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To Paul H. Silverman, who pioneered work
in genome and stem cell research and whose
vision provided the drive behind this volume.
Paul passed away July 15, 2004. We shall
miss him.
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Few advances in science have generated as much excitement and public
debate as the discovery of human embryonic stem cells. The potential
of these cells to replace diseased or damaged cells in virtually every tis-
sue of the body heralds the advent of an extraordinary new field of med-
icine that promises cures for diseases until now thought incurable.
These remarkable cells, therefore, have captured the imagination of
scientists and clinicians alike and have given patients a renewed sense
of hope.

Controversy exists, however, because the current technique to harvest
these cells involves destruction of the human blastocyst, a pre-embryo,
whether obtained by in vitro fertilization or by therapeutic cloning (so-
matic cell nuclear transfer). Too often, debate over the use of embryonic
stem cells forces discussion into two extreme positions. One camp argues
that we must either allow all stem cell research all the time or consider
ourselves responsible for failing to prevent the suffering and death of un-
told millions of human beings. The other camp argues that the use of em-
bryonic stem cells amounts to mass murder of young life. We wish to
avoid such polarizing debate, which oversimplifies complex issues, de-
monizes people of goodwill who hold differing opinions, and inflames
rather than informs policy discussions.

We do recognize the passion in the debate, however, and our discus-
sions in this volume respect the intensity of belief. While we do not speak
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for all the authors in this volume, the editors have tried to assemble
chapters that recognize that the crux of the controversy depends not
on an objectively derived or even a widely held scientific definition of
human life but rather on a personal definition, which in many cases
derives from religious faith and personal belief. Because of this, the
policy debate over the use of embryonic stem cells cannot easily be
resolved.

Indeed, the controversy is worldwide and many nations have en-
tered into internal deliberation on the subject. In the United States,
Congress has discussed the subject for several years; as we write, stem
cell legislation has been vetoed twice by President Bush on what the
president described as moral, not scientific grounds.1 On a federal
level, therefore, only rules that establish the use of federal funds for
work with human embryonic stem cells have been established, and
these only by presidential initiative. On a state level, the rules vary
widely. For example, in California, such research is allowed but re-
productive cloning is not; in some states, all human embryonic stem
cell research is banned. The U.S. Congress is still considering legisla-
tion on stem cell research, and stem cells played a political role in the
presidential election of 2004, as they doubtless will in the next con-
gressional and presidential elections.

But public policies are made even in the midst of controversy, indeed,
often in the midst of controversy. One could argue that the majority of
issues related to science and technology—among others—are decided
with a public understanding of science or facts that is far from perfect.
Morality, science, and politics play no larger a role in the debate over
stem cell research than they did in the public discussions over smallpox
vaccination or abortion. While the hope is that improved public under-
standing of science will lead to better policies, this may be more useful
myth than actual reality.2 The debate over embryonic stem cells is fur-
ther complicated by the lack of consensus among scientists. So the debate
over the use of human embryonic stem cells is one in which both scien-
tific and political advances move quickly, and stem cell research and its
political, scientific, and ethical climate are changing rapidly. It is because
of this debate that we have compiled a volume that presents a lucid dis-
cussion of the basic issues, in language that the public can understand.
This volume offers a broad overview of the essential aspects of the con-
troversy and encourages the kind of dialogue necessary to progress to-
ward a resolution appropriate for science, medicine, patients, ethics, and
public policy.
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organization of the volume

The stem cell controversy is framed by the late Paul H. Silverman, well-
known scientist and university administrator who, with Jerome Tobis,
initially proposed the conference that engendered this volume and who—
unfortunately—died shortly after the conference.3 Silverman posed the
central question, for stem cells and for all scientific work with important
public ramifications: Are public decisions, on an issue that touches on
personal ethics and science, rooted in reason based on scientific knowl-
edge of stem cells and on reasonable predictions? Or do individual, faith-
based beliefs in the personhood or ensoulment of a fertilized cell carry
the day? For Silverman, the current controversy is part of an ongoing
struggle, since the time of the Enlightenment and the birth of the Age of
Science, between knowledge and belief or between reason and faith. Sil-
verman respected the individual conscience while coming down firmly in
favor of reasoned discourse and scientific knowledge when matters of
public policy are concerned.

In chapter 1, Peter Bryant and Philip Schwartz review the scientific
knowledge of stem cells and their potential both to proliferate without
differentiation and to differentiate into many, if not all, tissues. Bryant
and Schwartz differentiate embryonic stem cells from adult stem cells and
point out that many tissues undergo continual replacement from stem
cells. They note the tremendous therapeutic potential of stem cells in re-
placing damaged tissues or even whole organs. Their chapter is designed
to survey the current scientific knowledge of stem cells and to provide a
sense of what scientists know—and what they deem controversial—in
language accessible to the educated lay reader.

The next chapter, also by Schwartz and Bryant, brings a clinical per-
spective to the issue. The authors describe current established, thera-
peutic uses of stem cells for blood, immune, and metabolic disorders.
They then review the experimental therapeutic use of neural stem cells
for multiple sclerosis. Next, they discuss potential theoretical applica-
tions for Parkinson’s disease, spinal cord injury, retinal degeneration, di-
abetes mellitus, brain tumors, cardiovascular disease, metabolic disor-
ders, and osteoporosis. They discuss methods to abrogate or prevent
immune rejection, which greatly complicates stem cell therapy if the cells
are not genetically identical to the recipient. They conclude with discus-
sion of scientific and ethical issues arising in stem cell therapy. These two
chapters lay the foundation for understanding the scientific issues and
the clinical possibilities of stem cell research.
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Much of the controversy over stem cell research emanates from reli-
gious or ethical beliefs concerning the origin of life. Rather than adopt
either an adversarial position or one of advocacy, we chose to follow
Silverman’s admonition to address issues of science and religion in a
careful, scholarly way. In chapter 3, Mahtab Jafari, Fanny Elahi, Saba
Ozyurt, and Ted Wrigley thus survey the major world religions and ask
what each religion suggests about the origin of life and how this position
relates to broader issues concerning scientific research, including re-
search on stem cells. Jointly written by medical scientists and social sci-
entists, this chapter addresses what may be the most controversial ques-
tions concerning stem cell research: When does life begin, and how do
our views on that question influence our decisions about stem cell re-
search? The authors examine the views of the major religions concern-
ing the origin of life and suggest how one’s position on these important,
and highly charged, questions affects a wide range of issues concerning
scientific work. The chapter is important for two reasons. First, it offers
a dispassionate analysis of the various religious views, and second, it
broadens the discussion, moving away from the contrast between fun-
damentalist Christian religion and a “scientific” view to include a com-
parative, worldwide religious perspective.

Philip Nickel presents the view of a philosopher and ethicist con-
cerned with the ethical issues surrounding stem cell research. In particu-
lar, Nickel focuses on what he views as largely symbolic, but nonethe-
less highly charged, issues: the loss of potential future human life and the
moral standing or dignity of the embryo. Nickel argues that the critical
issues are not moral but rather are couched in statistical and political
terms: How many people support stem cell research, and how many op-
pose or are disgusted by embryonic stem cell research? Nickel’s chapter
provides a nice segue to what seems to be shaping up as the crux of the
debate over stem cell research: politics.

The next two chapters of the volume are devoted to the politics of
stem cell research. Larry Goldstein discusses stem cell politics prior to the
passage of Proposition 71, the California Stem Cell Research and Cures
Act. His is the view of a scientist in the trenches and a public-minded
citizen-advisor of legislators. Goldstein takes the position that his re-
sponsibility as a physician-scientist to present and future patients with
disorders potentially treatable with stem cells outweighs his responsibil-
ity to the early human embryo. He also points out that stem cell research
with human embryonic stem cells may allow an understanding of human
disease not currently possible from animal research. Finally, Goldstein
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discusses the greater value of public funding of scientific research as com-
pared with private funding, since public funding ensures public scrutiny
of research. Further, he suggests that we cannot avoid the difficult moral
choice by studying only adult stem cells because they may not have the
same potential as embryonic stem cells. He concludes that the policy is-
sues (moral, legal, and social) of stem cell research must be decided—as
they are for other controversial issues that affect society—by the demo-
cratic process.

Lee Zwanziger, a scientist-historian-philosopher, considers the poli-
tics of stem cell research from a national perspective. Zwanziger also dis-
cusses the importance of public funding for the oversight of research.
However, she believes agreement probably cannot be achieved simply by
greater public education about the scientific aspects of stem cell research
and technology because not all disagreement is due to ignorance of the
science. Rather, there is basic disagreement about the nature and moral
status of the early embryo, and this precludes agreement at least in the
near future simply by further public discourse or by democratic policy
decision making. Further, Zwanziger is not convinced that we need a
uniform national policy given the substantially different views that have
already been expressed by different states.

The chapters by Goldstein and Zwanziger describe the intensity of the
debate as it existed at the time of the initial conference, in May 2004, at
which several of these papers were presented.4 These chapters locate the
controversy in politics, not science. In the last chapters, Sidney Golub
and Ronald Miller offer a synthetic analysis of the debate. Golub’s chap-
ter provides a current summary of federal, international, and state poli-
tics relative to human embryonic stem cells. It begins by reviewing fed-
eral legislation and regulation and the current impasse both in providing
federal support of human embryonic stem cell research and in passing
legislation that would ban cloning. Golub then reviews failed interna-
tional treaty efforts and the inability to agree even on a ban of repro-
ductive cloning. Finally, Golub reviews the variably enabling and re-
stricting legislation and regulation by different states. He predicts less
federal and more state funding and regulation of human embryonic stem
cell research in the future.

The final chapter, by Ronald B. Miller, serves as a summary of the eth-
ical issues in stem cell research, therapy, and public policy. Miller begins
with a brief recapitulation of normal embryologic development and the
sources of stem cells and then quotes a statement of ethical goals for stem
cell research. Next he reviews two issues of general societal agreement
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and two of major societal disagreement that complicate, if not prevent,
the development of satisfactory public policy. He then recapitulates the
religious as well as secular ethical beliefs and concepts fundamental to a
concluding overview of the ethical issues for stem cell research, stem cell
therapy, and stem cell policy development. He reviews the several scien-
tific strategies for obtaining potent human stem cells that have been pro-
posed to avoid critical ethical objections. In conclusion, Miller quotes
opinions regarding whether we can achieve societal consensus and pos-
sible approaches for doing so.

purpose of the volume

The debate over stem cell research is complex and complicated by di-
vergent religious views and by electoral politics. Our purpose in this vol-
ume is to present the major issues dispassionately, as a careful scientist
presents them, raising the complexities and controversies but doing
so in a manner that is accessible to the general public, since ultimately
stem cell research will be critically influenced, if not decided, by public
policies.

The issues raised here thus are important and of concern not just to
scientists and potential patients but also to the public. Does stem cell re-
search destroy human life? If so, is embryonic stem cell research justified
for broader humanitarian reasons? How will public decisions be made,
and what role will faith and science play in the decision making? Is there
sufficient scientific evidence of clinical benefit (or lack thereof ) to justify
political or policy decisions that promote or limit stem cell research? Do
we not need more basic and applied research before such decisions are
made? How will scientific research respond to the extant political reali-
ties and restrictions on embryonic stem cell research?

While these are perhaps the major questions of the debate, other ques-
tions also arise, and we hope readers will think of some of these issues
as they read the chapters that follow. Who owns the intellectual prop-
erty associated with stem cell research? How should the public receive a
return on its investment in stem cell research? Should genes be patented?
What will happen to the frozen embryos left over from in vitro fertiliza-
tion if they are not used for embryonic stem cell research? Are the Roman
and the American Catholic Church in agreement on these matters? Does
the Hippocratic tradition of doing no harm preclude embryonic stem cell
research? What is the moral status of a parthenogenetic blastocyst, a
blastocyst or early embryo derived from an unfertilized egg stimulated
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artificially to develop into an organism rather than one derived from a
sperm-fertilized egg? The parthogenote then is an organism derived from
a single individual rather than from two individuals or “parents.” Can
we reframe the public and scientific discussion to avoid language that po-
larizes the debate unnecessarily? Is the word embryo itself unnecessarily
polarizing? Is it scientifically precise? Is it useful to speak of a pre-
embryo? What about the term therapeutic cloning? Should we speak of
somatic cell nuclear transfer rather than cloning when we wish to gen-
erate new stem cell lines? Or is this language simply too technical and un-
wieldy for public discourse?

The contributors to this volume differ on several critical points, but
all agree that the first step toward good public policy is scientific knowl-
edge. As Zwanziger notes in chapter 6 of this book,  failing to understand
the science will result in bad debate and can lead to bad policy, but un-
derstanding the science is not sufficient to ensure wisdom in either. The
difficulty is whether disagreement comes from ignorance of the facts or
from different interpretation of the meaning of the facts. We hope this
volume will contribute to increased public awareness of the scientific
facts and that such awareness will lead to more informed public opinion
and public policies concerning this important issue.

notes

1. The developments in this area move so quickly that some of what we now
write will surely be out of date. See the op-ed by Deborah Blum, “A Pox on Stem
Cell Research,” New York Times, A19, August 1, 2006, or Nicholas Wade’s
“Some Scientists See Shift in Stem Cell Hopes,” New York Times, August 14,
2006, A18.

2. See work on science technology by B. Wynne among others, or Blum, “Pox
on Stem Cell Research,” for a discussion of the debate over smallpox.

