldy to require such permission for all aspects of basic
necessary services and unhelpful to do so for some urgent public health matters.
The questions are: (1) Whether the problems that CRISPR gene drives try to address
fall into one of these camps; and (2) whether the drives themselves are equivalent in
nature to other provided services. Efforts to control mosquito populations might be
considered a basic service, and if vector-borne disease is sufficiently widespread,
this could well be an urgent public health matter. The CRISPR-based solution’s
speed and comprehensiveness, combined with the fact that mosquitoes are develop-
ing resistance to pesticides, might make it easy to assume a paternalistic approach
to implementation — disease-impacted communities need this whether they know
about it or agree with it.

We might more intuitively hold that CRISPR gene drives are sufficiently unique
and untested such that communities ought not only be engaged, but should have
input into final implementation decisions. Community members might even be con-
sidered pseudo-research subjects, as edited mosquitoes are released into their neigh-
borhoods and the ultimate outcome being studied is human infection. With novel
research participation, a careful line must be tread between enabling informed con-
sent through adequate disclosure and fear mongering. Facts that would be relevant
to most people must be explained and in an accessible manner. Even low probability
scenarios should be considered relevant, such as unforeseeable mutations leading to
significant ecological or health consequences, because of the gravity and breadth of
potential impact. Industry/government partnerships are unable to relinquish con-
flicts of interest, so they should seek independent assistance in developing effective
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community approaches, potentially from teams with expertise in law, ethics, and
community advocacy.

GE public deliberation processes must also recognize the inherent power imbal-
ance between the information providers and the recipients, and must seek to right
the scales. Regarding gene drives, implementers will not have to face the conse-
quences of a drive gone wrong. Many of those who live in a release zone will not
have the resources to just relocate if necessary. In some cases, those personally
affected by vector-borne disease might be too eager to seek the kind of solution
proffered by CRISPR, meaning an independent advocacy group could play a role in
verifying that critical risks are understood. CRISPR-based drives are not at a point
where unilateral decision-making would be ethical. Transparency and authentic
public deliberation in which community members have power to shape the course
of action are essential.

Informed Consent

Informed consent is among the few clear “victories” won by the field of bioethics,
now a required component of major clinical care decisions and all human subjects
research. Yet it often remains incredibly hard to define and to obtain. As CRISPR-
based human interventions take off, they will epitomize this difficulty. Even after
more lab-based work demonstrates reduction in the technical challenges associated
with CRISPR GE, the initial clinical research applications will still present extraor-
dinary risks, known and unknowable. This means the first human participants will
be those for whom standard of care treatments and even other research treatments
have failed. These populations are particularly vulnerable, sometimes driven more
by hope than by facts, and in need of strong advocates. The risks to these partici-
pants are compounded by the difficulty that will accompany adequate information
disclosure, because of the uncertainty surrounding how CRISPR and CRISPR-
manipulated products will work in the human body, and because researcher/devel-
oper hope and investment in success could shape how risks are disclosed.
Understanding of genetics has increased exponentially in the last 15 years, yet
the whole field has only unearthed a fraction of the relationship between genes and
human characteristics. Of the approximately 20,000 active genes in the genome,
only a few hundred have received much research attention (Stoeger et al., 2018).
This not only means we have limited understanding of the remaining thousands
barely studied, but also limited understanding of the “popular” genes because of
how they might be affected by less examined regions of the genome. Even if we
identify a clear correlation between a gene or set of genes and the manifestation of
a particular disease, it is impossible to say with confidence that the disease is not
also modulated in some way by other genomic regions and by the environment.
Using GE mechanisms to modify the genome to eliminate disease is a bit like giving
children power tools to build a house — they might have a general sense for how the
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tools work and what a house should look like, but this does not warrant a license
to build.

Sometimes we must do the most we can with tools we have. Since early gene
editing catastrophes in the late 90s and early 2000s, current gene editing research
involving humans is limited to those with severely deleterious conditions for which
existing treatment options are either nonexistent or insufficient. Accordingly, GE
might be the only possibility, even if low probability, to stave off death or to reduce
significant suffering. Hence enter multiple dilemmas involved in obtaining informed
consent.

Informed consent requires that the consenter has decision-making capacity.
Capacity requires the ability “to understand and appreciate the nature and conse-
quences of health decisions” and “to formulate and communicate decisions con-
cerning health care.” (Ganzini et al., 2005) Capacity can fluctuate with significant
emotional distress, experience of significant pain, and other sequelae often associ-
ated with severe disease. (Biros, 2018) It is likely that the specific groups to whom
gene therapy is available experience these and other capacity modulating features,
which might limit their ability to adequately consider the consequences in context
of their own values and goals. Potentially compounding the effects of disease
sequelae is young age. Children, by definition, lack the ability to consent to research
due to limited capacity.

Lack of capacity cannot alone preclude participation in research. If it did, this
would prevent some (including children) from accessing the only possible benefi-
cial intervention for their conditions. It would also prevent gathering data about the
intervention’s effects on populations without capacity, which could unfairly prevent
the development of helpful interventions for these populations. All ethical frame-
works for deciding how to involve individuals without capacity or with questionable
capacity in research require significant support be provided for the research partici-
pant. Surrogate decision makers must have capacity themselves and must also be
acting in the participant’s best interests. Most often, these are family members who
can be subject to the same experiences and mental states that affect capacity. In the
case of parents making decisions for children, it is possible that parents’ rational
decision-making abilities are more impaired by grief and desperation than even
their sick children.

These features make careful attention to information disclosure incomparably
important. All those seeking GE treatment are at an immediate informational disad-
vantage. The field of somatic cell gene editing — in which genes are edited in
bodily cells excluding gametes, such that changes are not passed to progeny — is
called “gene therapy,” which is misleading. While human participants will almost
certainly wish for therapeutic benefit, somatic cell gene editing is currently research.
This means that therapeutic benefit is uncertain, and it is unclear whether participat-
ing will better serve than other existing therapies or nothing at all. It might even be
more harmful and lead to more suffering. Overcoming the inherent bias of this
misnomer, there remains the challenge of how to disclose the potential risks and
benefits of CRISPR-based gene therapy. It will be impossible to accurately charac-
terize the likelihood of the desired benefits — ie, the elimination of disease or
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reduction of symptoms. The only precedents that can be drawn upon are existing
approved gene therapies, which use completely different mechanisms of action
(“Approved Cellular and Gene Therapy Product” n.d.). The risks will be equally
difficult to characterize and quantify in terms of impact on the body. Yet to enable
participants and their advocates to make careful decisions that comport with their
values and goals, a full picture must be drawn.

These challenges are not unique to CRISPR-based gene therapy. All untested and
highly innovative research interventions cannot be perfectly characterized in terms
of risks and benefits. But mainstream media has embedded CRISPR in the public’s
consciousness. It is likely that those desperately seeking treatments have already
been exposed to CRISPR promises made in the media. Many articles provide bal-
anced accounts of CRISPR’s development, but there are several others describing
“wow” treatments and ‘“breakthroughs” (Stein, 2021) (Weintraub, 2021). These
characterizations create expectations that are hard to calibrate, regardless of the care
taken by research administrators to be honest and objective in obtaining informed
consent.

CRISPR-based gene editing appears to offer some potential technical benefits
for somatic cell editing over existing methods, but bears its own unique challenges
and risks (Uddin et al., 2020). Ideally, these challenges will be significantly remedi-
ated before more regular deployment in human trials. But the hype and hope around
CRISPR mechanisms could compromise objective assessment of their safety and
efficacy, even at high supervisory levels. There is evidence to suggest that the first
phase one CRISPR trial for cancer in the United States was too hastily approved
with compromised requirements for scientific validity and favorable harm/benefit
ratios (Baylis, 2018). If trials are allowed when experts have inappropriately
assessed basic safety and risk thresholds, then facilitating proper informed consent
will be impossible. Such rash decision-making not only subjects vulnerable research
participants to significant and unjustifiable risk, but can also cause political back-
lash which sets the whole field back again.

Playing God

Of all modern feats of humanity that would make our recent ancestors cower in fear
and confusion, none invoke the concern of “Playing God” quite like gene editing.
CRISPR GE adds richness to the consideration, due to its relative ease of use (play-
ing) and its relative power (God), and due to the manipulation of a naturally occur-
ring genetic feature to exert our own will. As this concern is common among
opponents, it is important to understand what the term means, and its implications
for how to proceed with the field.

Playing God is often used to express discontent with something that appears
unnatural or outside of normal (Locke, 2020). Using the term “natural” in the most
fundamental sense to draw ethical lines would likely undermine countless features
of modern society that contribute to human flourishing, including everything from



2 Learning from Icarus: The Impact of CRISPR on Gene Editing Ethics 21

Tylenol to electricity. When organ donation and transplant was first developing as a
field there was shock, fear, and disgust. Having more than 50 years of experience, it
is hard to put ourselves back in those shoes but, yes, there is some sense in deeming
unnatural (or at least odd) the removal of cadaveric organs to place them in living
people. We can be grateful for the pioneers who ultimately ignored the disapproval
at the right moment and are responsible for thousands of lives saved through organ
transplant every year. It is thus unclear what is inherently moral about naturalness
(Takala, 2004). However, an important corollary to unnaturalness is unfamiliarity,
which can imply danger.

Playing God can also mean attempting to use power beyond control, which can
be a more useful heuristic for identifying ethical action. Organ donation was
attempted for centuries prior to adequate understanding of microbiological compat-
ibility and immunosuppression, leading to worse suffering for patients (victims)
than had they just died of organ failure. Similarly, attempting to use the evolutionary
machinery of bacteria to edit human genomes without adequate knowledge of
genetics or the likely effects of such machinery on the human body might cause
more harm than good. In both situations, humans attempt to use power beyond their
control.

Using this framework to separate right action from wrong requires that we know
when power is within our control. If the rule were established that we could not
perform actions in research that we did not fully understand, then very little research
would be possible. We must allow for some unknowns, and thus some risks, and
come up with methods for determining acceptable risks and for risk control.
Redefining the term Playing God in this way perhaps unfairly converts what is
otherwise a deontological, or rule-based, determination of right from wrong
(natural vs unnatural), back into a utilitarian calculus about outcomes.

Consequential arguments about whether to pursue gene editing are not the only
ones with value. In fact, values should play a critical role in our choices and the kind
of society we ought to strive for, regardless of outcomes. It might be argued that
attempting to manipulate genetic machinery to create better lives demonstrates an
unacceptable degree of hubris that perhaps other innovations do not. Or maybe this
line from humility to hubris is crossed only with germline engineering and not gene
therapy, separating the intention to heal from the intention to redesign (Evans,
2021). It can also be argued that not using the discovery of CRISPR to better human-
ity is denying God’s gift (Locke, 2020), and thus an unfaithful or ungrateful choice.
Of all the different values we might need to prioritize, those with greatest ethical
import promote the rights of all people equitably.

Solidarity and Justice

This chapter began by recognizing the great benefits to humanity that gene editing
might provide, and CRISPR-based GE has now built a door where previously stood
a wall. In choosing whether and how to walk through this door, we must first
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consider how the most marginalized, disadvantaged, and vulnerable members of
society will be affected. A commitment to solidarity in the implementation of
CRISPR GE is most likely to achieve the best outcomes for society, prioritize the
values that distinguish a moral humanity, and satisfy concomitant rights and duties.
Achieving just and equitable distribution of benefits and burdens will take different
forms in every case, and will require constant attention to power dynamics, implicit
biases, and multiple conceptions of marginalization and vulnerability.

In the most immediate phases, critical attention must be paid to how minority
groups including communities of color, LGBTQIA, and those with disabilities, as
well as the socioeconomically disadvantaged, are represented in, excluded from,
and informed about CRISPR research. For example, the field of xenotransplant —
transplanting nonhuman organs into humans — is potentially poised for a break-
through with the application of CRISPR GE to make nonhuman organs more
compatible with human beings. This has the capacity to significantly remediate the
vast organ shortage across the globe. Minority groups and those in poverty dispro-
portionately suffer the burden of organ failure and also have the least access to life-
saving transplants (Bratton et al., 2011). The first-in-human trials of xenotransplants
(which will likely come from pigs with modified kidneys) should consider how to
proportionately involve disadvantaged populations, understanding that overrepre-
sentation could lead to exploitation and underrepresentation could mirror discrimi-
natory practices in standard of care transplant. It might be accurate to describe this
as a lose-lose design dilemma. Again, this challenge is not unique to CRISPR
research, but CRISPR heightens the stakes. Fanaticism around its potential could
move trials too fast, undermining critical attention to demographic representation.
Hastily implemented trials that harm vulnerable and minority research participants
can damage political will to continue pursuit of xenotransplant, thereby destroying
future access for those most in need.

The least problematic way to make demographic inclusion decisions integrates
community members in trial design. Community members who are experts in the
actual science should be selected to help design trials and perform the studies, and
community members from the public should be given voices through focus groups
and surveys, and inclusion on protocol review boards. This integration will also help
appropriately tailor the language and content of informed consent processes.

Other forms of marginalization and vulnerability must also be explicitly acknowl-
edged in efforts to constructively permit or restrict CRISPR research. When stan-
dard of care treatments like solid organ transplant are available, it is unclear whether
patients ineligible for standard organ transplant should ever be enrolled in xeno-
transplant trials. This potentially includes patients with advanced cancer or advanced
age, who have no long-term treatment options and are more vulnerable. If these
groups are made eligible for this kind of research transplant, they would need
greater support in the form of independent patient advocates to navigate risks and
benefits.

We must also consider the lives that are sacrificed to make xenotransplantation
possible. If the benefits of CRISPR-based xenotransplant pan out, we then create a



2 Learning from Icarus: The Impact of CRISPR on Gene Editing Ethics 23

new industry of factory farming, which is another venue for nonhuman animal
suffering for human ends. In the most expansive interpretation of solidarity, we
must recognize nonhuman animal rights and cannot ethically let xenotransplant
become standard of care unless it is a bridge to bioengineered organs that require no
nonhuman animal inputs.

CRISPR is currently being explored as a tool to both diagnose and treat
COVID-19 (Churi & Taylor, 2020; Lotfi & Rezaei, 2020). If any such tools come to
fruition in time, their application and distribution must pay better attention to the
disproportionate disease burden suffered by marginalized and disadvantaged popu-
lations than all foregoing COVID-19 prevention and treatment efforts. Social dis-
ease control methods, vaccination efforts, triage protocols, and education have all
insufficiently taken into account existing population health stratification according
to minority and socioeconomic statuses. Some tactics, like wealthy nations hoard-
ing vaccine doses (Dyer, 2020) and ventilator triage protocols that discount quality
of life outcomes based on age or disability (Fink, 2020) grossly exacerbate this
stratification. The degree to which CRISPR applications are driven by market forces
could all but ensure their use for ending the pandemic falls victim to the same
patterns.

Assuming all technical risks are resolved, we must ask to what ends CRISPR is
allowed for use in editing human traits. Some conditions with at least partial genetic
bases are unquestionably deleterious diseases such as cancer, Tay-Sachs, heart fail-
ure, and Alzheimer’s. However, the vast majority of genetic predispositions can
better be characterized as contributing to human differences. This includes every-
thing from height to sight, and autism to Down syndrome. Most traits have signifi-
cant environmental components and highly complex (and sometimes multiple)
genetic pathways, meaning attempts to manipulate them will likely lead to unmet
expectations (Parent & Turi, 2019). For some traits, the strength of genotype to
phenotype correlation could help set a “natural” line to separate editable traits from
those we must leave alone. But this would not hold true for something like Down
syndrome, which has identified genetic basis, but is not a universally deleterious or
dangerous condition.

Can we trust society to set out the criteria for deciding what traits are eligible for
elimination or modification without creating discriminatory policies? Once we
choose the set of editable genetic predispositions and have all but eliminated genetic
disease, will CRISPR’s infinite potential cause us to reset the expectation for what
is considered healthy? This could lead to an ever-shifting paradigm that makes the
range of acceptable human differences decreasingly narrow. Let us say we are able
to commit to drawing hard and fast lines: How do we ensure that the most disadvan-
taged members of society have priority access to these “medical” services, when we
have yet to do so for any current essential medical services? When some members
of society choose not to accept universally available edits for themselves or their
children, it is unlikely that society will kindly accommodate them with social and
structural support.
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Conclusion

The excitement that CRISPR has generated and its infinite potential might incent
the use of GE to attempt solving problems that either do not exist — treating differ-
ences as diseases — or prioritizing investment in higher risk/lower probability solu-
tions for issues that could undoubtedly be better solved with more attention to the
social determinants of health. It is our duty to focus attention on improving our
understanding of the full universe of genetics and genomics, and their roles in indi-
vidual and public health, to stay one step ahead of practical translation of CRISPR
applications. The brilliance of this extraordinary breakthrough should support, and
not distract from, our commitment to solidarity and providing universal basic rights
like adequate healthcare, nutrition, water, shelter, and structural and social supports
to those in greatest need.
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Chapter 3
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Calum MacKellar

Abstract Changing the genetic makeup of living beings is expected to transform
several fields of biomedicine giving rise to a number of ethical challenges including
in therapy and reproductive procedures. Against this background, however, it is
important to determine whether a non-heritable (somatic) procedure is taking place,
which may be comparable to conventional therapy, or whether the procedure gener-
ates a heritable genetic modification which may give rise to the selection or deselec-
tion of possible future children. In this last case, the following ethical choices may
then be considered. First, individuals and society may choose to believe that all lives
are equal in worth and value, making any selection and classification between pos-
sible future children meaningless. Secondly, individuals and society may believe
that all possible future children are equal in value but choose not to bring a certain
kind of child into existence because they recognise that they themselves or society
lack the necessary support and/or capacity to look after such a child. Finally, indi-
viduals and society may decide not to bring a certain kind of child into existence,
because the value of his or her life is considered to be unacceptable even though
they have the resources and support necessary to look after such a child. If this last
choice is accepted, however, it would also mean sanctioning selective eugenic deci-
sions between possible future children.

Keywords Bioethical decision making - Ethical challenges - Genome editing -
Early embryos - During fertilisation

Introduction

The possibility of editing the genomes of living beings is set to revolutionize many
areas of biological research (Cong et al., 2013; Jinek et al., 2012). This is because
scientists can now efficiently, precisely, and selectively modify parts of these
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genomes by removing or inserting genetic material with the development of the
Crispr—Cas9'! genome editing system which is relatively simple and inexpensive to
use. It only requires a guide RNA molecule with a specific genetic sequence (a sort
of homing mechanism) and a Cas enzyme (a protein that works as a kind of molecu-
lar scissors), with Cas9 being the one most often employed to cut the DNA strands.
In this manner, the guide RNA with a particular genetic code searches for the spe-
cific target DNA of the genome to be edited and then combines with the Cas9
enzyme. This, subsequently, cuts the DNA enabling a genetic strand with the rele-
vant sequence to be taken out. The DNA can then be joined back together or, alter-
natively, a new DNA strand with another genetic sequence inserted.

In this way, genome editing can be used in a number of ways, including in
research.? For example, specific genetic sequences can be disabled or replaced in
early animal embryos in order to better understand embryonic development. It may
also be possible, in the future, to inactivate disordered genes responsible for a dis-
ease and replace them with healthy ones. The prevention of genetic disorders and
even new treatments could then be considered (Sas & Lawrenz, 2017; Turocy
et al., 2021).

Biomedical research using genome editing on human cells are already underway,
such as in the use of edited immune cells to treat cancer (Winblad & Lanner, 2017).
But two important milestones were achieved when Chinese scientists became the
first to edit the genome of human embryos (Liang et al., 2015) with another research
team bringing to birth twin girls whose genomes were the result of an editing pro-
cedure (Cyranoski & Ledford, 2018). Other studies have also been reported using
either existing human embryos and genetically editing them after fertilization (post-
conception) (Kang et al., 2016; Tang et al., 2017) or injecting the gene editing sys-
tem at about the same time as fertilization or just after (peri-conception) (Ma et al.,
2017). A third possibility would be to edit the genes of the sperm or egg cell before
conception (pre-conception). In these last two procedures, it is expected that the
embryo would develop in such a way that every cell, and every subsequent organ,
would contain the edited DNA, including the reproductive cells, enabling a more
efficient, uniform genome editing procedure to take place.

Determining the Ethical Challenges for Human Beings

In considering the use of certain genome editing in human beings, it is important to
first examine and address the possible ethical challenges that may arise. These will
enable the risks and advantages of such procedures to be considered which will
include the following.

!'Clustered regularly-interspaced short palindromic repeats with the Cas 9 protein system.

2For a review of possible applications, see: Nuffield Council on Bioethics, 2018, 32-43 and
WHO, 2021.
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Safety Concerns

To begin with, some concerns relating to safety of the procedure exist. For example,
inserting or deleting specific genetic sequences in the correct location of the genome
of a developing embryo without upsetting the biological equilibrium of the cell(s) is
a difficult operation. A particular genetic sequence may influence a number of dif-
ferent characteristics, meaning that even if a genome was modified to influence a
specific dysfunction, this could give rise to unexpected consequences. The overall
result would be a modification that may be less than beneficial (The President’s
Council on Bioethics, 2003, 38—-39; National Academies of Sciences, Engineering,
and Medicine, 2017, 67; Turocy et al., 2021).

In addition, during the research and development stages of human embryonic
genome editing it is unavoidable that a significant number of embryos will be
destroyed in the process. This means that their destruction can be seen, by many, as
being just as offensive and immoral as the destruction of any other person
(Kirtley, 2016).

Distinguishing Different Personal Identities

In examining possible genome editing procedures, it is also important to differenti-
ate between non-heritable (somatic) and heritable (germline) genome editing proce-
dures. But before doing this it is necessary to consider the different kinds of personal
identities that may exist in order to distinguish procedures which are therapeutic in
nature and those which actually create a new individual who is completely different
from the one who would otherwise have existed. In this regard, though a degree of
overlap may exist, and there is no consensus in literature, it is possible to differenti-
ate between:?

Numerical identity which examines the number of persons who exist and whether
they are distinct. For example, it considers whether the continuous sense of a living
being remains one and the same being throughout his or her life trajectory in the
three dimensions of space and over time. In this case, two perspectives are generally
presented, namely:

— A biological perspective which reflects the continuous biological being remain-
ing one and the same whole being over time as a biological entity in space despite
some qualitative changes such as those arising from the replication and division
of cells making up this being.*

3For further discussion, see for example Schechtman, 1996, Schermer, 2011, Foresight Future
Identities, 2013, pp. 9-10, De Grazia, 2012, pp.70-73 and MacKellar, 2019.

“This reflects an ‘animalism’ perspective which was developed, amongst others, by Paul
F. Snowdon, see Snowdon, 1990. For a discussion see Olson, 2003 and Snowdon, 2014.
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— A psychological or biographical perspective which reflects the relationship a liv-
ing being has to itself as remaining one and the same whole individual over time
despite some qualitative changes. This generally includes continuity of con-
sciousness, experiential contents or the maintaining of psychological connec-
tions or capacities, such as memories.’

On this account, a psychosomatic numerical identity may be seen to exist for most
individuals which brings together the biological and psychological perspectives.

* Qualitative identity which examines similarities between the same individual in
different settings or between distinct individuals. For example, two beings may
be similar from a biological perspective but exist in different settings of space
and/or time. In this way, identical twins are qualitatively but not numerically
identical. Each twin exists in a different setting of the three dimensions of space
though they generally live at the same time.°

This means that, in examining a procedure from an ethical perspective, it is
important to distinguish whether a procedure results in:

1. Numerical identity changes, meaning that a new individual is brought into exis-
tence who would not otherwise have existed, or

2. Qualitative identity changes, meaning that the original individual continues
to exist.

Thus, in order to decide which of these two possibilities may be relevant it is neces-
sary to study the different aspects of a procedure while seeking to examine the
genetic modifications. For example, genome-editing modifications were catego-
rised by the US National Academies of Sciences, Engineering, and Medicine (2017,
69) as follows:

» The specific kinds of cells or tissue(s) which are modified. For example, whether
the modification is made in somatic cells and tissues, which do not affect descen-
dants, or in reproductive cells and early embryos which may change future
generations.

* The place where the modification takes place. For example, whether it take place
in a test tube, and the cells or tissue(s) returned to the patient or does it take place
directly in a person.

e The aim of the modification. For example, is the purpose to treat or prevent dis-
orders or is it to introduce new traits.

e The nature of the modification. For example, does the modification address a
simple disease-causing mutation or a more a complex disorder.

SThis reflects a ‘psychologically interconnected’ perspective. See for example Lewis, 1976. Such
a psychologically interconnection would not exist, for example, between an early embryo and an
adult human being since the latter would not be able to remember being an embryo.

®Even conjoined twins can be considered as distinct if they each experience their own specific
identity.
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In considering these different kinds of genetic modifications, it is then possible to
distinguish whether a procedure is a non-heritable or heritable procedure.

Non-heritable Genome Editing

If a genome editing procedure takes place with the aim of addressing a genetic dis-
order on a mature embryo, foetus, child, or adult, this would not be expected to
modify the genome of any descendants. As a result, such procedures could be con-
sidered in a similar manner to already existing somatic gene therapy procedures
which do not affect descendants and have generally been accepted by society. Thus,
few new ethical problems would arise apart from safety and efficacy.’

The numerical identity would remain the same though the qualitative identity
would be changed. This form of therapy would then correspond to the aims of clas-
sical medicine in the restoration of health to an individual.

Heritable Genome Editing

Some forms of genome editing procedures, on the other hand, would not only
change the genetic heritage of the individual for whom it is being considered but
would also change the genetic heritage of all his or her descendants. Moreover, if it
is eventually possible to remove or change what may be considered as genetic dis-
orders, it may also be possible to change just about any other genetic attribute.
Therefore, such changes would need to be carefully considered while weighing up
the advantages against the risks.®

Advantages of Heritable Genome Editing

Heritable genome editing can prevent the transmission of genetic disorders by pre-
venting the very existence of persons with such disorders. However, this is not the
only way to avoid the existence of such persons since it would be possible, for
example, to decided not to have children or use donated embryos, eggs, or sperm.
These options, however, do not enable both parents to be genetically related to their
children, which may be something that is very important to them.

7Somatic genome editing may be able to address specific cell types or tissues but may not be
appropriate for treating other genetic disorders affecting a number of different tissues because
targeting all the tissue may be difficult, National Academies of Sciences, Engineering, and
Medicine, 2017, 88.

8For a review see: National Academies of Sciences, Engineering, and Medicine, 2017 and 2020;
Baylis, 2019; Evans, 2020; Parens & Johnson, 2019; WHO, 2021.
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In addition, it may be possible to consider in vitro fertilization (IVF) with preim-
plantation genetic diagnosis (PGD) of the embryos making it then possible to select
embryos without a genetic disorder for implantation into the woman seeking to have
a child. However, this possibility is not without biomedical risks and costs.
Moreover, it may involves discarding the embryos with the disorder, which may be
unacceptable to some individuals. Another option is to use prenatal genetic diagno-
sis to examine the genome of the foetus followed by the selective termination if any
foetus is found to have a genetic disorder. However, such a termination may also be
considered unacceptable by some individuals (National Academies of Sciences,
Engineering, and Medicine, 2017, 86-87).

Thus, if it were safe and efficient to use heritable genome editing to make sure
only a child without a serious genetic disorder comes into existence, this possibility
may be considered as preferable by some prospective parents. The number of cases
where heritable genome editing may be useful may be small, but the concerns of
people considering such a procedure are real. This could be achieved by editing the
gametes (eggs, sperm), gamete precursors, or very early embryos. However, IVF
would still be required to generate the embryos (National Academies of Sciences,
Engineering, and Medicine, 2017, 8§7-88).

Disadvantages of Heritable Genome Editing

Deciding to use a genome editing procedure with the aim of heritable modifications,
does however raises significant ethical concerns. This is because proposed heritable
modifications may be considered as inherently eugenic in nature. The word eugen-
ics, which derives from two Greek roots eu (good) and genesis (birth), describes
selection strategies or decisions aimed at affecting, in ways which are considered to
be positive, the genetic heritage of a child, a community, or humanity in general
(MacKellar & Bechtel, 2014).

It was the Englishman Sir Francis Galton who first coined the term eugenics in
1883 as he sought to implement into human beings, selection procedures for heri-
table characteristics which had already been used, with success, in animal breeding
programs. This resulted in eugenic ideas becoming relatively common and being
considered by many prominent personalities at the beginning of the twentieth cen-
tury.? It was only because a deep reaction of aversion took place towards the atroci-
ties implemented by Nazi Germany during the Second World-War that eugenic

°Sir Winston Churchill, wartime Prime Minister of the UK, was openly disappointed when Britain
resisted eugenic action on the grounds of civil liberties. In 1910, he wrote to the then UK Prime
Minister expressing his support for legislation that proposed to introduce a compulsory steriliza-
tion program in the UK saying: “The unnatural and increasingly rapid growth of the feeble-minded
and insane classes, coupled as it is with a steady restriction among all the thrifty, energetic and
superior stocks, constitutes a national and race danger which it is impossible to exaggerate.... I feel
that the source from which the stream of madness is fed should be cut off and sealed up before
another year has passed.” Quoted in Amy Iggulden, “The Churchill You Didn’t Know,” The
Guardian, 27 November 2002.
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policies were denounced. This was because such policies were often imposed by the
state and were seen as discriminatory.

A number of international legal texts eventually condemned the ideology. For
example, Article 3 of the EU Charter of Fundamental Rights which was accepted in
2000, explicitly states that “in the fields of medicine and biology ... the prohibition
of eugenic practices, in particular those aiming at the selection of persons” must be
respected. (Charter of Fundamental Rights of the European Union, 2000).

Because of this and even though the coercive nature of eugenics is unlikely to
return, grave concerns remain as to the consequences for society when it becomes
possible to decide what kinds of children are brought into existence (MacKellar &
Bechtel, 2014). Ever since the English writer and philosopher Aldous Huxley pub-
lished his dystopian science fiction book Brave New World in 1932, considerable
anxiety has developed relating to the prospect of creating a society in which the
genetic heritage of individuals could be controlled.

In addition, the Council of Europe’s 1997 Convention on Human Rights and
Biomedicine states in Article 13, regarding “interventions on the human genome,”
that “an intervention seeking to modify the human genome may only be undertaken
for preventive, diagnostic or therapeutic purposes and only if its aim is not to intro-
duce any modification in the genome of any descendants.”(Council of Europe (a),
1997) This means, according to paragraph 91 of the Explanatory Report to this
Convention, that “interventions seeking to introduce any modification in the genome
of any descendants are prohibited. Consequently, in particular genetic modifications
of spermatozoa or ova for fertilisation are not allowed.” (Council of Europe
(b), 1997).

The reasons why such texts reject germline modifications, and thereby eugenic
procedures, is because unacceptable discrimination may be associated to selection
strategies, thereby undermining the equality in worth and value of all human
beings—an equality which is the very basis of civilized society. Thus, deliberate
germline and eugenic procedures were not only seen as wrong because a degree of
coercion existed in some of the past practices, but because they undermined the very
basis of equality between all existing or possible future persons.

However, as the abuses which took place in the first half of the twentieth century
slowly became an ever-older memory, pressures are now returning for a new eugen-
ics.!® Moreover, in a report published in 2017, the U.S.-based National Academies
of Sciences, Engineering, and Medicine actually recommended the use of heritable
genome editing in human beings in certain specific circumstances. This happened
even though the above international regulations condemned such a possibility and a
2015 UNESCO International Bioethics Committee report had clearly highlighted

"For example, American Nobel Prize Laureate and co-discoverer of the structure of the DNA
molecule James Watson wrote: “But diabolical as Hitler was, and I don’t want to minimize the evil
he perpetuated using false genetic arguments, we should not be held in hostage to his awful past.
For the genetic dice will continue to inflict cruel fates on all too many individuals and their families
who do not deserve this damnation. Decency demands that someone must rescue them from
genetic hells. If we don’t play God, who will?” (Watson, 1995).
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the eugenic dangers of selective germline procedures. This indicated that if any
intentional germline selection was accepted (such as with genome editing), this
would “jeopardize the inherent and therefore equal dignity of all human beings and
renew eugenics, disguised as the fulfilment of the wish for a better, improved life.”
(UNESCO International Bioethics Committee, 2015).

Actually, it was in order to address such a danger that the United Nations
Educational, Scientific and Cultural Organization’s (UNESCO) 1997 Universal
Declaration on the Human Genome and Human Rights indicates in Article 24
that germline interventions could be considered as a practice that would be “con-
trary to human dignity.” (UNESCO, 1997).

Decision-Making in a Practical Context

Of course, it is possible to ask what is ethically wrong in deciding to make sure only
healthy, and not disabled, children are brought into existence. Why not make sure
that children who will have short and difficult lives of suffering are not brought into
existence? In these specific cases, are selective eugenic procedures always to be
considered in a negative manner?

In response to these questions, it is important to recognize that in some circum-
stance parents may not really be making a eugenics decision. For example, when
parents select against a child with certain characteristics (such as with severe dis-
abilities), the reason may simply be a recognition, or belief, that they themselves
lack the financial, physical, psychological or the social resources and support neces-
sary to look after such a child. That is to say, they may be recognising their own
limitations or that of society, rather than selecting against a possible future child
who is considered as substandard or as unworthy of life (Gavaghan, 2007, 113-114).

However, if such extenuating circumstances do not exist, it is difficult to see how
parents can decide not to have certain kinds of children without making a value
judgement that some children are less desirable. It follows that when parents make
a decision that only a certain kind of child should be brought into existence, based
solely on genetics factors, this can only mean making a selective eugenic choice and
preferring one possible future child over another. In other words, this decision con-
tradicts the important principle that all human lives have the same worth and value,
regardless of their state of health or characteristics (Andorno, 2010).

This is extremely important since the inherent and absolute equal value of each
human life is the very basis of civilised society. This resonates strongly in Article 1
of the UN’s 1948 Universal Declaration of Human Rights which states that “all
human beings are born free and equal in dignity.” (Universal Declaration of Human
Rights, 1948) Thus, if all persons are completely equal in value and worth, how can
any choice between two supposedly equal future persons ever be made?

At this stage, however, it is important to examine which genome editing proce-
dures could be considered as selective and potentially eugenic. This is because
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distinct categories may exist dependent upon the development stages, and these will
now be examined in turn.

Gene Editing of Very Early Embryos

If genome editing takes place on a very early post-conception human embryo (such
as a two-cell embryo), a number of ethical challenges arise. Indeed, it would be dif-
ficult to know whether any significant genetic change would bring about a com-
pletely new individual or whether the original embryonic individual continues to
exist and is simply modified (Ossorio, 2003). In other words, it would be difficult to
determine whether the procedure would have a numerical or only a qualitative effect
on identity. In a way, this philosophical conundrum is not new and comes in many
different forms. It is similar to the one mentioned by the Greek historian Plutarch (c.
46-120) in his Life of Theseus (the mythical founder-king of Athens). Plutarch
questions in a thought experiment whether a ship which is restored by replacing
every one of its wooden parts remains the same ship. This is especially relevant if
the old parts are then used to build another boat. In the same way, it is possible to
ask whether an embryo in which a certain number of genes have been edited remains
the same embryo or whether a change in numerical identity has taken place.

From an ethical decision-making perspective, if the genetic modification does
not give rise to any significant changes in the already existing embryo, it could be
seen as being similar to somatic gene therapy in which the original individual
remains and the health of the individual is restored. However, if the gene editing
procedure substantially modifies the genome of a very early embryo, more ques-
tions relating to the continued existence of the original embryonic individual could
be asked. The genetic modification may then end the life of the original embryo (a
form of death) while creating another. Moreover, if this did happen, then a clear
selective eugenic element may exist, if no extenuating circumstances exist, since it
would mean preferring one new individual over another based on the quality of his
or her genome (MacKellar, 2021).

Genome Editing of Sperm, Eggs, and During Fertilisation

On the other hand, if a genetic modification takes place on the sperm and/or egg
cells before they are used for conception or during fertilisation resulting in the for-
mation of a one-cell embryo, a new individual, who would not otherwise have
existed, is being brought into existence (McMahan, 2005, 154). This would happen
because any change (no matter how small) of any of the variables in bringing an
individual into existence would result in a very different individual existing in time
(MacKellar, 2019). In other words, any individual brought into existence through



38 C. MacKellar

these procedures would be a totally different person, from a numerical identity per-
spective, to the one who would, otherwise, have existed.

If such a conclusion is accepted then this again may have a clear selective eugenic
element, if no extenuating circumstances exist, since a new individual is being
brought into existence in preference to another possible person who may, for exam-
ple, have qualities which were seen as less valuable than the new individual. What
is being proposed, therefore, is not a form of therapy. No existing person is being
treated for a disorder. Instead, it is making sure that only certain persons are brought
into existence based on the quality of their genomes (MacKellar, 2021).

On What Basis Should a Decision Be Made?

Of course, it is possible to argue, as does the U.S National Academies of Sciences,
Engineering, and Medicine Report Human Genome Editing, that “unconditional
love for a disabled child once born and respect for all people who are born with or
who develop disabilities are not incompatible with intervening to avert disease and
disability prior to birth or conception.” (2017, 97) But the report does not explain
how or why any deliberate discrimination can be seen as acceptable before birth
while suddenly becoming unacceptable after birth. As the Dutch ethicist Hans
Reinders explains, it is more than likely that “in any given case, the only reasonable
answer to the question of why a disabled child should not be born is by reference to
what one thinks about the lives of people living with the same disorder.” (Reinders,
2000, 8).

In other words, if parents do decide to avoid having a child affected by a serious
genetic disorder, solely because of genetics factors (and no extenuating circum-
stances exist), there is a very real sense that such a decision is based on the per-
ceived quality of life of people who already exist and not on the worthiness and
inherent value and worth of their lives. Moreover, the indirect message being given
to persons, who have already been born with the same disorder, would be that they
should also not have existed.!! This is clearly discriminatory and would undermine
the inherent equality of all human persons in society (MacKellar, 2021).

Deciding that choice should be available to make sure that certain kinds of chil-
dren are not brought into existence may also mean that there is such as thing as a life
unworthy of life in society.'> As the legal ethicist Roberto Andorno explains:

For clear evidence of the feeling of offence being taken by persons with disability in a similar
situation, see the disability witnesses in the prominent French court case of Nicolas Peruche.
Public Hearings of the French Senate on the 18th of December 2001 relating to the jurisprudence
of the ‘Perruche’ case.

12The term a “life unworthy of life” (in German “Lebensunwertes Leben”) first occurred in the title
of a book by German psychiatrist Alfred Hoche and lawyer Karl Binding, Die Freigabe der
Vernichtung Lebensunwerten Lebens, (Leipzig: Verlag von Felix Meiner, 1920).
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In reality eugenic ideology presupposes stepping from a “worthiness of life” culture to a
“quality of life” culture, in other words, to the idea that not every life is worthy of being
lived, or to put it more bluntly, that there are some lives that do not have any worth.
(Andorno, 2010, 129-141)

Moreover, if certain genetic preconditions are laid down relating to the generation
of a possible future child—thus excluding persons with certain conditions — then
this child when brought into existence will always know that his or her very exis-
tence was not unconditional but conditional on having a certain genome which may
give rise to significant existential anxiety.

Naturally, it is difficult not to have a lot of sympathy towards parents who have
children affected by severe disability and suffering or to know the extent of the
anguish they are experiencing. But, if one asks these parents, it is always the disor-
der, and not the very existence of the child with the disorder, that has been the cause
of so much heartache. Most would never say that they wished their specific child
had not existed. On no occasion, would they indicate that they would have preferred
to exchange their child for another, healthier, one. They just want to find a treatment
for their child.

Certainly, the advancement of autonomy, the reduction of suffering, and the
increase in flourishing of human persons are very important goals in any ethical
appraisal. But these aims do not give any true value or worth to human life, at least
not the kind of value and worth that is equal to all persons. In actual fact, if only
autonomy or the lack of suffering were the basis of the value and worth of an exist-
ing or possible future person, then every human being could be classified on a
scale—classified as having a different value and worth. This would then come into
opposition with the very concept of an egalitarian and civilized society.

It is, thus, imperative for society to always decide to equally value, without selec-
tion and preconditions, each and every human individual. In the same way, it is the
reason why a civilized society must welcome into existence all possible future per-
sons independently of their biological or other characteristics such as their genetic
qualities or disorders.

Of course, it is possible to challenge this statement by emphasising that certain
forms of prenatal selection are already taking place, including in preimplantation
genetic selection, whereby (following IVF) only the ‘best’ embryos are selected for
implantation. Moreover, it may be argued that such procedures have not given rise
to any perceived damage to the equality between persons. But these procedures are,
in effect, already sending the message that all persons are not equal in value and
worth and that some should not be brought into existence. And the more the vulner-
able edifice of equality in civilized society is undermined by decisions that weaken
its very foundations, the more likely it is that this equality may eventually disappear.
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Conclusion

In deciding whether or not to use genome editing it is first important to consider
whether the procedure it heritable. If it is not, then the procedure could be used in a
very positive medical manner in helping to restore human bodies to a state of health.
This would then be comparable to other somatic gene therapy procedures already in
existence which should be welcomed.

