e
A JOURNAL OF TECHNOLOGY & SOCIETY

AprPENDIX C

Ethical Considerations Regarding
Stem Cell Research

"T'he aim of ethics is to identify principles of right action that can guide
us in thinking about what we may do, what we must do, and what we must
refrain from doing. Knowledge of these principles is not acquired through
the natural sciences, although scientific knowledge can have an important
bearing on ethical questions. Ethical reflection focuses on both our doing
and our being. In part it attends to “the good”—to what is good for human
beings, the goods we seek to realize in our action, and what we must do to
flourish and be fulfilled. In part it attends to “the right”—claritying our
duties and obligations. And in part it attends to “character”—to the sort
of persons we should be, the virtues we seek to cultivate, and the vices we
seek to discourage.

There is a complicated relationship between what we learn through
science and how we reflect on ethical, normative matters. Knowledge
acquired from the natural sciences helps us think through what we should
do and be, but it cannot provide answers to our moral questions, nor does
it necessarily provide any special expertise for thinking about them. Our
ethical judgments, however, must inform both the kinds of questions we
choose to address through science and the methods we adopt in obtaining
knowledge of the natural world. Both the ends and the means of science
demand ethical scrutiny and ultimately public oversight.

The biomedical applications of stem cell research promise great ben-
efits. But we cannot think about stem cell research simply in terms of
the health benefits it might confer. We should also consider how those
health benefits will contribute to our flourishing as human beings. We
should think about what sorts of virtues and vices the pursuit of those
benefits—the actions involved in stem cell research—will encourage.
And we should consider how our ethical judgments relating to biomedi-
cal research will reflect on and shape our character as persons and as a
society. These questions, in turn, require us to think about the human
condition, the human good, and the meaning of human dignity.

In this appendix, we offer a brief summary of the moral claims under-
lying the stem cell debate before examining the ethical problems and
questions connected to each of the techniques for obtaining stem cells.
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Fundamental Moral Claims

Broadly speaking, there are three moral claims made concerning ES cells
by participants in the debate over stem cell research. The first relates
to the moral status of human embryos, the second relates to the poten-
tial medical therapies that could result from ES cell research, and the
third relates to the contributions the research may make to our scientific
knowledge.!

The question of the moral status of the embryo is the most contested
and the most important of these three claims, since the different answers
as to what moral status ought to be accorded to embryos each put different
limits on what uses of embryos are morally permissible. Many proponents
of embryonic stem cell research believe that the early embryo is merely
a “clump of cells,” lacking the characteristics and properties that define
human being and human personhood.? The early embryo does not have
the appearance of a fully developed human being. It has no face for us to
see—indeed, to see the embryo at all, we need a microscope. It has no
limbs or organs. It cannot survive on its own. It lacks the integrated devel-
opment of nerves, muscles, and bones that enable us to move and act in the
world. It lacks a central nervous system—and so cannot think, cannot feel
pain, and is not self-aware. If the possession of any of those capacities is the
defining threshold for a being to merit moral standing, then the embryo
can be treated the same way we might treat any other bit of tissue.

Many opponents of embryo destruction argue that it is wrong, or even
dangerous, to claim that human dignity and a right to life attach only to
those human organisms who fulfill specific criteria. While a developing
embryo does not have the manifest capacities of a fully developed human
being, many persons who are young, sick, disabled, or developmentally
challenged also lack some of these capacities. We may erode our respect
for the human dignity and rights of these individuals if we consider it
conditional on the possession of specific capacities—capacities we are all
prone to lack or lose in the course of a human life.

To counter the claim that the embryo is just a clump of cells deserving
no respect, critics of embryonic stem cell research point to the standard
position of both traditional and contemporary embryology, which is that
a human life begins at fertilization.? Fertilization is the clearest moment
of discontinuity in life: it is when a new organism, one with a unique
genetic identity, exists for the first time. From fertilization and the first
stages of cell cleavage, embryos exhibit a highly coordinated pattern of
development in preparation for implantation in the uterus, and for further
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development into an adult organism. (It is of course this very develop-
mental potential of the human embryo that makes it such an attractive
source of cells for research purposes.) Human embryos may appear to lack
the characteristics of human beings, but our expanding scientific knowl-
edge of their developmental capacities and underlying structures reveals
their intricate and unique power to develop as human beings. Whether
created naturally through sexual reproduction, or through IVF or other
techniques such as cloning, human embryos are all human beings at a
very early stage of development. Being human, regardless of one’s capaci-
ties or stage of development, confers certain fundamental human rights,
which are grounded in the respect we owe to the dignity and wellbeing of
our fellow human beings. The most important of these rights—because
it is the right necessary to secure all others—is the right to life, which
demands that we do not kill other human beings.