3. Paul’s was a passionate life in science, from his first research into malaria
vaccine to his work on the Human Genome Project. Paul established the nation’s
first human genome center in 1987 at the Lawrence Berkeley National Labora-
tory and later worked in university administrations to further scientific discov-
eries. He served as the provost for research and graduate studies at the State Uni-
versity of New York and as president of the University of Maine. He then moved
to the University of California at Berkeley, where he held a number of positions,
eventually becoming director of the Biotechnology Research and Education Pro-
gram for all the University of California campuses. His last official position was
as associate vice chancellor for the health sciences at UC Irvine.

We remember Paul as a Renaissance man who lived at the cutting edge of sci-
entific issues, even when these issues were controversial. This volume reflects
Paul’s conviction that the public can make wise choices if advances in science and
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technology are explained in clear and understandable language. We have tried
to honor Paul by following his lead in this volume, explaining the scientific is-
sues in language designed to be accessible to the educated lay reader. While the
volume attempts to present a balanced perspective, including a variety of schol-
arly opinions, we also wish to honor Paul’s passion about stem cell research by
noting his strong advocacy for broadening the use of this technique. Paul’s last
public remarks on this topic convey some of the fervor of his convictions on this
subject.

Paul argued, shortly before his death, that the “discovery of accessible human
stem cells and the subsequent research focused on clinical application inadver-
tently provoked an intersection of conflicting religious, philosophical, political,
scientific, and secular systems of belief.” In editing Paul’s remarks, the editors
have tried to retain the passion of Paul’s original piece while integrating it into a
volume that underwent significant editorial revision in response to the kind of
scholarly debate Paul so cherished. The editors appreciate the comments of the
other contributors, the anonymous reviewers, Ted Wrigley’s assistance in modi-
fying this document, and Nancy Silverman’s permission to publish it.

Paul linked many of the issues that arose as part of this debate to arguments
characteristic of the intense emotional debates of the seventeenth and eighteenth
centuries, when the Roman Catholic and Reformation churches reacted nega-
tively to the rational explanations of natural phenomena provided by scientific
processes. Paul felt that stem cell research and its potential application to the
treatment of a variety of incurable human illness have been greatly hampered by
political and judicial actions in several countries.

The United States, Germany, and France are but several prominent examples of this
phenomenon. For example, in the United States, President Bush announced on Au-
gust 9th, 2001, that scientists in the United States receiving federal funding were pro-
scribed from using new cell lines that might be obtained from frozen fertilized eggs
that were initially the by-product of in vitro fertilization procedures and were sched-
uled to be discarded. This left only the sixty or so stem cell lines already established.
About four hundred thousand of these embryos were estimated to be available in
2001, though many of those available were spoken for, and only a small proportion
could have been turned into viable stem cell lines. The announcement was accompa-
nied by language concerning sacredness of human life and the significant moral haz-
ards implicit in stem cell research and was promoted by the group of Evangelical
Christian congressional delegates.

In my view, this policy places severe limits on university scientists and laborato-
ries supported by funding from the National Institutes of Health. This constitutes a
significant portion of the research in the field. The proscription remains in place even
in spite of appeals from other conservatives, such as Strom Thurmond, Orrin Hatch,
and, very recently, Nancy Reagan.

As a result of the president’s religious beliefs, then, science administrative posi-
tions, advisory groups, and the judiciary are being filled with people who have been
active in advancing the religious understanding that the soul enters the egg at the
time of fertilization. This belief system has accounted for the numerous legislative
and judicial attempts to confer “personhood” even on the earliest multicell
embryos—the blastocysts, which contain the 120 harvestable stem cells [see chapter
1 of this book]—to grant them legal protection against scientific experimentation.
Some proposed legislation carries severe criminal penalties.

However, as is often the case, events have overtaken the concepts and thinking of
those who would declare criminals of those who might establish stem cell lines for
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study and experimentation. The cloning of Dolly the sheep by somatic cell nuclear
transfer (not fertilization) in 1997 demonstrated that the DNA nuclear hereditary
material from a highly specialized mammary gland cell can be reprogrammed to be-
come a totipotent embryonic stem cell capable of producing all of the more than two
hundred cell types required to make up a sheep’s body. The cloning of Dolly sug-
gested that any cell in the body can be reprogrammed to become another individual.
Cloning by somatic cell nuclear transfer has now been accomplished repeatedly and
efficiently in cattle, pigs, mice, and rats. Researchers at the University of Pennsylva-
nia have accomplished a remarkable transformation in in vitro cultures by converting
a specialized cell into a stem cell and then stimulating it to become a producer of
sperm. This has now been accomplished in vivo by the dedifferentiation of special-
ized cells into germline stem cells (Science, May 14, 2006). The significance of these
developments is that—theoretically, and soon practically—any of the ten trillion cells
in the human body, under appropriate conditions, can be converted into a potential
human. The newly discovered plasticity of the human genome is opening up new op-
portunities for regeneration and repair of diseased tissue.

Paul believed scientific reasoning and objectivity could alter strongly held be-
lief systems. One of his desires in proposing and crafting this volume was to re-
mind people that we live in a pluralistic, multicultural society, with tolerance
and respect for different worldviews. His hope was that the debate in this vol-
ume would encourage public policies and public policy debate based on such
principles.

4. The conference was sponsored by the University of California, Irvine
(UCI) Interdisciplinary Center for the Scientific Study of Ethics and Morality,
in co-sponsorship with the UCI’s Newkirk Center for Science and Society, In-
stitute for Genomics and Bioinformatics, Schools of Biological Science, Social
Science, Social Ecology, Medicine, Humanities, and Information and Computer
Science, Henry Samueli School of Engineering, and Paul Merage School of Man-
agement; the Children’s Hospital of Orange County; and the UCI Dialogue So-
ciety. We appreciate their support and that of Bettye Vaughen and Frank
Lynch, who contributed to the production of this volume. None of the individ-
uals or institutions acknowledged here, however, is responsible for the views
expressed in this volume.
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what are stem cells?

Stem cells are undifferentiated cells found in the embryos and the later
life stages of animals, including humans. They are recognized by their
dualistic nature: they either can expand their numbers (self-renew) while
remaining undifferentiated or can differentiate and contribute to the de-
velopment or repair of tissues of the body. Some authors have added
other criteria to the definition, including the ability to produce cells dif-
ferentiating in different ways (multipotency); the ability of a single cell
to proliferate into a population of similar cells (clone-forming ability);
and the ability to keep dividing indefinitely (unlimited proliferative
capacity)—the latter property distinguishing them from most other non-
cancerous cell types, which can undergo only a limited number of divi-
sions. In most examples of stem cells only some of these properties have
been demonstrated, and the term stem cell has been used fairly loosely.
However, stem cells of many types are now being intensively studied by
genetic and molecular methods, and biologists are developing more rig-
orous and convenient methods to identify them. They are recognized by
their expression of certain genes, their production of characteristic pro-
teins and antigens, and their responsiveness to certain growth factors.

In the best-analyzed examples of stem cells in experimental organisms,
self-renewal is accomplished through conventional symmetric cell divi-
sion (figure 1), whereas differentiation is controlled through a specialized
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mechanism called asymmetric cell division (ACD; figure 1). ACD results
in the budding of a (usually) smaller cell from the larger stem cell (Potten
1997). Through this division the stem cell renews itself and can undergo
more such divisions, while the other cell either begins to differentiate or
undergoes a small number of additional divisions before the resulting cells
differentiate.

When a cell begins the process of ACD, one set of specialized proteins
accumulates on one side of the cell and another set accumulates on the
other (figure 2). These proteins (and some messenger RNAs) are then in-
cluded either in the stem cell or in the differentiating cell. Furthermore,
experimental studies show that these localized molecules actually control
whether the cell receiving them remains a stem cell or begins differenti-
ating. The molecules are therefore called ACD determinants. Most of
them have been identified through genetic studies of ACD during the de-
velopment of the nervous system in the fruit fly Drosophila. In the ab-
sence of any one of the ACD determinants the asymmetry of division is
disrupted, and this leads to abnormal cell proliferation and/or abnormal
cell fates. Some of the ACD determinants control the localization of

Stem Cells 11

Figure 1. The fundamental characteristics of stem cells: (A), Symmetric cell di-
vision leads to self-renewal of stem cells; (B), Asymmetric cell division leads to
replacement of the stem cell and production of a sister cell, exemplified here by
a neural precursor, which may differentiate immediately or after one or a few
divisions. Specifically expressed and localized stem cell determinants dictate
the fate of the daughter cells.

[To view this image, refer to  
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others, and the molecular interactions between them are under active
study (Matsuzaki 2000).

Most of the proteins implicated in ACD in Drosophila have remark-
ably close mammalian and human counterparts (homologs), but there is
only fragmentary evidence regarding the possible roles of these homologs
in the control and division of mammalian stem cells. Much of the infor-
mation comes from work on the formation of the nervous system in the
mammalian embryo, where ACD has been demonstrated in the mouse
(Shen et al. 2002) and ferret (Chenn and McConnell 1995). Preliminary
studies have suggested that ACD during mammalian development is con-
trolled by the homologs of some of the ACD determinants identified in
Drosophila, including those named Numb, Numblike, Notch1 (Fang
and Xu 2001; Justice and Jan 2002; Zhong et al. 1997; Zhong et al.
1996), and LGN (homolog of Drosophila Pins; Fuja et al. 2004;
Mochizuki et al. 1996). In one of the most definitive studies, stem cells
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Figure 2. Fluorescently labeled ACD determinants during division of a neural
stem cell in a fly embryo, showing the opposite localizations for ACD determi-
nants in the stem cell and differentiating cell. The Miranda protein, stained
red, marks the basal complex that determines the differentiating neural precur-
sor and also includes Staufen, Prospero, Prospero mRNA, Numb, and Pon.
The Pins protein, stained green, identifies the apical complex that determines
the neural stem cell and also includes Atypical PKC, Gαi, Bazooka, and Insc.
Image from Chris Doe, University of Oregon.
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were isolated from the living embryonic mouse brain and cultured
through a division cycle, and the resulting cell pairs were stained using
antibodies against the Numb protein (Shen et al. 2002). The protein
often accumulated in one of the two daughter cells, and this accumula-
tion was correlated with the subsequent fates of the daughter cells. The
Notch signaling pathway, identified genetically in Drosophila, also
seems to be involved in ACD of satellite cells during mammalian muscle
development (Conboy and Rando 2002).

The fate of stem cells as well as the way they divide appears to be
a function of their microenvironment, which in many cases is provided
by a specialized structure known as the stem cell niche. At least in the
hematopoietic (blood cell–forming) system, the niche develops indepen-
dently and the stem cells migrate to and colonize the niche (Schofield
1983). It has been suggested that the niche controls the phenotype of the
stem cell, including whether it undergoes self-renewal or ACD. Evidence
suggesting the existence of stem cell niches has also been obtained for the
epidermis, intestinal epithelium, nervous system, and gonads (Fuchs,
Tumbar, and Guasch 2004), as well as in developing muscles (Venters
and Ordahl 2005). Furthermore, some of the soluble growth factors me-
diating interaction between niche and stem cells have been identified
(Hauwel, Furon, and Gasque 2005).

embryonic stem cells (escs)

In the mammalian embryo, following fertilization of the egg by a sperm,
several cell divisions take place without any growth in total volume (fig-
ure 3), so the cells (now called blastomeres) get progressively smaller.
They also rearrange to form a hollow sphere of cells (blastocyst) sur-
rounding a fluid-filled cavity called the blastocoel. The cells of the blas-
tocyst then segregate into an outer layer, called the trophectoderm, and
an inner cell mass (ICM). The cells of the trophectoderm (trophoblasts)
become the fetal contribution to the placenta, while the ICM contains
the embryonic stem cells (ESCs) that give rise to the tissues of the fetus
(figure 4).

Isolation

Human ESCs (hESCs) are usually obtained from the ICM of embryos pro-
duced by in vitro fertilization (IVF). In this procedure, eggs are harvested
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from a woman after she has been treated with follicular hormones to stim-
ulate the ovaries. The eggs are fertilized either by combining them with
sperm in a dish or by mechanically injecting the sperm into the egg (intra-
cytoplasmic sperm injection). The latter technique has the advantage that
every egg gets fertilized and that only one sperm enters each egg. The fer-
tilized eggs are then incubated to allow them to develop into blastocysts.
Then the trophectoderm is removed and the ICM is plated on to a “feeder
layer” of mouse or human embryonic fibroblasts (Thomson et al. 1998),
which is essential for the survival of the ICM (Cowan et al. 2004). The
ICM then flattens into a compact colony of ESCs. ESC colonies are then
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Figure 3. Early development of the human embryo. Embryonic stem cells are
derived from the inner cell mass of the blastocyst. See text for explanation.
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mechanically dissociated and replated several times to give rise to stable
cell lines.

Properties

Under certain conditions hESCs can divide indefinitely while undiffer-
entiated, but under other conditions they can differentiate into virtually
any cell type in the body (Amit et al. 2000; Bodnar et al. 2004; Cowan
et al. 2004; Odorico, Kaufman, and Thomson 2001; Thomson et al.
1998). When undifferentiated hESCs are transplanted into an animal,
they often form a type of tumor called a teratoma (Altaba, Sanchez, and
Dahmane 2002), which is unusual in that it contains cells representing
all three germ layers (Trounson 2004). Indeed, the ability of hESCs to
form a teratoma after injection is the accepted criterion for identifying
hESCs as such.