On the other hand, if the genome editing procedure could give rise to heritable
genetic modifications, a number of important alternatives may then be considered:

To begin with, individuals and society may choose to believe that all lives are
equal in worth and value, making any selection and classification meaningless if
sufficient resources are available to support all children, which is the ideal context
of a civilized inclusive society.

Secondly, individuals and society may choose not to bring a certain kind of child
into existence because they recognise, or believe, that they themselves lack the
financial, physical, psychological or the social resources and support necessary to
look after such a child. In other words, they may admit to their own limitations or
that of society, rather than selecting against a possible future child who is consid-
ered as substandard or as unworthy of life.

Finally, individuals and society may decide not to bring a certain kind of child
into existence, because the value of his or her life is considered to be unacceptable
even though the prospective parents have the financial, physical, psychological as
well as the social resources and support necessary to look after such a child. But this
would then mean that selective eugenic decisions are seen as acceptable since it
would be possible to classify the worth of all lives.

Notes

The views expressed in this article are those of the author and do not necessarily

reflect the positions of the professional organisations with which he is affiliated.
This is a modified version of an article entitled “Gene Editing and the New

Eugenics” which was published in Dignitas Vol. 25, No. 1 (Spring 2018).
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Chapter 4
Therapeutic Genome Editing

Ellen Wright Clayton

Abstract Efforts to cure single gene disorders by replacing the responsible genes
using stem cell transplantation and gene transfer have been pursued for decades.
These approaches, however, have been confined to serious diseases due in large part
to their toxicity. Somatic gene editing (SGE), which repairs undesirable variants, is
changing the landscape. It may well have fewer side effects than prior technologies.
Thus, it is possible to consider using this approach to address a much broader array
of a single gene variants, including treating milder genetic disorders and even
improving function in otherwise healthy people. With these possibilities in mind,
we discuss three implications of SGE. The first is the complexity of distinguishing
between therapy and enhancement as well as the multifaceted debate about the
acceptability of the latter, noting that many in the public are opposed to what they
see as unfair advantage. The second, which previously has received little attention,
is the tremendous price that is likely to be charged for SGE, which makes the debate
about enhancement almost moot because even the needs of the most seriously ill
will almost surely not be met, raising serious concerns about equity. The last is
ensuring adequate regulation and governance of somatic gene editing.

Keywords Single gene disorders - Somatic gene editing - Gene editing regulation -
Governance - Enhancement

Thousands of genes have variants that can contribute to disease. Some of these
changes have major phenotypic effects, causing so-called single gene disorders,
such as sickle cell (SS) disease, cystic fibrosis, and Tay-Sachs disease, to name just
a few of the thousands that are known. Other variants have little phenotypic effect
on their own but contribute in combination with many other genes to the develop-
ment of complex disorders such as hypertension, obesity, and Type 2 diabetes. The
advent of technologies such as Zinc finger nucleases, transcription activator-like
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effector nucleases, and CRISPR-Cas9 and their progeny holds out the prospect of
promoting health by making it possible to edit or change these variants to their non-
pathogenic forms.(National Academies of Sciences, Engineering, & Medicine,
2017) In this essay, I will focus on the ethical issues raised by using these technolo-
gies to alter genes after the person is born. Editing gametes and embryos with the
intention of bringing the altered child to term, so-called germline gene editing, is
potentially both more powerful and more ethically fraught,. (National Academies of
Sciences et al., 2017; National Academies of Sciences, Engineering, & Medicine,
2020) Germline modification is also addressed in Chaps. 3 and 6.

Efforts to “fix” diseases caused by pathogenic variants by replacing them have
been underway for decades. Early examples include what were then called “bone
marrow transplants” (now more commonly called stem cell transplants) to treat
disorders such as severe combined immunodeficiency (SCID) by replacing the
child’s immune system. (De La Morena & Gatti, 2011) These were followed by
numerous trials of gene therapy or transfer, which sought to replace only the affected
gene. (Gostin et al., 2014) Some disorders for which this approach now appears to
be effective include spinal muscular atrophy, a rare form of retinal dystrophy, some
lipid disorders, (Cring & Sheffield, 2020) and, quite recently, ornithine transcarba-
mylase deficiency. (Kaiser, 2021) These efforts provide powerful lessons about the
challenges posed by the development and use of therapeutic genome editing.

The role of risk, however, has loomed large in ethical analysis of these approaches.
Some of these technologies have been limited by their toxicity. Stem cell transplan-
tation (SCT) has largely been limited to single gene disorders from which children
would otherwise die in childhood, such as SCID. By contrast, this approach has
been much less commonly used to treat sickle cell disease (SS) even though this
disease causes enormous suffering and involves only a single base pair change in
stem cells that are readily accessible. This reluctance is due in part to the fact that
survival into adulthood is more common, concern about the side effects of SCT, and
the availability of other partially effective interventions, such as the use of urea to
promote production of fetal hemoglobin. (Jones & DeBaun, 2021; Krishnamurti,
2021) Some advocate for using SCT to treat SS, (de la Fuente et al., 2020) citing
improvements in of stem cell transplantation with marrow ablation over the years,
but the remaining risks still make technology less palatable to many.

Efforts to replace single genes, so-called gene therapy or transfer, raise a differ-
ent, but related set of risks. The first are the risks of delivering the “new” gene to a
place where it can usefully function. Replacing a gene that is expressed to create a
needed enzyme or hormone, as is the case in SCID caused by adenosine deaminase
deficiency, is more likely to be effective than one that contributes to the formation
of structures like the heart or bone. (Fox & Booth, 2021) Delivery of wild type
FGFR3,(MedlinePlus, 2021) for example, will not repair the skeleton of a person
with achondroplasia. Accessibility of the target organ also matters — the bone mar-
row is easier to reach than the central nervous system. Typically, a vector, such as an
altered virus or a lipid nanoparticle, is required to ensure that the gene reaches its
target without being degraded. These vectors, however, can elicit serous immune
responses, as was tragically observed in the case of Jesse Gelsinger, who died
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during an early phase I trial of gene transfer to treat ornithine transcarbamylase
deficiency. (Wilson, 2010) And a number of cases have been identified in which
patients treated with gene transfer have subsequently developed cancer, apparently
attributable to the intervention. (Jones & DeBaun, 2021; Marwick, 2003) Misdirected
integration of genes, so-called off-target effects, have also occurred, interrupting
functional genes, rendering them inactive or altering their regulation.

Many of the efforts at gene replacement/therapy have focused on children in an
effort to prevent the progression of disease. For such trials to be acceptable, how-
ever, there must be a commensurate possibility of benefit to the children or to others
like them. (Office of Human Research Protections, 2021) Thus, some trials are
being conducted in adults who can make their own decisions about the balance
between risk and benefit. The Jesse Gelsinger case mentioned above was a powerful
lesson about both the challenges of obtaining truly informed consent and concerns
about the appropriate conduct of clinical trials. (Gelsinger & Shamoo, 2008;
Wilson, 2010).

Gene editing, typically using CRISPR or related technologies, holds out the
promise of treating genetic disorders by repairing the pathogenic variant directly
while avoiding some of the risks of SCT and gene transfer. Bone marrow ablation is
not always needed and if necessary, can often be less intense. Many of the adverse
immune responses may also be avoidable. In fact, some experimental efforts to edit
genes are being conducted ex vivo, or outside the body. This involves removing stem
cells from the bone marrow, treating them, and then reinfusing them into the patient.
Trials are under way to treat SS, beta thalassemia, Leber congenital amaurosis, and
transthyretin amyloidosis using gene editing, as well as HIV (Saha et al., 2021).

If it turns out that gene editing poses little risk to the individuals whose genes are
altered, questions have already been raised about whether this technology should be
used to edit somatic, or body, cells to treat less serious disorders or even to enhance
normal human function, raising problems both of line drawing and equity. While the
public in general is more supportive of gene editing to treat diseases than to address
non-medical traits, (Delhove et al., 2019; Howell et al., 2020; Riggan et al., 2019)
the distinction between therapy and enhancement may not always be clear, an issue
also discussed in Chap. 13. A classic example used to explore this issue is the use of
erythropoietin (Epo), a hormone used to increase red cell production in patients
with anemia, but which athletes can use to increase their endurance.

In an effort to place some boundaries around the use of somatic gene editing,
many commentators have argued that this technique should be used only to relieve
symptoms or to bring the individual to normal human function. (National Academies
of Sciences et al., 2017) Using the admittedly fluid concept of normality as a limit
has been attacked from many directions. John Evans argues that, once begun, gene
editing has no clear boundaries or stopping points, creating a risk that expansion of
use will continue unabated. (Evans, 2020, 2021) Others challenge the notion that
enhancement is undesirable per se, arguing that people appropriately do many
things to improve their own life experiences and those of others, usually family
members, around them. After all, parents are supposed to enhance the lives of their
children, and the job of educators is to enhance the understanding of their students.
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Indeed, a few argue that parents are morally obligated to use genetic interventions
to enhance their children. (Savulescu, 2009) For most people, however, the question
is how to distinguish between acceptable and unacceptable interventions. (Juengst
et al., 2018) One line of inquiry that has been instructive is the longstanding debate
in sports, also addressed in Chap. 15, where a rough line has been drawn to exclude
interventions that confer advantage without effort on the part of the athlete. Thus,
just as use of epo is forbidden in many sports, so too would gene editing to increase
the production of erythropoietin be banned. (Juengst, 2020; Murray, 2018).

These questions about treatment versus enhancement pale in comparison to
issues of access given the likelihood that these interventions will be more available
to those with more resources, thereby widening the gaps between haves and have-
nots even further. This is particularly the case given the price of gene editing, which
will dramatically constrain the availability of these interventions. The current price
for gene replacement/therapy for spinal muscular therapy, for example, exceeds
$2,000,000 for a single dose, with no guarantee that further doses will not be
required. Since gene editing trials are so new, little information is available about
what price will be charged for these interventions if these trials prove effective, but
it appears certain that the price will be quite high. (Irvine, 2019) And yet the number
of people with serious disorders, ones that cause early death, serious morbidity, or
lifelong onerous or expensive intervention, that are potentially amenable to gene
editing is quite high. To pick just a few out of thousands of candidates affecting
peopleinthe US, ~16,500 have PKU, ~10,000 have urea cycle defects, 10,000-25,000
have spinal muscular atrophy, and almost 100,000 have sickle cell disease. Assuming
a conservative price of $2,000,000 per dose, treating all these patients would cost
over thirty billion dollars in the US alone. This sum is an underestimate in that many
other disorders would also be candidates for editing, and the potential need world-
wide will be even greater. The World Health Organization estimates that 300,000
babies with severe hemoglobin disorders are born every year around the world.
(World Health Organization) It is notable that representatives of Médicins Sans
Frontiéres attended the Paris meeting of the first international genome editing com-
mittee. (National Academies of Sciences et al., 2017) Some of the price would be
offset by the ability to forgo future treatment, (Chapman et al., 2021) assuming
100% efficacy and no need for retreatment, but the potential price remains prohibi-
tive. Thus, whether these interventions should be devoted primarily or exclusively
to treating those who have severe, life-limiting disorders is a pressing question of
equity, for which the current unequal distribution of COVID-19 vaccine around the
world provides a powerful parallel.

On balance, it seems reasonable to suggest that somatic gene editing when effec-
tive should be used to treat individuals who are ill, acknowledging the inherent
vagueness of these categories, and that use for other purposes should be disfavored
due to the lack of resources needed for patients. Clearly, ongoing efforts to obtain
public input on how to deploy these interventions are critical. (National Academies
of Sciences et al., 2017; Scheufele et al., 2017) But it is also important to consider
how to ensure that these tools are actually allocated appropriately because violating
ethical norms and public consensus threatens the fabric of society. Some
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mechanisms that have been proposed are the traditional tools of regulation and
licensure, perhaps augmented innovatively by a lottery to allocate interventions
among those are eligible. (Mehlman, 2018) Others have taken a broader view of the
needed governance structures. (Jasanoff et al., 2019; Marchant, 2021) All of these
approaches have limitations and their implementation varies widely around the
world, so ongoing monitoring is needed.
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Bioethical Decision-Making About Somatic
Cell Genome Editing: Sickle-Cell Disease
as a Case Study
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Abstract Somatic cell genome editing (SCGE) now allows exquisitely precise and
targeted non-heritable changes to be made to human DNA. While SCGE has many
possible applications, clinical trials indicate its great potential to provide new forms
of medical treatment, as well as cures, for a range of prevalent monogenic diseases,
including several disorders of the blood (hemoglobinopathies). This chapter pro-
vides an overview of the nature of somatic cells, a discussion of their connection
with genetic disease, and a summary of the bioethical issues that attend various
therapeutic uses of the system. The chapter takes sickle-cell disease as a case study,
identifying the advantages that SCGE promises over the current best treatment, as
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difficult bioethical decision-making. Lastly, the chapter takes up four bioethical
principles—nonmaleficence, beneficence, autonomy and justice—to analyze some
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ommendations for governing the technology published by the World Health
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Introduction

Somatic cell genome editing (SCGE) is a complex linguistic expression for a com-
plex science. Since the 1970s, explorations in gene modification—including studies
of gene targeting, genome engineering, or genome surgery—have distinguished
between two forms of experimental and clinical genome editing. The term SCGE is
generally used to describe those forms of editing carried out on mammalian (includ-
ing human) somatic cells whose modifications are not heritable (Smithies, 1966).
By contrast, human germline genome editing (HGGE) denotes those forms of edit-
ing intended to alter DNA in the ‘germ’ cells of human gametes (or their precursors)
that cause heritable changes to the genome.

Another line of distinction captured in the expression SCGE derives from the
word ‘editing.” Since around the 1980s, ‘editing’ has denoted the exquisitely precise
and targeted nature of the changes made to somatic cell DNA in SCGE applications.
It involves the introduction of ‘editing machinery’ into cells to induce targeted dam-
age at specific sites of, and initiate controlled repairs in, cellular DNA (Li et al.,
2020b). Although there are various forms of genome editing, their key features are
‘programmable nucleases’, designed to create precise breaks in both strands of the
DNA molecule (double strand breaks). Thus, SCGE is usually distinguished from
‘traditional” somatic cell gene therapy (SCGT) (World Health Organization,
2021a)—or simply ‘gene therapy’—which employs random insertion methods,
such as by using adenovirus-associated viral vectors or other delivery tools, to
replace mutated genes or add new ones—not to alter existing nucleotides (Chang
et al., 2018).

Inevitably, degrees of overlap and ambiguity arise in the nomenclature. Some
emerging and prospective forms of SCGE may lead to heritable changes, such as
where gonadal cells isolated from the male reproductive system are removed, edited,
and retransplanted, thus introducing changes that may propagate to future genera-
tions (Monckton, 2018). Likewise, some forms of SCGE will be used in conjunc-
tion with established forms of gene therapy, such as where adenovirus-associated
viruses are used as vectors for programmable nucleases (Li et al., 2020b). Thus,
although genome editing is considered more precise than gene therapy, and less
genealogically consequential than HHGE, this distinction can sometimes be tenu-
ous and confusing, impacting on patient as well as scientific understanding (Anguela
& High, 2019).

This chapter will focus on several bioethical decision-making issues associated
specifically with programmable nuclease-mediated SCGE directed towards the
treatment of serious pathological genetic disorders. In this way, this chapter might
be thought to elide or reinforce the so-called somatic/germline and disease/enhance-
ment ‘barriers’ that, since the 1970s, have characterised the bioethical discourse on
genome editing more generally (Evans, 2021). Nevertheless, our concentration on
therapeutic forms of nuclease-mediated SCGE is intended not to mark out any lim-
its in the genome editing debate but instead to enable a focused analysis on SCGE’s
most pressing challenges for bioethical decision-makers as we see them.



5 Bioethical Decision-Making About Somatic Cell Genome Editing: Sickle-Cell... 51

Some now well-established uses of somatic cell modification have been trans-
lated without significant bioethical demurral, usually where both a specific medical
benefit and a favourable risk-benefit ratio obtains (Coller, 2019). Such is the case in
allogeneic (donor-facilitated) hematopoietic stem cell transplantation, which
involves the modification of a patient’s DNA through the infusion of exogenous
DNA from donor cells, creating true biological chimeras (Themeli et al., 2011).
Moreover, the development, regulatory approval and clinical translation of several
gene therapies, such as Luxturna (voretigene neparvovec)—a medication for a rare
form of inherited blindness—reflects the extent to which genome manipulation is
already well underway.

For hematopoietic stem cell transplants, the bioethical discourse has primarily
focused on the patient’s health interests, including clinical safety and efficacy, con-
sent and inclusion and practitioner conflicts of interest (Liso et al., 2017). In the case
of gene therapies, similar issues are considered, although the exceptionally high
cost of these medications—some of which cost more than 30 times the median US
income per dose—is emphasised (Shukla et al., 2019; Machin et al., 2018; Lloyd-
Williams & Hughes, 2021; Wong et al., 2021; ‘Gene therapies should be for all’,
2021). By contrast, broader principles related to ‘genetic identity’ (Goekoop et al.,
2020) and genealogical ‘tampering’ are far more common in the philosophical bio-
ethical discourse of HHGE (Isa et al., 2020). While we do not suggest that ‘the horse
has already bolted’ (Kirskey, 2020) in relation to SCGE, it is important to acknowl-
edge the extent to which many of these bioethical decisions are far from hypotheti-
cal (as they were some 50 years ago when the debate began) and increasingly
involve bioethical decision-making in the clinic, or clinical bioethics.

In sections “What are somatic cells?”, “Historical development of somatic cell
genome editing”, and “Sickle-cell disease”, we provide some background on
somatic cells, disease etiology, the historical development of SCGE, and different
cell-environment applications of SCGE. In section “Bioethical decision-making
about ex-vivo nuclease-mediated SCGE”, we provide a case study of the sickle-cell
disorders (sickle-cell disease). Here we discuss the attributes and bioethics of the
current best treatment for sickle-cell disorder, the allogeneic hematopoietic stem
cell transplant, before discussing the emerging potential of the nuclease-mediated
SCGE. In this way, we lay the groundwork for our broader reflection of the bioeth-
ics of SCGE in section “Conclusion”—a reflection we develop with reference to
sickle-cell disorder, as well as the proposed governance framework for genome
editing published in 2021 by the World Health Organization (World Health
Organization, 2021a). In this last section, we also adopt a version of the bioethics
framework formulated originally by Beauchamp and Childress in their landmark
text Principles of Biomedical Ethics (2019 [1979]) but reanimated in more recent
considerations of genome editing and bioethics, such as by Evans (2020) and others
(Getz & Dellaire, 2020). This bioethics framework is used to classify a broad gamut
of bioethical considerations under four principles: namely, nonmaleficence, benefi-
cence, autonomy and justice.



52 C. Rudge and D. Nicol

What Are Somatic Cells?

Mammals, including humans, have only germ and somatic cells. Each somatic cell
in the human body is diploid, containing two inherited genomes (or two sets of
chromosomes) from each biological parent. Germ cells are primordial cells in the
oocytes (eggs) and spermatocytes (sperm), collectively known as the gametocytes.
These cells are haploid, having undergone meiosis, in which a parent cell divides
twice to produce four genetically distinct germ cells. Each germ cell has only one
sex chromosome and one of each pair of the remaining 44 chromosomes. While
germ cells are sometimes called ‘germline’ cells, that latter term refers to the lin-
eage of cells that originates from the primordial gametocytes and eventually form
the gametes in the adult, which transmit genetic materials from parent to child
(Wessel, 2016).

The other kind of cells, somatic cells, encompass all cells in the human body that
are not germ cells (Boggio et al., 2019) Named after the word ‘soma’, meaning
body, somatic cells make up the organs, integument (skin, hair, nails), bones, blood
and connective tissue (Strome & Lehmann, 2007). They can divide only by mitosis,
where a parent cell divides once to produce two genetically identical daughter cells,
incapable of sexual reproduction (Wessel, 2016). Unlike germ cell meiosis, which
facilitates sexual reproduction, somatic cell mitosis facilitates the growth and
replacement of worn-out (senescent) or shed (apoptotic) cells in the body.

Since somatic cells cannot establish continuous lines (Hayden, 2020), alterations
made to them are not propagated or transmitted to future generations but instead
simply maintained (through repair and replacement but not reproduction) within the
body of the person treated. Modifications made to germ cells, by contrast, will be
passed to any offspring into the future, thus entering the species’ gene pool (Boggio
etal., 2019). While SCGE is possible at any stage of human development after birth
(and in-utero), alterations to germ cells are, with few exceptions, only possible at
the earliest stages of human development. Studies have demonstrated that pre-
fertilisation gamete editing is the only promising way in which to effect heritable
alterations to the human genome, and that editing mature gametes (i.e., sperm or
eggs) is more difficult than editing their early precursors (i.e., spermatagonial stem
cells or germinal vesical oocytes) (Vassena et al., 2016). Moreover, the editing of
embryos is highly regulated if not unlawful in many jurisdictions, while the mainte-
nance of edited of embryos is unlawful in almost all jurisdictions (Cavaliere, 2017,
Yotova, 2017).

In 2006, it was discovered that by encoding certain transcription factors, somatic
cells could be converted (or induced) into pluripotent stem cells—cells that, like
embryonic stem cells, may give rise to every other cell type in the body and propa-
gate indefinitely (Takahashi & Yamanaka, 2006). While this chapter will not con-
template the seemingly great potential of induced pluripotent stem cells to improve
diagnostic and regenerative medicine (Jehuda et al., 2018), it is worth underlining
their likely place in future clinical practice—particularly in SCGE therapies (Chen
et al., 2021).
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SCGE has many applications. It may be used to genetically modify bacteria,
plants and animals, improve our understanding of gene functions, model human
disease for basic research, aid in drug discovery and, of course, create targeted ther-
apeutic interventions to treat and prevent human disease. In this chapter, we analyse
nuclease-mediated SCGE as a particularly important class of therapeutic interven-
tion—one that promises to transform the treatment of serious genetic diseases for
which no other interventions exist.

Somatic Cells and Disease Etiology

Somatic cell genomes encode the person’s cellular functions for the term of their
life, facilitating repair and growth but also determining afflictions. Genetically
inherited diseases usually occur when a child inherits certain deleterious genetic
variants (alleles) from one or both parents; however, sometimes the random appear-
ance of such variants occurs de novo in the embryo (National Academies of
Science, 2017).

A genetic variant may be inherited either from one parent alone (heterozygously)
or from both parents (homozygously). While some single-copy (heterozygous)
genetic variants may be inconsequential (recessive), others are known to cause sig-
nificant medical issues, as with Huntington’s disease and hemophilia. In Huntington’s
disease, a single variant is ‘dominant’ (and so will express as disease regardless). In
some cases of hemophilia, a single variant is linked to the X chromosome or
‘X-linked,” and so will manifest in males (who have only one X chromosome) but
not females (who have two) (Tsai et al., 2015). But even when recessive, a single-
copy variant may threaten the health of future generations. If two unaffected ‘carri-
ers’ of a single variant reproduce, there is a 25 percent chance that a child will
inherit two copies of the variant and express the relevant disease (National
Academies of Science, 2017). Then again, sometimes a single-copy variant may
also confer a genetic advantage. The variant for sickle-cell disease, discussed later
in this chapter, provides carriers with some genetic protection against malaria if
inherited heterozygously (National Academies of Science, 2017). Of course, in
homozygosity, where two copies of this same pathogenic variant are inherited,
expression of sickle-cell disease will be inevitable.

Monogenic and Polygenic Diseases

While single genetic variants are common in the transmission of diseases, most
human disorders are complex or polygenic—that is, caused by multiple variants and
affecting numerous cell and tissue types. At present, nuclease-mediated SCGE is
poorly suited to treating such polygenic disorders. Recent studies utilising CRISPR
(Clustered Regularly Interspaced Short Palindromic Repeats) and associated Cas
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enzymes, the most popular current genome editing technique, do hold some prom-
ise for future treatments of polygenic disease. Despite this, nuclease-mediated
SCGE is not yet adept at targeting multiple DNA loci (McCarty et al., 2020). Still,
with more than 10,000 monogenic diseases identified in the human population
(Chen et al., 2020), many of them fatal, the enormous burden of treating diseases
caused by single gene mutations is heavy indeed, forming a strong clinical-bioethical
rationale for exploring and translating therapeutic SCGE.

Since the 1980s, the prospects for reaching clinical efficacy in monogenic disor-
ders have increased considerably, with more than a dozen diseases now being inves-
tigated in clinical trials or preclinical studies, including sickle-cell disease,
[-thalassemia, severe combined immunodeficiency, X-linked hyper IgM Syndrome,
haemophilia B, cystic fibrosis, HIV, cancer immunotherapy, Duchenne’s muscular
dystrophy, Huntington’s disease, and several neurodegenerative diseases (National
Academy of Medicine et al., 2020). In recent years, increasing numbers of clinical
trials have been initiated using SCGE for such monogenic disorders. In order to
illustrate how this shift in prospects came to pass, the following section outlines the
historical development of SCGE and the emergence of the nuclease-mediated
platforms.

Historical Development of Somatic Cell Genome Editing

Homologous Recombination

The first applications of genome editing in humans were performed on somatic cells
(National Academy of Medicine et al., 2020). In the 1980s, researchers established
a proof-of-principle study (Porteus, 2011) confirming that specific gene sequences
could be ‘targeted’ by adopting homologous recombination, a naturally occurring
process during meiosis whereby some of the DNA in one chromosome in a pair is
exchanged with the equivalent DNA from the other chromosome in the pair (Fehse
& Abramowski-Mock, 2018). An early experiment involving homologous recombi-
nation achieved a planned modification of the human p-globin locus—a single gene
that, if affected by a point mutation, produces sickle-cell disease and related hemo-
globinopathies (Smithies et al., 1985). Although the inefficiency of homologous
recombination was acknowledged at the time (only one in one thousand cells were
changed as intended), the great potential of SCGE—specifically for in vivo modifi-
cations of specific genes—was grasped. The investigators foresaw that particular
enzymes present in bacteria might enhance the homologous repair activity, auguring
more precise forms of homology-directed repair (Kucherlapati et al., 1984).

Even before the adoption of homologous recombination, radiation scientists had
verified that human somatic cells could repair DNA damage endogenously where
both strands of DNA had been severed synchronously (Lange, 1974; Resnick,
1976). Early studies of this repair mechanism, known as non-homologous
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end-joining, underlined both its great potential and its improbability: while repairs
would always follow DNA damage, there was no homology between the severed
strands, as the name suggests (Resnick, 1976; Lieber, 2010). Soon, non-homologous
end-joining was shown to be an imperfect or ‘inefficient’ repair process because it
introduced small, random insertions and deletions, known as indels, into the DNA—
products that can disrupt or turn off the repair-affected genes (Rouet et al., 1994;
Yang et al., 2020). Due to these errors, this technique was regarded as impracticable
for specific repairs, but useful if the goal was to precisely disrupt a gene or genes.

Non-homologous End-Joining

As studies of double strand breaks and non-homologous end-joining repairs
improved, investigators found new ways of making site-specific breaks in complex
genomes (Jasin & Rothstein, 2013). First discovered in yeast mitochondria
(Choulika et al., 1995; Plessis et al., 1992), particular enzymes known as endonu-
cleases were applied to human somatic cells in 1994 (Porteus, 2016). The advantage
of these endonucleases was that their so-called recognition sites—the length of the
DNA sequence they could target—spanned some 12—40 base pairs. This was longer
than the restriction enzymes studied in earlier forms of homologous recombination,
which spanned only between 3 and 8 base pairs. This meant that the endonucleases
were less likely to be affected by single base-pair changes (Belfort, 1997), opening
the door to far more precise and efficient methods of genome editing than ever
before (Carroll, 2014).

Interestingly, the human body’s ‘preferred’ mechanism for endogenous DNA
repair in somatic cells is non-homologous end joining (Liang et al., 1998). However,
investigators realised in the 1990s that a template-assisted form of homologous
recombination called homology-directed repair could, at least in optimal condi-
tions, facilitate superior editing frequency (Porteus, 2016). By inserting an extra
piece of DNA into the cell during the breakage-repair process—a homologous ‘sis-
ter chromatid’ related but slightly different to the cleaved gene—editing accuracy
was improved (Miyaoka et al., 2016). Still, the efficiency of homology-directed
repair varies widely among different cell types for reasons not yet well understood
(Guetal., 2020). How and why chromosomes dynamically reorganise during repair,
achieving increased mobility, are still mysterious (Smith & Rothstein, 2017). While
investigators have recently attempted various ways to improve the DNA donor tem-
plate, such as by hindering gene expression using interfering RNA (siRNA) (Liu
et al., 2019), many unintended products are still introduced into the repair process
(National Academy of Medicine et al., 2020).

Some commentators lament what they see as a ‘false dichotomy’ between non-
homologous end-joining and homology-directed repair (Berthel et al., 2019).
Indeed, some of most promising SCGE technologies to date harness the repair of
double strand breaks using both techniques. A ‘diverse genome editing toolbox’
now exists with which investigators can achieve site-specific double strand break
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repairs (Porteus, 2016). The four best-established platforms comprise the meganu-
cleases, zinc-finger nucleases (ZFNs), transcription activator-like effector nucleases
(TALENSs) and, most transformatively, the CRISPR-Cas system, the engineered
molecular-bacterial machinery mentioned earlier in this chapter.

Nuclease-Mediated SCGE

While each nuclease-mediated platform has its own advantages and disadvantages
(see Table 5.1) (Adli, 2018), each has been greeted with initial enthusiasm and
adoption followed by subsequent realisations of their limitations (Guha & Edgell,
2017). Computational analysis of each platform’s precision is developing, promis-
ing new insights on their efficacy and improvement (Bao et al., 2021). Undoubtedly,
the most revolutionary platform has been the CRISPR-Cas system. More than any
other nuclease-based editing platform, CRISPR-Cas systems have revolutionised
genome editing, largely because their target sequences may be programmed more
simply, reliably, and effectively than ever before through the use of easily designed
guide RNAs (Saha et al., 2021).

Some emerging SCGE techniques, such as base editing (using, for instance,
‘CRISPR Nickase’ systems) and prime editing (using a fused Cas9 nuclease), also
rely on modified versions of the CRISPR or Cas systems (Satomura et al., 2017;
Anzalone et al., 2019). As neither of these techniques requires double strand breaks
to modify genomes, but rather only partially nicks the genome, they appear to con-
siderably reduce the risk of errors associated with double strand break repair.

Ex Vivo, In Vivo and In Utero Applications of SCGE

Nuclease-mediated SCGE may occur outside the body (ex vivo) or inside the body
(in vivo). A third route, in which edited somatic cells may be administered to fetuses
(in utero), is also under investigation (Rossidis et al., 2018). In utero SCGE may
offer transformative therapeutic benefits where an unborn child, through prenatal
genetic testing, is diagnosed with a monogenic disease that would be irreversible or
untreatable after birth, such as inborn errors of metabolism (Houtkooper, 2018;
World Health Organization, 2021a; Coller, 2019; Hartman et al., 2018). However, in
utero editing may also pose increased risks of germline modifications if the germ
cells have not been entirely sequestered from the somatic cells (Coller, 2019).

The most frequently used approach to sickle-cell disease is ex vivo SCGE, which
involves extracting or harvesting somatic cells from a patient’s body, then isolating,
expanding and editing those cells with a programmable nuclease in a medium (in
vitro), and then selecting and reintroducing those cells into the patient’s tissues
through a route of infusion (Li et al., 2020c). In vivo approaches involve introducing
the nuclease platform directly into the patient’s tissues through systemic or local
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(more invasive) delivery methods so that a therapeutic effect may be exerted on-site.
This approach faces tremendous challenges in transporting the nuclease to the
nuclei of the targeted cells and avoiding delivery to off-target cell types (Li et al.,
2020c). Furthermore, in vivo approaches do not enable investigators to test the cells
for quality or for immunological compatibility before they are reinfused into the
patient (albeit that validating millions of cells may be extremely difficult) (Carlson-
Stevermer et al., 2020). These challenges are exacerbated in diseases involving dif-
ferent organs (National Academy of Medicine et al., 2020). Where an organ is
readily accessible and hermetically distinct from other organs and tissues, however,
such as in the case of the eye or liver (Editas Medicine, Inc., 2020), the prospects of
an effective in vivo SCGE may be stronger (Sangamo Therapeutics, 2021a, b, c).

Regardless of administration type, all CRISPR-mediated SCGE techniques face
major challenges to clinical translation that bear on clinical and bioethical decision-
making. These include patient pre-existing immunity (Li et al., 2020b; Charlesworth
etal., 2019), in vivo delivery efficiency (Tong et al., 2019), off-target or unintended
edits (Cradick et al., 2013), structural abnormalities (inversions) and chromosomal
translocations of the kind seen in cancer, such as chromothripsis (Leibowitz et al.,
2021). More specific concerns include that double strand breaks in CRISPR-Cas
systems are potentially or even inevitably ‘genotoxic’ (Sheridan, 2021; Blattner
et al., 2020), prone to causing large deletions (Adikusuma et al., 2018) and liable to
make unexpected truncations of genetic material (Cullot et al., 2019).

Bioethical Decisions About Nuclease-Mediated SCGE
in General

These disturbing and real risks frame the way in which bioethical decisions can and
should be made about the introduction of these treatments into humans for thera-
peutic use in the clinic. Indeed, while many fundamental mysteries still enshroud
the molecular mechanisms of double strand break repair, it is arguable that much
more research is needed before these treatments should be permitted to be delivered.
As one investigator asks, ‘How does the cell ‘know’ what to do when confronted
with broken DNA? What is the mechanism governing increased chromosome
mobility? To what is the circuitry responding when it triggers the repair event?’
(Jasin & Rothstein, 2013). As will be discussed below, these epistemological gaps
coincide with a growing body of evidence demonstrating real and potential genetic
harms of SCGE.

But why should these potential harms be important for bioethics and decision-
making? Since the avoidance of harm or ‘nonmaleficence’ (Evans, 2021) has long
been at the centre of health practitioner ethics, this first principle is also reflected in
broader bioethical considerations about the use of SCGE, whether they occur in the
legal, regulatory, clinical, or patient-doctor (consent) context. But to take up this
principle, and to recognise these harms, is also to approach the bioethical concept of
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‘vulnerability’—a phenomenon that was described as ‘undertheorised’ some ten
years ago (Rogers et al., 2012) but has more recently been developed and expanded
beyond clinical research (Boldt, 2019). Focusing on the risks and potential harms to
patients is to give form to the bioethical consideration of vulnerability, which is con-
nected implicitly to the principle of nonmaleficence.

Still, these concerns for harm and patient vulnerability must also be weighed
against the principle of beneficence, especially in view of increasing evidence for
the benefits of SCGE for certain diseases, such as sickle-cell disease, as well as the
tremendous potential for medical advancement that SCGE represents more gener-
ally, including through the broader prospect of eradicating or diminishing the enor-
mous burden of widespread genetic diseases such as sickle-cell disease. In order to
explore these bioethical tensions, we now take up the example of the treatment of
sickle-cell disease, exploring the disease itself, its current best treatment, and the
emerging alternative treatment in SCGE.

Sickle-Cell Disease

The sickle-cell diseases are a group of inherited genetic disorders that relate to red
blood cells. Red blood cells contain hemoglobin, which helps carry oxygen from
the lungs to the tissues of the body (and remove carbon dioxide). In sickle-cell dis-
ease, red blood cells express so-called abnormal sickle hemoglobin (known as HbS)
due to the genetic inheritance of the homologous HbS gene—a variant of the hemo-
globin beta gene (HBB) (Wen et al., 2017). Where a person has two copies of the
HbS gene, they will have sickle-cell anemia; or, where a person has only a hetero-
zygous (single) copy of HbS, they will likely exhibit varying manifestations of the
disorder, including phenotypic symptoms associated with the p-thalassemias.

The HbS variant is caused by a single substitution in the hemaglobin molecule:
glutamic acid is replaced by valine. This change in protein structure results from a
small change in the DNA sequence coding for the protein—from GAG to GTG on
the HBB gene (on chromosome 11p15.5) (Ingram, 1959). This substitution causes
hemoglobin to form polymers under reduced oxygen conditions (Higgs & Wood,
2008). As a result, red blood cells become contorted, taking on a sickle shape. These
‘sickled’ red blood cells can then obstruct normal blood circulation and cause isch-
emia (reduced blood flow) in tissues around the vascular blockages known as
vascular-occlusive crises, causing significant health complications (Driss et al.,
2009). While sickle-cell disease is sometimes considered a relatively simple mono-
genic disorder, the clinical phenotypes are extremely variable, with symptoms rang-
ing from death in early childhood through to a normal lifespan with few complications
(Serjeant et al., 2007). This makes sickle-cell disease an extremely complex disor-
der to treat (Driss et al., 2009).

Together with the related -thalassemias, sickle-cell disease hemoglobinopathies
are the most prevalent and clinically significant genetic diseases in the world, affect-
ing approximately 100,00 people in the US an estimated more than 25 million
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people worldwide (Modell & Darlison, 2008). Although common in Europe and
North America, sickle-cell disease is most prevalent in sub-Saharan Africa, India
and the Mediterranean (Osunkwo et al., 2021). In a recent comprehensive study
involving over 2000 patients with sickle-cell disease globally known as the Sickle
Cell World Assessment Survey (SWAP), it was found to have a profound negative
effect on quality of life, with some 60% reporting that the disease impacted on their
emotional wellbeing, some 48% reporting they worried about dying, and 94% of
patients reporting a need for ongoing treatment. Fewer than half reported receiving
the mainstay medication for the general treatment of sickle-cell disease—an anti-
metabolite that increases fetal hemoglobin called hydroxyurea (Osunkwo
et al., 2021).

Current Therapeutic Approaches to Sickle-Cell Disease

While several treatment pathways are available for patients with sickle-cell disease,
including pain medications, blood transfusions, hydroxyurea and, most recently,
L-glutamine oral powder (Sadaf & Quinn, 2020), the only known curative treatment
is allogeneic hematopoietic stem cell transplantation (Karamperis et al., 2021). This
intervention is typically known as a ‘bone marrow transplant’ because it uses stem
cells normally harvested from a donor’s bone marrow—although stem cells from
cord blood or mobilised peripheral blood are also used (Fitzhugh et al., 2014).
Hematopoietic stem cells give rise to all the blood cells in the body, making up
about 0.1% of cells in the bone marrow (myeloid tissue) (Hawley et al., 2006). An
allogenic hematopoietic stem cell transplantation involves replacing a patient’s
sickle-affected hematopoietic stem cells with ‘healthy’ cells. These replacement
hematopoietic stem cells are donated by a person whose tissues are ‘matched’ to
patient’s based on their human leukocyte antigen tissue type.

In most cases of hematopoietic stem cell transplantation, the patient receives
myeloablative (blood-cell reducing) conditioning before being infused with the
donated hematopoietic stem cells. The purpose of this intensive regimen is to cause
irreparable damage to the recipient’s hematopoietic stem cells so that, when the
healthy donor cells are engrafted, these exogenous cells may then ‘rescue’ and
restore bone marrow function and replace the now-unrecoverable pre-existing cells
(as well as prevent aplasia-related death) (Bacigalupo et al., 2009). The condition-
ing also supresses the recipient’s immune system, minimising any immunological
barriers to the transplant and allowing engraftment to occur. (Bacigalupo et al.,
2009) In early iterations of hematopoietic stem cell transplantation, patients were
subject to high-dose chemotherapy and radiotherapy—procedures associated with
immediate and long-term complications, including infertility and death, and signifi-
cant sources of patient decision-making anxiety (Meier et al., 2015). In recent years,
however, lower intensity regimens have been adopted (nonmyeloablative), decreas-
ing the risks of complications (Bacigalupo et al., 2009).



5 Bioethical Decision-Making About Somatic Cell Genome Editing: Sickle-Cell... 61

Allogeneic hematopoietic stem cell transplantation is administered more often to
children than adults due to the higher risks in the latter cohort of complications,
such as chronic organ damage, lower tolerance to conditioning and infertility. Adults
also have more limited coverage by public and private health insurance (Saraf &
Rondelli, 2019). Another very significant problem with hematopoietic stem cell
transplantation treatments for sickle-cell disease is that more than 80% of treatment
candidates cannot find a human leukocyte antigen-matched donor (Demirci et al.,
2018). Accordingly, hematopoietic stem cell transplantation presents very high
risks of graft-versus-host disease and treatment-related mortality (Robinson &
Fuchs, 2016). As such, there is clearly a critical need for other treatment options for
people affected by sickle-cell disease globally.

Bioethical Decision-Making About Hematopoietic Stem Cell
Transplantation-Based Cures for Sickle-Cell Disease

Clinical bioethical discourse on hematopoietic stem cell transplantation for sickle-
cell disease engages with a broad range of these challenges, as well as several prob-
lematic uses of the treatment, such as its application in children with ‘less severe’
sickle-cell disease (Nickel et al., 2014). Nickel and Kamani (2018) have developed
a hematopoietic stem cell transplantation decision calculus that identifies a number
of potential risks and benefits, as well and other important variables, such as whether
the patient harbours any psychosocial, adherence or financial concerns, or whether
direct consent is impossible, such as in paediatric patients, and substituted consent
is needed. The authors also identify a range of factors that compound these bioethi-
cal challenges, such as the unpredictability of certain outcomes in hematopoietic
stem cell transplantation, the absence of any validated prognostic criteria, and the
fact that sickle-cell disease disproportionately afflicts minority and disadvantaged
populations (Nickel & Kamani, 2018).