Some people believe that the moral status of the embryo falls between
the two opposing positions—that the embryo deserves “profound respect”®
or “serious moral consideration”® as an early form of human life, though
we need not accord to it the same rights as a fully developed person.6
Furthermore, some argue that the moral status of human embryos may
depend partly on such factors as their state of development, their origins,
and the wishes of their parents. In practice, however, these intermediate
ethical positions tend to justify policies that differ little from policies that
assume the embryo has no special moral status.”

For those who see the embryo as no more than a clump of cells with
similar moral status to other human tissues, the primary ethical concern
with respect to harvesting ES cells from embryos would be obtaining
informed consent from embryo donors, such as IVF patients. By contrast,
for those who consider the embryo to be a human being with a moral status
equal to that of a fully developed person, it is clear that destroying embryos
for stem cell research would be a violation of the fundamental duty not to
kill, which would override our duty to provide medical treatment.

The second moral claim about stem cells relates to the therapeutic
promise of stem cell research—the possibility of relieving the suffering of
many people afflicted by degenerative diseases and other conditions. Not
only do the medical applications of stem cells offer us considerable potential
benefits in terms of human health, but many claim that we are duty-bound
to pursue the potential relief of human suffering. Although not everyone
believes “the conservation of health...is without doubt the primary good
and the foundation of all other goods of this life,”® nearly everyone would
agree that health is a good. So there is little dispute that the potential
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health benefits of stem cell research make its pursuit an important aim
that ought to be carried out as far as is ethically permissible.

The third important moral claim about stem cells has to do with how
studying them can contribute to our knowledge of biology. Beyond the fore-
seeable medical benefits that may come from stem cell therapies, scientific
advances made possible by stem cell research may someday allow for as-
yet-unforeseen technological and medical breakthroughs. Furthermore, the
pursuit of scientific knowledge is often held to be a valuable undertaking
that we should encourage for its own sake. Similarly, the freedom of scientif-
ic inquiry is a widely held principle that ought not to be constrained in the
absence of overriding ethical concerns. But we must also bear in mind that,
while advancing our scientific knowledge of biology is a valuable undertak-
ing, the power this knowledge of biological development grants us may
be fraught with new ethical dangers as well. Knowledge gained today for
the goal of relieving suffering, or of avoiding the technical need to destroy
embryos, may be used in the future for ethically questionable purposes,
such as projects of human “enhancement.” In this respect, our knowledge
of nature can never be considered inert, neutral, or merely intrinsically
valuable, as it always bears on human questions and pursuits, and, without
proper guidance, has as much potential to degrade as to elevate us.

Sources of Stem Cells: An Ethical Analysis

In the following section, we examine the ethical implications of each
of the techniques for obtaining stem cells. Some techniques are more
problematic than others. These ethical considerations should bear on the
actions of scientists and the decisions of policymakers.

Adult Stem Cells. There are a number of types of adult stem cells that can
be procured from living, or recently deceased, children or adults and used
for therapeutic purposes. This procedure is relatively uncontroversial,
and has been carried out for decades for a variety of purposes. Acquiring
adult stem cells from donors does raise such ethical issues as proper donor
consent, but it does not raise the many novel ethical concerns surround-
ing the other sources described here. However, “adult stem cells” may
also be derived from fetal tissue—the term merely denotes that they are
not of embryonic origin, not that they come from fully mature adults. In
fact, some kinds of adult stem cells can only be found in fetal tissue, mak-
ing fetuses a possibly desirable source of tissue for some future therapies.
These cells would raise somewhat similar ethical issues as those raised
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by embryonic stem cells, though would likely be even more controversial
given the later stage of development.