When cultured in the laboratory, hESCs grow as compact colonies
and usually require the presence of “feeder cells” for their survival (fig-
ure 5). The feeder cells are typically mouse fibroblasts that have been
treated with mitotic inhibitors to prevent their proliferation. But to make
hESCs safe for use in human cell therapy, methods are being developed
in which the human cells have no contact with animal cells. Human
feeder cells can be effective (Amit et al. 2000). Another possibility is to
first condition the culture medium by incubating it with feeder cells, then
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Figure 4. Products of the different cell types of the early blastocyst. The cells
of the trophoblast give rise to the fetal component of the placenta, while the
inner cell mass, the embryoblast, gives rise to every cell type and organ system
of the body.
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remove the feeder cells and use the conditioned medium, presumably
containing appropriate growth factors, for culturing the stem cells (Car-
penter et al. 2004; Rosler et al. 2004; Xu et al. 2001).

Human ESCs have specific requirements for nutrients, including
“serum replacement medium.” Serum is a necessary component for sur-
vival and/or differentiation of many cell types, but it invariably induces
differentiation of hESCs, so it cannot be used to promote their survival
and/or proliferation. This problem has been overcome by the use of
serum replacement medium, which has many of the supportive proper-
ties of serum but lacks the tendency to cause differentiation. Another fea-
ture of hESCs is their inability to divide and/or survive in low-density cul-
ture. When they are dissociated into a single cell suspension, these cells
have a very low survival rate. Colonies are therefore usually mechani-
cally dissected into smaller colonies, rather than dissociated into single
cells, for propagation.

Human ESCs in culture have a specific morphology, and they express
characteristic surface antigens and nuclear transcription factors. The sur-
face antigens include the stage-specific embryonic antigen SSEA-4 and
the teratocarcinoma recognition antigens TRA-1–60 and TRA-1–81
(Carpenter et al. 2004). The transcription factors include the POU (pit-
oct-unc)-domain transcription factor Octamer-4 (Oct-4), associated
with the expression of particular elements of the embryonic genome
(Thomson et al. 1998).

16 Stem Cells

Figure 5. Human embryonic stem cells in culture. Phase-contrast photomicro-
graphs taken at (A) 40x, (B) 100x, and (C) 400x magnification. Human ESCs
appear as colonies of cells (white arrows) that are so tightly packed that indi-
vidual cells are very difficult to discern, even at high magnification. The
colonies are grown in the presence of a feeder layer of cells, in this case mouse
embryonic fibroblasts (black arrowheads). Even when hESCs are grown under
conditions that do not favor differentiation, they spontaneously differentiate
and are then seen as groups of less tightly packed cells emanating from the
sides of the colonies (white arrowheads).
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Differentiation

When undifferentiated hESC colonies are detached from the feeder layer
and transferred into serum-containing medium, they form multicellular
aggregates called embryoid bodies (EBs, figure 6), which can contain
cell types representing all three germ layers of the body—endoderm,
mesoderm, and ectoderm (figure 4). Many EBs tend to show cell types
of only one or two germ layers, but in an unpredictable manner. Thus,
with appropriate subculture conditions and physical removal of colonies
showing specific morphologies, behaviors, or proteins, it is possible to
establish cultures that are enriched for particular cell types or mixtures
of cell types (figure 6; Carpenter et al. 2004). However, this cell behav-
ior is unpredictable and the sorting is not completely effective. Many labs
have therefore been trying to develop protocols for directly controlling
the differentiation of hESCs.

Exogenous differentiating factors have been useful in favoring differ-
entiation into specific derivatives: retinoic acid and nerve growth factor for
neuronal differentiation (Schuldiner et al. 2001); basic fibroblast growth
factor and platelet-derived growth factor for glial precursors (Brustle et al.
1999); 5-aza-2’-deoxycytidine for cardiomyocytes (Xu et al. 2002); bone
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Figure 6. Harvesting and in vitro culture of embryonic stem cells for therapeu-
tic use. Colonies of hESCs may be first differentiated into embryoid bodies,
then encouraged to differentiate with specific media, selected according to the
expression of specific proteins, behavior, or morphology, and then cultured
using specific protocols to give rise to selected populations useful for a particu-
lar therapeutic application (Carpenter et al. 2004; He et al. 2003; Nistor et al.
2005; Perrier et al. 2004).



morphogenetic protein-4 and transforming growth factor-beta for tro-
phoblast cells (Carpenter, Rosler, and Rao 2003); sodium butyrate for he-
patocytes (Rambhatla et al. 2003); and various cytokines for hematopoi-
etic cells (Zhan et al. 2004). Differentiation into particular tissue types can
also be elicited by overexpressing genes encoding transcription factors that
function in cell commitment during normal development: MyoD1 for
skeletal muscle (Dekel et al. 1992) and Nurr1 for dopamine neurons (Kim
et al. 2002). However, these methods still usually give only enrichment
rather than total induction, so additional sorting is often necessary. This
has been done on the basis of lineage-specific gene expression: PS-NCAM
and A2B5 as cell-surface markers for neural precursors (Carpenter et al.
2001), or hygromycin resistance driven by a myosin heavy chain promoter
for cardiomyocytes (Klug et al. 1996) (figure 6).

Several groups (Brustle et al. 1999; Reubinoff et al. 2001; Tabar et al.
2005; Wernig et al. 2004) have produced neuronal precursors from ei-
ther mouse or human ESCs and tested them by injection into the devel-
oping brain of newborn mouse or embryonic rat. The transplanted cells
were incorporated into the host brain, migrated along appropriate
tracks, differentiated into neurons in a region-specific manner, and made
synaptic contacts with host neurons. In some cases the transplanted cells
also gave rise to glia and astrocytes. This procedure has been shown to
promote recovery in animal models of Parkinson’s disease and spinal
cord injury (Shufaro and Reubinoff 2004).

neural crest stem cells

A peculiar and heterogeneous population of migratory precursor cells,
called neural crest cells, originates during fetal development from the neu-
ral folds at the dorsal side of the neural tube. These cells migrate through
the embryo to differentiate into a bewildering collection of derivatives, in-
cluding most of the neurons, Schwann cells, and glia of the peripheral ner-
vous system; most primary sensory neurons; some endocrine cells in the
adrenal and thyroid glands; smooth muscle associated with the heart and
great vessels; pigment cells of the skin and internal organs; and bone, car-
tilage, and connective tissue of the face and neck (Le Douarin and Dupin
2003). The migrating cells include multipotential neural crest stem cells,
but the population becomes progressively restricted, and terminal differ-
entiation usually ensues soon after the cells reach their targets (Baroffio,
Dupin, and Le Douarin 1991). However, some studies show that neural
crest–derived stem cells can still be identified in adult organs, including the
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central nervous system (Altman 1969; Doetsch et al. 1999; Eriksson et al.
1998; Gould et al. 1999; Johansson et al. 1999; Palmer, Takahashi, and
Gage 1997; Reynolds, Tetzlaff, and Weiss 1992) and the hair follicle
(Sieber-Blum et al. 2004). Some of the other reported examples of adult
stem cells, described below, have not yet been adequately tested to see
whether they might also have a neural crest origin. Neural crest–derived
cells can be identified by the expression of the neural crest marker Sox-10
(Sieber-Blum et al. 2004).

adult stem cells

Classical embryologists developed the concept that, as mammals devel-
oped, their cells became progressively more determined for a certain tis-
sue fate and the tissues progressively lost the potential for repair or re-
generation. However, recent work has shown that many mammalian
tissues contain stem cells that can mobilize, proliferate, and differentiate
in response to wounding or disease. These cells can be isolated and
grown in culture, and during propagation they retain the ability to dif-
ferentiate into one or a few tissue types appropriate to their original site.
Their potential for self-renewal, their multipotentiality, and their lack of
differentiation until they receive the appropriate environmental signals
have led to their designation as adult stem cells, although they are some-
times designated more conservatively as progenitor cells. They are re-
ferred to as adult stem cells to distinguish them from embryonic stem
cells, even if they are taken from fetal or neonatal sources.

Adult stem cells appear to be involved in the normal tissue renewal
that occurs in many organ systems, including bone marrow, skin, gut lin-
ing, blood vessels, heart, kidney, endocrine glands, liver, pancreas, mam-
mary gland, prostate, lung, retina, and parts of the nervous system (Sell
2003). Some of the stem cell populations also appear to be able to “trans-
differentiate” into other tissue types depending on their location in the
body. These findings, of course, raise tremendous possibilities for cell-
based therapy of many disorders, especially those involving tissue losses.

Bone Marrow: Hematopoietic Stem Cells

Bone marrow contains some of the most complex, but nevertheless best-
understood, stem cell populations in the body, including the cell popu-
lations responsible for maintaining blood cells, which constitute one of
the most rapidly replaced tissues in the body. Most circulating blood
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cells cannot proliferate, so replacement of blood cells is dependent on the
activity of precursors in the bone marrow (and elsewhere) called
hematopoietic stem cells (Ponting, Zhao, and Anderson 2003). In a pro-
cess called hematopoiesis, the stem cells give rise to several blood cell
populations, including erythrocytes (red blood cells), leukocytes (white
blood cells, including neutrophils, eosinophils, and basophils), mono-
cytes, and platelets (figure 7). The bone marrow also produces all of the
cells of the immune system, including B cells for the circulation and the
lymph nodes and spleen; T cells for the thymus; and macrophages and
dendritic cells.

The complex cell production machinery in the bone marrow involves
several stem cell populations with intermediate levels of multipotency,
and many of the lineage relationships between these different levels of
progenitors have been worked out, but some remain hypothetical (Sell
2003). At an early point in the pathway, progenitor cells have been
shown to undergo ACD in which one of the two daughters retains stem-
cell properties and the other shows restriction to a smaller range of dif-
ferentiation potential (Takano et al. 2004).

20 Stem Cells

Figure 7. Bone marrow is the source of hematopoietic stem cells. This well-
understood stem cell type gives rise to red blood cells and platelets as well as
white blood cells (B cells and T cells) that function in the immune system.
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Bone Marrow: Mesenchymal Stem Cells

In addition to the hematopoietic system, bone marrow contains a sup-
porting tissue called stroma. This was originally thought to simply pro-
vide a structural framework for the hematopoietic system, but it has now
been found to contain several cell types with other functions and poten-
tials. Most importantly, it contains a population of mesenchymal stem
cells (MSCs; Dennis and Caplan 2003), which are strongly adherent and
can therefore be isolated by culturing marrow on an appropriate sub-
strate and washing other cells off. MSCs can give rise to many kinds of
connective tissue cells, including those responsible for remodeling of car-
tilage, bone, fat, and vascular tissue (Pittenger et al. 1999). They also
produce the essential microenvironment necessary to support the
hematopoietic stem cells in the bone marrow (Dennis and Caplan 2003).

The results of bone marrow transplantation studies have led to the
conclusion that this remarkable tissue can also produce cells that can cir-
culate to various other sites in the body and contribute to even more tis-
sues, including endothelium, muscle, liver, pancreatic islets, heart, brain,
lung, kidney, and retina (Huttmann, Li, and Duhrsen 2003; Sell 2003).
Some of this evidence comes from postmortem studies on women who
had received bone marrow transplants from male donors. The presence
of a Y chromosome provided a reliable marker for cells from the donor,
even when the cells were present only in very small numbers. These stud-
ies showed evidence for bone marrow cells producing neurons in the
brain (Mezey et al. 2003), as well as cells in the liver and buccal epithe-
lium (Theise et al. 2000). Similar studies, using markers recognizing ei-
ther the X or the Y chromosome, showed that bone marrow could con-
tribute to muscle cells in the heart (Thiele et al. 2002). However, whether
these cells functioned appropriately for the new site could not be deter-
mined from these studies.

Experimental studies on mice have also suggested that cells from
transplanted bone marrow can contribute to other tissues, including the
epithelia of the gastrointestinal and respiratory systems (Krause and
Gehring 1989), skeletal muscle (Gussoni et al. 1999), heart muscle, en-
dothelium and smooth muscle (Orlic et al. 2001), and liver (Lagasse et al.
2000; Petersen et al. 1999; Wang et al. 2003). In the studies on contri-
bution of transplanted bone marrow to infarcted heart muscle, it has
been shown by several laboratories that the damaged tissue is repaired
and that heart function is improved (Mathur and Martin 2004). In most
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of the other cases, as with the human studies, it is not clear whether the
transformed bone marrow cells improve the function of the organ in
which they reside.

Some of the results in mice may reflect the directed change in the dif-
ferentiation program of the bone marrow–derived cells by the tissue mi-
croenvironment. However, at least in the case of liver and muscle, some
of the differentiated products from bone marrow cell transplantation
may be derived by fusion of the transplanted cells with differentiated tis-
sue cells of the host, rather than by directed differentiation of the trans-
planted cells. It is also possible in some cases that the transplanted bone
marrow may not have been a pure cell population but may have included
some stem cells of different potential. For example, it may have included
multipotential MSCs or some tissue-specific stem cells that had circu-
lated from mature organs into the bone marrow. Finally, in the studies
showing improved heart function following bone marrow transplanta-
tion, much of the improvement may have been due to stimulation of the
formation of new blood vessels rather than the direct contribution of the
transplanted cells to muscle regeneration (Mathur and Martin 2004).

In the transplantation studies it is usually difficult to identify the fac-
tors controlling the differentiation of the transplanted cells. However, it
has recently been shown that appropriate combinations of growth fac-
tors can cause the efficient conversion of stromal cells from human adult
bone marrow into a population closely resembling neural stem cells
(Hermann et al. 2004), which are described below. The transformed cells
grow as balls called neurospheres, express neural-specific genes at high
levels, and differentiate into the three main derivatives of neural stem
cells: neurons (nerve cells), astrocytes (star-shaped cells with a variety of
functions), and oligodendrocytes (which are responsible for generating
the myelin sheath that surrounds the axons of neurons). The discovery
of this expanded potential of bone marrow cells could open up many im-
portant new avenues for stem cell therapy, using a patient’s own bone
marrow as a convenient source of genetically compatible cells.