A 2015 study of patient attitudes towards hematopoietic stem cell transplantation
for sickle-cell disease provides some useful guidance on changing community atti-
tudes towards risk (Meier et al., 2015). The study found that while significant num-
bers of patients were unwilling to accept any risk of mortality or morbidity for the
possibility of a cure, the number of respondents willing to accept a 15% or greater
risk of graft-versus-host disease had increased since 1991, when hematopoietic
stem cell transplantation first emerged as a treatment. While this might reflect
improvements in hematopoietic stem cell transplantation outcomes and its increased
availability, it may also reflect the commonly implied notion that, with time and
familiarity, many potentially harmful treatments gain marginally increased accep-
tance, while bioethical concerns may diminish in significance (Nickel &
Kamani, 2018).
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All the bioethical issues just described with reference to hematopoietic stem cell
transplantations are similarly important for patients and clinicians engaged in
decision-making about ex vivo SCGE for sickle-cell disease curative therapy.
Indeed, while the unprecedented spatial precision of SCGE may appear to some-
what surpass the unpredictable outcomes of the current best cure, a conspicuous
lack of data about SCGE for sickle-cell disease means that it is neither possible nor
prudent to identify its safety and efficacy other than in the most general and concep-
tual terms. As will be discussed below, the current lack of well-established evidence
represents a significant limitation for bioethical decision-making about SCGE in the
clinic, rendering the discussion more speculative than practical. Having said that, it
should also be acknowledged that ex vivo SCGE relies in many respects on the
established protocols of hematopoietic stem cell transplantation, which allows any
bioethical discussion to home in on the narrower aspects of the treatment.

While clinical trials for an ex vivo SCGE treatment for sickle-cell disease are
now underway (Vertex Pharmaceuticals Incorporated, 2021a, b), so too are many
ex vivo gene therapy trials for the treatment of sickle-cell disease and related hemo-
globinopathies (Williams, 2021). Notably, both the SCGE and gene therapy treat-
ments under investigation target the BCLI11A gene—a potent ‘silencer’ or
transcriptional repressor of fetal hemoglobin (HbF). It has been known for some
time that HbF reduces the severity of sickle-cell disease but is not expressed in adult
cells. These treatments are thus designed to induce the production of endogenous
HbF in adults. Both forms of treatment involve manipulation of the BCL11A gene,
which is known to regulate or ‘switch’ HbF expression; however, the precise mech-
anisms by which BCL11A achieves this effect are still being explored (Basak &
Sankaran, 2016).

One significant difference between SCGE and conventional hematopoietic stem
cell transplantation is that SCGE does not require donor hematopoietic stem cells as
these are autologous treatments. By harvesting hematopoietic stem cells from the
patient who is undergoing treatment, the very significant engraftment and donor-
compatibility challenges posed by an allogenic stem cell transplant are sidestepped.
Be that as it may, the significant difficulties associated with undergoing a myeloab-
lative conditioning regimen remain. As for the difference between gene therapy and
SCGE, the latter evidently achieves a more precisely targeted alteration to the
BC11A gene than the former. While the SCGE treatment uses a CRISPR-Cas9
nuclease to create the edit, gene therapy relies on random insertion via adenovirus-
associated virus vectors to modify BC11A.

Safety data on 22 patients undergoing ex vivo SCGE for sickle-cell disease using
a CRISPR-Cas9 platform known as CTX001 were reported in a press release from
the sponsors of the CLIMB sickle-cell disease-121 study in June 2021, after more
than 3-months follow-up post-treatment (Vertex Pharmaceuticals Incorporated
2021a). While these safety data are not yet published in a peer-reviewed study, the
initial data suggest that ex vivo SCGE applications may have a generally consistent
safety profile when compared with autologous hematopoietic stem cell
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transplantation and myeloablative conditioning. The clinical trial is a Phase 1/2 trial
involving patients aged 12-35 years with severe sickle-cell disease, defined as a
history of more than two vaso-occlusive crises per year in the previous two years
(Vertex Pharmaceuticals Incorporated 2021b). The trial protocols were outlined in a
proof-of-principle publication (Frangoul et al., 2021) and, following the carrying
out of the procedure, described in a follow-up editorial (Malech, 2021). The proto-
cols involved the collection of heterogenous cells from patients via mobilisation and
apheresis (from peripheral blood) before being shipped to a manufacturing location.
The heterogenous cells were then separated from the vascular fraction so that
enriched hematopoietic stem cells (CD34+ cells) were isolated. Following enrich-
ment, the cells were then edited by means of a specialised instrument called an
electroporator, which delivers a precise electrical pulse to the enriched cells in a
protective medium that contains the CRISPR-Cas9—guide RNA complex.

Electroporation increases the permeability of the cell membranes, allowing the
RNA-guided nuclease to be introduced (or electrotransferred). Following this pro-
cess, the cells are left to recover, during which the editing occurs. After some time,
the cells are then cryopreserved to facilitate manufacturing quality analysis before
being thawed (Malech, 2021). It is these treated cells that constitute the product
known as CTXO001 (and, as of 2023, known as Exa-cel). Some bioethical issues,
discussed briefly in the final section below, may be raised by the creation of this
cellular product out of the patient’s own biological materials. Then again, the safety
advantages of using the patient’s own cells cannot be readily dismissed. During this
manufacturing process, the patient is treated with a pharmacokinetically adjusted
dosage of the myeloablative drug busulfan. Then, after the cells have been evaluated
for quality, they are reintroduced into the patient’s body through a single intrave-
nous infusion. Again, while current safety data have not yet been validated, emerg-
ing evidence suggests that ex vivo SCGE applications may have a similar safety
profile to an autologous (not allogeneic) hematopoietic stem cell transplant and its
myeloablative conditioning regimen.

Bioethical Decision-Making About Ex-Vivo
Nuclease-Mediated SCGE

Given the similarity of SCGE-based treatments to existing therapies, several com-
mentators have dismissed the notion that SCGE presents unique bioethical chal-
lenges. ‘From an ethical standpoint, writes Eissenberg, ‘somatic cell genome
editing is no more problematic than transgenic [or gene] therapies’ (Eissenberg,
2021). Of course, this does not mean that SCGE is any less problematic than other
innovative therapies—be they gene therapies or stem cell transplants—and the
cogent dilemmas for them will similarly perturb the bioethics of SCGE.

Patient safety is unsurprisingly one of the most pronounced concerns in the ethi-
cal discussions of investigatory therapies, and the influence of historical tragedies
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continues to animate the discourse. The case of Jesse Gelsinger, the 17-year-old boy
who died in 1999 while participating in a safety trial for an investigational gene
therapy (Carmen, 2001; Eissenberg, 2021), is a case in point. Gelsinger died in cir-
cumstances where multiple aspects of his participation in the trial were ethically
dubious. For instance, although he had the targeted genetic disease, Gelsinger’s
participation would not provide him any lasting benefit; instead, it was hoped that
his participation might pave the way for treatments to children in future. Moreover,
Gelsinger and his father (who accompanied him at the point of signing the consent
form) were not fully informed of all the results of previous animal studies, nor of the
extent to which the trial’s sponsor would benefit financially from the trial. Finally,
Gelsinger was accepted into the trial despite having ammonia levels outside the
protocol’s safety limit (Wilson, 2010).

The incident is an appalling but salutary lesson for bioethical decision-making in
the context investigational therapies, particularly as it illustrates the concept of
patient vulnerability. In what follows, we set out the bioethical issues raised by
nuclease-mediated SCGE with occasional reference to our case study of sickle-cell
disease, in order to illustrate the specific issues presented by the intervention. As
noted earlier, we adopt a terminology already established by Beauchamp and
Childress (1979) and Evans (2021) when discussing these bioethical issues, classi-
fying them into the principles of nonmaleficence, beneficence, autonomy and
justice.

Nonmaleficence

The principle of nonmaleficence should be used to guide decisions to receive,
administer, or approve SCGE made by patients, practitioners, regulators and others
to avoid or minimise harm to patients and other stakeholders—both physically, psy-
chologically, financially, or in other ways. In the case of sickle-cell disorder, the
apparent safety of emerging nuclease-mediated SCGE therapy is indeed promising;
however, with world-first clinical trials only reporting safety data very recently, it is
too soon to determine whether SCGE is or will be safe and effective for clinical
uses. If, as these initial data suggest, the safety profile of SCGE is comparable to an
existing therapy, such as hematopoietic stem cell transplantation, then the relative
benefit, if any, of SCGE must be considered by all parties in all decisions before it
is trialled or administered.

Similarly, enrolment into clinical trials, including safety trials, must continue to
be overseen strictly by independent ethics and governance committees, such as
appears to have occurred in the CTXO001 trial (Frangoul et al., 2021). Trial approval
authorities, including therapeutic products regulators, must take steps to ensure that
all trials are designed to avoid or minimise potential harms. Similarly, the principle
of nonmaleficence should be adopted in the regulatory setting, where considerations
of the potential dangers to public health implied by certain policy and legislative
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approaches to SCGE—so-called public interest considerations—must be prioritised
above other considerations.

For instance, the creation of regulatory exceptions permitting unapproved or less
established therapies to be accessed in hospitals, where clinical oversight is pre-
sumed to exist, must be carefully controlled. Such regulatory exceptions are already
observed in the regulation of stem cell therapies in Australia (Waldby et al., 2020);
however, such exceptions or ‘carve-outs’ should be avoided or otherwise drafted
very narrowly so as not to permit SCGE to be administered in small hospitals or day
clinics (‘rogue clinics’), where clinical oversight and private commercial interests
may engender a culture of risk minimisation or financial gain (Ghinea et al., 2020).
Moreover, the establishment or use of licensing authorities for the approval of treat-
ments using SCGE (as has been recently prescribed in proposed mitochondrial
donation legislation in Australia; see Newson & Rudge, 2021) should be strongly
considered; and any such licensing regime should be maintained at least until the
safety and efficacy of SCGE is well established in the clinic.

In its recently published recommendations for governing human genome editing,
the WHO Expert Advisory Committee on Developing Global Standards for
Governance and Oversight on Genome Editing (the “‘WHO GE Committee’) sum-
marised several bioethical concerns about SCGE, including ‘rogue clinics, medical
travel, as well as the reporting of illegal, unregistered, unethical or unsafe research ...
including the offer of unproven so-called therapeutic interventions’ (World Health
Organization, 2021b). This summary recalls one of the most prevalent bioethical
challenges of the last decade: namely, widespread often unreported uses of unap-
proved stem cell-based interventions by rogue clinics, including in the context of
‘stem cell tourism’—a phenomenon at least partly facilitated by uneven regulatory
standards across global jurisdictions (Petersen et al., 2017).

Similar issues are likely to arise in the case of SCGE, including where investiga-
tors find opportunities for ‘ethics dumping’—travelling to different jurisdictions
with less vigilant oversight to carry out unethical research or provide unapproved
interventions to patients who may be vulnerable, desperate, and uninformed
(Schroeder et al., 2018; Dryzek et al., 2020). This is particularly concerning in the
case of SCGE for sickle-cell disorders given the prevalence of the disease in devel-
oping jurisdictions (such as sub-Saharan Africa and India), where governance
frameworks may be poorly resourced and the potential for misleading and predatory
promotion of SCGE may be higher. Among other things, the WHO GE Committee
recommends the strengthening of its global human genome registry, which is now
in a pilot phase (World Health Organization, 2021b). Equally, non-maleficence
would require that open-source registries and records in all jurisdictions could and
should be maintained.

In short, the principle of nonmaleficence (and its concern for patient vulnerabil-
ity) is supportive of bioethical policy that prevents monitors medical travel to pre-
vent investigators or clinicians from carrying out SCGE outside their home
jurisdictions (World Health Organization, 2021b). However, these policies must be
weighed against concerns for patient autonomy, discussed below. These principles
would similarly support the creation of strong reporting mechanisms for SCGE,
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such as complaints bodies tasked with receiving, recording, and responding to con-
fidential notifications about practitioner or investigator misconduct (World Health
Organization, 2021b).

Beneficence

The principle of beneficence invites us to consider the real prospects of benefit, both
individual and collective, in the event that SCGE is introduced (or accelerated) into
clinical practice. In Beauchamp and Childress’s biomedical ethics framework,
beneficence involves acting kindly and charitably (2019) or acting with mercy for
families in need (Getz & Dellaire, 2020). Clearly, for many whose lives are bur-
dened by sickle-cell disease, it would seem merciful to administer a safe and effec-
tive cure.

In another way, the principle of beneficence might be understood as coextensive
(or at least compatible) with health maximisation theories in the bioethics discourse
(or sometimes ‘value maximization’) (Tsu, 2011). These are theories in which the
aims of benefit sharing, medical advancement and of realising the highest and
broadest level of public good and public health are emphasised (Wilson, 2017).
Certainly, there are very strong bioethical arguments for pursuing SCGE for sickle-
cell disorder along beneficence and health maximization lines.

Beyond the beneficence conveyed through the seemingly curative powers of the
treatment, the reduced cost of treating and managing the disease could be transfor-
mative—for individuals, national and union-member state economies and for global
society. This is especially promising where organisations, such as the SCGE
Consortium (Saha et al., 2021) or the not-for-profit Addgene repository
(Vandenberghe, 2019), seek to reduce the time and cost of developing SCGE thera-
pies by sharing data and materials to the research community (Saha et al., 2021).

The costs to patients with sickle-cell disease varies substantially, dependent as it
is on the frequency of vaso-occulsive crises, insurance status (a public or private
payer) (Shah et al., 2020) and the relative local cost of preventive interventions
(Oron et al., 2020). However, studies estimate the indirect cost of the disease for US
patients as between USD 15,103 (Holdford et al., 2021) and USD 27,779 (Tsolakidis
et al., 2021; Shah et al., 2019) per annum. Moreover, the overall annual economic
burden of sickle-cell disease to the health system in Greece, for instance, is esti-
mated to cost more than USD 25 million per annum (Tsolakidis et al., 2021). In the
United States, the annual figure was estimated to be in the order of USD 2.98 billion
in 2015 (Huo et al., 2018). It is also worth remembering that roughly 5% of the
human population carries variants for hemoglobinopathies, and that, globally,
around 400,00 children are born each year with sickle-cell diseases (Cornel
et al., 2019).

Given the enormous prevalence of sickle-cell disorder globally, it is worth recall-
ing that CRISPR-mediated nucleases are thought to be radically more cost-effective
than other gene-editing technologies. For instance, kits for ZFNs cost some USD
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5000, whereas, some five years ago, CRISPR kits could be bought for only USD 30
(Ledford, 2015). It has also been argued, given that both the CRISPR machinery
and the laboratory equipment needed to create the nucleases are relatively inexpen-
sive, that CRISPR-based SCGE will be adopted at a low cost by small biotech firms,
non-profit organisations or public institutions, potentially reducing the economic
burden of sickle-cell disease for both individuals and governments (Bartkowski
et al., 2018). Then again, with ongoing intellectual property disputes over the
CRISPR-Cas9 platform, it remains difficult to predict whether SCGE will be free or
cheap to use (Contreras & Sherkow, 2017).

Beyond considerations of treatment costs, another problematic issue taken up in
the bioethics literature on SCGE is its use for human enhancement rather than for
treating or curing a pathology (Bubela et al., 2017). Indeed, it may be possible to
argue that the aim of health maximisation, and indeed the principle of beneficence,
might sometimes support enhancement-oriented uses of the treatment (Haga, 2018).
In the case of sickle-cell disorder, questions about the traditional enhancement/
treatment binary may be asked in cases where, first, patients experience no symp-
toms but are eligible for preventive treatment, or, second, have very few symp-
toms—so-called ‘less-severe’ expressions of the disease—but might benefit from
SCGE. In such cases, providing these non-phenotypic patients with SCGE might be
unnecessary or overcorrective—especially if there are less invasive or even less-
enduring ways to treat the illness than SCGE.

In such circumstances, a detailed assessment should be made, preferably by a
genetic counsellor (Cornel et al., 2019), of the risks and benefits across many crite-
ria, including in terms of the patient’s safety, financial, psychological and other
health risks. Then again, it may be, as Coller notes, that this enhancement/treatment
binary is too simplistic, and that the prevention of illness across a population already
predisposed to sickle-cell disorder through the application of SCGE would greatly
improve human life expectancy and almost certainly reduce the incidence of the
illness (Coller, 2019). As Coller (2019) writes, ‘Preventing disease by modifying
risk-associated variants thus occupies a middle ground between treatment and
enhancement and bleeds into both of those categories’ (2019).

In its recommendations, the WHO GE Committee contemplated both the posi-
tive and negative impacts of patents on access to SCGE (World Health Organization,
2021b). It is inescapable that patentees and their licensees can control who, if any-
one, may use their patents legally (Nicol & Nielsen, 2021). While patentees could
have a positive effect if they decided to license SCGE broadly, flexibly and cheaply
to those conducting research or administering needed treatments, even the cheapest
licences may restrict access to those who cannot afford them, particularly in devel-
oping countries (Baylis & de Vries, 2021). Patentees can also restrict uses of SCGE
for ethical reasons, as in the case of the Broad Institute, which, through Editas
Medicine Inc., are already using licences that exclude ethically questionable uses,
such as gene drives and germline editing (Broad Institute, 2014). While this mode
of self-regulation is interesting, with many real-world models emerging (Nicol &
Nielsen, 2021), the principle of beneficence would require that patents are not used
to restrict access or prevent the delivery of a cure to a patient in need. After all, the
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prospect that an SCGE treatment for sickle-cell disorder is likely to require only one
administration may mean that patentees will wish to set a high price to maximise
profits beyond the costs of production (Sherkow, 2017).

Additionally, where SCGE therapies for sickle-cell disease depend on the
patient’s own cells, as well as the genomes in those cells (such as in the case of
CTX001)—materials that cannot ordinarily be patented—the ability to scale up pro-
duction will be inherently limited, at least in the short term. This may in turn encour-
age patent holders to set higher prices. Moreover, where legislation already excludes
HHGE from patentability (Schneider, 2019), SCGE may be the only route for patent
holders to make a profit from their research, and this may further induce artificial
price inflation. If such conflicts of interest relating to financial profit are to be con-
trolled, a clearer jurisdictional consensus may need to be reached about how to best
define and limit the exercise of patent rights (Nicol and Nielsen, 2021).

Autonomy

Bioethical considerations of autonomy may be understood along several lines. One
line relates to bodily autonomy and would require all medical interventions to be
consistent with a patient’s right against intentional or negligent trespasses on their
bodies, such as those wrongs long recognised in tort law (Szalados, 2021). A paral-
lel line relates to ‘personhood’ and ‘free will,” and recognises a person’s right to
make uncoerced (autonomous) decisions relating their personhood. Recognising
this right would require all relevant information about a medical intervention to be
transparently shared with the patient through a comprehensive informed consent
process consistent with existing legal and bioethical decision-making models (Lu &
Adams, 2015). Failure to share such information may amount to negligence or,
again, a legal trespass in the tort of battery (Feng, 1987). In the case of SCGE, the
difficulty of explaining the technology may present issues for the accurate descrip-
tion of the treatment, potentially rendering practitioners liable but also detracting
from the principle of patient autonomy. Indeed, the complexity of the treatment is
underlined by the historical experience of those who have received autologous stem
cell-based interventions in the regenerative medicine context and later taken civil
action for injuries (Horner et al., 2018).

In one way, current SCGE therapies may be understood as building on the exist-
ing framework of the autologous stem cell transplant, but creating that essential
additional step by which the harvested cells are editing before being reinfused. In
this way, SCGE may be considered a bundle or group of treatments (autologous
SCBI, myeloablative conditioning, the nuclease-mediated editing), each of which
has its own potential risks and benefits. Accordingly, it will be paramount that
‘robust and rigorous’ education initiatives, as the WHO GE Committee has recom-
mended (World Health Organization, 2021b), are undertaken to ensure that suffi-
cient and accurate information is imparted to all those subject to SCGE.
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The last and most all-encompassing principle of bioethics we will address is justice.
In their discussion of justice in biomedical ethics, Beauchamp and Childress identi-
fied the principles of fairness, desert and entitlement as flowing through the many
detailed theoretical conceptions of justice, from utilitarianism, to egalitarianism,
through to communitarianism and ‘wellbeing theories’ (2019). Many of the issues
already implied or discussed above relating to access to treatment, non-
discrimination, health maximization, vulnerability, exploitation, undue profit and
the right to health care, are central to justiciable approaches to SCGE.

In the case of sickle-cell disease, the unmistakable prevalence of the disorder in
low- and middle-income countries presents a treacherous structural barrier to the
delivery of clinical care in those places. In its Framework for Governance report
(World Health Organization, 2021b), the WHO GE Committee acknowledged the
urgent need to build both infrastructure and expertise in these places where it is
most needed—a recommendation that recognises the challenges of distributing ben-
efits and allocating resources in the pursuit of global health justice in a postcolonial
public health context. Beyond redressing this overarching problem of accessibility,
distribution and need, the principle of justice will require a recognition of patient
health rights. As the WHO Framework acknowledges, those involved in the devel-
opment and clinical application of SCGE ought to adopt a view that all patients have
equal moral worth, are entitled to live without a genetic disease for which there is a
cure, and deserve solidarity and support in pursuing and attaining positive health
(World Health Organization, 2021b).

Conclusion

This chapter has provided an overview of the nature of somatic cells, their relation-
ship with disease etiology and human genomes, and the different types of genetic
diseases that might call for intervention through somatic cell genome editing. It has
also offered a brief outline of the historical development of SCGE and focused on
sickle-cell disease as a case study. Indeed, as a likely candidate for one of the first
commercialised SCGE interventions in the near future, sickle-cell disease generates
pressing bioethical questions.

To address those questions, we have considered the current best treatment for
sickle cell disorder, including its bioethical implications, before considering the
prospect of clinical uses of SCGE for the disease. The latter half of the chapter took
up the bioethical questions of SCGE in a more concerted manner, organising several
of the most problematic concerns under the four principles originally enunciated by
Beauchamp and Childress: nonmaleficence, beneficence, autonomy and justice.

While this chapter is not an exhaustive treatment of the bioethical questions (or
decisions) engendered by the clinical translation of SCGE, it is hoped that it may
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prompt further analysis of the formidable challenges we are likely to face as soon as
this decade, when various applications of SCGE will begin to enter the clinic and as
many more undergo investigation in human clinical trials.
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Chapter 6
Gene Therapy and Germline Cells
Research

Ferdinando A. Insanguine Mingarro

Abstract This chapter is aimed at providing the reader with an overview of the
phenomenological complexity created by Gene Therapy and Germline Cell
Research that has revolutionized bioethical and biojuridical debate. To achieve this
goal, this chapter opens with a brief introduction to the technical highlights of Gene
Therapy and Germline Cell Research and the different applications that are possible
today, especially considering the innovations arising from CRISPR/Cas9 tool. The
chapter continues with some reflections on the very concept of therapy, questioning
the classic dichotomy between therapeutic and non-therapeutic purposes, and with
an analysis of the most common bioethical and biojuridical arguments. Having
established certain technical-scientific and epistemological bases, this work is
intended to illustrate the complexity of ethical and social implications of Gene
Therapy and Germline Cell Research and the many values involved, leading the
reader to meditate on how not only diseases imply risks for humankind, but also
new health’s devices.

Keywords Germline Cells Research - Gene therapy - CRISPR/Cas9 tool -
Germinal interventions - Ethics of germline gene therapy

Introduction

Biomedical innovations open new frontiers and therapeutic possibilities by creating,
at the same time, spaces of uncertainty and risk (Tosini, 2006: 380) that cause a
transformation in the concept of life (Resta, 2009: 43) and, above all, in the dynam-
ics of control of this which, from being traditionally dominated by natural laws,
becomes subject to the human domain (Ballesteros Llompart, 2016: 178). This sce-
nario is even more visible in relation to genetic editing techniques, perfected by
CRISPR/Cas9 system, which today constitute the basic mechanism in the
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functioning of germline gene therapy. The emergence of these techniques, which
have, among other things, revolutionized the classic dichotomies between therapeu-
tic and non-therapeutic purposes and between risk and safety, requires a detailed
analysis of the values brought up and their underlying risks and benefits, in indi-
vidual and collective terms.

Indeed, the purpose of this chapter is to give the reader a detailed overview of the
phenomenological complexity created by germline gene therapy that has ended up
revolutionizing bioethical and biolegal debate.

How Is Germline Gene Therapy Technically Possible?
Advancing Germline Genomic Editing Techniques Through
CRISPR/Cas9, a Nobel Prize Winning Combination

Following the mainstream doctrine, we could define gene therapy as a relatively
young science that consists of genetic modification of a patient’s cells, in order to
prevent or correct a pathological condition caused by the presence of a defective
gene (Lacadena, 2001: 8; Ferrari & Romeo, 2011: 497-507). Such a definition can
and should be problematized in light of the liquid boundaries of the very concepts
of therapy, health and disease. However, it is undeniable that genomic editing tech-
niques are underlying the functioning of any type of gene therapy. It is for this rea-
son that before describing the peculiarities of gene therapy and its main differentiation
between somatic and germinal ones, we must deepen the set of techniques that
make it possible to practice or think about practicing this type of therapy.

Genome editing, usually carried over to the field of genetic engineering, consists
of a sum of techniques that, offering the possibility of separating and recombining
fundamental elements of an organism’s DNA, have an impact on both technological
and purely medical aspects (Nicholl, 2008: 3—4). Specifically, all operations involv-
ing subtraction, substitution or aggregation of DNA in the human genome using
nuclease-type enzymes are included in the notion of genomic editing. These
enzymes, better known as molecular scissors,' allow double-stranded breaks to be
performed in specific DNA locations that can be repaired by binding mechanisms —
homologous or nonhomologous — thus producing controlled genetic modifications
(Lacadena, 2017: 1; Deutsche Ethikrat, 2019: 8).

Scientific community began to question itself about technical and ethical prob-
lems of this type of operation already in the seventies of the last century, during the
famous conferences of Asilomar. However, these discussions did not contemplate,
even hypothetically, a possible application of genomic editing to humans, due to the

! Although in this work our field of reflection is limited to the applications of genetic engineering
in humans, it must be emphasized that these techniques are also used in non-human organisms.
Moreover, the main field of application of these is agriculture, specifically in the production of
genetically modified organisms (GMOs) using recombinant DNA techniques (Fukuyama,
2002: 72).
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lack of knowledge about the structure of genes that make up our genomes. It is for
this reason that, unanimously, the specialized literature considers the Human
Genome Project as the first and inescapable step towards the viability of genomic
editing techniques on human beings: in fact, with the aforementioned study, devel-
oped by the Human Genome Sequencing Consortium (HGSC) and Celera Genomics
under the direction of the National Institutes of Health (NIH), our species’ genome
has been completely sequenced (Balistreri, 2020: 15) and reverse the axiom by
which each gene can encode a single protein, by proving that, on the contrary, a
gene is capable of encoding different proteins, even with antithetical functions.

Although the success of the aforementioned project constitutes an essential start-
ing point for the development of genetic editing, what has put such technique at the
center of the global biomedical agenda has been the innovation given by CRISPR/
Cas9 system, a molecular association capable of encoding enzymes that, in turn,
provide the possibility of cutting and retrieving DNA in a predetermined position
(Marfany, 2019: 19). This system, perfected by scientists Jennifer Doudna and
Emmanuelle Charpentier in 2014, consists of an RNA molecule (CRISPR) and an
enzyme (Cas9) that deal, respectively, with the transmission of genetic information,
and to cut DNA into the exact part indicated by CRISPR (Doudna & Charpentier,
2014: 1077-1088; Zetsche et al., 2015: 759-771).2

Although the first significant studies® on CRISPR sequences were developed by
Francisco Martinez Mojica (Mojica Martinez et al., 1993), it is the combination of
the two elements that gives efficiency to the system. In fact, the literature has
emphasized four fundamental characteristics that differentiate CRISPR/Cas9 from
other pre-existing genetic modification techniques: (a) specificity, understood as the
ability to induce modifications in very specific points of the genome, which in turn
provides a high level of (b) efficiency, which is reflected in the high final percentage
of effectively modified genetic sequences, in addition to (c) accessibility, for its ease
of application, and (d) versatility, for different uses that can occur at the investiga-
tive level and, above all, for different forms of manipulation that can be operated
(Santalo & Casado, 2016: 26). The set of these features and their enormous thera-
peutic potentialities crystallized in 2015, when Science named CRISPR/Cas9 inno-
vation Breakthrough of the Year (McNutt, 2015: 1445) and above all encouraged the
Royal Swedish Academy of Sciences to award Jennifer Doudna and Emmanuelle
Charpentier the 2020 Nobel Prize in Chemistry for their work in developing the
technique, defined as a revolutionary method of genetic editing that contributes to

>More specifically, CRISPR individualizes the area of DNA to be cut, interposes between the two
helixes and separates them: this is when Cas9 comes into action by cutting both layers in the exact
position indicated by the RNA molecule. This DNA rupture triggers the activation of cellular repair
mechanisms that scientists can use to modify the desired DNA zone by deactivating the defective
gene that is achieved by aggregation or subtraction of genetic material (Baylis, 2019: 51, 52).

3The use of the adjective “significant” is not casual: as highlighted by the Royal Swedish Academy
of Sciences in its historical reconstruction (2020: 1), the first studies (although merely descriptive)
on CRISPR in the genome of bacteria are due to a group of Japanese scientists (Ishino et al., 1987:
5429-5433).
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the development of new cancer therapies and can also materialize the dream of cur-
ing hereditary diseases (The Royal Swedish Academy of Sciences, 2020).

At the same time,* it should be noted that in the light of the first empirical results
and the observations of expert geneticists and qualified working groups, the “cut” in
the DNA operated by CRISPR/Cas9 is not completely risk-free. As can be read in
the prepared dossier of the Nuffield Council of Bioethics 2018, although there is
little chance that the fool does not cut the area indicated by CRISPR, the risk of
uncontrolled fissures capable of causing off-target genomic modifications® (Nuffield
Council of Bioethics, 2018: 37) that could even become cases of mosaicism (De
Montalvo Jadskeldinen, 2020: 49) cannot be underestimated.

Even so, continuous advances in terms of efficiency and safety of the technique
and the features of specificity, accessibility and versatility mentioned above have
generated great expectations in public opinion about the possible therapeutic use of
genetic editing: gene therapy.

Gene Therapy: Definitions, Differentiations and Applications

As we have already emphasized, gene therapy consists of genetic modification of a
patient’s cells in order to prevent or correct a pathological condition due to the pres-
ence of one or more defective genes (Lacadena, 2001: 8; Ferrari & Romeo, 2011:
497). Going into more detail, gene therapy bases its function on the use of innocu-
ous viral vectors that manage to infect cells and integrate new DNA sequences into
the cell genome, thus being able to recover a physiological phenotype in patients or
embryos with rare genetic diseases, with special reference to monogenic ones
(Balistreri, 2020: 17).

In biomedical practice we can separate gene therapy into two typologies accord-
ing to the area in which they operate: in fact, one takes the name of germinal because
it acts on the germline of the zygote or human embryo, whereas the second is known
as somatic because it operates only on somatic cells of fully formed individuals.
Therefore, if somatic therapy modifies only the DNA of cells of certain tissues and
its effects are limited to the individual recipient of the operation, its germinal epi-
gon, modifying cells also in gametes, causes the transmission of genomic alteration

*Until the operation carried out in November 2018 by the Chinese geneticist He Jiankui, which
will be discussed below, all the experiments had been performed without implanting in utero the
embryos whose genetic heritage had been modified. The two most relevant studies of germ
genomic editing in embryos are that of the working group led by the Chinese geneticist Zhang,
whose results have been only discrete (Zhang et al., 2014: 40—46; Liang et al., 2015: 363-372) and
the most recent, and with better results, carried out by the Oregon Health and Science University
working group that has attempted to correct a genetic predisposition to contracting an inherited
heart disease (Ma et al., 2017: 413-419).

3 Off-target modification means an unwanted and unpredictable mutation of the genome of the
individual or the embryo to which the technique is addressed (Baylis, 2019: 22).
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to offspring.® As Francoise Baylis shows, if the somatic technique allows to modify
individuals, the germinal gives the possibility to modify humanity (Baylis, 2019:
34), extending human power in the kingdom previously ruled only by chance (Stock
& Campbell, 2000: 4).

This trait, which is unique to germline gene therapy, generates a lot of hope and,
at the same time, a lot of fear in the scientific community and in public opinion
because it would be able to permanently eradicate some diseases of genetic origin,
but, at the same time, there is a very wide range of risks due to the fact that an ille-
gitimate use of the technique could cause dysfunctions that would be transmitted to
future generations (Birnbacher, 2018: 63) and, in the current state of the art, would
remain irreversibly (Deutsche Ethikrat, 2019: 10).” The risks mentioned above lead
to important doctrine and expert groups to consider germline therapeutic interven-
tions as an extreme ratio that should be used only in case the somatic alternative and
genetic diagnosis preimplantation (DGP) were not effective (Mertes & Pennings,
2015: 52-53; The National Academy of Sciences, 2017: 103).

While somatic gene therapy proves to be successful for most genetic dysfunc-
tions, as highlighted, among other components of the German Bioethics Committee
in a recent report, there are pathological predispositions resistant to modifications in
somatic cells, in which only germinal interventions can be effective: we refer to
multiorganic disorders, to pathologies that occur systematically (such as cystic
fibrosis) or developing in tissues that are too wide (muscular dystrophy) or difficult
to access (Huntington’s disease) (Evitt et al., 2015: 25-29; Porteus & Dann, 2015:
980; Deutsche Ethikrat, 2019: 11). In cases where one parent is homozygous domi-
nant from a genetic alteration that causes a monogenic disease, not even PGD and
the subsequent screening could provide the possibility of selecting a healthy embryo,
because all would present such alteration (Nuffield Council of Bioethics, 2018:
44-45; Ranisch, 2020: 63). In addition, PGD provides only the possibility for the
couple to discard embryos with serious genetic diseases; however, by combining
screening with germline gene therapy, these embryos would not be discarded but
modified to suppress predisposed genetic disease and thus cured (Insanguine
Mingarro, 2018: 71; Wells et al., 2019: 345).8

°It is worth qualifying a circumstance that, although it may seem obvious, is often lost in the recon-
structions of specialized literature. In order for a genomic modification carried out in the germline
of an embryo to be effectively transmitted to future generations, it is necessary for the embryo to
be implanted in utero (De Miguel Beriain et al., 2019: 109).

"As the members of the German Bioethics Committee stated in their recent report on genomic
editing, the current state of the art does not allow the reversibility of the germ modification directly
in its recipient, but, theoretically, if in its future generations: For this, it would be “enough” to
modify the embryo again in its early stages of development to “undo” the modification made in its
progenitor during its embryonic development (Deutsche Ethikrat, 2019: 10).

#In addition to the ability to cure monogenic diseases, referring in terms of prevention and not
strictly therapeutic, it is essential to stress that germline editing also provides the possibility of
modifying the human genome so that it is presented as less predisposed to contracting certain
polygenic pathologies, including some form of cancer and diabetes (Ranisch, 2020: 64). As impor-
tant doctrine emphasizes, this goal is unattainable for PGD techniques for several reasons: in addi-
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To its characteristic of being the only valid therapeutic tool for some genetic
malformations, germline gene therapy adds the aforementioned mechanism of heri-
tability of the intervention that allows pursuing the objective, with an individual and
collective dimension, to eradicate diseases permanently, without the need to renew
the therapeutic cycle in each generational component. On the other hand, it is
pointed out — with particular reference to the argument of the slippery slope to
which reference will be made below — that a first legal legitimization towards the
therapeutic use of the germinal technique would lead humanity towards eugenics,
because it would end up legitimizing in the future any kind of genetic modification:
from the selection of eye color and sex to the empowerment of abilities. Thus, bio-
ethical and biolegal debate on germinal genetic editing has moved in recent years
between rhetorical scenarios of a utopian future, without diseases, and a dystopian
one, dominated by eugenic logics.

However, what has shaken public opinion, taking the phenomenon of germline
gene therapy beyond academic settings, has been the news of last November 27,
2018, date in which, for the first time in history, the germline technique was used in
human embryos implanted in utero. During the ceremony of the Second International
Summit on Human Genome Editing, promoted by the National Academy of
Sciences and the National Academy of Medicine of the United States, in collabora-
tion with the British Royal Society and the Hong Kong Academy of Sciences, a
Chinese geneticist, He Jiankui, despite the existence of a broad self-regulatory
agreement in the scientific community for a moratorium on germline gene editing,
announced the birth of Lulu and Nana, two girls whose embryonic germline had
been modified with the aim of immunizing their genetic heritages from contracting
AIDS. Specifically, Jiankui claimed to have deactivated the CCRS gene, a protein
encoder that opens the possibility for the virus that causes AIDS to penetrate the
body’s cells.” Although this is not, in absolute terms, the first application of the
germline technique on human embryos, it is the first time that they have been
implanted in utero. Therefore, the absolute novelty, which has had such a great
impact on public opinion causing a general disapproval in the scientific and aca-
demic community,'® consists in the fact that for the first time — two twin girls have

tion to being limited to the number of embryos produced and the genetic characteristics of the
parents, embryo selection does not exclude the possibility that genetic weakness in the face of
some pathologies will be transmitted to future generations (Savulescu et al., 2015: 476).

°Tt should be noted that, as highlighted more than 10 years ago by the renowned Italian immunolo-
gist Lucia Lopalco, not all HIV variants penetrate the body through the protein encoded by CCR5
(Lopalco, 2010: 547-600).

!%Tn fact, the spread of the news of the genomic edition made by He Jiankui has provoked a new
shift in the scientific community that, if with the dossier of the Nuffield Council of Bioethics
(2018) seemed ever closer to liberal positions, He returns with force to much more cautious posi-
tions. One example is the recent publication of a series of calls to strengthen, including legally, an
international moratorium on the use of these techniques. Among the most relevant, those published
in Nature in 2019 (Lander et al., 2019: 165-168; Wolinetz & Collins, 2019: 175) and the Geneva
Declaration, a document prepared following an important scientific congress on the subject
(Andorno et al., 2020: 351-354).
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been born, two fully formed individuals, with a modified genetic heritage in the
germline.

The edition operated by He Jiankui seriously doubts two key dichotomies in the
ethical debate and in legal praxis about these techniques: the possibility of differen-
tiate between safe and risky public policies, and between interventions for therapeu-
tic and non-therapeutic purposes. For example, with regard to the latter, it is
impossible to subsume Jiankui’s intervention in one of these two categories, at least
without some clarifications and sub-differentiations. In fact, at the time of the opera-
tion, the genetic heritage of Lulu and Nana, in their embryonic state, did not present
any pathology: likely, even without germline genomic editing, the twins would have
been born free of all genetic diseases. Therefore, the deactivation of the CCRS5 gene
operated by Jiankui has not cured a pathological condition, constituting — however —
a form of immune system enhancement aimed at preventing the contraction of one
of the most fearsome diseases of our society. In short, it is a kind of genetic vaccine,
with a therapeutic intention, but it does not act directly against a pathology. Can this
be considered a therapy or for there to be a therapy is necessary to have manifested,
previously, a disease and, therefore, it belongs to non-therapy threshold any type of
enhancement, either intellectual, muscular or immune? With the ambition of trying
to separate the therapeutic germline genomic edition from editions with other pur-
poses, I will address this and other questions in the next section, in which I will
question the dichotomy between therapeutic and non-therapeutic purposes propos-
ing a more detailed plan of differentiation between the potential uses of germline
genomic editing.

When Do We Really Talk About Germline Gene Therapy?
One Step Beyond the Dichotomy Between Therapeutic
and Non-Therapeutic

As Diego Gracia emphasizes, the more complicated an action scenario is presented,
the more human beings’ tendency to reduce all phenomenal reality and its possible
developments emerges in only two extremes, one facing the other, generating
dichotomies and falling into what he defines as “dilemma bias” (Gracia, 2019:
104, 105).

It is not by chance that, in the specialized literature, when discussing what type
of germinal intervention can be considered as ethical or legally lawful, the dichot-
omy between therapeutic and non-therapeutic purpose of genomic alteration is gen-
erally used. As we have already anticipated, in the light of He Jiankui’s daring
experiment, this hermeneutic key — in addition to needing a determination of the
content of the notion of therapy — is no longer sufficient to read the phenomenologi-
cal reality of germline genomic editing. Therefore, we consider it opportune to
address the question from four potential macrofinalities: one (a) stricto sensu thera-
peutic, another (b) preventative, one with purpose of (c) potency and, finally, one
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that we could identify as “voluptuous.” Still, we will see how the peculiarities of
germ genomic editing will highlight the weakness of the boundaries between these
notions.

(a) Traditionally, the concept of therapy is proposed as indissolubly linked to the
notion of disease: For example, the Royal Spanish Academy defines therapy as
a treatment of the disease and the Italian Treccani Encyclopedia as the study and
concrete action of means and methods to combat diseases. Hence it seems to us
entirely plausible that in order to qualify a set of studies, means and medical
methods as therapeutic it is necessary that there be a disease and that it is con-
venient to analyze the two concepts simultaneously and, moreover, with a focus
also on the correlative of the notion of disease, namely, health.