Embryos from IVF Clinics. The standard method of obtaining ES cells
involves using cells extracted from the numerous embryos that are created
during IVF that are not implanted and are subsequently frozen or discarded.
Because the process of extracting these cells requires the destruction of
the embryo, the practice is unacceptable to those who believe that human
embryos have a moral status comparable to that of recognizably human
beings. Even for those who accord the embryo more limited moral status, the
large-scale destruction of embryos for research purposes may seem unset-
tling. Furthermore, obtaining informed consent from the IVF patients for
whom the embryos were created represents an important ethical concern.

IVF patients who have had embryos created on their behalf, usually
from their own sex cells, must face the difticult decision of the disposition
of the unused embryos created during their IVF treatment. Some ethicists
and scientists have argued that because these embryos are going to be
discarded in any event, it would make practical and ethical sense to derive
some benefit from them by using them for medical research or therapy.
Others argue that these smallest human organisms deserve respect and
protection, and there are programs to assist parents in donating their
unused IVF embryos to other couples.?

Some IVF embryos go unused not because they are “surplus” but
because they are deemed to be in some way deficient. A technique called
preimplantation genetic diagnosis (PGD) is carried out by some IVF prac-
titioners to test embryos for genetic conditions prior to implanting them
in the patient’s uterus. Embryos that are found to have genetic condi-
tions that might reduce their viability or cause them to have an increased
susceptibility to genetic diseases are not implanted; they are regarded as
defective and are generally discarded.!® Although it is unlikely that ES
cells derived from embryos with genetic abnormalities would be useful
in therapies, they are considered useful for the study of genetic disorders,
which is one of the major medical applications of stem cell research.!!

Non-Destructive Embryo Cell Extraction. It is possible to extract from
an early stage of the embryo a single cell (blastomere), or a small number
of cells, which may be able to generate a line of embryonic stem cells.
Beyond the questions related to the feasibility of deriving stem cell lines
from one or a very small number of biopsied cells,!? the ethical questions
related to this technique primarily concern its effect on the health of the
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embryo and the possible long-term health effects of the procedure on the
developing child. While embryo biopsy for PGD is a relatively common
practice in IVF clinics, embryos biopsied for PGD tend to have a lower
rate of implantation than ordinary IVF embryos,!® which suggests that
the procedure has a risk of killing the embryo. Furthermore, the proce-
dure increases the risk of complications, including infant mortality, for
twins and triplets.!* Additionally, the procedure has only been used on
human beings for just over twenty years, so long-term data on the health
consequences of embryo biopsy are not available.!?

Even in cases where embryo biopsy does not result in any noticeable
harm to the embryo, the procedure raises ethical issues concerning the
treatment of embryos as a means to another’s ends. Even if no harm comes
to the embryo, it is unjust to use human beings for purposes of no benefit to
them without their consent (consent which, of course, the embryo cannot
give). It may be argued, however, that this procedure could have benefits
for the future child in the form of a line of immunologically compatible plu-
ripotent stem cells that may be useful for future cell therapy. However, it is
possible to obtain genetically matched stem cells for a newborn child from
the newborn’s umbilical cord blood (although it is not clear whether stem
cells obtained from cord blood will have the same capacities as embryonic
stem cells that could be obtained from embryo biopsy).16

An additional line of concern has to do with the possibility that the
cells extracted from the early embryo may be totipotent, and therefore
capable of developing as independent embryos. There is some uncertainty
as to when during embryonic development the totipotency of individually
extracted embryonic cells disappears. While there is some evidence that
the cells of embryos of some mammalian species retain totipotency until
the fifth division (that is, through the sixteen-cell stage),!7 scientists have
not been able to isolate individual totipotent stem cells from early human
embryos.!® If it is the case that by the eight-cell stage, when the embryo
biopsy would take place, the individual cells are sufficiently differentiated
that they are no longer totipotent, then this procedure would avoid con-
cerns over the destruction of early human life. On the other hand, if cells
at this stage are still capable of growing as viable independent embryos,
then there would be little ethical difference between this procedure and
the harvesting of ES cells by destroying living embryos—though con-
cerns over the risk to the blastocyst would remain.!?