Liver Hematopoietic Stem Cells

The liver is the major site of blood cell formation in the mammalian em-
bryo. Stem cells isolated from this site proved to be capable of remark-
able transdifferentiation into myocytes (muscle precursor cells) follow-
ing transplantation into a mouse heart that had been subjected to a
myocardial infarction (Lanza et al. 2004). In this experiment the stem
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cells had been modified by nuclear transfer so that they were genetically
identical to the host and were therefore not recognized as foreign by the
host immune system. The transplanted cells contributed substantially to
regeneration of the heart muscle, and the regenerated muscle replaced 38
percent of the scar after one month. Furthermore, in this report, unlike
many of the reports with bone marrow transplantation, the transplanted
cells appear to have clearly transformed into heart muscle, and this did
not involve fusion with host muscle cells. The transplanted cells also con-
tributed directly to the formation of new blood vessels, which connected
to the host circulatory system and functioned normally. The beneficial
effects on heart muscle regeneration obtained in this study were far su-
perior to those obtained with bone marrow transplantation, suggesting
that further studies on the properties of fetal liver stem cells would be
very worthwhile.

Neural Stem Cells

Neural stem cells, defined by their clone-forming ability, self-renewal ca-
pability, and multipotency, were first isolated from embryonic and adult
mice (Reynolds and Weiss 1996), and their origin during development
(Temple 2001) and distribution in the adult (Garcia-Verdugo et al.
1998; Morshead et al. 1994) has since been analyzed in detail. Similar
cells have been found in fetal, neonatal, and adult human brains (Palmer
et al. 2001), where they are localized in the hippocampus and subven-
tricular zone (SVZ) in stem cell niches (Doetsch 2003). Up to 100 mil-
lion cells can easily be harvested from a single human neonatal brain
(P. Schwartz et al. 2003), and these can easily be proliferated thirty-
thousand-fold, yielding 3 × 1012 cells from a single brain. Single neural
progenitor cells divide and, in the absence of a substrate, gradually grow
into balls of 10,000 to 15,000 undifferentiated cells called neurospheres.
Neural precursor cells migrate out from the neurospheres (figure 8) and
can give rise to neurons, astrocytes, and oligodendrocytes (Brewer and
Cotman 1989; Gage 1998; McKay 1997; Palmer et al. 2001; P. Schwartz
et al. 2003; Uchida et al. 2000; Zhang et al. 2001).

The presence of neural stem cells in the adult brain accounts for the
finding that neurons are generated constantly, even into adulthood, in
many regions of the brain, including the SVZ of the anterior lateral ven-
tricles and the dentate gyrus of the hippocampus (Chiasson et al. 1999;
Clarke et al. 2000; Lu, Jan, and Jan 2000; Roy et al. 2000). Stem cells in
the SVZ give rise to neuroblasts that migrate to the olfactory bulb and
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Figure 8. Human neural stem cells in culture. Photomicrographs are taken
through the fluorescence microscope with different colors representing differ-
ent proteins that are expressed by the cells. Some cells express multiple pro-
teins while others express fewer. (A) Cells streaming out from a neurosphere
(clump of cells in upper right corner). The green staining is nestin, a filamen-
tous protein present in the cytoplasm of neural stem cells, while the red stain-
ing is Sox2, a transcription factor present in both embryonic and neural stem
cells. These protein markers are commonly co-expressed. (B) Neural cell adhe-
sion molecule staining (NCAM, red) and glial fibrillary acidic protein staining
(GFAP, green) predominate in different subpopulations of cells and demon-
strate the heterogeneity of the cultures. (C) Doublecortin (DCX, red), vimentin
(green), and nestin (blue) staining in a neurosphere demonstrate the intimate
commingling of the cells in a sphere as well as expression of multiple markers
both in the same cells and in different cells. (D) These cells, grown from the
neural retina, show staining common to brain neural stem cells (DCX, red)
and staining found only in neural stem cells derived from the retina (recoverin,
green). This shows that neural stem cells harvested from different parts of the
nervous system may have certain intrinsic differences.
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differentiate there (Gage 2002; Lu, Jan, and Jan 2000; Piper et al. 2000).
In the developing cerebral wall of embryonic rodents, the cells at the ven-
tricular surface generate their progeny by ACD (Miyata et al. 2004).

Human neural stem cells have been recovered from brain tissue
removed from patients undergoing lobectomy (Johansson et al. 1999) and
from donated fetal tissue (Flax et al. 1998; Svendsen, Caldwell, and Os-
tenfeld 1999; Tamaki et al. 2002; Vescovi et al. 1999). They can also be
recovered from cadavers even as late as twenty hours after death (Palmer
et al. 2001; P. Schwartz et al. 2003). These cells can proliferate for long
periods in culture and can be grown in adherent monolayers or as neu-
rospheres, depending on the conditions. They express immature neurode-
velopmental markers including nestin (Frederiksen and McKay 1988;
Lendahl, Zimmerman, and McKay 1990), Sox2 (Cai et al. 2002; Han et
al. 1993; Zappone et al. 2000), and nucleostemin (Tsai and McKay 2002).

Neural stem cells in vitro show asymmetric localization of LGN (ho-
molog of the Drosophila ACD determinant Pins; Fuja et al. 2004), but
the consequences of this localization and the behavior of other ACD de-
terminants have not been tested. These cells are generally considered to
be derived from the SVZ, but in vivo the SVZ cells do not show any signs
of ACD (Gleason et al. n.d.). However, we have recently shown that cells
of the ependymal layer, which overlie the SVZ at the ventricular surface
and are generally considered to be postmitotic in the adult, can be acti-
vated to proliferate by injury and that they show clear asymmetric lo-
calization of ACD markers. It therefore seems likely that the ependymal
cells are true stem cells as defined by ACD and that they give rise to the
SVZ cells, which proliferate further before they differentiate.

Other Mesenchymal and Tissue-Specific Stem Cells

In addition to bone marrow, other tissues contain stem cell populations
that are capable of differentiating into mesenchymal derivatives and that
are therefore called MSCs (Jiang et al. 2002; R. Schwartz et al. 2002).
These cells have been found in periosteum, trabecular bone, adipose tis-
sue, synovium, skeletal muscle, lung, and deciduous teeth, and most of
them can differentiate into several tissue types.

Skin and Hair

Human skin consists of two distinct layers, each with different popula-
tions of stem cells. The lower 90 percent of skin, the dermis, provides
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most of the structural support and contains fibrous components (colla-
gen and elastin) as well as ground substance, blood vessels, and nerves.
Most of the cells found in dermis are fibroblasts, but multipotent stem
cells have been isolated from the dermis of mice (Toma et al. 2001), and
clones derived from these cells were shown to differentiate in vitro into
neurons, glia, smooth muscle cells, and adipocytes (fat cells). The fact
that these cells can produce both neural and mesodermal derivatives led
to the suggestion that they may provide an easily accessible source of
stem cells for therapeutic purposes.

The outer layer of skin, the epidermis, is continuous with the epithe-
lial sheath of the hair follicles, and stem cells capable of producing both
epidermis and hair follicles are located in a niche, called the bulge, at the
base of each follicle in the outer root sheath (Amoh et al. 2004). These
cells are identified as stem cells because of their slow cycling (shown by
long-term retention of labeled precursors in DNA) and the presence of
stem cell markers, including nestin. There may also be some stem cells,
possibly with more limited potential than the bulge cells, between folli-
cles (Ma, Yang, and Lee 2004). Genetically marked individual cells taken
from the follicle bulge in a normal mouse, mixed with dermal cells, and
grafted onto an immune-deficient mouse were able to form epidermis,
outer root sheath, inner root sheath, hair shaft, and sebaceous gland
(Morris et al. 2004), showing that they can produce all the cell types of
the epidermal layer. Recently the bulge has been shown to also contain
a distinct population of stem cells derived from the neural crest (Sieber-
Blum and Grim 2004), which retain the ability to differentiate into known
neural crest derivatives, including neurons, Schwann cells, smooth mus-
cle cells, melanocytes, and chondrocytes.

The identification of stem cells in both dermis and epidermis marks
a major advance in the effort to produce complete artificial skin,
which would find enormous applications in treatment of burn injuries.
The ability of bulge cells to regenerate hair structures also suggests that
this kind of research could lead to treatments for hair loss (DeNoon
2004).

Stem Cells from Other Tissues

In addition to the examples cited above, several other organ systems have
been investigated as possible sources of stem cells. These include intestinal
mucosa (Marshman, Booth, and Potten 2002; Potten et al. 2003), liver
(Xiao et al. 2004), lung (Kotton, Summer, and Fine 2004), heart (Hughes
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2002), and skeletal muscle (Chen and Goldhamer 2003; Morgan and
Partridge 2003). In all of these cases some troubling questions have arisen
with respect to the origin of the stem cells. It is often very difficult to de-
termine whether the stem cells are authentic components of the organ sys-
tem where they are found or cells that have migrated from another source
such as the bone marrow. These questions are under active investigation
in many laboratories.

conclusion

The human body is turning out to have many more stem cell populations
than previously recognized, and many of them seem to have more de-
velopmental potential than expected. It seems very likely that in the near
future we will see the discovery of methods to control the proliferation
and differentiation of many kinds of stem cells, and technologies are al-
ready being developed for replacing the nuclei of stem cells with those of
prospective patients so that immune rejection can be avoided. The enor-
mous opportunities and challenges in the development of stem cell ther-
apy are the subject of the following chapter.
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It has been estimated that over 100 million patients in the United States
might benefit from stem cell–based therapies. The most numerous of
these patients are those affected by cardiovascular disease (79.4 million,
American Heart Association 2007), autoimmune diseases (14.7 to 23.5
million, National Institute of Allergy and Infectious Diseases 2005), type
1 and type 2 diabetes (20.8 million, American Diabetes Association
2007), osteoporosis (10 million, National Institute of Arthritis and Mus-
culoskeletal and Skin Diseases 2007), cancer (10.5 million, National
Cancer Institute 2006), Alzheimer’s disease (4.5 million, Alzheimer’s As-
sociation 2005), and Parkinson’s disease (1.5 million, American Parkin-
son’s Disease Association 2003).

Stem cell therapy, using bone marrow, umbilical cord blood, or pe-
ripheral blood stem cells, has been critically important in the clinical
treatment of several disorders of the blood and immune systems, in-
cluding lymphomas and leukemias, raising hopes that similar treat-
ments for other organ systems may be developed using stem cells from
embryos or solid adult tissues. In the case of lymphomas and leukemias,
the transplanted stem cells help the patient by directly differentiating
into the expected blood or immune cell type and restoring the missing
function at the cellular level. This, too, has been the hope for stem cell
therapy used for diseased or damaged solid tissues. However, studies on
model systems have revealed a surprisingly large number of other ways
in which stem cell therapy may provide benefits. Transplanted stem cells
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can provoke the multiplication and function of the host stem cells, pre-
vent further loss and damage of host tissues, or stimulate the produc-
tion of new blood vessels that can help restore host tissues. The trans-
planted cells presumably produce these effects by producing growth
factors and other products that are locally active. Transplanted stem
cells can also fuse with host cells, and this can help repair damage even
if the transplanted cells are not completely transformed into the target
tissue type.

current therapeutic applications

Blood and Immune System Disorders

Transplantation of bone marrow, containing hematopoietic stem cells
(HSCs), or of purified cell fractions from bone marrow has been used for
over three decades in the treatment of disorders of the blood cell pro-
duction system. Children with severe combined immune deficiency have
been successfully treated by bone marrow transplantation since 1968
(Baird 2003). Leukemia patients have been successfully treated with
radio- and chemotherapy to destroy the bone marrow (myeloablation)
and cancer cells, followed by rescue with bone marrow transplants from
human leukocyte antigen (HLA)-identical twins or siblings or HLA-
matched donors (Baird 2003). For lymphoma and leukemia, the patient’s
own bone marrow may be harvested in advance when the disease is in
remission, cleared of undesirable cells (residual malignant cells and cells
that could mediate a graft-versus-host immune reaction), and frozen so
that it can subsequently be used to restore the patient’s hematopoietic
system after myeloablation. More recently, peripheral blood (after treat-
ment of the donor with cytokines to mobilize stem cells) has been found
to be a better source of stem cells to restore hematopoiesis (Baird 2003).
Umbilical cord blood (UCB) can also be used and has several advantages
over bone marrow as a source of HSCs, especially in pediatric patients
(Lewis 2002). It is less likely to cause problems with graft-versus-host
disease, it contains more primitive stem cells, and the stem cells appear
to have greater proliferative potential than bone marrow cells. In addi-
tion, UCB stem cells implant and function as stem cells at lower cell doses
than bone marrow or peripheral blood cells (Lewis 2002). However, en-
grafting is often delayed (possibly due to lower cell numbers), and re-
constitution of the immune system, which is critical for host recovery,
can be more delayed than is the case for bone marrow (Lewis 2002).
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Metabolic Diseases

Another group of diseases being treated with HSC transplantation is the
lysosomal storage disorders, including the mucopolysaccharidoses such
as Hurler’s syndrome. These diseases involve the harmful accumulation
of specific cell components, due to the absence or inactivity of a specific
enzyme normally involved in their degradation. In these cases, stem cell
therapy would function primarily for enzyme replacement, by providing
cells containing an active form of the missing or defective enzyme. Since
disease progression may lead to extensive damage, early diagnosis and
treatment are essential (Malatack et al. 2003). At present, HSC trans-
plantation is effective primarily for soft tissue, non–central nervous sys-
tem organs such as spleen and liver, with only limited effectiveness for
bone and cartilage and little to no effectiveness for the central nervous
system (Malatack et al. 2003).

experimental therapeutic applications

Multiple Sclerosis (MS)

This is a debilitating neurological disease in which chronic inflammation
of the central nervous system leads to multiple impairments of motor,
sensory, and cognitive functions. It affects about a million people world-
wide, about two hundred thousand of them in the United States. The
fundamental feature of the disorder is that the individual’s own immune
system attacks and destroys the myelin sheath that normally surrounds
nerve fibers and provides them with the equivalent of electrical insula-
tion. Some of the destroyed myelin regenerates spontaneously, although
it is not clear exactly which cell type is responsible for producing this
myelin. Current treatments mainly use the immunomodulator beta-
interferon to slow the progression of the disease.