Attention to sociological literature on the basis of the distinction between health
and disease, between normal and pathological situations, it has roots in the last part
of the nineteenth century and specifically in the texts The Division of Social Work
and The Rules of the Sociological Method by Emile Durkheim whose first editions
were released, respectively, in 1893 and 1895. In his attempt to give a new base of
values to French society in his secular process of remodelling, the French sociolo-
gist charges the concept of health of an axiomatic value (Ardigo, 2003: 118-119),
radicalizing the distinction between this and the disease and stating that “for both
societies and individuals, health is good and desirable; disease, on the contrary, is
the evil and what must be avoided” (Durkheim [1895]2001: 93). The construction
of the antithesis between health and disease is developed, according to the French
sociologist, only in the social section not taking into account the contribution that
the patient’s life experience can provide in the individuation of the pathological
state. In fact, for Durkheim a state can be defined as pathological only if a signifi-
cant difference is manifested, in statistical terms, between the average type of trend
in an organism of a given species, in a given social context and within a certain age
threshold (Durkheim [1895]2001: 102). Hence, for the Durkheimian reconstruc-
tion, the concepts of health and disease need the support of the numerical sciences
and statistics and not the subjective contribution of the sick (Ardigo, 2003: 121).
However, Georges Canguilhem argues that for a more precise elaboration of the
content of these concepts it is essential to start from the doctor-patient relationship,
considering the patient as a judge of the transformations in his state of health
(Canguilhem [1966]1971: 138). Thus, the recognized philosopher of science man-
ages to differentiate the notions of pathology and anomaly: although the latter, when
understood as variation, morphological-functional and congenital, with respect to a
specific type, can be measured in statistical terms, However, disease or pathology
would be a measurable notion only through the environment and never in absolute
terms. In fact, the disease provokes a norm of life incapable of adapting to the envi-
ronment, in the sense that it does not tolerate any distancing from the conditions in
which it is valid. Therefore, the abnormal living can be considered sick only if,
penetrated in the environment, it proves not to have an adequate stabilizing capacity
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(Canguilhem [1966]1971: 138-140). Thus, with the contribution of Canguilhem,
disease becomes conceived as an organizational-functional deviation that, to be
individualized and defined, needs to study the relationship between the individual
and the environment.

If we embrace the concept of disease just mentioned, an embryo could not be
identified as sick, at any stage of its development: in fact, it is only from the moment
of birth that we can verify whether the embryo, by becoming an individual and hav-
ing contact with the environment, it presents a standard of living unable to tolerate
some situations.

Therefore, if an embryo cannot in any case be considered sick and if an interven-
tion can be defined as therapeutic only if it is aimed at eradicating a disease, we can
never define germ genomic editing as strictly therapeutic because it is not possible,
by definition, affect the germline after birth. However, as Arthur Caplan has empha-
sized, among others, genetic technology has produced a secondary code in the rela-
tionship between disease and health: the one that develops between the genetically
“normal” and the genetically “suspicious.” In fact, as a result of genetic screening it
is possible to identify in the embryo a tendency to disease that, as evidenced in the
previous section, may only be avoided by means of a germ genomic edition. Well,
in this case, could we qualify the intervention as therapeutic? As we have already
anticipated, if we embrace the concept of disease that we have developed, the
answer is no: the disease, in an embryo, does not yet exist, so it is a tendency, a
predisposition that, consequently, at the conceptual level it is much closer to the
notion of prevention than to that of therapy.

(b) As aresult of all the arguments made in the previous section, all the activities
of germline genomic editing aimed directly at avoiding the contraction of a
disease caused by a pathological genetic predisposition fall on the threshold of
prevention.

However, the concept of prevention is broader and deserves an ex professo analy-
sis: in fact, to this type of intervention, which we could define as “direct preven-
tion”, are added others that, in antithesis to these, we could label as “indirect
prevention.” Specifically, these interventions are those that, instead of being carried
out with the intention of modifying the gene or the group of genes that causes the
pathological predisposition, are aimed at enhancing the immune system so that this,
reinforced (or enhanced?) being more efficient in preventing the contraction of cer-
tain diseases. It is precisely this specific decline of the preventive purpose that has
used the Chinese geneticist He Jiankui to boost the immune system of Lulu and
Nana, affecting their germlines.

Besides separating between direct and indirect prevention, indirect prevention
needs to be subdivided by highlighting the difference between immune system
enhancement operations to reduce the chance of contracting a contagious disease
and one — however — focused on the prevention of a non-communicable pathology.
It is clear that between these two types of intervention there is a substantial



88 F. A. Insanguine Mingarro

difference in terms of social effects: reducing the contraction of contagious diseases
is undoubtedly a benefit for society, bringing this type of germinal intervention
closer to a kind of genetic vaccine.

(c) The reflections on the category of indirect prevention constitute a useful trait
d’union with the concept of genetic enhancement to which, often even in the
Spanish language literature, we refer with the English term genetic enhance-
ment. More than frait d’union, for a certain decline of empowerment we could
speak only of union with the concept of indirect prevention. We refer, obviously,
to all those activities of empowerment defined by the literature as “medical”
that, following the rebuff of the transition of the doctor from healer of sick to
promoter of health, are oriented to improve the state of health of the individual
(De Wert et al., 2018: 465).

This type of enhancement, inspired by medical purposes, has little to do with
enhancement in a stricter sense because it is led to a direct improvement of the intel-
lectual or muscular abilities of the future person who, as will be seen below, open to
different and even more complex problems. In fact, empowerment aimed solely at
improving the benefits of the human being in society is totally divorced from the
concept of health, even in its broad meaning elaborated by the World Health
Organization, which as is known, in addition to the absence of diseases, includes
psychological, physical and social well-being (World Health Organization, 1998:
1). As Bert Gordjin and Ruth Chadwick stress, such practices would be the fruit of
a change in the paradigm of medical science: if for many years the polar star of
medicine has undoubtedly been the regulative idea of a restitutio ad integrum of the
patient, whose body needed to be returned to its normal functioning, today you
notice a transition towards the idea of a transformatio ad optimum (Gordijn &
Chadwick, 2009: 1).

(d) Finally, germinal interventions can be guided by completely “voluptuous” pur-
poses, that is to say, aimed at fulfilling desires that — without being related to
medical requirements, prevention or improvement — concern different aspects
such as the color of the eyes, skin or sex selection. Indeed, even in this type of
purpose it seems sensible to reflect on the different degrees of “voluptuousness”:
if, probably, the predetermination of eyes color does not produce any social
consequence, the issue changes radically in the selection of sex or color which,
especially in certain societies, can lead to the creation of obstacles or social
benefits and are therefore capable of changing a person’s aspirations in the future.

Therefore, the “voluptuous” purpose is presented, like all the others, with blurred
boundaries, in particular with the category of empowerment and, to a certain extent,
it is perhaps a greater danger in relation to a possible eugenic drift from which we
shall analyse in detail in the following section.
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Fear of a Eugenic Drift and the Controversial Violation
of Human Dignity: Two Major Bioethical Objections
to Germline Gene Therapy

Against the use of germline genomic editing techniques, even in their therapeutic
dimension, there are two major objections that, as we will see, usually come to
intersect: the fear that genomic alterations may give life to a eugenic society and
that they may constitute a violation of human dignity.

As regards the first objection, it is based on the fear that an authorisation to inter-
vene in the germline, even if it is to prevent a disease directly, could lead society
towards a eugenic drift, that is to say a regression in a dystopian future in which our
techniques would end up being applied indifferently, transforming into a technology
of permanent discrimination with which to program any character of embryos and
promote social inequalities (Pollack, 2015: 871).

The term eugenics, coined by Francis Galton in 1883, began to be used to indi-
cate a certain scientific branch oriented to investigate how to grant to the more suit-
able race or strains of blood a better chance of prevailing speedily over the less
suitable than they otherwise would have had (Galton [1883]1907: 17). Pushing
eugenics from a scientific to an ideological dimension was dedicated to the hateful
social and political movement that developed in the first half of the twentieth cen-
tury in Germany in order to study strategies to reproduce only Aryan individuals
(positive eugenics) and prevent the birth of individuals other than the Aryan race
(negative eugenics), who were considered dysgenic specimens (Esposito, 2004:
136). However, according to Susan Root, eugenic studies, in their origin, had a
much more restricted and less odious scope because it was limited to the attempt to
increase the chances of a child being born healthy (Root, 2000: 873). While it is
undeniable that ideological shift has led eugenics towards unpredictable destinies,
we find it difficult to think of a concept of eugenics completely lacking a negative
component, even in the time of Francis Galton; in fact, as Roberto Esposito states,
a concept oriented to the improvement of the species is indissolubly linked to a
negative component, with the function of preventing the spread of dysgenic speci-
mens: only in the vacuum of the elimination of the worst opens the space for the
increase of the best (Esposito, 2004: 136).

According to Allen Buchanan, new techniques of genetic engineering cannot be
described as eugenic instruments, even in a Galtonian sense. However, these would
give life to a new genetic: the fundamental difference would rest on the inclusive
and universalistic character of the current genomic editing instruments oriented to
the cure of diseases and on the exclusionary and particularistic character of classical
eugenics which, from the middle of the twentieth century, is obsessed with the
dogma of the superiority of the Aryan race (Buchanan et al., 2000). Instead, the long
shadow of the Nazi project and the fear of living again this terrible experience
pushes the public opinion and the doctrine to identify the new practices of genetic
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engineering with the notion of eugenics that developed in the Hitlerite era and,
therefore, with something to avoid at any cost (Segers & Mertes, 2020: 35).!!

The identification of any authorization to intervene in the human germline, even
if it is limited to the prevention of specific medical problems, such as the spark for
an inevitable drift towards a eugenic society brings its origin in the conviction that,
once germline genomic operations are allowed, no regulation would be able to avoid
social pressure towards empowerment practices (Lanphier et al., 2015: 411). This
position, classifiable among the objections of consequentialism, is based on the
argumentative technique of the slippery slope that Eugene Volokh defines as a form
of predictive sociology that develops by interlacing an ethical premise and an
empirical forecast (Volokh, 2003: 1028). In our case, the first would be to consider
highly probable that, admitting now a therapeutic use of the germ modification
(decision A). In the future, a solid social acceptance would be generated towards
practices of genetic enhancement or merely aesthetic changes, which have nothing
to do with the protection of health (decision B). Therefore, on the basis of this
empirical forecast, although decision A is considered ethically acceptable, the fear
that it may lead humanity to accept decision B, which is ethically despised, leads to
the renunciation of decision A. Thus, as Lydia Feito Grande stressed more than
twenty years ago, distressed by the fear of slipping on the slope, supporters of this
argument consider it preferable to renounce the possibility of eradicating odious
monogenic diseases (Feito Grande, 1999: 298, 380). Underlying this thesis, we find
a feeling of distrust not only towards the human being- who is considered unable to
limit himself, victim of the paradoxical Promethean unevenness (Anders, 2011: 30
ff.) — but also towards law that could not avoid to slip on the slope of eugenics.

To this end, a clear contradiction cannot be avoided. As has been observed, those
who argue the need for an absolute prohibition do so on the basis of the argument
that there is no form of regulation that frees us from start us down a path towards
non-therapeutic genetic enhancement (Lanphier et al., 2015: 411). Well, but if the
Law has no hope of saving us from the slip on the slope, what is the point of banning
the technique altogether, thus renouncing the therapeutic benefits? (De Miguel
Beriain & Armaza Armaza, 2018: 195).

It is not surprising, however, that such a dystopian scenario is a source of over-
riding concern for society and the political system although it is, today, absolutely
unlikely; indeed, as Luhmann states, if individuals usually worry about future events
of medium or high probability, in biotechnology sectors it seems that everything

"However, it is necessary to emphasize how there are illustrious examples that have clearly dif-
ferentiated genetic engineering and eugenics. Among them, Jiirgen Habermas who, while express-
ing all his concerns towards the developments of these techniques, fruit of a liberal genetics, the
differences of Nazi eugenics which, however, was the product of an authoritarian model (Habermas,
2002). Along the same lines, we also find the International Bioethics Committee, which, in its 2015
report on the tension between genetics and human rights, while taking a stance against any kind of
genetic intervention for non-therapeutic purposes, stresses that the objective of empowering
human beings cannot be confused with Nazi eugenic projects which, however, were aimed at
eliminating certain groups of individuals (International Bioethics Committee, 2015: 27).
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that is very likely is completely normalized, while the improbable and catastrophic
gain interest (Luhmann, 1991).

To this criticism, fruit of an internal reasoning to consequentialism, another is
linked with a deontological nature: the fear that interventions in the germline, in
addition to causing a transition to a more unequal society, they end up altering the
human genome as a whole, putting at risk the purity of human nature sublimated in
the genetic heritage, common to the entire species. This argument is based on a
scientifically erroneous conviction: that there is only one genetic heritage for the
human species and that it also has a static nature and is therefore potentially immu-
table. However, as the geneticist Lluis Montoliu emphasizes, there is no connection
between human identity and the inalterability of the genome: on the contrary, there
are as many genomes as human beings (Montoliu, 2019: 342, 343). Also, as the
experts of the American National Academy of Science, among others, claim, no
human being is destined to die with the same genetic makeup that he presented at
the time of his birth, due to continued exposure to various enviromental impacts,
such as radiation, which cause uncontrolled and unforeseen genetic mutations (The
National Academy of Sciences, 2017: 94, 95; Raposo, 2019: 257).

Despite scientific evidence, this need to preserve human nature in its current
condition leads to subordinate, in relation to these demands, the welfare of future
generations (Foht, 2016: 8). In approaching this thesis with attention, although it
may seem paradoxical, it can be said that the argument used to try to stop the future
existence of a eugenic society is configured, by itself, as a eugenic argument.
Insisting that human embryos undergoing germline gene therapy cannot be
implanted to prevent their edited genes from contaminating the germline leads to
the same short circuit of eugenics, that is, to value the abstraction of the ‘germline’
and the purity of human nature over the lives and medical interests of current human
beings. In fact, as Roberto Esposito states, eugenic discourse is not antithetical to
the conservation of human nature: as is known, eugenics does not aim at the correc-
tion of nature, rather at the correctness of procedures — artificial, obviously — they
have negatively influenced their course (Esposito, 2004: 135).

Underlying all theses oriented to the preservation of human nature — and, as we
have seen, paradoxically eugenics are also — there is the conviction that the expres-
sion of the natural is “wiser,” citing a fortunate expression of Leon Kass (1985: 72).
In any case, better than artificial, whose manifestation would be technology. In con-
trast, Lee Silver states that it is not possible to identify, always and in any case, the
natural order with the good (Silver, 1998: 256): in truth, nature has produced viruses,
natural catastrophes — perverse effects, in the semantics of Thomas Khun (1963) —
that the artificial, by means of technology, has overcome without, therefore, human-
ity losing its nature. Similarly, as Raposo says, genetic dysfunctions are part of
human nature, as well as the need to cure them: modifying the human genome to
eradicate them would not change our nature, but, on the contrary, would reaffirm it
(Raposo, 2019: 255). In addition to reaffirming it, according to the extreme position
of Russell Powell, it would save it: humanity, over the years, has always been more
dependent on ex post therapeutic intervention which, in a scenario of political and
economic collapse, may not be guaranteed. For this reason, Powell believes that
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taking the opportunity to eradicate diseases ex ante could lead humanity to loosen
that link of dependence with medicine that, in its reconstruction, could lead to catas-
trophe (Powell, 2015: 669-695).

On the other hand, some supporters of the thesis of the preservation of human
nature, radicalizing the dichotomy between nature-good/technical-evil, give such
normative force to human nature that they conclude that it is necessary to accept it
as it is. Linking this argument with the consideration by which the human genome
would be an expression — or even expression — of human nature, defends the intan-
gibility of this in any case (Kass, 2002).

This thesis is usually accompanied by a very persuasive argument, to the point
that it has been defined as an “argument-ending trump card” (Cutas, 2005: 312) and
that, since 1997, has been corroborated by the Universal Declaration of the Human
Genome of UNESCO: the need to safeguard the dignity of the human species. As is
known, the Declaration mentioned in its art. 1 affirms that the universal recognition
of human dignity materializes through the human genome. This being common to
all human beings, would have the function of guaranteeing the unity of the human
species, becoming the justifying element of the universal attribution of human
rights. Although the concept of human dignity outlined by the Declaration would
play an identity function of the human species, this does not imply that this concept
is presented in a de-individualized form: on the contrary, precisely because dignity
belongs to the whole family of human beings it also belongs to each of its compo-
nents in its individual dimension.

Although at the theoretical level there is no discontinuity between the typical
notion of dignity and that proposed by UNESCO, we do find an important differ-
ence in the prism of practical reasoning and human rights praxis. In fact, the
Declaration uses the concept of dignity very differently from the post-war constitu-
tionalism and the 1948 Universal Declaration of Human Rights whose texts use
dignity for the purpose of empowering the individual. As Beyleveld and Brownsword
affirm, this functional paradigm consists in constructing, around the individual, a
sphere of non-interference towards the State, the fruit of an increase in individual
autonomy (Beyleveld & Brownsword, 2001: 11). In contrast, in the Universal
Declaration of the Human Genome, dignity plays a role of constraint of individual
autonomy, making room for what Giorgio Resta defines as a metasubjective idea of
dignity, that transcends the individual dimension to embrace the entire community
of those who belong to the human species (Resta, 2014: 9). Likewise, referring to
human dignity becomes the basis on which to build limitations to the holders of the
same, with the aim of protecting them: one of these limitations would concern pre-
cisely the germinal genomic editions defined, in art. 24 of the Universal Declaration
of the Human Genome, as practices potentially harmful to human dignity.

Therefore, according to the operating paradigm that is interpreted as prevalent,
the protection of human dignity can be an argument for or against the application of
germ genomic editing for a therapeutic purpose. For example, in principle, Jiirgen
Habermas considers that any practice aimed at modifying the natural modalities
with which the person incarnates in the body is contrary to human dignity. This
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author affirms that only by qualifying as legally unavailable the chance of birth can
guarantee equal access to life and, therefore, preserve the ethical self-understanding
of humanity, which is the necessary condition for mutual respect, which is also the
indispensable presupposition for respect for the dignity of others (Habermas, 2002:
44-45). According to their reconstruction, this would be the only way to guarantee
equality between human beings at birth. Habermas’s argument has been criticized
as it does not take into proper consideration that human nature, at the time of birth
and especially in the composition of genetic heritage, does not align all individuals
in a position of equality, but assigns them a certain position that varies according to
the composition of the genome: in terms of health, who, incidentally, inherits a
genetic dysfunction is not in a condition of equality with who, always by chance,
does not inherit it. Therefore, advocating the conservation of human nature, even in
the presence of health demands, in order to avoid an injury to the ethical self-
understanding of the human gender ends up obtaining the paradoxical result of
maintaining social inequalities, rather than mitigating them.

Instead, supporters of a functional model of dignity inspired by empowerment
reach antithetical conclusions: for example, Caplan and Sykora show how, besides
not being diminished by germ genomic editing, human dignity would even be rein-
forced by the effect of a regulation that admits these techniques, as long as they are
proven safe and efficient and are applied only for a therapeutic purpose (Caplan &
Sykora, 2017: 1871-1872). In this same line, Segers and Mertes (2020: 38) argue
that this type of intervention constitutes a maximization of the autonomy of the
individual that, in this way, could avoid contracting serious diseases that cause
severe personal limitations. In addition, it could be argued that by providing germ
gene therapies human dignity would also be reinforced in a collective dimension:
the possibility of eradicating several monogenic diseases, in the medium and long
term, can be interpreted as a way of reinforcing the dignity of the human species.
And, on the contrary, deciding to ban them, despite the fact that the technique has
achieved acceptable safety standards and with the consequence that hundreds of
children will continue to be born with odious diseases, could constitute a violation
of human dignity.

Does Eradicating Disease Mean Eradicating the Sick?
Disabilites Rights Critique and Germline Gene Therapy

Although the therapeutic purpose is undoubtedly presented as the practical applica-
tion that raises fewer objections, in the specialized literature we find additional criti-
cism to those already mentioned in the previous section.

One of the most serious objections concerns the fear that germline genomic edit-
ing could become a social tool for correcting the disease, considered an expression
of a deviation. Certainly, the structure disease-deviation is not unprecedented in the
sociological literature: in fact, Parsons (1991) defines the disease as a state of
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disturbance of the normal functioning of the human individual, and he classifies
sick subjects as incapable of performing their social functions effectively and there-
fore as deviant.

The possibility that diseases can be eradicated through germline genomic editing
has generated many fears within associations representing the rights of persons with
disabilities, concerned that the elimination of diseases entails a social suppression
of carriers of those diseases (De Paor & Blanck, 2016: 5). Paradoxically, the oppo-
nents of the genomic revolution in general, and of germline gene therapy in particu-
lar, would include precisely those who could have avoided contracting a disease. In
fact, most representatives of people with disabilities consider innovations in the
field of genetic engineering as a tool to exclude individuals carrying “bad genes”
from enjoying the most relevant common goods (Buchanan et al., 2000: 262).

Within this position, known as “Disabilities Rights Critique,” this type of argu-
ment is defined as an expressive objection and is generally used to oppose the use of
genomic interventions to prevent disabilities (Edwards, 2004: 418). The supporters
of this objection, which has a dogmatic character, consider that the decision to inter-
vene in the genetic heritage of the embryo (or even to enhance the basic research
system on the techniques that allow it) to suppress a defective gene causing a dis-
ability implies a negative judgment on the person with a disability, with the conse-
quent risk of undervaluing his dignity or moral value (The International League of
Societies for person with mental handicap, 1994; Morris, 1992: 16). Following this
line, they argue that the decision to legalize germline gene therapy would imply a
change in the perception of disability (De Paor & Blanck, 2016: 5) It can even gen-
erate the conviction in society that only the lives of human beings who have a “per-
fect” genetic heritage deserve to be lived. This scenario would not only be in
violation of ethical principles, but would also not respect the fundamental right of
persons with disabilities to be treated as persons of equal value (Buchanan et al.,
2000: 272).

As has already been anticipated, generally this criticism is uses to stop any type
of funding towards scientific projects that aim to improve the techniques of germ-
line genomic editing by the fact that they generate in society the conviction that
people with disabilities are not nothing but “genetic accidents” or even “waste prod-
ucts” to be eliminated with a eugenic-firendly program (Ware, 2004). In fact, as De
Montalvo Jidskeldinen (2020: 154) points out, the diffusion of these techniques
could lead to a human regression towards that odious medical paradigm, now out-
dated, in force of which the reproduction of persons with disabilities was concerned,
considered carriers of an evil to be avoided.

Such a consideration of persons with disabilities would be the first step towards
a return to social policies based on the model of expendability, which, citing the
long-standing argument of Colombian Constitutional Court judgment C-066/2013,
would be based on the assumption that: “a person with disabilities has nothing to
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contribute to society, nor can he live a life of sufficient dignity” and, therefore, con-
stitutes “a burden both for his close relatives and for the community”.'?

The objection we have just discussed suffers from a kind of theoretical reduc-
tionism based on the absence of a distinction between the disabled and disability per
se. There can be no doubt that persons with disabilities have the same ontological
relevance and dignity as persons without disabilities, but precisely for this reason
the tendency to cure disability should be read in a positive and not negative herme-
neutic key. I share Buchanan’s position in emphasizing that undervaluing disability
is solely the result of evaluating the opportunities that the welfare state has to pro-
vide to those who suffer from it (Buchanan et al., 2000: 278). Applying this reason-
ing to a lower level of abstraction, we can affirm that, by deactivating the deafness
gene in an embryo, the value of the life of a disabled person is not questioned, but
the possibility of not having to deal with the suffering caused by deafness is being
offered to future generations (Valdés, 2018: 180).

I think it is timely to analyze another argument that, although it can be redirected
to the “disabilities rights critique,” has a different nature as it belongs to the family
of consequentialism: it is the “Loss of Support Argument.” This is based on the
consideration that, by reducing, through gene therapy, the number of people with
disabilities, the support of public opinion and, above all, of institutions is destined
to diminish in a sensitive way. Even if we carefully analyze the weighting of inter-
ests underlying this reasoning, it is difficult for us to think of a conflict between the
interest to be born healthy and the interest of the components of the community of
persons with disabilities to not be forgotten. Rather, becoming paradoxically exclu-
sive, the application of the interest to not be forgotten can be translated into the
desire that children with disabilities continue to be born for fear of losing social
support. Once again, the phenomenon of fear is presented as a decisive and condi-
tioning element, not only for social and legal policies, but also for public opinion
and certain centres of interest. In this case fear can be interpreted as a distrust of the
social system, due to the continuous “cuts” to the welfare state that politics has
operated, systematically, in the last 10 years.

It should be stressed that a reduction in the number of people affected by a dis-
ease does not eliminate or reduce the duty of the State to maintain an adequate
social support system and that, On the other hand, it is much more complicated to
argue that the State has a duty to ensure that the number of persons with disabilities
is not reduced. Moreover, it cannot be overlooked that, trivially, the decline in per-
sons with disabilities would mean an increase in resources available to support and
sustain persons who, however, still present a disability.

Therefore, taking as a starting point the same theoretical framework of the two
aforementioned objections, it is possible to reach an antithetical conclusion: germ-
line gene therapy would not be exclusive, but inclusive: precisely because persons
with disabilities have equal dignity, it would be a duty of the State to fund both

12Colombian Constitutional Court, Judgment C-066/2013 on “conditional exequibility” of Art. 3
of Law 361/1997, point 9.1.
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biotechnology research, useful, among others, in combating disability, such as facil-
ities and instruments providing the necessary medical and social support.

In any case, it is crucial to enhance the presence of associations of persons with
disabilities in the debate on germline genomic editing techniques, giving effective
action to the International Convention on the Rights of Persons with Disabilities
(2006) and especially its art. 3 which highlights the need to ensure the social partici-
pation of these people (Comité de Bioética de Espafia, 2017: 5). In fact, an active
participation of this group in decision-making procedures would imply an important
advance in the protection of their rights, leaving behind a model that conceived of
persons with disabilities only as an object of social protection rather than as
active subjects (from De Montalvo Jdéskeldinen, 2020: 153; Castellanos Claramunt,
2020: 43-46).

Conclusions

The analysis developed has shown the complexity of ethical and social implications
of germline gene therapy and the numerous values involved. Precisely because of
this complexity, it does not seem like timely to label as correct or incorrect none of
the lines of argument enumerated that has led us to reflect on how in addition to
disease, health also carries risks. In any case, deciding to ban any kind of germline
genomic editing, even if it is aimed at directly preventing a disease, undoubtedly
entails the risk of giving up curing and eradicating pathologies: in short, it implies a
sacrifice in terms of health that, according to the most extremist views, it could even
cost the destruction of human species (Powell, 2015). However, as we have seen,
betting on health can also be risky: allowing germline gene therapies could generate
a desire in society to use the technique for other purposes that could cause a slip in
the eugenic slope — and could endanger social perception towards people with a dis-
ability. Our scenario is so peculiar that even with the same theoretical tools we can
construct different argumentative lines that lead us to antithetical conclusions: it is
the example of human dignity that, as we have shown, can play for or against the
admissibility of germline gene therapy.
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Chapter 7
Bioethical Quandaries in Preimplantation
Genetic Diagnosis

Erick Valdés

Abstract Generally, Preimplantation Genetic Diagnosis (PGD) is understood as a
tool for embryonic selection involving therapy, enhancement or sex selection, yet
other doors opened up by the technique, which entails far-reaching and controver-
sial bioethical quandaries, are neglected. As a matter of fact, for some disabled
parents, the best child possible may be a disabled one, and according to some argu-
ments there might be good reasons to select for disability. Moreover, PGD encom-
passes polemical nuances related to producing saviour siblings, which also needs to
be addressed and delimited. In this chapter I will analyze and discuss such paradig-
matic contentious scenarios by displaying competitive arguments and visions so
that the readers are able to get a better idea of the debate and take their own position
about these issues. The approach as usual in these settings is not pacific although it
is eloquent and illustrative of the historical and current discussion on PGD’ scopes.

Keywords Preimplantation Genetic Diagnosis - Procreative beneficence -
Procreative autonomy - Disability - Transhumanism

Introduction

Preimplantation genetic diagnosis (hereinafter, PGD) consists in studying human
embryos’ DNA in order to (i) select those that meet certain features, according to
previously chosen stereotypes, or (ii) eliminate those carrying some kind of congeni-
tal defect. However, two concepts must be distinguished in this technique: first, PGD,
which allows the early detection of serious genetic diseases, which can be transmitted
to offspring if the parents are carriers or sick (in general, these are monogenic heredi-
tary diseases such as Fragile X Syndrome, Huntington’s disease and muscular
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dystrophy); second, Preimplantation Genetic Screening or PGS, also called aneu-
ploidy screening (De Rycke & Berckmoes, 2020: 2). In this case, alterations in the
number or structure of chromosomes are identified (the best-known chromosomal
disease is Down Syndrome). Depending on whether genetic or chromosomal altera-
tions are to be detected, techniques for analyzing the embryos’ DNA will be different.

As PGD implies performing an embryo’s cells biopsy before implantation, it can
avoid transferring aberrant embryos by detecting diseases and conditions caused by
genetic and chromosomic alterations (De Rycke & Berckmoes, 2020: 2). Thus,
while it localizes and prevents diseases from happening, PGD can also stop trans-
mission of diseases into offspring reaching that way a healthy progeny, so that it
improves IVF cycles’ aftermaths and it dwindles multiple pregnancy rate (as mul-
tiple transfer is also reduced). Likewise, PGD allows the best embryo selection as it
is aimed at detecting genetically healthy embryos (Ly et al., 2011). Therefore, those
carrying mutations or aneuploidies potentially implanted into the mother’s womb,
which could lead to implantation failure, miscarriage or birth of a sick child, can
now be immediately discarded. In this fashion, using PGD implies a lower risk of
miscarriages as it prevents spontaneous abortions from happening by avoiding dam-
aged embryos to be transferred.

Most of parents undergoing FIV processes use PGD to select their children and
make sure to have healthy ones. Yet, other reasons may be involved. Usually, PGD
is recommended in the following cases:

(1) When the parents, or at least one of them, are carriers of some inherited
genetic disease.

(i) When the parents, or at least one of them, have an altered karyotype (chromo-
somal study). For example, they may be carriers of chromosomal inversions
or translocations.

(ii1)) When the parents already have a sick child due to a disease that requires a
blood cell transplant and they decide to have another healthy and compatible
child, namely a savior sibling.

(iv) After several repeated failures in IVF cycles.

(v) After several embryo implantation failures.

(vi) When there are recurrent abortions.

(vii) When the woman is of advanced maternal age (it is recommended for women
over 38—40 years of age).

(viii) If there is a history of an aneuploidy pregnancy (wrong number of
chromosomes).

(ix) In specific cases of male infertility (e.g. when it is necessary to obtain sperm
from the epididymis or the testis).

Yet, PGD also encompasses some drawbacks. As the embryo biopsy is an invasive
procedure it involves punching out the pellucid zone by allowing it to spend longer
outside the incubator. Some embryos do not make it and stop their development. In
addition, using PGD implies discarding a number of embryos when anomalous. So,
if the couple did not have many embryos after fertilization, the risk of having to
cancel the transfer is greater (Klitzman, 2016).
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PGD is ethically controversial because it involves screening and eventually
destructing embryos, as well as offspring’s selection based on the choice of specific
traits, among others. As selecting embryos implies discarding many of them, this
straightaway discloses a vast constellation of bioethical quandaries. Still, discarding
damaged embryos avoids early abortion and improves the number of evolutive preg-
nancies. But, at the same time, it prevents impaired embryos from being implanted,
which reduces the odds of disabled people’s births. While stop producing handi-
capped babies may sound plausible and desirable to most of parents, it encompasses
disturbing implications for conservative surroundings. Conservatives argue against
the use of PGD to select and discard embryos as such use might undermine and
erode human dignity. Instead, there is a liberal camp fostering to use PGD to select
the best embryos possible and discard those with diseases and abnormalities.

For liberals this practice should be made widely available as the parents are free
to choose the best embryos and discard the imperfect ones. Accordingly, any policy
or governance framework created to rule this terrain should be made under broad
discretion. Liberals hold that embryos are a cluster of cells whereas conservatives
assert that they have dignity and are prevented from being treated as mere things.
Hence, whilst those who object PGD when applied on situations other than therapy
and sustain that the right to life encompasses a lexically preeminent value at any
stage of biological development, those who think that an embryo represents a very
rudimentary moment in the existence of a human being to be a rights holder, do not
see major problems in this technique. There exists, therefore, significant disagree-
ment about whether PGD is a promising dawn for humanity or it rather epitomizes
the possibility of tendentiously fracturing the logic of life.

Generally, PGD is understood as a tool for embryonic selection involving ther-
apy, enhancement or selection of sex, yet other doors opened up by the technique,
which entails far-reaching and controversial bioethical quandaries, are neglected.
As a matter of fact, for some disabled parents, the best child possible may be a dis-
abled one, and according to some robust arguments there might be good reasons for
selecting handicapped embryos (Savulescu, 2001).

These pros and cons point out several bioethical controversies in DGP. Some
people, because of their belief or religion, consider that life begins at the very
moment of fertilization. Therefore, they are not in favor of discarding embryos that
could give rise to a life, as are the people against abortion. On the other hand, they
also do not consider it ethical to reject embryos that could give rise to children with
Down syndrome, Turner syndrome or other genetic diseases. Either way, PGD com-
prises significant nuances and swathes that need to be addressed and clarified. All of
them can be translated into questions:

Is It Ethical Using PGD to Select Healthy Embryos and Discard Those Carrying a
Disease or Disability?

Is Using PGD to Create a Savior Sibling Ethical?

Is It Ethical using PGD for Sex Selection?

Is it ethical that disabled parents select for disabilities?

Is it ethical using PGD to enhance human species?
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I will address such questions by displaying competitive arguments and visions so
that the readers are able to get a better idea of the debate and take their own position
on such issues.

Is It Ethical Using PGD to Select Healthy Embryos
and Discard Those Carrying a Disease or Disability?

Using PGD to screen embryos for aneuploidy and genetic disease as well as for
susceptibility to cancer and for late-onset diseases is an extended practice nowa-
days. What seems to underlie parents’ desires to know the genetic condition of the
embryos they produce is to avoid giving born a sick or handicapped child. Facing a
choice between a damaged embryo and a healthy one, most of parents would select
the latter. This clearly encompasses a medical reason as bringing the healthiest peo-
ple into world makes perfect sense both in the context of Lex Artis and that of bio-
ethics (Beauchamp & Childress, 2019), as the principle of beneficence orders to do
good, and the principle of nonmaleficence requires not to do harm, which highlights
canonical professional obligations in medical practice. Likewise, this seems to be in
perfect tuning with law, as “wrongful life” is a cause of action for a disabled child
to sue his/her parents for failing to prevent his/her birth or having given him/her
birth by knowing in advance his/her genetic condition. This can lead to think that
parents undergoing an IVF process would have not only the right but the obligation
to ask for the genetic analysis of every embryo before implantation. In other words,
while couples have the right to exercise their autonomy when selecting an embryo
(procreative autonomy) they also have the obligation to select the best embryo pos-
sible (procreative beneficence) (Savulescu, 2001). This ironic dichotomy has shaped
most of the ethical and legal approaches to PGD over the last two decades (McGee,
2020; Asch, 2019; Barker & Wilson, 2019; Gyngell & Douglas, 2018; Bayefsky &
Jennings, 2015; Boardman, 2014; Savulescu, 2001, 2002, 2007; Bleeker, 2013;
Taylor-Sands, 2013; Hall, 2013; Klein, 2011; Krahn, 2011; Madeo et al., 2011;
Shakespeare, 2011; Wilkinson, 2010; Robertson, 1994, 2003, 2010; Savulescu &
Bostrom, 2009; Bostrom & Savulescu, 2009; Bostrom & Sandberg, 2009a, b;
Bostrom & Roache, 2008; Scott, 2007; Shakespeare, 2006; Bostrom & Ord, 2006;
Glover, 2006; Bostrom, 2005; Hampton, 2005; McMahan, 2005; Wolf et al., 2003;
Parens & Asch, 2003; Boyle & Savulescu, 2001; Savulescu & Dahl, 2000;
Buchanan, 2000).

According to the principle of procreative autonomy, parents have a wide range of
freedom to exercise their reproductive rights, as they are entitled to make reproduc-
tive decisions with no external coercion and in tune with their life project. They can
decide whether they want to have children or not, when procreate, by which means,
and what kind of children they would like having (Buchanan, 2000: 206). In this
order of ideas, as a clear signal of their reproductive autonomy, parents are able to
impose their will to subject embryos to DGP and select the one they consider the
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best. In the case they were prevented from undergoing PGD and selecting among
the embryos they have produced, that might be understood as a severe and unaccept-
able restriction of such reproductive autonomy. Moreover, as reproductive auton-
omy encompasses the kind of child the parents are willing to have and the type of
embryo they will select, the likely impact of having a disabled or severely sick child
on their lives is an element that deserves to be considered in any family planning
(Robertson, 1994, 2003).

Currently, PGD is a frequent target of parents who want to make sure to have a
healthy child. Twenty years ago, when the technique had a relatively limited use, the
potential selection and manipulation of offspring set off alarms bells in conservative
circles (Fukuyama, 2002; Kass, 2002; Stock, 2002). However, a slow but persistent
PGD colonization continued in reproductive practice. Even non-IVF patients look
for PGD when they are under special risk for genetic disease, and want to have a
child without exposing to an uneasy pregnancy or later abortion. In addition, as
several indications for PGD single gene mutational analysis have been reported
since early 2000s (Robertson, 2003), the demand for it has boosted especially
among couples unwilling to use prenatal diagnosis and selective abortion. In this
fashion, couples also request PGD to detect mutations for susceptibility to cancer
and for late-onset diseases, such as Alzheimer.

However, the principle of procreative autonomy can lead parents to select a dis-
abled embryo if they have some reason to do it (Savulescu, 2001: 418—419). If
procreative autonomy claims that parents should be free to decide not only when
and how to procreate but what kind of children to have, deaf parents could use DGP
to produce, select and transfer a deaf embryo without any ethical or legal counter-
weight (I will return on this point later on). Before this potential scenario, the prin-
ciple of procreative beneficence demands parents to select the best embryo possible
among all the healthy embryos available, which automatically rejects those with
genetic conditions. Also, parents might choose the embryo they consider to have the
best potential welfare in the future, which might lead to counterintuitive scenarios
in some cultural contexts, such as to select a male embryo instead a female one, or
go producing white children rather than black ones. Alike, couples are often tempted
to produce and then select embryos with well- defined features, such as, height,
physical appearance, eye and hair color, intelligence and memory, among others.
Intricate nuances and implications of theses possible uses of PGD have engendered
profuse discussion on procreative autonomy and procreative beneficence’ scopes
and its likely aftermaths for designer babies (Savulescu, 2001, 2007; Savulescu &
Dahl, 2000; Buchanan, 2000), and the ethics of enhancement (Clarke et al., 2016;
Bostrom & Sandberg, 2009a, b; Savulescu & Bostrom, 2009; Bostrom &
Roache, 2008).

Beyond this debate, and even though it seems to verge on reproductive discrimi-
nation, the principle of procreative beneficence has been relatively successful in
informing decision-making in PGD’ scenarios. It is known that some non-disease
genes can impact the likelihood of people running the best life, which points to the
need of using information available of such genes in reproductive decisions-making.
Therefore, couples should be able to select embryos expected to have the best life
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possible, based on available genetic information, including that of non-disease
genes (Savulescu, 2001: 413).

Likewise, procreative beneficence entails that couples should request genetic test
for non-disease traits in selecting embryos even if such action increases social
inequality (Savulescu, 2001: 415). Despite the reluctance that selecting healthy
embryos instead of impaired ones has caused in some settings, there seems to be
strong reasons to not consider such averseness seriously as it based upon misunder-
standing fact differences as moral ones. Indeed, the fact that disabled people are
different in some respects should not made us see treating them differently as dis-
criminatory. It is one thing to argue that people with some type of disability must be
given the most optimal socio-structural conditions to carry out their life project, and
quite another to assert that choosing a non-disabled child is a biased act. When dis-
abled people turn to medicine to mitigate, solve or eliminate their disability, they
themselves are showing that preferring a life without disability is not a mere capri-
cious or discriminatory act. Some handicapped people might say that they do so
because social conditions rather than physical or intellectual ones disable them.
However, this statement misrepresents the more limited truth. Being able to walk,
see, hear, and be free from pain are, under any social conditions, real advantages.