Organismically Dead Embryos. One alternative source of ES cells is
embryos that have stopped dividing and can therefore be considered “organ-
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ismically dead.”?? Just as many of the cells and organs in a person’s body

may continue to grow and function for a time after they have died, some of
the individual cells in a dead embryo may be capable of further division if
placed in a suitable environment. Harvesting ES cells from IVF embryos
that have died despite best efforts to sustain their life would allow us to
avoid the ethical problems associated with destroying or killing embryos in
order to harvest ES cells. The paramount ethical question regarding this
procedure is whether we can be certain that the embryos are in fact dead.
Ordinary criteria for organismic death refer to the failure of important
organs, such as the brain or heart. The largely undifferentiated embryos
discussed in this proposal have not yet developed such organs, so the most
obvious criteria for determining whether the embryo has died is the absence
of coordinated cell division. Such developmental arrest, if irreversible, can
be used as an objective diagnostic criterion for death. Much as studies of
irreversible coma have allowed for a definition of brain death in developed
humans, studies of IVF embryos allow doctors to determine the duration
of arrest beyond which an embryo, having failed to develop further, never
resumes the normal path of growth and development and ultimately begins
to decompose.?! Stem cell lines derived from live cells in dead embryos are
genetically normal and express the normal markers for ES cells,?? and sev-
eral cell lines have been shown to have normal developmental potential.?3
The harvesting of ES cells from these embryos can be seen as analogous
to end-of-life organ donation. One criticism of this analogy comes from
the relative indifference of IVF practitioners to the death of embryos, in
contrast to the concern of physicians caring for dying patients from whom
organs might be harvested. Another concern is that this method might
create an incentive for IVF practitioners to create surplus embryos in the
hopes that some might be used in research. But proposals for this method
include the restriction that it use only embryos created for reproductive
purposes that have died despite the best efforts to keep them viable.2*

Somatic Cell Nuclear Transfer (SCNT). Creating embryos through
SCNT 1is another possible source of ES cells; it allows for the generation
of ES cells that may be more safe and efficacious for therapy than ES
cells derived from IVF embryos. In 2008, scientists claimed to have suc-
cessfully created cloned human embryos from adult cells, although they
were not able to isolate ES cells from the embryos, which were destroyed
shortly after.2> More recently, scientists in 2011 used a modified version
of the SCN'T procedure, in which the egg nucleus was not removed prior
to adding the somatic cell, so that the resultant embryos and embryonic
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stem cells had three sets of chromosomes rather than the normal two.26
The researchers were then able to create human embryonic stem cell lines
using these embryos—the first time human ES cell lines have been creat-
ed using SCN'T. While this experiment represents a major breakthrough,
showing that human embryos and ES cell lines can be created through
SCNT, the embryos and the ES cell lines were severely genetically abnor-
mal due to the presence of the third set of chromosomes, making them
unsuitable for either research or therapy. Because this procedure would
create human embryos that are destroyed in order to harvest stem cells,
it raises some of the same ethical concerns as other embryo-destroying
techniques. Moreover, while it could be argued that the unused embryos
created by IVF for reproductive purposes were not created with their
destruction in mind, the generation of embryos through SCNT involves
the deliberate creation of early human life for the express purpose of
destroying and using it. In addition, SCNT raises ethical concerns
regarding the exploitation and endangerment of egg donors.

Furthermore, SCN'T is a cloning technique: the embryos created will
have a genome identical with some donor human being. It thus opens the
door not only to cloned embryos but to the birth of cloned human chil-
dren. This raises vexing questions about the meaning of reproduction, the
relationship between the generations, and the defense of human dignity—
questions that have largely led to a public consensus in opposition to
cloning. Some scientists and commentators eschew the label “cloning”
for SCNT, arguing that it wrongly conflates SCN'T with “reproductive
cloning.” But the act of SCNT, at least in theory, would create a cloned
embryo that could then be used for the purposes of research, therapy, or
reproduction. True, no successful implantation and pregnancy using a
cloned human embryo produced through SCNT has been reported and
verified to date. But the use of cloning to produce children may someday
follow from the use of cloning for biomedical research, especially absent
any system regulating or law prohibiting cloning to produce children.
(There is no federal law in the United States forbidding human cloning,
although a minority of states prohibit it.27)

Interspecies SCNT. One alternate form of SCN'T that would obviate the
need for human egg donors is called interspecies SCNT; it involves the
transfer of a human nucleus into an enucleated animal oocyte. Some scien-
tists have raised doubts about the technical feasibility of this procedure.?8
But some countries, including the United Kingdom, have funded research
on the creation of human-animal “cybrids,” or cytoplasmic hybrids, so
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named because they result from the use of the interspecies SCN'T proce-
dure to combine the cytoplasm of an animal oocyte and the nucleus of a
human cell.?? While the use of interspecies SCNT to obtain pluripotent
stem cells would alleviate concerns over the exploitation of egg donors,
it remains a form of cloning and raises at least as many ethical concerns
regarding reproduction and human dignity as does conventional SCN'T.