Two different manipulations of stem cell populations are being tested
as potential treatments for MS. First, since the disease results mainly from
the development of a population of immune cells that attack the myelin
sheaths of neurons, the replacement of the stem cell population generat-
ing these immune cells is a logical goal. In fact, the possibility of this kind
of treatment was first recognized when some MS patients being treated by
transplants of blood stem cells for other diseases showed remission of
their MS symptoms. In a clinical trial of hematopoietic stem cell (HSC)
transplantation for MS, twenty out of twenty-six patients appeared to
stabilize (Nash et al., 2003). These trials included a combination of total
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body irradiation and chemotherapy followed by peripheral blood stem
cell transplantation. About 250 patients are currently in phase 1 and
phase 2 open clinical trials (Sykes and Nikolic 2005).

Soon after their discovery, neural stem cells (NSCs) were recognized
as having tremendous potential for the cell-based repair of neurological
damage from central nervous system injury and stroke, as well as for
therapy of otherwise incurable diseases such as Huntington’s disease and
amyotrophic lateral sclerosis (Rice et al. 2003). However, it seems likely
that the first applications will be for therapy of neurological diseases that
do not require the establishment of new neuronal circuitry, notably MS
(Furlan et al. 2003; Pluchino, Furlan, et al. 2004; Pluchino, Quattrini,
et al. 2003), Parkinson’s disease (Drucker-Colin and Verdugo-Diaz 2004),
and metabolic diseases. Thus NSC therapy could be used to repair the
demyelination caused by the immune attack. NSCs support the produc-
tion of neurons and glia in parts of the normal brain throughout adult-
hood. They can be isolated from either fetal or adult brains, expanded
extensively, and maintained safely in a chemically defined medium; they
can be directed into a neuronal fate or an astrocyte fate by treatment
with different growth factors; and they can be safely frozen and thawed,
thus eliminating the need for continuous maintenance (Nunes et al.
2003; Schwartz et al. 2003;Vescovi et al. 1999). Their ability to migrate
over long distances in the body and to apparently home in on diseased
areas also makes them uniquely suitable for cell therapy of diseases, in-
cluding MS, that are “multifocal” (affecting many locations in the body)
(Imitola et al. 2004).

In a mouse model of MS (experimental autoimmune encephalo-
myelitis), NSCs implanted into the brain survived well and could home
in on the demyelinated region, differentiate into oligodendrocytes, stim-
ulate the increased production of host oligodendrocytes, and remyelinate
the damaged fibers. They also reduced astrogliosis (excess production of
astrocytes and the buildup of an astroglial scar), further demyelination,
and axon loss (Pluchino, Quattrini, et al. 2003). These cells were equally
effective if administered via the circulation, after which they passed
through the blood-brain barrier and entered the brain. Many of the treated
mice were completely cured of the disease, and the cells did not produce
tumors.

Embryonic stem cells (ESCs) are also an attractive option for treat-
ment of demyelinating diseases. When transplanted into rodents suffer-
ing from demyelinating disease, they can differentiate into glial cells and
remyelinate affected axons (Brustle et al. 1999; Liu et al. 2000; McDonald
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et al. 1999). However, these cells also produce tumors called teratomas
(Brustle et al. 1997), so the controls over their differentiation will have
to be analyzed more thoroughly before they can be seriously considered
for use in stem cell therapy. It has already been shown that ESCs can be
induced to differentiate into oligodendrocyte precursors and that these
can be used to promote myelination of axons in the shiverer mouse (Nis-
tor et al. 2005), which suffers from defective myelination.

The remarkable ability of stem cells to home in on diseased areas ap-
pears to be a response to the inflammation at the disease site. Inflamma-
tion involves the production of a well-characterized set of molecules, in-
cluding proteins that function in adhesion between cells (e.g., integrins),
proteins that act as signals between cells to attract them to each other
and to activate them in various ways (chemokines and cytokines), and
specific receptors for these proteins (Cottler-Fox et al. 2003; Lapidot and
Petit 2002). An intriguing discovery regarding the mechanism was that
two proteins (CD44 and Very Late Antigen-4), shown to be required for
NSCs to home in on inflamed regions, are the same proteins that attracted
the inflammatory lymphocytes to the site in the first place (Pluchino,
Furlan, et al. 2004).

potential therapeutic applications

Parkinson’s Disease

Parkinson’s disease, which is marked by tremors and rigidity, affects about
1 million Americans. The disease is caused by the death of dopamine-
secreting cells in the brain and is a prime candidate for cell-based therapies.
In animal studies, treatment with glial cell line–derived neurotrophic fac-
tor (GDNF) promoted survival and growth of dopaminergic neurons
(Burke 2004), and intracerebral infusion of this factor showed early signs
of promise in clinical trials on human patients (Grondin et al. 2003).
However, these trials were stopped when the improvements were attrib-
uted to a placebo effect and further animal experiments with higher doses
revealed safety issues (Pollack 2004). Implants of fetal cells also showed
early promise but were ultimately attributed to placebo effects (Roitberg
et al. 2004).

The conversion of neural progenitor cells to dopaminergic neurons
can be promoted by treatment in vitro with several neurotrophic factors,
including GDNF (Riaz et al. 2004), and ESCs can be genetically engi-
neered to show the dopaminergic phenotype (Kim 2004), suggesting that
modified stem cells could be used in cell therapy for Parkinson’s disease.
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But, as with other proposed stem-cell therapies, an autologous source of
cells that could be engineered or transdifferentiated to provide thera-
peutic functions might be preferable to heterologous cells that would
require immunosuppression. Both retinal and iris pigmented epithelial
cells, which can be isolated from the patient with different degrees of in-
vasive surgery, produce neurotrophic factors including GDNF and are
being investigated for use in cell-based therapy for Parkinson’s disease
(Arnhold, Semkova, et al. 2004b).

Spinal Cord Injury

When implanted into a diseased or injured brain, NSCs can migrate great
distances to the site of disease or injury (Yip et al. 2003). Once there, the
cells presumably respond to local cues and differentiate into appropriate
cell types and integrate into the tissue. Recent studies have also suggested
that these implanted cells can also elicit protective or regenerative re-
sponses from the local cells. The ability of NSCs to migrate within the
central nervous system has also suggested that they may be used as vec-
tors for gene therapy in cases where the gene product is diffusible and can
therefore benefit other cells in the tissue: for example, they could be used
for the delivery of therapeutic proteins and growth factors to promote
axonal repair after spinal cord injury (Lu et al. 2003). Studies have also
suggested that ESCs, induced to differentiate into oligodendroglia pre-
cursors, may have therapeutic effects in the treatment of spinal cord in-
jury by contributing, directly or indirectly, to remyelination (Keirstead
et al. 2005).

Retinal Degeneration

Retinal degenerative diseases, including retinitis pigmentosa and age-
related macular degeneration, represent a major source of untreatable
visual loss. Currently available therapies are not very effective and do not
replace lost neurons. Work on animal systems has shown that trans-
planted NSCs can migrate into a diseased retina and that they can dif-
ferentiate in a manner appropriate to their location (Takahashi et al.
1998;Young et al. 2000). Stem cells specific to the retina (retinal pro-
genitor cells) have been isolated from the retina of mice (Shatos et al.
2001), human abortuses (Kelley et al. 1995;Yang et al. 2002), and post
mortem premature infants (Klassen et al. 2004). In the latter case, viable
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progenitor cells were cultured from the post mortem retina and showed
a gene expression profile consistent with their being immature neuroep-
ithelial cells. These results suggest that retinal stem cells could be col-
lected and could provide the underpinnings for a strategy aimed at treat-
ing retinal degenerative diseases.

Type 1 Diabetes

About one in every four hundred to five hundred children and adoles-
cents in the United States (eight hundred thousand individuals) suffers
from type 1 (insulin-dependent or juvenile onset) diabetes, in which the
insulin-producing cells of the pancreas are lost and the body does not
produce any insulin. A much larger number of people have type 2 (in-
sulin-resistant) diabetes, in which cells of the body fail to respond to in-
sulin. Some type 1 diabetes patients have received pancreas transplants,
and many of these patients’ diabetes symptoms disappear. However, the
demand for transplants far outweighs the availability of donors, and pa-
tients who do get transplants must take powerful immune suppression
medication to prevent rejection of the transplanted pancreas. Other ther-
apies have relied on injection of the pancreatic islet cells, the cells that
actually produce pancreatic insulin, but these cell-based therapies also
rely on available donors (typically two per recipient) and lifelong im-
mune suppression.

Research on potential new cell-based therapies for the treatment of
diabetes has recently begun using ESCs rather than differentiated islet
cells (Berna et al. 2001; Lechner and Habener 2003; Miyamoto 2001).
This approach has the advantage that great numbers of these cells can
be grown in the laboratory, reducing the number of tissue donors needed
and potentially increasing the availability of the treatment to many
more patients. Although scientists have been successful in getting the
stem cells to differentiate into functional cells capable of producing
insulin, it has been difficult to direct them to react appropriately to the
body’s signaling mechanisms that dictate the level of insulin produc-
tion. In addition, some investigators have been using genetic engi-
neering approaches to coerce adult stem cells into producing insulin.
Once the cells do so, however, they are much less inclined to propa-
gate, suggesting that a balance between proliferation and differentia-
tion must be achieved before the technique can have general clinical
applicability.
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Brain Tumors

NSCs have a remarkable ability to migrate through the body and
through normal tissues to accumulate in various types of tumors, both
neural and non-neural (Ehtesham et al. 2002). This provides a potential
avenue to developing radically new types of cancer treatment, especially
for tumors that infiltrate the brain so extensively that they cannot be ef-
fectively removed by surgery or chemotherapy. In such cases, it may be
possible to use the homing ability of NSCs to deliver chemotherapeutic
agents accurately and exclusively to the tumor cells.

In studies on an experimentally induced glioma in mice, NSCs were
implanted either into the tumor or at sites within the brain but distant
from the tumor. When they were implanted directly into the tumor they
spread through the tumor, and when they were implanted into other sites
in the brain they migrated to the tumor and spread through it (Aboody
et al. 2000). Even when they are delivered simply by injection into the
circulation, NSCs can also target both brain tumors and tumors at other
sites, including prostate cancer and malignant melanoma, without sig-
nificant accumulation in normal tissues (Aboody et al. 2000).

NSCs have been genetically engineered to produce various products
that could be delivered directly to the tumor (Yip et al. 2003). They can be
designed to release cytolytic viruses that destroy adjacent cells, to produce
antitumor proteins, or to secrete enzymes that will locally convert inactive
pro-drugs into active chemotherapeutic compounds (Ostenfeld and Svend-
sen 2003). For example, NSCs can be made to produce the enzyme cyto-
sine deaminase, which converts the inactive pro-drug 5-fluorocytosine into
the active 5-fluorouracil. In animals treated systemically with the pro-
drug, these cells are able to reduce tumor mass by 80 percent (Brown
et al. 2003).

In addition to producing antitumor agents, NSCs may contribute to
recovery of tissues damaged by cancer. They may differentiate directly
into neurons and other damaged cell types, but they may also promote
the ability of host cells to replace diseased tissue, especially if they are ge-
netically engineered to produce appropriate neurotrophic factors. NSCs
that are engineered as therapeutic agents can also be specially tagged so
that they can be monitored in vivo after injection (Magnitsky et al.
2005).

Other stem cell populations with homing abilities may be useful in
other kinds of cancer therapy. For example, embryonic endothelial pro-
genitor cells preferentially localize to lung metastases and integrate in
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tumor blood vessels when delivered intravenously into tumor-bearing
mice (Wei et al. 2004).

Cardiovascular Disease

Cardiovascular disease causes about half of the deaths in developed
countries and is likely to become the leading cause of death worldwide
in the near future (Mathur and Martin 2004). Stem cell transplantation
may provide an inexpensive therapy for at least some of the diseases af-
fecting the heart. Most of the cardiovascular problems begin with a myo-
cardial infarction or heart attack, in which blockage of the coronary ar-
tery starves some of the heart muscle of oxygen and nutrients, leading to
death of some of the muscle cells and the replacement of healthy muscle
by scar tissue. The damaged heart is unable to pump normally, and this
can lead to a syndrome of consequences called congestive heart failure.
Current therapy for this disease is limited to trying to prevent the
changes in ventricle structure and the congestive heart failure that fol-
lows myocardial infarction.

Stem cell therapy has been proposed as a means to replace and regen-
erate functional cardiac muscle, rather than just prevent further damage
following a heart attack. This could be achieved either by stimulating the
proliferation of the patient’s cardiac stem cells or by implanting stem cells
from a donor. Animal studies have already shown that injected bone
marrow or fetal liver stem cells can regenerate heart muscle and improve
circulation to the damaged area, suggesting that stem cell transplantation
is feasible and may have beneficial effects (Amado et al. 2005; Lanza et al.
2004; Yoon et al. 2005).