On the other hand, disability advocates affirm that preferring healthy people
instead of disabled ones encompasses an undesirable form of discrimination as
doing so implies that disabled’s lives are less worth living than the lives of people
who are not disabled (Singer, 2011: 165). Yet this assumption leads to counterintui-
tive arguments. Indeed, after Singer (2011), if we accept such belief we wouldn’t
have any problem with encouraging women to take pills during pregnancy that risk
fetus and cause children to be born with no limbs. Taking for granted that there is no
reason to think that a life of a disabled person is likely to be any worse of that of a
non-disabled one seems to hide a confusion between fact differences and moral
ones. Preferring having children with limbs instead of children without arms and
legs is not showing disrespect or discrimination for handicapped people but simply
recognizing an objective reality. In fact, the principle of equal consideration of
interests (Singer, 2011: 165) rejects disregarding the interests of people grounded
upon disability as many times dealing with and getting over such barriers is in itself
a triumph.

This should be addressed from a simpler perspective, namely, identifying diffi-
culties inherently associated with a given functional characteristic. In this case,
when asking whether a blind or deaf person has the ability and possibility of enjoy-
ing the same goods of life a sighted or hearing person has access to, the right answer
seems to be self-evident.

Is procreative beneficence eugenics then? Beyond controversy this question
brings up, there is a robust argument to consider it rhetoric. Savulescu (2001: 424)
clarifies that eugenics consist in selectively (and systematically) producing a better
population, whereas procreative beneficence does not encompass such purpose as it
does not interfere in reproduction at a public interest scale. While eugenics is essen-
tially a public enterprise, procreative beneficence is not and remains as a pri-
vate matter.
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Therefore, at the end of the day, procreative beneficence and procreative auton-
omy are competitive principles even though both of them are grounded on self-
interest. Often autonomy and private interests collide with social justice and public
good. Still, procreative beneficence can become a self-interest principle as parents
can determine what is the best child possible for them, even if such child is disabled.
Whichever direction the discussion takes, there is no a pacific solution, especially in
liberal, pluralistic and democratic societies where liberty is an assumption.
Conservative positions will argue that parents do not have the right nor the auton-
omy enough to choose and select a child according to their desires, whereas liberals
will assert that couples can select a disabled child if they have good reasons to do so
insofar as such action allows the child to have a life worth living.

A couple may avoid having a disabled child for diverse reasons but none of them
are necessarily discriminatory. Preferring a child without an illness or disability
does not mean parents judge those people with such conditions. However, if ethics
and law agree with avoiding to have disabled children by giving couples room
enough to make such decisions, it seems plausible to give the same room for, under
other circumstances, allowing them to select for disability (Elliston, 2013: 188).

Is Using PGD to Create a Savior Sibling Ethical?

Consider the following story. Kate Fitzgerald has acute promyelocytic leukemia.
Since neither her parents, firefighter Brian and lawyer Sara, nor her older brother
Jesse are genetically compatible, Dr. Chance, Kate’s oncologist, suggests designer
IVF and DGP to conceive and select a child to provide, among others, stem cells to
Kate. Anna was born as a savior sister. Beginning with the removal of her umbilical
cord at birth, over the next 11 years, Anna donates compatible organs, blood, stem
cells, and tissue to Kate. Anna’s life is one of hospitalizations, growth hormone
injections, opioid painkillers, sleeping pills, bleeding, and infection. While Sara has
no qualms about using Anna’s body to treat Kate’s, Brian is closer to Anna and has
second thoughts about how they treat her.

At 15, Kate is suffering from kidney failure and Anna knows she will have to
donate one of her own. He realizes that having only one kidney will limit his life;
avoid playing sports, drinking alcohol, maybe even having children, and putting
herself at risk in case her only remaining kidney has a problem. Anna sues her par-
ents for medical emancipation and rights to her own body. Brian understands,
though Sara is outraged. Attorney Campbell Alexander agrees to represent Anna as
her guardian ad litem, demanding successfully partial termination of parental rights.

While this is not based on true events (it is taken from the novel — later turned
into a movie — My Sister’s Keeper by Jodi Picoult), it does point out an actual con-
troversial use of PGD (together with tissue typing) to select an embryo to produce
a donor-child for an existing person. Most of ethical analysis consider at least,
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three potential problems: (i) savior siblings (Spriggs & Savulescu, 2002)" will be
treated as commodities, (ii) this practice will lead to create designer babies; and
(ii1) savior siblings will be physically and psychologically harmed (Sheldon &
Wilkinson, 2004).

(1) The famous second formulation of Kantian categorical imperative “So act that
you use humanity, whether in your own person or in the person of any other,
always at the same time as an end, never merely as a means” (Kant, 1997: 38)
forbids instrumentalizing and reifying people. Those who reject using PGD to
create and select savior siblings often refer to this Kantian dictum as doing so it
would infringe human condition of end in itself, even accepting, from a lax per-
spective, that parents have a wide range of reasons and expectations when decid-
ing having a child, which either way would instrumentalize them to a degree
(Knoppers, 2006: 202, 212). In this fashion, the practice becomes acceptable as
long as the donor child is valued for him/herself and parents are intended to look
after and love him/her (Wolf et al., 2003). Whilst popular, this argument is naive,
as it is just self-evident that a couple trying to help and save a severely sick child
can at the same time be loving parents, which makes unlikely the savior child is
treated as mere means to ends (Devolder, 2005; Sheldon & Wilkinson, 2004;
Boyle & Savulescu, 2001).

The epistemological background of the Kantian imperative is that it would be
wrong to bring children into the world moved by “conditional” interests. Yet, even
it was desirable, a world where parents only have children ‘“categorically” or
“unconditionally” seems like a conceptual impossibility. Often couples have chil-
dren for specific purposes, such as, to build a family, to help care of parents’ busi-
ness, and to give someone else the chance to enjoy the goods of life, among others.
This does not seem to contradict Kantian imperative whatsoever as it says that
“never uses people merely or solely as a means” (Boyle & Savulescu, 2001: 1241).
If parents take care of and love the savior sibling there is no problem with that child
benefiting (or being used to benefit) other. In the vast majority of cases, it is very
likely that a child conceived as a donor will be truly valued as a person. Therefore,
as far as it can be seen, potential psychological harms in the future being should also
be discarded.

Nevertheless, opposite visions argue that the sole intention of creating a child to
save another is ethically controversial (Sparrow & Cram, 2010; King, 2006; Sutton,
2004; McBride, 1990) as saying that the parents of a savior child will love it for its
own sake hides a tendentious argument. While it is clear that the parents will love
the savior sibling it is difficult to separate the action of creating it from the fact that
they did so essentially motivated by the desire of saving another child’s life. In this
case, the parents would not likely have had a second child without the need of

' These authors coined the term to point to a “perfect match sibling” created to be a donor of life-
saving tissue for an existing child.



7 Bioethical Quandaries in Preimplantation Genetic Diagnosis 109

saving the first one’s life. Hence, it is possible to see such action as a paradigm of
how treating a person as a means to an end (Sparrow & Cram, 2010: 671).

(i) The second problem is that using PGD to produce savior siblings steps onto a
slippery slope towards creating “designer babies” (Robertson et al., 2002)
based, among others, on shallow grounds, such as choosing babies’ hair or eyes
color. As this common fallacy rests upon an unlikely conjecture and it does not
lead to valid (conclusion is followed necessarily from the premise(s)) or solid
(what is told is true) arguments it is easy to refute. This fallacy claims a proof
of consistency or reductio ad absurdum as it is trying to show that creating
savior siblings has bizarre repercussions (Sheldon & Wilkinson, 2004: 534).
Yet, while slippery slope fallacies imply reductio ad absurdum arguments they
are also built on analogy reasoning. Both types or arguments are quite resistible
and difficult to sustain. If we consider the following analogy argument:

(1) It is immoral to create a savior child to save his sibling’s life.
(i1) Creating designer babies is as wrong as creating savior siblings.
(ii1) Therefore, it is immoral to create designer babies.

It is clear that (i) and (ii) imply begging the question and are nothing more than
mere unproved statements. This overturns the conclusion and weakens its epis-
temological density at the same time. As slippery slope fallacies are grounded
on these kinds of analogies, often enclosing bigotry and bias, they do not dis-
play compelling reasons to take them seriously.

Let us focus now on this argument based on Sheldon and Wilkinson (2004: 534):

(i) Allowing couples to create savior siblings is morally equivalent to allowing

them to select “designer” features (hair or eye color).

(ii) Therefore (from (i)), banning or allowing one implies we should ban or allow
the other.

(iii) Allowing people to choose designer features is morally wrong and should be
forbidden.

(iv) Therefore (from (ii) and (iii)), allowing parents to select savior siblings is mor-
ally wrong and should be banned.

This second version of a slippery slope fallacy shows clearly an analogy argument
behind. This should be a reason enough to reject it. However, if we analyze each
premise separately, the lack of validity and solidity of the argument is even more
evident. Indeed, (i) and (iii) demands begging the question, so that (ii) and (iv) are
not implied in and cannot be inferred necessarily from (i) and (iii) respectively.
After this, a plausible conclusion is that the problem of “designer” babies is not self-
evident and is hard to prove as there are no reasons to think that even existing a
slope there would also be an inevitable slide down associated. Moreover, analogies
here do not work compellingly as there are undeniable differences between savior
siblings and “designer” babies. Such divergences are overlooked by the slippery
slope fallacy (Sheldon & Wilkinson, 2004: 535).
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iii) Regarding this problem, those who dissent with the creation of savior siblings
usually claim about the welfare of those children as they would have worse lives
than children conceived naturally or other children created using PGD. Yet, some
fissures in the argument underlying such assumption, especially in the latter sce-
nario, have already been identified (Sheldon & Wilkinson, 2004: 536-538).
Regarding the potential physical harm the savior sibling will be subjected to, there
is evidence enough since over 20 years that PGD itself doesn’t imply any damage
either for the embryo or the future person resulting from it (Lancet, 2001: 1195).
This leads to think that there are no compelling reasons to argue that savior siblings
are any worse off than other children created using PGD. Well-based ethical posi-
tions defend the above as using this procedure should unlikely cause harm to anyone
(including the savior sibling) and is likely be beneficial to some (Boyle & Savulescu,
2001). Some more moderated proposals argue that PGD for Human Leukocyte
Antigens (HLA) matches to be plausible when the child born after PGD was himself
at risk for the condition treated in the existing child (Robertson, 2003), which means
that it would be acceptable to use PGD for HLA in cases such as Fanconi’s Anemia
but not in cases leading to the later child might inherit some genetic mutation.

In addition, Smith (2015) asserts that the only justification for limiting a family’s
reproductive liberty is when the exercise of reproductive decision-making leads to
harming others. However, the harm principle is already the underlying feature of
ethical and legislative action in Western democratic society, and as such, it delivers
solid grounds some strong and dense arguments are based upon to fostering a less-
restrictive regulatory framework for the savior siblings’ case.

Likewise, Taylor-Sands (2013) argues that the welfare of the child to be born is
concomitant with the welfare of his/her family. From this premise, she proposes a
relational model for selective reproduction based on a broad conception of chil-
dren’s welfare by including both individual and collective family interests, and
mapping out how law and policy might support such relational model for savior
sibling selection. In this specific case, her conclusions can be analogically extended
to bioethics surroundings.

Is It Ethical Using PGD for Sex Selection?

As it involves cultural components, the case for sex selection brings up counterin-
tuitive scenarios. Savulescu (2001: 423—-424) talks about a society where women are
severely discriminated against. Essentially, they serve as slaves to men. It is logical
to think that couples will prefer to select male embryos instead of female ones. That
way, their children might aspire to have better lives and flourish more easily. This
action will clearly boost discrimination against women and, from a longtermist per-
spective will turn such a society into an intolerable place for male to live.
Although the solution does not lie in prohibiting sex selection but in restructur-
ing society in such a way that discrimination against women disappears, it is diffi-
cult to free sex selection of the embryos from cultural patterns deeply rooted in
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Western society. In the same fashion, it might be that, in certain xenophobic societ-
ies, black parents preferred to have white children to ensure them to live free from
discrimination, stigmatization and social barriers to display their life project.

These potential scenarios, although coming from dystopic and semi-slippery
slope arguments, at least show that sex selection needs sound policy for its gover-
nance. In a survey conducted in 2018, Gallup polling asked respondents in all 50
states and DC, “Suppose you could only have one child. Would you prefer that it be
a boy or a girl?” The answers showed a preference for a male child, 36% to 28%.
More specific indicators points to the preference for boys over girls has averaged
11-point margin since 1941, men are strong in their preference for a male child,
43% to 24%, and women have divided preferences: 31% want a girl; 30%, a boy
(GALLUP 2018). Overall, the graphic is as follows:
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Source: Slight preference for having boy children persists in U.S. (gallup.com)

In this atmosphere, the ethics of sex selection is binary. While there are permis-
sive positions facing the practice other conservative visions are intended to prohibit
it. Arguments supporting sex selection for non-medical reasons claim that parental
autonomy implies reproductive liberty and as sex selection represents a material
aspect of reproductive decision-making it should be permitted (Dondorp et al.,
2013; Sharp et al., 2010; Macklin, 2010; Harris, 2005; Steinbock, 2002). New tech-
nologies giving individuals a broader catalogue of reproductive options support
parental autonomy in such context, so that policing preferences for sex may violate
not only autonomy but privacy in sex selection decision-making settings (Kalfoglou
etal., 2013).

Other positions supporting sex selection for non-medical reasons argue that pref-
erences for sex do not necessarily entail a discriminatory attitude. There is nothing
wrong in parents whishing a specific sex if they think that there are reasonable dif-
ferences in the experience of raising male or female offspring. Hence, such rearing
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experiences cannot be imputed to be discriminatory as parents may have multiple
reasons not related to gender bias to select progeny’s sex (Macklin, 2010; Harris,
2005; Heyd, 2003).

Arguments against using PGD for sex selection for non-medical reason cover a
range from harm to offspring and misuse of medical resources to risks of discrimi-
nation and perpetuation of social injustice (Kalfoglou et al., 2013). In this last case,
framing sex selection as a neutral option for couples may boost its naturalization in
countries with evident preferences for a particular sex (Ethics Committee of the
American Society for Reproductive Medicine, 2022: 722).

There are also some critics claiming that sex selection fails in evincing categori-
cal parental acceptance of their children independently from personal interests and
preferences (Gilbar, 2009; Herissone-Kelly, 2007; McDougall, 2005; Baldwin,
2005). This attitude might trigger that the use of medical resources for non-medical
reproductive purposes would fall into a slippery slope towards selection of other
traits in offspring related to eugenics (Wilkinson, 2005: Seavilleklein & Sherwin,
2007; Wachbroit & Wasserman, 1995). Likewise, allowing sex selection may result
in preventing children from exercising their right to an open future as parents might
impose wrong gender norms on them, reinforcing undesirable biased patterns of
what being male or female means (Wilkinson, 2005: Seavilleklein & Sherwin,
2007). Such imposition may be psychologically detrimental to children and disrup-
tive of the parent-child relationship as well as it might also create gender prejudices
against one sex or the other (Committee on Ethics, American College of Obstetricians
and Gynecologists, 2007).

In its most recent statement, the Ethics Committee of the American Society for
Reproductive Medicine (2022: 723) expresses some concerns about the practice, as
it encompasses risks and burdens, related to gender bias, sex stereotyping and non-
acceptance of offspring, among others. The Committee concludes that while the
practice remains ethically controversial and needs clear policy for its governance,
sex selection should not be encouraged for non-medical reasons. Also, carrying the
procedure out with purposes other than therapeutic would divert medical resources
from authentic medical needs. Yet, this argument is weak as the practice can be per-
formed at private institutions and no one has strongly promoted that the state should
subsidize sex selection for non-medical goals (Savulescu & Dahl, 2000: 1879).

Is It Ethical That Disabled Parents Select for Disabilities?

In the spring of 2002, lesbian couple, Sharon Duchesneau and Candy McCullough
were looking for deaf sperm donors. Having been deaf themselves since birth, they
wanted a deaf child to communicate with in sign language, and raise him in their
own non-hearing culture. As screening out all sperm with genetic diseases and dis-
abilities was a common procedure in sperm banks, they sought out a deaf friend
with five generations of deafness in his family who later on donated his sperm to
help the women make their dream comes true. Having found a sperm with the deaf
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gene, the couple used PGD to ensure producing and selecting a deaf embryo. About
a year later, the couple’s son, Gauvin, was born deaf. However, as few months went
by, doctors discovered that Gauvin had residual hearing in his right ear. With the use
of a hearing aid, Gauvin would be able to learn some spoken English, and maybe
even learn how to lip-reading. Doctors told the couple that it was crucial to benefit
of that as early as possible in Gauvin’s life. Normally, hearing parents with a deaf
child take advantage of this small glimmer of hope, and see it as an opportunity to
boost their children’s odds to communicate more efficiently. However, Duchesneau
and McCullough, declined the use of a hearing aid, but said that they will let him
use it if he wanted to when he is older (Valdés, 2021: 119-120).

Although using PGD for conceiving children with disabilities is rather infre-
quent, there is evidence that it has occurred other times. In fact, in a survey applied
in American clinics offering PGD, 3% of respondents reported having intentionally
used PGD to select an embryo with a kind of disability (Baruch et al., 2008a,
2008b). Certainly, using PGD to create deliberatively a deaf child poses the ques-
tion if doing so is ethical. The issue has several edges and nuances, as since the case
was known the debate was profuse and numerous claims, opinions and arguments
have been raised thus far.

Within the non-hearing community, deafness is a strength rather than a weakness
as it permits to cooperate with and be part of their own culture (Valdés, 2019: 290).
Deaf people belong to a closed community, yet that does not mean being disabled
but it encompasses a big chance to develop and enhance communication skills and
social interaction. In this atmosphere Gauvin’s mothers matured their passion for
such culture by working as therapists for non-hearing people. It was not rare that
they wanted to have a deaf child able to enjoy all the benefits associated with grow-
ing up in that environment. The couple thought that wanting a deaf child instead of
a hearing one was not different from wanting to have a girl rather than a boy.

Deaf people assert that assuming that they are intended to live with particular
complications is a fake premise hearing people live with. As these are used to living
inside their own normality and are not able to picture their lives with no sound, they
believe such a life is difficult. However, deaf people are born without the ability to
hear, so deafness symbolizes what is normal in their lifestyle. In this fashion,
Duchesneau and McCullough’s supporters said that people with five senses have no
more value than those with only four and, consequently, there was nothing ethically
wrong in wanting to have a deaf child. That way, Gauvin was not going to be pre-
vented from enjoying the goods of life any other hearing child does.

However, once the Washington Post published the story, Gauvin mothers’ deci-
sion was on several criticisms. Jeanette Winterson said that “it is a simple and irre-
futable fact that it is better to live with five senses than with four,” and compared
Gauvin’s mothers with those fanatical parents who follow cults or fundamentalist
religions and brainwash their children (Valdés, 2019: 291). Nancy Rarus, of the
National Association of Deafness asserted: “I cannot understand why anyone would
give birth to a disabled child having the opportunity to do just the opposite,” adding
that “deaf people do not, in fact, have many options in life.” (Mundy 2002). In addi-
tion, Alta Charo, a professor of law at the University of Wisconsin, said the couple
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was limiting and reducing Gauvin’s capabilities to have a fuller life, and asked
whether the parents had violated the duty of parenthood, namely to maximize to
some reasonable degree the advantages available to their son. “I’m loath to say it,
but I think it’s a shame to set limits on a child’s potential.” She concluded.
(Teather 2002).

By applying principlism (Beauchamp & Childress, 2019), what the couple did
seems to be against some rules of nonmaleficence, such as “do not incapacitate” or
“do not deprive others of the goods of life.” Moreover, Gauvin’s mothers did not
meet a basic rule of beneficence every parent should observe: to maximize, until a
reasonable degree, the advantages available for a child to unfold his existence in the
best way possible. Likewise, Gauvin’s individual autonomy was restricted, as he
was prevented from counting on an important tool to carry his life project out. In
addition, conceiving and selecting children with disabilities is, at best, arbitrary and
opposite to justice, as some benefits and goods of life any person has the right to,
were in advance unilaterally taken away from him.

A liberal position that advocates for couples’ autonomy to select and have the
child they want to is grounded on the premise that “deafness is not that bad”
(Savulescu, 2002: 772) as a deaf child only is harmed if his/her life is so bad it is not
worth living. Therefore, a reproductive choice intended to produce and select a deaf
child does not harm the child so couples should be allowed to do it “even though
they may be having a child with worse life prospects” (Savulescu, 2002: 772). In
fact, before difficulties and intricacies that defining what the best life prospect is —
for a couple of dwarves the best child possible might be a dwarf one (Davis, 2001)
-, according to this position, trying to impose a one and only ‘best life possible’
meaning would be “at best overconfidence — at worst, arrogance” (Savulescu, 2002:
773). Therefore, as ‘best life possible’ is an open concept that tolerates multiple
connotations and quite subjective approaches, producing and selecting a child with
ALS (Amyotrophic Lateral Sclerosis) might be perfectly acceptable as living with
that condition would not be “that bad” and many people live with it giving their lives
diverse meaningful purposes.

In these kinds of scenarios, procreative beneficence means that we can do wrong
(discard an embryo with a disease or select a deaf baby) without harming no one, so
the underlying argument (grounded on a Parfitian defense of procreative benefi-
cence) is that there is no harm unless our lives are so bad they are worse than death
(Savulescu, 2001: 417-418). Therefore, a couple can select for disability as even
they might be doing something wrong nobody will be harmed. Extending this argu-
ment to medical settings can leads us to a strange conclusion. A doctor lying a
patient may be doing wrong but if it does not harm the patient there would not be
anything morally reproachable in the act. Consider for example the following case:
a doctor who promises his patient that he will perform a surgery but after the patient
falls asleep goes to play golf and leave a resident doing the surgery. Nothing bad
happens, everything goes well, and the patient never finds out that the doctor did not
perform the surgery. The lie has been innocuous; therefore, it is morally irrelevant.

By referring to the best interest of the child, Savulescu (2001: 419) says that a
couple could choose an embryo with a disease (Asthma) and still be doing
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everything possible in the interest of the future child. This argument also seems to
be weak as caring of the best interest of the child does not only mean to do every-
thing we can do for the child’s welfare, but it also may entail not to predetermine his
life. In fact, the best interest of the child is a legal guarantee that children have con-
sisting in that parents should adopt and display actions to promote and protect their
rights, instead of performing deeds that may violate them.

Other perspective is founded upon the so-called “social model of disability”
(Abberley, 1993, 1987; Barnes & Mercer, 2003), which states that disability cannot
be based on alleged individual anomalies, but rather on excluding social, economic,
political and cultural conditions. In opposition to the idea that certain disabilities
represent inherent individuals’ conditions, the social model argues that incapacities
are not only boosted but caused by the social environment. Following this position,
it is perfectly deductible that facing the selection of disabled embryos there would
not be any ethical issue to be worried about.

In this sense, disability would be grounded on society, an often hostile and
unsuitable surrounding to disabled people’s needs. While disability would not be a
condition per se, but rather a result of social sphere’s ineptitude to adapt itself to
functionally diverse people, it would turn into a subjective setting characterized by
discrimination and stigmatization. In other words, dysgenic DGP to produce and
select disabled embryos does not encompass any ethical concern as none personal
interest of the future person is violated because neither deafness nor dwarfism are,
according to the social model, disabilities per se. Therefore, dysgenic PGD could be
massively extended without any moral scrupulous if we structure society so that
disabled people can display their life project without facing societal barriers.

If disability is not only in the body but also in the social environment most of deaf
people would argue that “there is little disability in an all-signing environment”
(Bauman 2002: 314). Hence, disability appears once there is no access to communi-
cation and the dichotomy “hearing/deaf” emerges as in such “contact zone,” where
social system is not suitable to non-hearing individuals, (Bauman 2002: 314) hearing
people enjoy advantages with regard to deaf ones. Yet, following this argumentative
line leads to a counterintuitive conclusion: by selecting and breeding a deaf child, a
family would have less contact with disability conditions than by choosing a hearing
child. This means that being deaf is not necessarily worse off than being hearing.

Beyleveld & Brownsword (2000: 40) state that while human dignity may be
attacked by discriminating or stigmatizing functionally diverse people, it may also
be threatened by introducing or selecting morbid conditions to produce disabled
individuals, whose circumstance is not uniquely provoked by society. Rendtorff and
Kemp (2000: 69) argue that violence on the human body has increased in the bio-
scientific era, by opening up a new catalogue of harms menacing human vulnerabil-
ity. In this context, they affirm that disabled ones are even more susceptible to be
harmed because of their special weakness. Singer (2011: 68—70) addresses the rela-
tionship between equality and disability, concluding that fostering collaboration and
support for disabled people and seeking to eliminate social barriers that intensify
discrimination, is quite different from sustaining that disability is the consequence
of social hostility instead of being an individual particularity.
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Also, as international instruments do not consider new forms of discrimination,
stigmatization, marginalization and human exploitation that may emerge by virtue
of biogenetic empowerment, human vulnerability adopts another ontological facet
only evident when human life collides with bioscientific practices able to subject it
to a permanent risk of intergenerational scope. Indeed, as dysgenic practices repre-
sent a controversial face of genetics, they point out to penetrating dilemmas for
governance and policy as well as they challenge bioethics to understand vulnerabil-
ity far beyond the traditional meaning of human rights (Valdés & Rendtorff,
2022: 184).

Selection of Embryos and Transhumanism: Is It Ethical Using
PGD to Enhance Human Species?

The actual possibility of our current humanity transitioning into a transhumanity is
an idea that has hanged around bioethical discussions over the past three decades.
Specifically, the case for enhancing the species through embryo selection has raised
interesting debate. Referring biological brains, Bostrom (2014: 36) affirms that a
primary form of improving their functioning is through selective breeding. By
accepting that biomedical enhancement could reach bigger and faster results in
improving human capacities or in achieving physical and intellectual stereotypes,
which would render futile any human breeding policy, the only fact that humanity is
improvable through embryo selection should deserve some attention.

Selecting for eugenics mostly points out hypothetical scenarios. Yet, even con-
jectural those scenarios are likely, and strictly speaking, couples who choose the
best embryo possible when undergoing an IFV process are, imperceptibly but sys-
tematically, making humanity better (in a broad sense) than it currently is. Bostrom
(2014: 37) suggests to consider the idea of genetic selection. Selecting at the level
of embryos or gametes would be a more useful and effective process than any
eugenics program to control mating patterns. As PGD has been used to map out
embryos produced for monogenic disorders such as Huntington’s disease and some
late-onset diseases as well as it has been displayed for sex selection and creating
savior siblings, the range of traits potentially selected for or against is broad and
promising. In fact, theoretically, any trait is susceptible to selection.

Bostrom (2005: 204-212) casts aspersion on conspicuous voices expressing
fears about improving humankind through biotechnologies. Such reluctances
stemmed from conservative positions, ideologically opposite to transhumanism.
The underlying argument grounded (and it still does) on that selecting for eugenics,
or enhancing humanity by using technology would erode human dignity (Habermas,
2003; Kass, 2002, 2003; Annas et al., 2022; Fukuyama, 2002; Jonas, 1985).

Kass (2003) sustains that using technology to enhance ourselves debases our
human condition and belittles the bestowals of nature. However, Bostrom (2005:
205) responds that some nature’s gifts “are poisoned and should not always be
accepted.” Indeed, some nature’s conferrals do not excel like others do and
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underpinning such naturalistic argument may forestall ourselves of seeing the whole
landscape. Catastrophic diseases, starvation, unnecessary suffering, genocide, rape,
among others, show horrors of nature, which dwindles the position relying on nature
as it was the archetype to establish what is desirable or morally right.

Annas et al. (2022: 162) affirm that any inheritable genetic modification is a
“crime against humanity” as it implies that a hypothetical posthuman species will
threat the existence of the current one. According to these authors, posthumans? will
likely slave humans for considering them inferior, savages and fit for slaughter.
Bostrom rejects this position as he sees some rhetoric behind. While bioterrorism
and artificial intelligence do comprise existential risk for humanity, they can be
governed through effective policy no one reasonable individual would be against.
However, assuming that inheritable genetic modification or selection for eugenics
(if we expand the argument) would lead to two different and separate species seems
to be an unlikely guess. Bostrom (2005: 207) advocates for a continuum of differ-
ently enhanced individuals, “which would overlap with the continuum of as-yet
unenhanced humans.” Yet, whereas extermination is not the most likely outcome in
this scenario, it is advisable to pay attention to new forms of discrimination and
stigmatization that might arise in the future. When thinking of such scenario people
should not be dystopic or alarmist, we rather should start to tackle the enterprise of
working on configuring a better social environment for everyone whether equal or
different.

As others in history, Fukuyama (2002: 160) states that there is something called
dignity that makes us unique and morally superior in the world. Denying such a
human condition could make us fell down into a dangerous track inexorably leading
to disaster. In this fashion, selecting for eugenics and introducing transhumans into
the existence might cause humans, in general, and some special persons (disabled,
for example), in particular, lose their moral status. This way, the principle of equal
dignity would be shattered. Facing this argument, Bostrom (2005: 209) asserts that
dignity is not incompatible with eugenics as there is no reason to think that transhu-
mans will lack the ability to display high levels of morality only because they will
be more technologically advanced. Using technology should not cripple morality,
rather it should happen exactly the opposite. New technologies (eugenic PGD,
among them, for example) could even enhance morality and make humans better
than they currently are (Bostrom, 2005: 206).

Jonas (1985) argues that parental broad discretion to make decisions on children
design would be a kind of tyranny that would weaken the child’s dignity and ability
for self-determination. This author is afraid of technological advances as if they
necessarily imply inescapable abuses for future generations, which will certainly be
themselves more technologically advanced and powerful. His argument, besides
asymmetrical seems like counterintuitive. Bostrom (2005: 211) shows its failure as
even choosing to be less intelligent or less healthy than us, transhumans would
always count on means to prevent us from enjoying the goods of life.

2T use the terms ‘posthumans’ and “transhumans’ as synonyms after Bostrom (2005).
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Habermas (2003: 23) also participates in the debate by stating that the mere fact
that a child gets to know he was created for an intended purpose by his parents,
could derive into disastrous aftermaths as such circumstance not only prevents an
individual life from choosing freely but it also undermines “the essentially sym-
metrical relations between free and equal human beings.” Bostrom (2005: 211)
takes care of this by affirming that there is no plausible reason to believe that a
person has no choice over her own life just because someone else selected her genes.
As a matter of fact, such person has the same options as other whose genes were
selected by chance. Even, being smarter or more talented are abilities that open life
options rather than obstruct them.

Other compelling reasons to select the best child possible have been around for
some time. One of them is that it is self-evident that selecting for the best is better
than selecting for the worst (Savulescu, 2007: 286), otherwise, selection of embryos
would become a setting leading to self-defeating positions.

Surrendering a life’s fate to random or to the will of a purported supernatural
entity could be distortive for decision-making in embryos selection surroundings, as
every person can now judge on his own about what the best life is. Although intri-
cate, the concept of the best child possible offers some room for objectivity, as it is
not that hard to determine what a capacity, a power or a talent are (Savulescu, 2007:
288). This fact should lead as to select for abilities instead of disabilities. Although
some parents would consider to choose a disabled child, good reasons and argu-
ments to select the best one still exist. Indeed, no rational person would think of
inflicting pain or causing calamity on others to help them have better lives
(Savulescu, 2007: 286).

Final Remarks

PGD encompasses a significant collection of bioethical quandaries. While it may
be used for therapeutic purposes, it also might be intended to eugenic and dysgenic
goals. I have reviewed some of PGD’s moral intricacies by presenting both conser-
vative and liberal positions for the reader to get an objective reception of ethical
discussion on its scopes. Let us remember that often this practice is requested by
parents who want a healthy child. This may overlap with eugenics as most of cou-
ples also whish the best child possible, attitude that for some visions leads to a
potential transhumanist scenario. In addition, the case for sex selection is also con-
troversial as reproductive options comprise gender preferences, specifically tending
to select males in some cultural contexts. As to using PGD to conceive a savior
child, this is a convoluted scenario too as it might imply to use people as means to
other people’s ends. Likewise, using PGD to choose disabled children raises puz-
zling questions that challenge bioethicists to ponder competitive arguments and
assess whether a belligerent position about worsening humankind through biotech-
nologies is justified. Whatever the position taken on these matters, clear policy,
compelling reasons and further discussion seem to be needed.
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Chapter 8 )
Rare Disease Research Check for

Francesc Palau and Carmen Ayuso

Abstract We address ethical issues in the field of rare diseases (RDs) focusing on
four aspects that are relevant for research and translation into clinical practice. First,
the reuse of personal, health and genomic data, for research purposes, beyond the
main purpose for which they were collected. Later, three aspects related to funda-
mental parts of clinical medicine such as diagnosis, treatment and prevention in
relation to RDs. In this context, we address ethical aspects of research and its practi-
cal application that have to do with the diagnostic effort in patients with undiag-
nosed diseases. A third topic is research programs in rare disease therapy and its
translation into the treatment of patients. Finally, some points are discussed regard-
ing the incorporation of genomic analysis in newborn screening, having the analysis
of genetic variants as a complementary biomarker to biochemical tests that allows
expanding the number of RDs in which to act preventively.

Keywords Rare diseases (RDs) - Ethics - Data - Undiagnosed diseases -
Treatment of RDs

Introduction

The medical art is expressed, mainly, in the relationship between the physician and
the patient, which is recognized as an interaction between the doctor and the person
who comes seeking help from the health professional when he feels ill health. This
interaction can be seen as a process in time that includes three fundamental aspects:
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diagnosis, prognosis and treatment. The proactive model on individual health brings
us closer to medical action in the field of public health, targeting not only the indi-
vidual but the general population. This is where one last aspect of health care lies,
prevention.

Rare diseases (RDs) are those which affect a small number of people. The pri-
mary criterion is prevalence, which is variable in different countries and geographi-
cal regions. In the European Union, a disease is considered rare when it affects less
than five persons per 10,000, whereas in the United States the criterion is less than
200,000 affected people. RDs are also recognized because most of them are severe,
chronic, progressive, and produce handicaps in patients (Council recommendation,
2009; Orphanet, 2021). Over 6000 different RDs have been identified to date (6171
rare disorders with Orpha code as unique identifiers), and although individually
infrequent, they currently affect 3.5-5.9% of the worldwide population, and more
than 70% are genetic (EURORDIS, 2021, Nguengang Wakap et al., 2020).

In this chapter we are going to focus on ethical aspects on RD research topics.
We will address the issues underlying the secondary uses of patient data, that is,
reuse of personal, health and genomic data, for research purposes, beyond the pri-
mary aim for that they were collected, and some questions on three areas related to
aspects of medicine that we have mentioned previously, such as the diagnostic effort
in patients affected by rare and undiagnosed diseases, the research programs in the
therapy of RDs and its translation to the treatment of patients, and the genomic
analysis in neonatal screening incorporating genetic variants as a complementary
biomarker to biochemical tests that allows expanding the number of RDs in which
to act preventively.

The Secondary Research Use of Rare Diseases Patients’
Data. Definition

In a primary use, the patient’s -demographic, personal, clinical and/or genomic-
data are collected by the clinicians or researchers and used for a specific aim. By
contrast, in the secondary use, the data are processed and used for different purposes
to those that originally were pursued, at the time that information was gathered.
Thus, it could involve different data processor or researchers, other than those who
were primary involved in collecting those data (primary data collectors) (Schlegel
& Ficheur, 2017).

Here, the definition of secondary use is adapted from the described in the Beyond
One Million Genomes (B1MG, 2020) project recommendations documents, which
is “the processing of —rare diseases patients/families— (personal, clinical, and
genomic) data by users for different purposes to those that originally were pursued,
including research, healthcare and policy development. The assumption is that data
has been collected in a healthcare or research context or is part of a genomic initia-
tive in the country”.
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Ethical Aspects to be Considered (see Table 8.1)

In a global and digitalized world, the access to personal and health data by third
parties must be carefully regulated, to avoid the vulnerating of individual rights
(Alfonso Farnés & Alcalde Bezhold, 2020). In Europe, the legal general context of
them has been addressed by the General Data Protection Regulation (GDPR), with
several national implementations. Therefore, the requirements regarding the legal
basis for processing health and genetic data for primary and secondary uses vary
from country to country in Europe, as well as out of Europe, as Health Insurance
Portability and Accountability Act in United States of America (HIPAA), and oth-
ers. Several of the basis for its legitimation are also supported by ethical princi-
ples (Beauchamp & Childress, 1979), as consent, public interest, and legitimate
interest. Here we only will refer to the ethical aspects as a complementary view to
the essential legal issues, that although should be considered, are out of the scope of
this chapter.

RDs involve vulnerable and sometimes easily identifiable people, but at the same
time, their rarity makes it imperative to collect data from around the world, for
research and to find a diagnosis and therapeutic solutions for them. Thus, what
framework is ethically appropriate to allow the secondary use of your data in future
research (SUfR)? What are the bases for it? What kind of safeguards or measures
should be taken to this end? Some of the moral issues to consider in relation to the
SUfR on rare diseases are described below.

Table 8.1 Secondary use of data for rare disease research. Values to consider

Patient needs Improve the diagnosis and general treatment of these conditions

Improve individual clinical care

Establish collaborative networks for educational and social purposes

Scientific research Reduce costs and research time

Promote the acquisition of new scientific information and its validation
(identification of new genes and mechanisms that cause diseases,
comorbidities, healthcare needs, natural history, new drugs and
therapies)

Facilitate patient recruitment (eg, clinical trials) and cohort collections

Public interest, public | Reduce healthcare costs (speed up diagnosis and improve prevention)

health, social needs | [mplement more adequate health policies (more precise and
personalized clinical care)

Facilitate detection and prevention programs tailored to the exact needs
of patients

Carry out clinical and public health research

Facilitate educational and social programs

Promote social values such as altruism, solidarity and citizenship

The rights of the Autonomy
participants and their | privacy
families

Proper balance between risks and benefits
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Patients’ Needs

Patients with RDs suffer from the delay in diagnosis, which is “unacceptably long
in many cases and susceptible to improvement”, as has recently been shown (Chazal
& Aymé, 2021). Therefore, organizational changes in health care must be imple-
mented, along with specific investigation programs for undiagnosed cases, to
shorten this odyssey of diagnosis and the long journey currently. In addition, it has
been estimated that treatments are currently available for less than 6% of DR dis-
eases, and regulatory agencies around the world approve fewer than 50 new thera-
pies per year. This scenario is far from meeting the needs of these patients (Hivert
et al., 2021).

Therefore, in 2017, the International Rare Diseases Research Consortium
(IRDiRC) established three main research goals, for the research of RD within the
10 following years (Table 8.2), to improve diagnosis and treatment of the RD
patients and to develop tools for monitoring the impact of those measures (The
IRDiRC 2021, https://irdirc.org/about-us/vision-goals/). To those ends, some efforts
have to be made, first, from basic research field, to identify new molecular pathways
related with etiopathogenic mechanisms, and drug repurposing and searching; and
second, from epidemiological and clinical research, by establishing well-studied
cohorts of patients for prospective and retrospective observational studies —on natu-
ral history and genotype-phenotype correlations—, as well as to conduct clini-
cal trials.

Given the low frequency of these conditions, the creation of cohorts of RD cases
and the establishment of well-coordinated scientific and clinical collaborations are
crucial for the success of this type of research; therefore, sharing clinical and
genomic data among the scientific community is a cornerstone of this research. In
fact, this was specifically addressed by the Scientific Therapies Committee (TSC) of
the IRDiRC, in a recent analysis of strategies to accelerate the achievement of Goal
2 (availability of treatments for patients with RDs). In its Strategic Theme 3: Data
collection in health practice, TSC emphasizes the needs of (namely) “data sharing,
and use and reuse of data, in particular in healthcare practice for real-world evi-
dence generation in RDs” (Hivert et al., 2021).

The low intrinsic prevalence of RDs makes the SUfR of patient’s data necessary
to allow research aimed at improving the diagnosis and treatment of these

Table 8.2 IRDiRC goals for the 2017-2027

Goal 1 | All patients coming to medical attention with a suspected rare disease will be diagnosed
within one year if their disorder is known in the medical literature; all currently
undiagnosable individuals will enter a globally coordinated diagnostic and research
pipeline

Goal 2 | 1000 new therapies for rare diseases will be approved, the majority of which will focus
on diseases without approved options

Goal 3 | Methodologies will be developed to assess the impact of diagnoses and therapies on rare
disease patients



https://irdirc.org/about-us/vision-goals/

8 Rare Disease Research 127

conditions. On the other hand, in individual cases of RD, being able to access pseud-
onymised data from other cases that have the same RD could improve the clinical
care of this case by exchanging information with other clinicians, patients and rela-
tives, and establishing collaborative networks for educational and social purposes.

Scientific Research

Many fields of scientific knowledge about RD will be enhanced by accessing more
data and mega-data. Although it could be achieved through individual experimental
effort, performing secondary analyzes on the same data reduces research costs and
time (Safran et al., 2007; Geissbuhler et al., 2013). On the contrary, data collection
and analysis would become longer and more expensive (The Danish Council of
Ethics, 2015), as new data sets would have to be created each time a new goal
emerges.