Altered Nuclear Transfer (ANT). ANT involves the creation of “biologi-
cal artifacts” through a modified version of the technique of nuclear trans-
fer.30 In ANT, the starting materials used in the technique (the adult cell
nucleus and/or the cytoplasm of the oocyte) are altered before being com-
bined so that the product of the procedure is not capable of establishing
the integrated unity that characterizes an embryo. Because these “arti-
facts” contain pluripotent but not totipotent cells, they are not capable of
developing as embryos, and therefore, proponents of this method argue,
harvesting stem cells from them does not raise the same ethical issues sur-
rounding the harvesting of stem cells from human embryos. The central
ethical question related to this proposal is whether we ought to consider
these biological artifacts to be non-organismal and therefore non-human
entities, or whether there is a kind of similarity to natural embryos such
that they have intrinsic moral value. Proponents of ANT argue that since
the modifications made to the nucleus (or the cytoplasm of the egg) to
prevent embryogenesis are made before it is transferred to the oocyte, and
since the artifact created by the procedure has cells that are not totipotent,
at no point is the newly created artifact ever an embryo.?! But if; as some
critics contend, ANT actually creates altered but disordered embryos,
then it raises questions both about the ethics of destroying human embry-
os and about the ethics of intentionally creating defective embryos. Also,
like SCN'T, ANT depends on human egg donors, raising ethical concerns
about their possible exploitation and endangerment.??

In the version of ANT known as the ANT-Cdx2 procedure, the expres-
sion of the gene Cdx2 is preemptively altered. In natural embryogenesis,
the expression of Cdx2 is an early indicator of integrated development and
orderly cell differentiation, and Cdx2 is an important factor in the formation
of the trophectoderm—a structure essential for normal embryonic devel-
opment and implantation.?® When Cdx2 is “silenced,” or interfered with in
such a way that it is not expressed by the cell, it becomes impossible for the
“biological artifact” to develop in the manner of a natural embryo. Whether
the entity created by the ANT-Cdx2 procedure can be considered a kind
of defective embryo, or rather is simply a mass of pluripotent stem cells,
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depends on a number of complex philosophical and scientific questions. For
instance, the precise role of the Cdx2 gene in embryonic development is
still subject to some controversy: while it is clear that Cdx2 is essential for
the proper functioning of the trophectoderm and for the specification of the
axial body plan in the early embryo,?* there remains some dispute over the
extent to which Cdx2 is responsible for directing the organization of early
embryonic cells.?5 Furthermore, some philosophers have raised questions
as to whether or not the entities created by procedures like ANT-Cdx2 are
sufficiently disorganized to be considered non-embryonic entities.?6 More
scientific research in animal models may help to clarify certain issues, such
as those related to the precise biological role of genes like Cdx2, includ-
ing the potential reversibility or irreversibility of the intervention.?” But
to some extent, there are conceptual questions—what do we consider an
embryo to beP—that will call for continued debate.

In another version of the procedure, Altered Nuclear Transfer with
Oocyte-Assisted Reprogramming (ANT-OAR), rather than silencing or
removing from the nucleus the genetic elements that are associated with
totipotency, factors associated with pluripotency are added to the nucleus.
In this way, the procedure aims at directly reprogramming the cell to a
pluripotent state. In essence, instead of suppressing some factors required
for totipotency, this procedure expresses only the factors required for
pluripotency. While the ANT-Cdx2 technique may be thought of as an
alternative version of SCN'T where the artifact created is not an embryo,
ANT-OAR is more similar to other techniques for reprogramming adult
cells to a pluripotent state. The moral status of the artifact produced by
ANT-OAR would arguably be very similar to an induced pluripotent stem
cell, as there is no dispute that the cells produced would never have any of
the characteristics of embryos (see below for an ethical analysis of induced
pluripotent stem cells).