Both human and animal studies have also suggested that cells origi-
nating outside the heart could be involved in its repair. In male recipi-
ents of heart transplants from female donors, biopsies have shown the
presence of male cells in cardiomyocytes of the female heart, indicating
that these cells originated outside the heart and from the recipient’s body.
The bone marrow is a likely source of such cells, raising the possibility
that bone marrow transplantation could be used to supply stem cells for
the diseased heart following a heart attack. The bone marrow also con-
tains endothelial precursors that could potentially be used to induce the
formation of new blood vessels in the affected area (Anversa et al. 2002;
Beltrami et al. 2003; Lanza et al. 2004).

In spite of uncertainties about the experimental studies, clinical trials
of bone marrow transplantation have been carried out on patients with
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severe heart failure (Mathur and Martin 2004). The patients’ own bone
marrow cells or progenitor cells from the blood were injected into spe-
cific regions of the heart or delivered via a catheter, and the patients were
monitored for heart function. No adverse effects have been reported, and
some improvement in cardiac function has been reported in several of the
studies (Mathur and Martin 2004). It is clearly necessary to carry out
large-scale, well-designed clinical trials of stem cell therapy for cardio-
vascular and other disorders (Mathur and Martin 2004).

Metabolic Diseases

As mentioned above, HSC therapy for metabolic diseases has had some
but limited success (Malatack et al. 2003). This limit is particularly true
for the central nervous system. In animal models of some of the lysoso-
mal storage disorders, however, implantation of NSCs into the brain sig-
nificantly ameliorates the detrimental effects of the disease on the brain
(Eto et al. 2004; Shihabuddin et al. 2004). These data suggest that com-
bination stem cell therapy, using HSCs for the periphery and NSCs for
the brain, might be a much more effective treatment strategy for these
patients. In addition, transplantation of another stem cell component of
bone marrow, the mesenchymal stem cells, may be beneficial for the
bone and cartilage defects found in these diseases (Koc et al. 2002).

Osteoporosis

In studies on mammalian model systems, implants containing mes-
enchymal stem cells have shown positive effects on tissue repair for bone
and tendon (Dennis and Caplan 2003). Introduction of mesenchymal
precursor cells into the circulation is also being tried as a method to
counteract age-related osteoporosis or as a cure for osteogenesis imper-
fecta, but the cells appear in the bones and other target tissues only at
a low frequency (Dennis and Caplan 2003).

avoiding or overcoming immune rejection 
in stem cell transplantation

One of the major problems with transplantation of any kind is the pos-
sibility of immune rejection of the transplanted tissue. During immune
rejection, the immune system of the recipient of the transplant recognizes
the transplanted cells as foreign and mounts a robust response to remove
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them. This can result not only in the loss of the transplanted cells but also
in the death of the recipient. Currently, the only way to avoid immune
rejection altogether is to have the cells that are transplanted come from
an identical twin of the recipient or from the recipient him-/herself (an
autologous transplant). Clearly, the former happens only very infre-
quently. The latter can happen in the case where bone marrow is har-
vested from the recipient, is cleared of cancer cells—for example, in the
laboratory—and then is put back into the recipient. This is also a rela-
tively rare occurrence.

Currently, two strategies are used to prevent or reduce the extent of
the destructive immune response: suppression of the immune system
with drugs and careful HLA matching of the donor to the recipient. Re-
cently, advances in ESC research have suggested a new approach: so-
matic cell nuclear transfer (SCNT), which is used to produce an ESC line
that is derived from, and therefore theoretically immune matched to, the
recipient (Lanza et al. 2004). Another approach is pretransplantation in-
duction of immune tolerance with cells derived from the same ESC line
to be used to derive the cells needed for therapy (Beyth et al. 2005;
Fairchild, Cartland, et al. 2004; Fairchild, Nolan, et al. 2005). Finally,
an expansion of the concept of autologous transplantation to include
treatment of other tissue types provides an immune rejection–free
approach.

Immunosuppression

It is anticipated that the use of stem cells from nonautologous (allo-
geneic) donors will require the same kind of immunosuppression that is
being used with other organ transplant therapies. This is clearly true for
HSCs and presumably will also be true for other adult stem cells. Im-
mune suppression, however, may put the recipient at risk for infection,
and should lifelong immunosuppression begin in early childhood, the
risks are greatly magnified (Davies et al. 2005; Rianthavorn et al. 2004).
There is some evidence that ESCs may not elicit the same kind of immune
response that is associated with transplantation of more mature cells or
tissues. Injection of ESCs into immune-competent mice failed to induce
an immune response (Li et al. 2004), suggesting that any ESC line may
be immunologically compatible with any recipient, obviating the need
for either therapeutic cloning or a large ESC bank. These studies, how-
ever, must be replicated and expanded to include specific differentiated
cell types (Li et al. 2004).
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HLA Matching

HLA matching remains the single most effective method for minimizing
immune rejection. With HLA matching the idea is to use donor cells with
immunogenic properties that are similar to those of the recipient, mini-
mizing the extent of immune rejection. As HLA subtypes are genetically
determined, the first donors considered are the patient’s siblings. Even
when sibling donors are used for bone marrow transplantation, the
chances of success are much higher if the donor is fully matched for
HLAs. However, the chances of a sibling being completely matched are
only 25 to 30 percent, so unrelated donors are often used despite high
mortality rates, which are up to 40 to 50 percent in older recipients
(Lewis 2002). At present, only about 70 percent of transplant patients
can find an appropriate immunologically matched, unrelated donor
through the National Marrow Donor Program and other similar entities
that have a combined pool of six to seven million potential donors
(Goldman and Horowitz 2002); the remaining 30 percent are trans-
planted with a less-than-ideal match and/or die (Ringden et al. 2004).
Similar problems are likely to arise in other examples of allogeneic stem
cell therapy.

Somatic Cell Nuclear Transfer

One solution to the potential problems of immune rejection of trans-
planted stem cells would be to generate stem cells genetically identical to
the patient. In principle, this can be done by replacing the nucleus of a
donor egg with a nucleus from a somatic (body) cell of the patient and
growing up the resulting blastocyst for a new stem cell line, which could
be used in stem cell therapy. This process of SCNT has been shown in
animal models (Lanza et al. 2004). Since bone marrow transplants can
be used successfully for treatment of some of the hematologic malig-
nancies, and given the constraints of HLA matching, a first clinical ap-
plication of ESCs produced by SCNT might well be the treatment of
patients with hematologic disorders for whom a matched bone marrow
donor cannot be found. Three confounders, however, threaten the ap-
parent simplicity of this approach to the problem of immune rejection:
(1) to date, only one laboratory has been successful with human nuclear
transfer (Stojkovic et al. 2005), suggestive of its technical difficulty; (2)
matching of the mitochondrial genome, which contributes to the minor
histocompatibility complexes, is not solved with this approach (Beatty
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1997; Simpson 1998), suggesting that immune rejection problems may
persist after SCNT; and (3) the availability of egg donors is unlikely to
satisfy the potential demand (Dickenson 2004; Magnus and Cho 2005).

Induction of Immune Tolerance

As mentioned above, even though SCNT has the potential to produce
immune privileged cells that may not be recognized and therefore to
avoid rejection by the host’s immune system, there is still the potential of
rejection due to the residual mitochondrial DNA protein products that
will be produced by these cells. It is unlikely, therefore, that fully differ-
entiated cells from ESCs, derived from in vitro fertilization (IVF) or
SCNT, will fully evade immune rejection. One strategy is to use tolero-
genic immune cells, derived from the ESC line from which the differen-
tiated cells to be transplanted will be derived, to induce a state of immune
tolerance in the host (Priddle et al. 2005). In this procedure, a subpopu-
lation of HSCs, dendritic cells, would first be derived from the ESCs and
transplanted into the recipient. The dendritic cells would “train” the re-
cipient’s immune system to accept other cells derived from the same ESC
line (Fairchild, Cartland, et al. 2004; Fairchild, Nolan, et al. 2005). The
subsequent transplant of differentiated cells would therefore not be rec-
ognized as foreign by the recipient’s immune system and would not be
rejected. For this approach to be successful, however, a reliable method
for the derivation of dendritic cells from ESCs would have to be per-
fected, and the transplantation procedure for the reliable induction and
validation of immune tolerance would have to be devised. One impor-
tant implication of this approach is that any ESC line would be suitable
for transplantation into any patient, minimizing the number of ESC lines
that would otherwise be necessary for widespread use. Another implica-
tion here is that since transplantation of differentiated ESCs would have
to be delayed until immune tolerance was induced, diseases or injuries
that might require transplantation before that point might not be candi-
dates for this approach.

Expansion of Autologous Transplantation

A final approach, and one that has received considerable attention, is
autologous transplantation. As mentioned above, autologous transplan-
tation is currently used when a patient’s own bone marrow is removed,
cleared of cancer cells, and transplanted back into the patient. In this
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case, bone marrow replaces bone marrow; the functions of the removed
cells are identical to the functions of the transplanted cells. Recent re-
search, however, has suggested that it may be possible to change the
function of the removed cells so that, when transplanted back into the
patient, they may assume new roles. Thus it may be possible to use bone
marrow stem cells to treat non–bone marrow diseases such as heart and
brain diseases. In this case, therefore, since the cells come from the pa-
tient who is being treated, immune rejection is not an issue. A specific
subpopulation of bone marrow stem cells, mesenchymal stem cells, is al-
ready in clinical trials for the autologous therapy of heart disease and
stroke.

scientific issues arising in stem cell therapy

Use of Animal Cells or Products

Feeder cells from other mammals have often been used for the culture of
ESCs, and this may limit the use of the stem cells in therapy according to
current FDA regulations (Klimanskaya et al. 2005). However, this reg-
ulatory hurdle can be cleared by demonstrating that the ESCs grown on
nonhuman feeder cells do not carry nonhuman (or human) pathogens
(viruses, bacteria). In addition, it has recently been shown that ESCs cul-
tured in the absence of animal cells but in the presence of animal cell–de-
rived products may show the presence of animal-specific molecules
(Martin et al. 2005). Although it has been suggested that this may obvi-
ate the use of the cells for therapeutic applications, the clinical use of sim-
ilarly treated cells or other implantable products has been underway for
many years (FDA Xenotransplantation Action Plan). In addition, it is
possible to significantly reduce the animal components simply by culture
of the cells in non-animal-based systems (Martin et al. 2005).

Quantitative and Qualitative Limitations of Adult Stem Cells

Unlimited growth potential as well as multipotency distinguishes ESCs
from adult stem cells. First, adult stem cells cannot yet be grown indefi-
nitely in vitro, and this limits the number of experiments or transplan-
tations that can be accomplished with a given cell line, although for
autologous transplantation this is a minor concern. Second, because of
their multipotency ESCs can be used for multiple applications, including
the replacement of multiple tissues or cell types in a patient; adult stem
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cells do not appear to have this degree of plasticity. This is particularly
important, as many diseases cause loss or abnormalities of more than
one cell type. Although adult stem cells have recently been shown to have
greater differentiation potential than once thought, their range of po-
tential, at present, is much narrower than that of ESCs.

Tumor-Forming Potential of ESCs

One of the basic properties of undifferentiated ESCs is their ability to
form a certain type of tumor called a teratoma. Implantation of this type
of cell, therefore, carries substantial risk (Arnhold, Klein, et al. 2004).
Undifferentiated ESCs are thus unlikely to be used directly in therapeu-
tic applications. Differentiation of an ESC eliminates its capacity to form
a tumor. Thus ESCs will be used to generate lines of cells that are at least
partially differentiated, and these derived cell lines will be used thera-
peutically (Lanza et al. 2004). However, it will be important to demon-
strate that no undifferentiated cells remain.

Assessing the Genetic Normality of ESCs

There is currently no way of knowing whether ESCs are genetically nor-
mal and would be safe to use in stem cell therapy (Allegrucci et al. 2004).
Indeed, long-term safety studies may well take decades to complete. The
technique of IVF, which provides the starting material for the derivation
of ESCs, often produces genetically abnormal embryos (De Rycke et al.
2002; Niemitz and Feinberg 2004; Schieve et al. 2004). After IVF, failure
to implant or tendency to miscarry is closely correlated with, and prob-
ably caused by, abnormal numbers or types of chromosomes in the cells
of the embryo. Many of the chromosomally abnormal embryos are prob-
ably lost before they are even detected. However, new data suggest that
IVF is associated with a high incidence of low birth weight and of gene-
tic defects such as Beckwith-Wiedemann syndrome, Angelman syndrome,
and retinoblastoma (Niemitz and Feinberg 2004; Van Steirteghem et al.
2002). In IVF clinics this problem is being addressed using preimplan-
tation genetic diagnosis (PGD), wherein the embryos are genetically
evaluated using high-sensitivity molecular techniques (amplification by
polymerase chain reaction followed by DNA sequence analysis, or fluo-
rescence in situ hybridization, or comparative genomic hybridization),
and only blastocysts that show no detectable abnormalities are implanted.
Application of PGD to IVF has significantly increased implantation rates,
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reduced spontaneous abortions, and reduced chromosomally abnormal
conceptions. Similar techniques could be applied to ESCs before they are
used in therapy.

ethical issues arising in stem cell therapy

The complex ways in which transplanted stem cells may benefit the pa-
tient raise important ethical issues. For example, to anticipate the limited
availability of HLA-matched siblings, at least nine couples have already
preselected embryos, in an IVF setting, that would be the best tissue
donors for their existing children. Embryos were screened by PGD HLA
testing, and the selected embryos were implanted to create five healthy
babies that could serve as stem cell donors for their siblings who suffered
from leukemia or anemia (Verlinsky et al. 2004). This raises an impor-
tant ethical issue, since it is the first example of the use of PGD to select
embryos based on their potential benefit to others rather than on their
own future health.