SUfR also encourages the acquisition of new scientific information and its vali-
dation, such as the identification of new disease-causing genes and the characteriza-
tion of new pathways and circuits. On the other hand, artificial intelligence applied
to these data could eventually discover other new relevant aspects of rare diseases
such as comorbidities, care needs, natural history, new drugs, and therapies
(Decherchi et al., 2021). Ultimately, SUfR will make the convening of patients (e.g.,
clinical trials) and cohort collections feasible (Tartaglia & Dallapiccola on behalf of
the WGS Experts, 2021).

Public Interest

Through SUfR, the clinical and genomic data of patients with RD will speed up
diagnosis and improve prevention, with appropriate genetic counseling, reducing
healthcare costs. Several aspects related to a more precise and personalized clinical
care (patient stratification), such as studies on genotype-phenotype correlations and
the natural history of RD, are also relevant to save costs and implement more appro-
priate health policies.

Large epidemiological studies on prevalence and incidence will be possible in
the real world, thus facilitating screening and prevention programs tailored to the
exact needs of patients, and to carry out clinical and public health research (Martani
et al., 2019).

The same study results could eventually be used for educational and social pro-
grams to cover other relevant aspects in the lives of patients with RDs. On the other
hand, it must allow the DR SUfR data to promote social values such as altruism,
solidarity and citizenship (Nuffield Council on Bioethics, 2015).
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The Rights of the Participants and Their Relatives

Although this point is developed last, when giving access to their SUfR, the rights
of patients affected by RDs should be considered first. These are the aspects of
autonomy, privacy, and risk/benefit balance of the participants.

Regarding autonomy, consent is not either a mandatory legal basis (since there
are others) nor an appropriate one, to legitimate secondary use in Europe (The
General Data Protection Regulation GDPR, Art. 6, 2016); 1+Millon Genomes
Initiative (IMG) and, according to a recent World Health Organization (WHO) pub-
lication (2015), in the case of data processing for public health and research, certain
limitations on the rights of data subjects may apply. However, any ethical legitima-
tion must contemplate a process of information to the participants, including public-
ity and transparency. Therefore, the informed consent (IC) process, as far as possible
or convenient, could also be considered from an ethical perspective, although not a
legal one. According to the European Data Protection Supervisor (EDPS, Preliminary
Opinion 8/2020), consent serves not only as a possible legal basis for the activity but
as “an additional safeguard, giving more control and options to the research par-
ticipants, thus maintaining the society’s confidence in science”. The policy of
including information on possible SUfRs later, at the beginning of any type of
research or genomic diagnostic process, and requesting consent to do so, could be a
consistent measure, in this sense, to reinforce ethics.

In addition, privacy must be protected. Given the nature of genomic data, privacy
could affect not only the participants but also their family members. The relevant
aspects related to privacy in SUfR of the RD patients are the purpose of access to
the data, the identity of the people or organizations that will access the data, what
data and how it will be reused (minimum, aggregated, etc.) and re-analyzed (feder-
ated), and what will be (if any) the barriers to data exchange. Therefore, it is neces-
sary to strike the right balance between the potential benefits of SUfR and efficient
safeguards to protect personal health data, both genetic and non-genetic (Jensen
etal., 2012).

According to WHO (2015), “if possible, personal data should be aggregated or
anonymized at source and be kept separate, ideally in physically separated IT sys-
tems. In this context, this separation could include codification, pseudonymization,
a complete or irreversible anonymization. There are different measures to protect
privacy on data sharing. Pseudonymization has been defined (The General Data
Protection Regulation (GDPR); art 3, 2016) as ‘the processing of personal data in
such a manner that the personal data can no longer be attributed to a specific data
subject without the use of additional information, provided that such additional
information is kept separately and is subject to technical and organizational mea-
sures to ensure that the personal data are not attributed to an identified or identifi-
able natural person”. Consequently, pseudonymization allows the SUfR of data,
without access to the identity of the participants by new users or data controllers,
but, contrary to anonymization, it allows to return to the individual data subject, in
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case it may be necessary, for their benefit. Using or not using this particular mea-
sure, all responsible persons involved in data protection (researchers, research eth-
ics committees, regulators and authorities) must ensure that all the necessary
technical and organizational measures are implemented to protect the privacy of
data. participants.

Finally, the appropriate risk/benefit balance for SUfR participants must be
ensured. It is important to analyze the risks and benefits associated with the primary
use of data from those related to SUfR. Furthermore, they must be carefully
explained to the participants. A summary of the possible benefits and risks, modi-
fied from the B1MG project, is shown in Table 8.3.

The Ethically Relevant Aspects. Suggestions on How
to Address Them

Although this analysis is not exclusive or complete, we have identified at least three
relevant aspects such as data confidentiality/privacy, voluntary participation in
research, and information to participants about the research and its results.
Throughout this part of the chapter, we suggest some solutions to approach them
ethically, such as some privacy safeguards and measures.

IC has also been considered a relevant tool, if not the only one, for the exercise
of the autonomy of the participants. The characteristics of the IC, in the context of
SUfR, must be freely given, informed, unambiguous and specific, and be possible to
withdraw it by the interested party, unless it is not technically possible (total anony-
mization) or there is another established basis that requires continuous processing.
While maintaining specificity, broader consent (for the purposes of research areas)
and other innovative forms of consent for research, such as dynamic and tiered con-
sent, are considered new approaches to apply for SUfR of RDs.

Finally, it is necessary to develop robust governance frameworks and a transpar-
ency policy that includes public information about the different research projects in
RDs that are subsequently carried out with the data, and how the participants could
eventually know their global results and (if any) individual. In the latter context, it
is very appropriate to facilitate the exchange between the clinical and research
framework, since a long follow-up of these RDs participants is expected in this
context.

As a general conclusion of this section, the new scenario of availability of a large
amount of personal, demographic, health, and genomic data, together with the use
of artificial intelligence, is an opportunity to develop efficient and accurate research
in the field of RDs. However, secondary uses of these data for new research also
pose new ethical challenges. Justice, beneficence, transparency, and respect for
people are crucial for a responsible approach to persons.
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Undiagnosed Disease: Between Medical Effort, Research
And Clinical Ethics

The diagnostic process is one of the most important tasks of the physician (Oski,
1990; Rozman & Cardellach Lopez, 2020). Diagnosis is essential not only to face
the clinical and biological management of the disease and its vital process in the
patient, but also for those ethical problems that may arise in the course of such a
process (Gracia Guillén, 2020). In the process of diagnosis, the doctor performs a
cognitive act (Lain Entralgo, 1986) in which, as a human being, he can be right,
wrong or not reach a definitive solution despite the efforts made. One of the reasons
why a patient is undiagnosed may be due to an error or lack of perseverance in the
search for it. The Institute of Medicine of the United States has recognized that there
is a need to reorient diagnostic error as a “moral, professional and public health
imperative” (Institute of Medicine, 2015), which requires an additional effort to
improve our capacities to diagnose and offer greater patient safety (Singh & Graber,
2015). However, a diagnostic error should not be confused with an undiagnosed
disease. This medical category is considered when the diagnosis is not reached after
a reasonable, relatively exhaustive effort, taking into account the state of the art of
medical knowledge. Both situations are similar in that both require active change to
achieve the patient’s diagnosis. Transforming a diagnostic error into a diagnosis of
certainty is a professional and moral duty that corrects an anomalous situation. The
diagnosis of an undiagnosed patient is a cognitive act associated with a scientific
and technological effort that often requires teamwork. In this case, the professional
and moral duty does not lie in correcting an error that could have been avoidable,
but in considering the additional diagnostic effort as a health value in itself.

Classifying or considering a disease as undiagnosed is challenging (Gahl et al.,
2012, 2016). What criteria can we have in applying such a consideration? The tem-
poral criterion is imperfect because the symptoms can be maintained over time
without major changes that can be indicative. The perpetuation of a nonspecific
semiology can lead to an evaluation process that is too long with the cost of proper
management and delay in treatment. To this must be added the emotional cost of the
patient and the family. It is therefore important to speed up the diagnostic evaluation
and reduce the times of action. Complexity is also an imperfect criterion, because
many undiagnosed diseases can be restricted to one or a few symptoms or to the
affectation of an organ, at a certain moment of the evolutionary process, while oth-
ers show a multisystemic affectation and require an approach from different medi-
cal specialties. Each patient has their own vital development and how they suffer
from a disease is an individual process: the diagnosis of undiagnosed disease
requires the application of more than one criterion and the rational indication of
diagnostic procedures, from assessing the passage of time well and the natural evo-
lution of the disease to the progressive use of complementary methods, ranging
from the most basic to the most aggressive, even invasive when considered appro-
priate. The diagnostic effort must extend beyond the immediate, but it must be done
in clinical terms and within reasonable time limits.
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Many patients go through a long process to reach the diagnosis of the disease
they suffer, that is, a diagnostic odyssey. Throughout the process, patients are
assisted by many doctors, specialists and even subspecialists in referral centers,
sometimes for years. For the odyssey to end, one must understand the path taken.
The factors that influence the evaluation and management of an undiagnosed dis-
ease concern the idiosyncrasy of the disease itself in pathophysiological terms, its
variability in its clinical expression and natural history, its chronobiology, and ulti-
mately the primary cause; these would be objective factors. Nevertheless, it is nec-
essary to take into account subjective factors, those that concern the individuals who
participate in the process of knowing what is happening to the sick person; we
return to the patient and the doctor and the interaction they establish. The delay in
diagnosis has a multifactorial genesis. Kliegman et al. (Kliegman et al., 2017)
address this delay in two broad categories, one inherent to the disease process itself,
and the other related to the difficulties of the assessment process itself. These latter
difficulties can be broken down into three basic elements, those specific to the
patient, those specific to the physician, and those related to the various modalities
and diagnostic tests. In this sense, it is important to determine what the primary
problem is in order to be able to influence effectively within the framework of the
healthcare structures of the health system.

Faced with a situation of non-diagnosis, it is important to take into account the
ethical need in medical practice to seek and offer the patient a diagnosis that allows
progress in the correct clinical and therapeutic management of the disease, in its
both organic and mental aspects and social. The correct, definitive diagnosis affects
the person’s way of life and her family environment. On the contrary, the absence of
such a diagnosis generates uncertainty, which has consequences that affect the per-
son’s life project and entail a psychological, social and economic cost. Before the
patient we are in a situation in which decisions must be made. Is it possible, then,
that a patient does not have a diagnosis of his/her disorder? How far to take the
‘diagnostic effort” when pertinent evaluations have been carried out based on estab-
lished medical knowledge and technological availability, such as, for example,
genome analysis? Is research on new biomarkers and biological or image analysis
techniques part of the diagnostic process?

It would seem that, in terms of beneficence, non-maleficence and justice, giving
continuity to the diagnostic effort is a moral value and an ethical attitude, always
respecting the principle of autonomy of the patient or their guardians. However,
when faced with a patient with a clinical picture for which there is no scientific
knowledge, not even due to similarity with other known entities, what can the doc-
tor do? And, above all, what can be done from the health system? In the absence of
evidence, the system cannot offer a structured answer, and, in this case, the physi-
cian would not be obliged to persist. In this situation, the lack of diagnosis would
not generate an ‘ethically bad act’. However, we think that there is an option, which
requires an organized response. The structure of the health system can be oriented
towards offering a solution that gives continuity to the diagnostic effort, taking into
account not only human, moral and social criteria, but also economic ones
(Palau, 2017).
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From a practical point of view, it is possible that “we cannot go any further” and
we are facing an apparent diagnostic impasse. However, it is also possible to con-
sider the attitude of scientific and multidisciplinary to approach the diagnosis of a
specific patient without diagnosis. Although using a negative formula, this is where
the situation of not having a diagnosis can be elevated to the category of clinical
process of 'undiagnosed disease’ in the framework of modern medicine based on
two well-established points: (i) the scientific approach to the knowledge of the dis-
ease and its pathophysiology in biological terms, and (ii) the availability of a struc-
ture and human and material resources in the health system. The conjunction of both
aspects, the scientific-technical and the structural, offers the opportunity to improve
our diagnostic capacity and focus on the care level, both clinical and ethical, the
patient without diagnosis or, in other words, undiagnosed diseases. From the point
of view that the diagnosis in a decision-making process based on established knowl-
edge, the scientific approach in each patient would not be part of the diagnostic
effort. However, in a translational model, approaching science to clinical practice, it
could be considered to take into account the incorporation of experimental and
functional studies in the laboratory as part of the diagnostic process (Pijuan et al.,
2021). On the other hand, in the effort to reach the diagnosis at the end of the odys-
sey and focus on the medical problem raised, counseling is necessary that facilitates
informed decision-making and clearly establishes realistic expectations for the pos-
sible consequences (Basel & McCarrier, 2017).

Be that as it may, the implementation of a program on undiagnosed diseases in
an institutional framework, such as a university medical center of reference, is an
effort at all levels of health care (and social), but also a necessity and a moral duty.
In modern medicine, diagnosis continues to be a fundamental act in the future of
clinical practice that affects the doctor and the entire healthcare staff, but it is also a
process in which the patient, their parents or guardians, their family, participate, in
an integrated, proactive and responsible way. The diagnostic effort then becomes a
moral, ethically good act, which can be given scientific, technological and social
support so that the sick person benefits from it. Even more relevant is when behind
there is someone who suffers from a rare disease (or an atypical or rare form of a
common disease) that cannot be left in the category of undiagnosed disease.

Therapies, Between Policies and Therapeutic Research

In the field of research aimed at treating patients with RD, two essential aspects can
be distinguished for the individual with a certain disease and for the group of
patients affected by such a disease and their relatives. In the first place, the reasons
for researching and developing new therapies based on whether they are going to be
financed by health systems and health insurance. Second, what is the applied scien-
tific knowledge that academic scientists, and the pharmaceutical and biotechnology
industry are interested in?
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It is very important to define the point of view from which the question of
research and investment in treatments and new therapies is viewed. RDs give us a
name for a very broad set of disorders that condition people’s lives. These diseases
are recognized as such due to their low prevalence, but this criterion, although nec-
essary for their recognition, may not be sufficient to consider that they have legisla-
tive benefits in relation to therapies and treatments that common diseases do not
have, especially in developed countries. These legislative developments are aimed
at the special recognition of drugs heading for treating RDs, which we know as
orphan drugs.

Policies and Regulations of RD Treatments

In Europe, the United States, and other countries, RDs benefit from orphan drug
policies. The regulations of these countries indicate that the fundamental factors
used to designate orphan drugs are the prevalence, severity and the existence of
alternative therapies (Gammie et al., 2015). However, from an ethical perspective,
rarity is being questioned as a moral reason to actively promote the financing of RD
treatment and research on therapies directed at these diseases, proposing that moral
principles can confirm that this is fair or not (Juth, 2017).

In a recent article, Magalhaes discusses the moral reasons that support preva-
lence as a criterion for investment and development of therapies (Magalhaes, 2021).
To the low prevalence, this author contrasts the severity of the disease as a criterion
for making decisions about where to guide policies and investment in health. In her
argumentation, she discards potential moral reasons to value rarity, such as the res-
cue rule (Rosselli et al., 2012; Rodriguez-Monguio et al., 2017), the priority of the
identified victims, and personal responsibility. The rescue rule assumes that it is
imperative to save those people who are in immediate danger or harm. However, if
this is the reason for applying the rule to a case, it is not a valid criterion as it does
not differentiate between rare and common diseases. The fact that we feel identified
with victims or people affected by a rare disease and that doctors and health profes-
sionals must act in the best interest of their patients is not a sufficient criterion
either. This attitude contrasts with the obligations of population-level policymakers
who must be oriented to treat each citizen or member of the population in an equal
way. On the other hand, the argument that patients are not responsible for the dis-
ease they suffer as a criterion for making rare diseases an exception to the equal
claims view (Magalhaes, 2021) would not be a sufficient reason to take into account
in policies about financing of treatments. Also, according to Magalhaes, personal
responsibility, by itself, does not distinguish between rare diseases and common
diseases since both types of disorders depend on factors independent of the people
who suffer from them. In terms of recommendations and actions on prioritization
policies, Magalhaes proposes that the health-loss criterion issued by the third
Norwegian Committee on Priority Setting in the Health Sector (Ottersen et al.,
2016) as equivalent to the severity criterion, be a greater criterion for assign greater
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priority to diseases that cause greater loss of heathy life-years compared with a life
expectancy of 80 healthy life-years (Table 8.3).

Faced with the view about the moral value of prevalence versus severity, it is
possible to oppose the medical criterion, understood as one that takes into account
the factors that influence the way of falling ill and offering a response of cure or
improvement to the patient. These factors include causality, lifetime and the biogra-
phy of the individual, and the natural history of the disease, often chronic in nature,
but with moments of exacerbation, and often affect several organs and physiological
systems (Berman, 2014). Although prevalence is the first criterion to take into
account, the definition of RD includes other aspects that affect the life and way of
falling ill of affected people (Palau, 2010, 2012). RD is also characterized by chro-
nicity, disability, and the feeling of being alone (believing that there are no other
people with the same problem, and it will take time after accepting the diagnosis to
interact with patient associations). Furthermore, the high probability that the pri-
mary cause is genetic (Nguengang Wakap et al., 2020) carries a risk of recurrence
and that it may appear in another member of the family.

Prevalence is not only an epidemiological data, which differentiates RD from
common diseases -although as an arbitrary criterion-, but a factor that combines
under the concept of rarity a high number of diseases in which underlying causes
and several pathophysiological processes. In a significant number of patients, we
can consider the triad of rarity, age of onset and severity. It must be taken into
account that the majority of RD are ultra-rare, with a prevalence below 1 in 50,000
inhabitants, which makes the affected people, who are dispersed in geography, feel
helpless in society and in the face of health services. It is also relevant to take into
account the fact that many of them begin in childhood, at some point in human

Table 8.3 Possible benefits and risks of secondary uses of data for research on rare diseases

Benefits | 1. Scientific progress

(a) General knowledge, advance in RD understanding

(b) Specific: prevention, diagnosis and/or treatment of people with a similar RD
condition

2. Commercial products such as drugs or algorithms (no participants monetary rights
in these products)

Risks | 3. Psychological harm (type and amount of personal data processed and shared)

4. Safety risks if data are misused or misinterpreted

5. Handling of results and incidental findings that have implications for the health of
participants and/or their families, including capacity limits of health care systems to
provide adequate follow-up care

6. Risk of privacy breaches

(a) Sharing data with researchers from other institutions

(b) Risk of being re-identified from genomic and related health information,
(although technically difficult today, it still remains)

7. Unanticipated forms of research on genomic data that may turn out to be
controversial

Modified from BIMG project
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development during the pediatric age, from birth to adolescence and young adult-
hood. This leads to the person suffering from the disease throughout a very long
period of his/her life, which may affect the entire biography, regardless of the prog-
nosis he/she may have. These two factors, on the other hand, are usually associated
with the fact that they are severe, chronic diseases and with periods of exacerbation
in many cases. It is not so much to contrast rarity versus severity, but to contemplate
how the low prevalence mostly represents a group of people who need specific
actions so as not to be isolated and diluted in the much broader set of common dis-
eases, although these can also be serious. From a principles-based ethics approach,
it can be considered that RDs can be devoted to special treatment, since the principle
of justice and equal claims view are not affected. On the contrary, the high coinci-
dence between rarity and severity means that patients affected by a RD can have
benefits in terms of health systems policies without compromising the equity of citi-
zens and the principle of justice. Nor would the health-loss criterion be affected in
a striking way since many of the patients with RD begin in childhood and have a
vital prognosis that is below the healthy-life considered of 80 years. Progress
towards that age, still distant, is given for some diseases due to the promotion of
research in new treatments, such as those that have been approved in recent years
for cystic fibrosis (Middleton et al., 2019), which together with lung transplantation,
have modified the life-expectancy of these patients.

Research in the Treatment of RDs

In the moral assessment of treatment in RDs, equity and opportunity cost must be
compared. It is important to seek a balance between approaches that can be opposed
such as the utilitarian approach, equity in access to treatment, the imperative of
treating patients without taking into account the economic cost and the desire to
advance knowledge as a basis for new therapies (Taylor et al., 2018). From a utilitar-
ian perspective, the allocation of resources to research in the field of therapeutics
can lead to contradictory ethical conclusions. The costs of developing a new drug
vary widely and investing funds in orphan drug research can be considered unfair
and unethical with respect to investing in diseases that are more prevalent in the
population (Gericke et al., 2005; Hews-Girard et al., 2020). However, this utilitarian
approach contrasts with the moral principles of justice and beneficence for each
person, regardless of the frequency of the illness they suffer.

It has been estimated that only around 6% of RDs have treatment (World Health
Organization, 2015; Zamora et al., 2019), which contrasts with the situation of com-
mon diseases. As individuals and autonomous citizens, RD sufferers have the same
right to effective treatment (EURORDIS, 2017). This raises whether it is moral to
promote and facilitate special actions in the field of RD therapeutics compared to
the needs of new therapies for unresolved problems of common diseases, emerging
diseases, such as the SARS-CoV2 pandemic and COVID-19 (World Health
Organization, 2021) and mRNA vaccines (Centers for Disease Control and
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Prevention, 2021) or neglected diseases that are common in developing countries
(Barrenho et al., 2019), such as malaria in sub-Saharan Africa and other geographic
areas. Specific efforts must be oriented towards two scenarios, basic research and
clinical trials, which allow the development of safe and effective drugs. Recent
examples of fundamental therapeutic research are the new pharmacological thera-
pies for cystic fibrosis (Middleton et al., 2019), molecular (eg, antisense oligonucle-
otides) (Finkel et al., 2017; Mercuri et al., 2018) and gene therapies (Mendell et al.,
2017) for spinal muscular atrophy or CAR-T cell-based immunotherapy for drug-
resistant leukemias and lymphomas (NIH National Cancer Institute, 2021). The
translation of the discovery of a new orphan drug -those designated for the treatment
of RD- to clinical practice requires rigorous clinical research that demonstrates its
safety and efficacy (Dal-Ré, 2016). At this point, on many occasions a conflict arises
between patients, who claim to have drugs as soon as possible and the need to evalu-
ate them with scientific criteria. In the interests of their support, medicines agencies
are more flexible with orphan drugs. However, this does not mean that there are no
specific requirements, such as that the drug is indicated for an unmet need and that,
in addition, efficacy has been demonstrated against the main variable of the clinical
trial design and that it is clinically relevant (Putzeist et al., 2012). But, on the other
hand, in the case of RDs the number of target patients (and available after informed
and correct acceptance) is small, and, nevertheless, the requirement for a rigorous
scientific evaluation should be the same as for controlled and randomized clinical
trials in parallel groups that make it possible to measure the efficacy of the treatment
and the indication or not to incorporate the orphan drug into clinical practice. This
is where the ethical dilemma arises about how to act in the therapeutic research of
RDs. Two aspects can be distinguished, the scientific approach and the funding of
research.

In relation to research projects, is it possible to accept greater flexibility in
accepting the results of a therapeutic trial or is it necessary to develop alternatives
to controlled and randomized clinical trials? In order to achieve proven results that
can serve the majority of patients with the same rare disease (principle of benefi-
cence), the efficacy of the drug must be investigated under scientific criteria. In
recent years, some alternative solutions adapted to a low number of participants
have been proposed (Gagne et al., 2014; Dal-Ré, 2016). The objectives of the exper-
imental designs are to either (i) minimize the number of trial participants, but obtain
a sufficient number of data, or (ii) maximize the number of cases treated, ensuring
that all participants receive the experimental orphan drug, and using the crossover
trial in which the participant receives the experimental therapy and the control ther-
apy (eg, placebo) or no treatment in an alternating way. One of the designs that is
demanding attention for ultra-rare disease research is the n-of-1 clinical trial (Lillie
et al., 2011). Recently, approaches have been published aimed at investigating,
developing a new drug and treating a patient affected by a rare genetic disease (Kim
etal., 2019). These investigations and n-of-1 situations raise questions of a scientific
nature such as the scientific evidence that needs to be determined before exposing a
person -often a child (Kreeftmeijer-Vegter et al., 2014)- to a new drug, such as the
safety of the drug, dose, route of administration and treatment regimen, or the
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urgency of the patient’s clinical condition (Woodcock & Marks, 2019). But this new
drug-discovery paradigm also raises many ethical and societal issues. As these are
therapies designed for a patient, it will be necessary for them and their families to
become collaborators of the project and aspects such as “stopping criteria” should
be considered before the start of treatment, if possible with the help of an ethicist.
Another question that needs to be considered is how to proceed if the intervention
appears to be useful and can be applied to other patients affected by the same gene,
and if a new clinical trial has to be designed for this purpose (Woodcock & Marks,
2019). In the event that such personalized treatments increase, some with good
results, regulatory aspects will also be relevant, as well as their sustainability and
financing (Artsma-Rus, 2021).

One concern, which again raises ethical questions, is the financing of clinical
trials in rare diseases, especially in ultra-rare disorders with few patients and dis-
persed in geography. Sustained funding from the industry cannot be expected for
many of them, nor is it easy to develop projects with academic and non-commercial
funding. One approach that has also been developing in recent times is that of
participant-funded clinical trials. There are several models of self-funded clinical
research (Dal-R¢ et al., 2020; King & Ballantyne, 2019), such as 'pay to try’ and
‘pay to play/participate’, and the ’plutocratic proposal’, still a theoretical model,
which has been recently proposed and is based on the donor is offered the possibil-
ity —although not a guarantee— of participating in a clinical trial, a possibility that
can be transferred to a third party (Masters & Nutt, 2017). Many of these models are
financed through crowdfunding projects, which raises the immediate question of
whether it is ethically acceptable for research and therapeutic advancement of ultra-
rare diseases, including n-of-1 therapies, to be based on the effort of patients and
families and of the researchers involved.

Genome Analysis in Newborn Screening

The screening of newborns constitutes a public health action of the first magnitude
in the field of secondary prevention of diseases of onset in the neonatal or infancy
period of life. Newborn screening (NBS) programs allow early identification in
asymptomatic newborns of various diseases, most of them genetically based. The
diseases included are those that can be avoided, cured or improved since it is feasi-
ble to intervene to modify the course of the disease in a positive and significant way.
Depending on the countries, states or regions, current neonatal screening programs
vary in the number of diseases that are investigated. These disorders fall into the
category of inherited metabolic (e.g., phenylketonuria), endocrinologic (e.g., con-
genital hypothyroidism), and hematologic (e.g., sickle cell disease) diseases in
which the biomarker used for screening is a gene product, either a metabolite, a
hormone, or a protein. The inclusion of diseases takes into account the classic prin-
ciples of Wilson and Jungner (1968) who first introduced decision criteria and good
practices in neonatal screening (Table 8.4). These principles have been considered
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Table 8.4 Revision of the Wison and Jungner criteria

Synthesis of emerging screening criteria proposed over the past 40 years (1968-2008)

The screening program should respond to a recognized need.
The objectives of screening should be defined at the outset.

There should be a defined target population.

There should be scientific evidence of screening program effectiveness.

The program should integrate education, testing, clinical services, and program management.

There should be quality assurance, with mechanisms to minimize potential risks of screening.

The program should ensure informed choice, confidentiality, and respect for autonomy.

The program should promote equity and access to screening for the entire target population.

Program evaluation should be planned from the outset.

The overall benefits of screening should outweigh the harm.

the gold standard but there have been adaptations (Andermann et al., 2008).
However, many of the rare genetic diseases do not have a specific biomarker that
can be used in a screening program. On the other hand, the number of "actionable’
diseases, that is, in which an early intervention at birth or early childhood can mod-
ify the prognosis and therapeutic action, is increasing (Palau, 2021).

Genetic analysis of specific disorders is already being investigated for its imple-
mentation as a biomarker in NBS programs due to the availability of new treatments
that can modify the course of the disease. This is the case of spinal muscular atrophy
because of the new molecular treatments based on antisense oligonuleotides (Vill
et al., 2021). On the other hand, exome or genome analysis by next-generation
sequencing technologies allows defining biomarkers based on recognition of genetic
variants for a large number of disease-causing genes (Berg et al., 2017). In this
sense, a series of projects have been started, among which the BabySeq project
stands out (Holm et al., 2018). There are already results that inform about the inter-
pretation of genomic findings (Ceyhan-Birsoy et al., 2019), about the benefits, risks
and usefulness of genomic sequencing in newborns (Pereira et al., 2019), the inter-
est of parents in participating in these projects (Genetti et al., 2019) or the feedback
of the findings (Holm et al., 2019).

In a progressive way, the methodology applied in screening is including genetic
or genomic techniques, but these approaches raise ethical-legal reflections (Johnston
etal., 2018). Among the areas to take into account and on which to reflect are selec-
tion of genes and diseases to be studied, overdiagnosis or overtreatment, informa-
tion management and informed consent, data confidentiality and protection, justice
and legal regulation (Esquerda et al., 2021). Other issues are the process of delivery
of the results to parents, the aspects derived from its implementation in the health-
care systems, and the general and specific ethical framework that contemplates the
moral principles to be preserved (Ayuso, 2021).

Among the ethical challenges, the possibility of making predictive diagnoses of
late-onset diseases (in adulthood) stands out. Only those diseases whose prevention
or treatment depends on early intervention in childhood should be included in the
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Table 8.5 Factors to be considered in newborn genetic screening

Establishment of
technical and human
Adequate study design | resources Clinical aspects Review over time
Selection of patients | Process quality analysis | Genetic counseling | Access to data in the
Informed consent and interpretation and reporting mature age of the
Criteria for reporting: | (centers and Clinical monitoring | minor
—Type of variants | professionals): and access to data | New genes, new
— Genotypes and Confirmation of by clinicians and diseases (according to
genetic status results relatives the possibility of being
(affected, predictive, Deadlines for actionable)
carrier) reporting

— Definition of
pathologies/ genes
(severe, actionable,
age of onset)

screening, avoiding violating the autonomy of minors when making predictive diag-
noses without benefit for the newborn and with the consequent damage on their
future freedom to choose know them or not. Another risk is the detection of genetic
variants whose clinical impact is doubtful or unknown. Thus, screening should
avoid as far as possible identifying or reporting doubtful results. Finally, it is conve-
nient to foresee the possibility that the child, once reached maturity, can have access
and receive the genetic information that concerns him. Table 8.5 shows proposed
factors to consider implementing neonatal genetic screening (Goldenberg
et al., 2019).

To conclude, it is currently feasible and somewhat advisable to include the
genome analysis as a set of biomarkers and NGS techniques in NBS as they can
provide higher quality information and benefit the health of the participants by
being able to intervene early and effectively on certain diseases. For this, it is neces-
sary to comply with certain ethical premises that affect both the design and protocol
of the study, as well as the informed consent, the clinical processes and the monitor-
ing and evaluation of the results (Ayuso, 2021).
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Chapter 9

Limits of Debate: Governance of Human
Embryo Research and the Making

of the Fourteen-Day Rule

J. Benjamin Hurlbut

Abstract This chapter focuses on a limit that was defined in the early days of IVF and
which for nearly four decades was widely affirmed and adopted. This is the so called
fourteen-day rule. It designates that human embryos should not be cultured in vitro
beyond fourteen days of development. The fourteen-day rule has long been offered as
an assurance that scientific horizons are subject to ethical limits. Over the course of
several decades, it has also become a matter for relatively widespread consensus.
Although there remains significant disagreement about whether instrumental use of
human embryos for research can ever be acceptable and about what sort of limits,
temporal or otherwise, it ought to be subject to, the fourteen-day rule has long formed
a centerpiece of policies in numerous countries that affirm ethical concerns while also
allowing room for research by marking fourteen days as a definitive limit.

Keywords Fourteen-day rule - In vitro fertilization (IVF) - Research on human
embryos - Fourteen-day rule - Governance of scientific research

Introduction

Forty-four years ago in the spring of 1978, embryologist Robert Edwards and obste-
trician Patrick Steptoe were closely watching a developing pregnancy in the United
Kingdom. They were anticipating a birth that they knew would make headlines
worldwide. When Louis Brown, the first “test tube baby” finally arrived, it felt
simultaneously like a radical break with the natural order of human procreation and
of a continuity with it. The scene of the babe in her mother’s arms broadcast the
world over was as familiarly and universally human as they come. Yet this birth also
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heralded a profound transformation in human life, a technological displacement of
conception out the dark interior of the body onto the illuminated surface of the labo-
ratory bench.

More than forty years have passed, and the procedure that Edwards and Steptoe
pioneered has been the means for millions more moments of this sort, making par-
ents of many. It has also allowed unprecedented access to a previously hidden phase
of life, rendering human embryos accessible for manipulation and, in some jurisdic-
tions, routinely available as an experimental resource for studying the earliest stages
of development.

From its inception, in vitro fertilization (IVF) was accompanied by ethical and
policy uncertainties about whether and under what circumstances human embryos
could be used experimentally. This question has long been—and remains—a sub-
ject of significant ethical and political controversy. To be sure, it touches upon deep
and challenging questions: of how society should relate to developing human life in
the laboratory, of what potential to advance scientific knowledge or human health
warrant its instrumental use, and of what limits to research must be set in the name
of respecting and protecting human integrity and dignity.

More than forty years later, these questions remain live as ever, even as limits
have been established in many countries. In recent years they have re-emerged in
novel forms as new techniques have led researchers to want to use human embryos
in new ways. They were at the center of the debates over embryonic stem cell
research in the 2000’s (Hurlbut, 2017), and they are intensifying today with devel-
opments like the creation of human embryos for research on germline genome edit-
ing (Hurlbut, 2020), with techniques that allow embryos to be cultured ex vivo
longer than ever before, and with the advent of synthetically produced embryo-like
entities and embryonic human-animal chimera (Jasanoff, 2019; Lovell-Badge
et al., 2021).

From the inception of IVF, there were significant ethical disagreements about the
permissibility of research on human embryos. Yet there was also almost universal
agreement that there had to be limits, and that, for purposes of policy and governance,
those limits had to be well-defined. The question was where those limits should be
drawn, and how. In many jurisdictions those limits came to be codified in law, ranging
from complete prohibition of experimental use of human embryos to allowing certain
forms of research up to fourteen days of development. Four and a half decades after
Edwards and Steptoe’s headline-grabbing achievement, scientific research is bumping
up against long-established limits and pushing for their dissolution.

This chapter focuses on a limit that was defined in the early days of IVF and
which for nearly four decades was widely affirmed and adopted. This is the so
called fourteen-day rule. It designates that human embryos should not be cultured
in vitro beyond fourteen days of development. The fourteen-day rule has long been
offered as an assurance that scientific horizons are subject to ethical limits. Over the
course of several decades, it has also become a matter for relatively widespread
consensus. Although there remains significant disagreement about whether instru-
mental use of human embryos for research can ever be acceptable and about what
sort of limits, temporal or otherwise, it ought to be subject to, the fourteen-day rule
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has long formed a centerpiece of policies in numerous countries that affirm ethical
concerns while also allowing room for research by marking fourteen days as a
definitive limit.

Despite the fact that there is significant variation internationally in the policies
and politics surrounding human embryo research, the fourteen-day rule has been
remarkable widely adopted. It is codified as law in over a dozen countries, and for
decades was a centerpiece of the recommendations and rules of various professional
societies and scientific organizations like the American Society for Reproductive
Medicine (ASRM), the International Society for Stem Cell Research (ISSCR), and
the US National Academy of Sciences (NAS) (American Fertility Society, 1986;
Committee on Guidelines for Human Embryonic Stem Cell Research, National
Research Council, 2005; International Society for Stem Cell Research (ISSCR),
2016). In the United States, there is no formal, federal law that governs human
embryo research, only law that prohibits federal funding for it. Therefore, the
ASRM, ISSCR and NAS guidelines have played an influential role in governance of
non-federally funded research (Hurlbut, 2017).

In recent years, however, a shadow of doubt has been cast over this bright line. In
the mid 2010s, Magdalena Zoenicka-Goetz, a developmental biologist then at
Cambridge University developed a technique for culturing embryos significantly
longer than had been possible before. In her first attempt to culture a human embryo
using this technique, she ended the experiment only because she had reached day
thirteen, roughly four days longer than had had previously be achieved, and discon-
certingly close to the fourteen-day limit (Zernicka-Goetz & Highfield, 2020).

A chorus of scientists and ethicists responded to this newfound ability to poten-
tially transgress the fourteen-day rule—the most consistently and widely adopted
and well established limit to human embryo research in the world—with immediate
calls to revise it (Hurlbut et al., 2017; Hyun et al., 2016; Reardon, 2016; Rossant,
2016). Subsequent advances in embryo culture techniques suggest that human
embryos can be sustained in vitro beyond the fourteen-day mark—and potentially
well beyond (Aguilera-Castrejon et al., 2021). In 2021, these technical advances led
the International Society for Stem Cell Research to abandon the fourteen-day rule.

Importantly, this research on extended embryo culture marks the first time since
the inception of IVF that the fourteen-day rule has materially restrained scientific
practice. Prior to this point, the ethical limit had been enforced by the limits of cul-
ture techniques, which could only sustain a human embryo in vitro to about eight
days of development. Thus, although the fourteen-day rule was foundational to the
development of a whole field of scientific research because it allowed research to
proceed by providing assurance to society that ethical limits would be respected,
once science had caught up with the ethical (and, in numerous jurisdictions, black-
letter legal) rule, prominent members of the scientific community declared the rule
to be obsolete and inimical to scientific progress.

It is a remarkable notion that a rule should be abandoned simply because it
becomes possible to transgress it. Yet this is the essence of the position that promi-
nent scientific figures and organizations have taken on the fourteen-day rule.
Regardless of what one thinks of the ethical merits of the rule itself, it has for
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decades been one of the most explicit, definitive and widely-adopted ethical limits
to a highly controversial area of scientific research. It was—and remains—a key
pillar of the regulatory regime surrounding human embryo research in the UK, a
regime that many UK citizens cite as an example of particularly effective and trust-
worthy governance (Jasanoff & Metzler, 2020).

Thus, what is at stake in abandoning the rule is not merely whether certain lines
of research will be permitted, but also the prior commitments made by science to
society to accept limits on research in deference to widespread ethical concerns, and
further, the importance of establishing limits themselves in the democratic gover-
nance of science. As I argue below, the fourteen-day limit was significant not only
because of the temporal marker, but because it was a limit—a bounding off of free-
dom of scientific inquiry in acknowledgement of and deference to public ethical
concern.

My purpose in this chapter is not primarily to ask whether the rule is ethically
well-justified, but to explore how that question has been asked and addressed—by
whom, in what terms, and grounded in what forms of reasoning, certitude and
authority. The history of the fourteen-day rule reveals some of these patterns and the
ways they are re-emerging in the context of efforts to unwind it. In addition, most of
the calls for abandoning the rule have been grounded in accounts of its development
that purport to show that it was an unprincipled and provisional compromise
intended to have a limited lifespan. Those accounts, designed to justify a partisan
desire by recruiting voices from the past, have been repeated as if their story is
beyond question. One of my aims here is to challenge those accounts (since they are
incomplete and incorrect.)

But an additional aim is to surface certain key patterns in approaches to the gov-
ernance of biotechnology that are evident in the development of the fourteen-day
rule and in the efforts to dismantle it. I focus on the distinct (though somewhat
intersecting) pathways of development of the fourteen-day rule in the U.S. and the
U.K. Because the processes on both sides of the Atlantic arrived at the same place—
a fourteen-day limit on in vitro embryo culture— they are usually lumped together.
But the reasoning and processes that led to the rule differ in important respects
(Hurlbut, 2017; Jasanoff, 2005). Those differences in process and reasoning are
important because they reflect different background conceptions of appropriate
bases for establishing ethical limits on science, and on the role of limits in settling
(if not resolving) public ethical disagreement by drawing a bright line beyond where
science pledges not to go while simultaneously acknowledging persistent ethical
concerns.

A Natural(ized) Limit

The fourteen-day rule was first articulated in 1979 by the Ethics Advisory Board
(EAB), a bioethics body that had been convened by the U.S. Department of Health,
Education and Welfare (DHEW), which housed the National Institutes of Health.
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(Department of Health, Education, and Welfare Ethics Advisory Board, 1979). The
EAB was the first national bioethics body in the world to evaluate IVF. The EAB’s
report suggested a policy that “No embryo will be sustained in vitro beyond the
stage normally associated with the completion of implantation (fourteen days after
fertilization).” This relatively late addition to the report was added to provide an
unambiguous limit. The Board chose fourteen days in deference to existing US
federal regulations on fetal research that had been put on the books before the advent
of IVF (Hurlbut, 2017).

In 1975, the National Commission issued recommendations for governance of
“research on the fetus” (United States, National Commission for the Protection of
Human Subjects of Biomedical and Behavioral Research, 1975). The commission
made no differentiation of ethical entitlements based on stage of development.
However, when the DHEW promulgated regulations based on the Commission’s
recommendations, it defined the fetus as the conceptus from the time of implanta-
tion forward. When objections were raised, DHEW explained that the policy needed
to be practicable. To protect the fetus against ethical violations in research it be pos-
sible to detect its presence. And because a pregnancy could only be detected from
the time when implantation was complete, about fourteen days post-fertilization,
the Department had adjusted the regulatory definition of “fetus” accordingly.!

Thus, when facing the need to draw a line, the board chose fourteen days in def-
erence to the committee’s view that research during the first several days of develop-
ment was permissible. The board simply adopted fourteen days to cohere with the
fetal research policy, intending to return to the question at a later time. The EAB’s
presumed that it was to be a standing committee and therefore would repeatedly
revisit its own case-by-case judgements. However, it was disbanded about a year
later and never reconstituted.