Regardless of the particular techniques that already exist, ANT is a
broad conceptual proposal and is not tied to any specific candidate genes
or factors. As knowledge of developmental biology increases, it may be that
a number of genes or gene combinations will provide reliable and effective
intervention, together with solid evidence for the kind of preemptive altera-
tion envisioned in the ethical argument in support of ANT.

Embryonic Stem Cell Fusion. Researchers have found that fusing an ES
cell with an ordinary adult (somatic) cell can transform the adult cell into
a cell that will be pluripotent, just like an ES cell.38 While this procedure
does require the use of ES cells, it could allow for the creation of a limitless
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number of new pluripotent stem cell lines without using or destroying any
more human embryos—since the procedure could, in theory, rely on exist-
ing stem cell lines alone. However, this proposal faces difficult technical
challenges—namely, the fact that the resulting cells have an abnormal num-
ber of chromosomes, which makes them infeasible for clinical use. Still, the
knowledge gained through these cell-fusion experiments helped to make
possible the creation of induced pluripotent stem cells, discussed below.

Induced Pluripotent Stem (iPS) Cells. Induced pluripotent stem cells are
perhaps the most prominent alternative source of stem cells proposed for
therapy and research.?® Derived from many forms of adult cells (although
cells derived from fetal tissue have so far been most eftective), iPS cells can
be easily procured without risk to the donor, and without generating or
destroying any human embryos. Unlike ordinary adult stem cells, induced
pluripotent stem cells may very well have the same efficacy as embry-
onic stem cells. And like SCNT=created cells, and in contrast to ES cells
extracted from unused IVF embryos, iPS cells derived from a patient’s
own cells would in principle be fully compatible with the patient’s immune
system. But unlike SCN'T; the procedure for creating iPS cells does not
require the generation of embryos, and unlike either SCNT or ANT, the
procedure would not require the procurement of human egg cells.

While the use of iPS cells may sidestep many of the questions related
to the moral status of the human embryo, other important ethical con-
cerns remain. For instance, pluripotent stem cells can be used in a cloning
technique known as “tetraploid complementation” (the technical details of
which we describe in Appendix B). The relative ease with which research-
ers can introduce genetic modifications to embryonic stem cells has made
the creation of genetically engineered mice from embryonic stem cells
using tetraploid complementation a common practice among molecular
biologists.*0 If iPS cell technology can make cells that are equivalent to
embryonic stem cells, tetraploid complementation may prove to be an
efficient way not only to perform human cloning, but also human genetic
engineering.*! Moreover, creating genetically identical individuals from
pluripotent stem cells falls outside a number of current laws that prohibit
reproductive cloning but define cloning only in terms of SCNT.*2

An additional reproductive technology that may be enabled by iPS
cells is the generation of sex cells (sperm and eggs) for treating infertil-
ity.*® One advantage of this technique would be that it could reduce the
reliance of many infertility-treatment patients on donated sex cells, the
use of which raises its own set of ethical concerns.** On the other hand,
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the development of this technology would raise ethical concerns related
to the consequences and risks for embryos and children created using
stem cell-derived sex cells. Given the uncertainties surrounding the long-
term consequences of reproduction using stem cell-derived sex cells, by
employing this technology we are inevitably subjecting future offspring
to risks that they obviously had no chance to consent to. Furthermore,
research on deriving sex cells from stem cells would require the creation
of embryos from the derived sex cells in order to test their functionality.*®
In both its final form as a technology for assisting reproduction and in the
process of developing this technology, deriving sex cells from stem cells
will essentially involve performing experiments on human organisms
without their consent, which is deeply ethically troubling.*6

Conclusion

A wide range of ethical complications has come to light since interest
first arose in the medical applications of stem cells. These problems have
chiefly related to the means of procuring stem cells, especially techniques
involving the destruction of human embryos. Other ethical problems have
included the possibility of human cloning and the potential exploitation of
embryo and egg donors, as well as the questions raised by the new alter-
native techniques for obtaining stem cells.

The ethical acceptability of a particular research technique or medi-
cal procedure is not a matter for science alone to decide—it is not only
a matter of empirical fact but also of moral judgment. Such moral judg-
ments are not the exclusive domain of scientists or of experts in bioethics.
Insofar as these matters impinge on public policy and on questions of the
human future, they are deserving of public consideration and they rightly
become matters not just of private conscience but of political deliberation.
In the next appendix, we turn to matters of public policy and law.
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