Other examples include clinical trials being started and stem cell treat-
ment programs being offered without any clinical trials, involving trans-
plantation of stem cells with very little knowledge of whether the treat-
ment will work or about the mechanisms of any effect that does occur.
At least five companies are offering stem cell therapies in countries where
the regulations governing experimental procedures are less stringent than
in the United States. This is bypassing the generally accepted goals of
clinical trials to show, first, that the proposed treatment does not cause
harm, and, second, that it is effective.

Of course, similar ethical issues have arisen in many other areas of
medicine, since the precise mechanism of many new therapies, especially
pharmaceutical ones, is incompletely understood. However, the issue
is heightened in the case of cell-based therapies, since the mechanisms of
action are likely to be much more complicated than is the case for more
conventional therapies, since reversing the transplantation may not be
possible, and since cell-based therapies are being promoted as a poten-
tial solution for many major injuries and devastating, progressive, and
otherwise incurable diseases. In these cases the patients and their fami-
lies can be desperate enough to try innovative, risky, and expensive ap-
proaches with very little proof that they will be helpful. It is difficult to
deny them this one glimmer of hope. However, lessons from the gene
therapy story show that the hasty application of innovative therapies can
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be disastrously harmful to the patient and counterproductive for the field
(Grilley and Gee 2003; Rubanyi 2001; Somia and Verma 2000).

Finally, with regard to the level of optimism that has been generated
over the potential of stem cell therapies to cure diseases and heal injuries,
it is important that from time to time a realistic appraisal of this opti-
mism be made. As an example, spinal cord injury (SCI) has been in the
spotlight as one of the nervous system injuries that could best benefit
from stem cell therapies (McDonald et al. 1999). A well-known actor,
Christopher Reeve, suffered a spinal cord injury himself and became a
very effective spokesperson for patients with SCI. His foundation reports
that 250,000 Americans are currently spinal cord injured and that every
year an additional 11,000 Americans become spinal cord injured
(Christopher and Dana Reeve Foundation 2007). In a speech to sup-
porters in Iowa on October 10, 2004, John Edwards, a Democratic sen-
ator from North Carolina and vice-presidential candidate for the 2004
election, stated, “If we can do the work that we can do in this country—
the work we will do when John Kerry is president—people like Christo-
pher Reeve are going to walk. Get up out of that wheelchair and walk
again” (QuickOverview.com 2007). Thus the level of “hype” reached its
maximum. Unfortunately, at that time there was not a single, published,
peer-reviewed, scientific study that showed a positive effect of human
embryonic stem cell therapy in any animal model of SCI, much less
human SCI. Subsequently, a study published by Keirstead et al. in 2005
did show a modest effect of transplantation of cells differentiated from
human embryonic stem cells in a rat model of SCI. An more important
finding of that study, however, was that the effect was only seen in ani-
mals that had a recent (and moderate) injury; there was no effect seen in
animals with chronic injury. The implication, therefore, is that at this
time no patient with SCI is likely to benefit from this therapeutic ap-
proach; the only persons who might benefit are those that have not yet
been injured and who suffer the injury in the future, after clinical trials
with human ESC-derived cells have demonstrated the safety and efficacy
of this therapeutic approach. This is not likely to occur for at least
another five years and probably much longer than that.
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As a moral philosopher, the perspective I will take in this chapter is one
of argumentation and informed judgment about two main questions:
whether individuals should ever choose to conduct human embryonic
stem cell research and whether the law should permit this type of re-
search. I will also touch upon a secondary question, that of whether the
government ought to pay for this type of research. I will discuss some of
the main arguments at stake and explain how the ethical conflict over
these questions differs from the political conflict over them. I will be
guided throughout by the assumption that the unique scientific and clin-
ical promise of human embryonic stem cell research is significant. Those
who have doubts about this assumption should consult other chapters in
this volume in which the issue is addressed directly.

I begin with one of the basic facts relevant to the ethical issue of stem
cell research: you and I, along with everybody else we know, developed
out of clumps of primordial cells, which happen to be the very same
clumps that serve as the source for human embryonic stem cells in the
laboratory. Let us call these “source cells” for short, since they can be
used in this way. Each individual has developed into whatever she is now
out of a one-celled animal, which then became a blastocyst, a multicelled
human embryo. These blastocysts are partly made up of an inner mass
of cells, and the body of every adult person has developed out of this
inner mass. It is this very same clump from the inner part of the blasto-
cyst that consists of source cells for human embryonic stem cell research.
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These cells can be extracted and grown into a laboratory specimen of
extraordinary interest to scientists.

Before discussing the significance of the fact that all humans originate
from these source cells, it is useful to begin by asking some perhaps
rather simple-minded questions about how any one of us knows this fact
to be true in the first place. How do I know that I developed from a sin-
gle cell, and then a blastocyst? In my own case, the main way I know this
is that other people have told me so. I am a human—or so it is said—and
scientists tell me that this is how humans develop. And I have every rea-
son to think that scientists are telling the truth. It fits with what I know
about procreative sex that between the point at which sperm meets egg
and the time when the pregnant mother is carrying a fetus, there is an
embryo inside her. This embryo, at one stage, becomes a blastocyst con-
taining source cells. I take it that I was also conceived by my parents in
this way and born in this way, and therefore that I too developed from
a clump of source cells. These are the basic considerations that support
my beliefs about the spatiotemporal contiguity of one particular clump
of source cells with my present self. These beliefs come from knowledge
acquired by a whole range of scientists over a considerable period of
time, and this knowledge has gradually trickled down to me.

I do not remember being a single cell or a (part of a) blastocyst, so my
belief that I developed out of a one-celled animal or a blastocyst is not
based on experiential memory. One-celled organisms do not have the
ability to store memories, so I am not able to recall any such memories.
I do not remember when I first started remembering things; in fact, the
occasion of my first memory is no doubt long forgotten. It happened be-
fore the first memories that I still remember now were impressed upon
my mind. But I believe I can say with total certainty that I do not now
remember, and I have never remembered, anything from the day when
I was a one-celled animal, or for that matter from my blastocyst period.

Since I do not remember being a clump of source cells, it is hard for
me to think of that clump of source cells as me. It is difficult to identify
with the clump. The mere fact that the clump and I are spatiotemporally
contiguous with each other is not enough to imply that it was me; it is
not enough to imply, in other words, that I already existed so many years
ago, in the form of a clump. The blastocyst, after all, did not have my
mind and my awareness, or the ability to remember anything; in fact,
about all it had of mine were some biological (e.g., genetic) similarities
and my immediate family. Of course, it can also be said that when I am
asleep and not dreaming I have no awareness of my surroundings and
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I do not have experiences that can be remembered. But my mind, my
memories, and my ability to remember do not go out of existence when
I am asleep; they simply go into remission. The blastocyst does not have
a mind in remission, with a personal history; it does not have a mind at
all. From this point of view, it is highly problematic to say that you and
I were once blastocysts, as if the awareness and personal history, and
ability to remember, with which we now identify, already existed at that
earlier time. We should instead say, less problematically, that we devel-
oped out of blastocysts.

With these thoughts in mind, we can go on to consider one of the im-
portant starting points for thinking about the ethics of human embryonic
stem cell research. For many people, the central problem with stem cell
research is that, had the source cells out of which you and I developed
been used for stem cell research and then destroyed, then you and I
would never have existed. We would never have had our lives, and we
would not be doing whatever we are doing today. This fact is disturb-
ing, since there is much that we would have lost by never existing, such
as our entire lives, our children (if we have any), and so on. This, I think,
is one of the basic facts that make people wary of the ethical permissi-
bility of human embryonic stem cell research. It would seem that there
are future people whose lives would never occur, were we to use human
embryonic stem cells for research today. And by never having their lives
occur, there is much those future people will lose. Let us call this the Loss
of Future Life Problem for human embryonic stem cell research.1

It is important to distinguish this argument from the argument that
when people use contraception, or even when they simply decide not to
have procreative sex, they often thereby cause the loss of future human
life by failing to cause all the possible people they could bring into exis-
tence to become actual persons with lives. The argument I am consider-
ing here does not assert that any action or omission that does not max-
imize the total amount of future life is therefore bad. Instead, the
argument is that when there is a particular entity already on its way to-
ward becoming a person, then depriving that entity of its future life, or
making it lose the future life it otherwise would have had, is bad.

This way of framing the argument does not presuppose that I actually
existed already—that I was already a person, namely, myself—during the
blastocyst phase of my development. All that is required for the Loss of
Future Life Problem is that the blastocyst is an entity with a likely future
as a person, not that it is a person already. This is good because, as we
were discussing above, the claim that a blastocyst is a person is difficult
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to defend: it runs into the difficulty that the blastocyst has no conscious
mind, no awareness, and no personal history or ability to remember,
whereas persons, of whom I am one, have minds and are identified
strongly with those minds and with the associated abilities to think,
remember, and have experiences.

Despite the intuitive force of the Loss of Future Life Problem, propo-
nents of research using human embryonic stem cells can make a strong
counterargument to it. To begin with, they can point out the overall con-
sequences of doing such research: even if there is some possible future
life that is lost when embryos are not implanted but are instead used for
biomedical research, there is also a great deal of future life that can be
gained because of that research—or so it is reasonable to predict. More-
over, the future life that can be gained can be gained not by merely pos-
sible people but by actual people who will already exist by the time the
benefit comes to them. The potential benefits of such research to actual
persons, down the road, are such as to cancel out the loss of life to merely
possible persons.2

Most people, of course, do not regard the consequences of a particu-
lar action, in terms of pure benefit and harm, to be decisive in settling the
question of whether that action is morally permissible. For example, if
we could kill some actual persons in order to harvest their healthy or-
gans, so that a greater number of other persons could live longer by hav-
ing these various organs transplanted into them, the fact that there
would be an overall benefit in terms of the number of years lived would
hardly count in favor of the killing from a moral point of view.3 These
ends do not justify these means. So, if the Loss of Future Life Problem is
a decisive moral problem for human embryonic stem cell research, then
the fact that a large number of people can be saved by such research is
not a persuasive refutation of that problem.

However, the particular blastocysts that are, or would be, used by
researchers are not on their way to having future lives. This is because
of how they are acquired. One source of blastocysts is the pool of em-
bryos frozen during in vitro fertilization (IVF) procedures and never im-
planted. In this case the particular stem cells in question do not come
from a creature that is currently on its way toward developing into an
adult human being. Therefore, there is no loss of future life involved in
the decision to use stem cells from these embryos for research. Any de-
cision that did lead to the loss of future life has already occurred at some
earlier time, through the decision of the person or persons contracting
for IVF services not to implant one or more of the embryos created by
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the clinic. Thus the Loss of Future Life Problem does not apply to the
particular human embryonic stem cells that come from this source.

Of course, the Loss of Future Life Problem can be raised as a problem
for IVF practices themselves. Although the ethical question of assisted
fertility is a complicated issue in its own right, it is worth discussing for
a moment because of its intimate relation to the issue of embryonic stem
cell research. It might be thought that when embryos are created for pos-
sible use in fertility procedures but not implanted they are being deprived
of future life. In fact, however, this is not so clear. By itself, neither an
egg nor a sperm can be deprived of future life because neither has the po-
tential to develop into a whole person by itself. Hence, removing egg and
sperm from persons for laboratory use does not in itself deprive any per-
son of future life. Only removing a fertilized embryo from a woman and
not reimplanting it results in the loss of future life. However, when fer-
tilization occurs in vitro, outside the body, the fertilized egg is not being
deprived of future life if it is not implanted. A fertilized embryo in vitro
is not on its way toward a future life; left by itself it will inevitably die.
It is only after it is implanted that that it begins on a developmental path
toward personhood. Hence, not implanting an embryo fertilized in vitro
does not cause it to lose future life that it otherwise would have had;
rather, it simply omits to confer future life that the embryo otherwise
would not have had.4 This is quite a different thing: failing to create
future life is not morally problematic in itself.

In any case, the fact is that IVF practices are currently legally permit-
ted, and there are many spare embryos already in existence that will
never be implanted. Certainly they will not lose future life by being used
for research. Thus, even if we concluded that IVF practices should be
stopped, we would still need to address the separate question of what to
do with the extra frozen embryos that already exist. If the alternative is
simply to leave them in frozen storage, then it matters quite a bit that we
could instead use these embryos for the ultimate goal of saving lives.

Embryonic stem cells for research can also come from donated egg
cells and from embryos that are created expressly for the purpose of gen-
erating new stem cell lines.5 Egg cells can be fertilized in the lab, or, if we
are to believe the results of an infamously fraudulent Korean study, they
can be turned into quasi-embryos without fertilization, through the pro-
cess of somatic cell nuclear transfer.6 In terms of the Loss of Future Life
Problem, the key question is again whether the embryo is being deprived
of future life, and again the answer depends on whether the embryo is
removed from a woman’s reproductive system, in which case it is likely
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that it is being deprived of future life that it would otherwise go on to
have. If fertilization takes place outside a woman’s body, by contrast,
then the embryo is not already on its way toward a future life, so de-
stroying it does not deprive it of that particular future. The same goes for
a quasi-embryo created outside the body.7

So far, we have been leaving aside the most important part of the
counterargument to the Loss of Future Life Problem. The important
point is that, had the stem cells that eventually developed into me been
used for medical research instead, then I would have no complaint
against that happening, because, after all, I would never have existed.
Only existing people can be harmed through the deprivation of future
life. Merely possible people cannot be harmed in this way; indeed, they
cannot actually be harmed at all. This is because merely possible people
do not exist. It is misleading to chalk up what I would have lost by not
having developed and been born, as if the whole sequence of my subse-
quent life already existed, and were of value to me, before I existed. Al-
though it matters to me now whether my future happens, this does not
imply that it mattered, or should have mattered, to the blastocyst that be-
came me, or that it should have mattered to somebody else on its behalf.
This is because, at that time, what is now my future did not belong to
any existing person. It only came to belong to me later, when I became
a person.