In 1984, the American Fertility Society (AFS, now the American Society for
Reproductive Medicine) established an ethics committee to define ethical rules for
the emerging (and essentially unregulated) IVF industry. The AFS committee took
the ethics of human embryo research as one of main areas of focus. Like the EAB,
it recommended that research use of human embryos should be limited to fourteen
days (American Fertility Society, 1986). However, according to the committee, the
EAB had set the right limit for the wrong reasons. The limit made sense, the com-
mittee argued, not primarily for ethical reasons, but for scientific ones.

The committee grounded its recommendations in an evaluation of what it referred
to as the “biologic status” of the human embryo. It argued that a scientific recogni-
tion of a fundamental change in the nature of the embryo at fourteen days would
necessarily lead to the ethical discernment that fourteen days was the right place to
draw the line. For instance, the embryo will sometimes split into two, producing
monozygotic twins. Thus, the committee argued, the embryo is not a true biological

"For the definitions of fetus and pregnancy in the regulations promulgated in response to the
national commission recommendations, see 40 Fed Reg. 33,529 (August 8, 1975), 33,529. For a
discussion of comments on the definitions, see 39 Fed. Reg 30,651 (August 23, 1974), 30,651 and
42 Fed Reg. 2792 (January 13, 1977), 2792.
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individual until twinning is no longer possible after the formation of the primitive
streak at fourteen days of development. Because persons are always necessarily
individuals, the philosophical question of personhood (and, thus, the ethical ques-
tion of what entitlements a person is due) simply cannot reasonably be raised before
gastrulation, at least not in an ethical approach that that takes scientific facts into
account (American Fertility Society, 1986).

The author of these sections of the AFS report was Clifford Gorbstein, a devel-
opmental biologist with an interest in science policy. Testifying before Congress in
1981, Grobstein offered what has become a familiar and common refrain about how
public bioethical judgments should be made. Because facts are necessarily “com-
mon to all parties in a dispute,” biological facts of the matter that preclude certain
philosophical conclusions should be drawn upon to delimit ethical disagreement
and circumscribe public debate. Where ethical notions are built on presumptions
contradicted by science, those presumptions must give way. They may not satisfy
“individuals committed to a religious view of the matter,” but that, Grobstein
observed, is not the purpose of policymaking (Quoted in Hurlbut, 2017, p. 84) In
other words, public facts must be separated from private values, and the former
should describe the limits of debate in processes of public bioethical judgment.

The AFS committee adopted this approach, arguing that gastrulation—the devel-
opmental marker that coincides with the completion of implantation at about four-
teen days post-fertilization—was an objectively transformative developmental
moment and, therefore a morally significant, biological bright line. In rendering this
judgment, the committee was not seeking to balance or compromise between com-
peting ethical perspectives. Rather, it was asserting that the biological grounding of
their ethical judgment allowed them to simply cut through disagreement. The ethi-
cal rule was built not on the foundation of consensus or compromise, but on (a
representation of) nature itself. Here the committee was working on a presumption
that has become familiar—even normative—in American bioethics: ethical judg-
ment should be preceded by and grounded in robust scientific knowledge (Hurlbut,
2015b). In practice, this means that the scientific experts are authorized to make
discernments that reveal and clarify matters of bioethical concern (or lack thereof).
Put differently, the parameters of (reasonable) ethical disagreement and delibera-
tion—including even the terms of debate—are defined in advance by scientific
experts.

Indeed, the AFS committee went so far as to codify the natural (ethical) line it
had discerned by altering the technical terminology of embryology itself. The com-
mittee coined a new scientific term to distinguish the pre- from the post-gastrulation
embryo-- the “preembryo.” The committee explained that this scientific neologism
was meant to clarify, not prejudice public discourse. It was designed to ensure lin-
guistic precision in ethical deliberation by drawing language into alignment with
the natural facts (as discerned by the scientific experts on the committee). It was
“not intended to imply a moral evaluation” (American Fertility Society, 1986, p. vii)

Yet the term served the function of reshaping (or, rather, defusing) ethical dis-
agreement. The change in language was meant to insert a (scientifically authorized)
distinction into the discourse of ethical deliberation itself, regardless of whether
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those who used the language understood (let alone critically examined) the rationale
for the distinction. The committee maintained that the public had ethical misgivings
about IVF because it was confusing the preembryo with later developmental stages.
By segregating debate about embryo research from preembryo research, the com-
mittee hoped objections to (pre)embryo research would evaporate.

Thus, the fourteen-day rule in its earliest principled instantiation was rooted not
only in a biological distinction between the pre and post implantation embryo, but
also in a corollary demarcation between reasonable and unreasonable ethical con-
cerns—between secular, scientifically grounded judgments and religious commit-
ments, and thus between appropriately public reason and matters of private belief
(Hurlbut, 2015a). On this view, science’s value-neutral, ontological discernments
precede and guide public, ethical judgment. Science speaks first and defines the
values-questions that are (and are not) in play.

Note that this idea is built on a tacit theory of deliberative democracy: in a
properly-functioning democracy, facts provide the incontestable common ground
for addressing disagreement over values-questions. Therefore, ethical and policy
judgments must be tethered to scientific discernments about the nature of the object
of ethical concern. Science provides the correct classifications and democracy sorts
out their moral significance, if any. Thus, the fourteen rule as it developed in the US
was more than a limit on research. It also codified a conception of the right role of
expert’s biological discernments in public bioethical deliberation. In effect, the
fourteen-day rule embodied a democratic theory of the right relationship between
scientific expertise and public ethical judgment.

From Facts to Reason

The AFS committee was not a publicly authorized body. But in the absence of pub-
lic regulation of IVF in the US, the AFS committee recommendations (and, there-
fore, the fourteen-day rule) governed in fertility clinics and laboratories that wanted
AFS accreditation. However, about a decade later, a federal bioethics body, the
Human Embryo Research Panel, further solidified the fourteen-day limit.

The Human Embryo Research Panel was convened in 1994 to recommend rules
and limits on human embryo research. It was created in response to a regulatory
change made early in the Clinton administration that eliminated an element of
review that had precluded federal funding for human embryo research since 1980.

The Panel affirmed the fourteen-day rule, but elaborated on the AFS committee’s
reasoning by supplying an explicit (rather than merely tacit) theory of how public
ethical judgments should be made in the face of democratic disagreement. “a variety
of distinct, intersecting, and mutually supporting considerations” (Human Embryo
Research Panel (U. S.) & National Institutes of Health (U.S.), 1994, p. 38) The
panel asserted that it was not a proper role for a public ethics body to decide which
views are correct since “public policy represents an effort to arrive at a reasonable
accommodation of diverse interests” (Human Embryo Research Panel (U. S.) &
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National Institutes of Health (U.S.), 1994, p. 39). The panel therefore refrained from
judging the correctness of ethical arguments held by members of the public. Instead,
it subjected them to a test of reasonableness. If the Panel thought reasonable people
would find an argument convincing, it was given greater weight. (These judgements
were based on the Panel’s imagination of the reasonable person—not on anything
like public opinion surveys.)

Thus, the Panel positioned itself as a surrogate for a democratic polity engaged
in robust public reasoning (i.e. reasoning the actual democratic public may not itself
be capable of engaging in). In fact, the Panel actively ignored the actual input they
received from members of the public: it received a significant amount of mail that
directly contradicted the position they ultimately took. (Most of it categorically
opposed human embryo research, and a significant portion came American citizens
who either explicitly identified themselves as pro-life, or seemed to the Panel to be
speaking from pro-life perspectives). The Panel chose to ignore this input, and actu-
ally took active steps to prevent public input in their deliberations on the presump-
tion that the public’s actual views should be excluded because they were necessarily
scientifically uninformed and therefore would be unreasonable. The Panel main-
tained that because the embryology was complex, cutting-edge and understood only
by select scientific experts, the actual views of non-expert citizens could (and
should) be disregarded. Instead, the Panel made a judgment about what kinds of
reasons people ought to agree upon. And here they agreed with the AFS committee:
ethical deliberation must be delimited and disciplined by giving priority to scientific
reasons, because scientific reasons are common to everyone, at least to everyone
who is both informed and acting in accordance with the norms of deliberative
democracy—accepting the facts (i.e. deferring to scientific experts) and engaging
with each other in a common language of secular reason. Treating the ethical argu-
ments that were more deferential to expert discernments as higher on the reason-
ableness scale and thus as carrying more weight, the Panel used the same biological
arguments as the AFS committee (about twinning, early embryo loss, etc.) to declare
that fourteen days was the right limit.

Most of the bioethics bodies in the US that have addressed issues of human
embryo research have affirmed the fourteen-day rule by referring to the Human
Embryo Research Panel’s recommendation and those of other bodies that have reaf-
firmed it. The reasoning behind it came to be treated in mainstream scientific and
bioethical circles as a matter of wide consensus that needed no further elaboration
or justification.

What I want to highlight is how, in the US context, this consensus was not
grounded in anything remotely resembling inclusive democratic deliberation. Nor
was it reflective of a pragmatic compromise. To the contrary, it was a product of a
particular idea of the role of expert scientific discernment in the process of public
bioethical judgment, one that authorized imposing limits on the scope of public
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ethical disagreement in the name of scientific authority, even to the point of defining
the authorized terms of debate.?

I want to draw attention to how the approach to public bioethical decision-
making evident in these moves entails particular conceptions of reasonableness and
unreasonableness that are not themselves subject to deliberation. This was the
approach to bioethical judgment that yielded the fourteen-day rule in the U.S. Thus,
the primary justification for that rule was not that it achieved a workable compro-
mise between competing viewpoints, but rather that the nature of the embryo itself
(as elaborated by scientific experts) revealed where the line should be drawn. This
approach allowed the (American) authors of the fourteen-day rule to sidestep mean-
ingful public deliberation. And yet, as noted above, the rule nevertheless become a
durable element in human embryo research governance in the United States. That is
not to say that it was not controversial. Indeed, U.S. Congress responded to the
recommendations of the Human Embryo Research Panel by enacting law that
banned federal funding for all human embryo research. (That law remains in place
nearly 30 years later). The enormous political controversy over human embryonic
stem cell research in the 2000s focused on the research use of in vitro human
embryos at five to six days of development, well before the fourteen-day limit.

But for the many Americans who supported some forms of human embryo
research, the fourteen-day rule was a given: a bright-line, universally affirmed
among embryo-research advocates, that was grounded in science, and therefore was
unchanging and unchangeable. That firm upper limit made it unnecessary to worry
about how far things might go, thereby strengthening public support for allowing
latitude for experimentation prior to fourteen days. It is worth noting how important
it was that the fourteen-day rule appeared to be beyond question. The rationale for
the rule signaled that there was nothing tentative or temporary about it. Because the
nature of the embryo was unchanging, so too would be the rule. Indeed, this natural
permanence was precisely what the US ethics bodies that advocated for the rule
pointed to as justification. It is safe to say that had they presented that line as a
political compromise between competing perspective, the process through which
they arrived at it (which included suppressing dissenting perspectives) would have
been self-evidently illegitimate and the rule would have seemed far less secure.

2Tt is worth noting that the moments detailed above are not isolated incidents. They reflect a larger
pattern that has shaped deliberation in around human embryo research in the US since the early
1980s. Similar moves were made to intervene in public discourse and reform terminology in the
name of enhancing the quality and, thus, the legitimacy of democratic deliberation. For instance,
at the height of public controversy over embryonic stem cell research in the mid-2000s, leading
figures in the scientific community sought to cleanse public discourse of the term “cloning” when
used describe the creation of a cloned human embryo for research use, replacing it with “somatic
cell transfer for the procurement of pluripotent stem cells” (International Society for Stem Cell
Research (ISSCR), 2004; National Research Council, 2002; Silver, 2001) They even went so far as
to file law suits seeking to constrain the use of the term in political debate related to ballot mea-
sures to authorize or directly fund human embryo research. (There were several, e.g. Berg v.
Shelley, CA Sup. Court, Sac. County, Case No. 04CS01015, and Missourians Against Human
Cloning v. Carnahan Cole Count. Cir., MO. Case No. 05 AC-CC01108.)
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This observation is particularly important in light of recent developments in cell
and developmental biology and the corollary moves to discard the fourteen-day
rule. Before turning to that issue, however, I briefly discuss the parallel but separate
formation of the fourteen-day rule in the UK.

Politics of the Limit

The fourteen-day rule has another, largely separate origin in the UK. It was a central
element of the recommendations of the UK committee of inquiry popularly known
as the Warnock Committee which was convened to advise Parliament on how to
govern IVF (Committee of Inquiry into Human Fertilisation and Embryology,
1984).1In 1990 it was codified in law by the Human Fertilization and Embryology Act.

The development of the fourteen-day rule in the US and UK is a study in con-
trasts. Unlike in the US, the Warnock report did not primarily ground its ethical
discernments in scientific discernments of biological markers. Noting that “biologi-
cally there is no one single identifiable stage in the development of the embryo
beyond which the in vitro embryo should not be kept alive,” the committee felt that
a definitive limit was nevertheless required “in order to allay public anxiety” and
instill public confidence that science would proceed only within publicly designated
constraints (Committee of Inquiry into Human Fertilisation and Embryology,
1984, p. 65).

The committee explicitly refused to define when morally significant human life
begins as a prerequisite for establishing the rule, noting that such problems are
“complex amalgams of factual and moral judgments” (Committee of Inquiry into
Human Fertilisation and Embryology, 1984, p. 60) In adopting fourteen days, the
committee took into account many of the same embryological factors as the AFS
Committee and the Human Embryo Research Panel. But, in contrast to those com-
mittees, it did not elevate scientific reasoning to the position of arbiter of public
reasoning. Instead, it incorporated these elements alongside others, like the notion
that a bright-line limit was essential, and that it had to be straightforward, unam-
biguous and clear. Warnock later noted that fourteen days not only seemed reason-
able in light of changes in the embryo at gastrulation, but because two weeks was a
recognizable and easy-to-remember interval, and thus one which was therefore
likely to seem reasonable and command the assent of the British Parliament
and public.

The Warnock Committee report initiated more than a half-decade of debate in the
UK Parliament. The details of that debate, though fascinating, are beyond the scope
of the present analysis. Suffice it to say that regulation of IVF in general and the
fourteen-day rule in particular received national public attention, producing a
regime that has been widely seen as successful by the British public (Jasanoff &
Metzler, 2020). The important takeaway from the UK story is that the fourteen-day
rule was widely taken as an expression of a collective, political recognition that sci-
ence must be subject to definitive limits, and that setting those limits was a matter
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for the commonsense judgment of the democratic polity and their representatives.
This was the explicit rationale of the Warnock Committee, and it became a center-
piece of the legislation in the UK the created space for scientific inquiry within
democratically defined constraints.

Sheila Jasanoff has shown how this mode of reasoning cohered with British civic
epistemology—the mode of producing publicly-legitimate discernments about
questions of science and science policy peculiar to UK politics (Jasanoff, 2005).
The key point that I want to draw out here is how the legitimacy of the limit was
grounded in radically different claims to authority in the UK than in the US, and
how the former therefore necessarily went through a process of public evaluation
and deliberation, whereas the former side-stepped it.

Yet, in both cases the clarity and definitiveness of the limit was fundamental to
its persuasiveness. In the US, the ethical limit was elevated essentially to the posi-
tion of a natural fact: solid, unchanging and beyond disagreement (at least amongst
secular perspectives deferential to scientific knowledge). In the UK, it was the cen-
terpiece of a kind of public moral discernment that grew out of a duty to bear “wit-
ness to the existence of a moral ideal of our society...” in which, ethical disagreement
notwithstanding, the designation in law of universally binding limits “is the embodi-
ment of a common moral position” (Committee of Inquiry into Human Fertilisation
and Embryology, 1984, pp. 2-3) Quite apart from where exactly the limits were
fixed, for the Warnock Committee, the fourteen-day limit reflected a commitment to
a common morality: “There must be some barriers that are not to be crossed, some
limits fixed, beyond which people must not be allowed to go.... The very existence
of morality depends on it” (Committee of Inquiry into Human Fertilisation and
Embryology, 1984, p. 2).

Thus, the US and UK origin stories are a study in contrasts. The processes
through which the rule was arrived at differed profoundly, as did the sort of reason-
ing that grounded it. Yet what was shared between them was a commitment to ren-
dering scientific research rule-bound. In both countries, the process of setting limits
was driven by the recognition that research must be subjected to limits that ensure
that the moral stakes of this domain of research are acknowledged, affirmed and
respected. In both jurisdictions, this took the form of defining a definitive rule that
would apply uniformly and unambiguously to everyone, regardless of whether or
one agreed with the reasoning behind it. This is more than a symbolic gesture. It
represented a rejection of the notion that what is scientifically possible is presump-
tively permitted: that the fact that if an experiment can be done mean that it should
be done, unless there are compelling reasons to the contrary.

Unlimiting Science

Four decades after the fourteen-day rule was first articulated, the forms of scientific
research that it made possible have probed human development progressively closer
to the limit. This is in keeping with the expressed intentions of that limit: the rule
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imposed an unambiguous constraint on practice, thereby eliminating the interpre-
tive flexibility and potential slippage associated with discretionary applications of a
more abstract principle or norm. By providing reassurance that science would not
pass beyond it, the threat of ethical transgression was likewise delimited, quieting
public concerns even as research progressed. Judged in terms of the original pur-
pose of the rule, the fact that experiments have reached but not transgressed the
fourteen-day limit represent a success story.

Yet prominent figures in the scientific community see things differently. They
have argued that the advent of techniques for culturing embryos beyond fourteen
days means that the fourteen-day limit is obsolete, and it is time to “extend or even
abolish this limit” (Lovell-Badge et al., 2021). According to Janet Rossant, an emi-
nent development biologist, the techniques for culturing human embryos through
gastrulation “again raise the question of where to place the ethical limits on human
embryo development in vitro” (Rossant, 2016) One pair of prominent bioethicists
extoll the fourteen-day rule as “a shining example of how science policy and regula-
tion can be developed with interdisciplinary consensus and applied across a number
of countries” but go on to assert that technical advances in embryo culture have
rendered it “no longer fit for purpose” (Appleby & Bredenoord, 2018). Others put it
more bluntly: “these advances... put human developmental biology on a collision
course with the fourteen-day rule” (Hyun et al., 2016).

These are perplexing claims. Why would the science’s ability to transgress an
ethical limit mean that that limit should be pushed back or abandoned? One reason
the advocates for abandoning the limit have asserted is that the rule is subject to
revision because it is “arbitrary” (Clark et al., 2021; Robin Lovell-Badge, quoted in
Stein, 2021). It was merely a “public policy tool designed to carve out a space for
scientific inquiry...” that was “never intended to be a bright line denoting the onset
of moral status in human embryos.” (Hyun et al., 2016). Rather, it was a “workable
compromise”(Lovell-Badge, 2021) that allayed public concerns without inhibiting
research. “It shouldn’t be thought of as a hard and fast moral pronouncement”
(Insoo Hyun, quoted in Monahan, 2016), and thus has runs its course and can and
should be revisited and revised.

The history of the fourteen-day rule recounted above belies the notion that the
limit was explicitly arbitrary, temporary and provisional. Indeed, in the US the jus-
tification for removing the question from the political sphere and placing it in the
hands of experts was precisely that this was a limit grounded in the unchanging facts
of nature to which scientific experts had special access. The idea was that unrea-
soned democratic deliberation could be legitimately displaced by reasoned expert
discernment because experts were not making an arbitrary judgment or constructing
a compromise, but arriving at a correct judgment. The British rationale was differ-
ent, but it was no less definitive or permanent. The fixity of the line, a barrier “not
to be crossed” was a commitment to elevating morality above expediency or desire.
As the Warnock Committee said, “the very existence of morality depends on” soci-
ety imposing such limits upon itself. (Committee of Inquiry into Human Fertilisation
and Embryology, 1984, p. 2).
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Yet this notion that the rule must adapt and evolve is not merely rooted in a revi-
sionist history designed suit the scientific desiderata of the moment. Rather, it is
grounded in a more entrenched, if more subtle, conception of the relationship
between social norms and scientific advancement. The notion that the fourteen-day
limit is on shaky ground because “we have arrived at the edge of the horizon that the
Warnock committee foresaw, and current research is running headlong into prohibi-
tions established” long before science had advanced to its present state construes the
limit as dependent upon the state of the science, rather than the reverse (Pera, 2017).
Scientific advances “again raise the question of where to place the ethical limits”
(Rossant, 2016) and make a limit “no longer fit for purpose” (Appleby & Bredenoord,
2018, p. 28) only if one presumes that limits ought not hold back science and
become suspect or even illegitimate the moment that they do.

This way of thinking follows a logic that presumes that governance of science
must be calibrated to—and thus must follow from and react to—the “state of the
science.” Progress in science demands revision of the norms and rules that govern
it. Ethical commitments to limits imposed before those limits could be transgressed
are marked as empty, void of durable ethical significance because the limits meant
nothing in the absence of the capacity to transgress them. And because they meant
nothing, they can therefore be challenged and revised once that technological capac-
ity comes into being. Back of this is the notion that ethics and law inevitably lag
behind science, just as science inevitably and inexorably progresses.

I want to note that, as with the AFS committee’s arrogation of ethical authority
by claiming to see the right moral order through its privileged view of the natural
order, this too is an arrogation of authority, but one grounded in a claim not merely
to privileged knowledge, but also to progress. The arguments for abandoning the
fourteen-day limit are a mixture of calls for escaping the darkness of ignorance into
enlightened self-knowledge and promises of the benefits that this knowledge will
hold for intervening in and enhancing human life.

This construction of limits—as temporarily necessary to allay public concern,
but discardable as soon as science considers them no longer “fit for purpose” entails
a bioethics that is always subsidiary to—and responsive to—the capacities, desires
and aspirations of the science of the moment.

Indeed, limits that until only recently were widely considered beyond question
(e.g. that it would be unthinkable to create and gestate human-monkey chimera) are
being displaced with regimes that are deferential to scientific desiderata (Hyun
et al., 2021; Stein, 2021). They are taking a form that is very different from estab-
lishing clear limits. Rather, there is a push to relocated bioethical judgments into
processes of oversight that remain flexible and constantly re-calibrated to shifting
science. The rationale is that ethics will be more precise and up-to-date if judgments
are always made in relation to particular proposed experiments. The International
Society for Stem Cell Research, which in 2021 called for abandoning the fourteen-
day rule, has advocated for this reorientation. Rather than propose an alternative
limit, the ISSCR suggested that research should be reviewed on a case-by-case basis
with no predetermined developmental limit.
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This shift from explicit limits to procedures of oversight locates discretionary
authority in the apparatus of scientific research. At stake is not merely the risk of
regulatory capture, but of displacement of democratic judgment by a regime that
authorizes itself by asserting that “the very existence of morality depends upon it”
constantly recalibrating its ethical discernments to developments in science and
technology. Ethics lags behind by design. This regime treats moral limits as contin-
gent and bound to change when confronted with the awesome promise of scientific
control over life and the benefits presumed to flow therefrom. In effect, it delegates
to science (and its in-house apparatuses of bioethical decision-making) the remit
and responsibility to define progress—moral as well as scientific, and thus to set
limits on setting limits. “Blanket bans enshrined in law appeal in their simplicity,
yet leave the public worse off, and are more vulnerable to dogma or instinct rather
than evidence. Guidelines from international scientific societies can offer leadership
in reassuring scientists and the public” (Lovell-Badge, 2021, p. 479). This is an
arrogation of public authority, made in the name of the benefits that will accrue to
society but which society, with its preference for the simplicity of “blanket bans,” is
incapable of anticipating and adjusting its own ethical commitments to accommodate.

This move to abandon limits in favor of (opaque) case-by-case judgments comes
just as the arena of human embryo research is becoming significantly more compli-
cated. The clarity of the fourteen-day rule lends itself less well to rapidly advancing
capacities for constructing synthetic embryos or embryo-like entities, for producing
human animal chimera, and other forms of bioengineering with the potential to
leap-frog over early embryogenesis (Aach et al., 2017; Jasanoff, 2019). Yet it
reminds us that this field with its extraordinary—and, sooner or later, transgres-
sive—capacities for control over human development itself developed in a space
that was opened up by setting a limit. The purpose of the fourteen-day rule, like
many limits society imposes upon its members, was intended to hold back science
in deference to public values, even when scientists believe there is good reason for
pushing past those limits.

Conclusion

The way political communities construct rules matter. Limits codify judgments
about ethically significant thresholds of action by clearly delineating the permissi-
ble from the impermissible. Rules may also reflect and reenforce the processes of
deliberation, reasoning and judgement that gave rise to them, and the forms of def-
erence, trust and solidarity that those processes promise or presume. In short, the
stakes of the fourteen-day rule—and of the emerging efforts to unwind it—go
beyond what experiments may take place to public trust in governance of science
and technology more broadly (Hurlbut et al., 2020).

Thus, the fourteen-day rule raises broader questions about the role of limits in the
governance of scientific research, particularly in research that touches upon funda-
mental dimensions of human integrity and dignity. The fourteen-day limit is more
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than a mere rule insofar as it is also an expression of processes of judgments about
the necessity of limits, about the how those limits engender accountability and trust
between science and society, and about the processes through which limits should
be set and bright lines should be drawn in public ethical decision-making and poli-
cymaking about science and technology—with what accountability to the public,
grounded in what forms of deliberation and ethical discernment, and drawing on
what forms of expertise, authority and reasoning.

In the UK, the rule grew out of a process of democratic deliberation and judg-
ment. In the US, it was achieved more by asserting scientific jurisdiction the param-
eters of ethical uncertainty, thereby delimiting debate and grounding the rule in
features of fixed biology that were presented as incontestable for purposes of public
policy (if not for matters of private belief). These distinct genealogies offer insight
into how the warrant for setting limits—and the power and authority invoked to do
so—is fundamental to bioethical decision-making, even if such warrants and tacit
forms of authorization may not themselves to be subjected to adequate critical scru-
tiny and ethical deliberation.

Regardless of these differences in formation, however, in both the US and the
UK, limits have been essential to the sense that controversial scientific research
would restrain itself in deference to public concerns and thus could be set free
within the boundaries of those limits. Clear limits could help to quiet controversy
even in the absence of consensus about the ethical (im)permissibility of research.

This is an important lesson of the fourteen-day rule. Yet it is a lesson that has
apparently gone unlearned by the research community. The growing chorus of sci-
entists and scientific organizations pushing to abandon the rule are likewise calling
for abandoning limits and adopting processes of oversight that allow for incremen-
tal liberalization. This is not merely a revision in rule, but a shift in modes of bio-
ethical decision-making that displace public participation in regimes of scientific
accountability.
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Chapter 10
Human/Non-Human Chimeras

Iiiigo de Miguel Beriain

Abstract The creation of human-animal chimeras involves complex ethical issues.
First, they sometimes involve harming animals, which can only be justified under
some special circumstances. Furthermore, the entities created might not be treated
according to what their special statute demands. This would have a negative impact
on their quality of life, depriving it of many of the factors that usually bring happi-
ness to living beings. On the other hand, there are substantive concerns about the
safety of the research or the allocation of resources to a practice that might not jus-
tify such expenditure. Above all, however, chimeras are extremely challenging crea-
tures, since they defy the fundamentals of the anthropocentric ethics that still prevail
in our culture. They blur the boundaries between species and introduce moral confu-
sion due to their particular features. A superchimp able to show rational attitudes
could create an impossible dilemma for an ethical paradigm based on the idea of
human dignity. However, none of these reasons seems strong enough to ban all
types of human-animal chimeras.

Keywords Human-animal chimeras - Non-Human chimeras - Anthropocentric
ethics - Species integrity - Hybrids

Introduction

On April 15, 2021, the journal Cell published a novel paper (Tan et al., 2021)
describing the production of chimeras that mix human and ape biological material.
Specifically, the experiment involved injecting a particular type of human expanded
pluripotent cells (hHEPSCs), obtained by reprogramming from adult human cells into
monkey (Macaca fascicularis) embryos. Since the experiment might introduce
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deep changes in the monkey’s capacities, including mental capacities, it immedi-
ately triggered the debate about the ethical issues involved in mixing human and
animal biological materials, that is, creating human-animal chimeras.

This, however, was not a new discussion at all. Indeed, concerns about the
appearance of chimeras are very ancient. They were already present in Greek
mythology, for instance. In fact, the name chimera derives from the mythological
creature, daughter of Typhon and Echidna, which roamed the regions of Asia Minor
terrorizing the populations, while gobbling up herds and animals, until it was finally
defeated by Bellerophon with the help of Pegasus, the winged horse (also a chimera,
by the way). Afterward, the concern about the emergence of such an entity was
picked up by Roman law, in which the newborn was required to have a human form
to be considered a person (see Code of Justinian, Codex Justinianus). Afterwards,
the fear of chimeras fueled the discussions on the baptism of monsters in the Modern
Age (Flores, 2014). More recently, stories such as The Island of Doctor Moreau, by
H. G. Wells, or The Fly, by George Langelaan recovered the figure, always in the
form of a creature capable of instilling terror in human beings. In the field of scien-
tific research, highly controversial experiments have been carried out in the last
century, such as those developed by the Soviet scientist Ilya Ivanov during the
1920s, with the aim to create an ape-human hybrid (De Miguel Beriain, 2011).

Do animal-human chimeras really involve such terrible ethical issues, as it seems
at first sight? Academics have analyzed this question profusely over the past
60 years. A recent article devoted to conducting a systematic review of the literature
found at least 88 articles devoted to this issue as of 2017 (Kwisda et al., 2020). Most
of these publications do not focus on the reasons why this practice should be permit-
ted or even supported. On the contrary, it is generally proposed that advances in
basic and applied research are desirable. Indeed, “such research could be tremen-
dously useful in understanding the etiology and progression of human disease and
in testing new drugs, and will be necessary in preclinical testing of both adult and
embryonic stem cells and their derivatives” (National Research Council, 2005, 30).
Furthermore, the freedom of scientific research is a universal right and public good
anchored in the UN International Covenant on Economic Social and Cultural Rights
(Ministerial Conference on the European Research Area, 2020). Therefore, the bur-
den of justifying any limit to the exercise of this right falls on the shoulders of those
who seek to establish it. This is why most of the arguments developed by the litera-
ture are generally aimed at providing strong reasons that support a ban on the cre-
ation of human-animal chimeras.

Following this logic, this text will mainly analyze the arguments put forward by
those who have effectively sought to limit the creation of these entities. The analysis
of the academic literature shows that this could be a complex and extensive task,
given that there are multiple variants of arguments. Nevertheless, in order to clarify
the debate, the reasons have been grouped into four main types: reasons concerning
the rights and interests of the entities involved in the research; reasons concerning
the rights and interests of the resulting entities; reasons related to human dignity and
the “species integrity” argument; and reasons concerning downstream effects.
Finally, some conclusions have been added, mainly summarizing the key points in
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the discussions. However, before entering into the discussion, it will be useful to
begin by explaining why the analysis will focus primarily on chimeras, and not so
much on hybrids, and why only on some types of chimeras.

Three Preliminary Debates: Chimeras Vs. Hybrids,
Animal-Human Chimeras and Chimeras Non Affecting
Particularly Relevant Features

The case of hybrids differs from chimeras in that hybrids are not entities that have
been modified after existing as such, but creatures that arise as a product of the
mixture of genetic material from two different species. A mule is not a horse to
which genetic material from a donkey is introduced, but an animal that can only be
created by mixing germ cells from both species while chimeras combine two lin-
eages of cells, from two different species. This evidence has important connotations
in the ethical debate. Unlike chimeras, hybrids cannot exist as beings possessing
biologic material from only one species. Their existence depends, precisely, on the
mixture of those materials. If this fusion of ova and spermatozoa belonging to dif-
ferent species does not occur, the hybrid does not exist. This means, in turn, that it
is very difficult to use arguments such as the harm caused to the offspring in the case
of hybrids. Unless we agree that the existence of the hybrid is going to be so terrible
that it would have been better for it never to have existed, it is difficult to argue that
“we should not create a hybrid because that would cause it harm”.

As we show shortly, this does hold in the case of chimeras, because the alterna-
tive to their existence as chimeras is their existence as non-chimeras. In the case of
hybrids, the only alternative to their existence as hybrids is their non-existence.
Therefore, the non-identity problem and all the connotations it implies are perfectly
applicable to hybrids. In conclusion, one has to keep in mind that, while it is true
that all the problems that can affect chimeras also affect hybrids (e.g., the confusion
of categorial barriers), the opposite is not so. Therefore, the analysis of the ethical,
legal and social issues of human-animal chimeras also encompasses those specific
to hybrids, so their study would be reiterative (note, by the way, that the opposite is
not true: there are problems specific to chimeras, so we must choose chimeras as the
benchmark).

Secondly, it should be emphasized that this piece will only analyze the problems
generated by a certain type of chimera, those that mix human and animal materials.
Those that do not involve a rupture of this barrier can be analyzed on the basis of
many of the keys that are already present in the discussions on human-animal chi-
meras. Moreover, attention will be devoted exclusively to those cases in which this
mixture may affect the capacities that we usually consider as specifically human
(rationality, for example). This is because it is these and not the others that pose
truly important challenges for the ethical discussion. Indeed, creating the so-called
“Animals Containing Human Material” (ACHM) by mixing human and animal
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genes or cells is already a standard practice in science (Haber, 2012). Some exam-
ples of such creatures are mice genetically modified to make them more susceptible
to infection by human viruses, such as HIV (Berges and Rowan, 2011), or trans-
genic animals that can produce human proteins in their milk, such as human anti-
thrombin in goat milk for the treatment of blood-clotting disorders (Edmunds et al.,
1998). In general, the use of such modified animals does not raise any major ethical
issues (beyond those related to issues such as biosafety, animal welfare, informed
consent, etc.). Moreover, even if new advances in xenotrasplantation would allow
animal to human organ transplantation in the future, this would not alter the ethical
framework dramatically.

On the other hand, the alteration of the human or animal brain does seem to give
rise to major disagreements. The rationale on this was perfectly exposed by the
Pontificial Academy some years ago: “In light of a renewed appreciation of the
body and of the symbolic understanding of it that much of contemporary anthropol-
ogy offers, it should be observed that not all organs of the human body are in equal
measure an expression of the unrepeatable identity of the person. There are some
which exclusively perform their specific function; others, instead, add to their func-
tionality a strong and personal symbolic element which inevitably depends on the
subjectivity of the individual; and others still, such as the encephalon and the
gonads, are indissolubly linked with the personal identity of the subject because of
their specific function, independently of their symbolic implications. Therefore one
must conclude that whereas the transplantation of these last can never be morally
legitimate, because of the inevitable objective consequences that they would pro-
duce in the recipient or in his descendants,(61) those organs which are seen as being
purely functional and those with greater personalized significance must be assessed,
case by case, specifically in relation to the symbolic meaning which they take on for
each individual person.” (Pontificial Academy, 2001). These are the reasons why
this piece focuses precisely on analyzing the ethical, metaethical and ontological
implications of the creation of human-animal chimeras in which essential features
of the human being, such as rationality, for example, are affected.

Reasons Concerning the Rights and Interests of the Entities
Involved in the Research

A first argument against creating human-animal chimeras is that the animals partici-
pating in the experiments might be mistreated. This might happen in totally differ-
ent ways. First, if we consider that adult animals might suffer the consequences of
becoming the subject of an experimental practice, one must focus on general animal
welfare concerns, since animals participating in the research might be harmed by
the experiment itself. This would be particularly possible if we were considering
existing great apes as being part of the research. In this context, de Grazia argued
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that “Great Apes should not be used in research unless (1) their participation is real-
istically expected to pose no more than minimal risk to them or (2) greater risks are
justified by the prospect of direct veterinary benefit to them and the absence of
alternatives offering a better benefit/risk ratio” (de Grazia, 2007). At the EU level,
the 3Rs research paradigm (replacement, reduction, refinement) are the normative
benchmark for the use of animals in research. If the experiments in question do not
meet these ethical standards, they should be prohibited.

Of course, this criticism is not shared by all those who consider that research
with great apes, in the case of chimeras, meets the 3Rs criterion, and could be
acceptable from a moral point of view (Shaw et al., 2014). Furthermore, this objec-
tion would not be as strong if only rodents were involved. Even de Grazia (2007)
concedes that “rodent subjects may be used if there is no alternative that would
avoid using rodents (or other animals with equal or higher moral status) and either
(1) the Unequal Consideration Model is correct or (2) the Unequal Interests Model
is correct and the experiments’ promise is sufficient to pass consequentialist muster
without violating any appropriate deontological constraints (the last qualification
being relevant in a mixed consequentialist-deontological approach)”. Thus, animal
suffering might not be a definitive argument against human-animal chimera creation.

A very different argument points out that the creation of human-animal chimeras
might involve the use of human materials obtained from human embryos (Mirkes,
2006). However, some other authors have highlighted that the creation and use of
human-animal chimeras for research purposes is not regarded as presenting addi-
tional ethical concerns alongside those related to the destruction of human embryos
(Palacios-Gonzdlez, 2015). Thus, it does not seem that this argument should be
considered as a key piece in the discussion about the ethics of creating human-
animal chimeras. However, some other authors have argued that, even though they
were not embryos at all, human materials or, even worse, those who are providing
them, could yet be treated in a disrespectful manner (Streiffer, 2010). This is par-
ticularly true if these materials include human ova, for instance (Baylis, 2008).
Curiously, one cannot but highlight the paradox of this objection if we bear in mind
that one of the possible uses provided by chimeras is, precisely, the creation of
human eggs. Indeed, human-animal chimeras intended for human gamete produc-
tion have been proposed as a possible avenue for solving the egg shortage problem
(Palacios-Gonzdlez, 2017). If this were possible, the objection would probably
become quite feeble.

Last, but not least, one would have to keep in mind that, when we are talking
about basic science experiments performed on rodent or primate embryos that will
never be introduced into the uterus of a female of their species to achieve the birth
of a creature, the scenario changes considerably. Indeed, it is difficult to think that
the mere creation of a chimeric embryo might be per se particularly problematic
from an ethical point of view. This, however, may ostensibly change if we focus on
other arguments that we will develop in the next sections, such as the crossing of
species boundaries, for example.
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Reasons Concerning the Rights and Interests
of the Resulting Entities

A different argument from the one made in the previous section is the complex sta-
tus or likely infringement of the rights or interests of the human-animal chimera that
is created by mixing genetic material. This objection has, in fact, different modali-
ties. First, it could be that chimeras are created exclusively for the purpose of pro-
viding humans with biological materials that could be useful to us for therapeutic
purposes. This could be highly problematic from an ethical point of view, since
those entities would be used merely as a source of biological material. However,
some authors have pointed out that farming already involves breeding millions of
animals to feed human beings. Thus, “the fact that chimeric animals are raised for
the purpose of human organ culture should not face more ethical debates than rais-
ing them for consumption.” (Bourret et al., 2016). Nevertheless, this response can
hardly be shared by all those who are against animal consumption, of course.
Furthermore, it would never apply to chimeras that might develop in some way a
human key feature, such as rationality.

On the other hand, it has been argued that chimeras might be treated in an unfair
way, almost as a kind of attraction, instead of being treated as a being with its own
moral value. For instance, a deliberately created human-animal chimera “would
surely become a monster in the original sense, an object of human fascination and
pity. This seems a harm to the creature and something that it would be wrong delib-
erately to bring about” (Jones, 2010). It is out of discussion that the situation
described by Jones would bring a kind of devaluation of the chimera’s moral status.
This would be particularly true, of course, if it exhibited certain traits that we usu-
ally associate with the human. Indeed, Streiffer exposed that “research might cause
an animal, which would have had a comparatively low moral status, to instead have
the moral status of a normal human adult, and yet the animal might continue to be
treated in ways typical of animal research subjects and which would be profoundly
unethical given its new moral status.” (Streiffer, 2019). However, some authors have
convincingly argued against this rationale by maintaining that “our job is to clear
this up (as philosophers such as McMahan have tried to do), not to perpetuate it or
allow it to persist or base social policy on it.” (Savulescu, 2003). An alternative
argument holds that one might think that the chimera’s existence could be abso-
lutely conditioned by its origin. The entities created in this way would certainly be
the object of multiple studies and analyses from different scientific angles, perhaps
lasting all their lives. This would probably result in a considerable decrease in the
welfare of the chimera, which could suffer as a consequence of these practices.

Finally, it is far from clear that the mere fact that we elevate the moral status of a
creature to a human equivalent is, by itself, in its own interests. In principle, it may
seem that raising the ontological status of a being must be good for it. If this were
true, the creation of chimeras through the development of human abilities in animals
would be a good thing. However, the starting hypothesis has been questioned by
some authors, who have emphasized that conferring an enhanced moral status on an
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individual is always objectionable from the individual’s perspective (this is the so-
called No-Enhanced view) (Streiffer, 2019). More probably, the fairness of the
intervention would depend on the quality of life of the offspring, leaving apart its
human or non-human status (the Instrumentalist Views approach).

Reasons Related to Human Dignity and the “Species
Integrity” Argument

One of the main — if not the main — reason for opposing the creation of human-
animal chimeras is that their mere existence contravenes the main beliefs that sup-
port our ethical framework. The roots of this assumption, in turn, are somewhat
variable. There are some authors who appeal to the idea that the chimeras’ mere
existence would violate our moral taboos, producing an instinctive repugnance, for
example (Seyfer, 2006; Streiffer, 2019). However, these kinds of arguments do not
seem to be much more solid than those that, in previous times, repudiated interracial
marriages, for example (Kelly & Morar, 2014; Thompson, 2003). Not much more
consistent is the variant of the argument that holds that the existence of chimeras
amounts to playing God or might be unnatural. Both notions appeal to some kind of
order prior (and superior) to the human being. Unfortunately, this type of belief
presupposes the need to share a view that is based on a form of faith. Too much to
ask, probably, for a bioethics that claims to be universal.

There is, however, a much more promising alternative: the appeal to human dig-
nity, which would be violated by the creation of human-animal chimeras. This
claim, which has been supported by several authors, is related, on the other hand, to
the idea that the creation of chimeras may blur species identities, which is an essen-
tial basis of the so called “species integrity”” argument. For instance, Jason Scott
Robert and Frangoise Baylis argued in a classical paper published in 2003 that even
though one might accept that there are no objectively given species boundaries, this
belief is essential to conventional moral thinking. Therefore, any attempt to cross
such boundaries might introduce moral confusion in our moral paradigm and dimin-
ish the dignity that human beings are currently assigned. This possibility, they
argued, is so threatening to our social fabric that we need to keep tightly guarded
conventional species boundaries between humans and nonhumans (Baylis &
Robert, 2007).

Thus, this reasoning is based on the idea that the nature of the issue raised by the
creation of human animal chimeras is so offensive that we should ban such prac-
tices. However, understanding why requires a deep understanding of the species
integrity argument. It works in a relatively simple, but very solid way. Its foundation
lies in considering that the idea of the separation of living beings into different spe-
cies has fundamental moral consequences, especially when one of those species is
the human species. In fact, what is usually affirmed is that the human being pos-
sesses a dignity (read, intrinsic value, in the Kantian sense of the term), different and
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infinitely superior to that of other beings. This belief has enjoyed substantial success
in recent years. In fact, it is reflected, without going any further, in the Universal
Declaration on the Human Genome and Human Rights. Its article 1 states that “the
human genome underlies the fundamental unity of all members of the human fam-
ily, as well as the recognition of their inherent dignity and diversity.” If we consider
that the concept of species is built on the idea of a common genome (which is
mainly accepted), it is quite easy to conclude that it is the possession of a concrete
genome —the human genome- that provides a being with dignity. Once this axiom is
accepted, the next step is to appeal to a shared rational human nature possessed by
all beings endowed with a human genome (Noonan, 1970; Devine, 1978; Schwarz,
1990). It is this nature that endows them with that value we call dignity, which cor-
responds to every human being, regardless of the traits he or she displays individu-
ally. Indeed, under this perspective species have explanatory priority over concrete
individuals in the sense that the resemblances between individuals in a species are
explicable in terms of the underlying “natural state” of each individual (Karpowicz
et al., 2005; Wilson, 1999; Hull, 1999). In this way, we can talk about a shared
human rational nature that, as generally accepted, other beings do not possess.

Of course, this paradigm is full of weaknesses. The definition of the concept
from which we start, the species, is so complex that many have considered it the
fundamental problem of biology (Barberd, 1994). In practice, “biologists typically
make do with a plurality of species concepts, invoking one or the other depending
on the particular explanatory or investigative context” (Baylis & Robert, 2007).
Furthermore, its way of understanding moral axiology, based on a radical moral
value distinction between humans and other animals, has been questioned in recent
years from multiple points of view. The most famous — though not the only one — is
the antispecist paradigm originally promoted by Peter Singer (1975, 1980). From
his perspective, what makes a being morally relevant or not is not species member-
ship, but its capacity to have interests or preferences. Therefore, any appeal to the
idea of human dignity to oppose the creation of animal-human chimeras must begin
by recognizing that, in reality, the axiological framework on which it is based is not
universally accepted. However, its main problem is that, even if we accept that the
distinction between species is morally significant, it would still not be able to give a
satisfactory answer to the question of human-animal chimeras.

Perhaps this will be better understood if we introduce an example into the discus-
sion. Let us imagine that an experiment in chimerism gives rise to the superchim-
panzee of which authors such as Rachels (1989) have already discussed. Such an
animal (?) would be able to learn to read and somehow converse about science, lit-
erature, and morals. Under such circumstances, should this chimera be treated as an
animal because of his non-human genome or as a kind of dignified being due to its
particular attributes? Or should we consider that the mere fact that showing such
characteristics would qualify it as a human being? The “species integrity” argument
could hardly adhere to any of these alternatives. If it were to say that this being
should be treated as if it were a human being because it possessed the characteristics
of a rational nature, it would be inherently recognizing that it is the fact of possess-
ing those characteristics — and not the fact of belonging to a particular species — that
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would define the moral status of a being. Thus, it would be betraying one of its basic
postulates. If, on the contrary, it were to say that the animal would have become
human by virtue of possessing these characteristics, we would in fact be pointing
out that belonging to a species would depend on the possession of certain character-
istics, not on the genome shown by an individual. Finally, if the species integrity
supporters were to affirm that the superchimpanzee should be treated as an animal
because, despite the fact that his characteristics would endow it with rationality,
they would be breaking the postulate that it is belonging to a species -the human
species- and not any other factor that provides a being with a rational nature. To sum
up, a superchimpanzee would render the species integrity argument and the human
dignity concept totally unsustainable.

Should this conclusion bring together the need to ban any research producing
human-animal chimeras? In my opinion, this would be like saying that Heliocentrism
theories should be banned because they contradict the Bible and this could put in
danger a moral paradigm based on the wisdom of the Sacred Book. If a scientific
experiment endangers a moral paradigm because the latter is unable to deal effec-
tively with the consequences of that experiment, what we should do is modify the
paradigm, not veto the experiment. To do otherwise is tantamount to refusing to face
the evidence, a manifest rejection of the way the sciences, including the social sci-
ences, should act. As Ankeny wrote, “our moral unease about chimeras might well
be related not only to the fragile (and many would argue indefensible) line that we
often draw between human and nonhuman animals, but more generally to the grow-
ing recognition of the very fragility of scientific categories themselves, as they are
affected by technological and theoretical developments, the changing goals and
context of scientific research, and social negotiation within the scientific commu-
nity. The conceptually deepest difficulties arise in trying to determine what weight
should be given to empirical information and scientific expertise when making deci-
sions about whether it is scientifically and morally appropriate to redefine funda-
mental categories” (Ankeny, 2003). In addition, we should never forget that “if the
foundations of an ideological position are knocked out from under it, new founda-
tions will be found, or else the ideological position will just hang there, defying the
logical equivalent of the law of gravity.” (Singer, 1975, 231).

Reasons Concerning Downstream Effects

Some authors oppose chimeras due to reasons concerning downstream effects. This
is a quite blurry argument, that in general claims that individual medical safety
might be compromised (Anton, 2016) or third party interest might be infringed,
since findings might threaten biosafety (by spreading new diseases) (Streiffer,
2010). For instance, in the case of xenotrasplantation, the fear that human tissues
produced in animals might be the source of new zoonoses was broadly shared
(Boneva et al., 2001). Furthermore, the impossibility to anticipate the potential risks
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associated with the transplantation of human organs grown in animals was often
considered as a call for caution (Bourret et al., 2016).

However, these appeals to safety are in general common to experimental research
and can be addressed through conventional mechanisms aimed at dealing with such
circumstances.

An alternative argument opposes human-animal chimeras research because it
might contradict distributive justice. Indeed, some authors claim that there are much
more sensible experiments in this area of chimaeras as a source of organs and tis-
sues, such as those performed with livestock animals, such as pigs and cows, which
are more promising and do not risk challenging ethical boundaries. Furthermore,
“there is a whole field of organoids, which can hopefully do away with animal
research.” (Subbaraman, 2021). Thus, promoting research with human-animal chi-
meras would be unethical since it would be granted resources that could be more
useful if devoted to alternative uses. This may be a consistent argument, but it can
hardly be endorsed if we talk about private funding, for instance.

A Last and Extremely Challenging Argument

Last, but not least, it should be noted that this piece has not yet analyzed the con-
flicts that may be caused by the introduction of animal biological material into a
human brain, altering its functionalities. Indeed, references to such practices are not
at all present in the academic literature, leaving apart some exceptions (Pontificial
Academy, 2001). This is because it is still practically inconceivable that this alterna-
tive could become a reality in the near future. The deliberate deprivation of such
capabilities would surely be seen as an aberration, even from the most liberal per-
spectives. Even those who defend the freedom of a human being to choose euthana-
sia and thus end his or her life would probably consider it unacceptable for anyone
to undergo such an experiment, even if he or she voluntarily consented.

In my opinion, however, this is not as clear-cut as it seems. Apparently, if we
accept that terminal sedation can be a correct solution for those cases in which a
person experiences a medical problem that has no other solution, it is difficult to
think that the deprivation of capacities through practices involving xenotrasplanta-
tion can be prohibited in any case. Obviously, this will depend to a large extent on
one’s ethical and legal conception. If one ascribes to the movement that considers
that there is a right to self-determination over one’s own life, it is not at all absurd to
think that the free choice to become a pig must be respected.

However, this kind of decision cannot be viewed only from the perspective of the
subject concerned, but also from the perspective of all other human beings. If some-
one decides to die, he/she does not become a non-being (like an animal), but simply
adeceased being. This is very important, because it influences both the construction
and defense of the concept of dignity, as well as the concrete obligations that should
be owed (or not) to that being. And, once again, we would have to face the debate
on the ontological status of this chimerical creature. Nevertheless, these arguments
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do not seem in any case definitive if we think of experimental treatments focused on
fighting pathologies that do not know any other possible approach, for example.
What would certainly be inhumane would be to force someone to keep his biologi-
cal material intact in order to preserve a collective interest, if this would mean
depriving him of relief from great suffering. Further discussion on this concrete
issue is probably needed.

Conclusion

The conclusion one has to come to when analyzing the debate on the constitution of
human-animal chimeras is that it is definitely a complex issue. First, one must
clearly distinguish the ethical argumentation that relates to the creation of a hybrid
and a chimera. In the case of the hybrid, it is a being that does not yet exist, as such,
before its creation. Therefore, it is easier to justify such an experiment, since the
non-identity argument would work in favor of its generation, unless we could fore-
see that the mere fact of living would be against the interests of the hybrid. Secondly,
it must be kept in mind that there are enormous differences between making a chi-
mera from an animal to which biological material from a human is introduced and
creating a chimera from a human to which biological material from an animal is
inserted. While the former may be subject to ethical discussion, the latter is in prin-
ciple inadmissible, for the reasons already mentioned (loss of capacities linked to
rationality, probability of suffering, etc.), even though some interesting discussion
about the prevalence of self-determination might prevail under some concrete
circumstances.

With strict regard to the creation of chimeras from the modification of animals,
either in their embryonic or later stages, it must be borne in mind that there are no
definitive answers, nor can they be extrapolated to all cases. To begin with, using
great apes is not the same as using rodents. The former possess qualities much
closer to those of humans and must therefore be much more protected, so the prin-
ciple of proportionality should force us to be very demanding in the experiments
involving these beings. To this we must add that it is perfectly possible that a chi-
mera could become a circus animal, or an object of observation and scientific exper-
imentation throughout its life. This would have a negative impact on its quality of
life, depriving it of many of the factors that usually bring happiness to living beings.
These considerations should be carefully borne in mind before proceeding with
these experiments.

The creation of chimeras is, in short, a certain challenge from the perspective of
those who hold moral theories close to utilitarianism. In their opinion, the fact that
the animals involved suffer due to their particular status should impel us to protect
them. However, these theories have the enormous advantage of not being radically
affected by the creation of chimeras: it is enough for us to know whether a being
generated in this way suffers or has interests in order to recommend our courses of
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action. A traditional moral paradigm, such as moral anthropocentrism, faces much
greater difficulties when it confronts the question of chimeras.

Overall, one must consider that chimeras defy the fundamentals of the anthropo-
centric ethics that still prevail in our culture. Indeed, it is extremely complex to
qualify the ethical appropriateness of the creation of these beings since their exis-
tence defies precisely the conceptual framework from which we start. How can we
use anthropocentric ethics to determine the morality of the creation of chimeras,
when their existence highlights precisely the inability of this model to respond to
the challenge they pose? Probably the most honest position to adopt on the basis of
this evidence should not be to put an end to this avenue of research at all cost.
Simply preserving a paradigm that, like all paradigms, is not a burden for human
beings does not justify it. On the contrary, awareness of its flaws should invite us to
solve them or to replace anthropocentrism with another more solvent model. In this
sense, let us remember that man was not made for the Sabbath, but the Sabbath
for man.
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Chapter 11
Human Cloning: Recent Advances
and Bioethical Issues

Sidra Shafique

Abstract Human cloning is an ethical and scientific dilemma. The present chapter
is a snapshot of human cloning from the scientific and ethical perspectives. At first,
this issue raises a lot of questions including when, why, how, where, and for whom?
Furthermore, society, religion, law, and culture entangle this issue even more.
Human cloning discussions broadly consider a mass production of human clones.
The therapeutic and reproductive cloning precede the “human cloning”. The aim of
this chapter is to put forward a conceptual framework in order to formulate deci-
sions related to the issue of human cloning. Here I have encompassed the subject of
cloning as a scientific technique with a brief historical background and recent
advances. The practical components of human cloning such as surrogacy and risk-
benefit analysis have been discussed. I have explained the bioethics and the frame-
work of healthcare principles to approach the exemplary scenarios. Finally, the
global rules, regulations and legislations of different countries are mentioned to
understand regional variation in the subject of human cloning.

Keywords Human cloning - Reproductive cloning - In vitro fertilization (IVF) -
Ethics-based guidelines - Ethics

Cloning — Scientific Perspectives

Therapeutic and Reproductive Cloning

Briefly, somatic cell nuclear transfer (SCNT) is a laboratory technique where a
donor nucleus from a somatic cell is transferred into an enucleated oocyte or egg
cell. The resulting oocyte has the genetic material of the donor nucleus and that of
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its own mitochondria. Now this egg cell is allowed to divide and create a viable
embryo. The use of thus created cloned embryo could be therapeutic or reproductive.

In therapeutic cloning the cloned embryo is never implanted into a uterus or
allowed to grow further but is only used to extract stem cells. These stem cells are
genetically identical to the cloned person and can be stimulated to differentiate into
any of the cell types present in the human body including the gametes. The purpose
of these differentiated cells is to treat the medical conditions such as degenerative
diseases without any risk of rejection by the immune system of the cloned person.
The examples of such diseases include Alzheimer disease, Parkinson disease, diabe-
tes mellitus, stroke or spinal cord injury (Trounson & DeWitt, 2013). Reproductive
cloning, on the other hand, involves the implantation of a cloned embryo into a real
or an artificial uterus with intention to allow the development into a fetus carried to
term (Gambini & Maserati, 2018). The intention to further use of cloned embryo in
reproductive cloning could be for the study of early human embryo development or
the generation of a cloned person.

Interestingly, there are different yardsticks to ethically justify these two types of
human cloning although they have a common basis. In fact, the ethical concerns
related to the generation of a human embryo in lab through the procedure of in vitro
fertilization and allowing the blastocyst formation till fourteen days for research as
well as the therapeutic purposes are the same as of reproductive cloning. However,
still reproductive cloning is heavily opposed on ethical grounds while therapeutic
cloning is widely accepted by all stakeholders.

Reproductive Cloning, Then and Now

In 1996, for the first time in history, SCNT to a mammalian egg cell was performed
resulting in the birth of the first cloned mammal, Dolly, the sheep, in February 1997
(Wilmut et al., 1997). The step-by-step cloning procedure by which Dolly the sheep
was produced included enucleation of a mature oocyte, placement of the donor cell
in the perivitelline space, electrofusion of the two cells, activation of the fused cells
and in vitro culture (Wilmut et al., 1997). The genome of the cloned embryo comes
predominantly from the somatic donor cell, however, the entire genetic material
within each embryonic cell is not identical to the donor cell genome due to the con-
tribution from the mitochondrial DNA in the oocyte (Choi et al., 2014). The widely
used donor cells for the cloning purposes are the subcutaneous connective-tissue
derived fibroblasts of the person to be cloned. These cells are used due to the simple
procedure of their recovery and relatively less complicated culture conditions
(Gambini & Maserati, 2018). Since 1996 to date, the reproductive cloning tech-
nique has been far advanced and become safe to produce cloned animals.

Here are a few recent examples of successful primate cloning. Liu, 2018 have
cloned cynomolgus monkeys (Macaca fascicularis) by somatic cell nuclear transfer
(SCNT) using monkey fibroblasts and ovum. In this study, out of six confirmed
pregnancies two healthy babies were born showing about thirty three percent
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success rate (Liu et al., 2018). Researchers were able to distinctively identify the
genetic material in cloned monkeys to be related to the donor nucleus and the mito-
chondrial DNA from the ovum indicative of the genetic variability (Liu et al., 2018).
Similarly, in another study, a unique genetic identity of cloned foals with a signature
mitochondrial DNA of ovum origin was evident of genetic variability (Choi et al.,
2014). A recent research has reported a successful primate cloning combined with
gene-editing to develop a genetically identical primate model to study a particular
disease. (Liu et al., 2019). In this study, five cloned monkey babies were reached to
term and delivered successfully out of sixteen pregnancies indicating a similar suc-
cess rate as of previous study i.e. thirty two percent (Liu et al., 2019).

There are multiple other examples of progress towards safety and improved suc-
cess rate of cloning specific laboratory techniques. For example, an improved Well-
of-the-Well (WOW) system of microwells created on the bottom of a laboratory
dish to culture the embryos is a recent advancement. The human embryos cultured
in WOW system developed to the blastocyst stage in a significantly higher propor-
tion than traditional method (55% in WOW and 37% in conventional culture) (Vajta
et al., 2008). In essence, the techniques of human and primate cloning are consis-
tently being reviewed and improved to get better outcomes.

Other reproductive techniques that are used to create a human embryo in a labo-
ratory include in vitro fertilization (IVF) and induced pluripotent stem cells (iPSCs).
The bioethical importance of these procedures lies in the fact that these were also
opposed like cloning. However, with time and improved outcomes, both techniques
are now widely accepted clinical procedures. Here IVF is discussed as an exemplary
pioneer artificial reproductive technique (ART) to understand the evolution and
acceptance of an ART by a society.

In Vitro Fertilization (IVF)

In IVF the wife’s egg is fertilized in lab using husband’s sperm. The resulting
embryos are implanted in the uterus of the wife to term followed by a childbirth.
This is a standard scenario for the procedure and the source of gametes. The devia-
tions from this standard procedure might include obtaining the ovum from a surro-
gate, using the sperm from a donor or sperm bank and/or using a surrogate uterus to
implant the embryo.

IVF was started in clinics back then with the aim of using it as a treatment for
infertility and help an infertile couple to have a baby. Recently some advanced tech-
nical steps have been added in IVF including intracytoplasmic sperm injection
(ICSI), intrafallopian transfer (GIFT) and zygote intrafallopian transfer (ZIFT) to
improve outcome. The ICSI is used where sperms are less motile or immotile there-
fore an egg is pierced under microscope and a single sperm cell is injected into it.
The GIFT is the procedure where egg is retrieved, as in IVF, followed by the transfer
of eggs and sperms together into the Fallopian tube to fertilize. The eggs get fertil-
ized within the Fallopian tube and proceed to produce an embryo as of a normal
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pregnancy. On the other hand, in ZIFT, fertilization and creation of a zygote are
done in vitro followed by the placement of the zygote into the Fallopian tube rather
than uterine cavity.

Back then in 1978, when this technique was used to give birth to first “test tube
baby”, Louise Brown, many objections and/or ethical issues were raised concerning
the use of IVF for the production of the children “in test tube”. IVF was then deemed
‘unnatural’ and risky for the offspring. IVF was also labelled as illicit as it involves
masturbation to obtain semen, thus damaging to marital relationship. In addition,
IVF was rendered as an expensive ‘luxury’ for rich and powerful only. Today, we do
readily understand that in spite of all these objections, IVF has been widely accepted
as one of very successful treatments for infertility. Why? The simple answer lies in
utilitarian approach; it is beneficial to humanity and serves the purpose genuinely
with proper rules and regulations in place. In my opinion, human cloning is standing
today where IVF was about forty years back. The use of human cloning is facing
almost identical objections such as being unnatural, damaging relationships due to
asexual reproduction, expensive, luxury and a tool for the powerful. We might
expect that human cloning would be gradually accepted by scientific and ethical
stakeholders in future through a similar process.

A brief outline is here about induced pluripotent stem cells (iPSCs) as cutting-
edge technology. The iPSCs are the stem cells that are produced by reprograming
the somatic cells through the use of specific genetic factors (Shinde et al., 2016).
The reprogrammed iPSC cells resemble the totipotent embryonic cells (Shinde
et al., 2016). In the next step, the iPSCs are differentiated into a specific cell line to
be used for stem cell therapy. Today, iPSCs have proved to be good enough and a
well-supported alternative method for the generation of stem cells. These stem cells
can be further differentiated into gametes as well and used as a source of gametes
for IVF purposes. In the cases of male sterility, the iPSCs programmed may be used
to generate sperms. Thus, produced sperms are considered a promising alternative
of human cloning because there is no use of SCNT, however the iPSCs generated
sperms will make the person a biological father of the created embryo.

It can be inferred that the ethical, social, and legal challenges are only around
reproductive cloning whereas the therapeutic cloning is widely accepted. These
challenges begin where the cloned embryo, produced from an egg and SCNT, is
implanted into a uterus to develop into a cloned person.

Human Embryo Cultivation Regulations

To understand the ethical issues around human cloning, it is important to know the
scientific basis of when an embryo is considered as an individual being. The discus-
sion around human embryo cultivation informs on two futuristic aspects: (a) The
duration in days for the acceptability of in vitro human embryo cultivation to inves-
tigate the cut off duration of embryo’s individuality and (b) Directing a pathway for
the gradual approval of cloned human embryos.
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Ethics-based guidelines for human embryo research allow the human blastocyst
cultivation till fourteen days (Appleby & Bredenoord, 2018). The embryonic devel-
opment starting from the fifteenth day involves the formation of primitive streak and
beginning of gastrulation when three germ layers differentiate into specialized cells.
The rule of fourteen days in vitro human embryonic growth after fertilization was
approved by UK in 1990 following “Warnock Report” and became Human
Fertilization and Embryology Act (HFEA). At that point, a period of fourteen days
was considered more than sufficient because it was very hard to keep a human
embryo alive in vitro even for fourteen days (Appleby & Bredenoord, 2018).

As of today, however, it is possible to keep embryo alive and growing past
14 days with advanced scientific techniques. For example, three-dimensional
embryo culture systems are being developed to improve embryonic growth and sur-
vival (Zheng & Fu, 2021).Therefore, the current proposal by International Society
for Stem Cell Research (ISSCR) is to extend the window period of in vitro human
embryo research up to 28 days. The arguments in support are: (1) It would allow the
scientists to study development during gastrulation, (2) It would improve the safety
and success rate of IVF. (3) It would help investigating the embryo-related causes of
early miscarriages. (4) The 14 days limit has now become “limiting” thus it is totally
justified to have the discussions around extending this limit till 28 days (Appleby &
Bredenoord, 2018).

The International Society for Stem Cell Research (ISSCR) issues the research
guidelines in the discipline of embryonic and stem cell culture in lab. ISSCR is the
largest professional organization of stem cell researchers around the world with
around four thousand members from sixty countries. The future of the stem cell
research and associated clinical translation is evident from ISSCR’s recent initiative
to update the guidelines in view of rapid advances in stem cell research, its applica-
tions and the associated ethical issues (The International Society for Stem Cell
Research, 2021). It is noteworthy that the updated guidelines have been generated
following the input from the experts on ethics, policy, regulatory issue, and stem cell
biology. The guidelines have highlighted to address two main issues, 14-day rule for
in vitro human embryo research and human stem cell-based models of early embryo
development such as blastoids (The International Society for Stem Cell Research,
2021; Zheng & Fu, 2021).

Further raised sister issues could be the development of a human embryo in an
artificial uterus, developing a full human fetus in laboratories in three-dimensional
systems and/or genetically engineered human embryos for creating the blastoid like
diseased models solely for the purposes of the study of genetic diseases.
Developmental biologists have successfully grown mouse embryos in lab using arti-
ficial womb set up for as far as 11 to 12 days that is equivalent to half of the mouse’s
natural gestation (21 days) (Regalado, 2021). Research were successful at creating
early embryos with beating heart, a head, limb buds and without the need to pla-
centa (Regalado, 2021). The next objective of this genre of research is experiment-
ing with other species and then human embryos. This is a glimpse of the future
possibilities of reproductive cloning research. The cloned human embryos would be
aimed to be grown in the same manner and to avoid the use of surrogate womb.
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Once this milestone is achieved, it would be a huge leap towards a comprehensive
response to the ethical issues related to relationship questions of the cloned baby.

Following the above discussion, I have the following points to elaborate: First,
where does the ethics stand in here? Second, does the scenarios of reviewing and
extending embryo cultivation duration indicate the possibility of modifying rules as
research advances and the society keeps on accepting the updations? Third, if
in vitro development of human embryo and IVF technology are generally approved
by the society, then why the same arguments are not valid to allow human cloning?

For the first question of ethics and embryonic growth, it was considered back
then that an embryo acquires moral standing only after the fourteen days and gas-
trulation signifies it as a distinctive individual (Hyun et al., 2016). Now the stance
in favor of extending the rule says that there is no evidence of personhood past
14 days either and no functional sensory or neural connections exist in the embryo,
therefore developing the human embryo till 28 days would not be ethically wrong.
Therefore, ethical justifications, as of embryo cultivation scenario, can be expected
to modify in favor of human cloning following scientific evidence as well. For the
second question, it seems that there is a vicious cycle of ever extending amendments
in rules and definitions. In my opinion, the first and second questions lead to the
answer of the third one i.e., we should expect the human cloning to be embraced by
the ethicists, our society and the policy makers.

Human Cloning and Ethics

The technique of cloning known as somatic cell nuclear transfer (SCNT) warrants
ongoing review with rapidly advancing scientific research, improved laboratory
techniques, better biotechnical equipment, and evolving mindset of diverse societies
all over the globe. Researchers, bioethicists, and policy makers must have universal
definitions with uniform understanding and approved standards all over the globe.
An international platform is important to avoid the situations where a point is a
“fact” and totally justified for one country or group of experts and the same point
being “not a fact” and “‘unacceptable” for the other. To proceed in a responsible way,
a problem-solving approach would be the best while considering the issue of human
cloning as an open-ended subject. In fact, the ethical issues are not related to SCNT
itself but to create a human embryo that is genetically identical to a person to be
cloned, implanted within a woman’s uterus, and brought to term.

This section describes the ethical issues exclusive to human cloning and society.
These ethical fundamentals are the pre-requisite to address the applied clinical sce-
narios of human cloning. This discussion is followed by three exemplary clinical
situations and the approaches to address them.
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Stakeholders in Human Cloning Issue

The identified stakeholders in the issue of human cloning include ethicists, theolo-
gians, scientists, scientific societies, and physicians. The legislation, policy, law and
regulation authorities from the concerned country or the state create the guidelines
and review constitutional challenges to allow or prohibit the human cloning and
associated research.

Ethical Issues

Technology has advanced far more rapidly than our ethical considerations resulting
in a gap between science and ethics. The gap in reviewing ethical dilemmas has pos-
sibly led to the failed access of new technologies and their advantages to the patients
in need. Therefore, medical ethics and bioethics need better in-depth reviews with a
futuristic approach related to human cloning.

The sum of the ethical issues, projected by Leon R. Kass (2001), include: (1)
Cloning is unethical human experimentation with a high risk of producing unhealthy,
abnormal, and malformed children which would end up in what? Slaughter? (2)
Human cloning is expected to create issues of identity, individuality, and confusing
trans-generational relationships. (3) Children would be ‘manufactured’ designed
and ordered as artifacts. (4) Human cloning is despotic powering cloners over the
cloned thus distorting parent-child relationship (Kass, 2001).

A consistent ethical argument against producing children using the technique of
cloning is the ‘prospective’ harm to the children which could be physical and/or
psychological. The birth defects, long-term physical and mental health issues are
very real to consider. However, the question is raised that how we can find a solution
without knowing the problem. Human cloning and its complications must be further
researched to understand the types of health issues and their solutions.

According to John Robertson (1994), it is better to be born and have a life than
not at all. Therefore, for the successful future use of these procedures, it is justified
to allow the use of these techniques rather than banning them. Moreover, the inci-
dence of the birth defects cannot even be ruled out in otherwise naturally conceived
pregnancies. For argumentative purposes, Robertson says, “higher incidence of
birth defects in such offspring would not justify banning the technique to protect the
offspring, because without these techniques these children would not have been
born at all. Unless their lives are so full of suffering as to be worse than no life at all,
a very unlikely supposition, the defective children of such a union have not been
harmed if they would not have been born healthy.” (Vaughn, 2019). In essence,
‘harm to the offspring’ can be rejected as an ethical argument against continued
research in human cloning.

The ethical debate around human cloning has been conducted by bioethicists and
theologists. Main ethical issues about human cloning are where human
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reproduction is associated with novel ideas of designing the human babies, artifi-
cially enhancing individuals and power play in human race. As a general consensus
among ethicists, human cloning threatens humanity and relationships, violates
human dignity, takes away uniqueness and could lead to “mass production of supe-
rior humans” (Hayry, 2018). However, ethicists have widely varied opinions, one
group is altogether against human cloning while the other group of relatively “pro-
gressive” ethicists from futuristic school of thought have strong rebuttal to disprove
the first group.

The ethical arguments against cloning include that human cloning is playing
God, loss of genetic uniqueness, sense of worthlessness of human lives, loss of
basic structure of society, and manipulation of power. The ethicists such as Leon
Kass is not in favor of human cloning because it “distorts family relationships and
our sense of human being”. Human cloning is perceived as an asexual method of
human reproduction which would distort the concepts of family and relationships
thus destroying the sense of humanity (Hayry, 2018).

On the other hand, Ruth Chadwick, a representative ethicist of the supportive
group and a British philosopher has some valuable insights. As of Ruth, playing
God can be replaced with a better risk assessment and human gene pool is expected
to get better by selection of best traits. Ruth argues that if the uniqueness is not
affected in naturally born twins and their lives are not worthless then clones would
be unique too. Ruth also suggests that the concerns related to society’s infrastruc-
ture could be well controlled by an effective law enforcement. In fact the utilitarian
approach of Ruth Chadwick reflects the utilitarian confidence in technology and
thorough risk assessment of cloning with genetic screening (Chadwick, 1982).

The utilitarian approach of using a technology assumes that the benefits of the
technology in question outweighs its harms whether it is artificial reproductive tech-
nique (ART), surrogacy or cloning. As of IVF and surrogacy, cloning seems to be
acceptable by utilitarians if its risks are mitigated enough as Chadwick has advo-
cated (Vaughn, 2019). After all, technologies are meant to contribute towards the
“net” happiness of societies with a beneficial product.

On the other hand, for a Kantian supporter, IVF, cloning and/or all reproductive
technologies could be using children a means to an end depending on the intention
of producing the child. Kantians consider that humans have autonomy which is
violated by clone creator i.e. the person who is being cloned (Tannert, 2006). In
other words, a clone of the donor is a shadow or the slave of the donor and may not
be equivalent or better than of donor. Therefore, the life of a human clone is jeopar-
dized psychologically and philosophically violating human existence ethical maxim
(Holm, 1998). In bioethics, human existence is identified by self-determination and
autonomy (Tannert, 2006). Kantians believe that this basic right would be taken
away from a human clone (Holm, 1998). It makes human cloning as a means to
satisfy the ego of parents who want a child or that of in power to satisfy their power
hunger. Therefore, this whole scenario makes cloning unethical from Kantian
perspective.

In my opinion, an infertile couple’s intention to have their “own” biological off-
spring to love is ethical and justified. In fact, the cloned offspring who is
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autonomous and raised with love in the best possible way, irrespective of the means
of bringing the child into this world, is desired in this case. It can be fairly asked that
why it is not justified to have a clone of a deceased child for a parent in grief over
the accidental loss of a child? Why is the clone of the deceased child not considered
a twin of lost one? Why having a cloned twin is not fine from an ethical
perspective?

Steinbock argues as of Ruth Chadwick that none of the arguments against repro-
ductive and human cloning are persuasive enough. The claim of ‘playing God’ can
be applied to almost every technology that changes outcome such as any surgical
procedure whatsoever. Moreover, we should not expect that society will be
‘swamped’ with cloned individuals as it would be a treatment for infertile couple
who are looking for an offspring to love and raise. Human dignity is not expected to
be jeopardized either as treating fellow human beings is a choice made by society.
As a matter of principle this choice is not based on their nature of origin anyways
but on the individuality and personality of cloned person. Nevertheless, it can be
expected that human cloning gets approved as a treatment only following the
assured safety of the procedure. (Steinbock, 2015).

John A. Robertson (1994) is a prominent bioethicist who has taken an initiative
towards advocating the futuristic reproductive technologies and human cloning.
Robertson supports the use of IVF ethically by proposing the concept of “procre-
ative liberty” based on autonomy and/or on individual rights. Robertson’s conclu-
sion “There is no better alternative than leaving procreative decisions to the
individuals whose procreative desires are most directly involved,” advocates “pro-
creative liberty” (Abrams, 1994). Robertson seems very clear to state that, “Although
procreative rights are not absolute, those who would limit procreative choice should
have the burden of establishing substantial harm.” (Vaughn, 2019).

Is Genetic Variability Outdated as an Ethical Issue?

Genetic variability is the presence of genetic difference among the members of a
population. The opponents of human cloning believe that the clones are the exact
genetic copies of the person to be cloned. However, no one should expect that a
clone of a person is exactly the same person There are lot of players to shape the
final product (a cloned person) such as epigenetics, mitochondrial DNA of enucle-
ated ovum and genetic variability induced by the microenvironment of dividing
cells (Choi et al., 2014). The clone has only a similar physical body and a stack of
memories to the donor. The difference in genetic material comes from the mito-
chondrial DNA. Mitochondrial DNA is present in the cytoplasm of the enucleated
ovum. The mitochondrial makes the cloned cells so variable that if you clone one
horse with multiple maternal lines, you will get the cloned horses that are individu-
ally identifiable with their distinctive maternal mitochondrial DNA as a unique sig-
nature (Choi et al., 2014). Moreover, the cloned animals are not phenotypically
identical to the donor animal as well (Choi et al., 2014). Thus, in essence, as a
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researcher, one is not looking forward to a physical and genetic photocopy of the
person cloned. This inference is from the current scientific facts which are expected
to be far more advanced when human cloning will be offered clinically. What could
be an evil intention in context with the human cloning? Getting immortality?
Immortality per se must be living forever of an individual human in complete origi-
nality. In my view, with the discovery of mitochondrial DNA, the argument of loss
of genetic variability now seems invalid.

Religious Perspective

The cultural and religious norms advocate to avoid the destruction of post-
implantation human embryos only (Sadeghi, 2007). Overall, it can be justified and
ethically explained that none of the step from getting a somatic cell of donor, finding
an egg cell, transferring the nucleus to enucleated ovum, stimulating cell division is
against any ethical or religious principle.

From an Islamic perspective, human cloning cannot be considered equivalent to
playing God because, “Cloning is a mere manifestation of cause and like other
causes its results will not occur without the will and inclination of the Almighty. A
person who sown the seeds in the field is not the creator of the products. Similarly,
a person who is carrying out a cloning procedure is not the creator of the cloned
animal. Thus, from a theological perspective, it is incorrect to say that cloning is
playing the role of God.” (Sadeghi, 2007).

It is important to understand that cloning related emotional, social, family, rela-
tionship and inheritance issues should not be evaluated from a religious or theologi-
cal perspective. Legislation and judicial grounds must be developed to address these
issues. For example, what could be the scenario if the cloned person is considered a
“twin”’? In this case, “twin”’ will have a different set of rules for inheritance than a
father-son established cloned person. It would be much more logical to set a new set
of laws and regulations than discouraging the scientific progress in the discipline of
human cloning.

Case-Based Approach to Human Cloning

SCNT is a proposed treatment for male as well as female infertility. However, there
are multiple ethical dilemmas related to infertility treatment itself. Here are some of
the ethical issues: Does it matter how an embryo is produced? What is the status of
a cryopreserved embryo? What should be the use of stored unused embryos? Is it
ethical to use these embryos as an adoption? Should these embryos be used for
reproductive cloning? and so on. All stakeholders must understand that fast-paced
scientific advances in cloning are surpassing the ability of human species to accept
and do the ethical debate to provide a comprehensive ground to move forward. In
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fact, the lack of our responsiveness is detrimentally affecting the accessibility and
availability of novel assisted reproductive techniques.

To create and evaluate a framework to be applied for decision making in present
and future cloning scenarios, we need to focus on basic principles of bioethics,
evidence-based practice, and patient-centered care.

Step 1: Understanding the patient’s request especially what, why, where and how?

Step 2: Knowing the patient’s own ethical values and set of beliefs.

Step 3: Doing a risk benefit analysis in terms of success and failures.

Step 4: An Effective communication with patient on realistic basis with summary of
asked and offered treatment options.

Step 5: Informed consent with a futuristic approach and reaching an agreement
between patient and healthcare providers.

The question arises that on what bioethical principles we should base these steps?
Bioethics in such a context is based on some established facts such as:

(a) Humans are living and thinking beings with a definitive set of physical and
mental needs

(b) Health Care system has a defined purpose in the human society

(c) Individual human beings have essential and ethical dignity of their own (Husted
& Husted, 2008).

Case A

Medical ethics is always defensive on its very basic ethical principles of autonomy,
justice, beneficence, and non-maleficence (Gillon, 1994). Whether it is therapeutic
cloning or reproductive cloning, it is justifiable for a patient to avail these treatment
options based on these four ethical principles. For example, considering a scenario
of male infertility of a couple Anne and John. John is sterile and cannot produce
sperms. Anne is a healthy female with fully functional ovaries. The couple visits an
ART specialist and do not want to use the sperm of a donor. They want their own
biological offspring. The couple has the autonomy of thought, intention, action and
choice. What are their options other than SCNT using the nucleus from John’s cell
and transferring to the retrieved ovum of Anne? Here comes the next question:
where to implant the embryo? Theoretically, the embryo is a genetic twin of John.
So here now comes the informed consent, explaining risk — benefit analysis and
ethical issues. Should they use Anne or a surrogate mother’s uterus? What is their
background understanding of a cloned baby? How do they see the family and rela-
tionships? What are their beliefs? What are their own ifs and buts? What are their
priorities? How have they decided to face and integrate into the society?

There could be multiple scenarios for Anne and John to approach this: (1) They
understand that Anne’s ovum makes her mother of the baby. They are informed that
their baby will have genetic variability due to mitochondrial DNA. As John is the
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nucleus donor so he is considered the father, thus they simply decide Anne’s womb.
(2) In case they consider the cloned baby to be a twin of John then they could opt
for the surrogate uterus. In either option, the couple ends up having their own bio-
logical offspring justifying all the medical ethical principles.

The research in therapeutic cloning, reproductive cloning and early human
development are overlapping disciplines. Should the experiments in any of these
fields be regulated with just one word “consent”? Could the consent of the patient
open the door for customized cloning? Do the ethical principles justify the human
right of choosing fate of a person’s own cells? These approaches are the ways to
motivate the key stakeholders i.e., scientific community, society, policy, and ethics
to adapt to the inter-related human embryo research dilemmas.

Case B

Now we see another case of Mike and Judi who lost their six-month baby boy, Sam,
due to pneumonia. Sam was conceived via IVF because Judi had ovarian cancer and
her eggs were preserved before removing her ovaries and uterus. As Mike was
healthy, so they chose the option of IVF using Mike’s sperm, Judi’s preserved ova
and a surrogate uterus. For the couple, Sam was a very precious baby, and they want
him back. Now, they request to clone Sam using donor egg and a surrogate uterus.
In their case, outcome of a successful cloning procedure would be a healthy baby
boy. In my opinion the law, policy, ethics and religion cannot stop this couple to use
the option of human cloning to get their child back. There is no obvious moral
ground except if cloning is against the regional law, they are not allowed access this
treatment option. Unfortunately, on ethical and moral grounds we are closing doors
foreverybody and treating all the scenarios under one law — STOP —NO Reproductive
cloning is allowed.

Here comes another question of whether the cloned embryo has to be implanted
in the uterus of a biological mother or that of a surrogate woman? Surrogacy
becomes a part of the problem when relationships are discussed by ethicists, theolo-
gists and clerics. By definition, a surrogate is a woman whose uterus is used to
implant the embryo till birth. In ‘traditional surrogacy’ the surrogate woman is arti-
ficially inseminated using the couple’s male partner or a sperm donor. On the other
hand, in ‘gestational surrogacy’ the surrogate woman does not contribute her ovum.
The gestatio