I should say right away that I think this counterargument—especially
the last part of it, which is conclusive in itself—is successful and that the
Loss of Future Life Problem does not show that human embryonic stem
cell research is morally impermissible. However, there are a couple of
other approaches that the opponent of human embryonic stem cell re-
search can take in trying to articulate her objection to the practice, and
I will try to explain these now.

I will first discuss what I will call the full moral standing approach.
The idea is that we ought not to use stem cells in biomedical research be-
cause the human embryos from which they come have full moral stand-
ing already. This can be contrasted with the approach we were just con-
sidering, which does not take a position on the moral standing of human
embryos but merely asserts that human embryos are the entities out of
which beings with moral standing develop. To say that some thing has
full moral standing is a shorthand way of saying that the thing is worthy
of moral consideration in itself, in the way that a person is, and in addi-
tion that it is not worthy merely in relation to some other thing that has
moral standing. For example, if it were true that some ancient oak tree
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had full moral standing, then it would be the case that it ought to be
respected in certain ways for its own sake. Nobody ought to sacrifice it
for the sake of botanical research, or even for the sake of building a
hospital—not even if it was the last tree available and there were no other
building materials. But, as this example suggests, simply saying that
something has moral standing does not give it moral standing. (I am in
no way suggesting, for my own part, that that any oak tree actually has
moral standing equivalent to that of an adult human being. My point is
just that to propose that idea as a reasonable one I would need to offer
an explanation of why it is the kind of thing that is worthy of moral con-
sideration in itself.)

If it were true that human embryos had full moral standing, then one
thing that I would have to do to respect them would be to refrain from
tearing off pieces of them to use for my own biomedical research, even
in order to save lives. We do not, after all, tear pieces off of living adult
persons, or children, without their consent, to use in saving the lives of
others. So it is important to ask: What is the basis of moral standing,
such that we can decide whether a thing has it or not? Although this has
been a subject of considerable debate, much of the debate has concerned
issues that are not relevant to stem cells. For example, there has been a
debate over whether what is required for moral standing is autonomy
(self-governance), self-awareness (“self-consciousness,” as philosophers
call it), or mere sentience (consciousness) by itself. Many nonhuman an-
imals, for example, are sentient but not self-aware or autonomous, and
the debate over which of these things is the basis of moral standing car-
ries implications for how we should treat these animals.8 But since a blas-
tocyst is not autonomous, self-aware, or even sentient, the nuances of
that debate are irrelevant here. For this reason let us focus only on those
views that do assign human blastocysts moral standing. I will consider
two of these: the species view and the divine-conferral view.

I will consider the species view only briefly because it has already been
considered and criticized elsewhere.9 It holds that the basis of moral
standing is membership in the human species. According to the view, any
human being, even a very undeveloped, comatose, or severely cognitively
impaired human being, has moral standing in virtue of species member-
ship. This view implies that embryos, who are also members of the
human species, have moral standing. Hence they are worthy of respect
in the way that other humans who cannot represent their own interests
are worthy of respect. In particular, because embryos cannot speak for
themselves and cannot protect their own well-being, people must protect
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their well-being for them and must take them into account, just as they
would take any other human being into account.10

The species view is usually criticized on the grounds that it is arbi-
trary. The assertion that a being has moral standing in virtue of its mem-
bership in the human species stands in need of further justification; by it-
self it does not render the idea of moral standing intelligible. Differences
in species do not carry any obvious moral significance in themselves. This
is brought out by the fact that it is perfectly imaginable that there might
exist members of another species, very much like us in respect of their
intelligence, way of life, and even appearance—yet these creatures would
not be deemed worthy of full moral consideration by the species view be-
cause they were not members of the human species. The accidental fact
that we know of no such creatures does not constitute a response to the
objection because the species view implies that such creatures would not
be worthy of moral consideration if they existed, and this seems plainly
false. Since the view carries a false implication, it must be mistaken.

In addition, the species view is overinclusive. It is overinclusive be-
cause it implies that both sperm and egg, which are (haploid) members
of the human species, have moral standing equivalent to that of adult hu-
mans. This seems counterintuitive. Although it would be possible to con-
fine moral standing to diploid members of the human species, there is no
justification for doing so that is not arbitrary or ad hoc.11

Other possible reasons might be offered to support the species view.
For example, it is sometimes said that providing a guarantee of moral
standing to every (diploid) member of the human species, including
embryos, is conducive to mutual respect among all persons. In particu-
lar, treating embryos with respect enhances our ability to accord people
dignity throughout their lives. This might be offered as a justification for
treating every member of the human species, including human embryos,
as having full moral standing. But what is striking about this kind of ar-
gument is that it does not support the conclusion that every member of
the human species has moral standing. It merely supports the conclusion
that every member of the human species ought to be accorded moral
standing—whether or not it actually has that standing—because doing
so helps to achieve better human relations all around. This is not just a
quibble over wording. If a person has no other reason to regard a thing
as having moral standing, besides this argument, then it will seem to her
that she is being asked to participate in an elaborate pretense of respect
toward an object that does not merit respect in its own right. It is espe-
cially difficult to defend this pretense when it carries high costs, such as
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preventing the acquisition of interesting and valuable knowledge, or pre-
venting research that could save the lives of sick people. And in fact, since
the argument depends on an unsubstantiated claim about what will lead
to better human relations, it is not easy to defend.

Let us now turn to the divine-conferral view of moral standing,
which holds that the reason why human embryos have moral standing
is that God has conferred moral standing upon them. For example, in
some Christian traditions, there is a belief that moral personhood be-
gins at conception and that the human embryo is a member of the moral
community.12 This view is thought to be supported by Scripture and
tradition. However, rather than considering the details of any particu-
lar version of the view, here I will consider what is common to its many
versions.

To understand and evaluate the divine-conferral view of moral stand-
ing, it is necessary to explain what kinds of things can be said to support
it. I think that religious and nonreligious persons alike would agree that
the grounds for believing that God has conferred moral standing on
some being come only from the following sources: from religious expe-
rience (e.g., a revelation of some kind, or the answer to a prayer) or from
some text or religious authority (e.g., the Bible or a religious leader).

The important thing to note is that it does not make sense to expect
that other reasonable persons will equally appreciate either religious-
experiential or authority-based sources of belief. Different people have
different religious experiences or no religious experiences at all; they ad-
here to different religious authorities or to no religious authorities at all.
They are not unreasonable merely because they do not have the particu-
lar religious experience that is taken to support the claim that human em-
bryos have moral standing or because they do not accept some particular
religious authority on the matter as genuinely authoritative. Therefore,
the divine-conferral view does not provide an adequate justification to
these other people for the claim that we should not use human embryonic
stem cells for research.13

Is there anything, then, that the opponent of human embryonic stem
cell research can say to support the claim that human embryos have the
same moral standing as adult human persons, something that ought to
convince others who are initially unconvinced? I think that the answer
to this question is “no.” There is nothing, other than a religious or meta-
physical conviction, to support this view. And one’s own religious and
metaphysical convictions, whatever merit one sees in them for oneself,
have no rational force unless they are backed by reasonable arguments.
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Moreover, simply saying that something has moral standing does not
give it moral standing. I can say that the oak tree has moral standing, but
that does not thereby make it the case that it does have moral standing.
Suppose a hospital is really needed and the oak tree is the only source of
lumber. Must it simply be accepted that the oak tree has moral standing
and cannot be destroyed in order to build the hospital? Of course not.
Because without a hospital there will be lives lost, it is terribly important
to have something to say that will convince people affected by the deci-
sion that the oak tree is worthy of moral respect. Without this, one will
have failed to justify why the tree cannot be destroyed for this purpose.

An alternative to the full moral standing approach is to hold that
human embryonic stem cells have moral standing of a different sort from
that of actual infants, children, and adult human persons. The most
promising way of explaining this is to argue that the value of human em-
bryos left over from IVF procedures is similar to the value of human
body parts or recently deceased persons. We should think of human
embryos, like human body parts or recently deceased persons, as having a
special moral standing in virtue of their symbolic connection to a human
life. This moral standing is not as strong as that attached to complete ac-
tual persons. However, it does imply obligations of care and responsibility
that do not attach to ordinary property.

The best advocate of this view is Bonnie Steinbock. As a way of try-
ing to articulate the idea of moral standing in question, Steinbock com-
pares the standing of human embryos with the moral standing of recently
deceased persons. She quotes Joel Feinberg:

As Feinberg explains: “It would be wrong, for example, to hack up Grand-
father’s body after he has died a natural death, and dispose of his remains
in the trash can on a cold winter’s morning. That would be wrong not be-
cause it violates Grandfather’s rights; he is dead and no longer has the same
sort of rights as the rest of us, and we can make it part of the example that
he was not offended while alive at the thought of such posthumous treat-
ment and indeed even consented to it in advance. Somehow acts of this kind
if not forbidden would strike at our respect for living human persons (with-
out which organized society would be impossible) in the most keenly
threatening way.”14

Steinbock comments approvingly, “Just as disrespect for dead bodies can
strike at our respect for living persons, so, too, I want to suggest, can in-
appropriate treatment or use of embryos. Embryos, as much as dead
bodies, are a “potent symbol of human life,” and for that reason have
moral value and deserve respect, even though they lack interests, rights,
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and (therefore) moral [standing].”15 Now, what is pertinent about this
alternative approach to the moral value of human embryos is that we can
accept it and still go on to say that human embryonic stem cell research
is morally permissible. This is because of the implications of the analogy.
It is entirely consistent with our idea of respect for the dead, or respect
for body parts, that we may permissibly use dead bodies in research, or
use body parts for research, or for organ and tissue transplantation.
Likewise, it can be a way of treating a frozen human embryo with respect
to employ it to help those who are alive. In fact, this act of using the em-
bryo to save lives can have a very positive symbolic significance. Rather
than letting an embryo go to waste in permanent frozen storage, or al-
lowing an embryo that would have had no future as a human being any-
way to die uselessly, it can instead come to have a new life and signifi-
cance as a highly valued material that will help others to live.

Thus it does not follow from this alternative approach that human
embryonic stem cell research is morally impermissible. On the contrary,
this alternative approach affords us a way of investing human embryonic
stem cell research with a kind of ritual significance as a way of respect-
ing human life. Because the symbolism is plausible, it is reasonable to
hold that the symbolic value of stem cell research is positive.

Still, I do not expect that resolute opponents of human embryonic
stem cell research will accept the view on which using human embryos
for research is a way of respecting them. They will reject the symbolism
I have described and adhere instead to the view that such research in-
volves killing human beings, or at a minimum involves something like
the misuse of body parts. They will not be persuaded by the counterar-
guments I have given here. They will remain morally opposed to this
research.

However, there is one final strategy that the opponents of stem cell
research can use to try to show that we should not conduct human em-
bryonic stem cell research. This strategy is based, not on the fact of the
intrinsic immorality of human embryonic stem cell research—which has
proven to be an argumentative dead end, or at least a stalemate of
symbolism—but instead on the very fact that many people are offended
by, or even disgusted by, such research.16 Although others may not be
rationally obligated to accept the reasons these offended people have for
feeling the way they do, this does not change their feelings, and we
should at a minimum accept the principle that, other things equal, we
should try to avoid causing people to feel offense or disgust. In this way,
the opponents of human embryonic stem cell research can appeal to their
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own feelings of offense as a reason for others not to conduct such
research.

This line of thinking may be enhanced where government money is
concerned. For if the government financially supports human embryonic
stem cell research, it is, in effect, acting on behalf of all the citizens from
whom it draws taxes. I think it makes sense that it compounds the
offense or disgust of the person opposed to human embryonic stem cell
research to know that, not only is human embryonic stem cell research
going on, but furthermore it is being supported by the government in
that person’s name.

The problem, of course, is that there is a trade-off between the re-
sentment that would be felt by those on either side of the issue if the mat-
ter were not decided in their favor. Many patients with currently incur-
able diseases and their advocates would resent restrictions on human
embryonic stem cell research and its funding; those who maintain that
such research is morally impermissible would resent the legal permissi-
bility of such research and the effort to give it public funding. Both par-
ties belong to the same political society, so the conflict cannot be avoided.
If the issue is not to be decided through rational argument, then the prob-
lem is how to resolve the issue in some other way that the parties to the
conflict can accept.

It is at this point—where straightforward moral reasoning is discon-
tinued, and we begin to take people’s moral disagreement as a given—
that the issue becomes a distinctively political issue. To get past a fun-
damental moral disagreement, the two parties to the disagreement can
adopt one of the following options within the political sphere. First, they
can try to appeal to some common standard of reasoning that transcends
their moral disagreement, perhaps by appealing only to beliefs and prin-
ciples that they both share. Second, they can agree to disagree but accept
a common procedure such as voting or judicial proceedings that they be-
lieve will resolve the issue fairly and in a way that they agree to accept,
whatever the outcome, for the time being. Or third, they can fail to agree
upon a common procedure for deciding the issue but continue to pursue
the available means toward the outcome they desire.17

The issue of funding human embryonic stem cell research has been
and will continue to be addressed in the second or third of these ways. If
my argument in the first part of this essay is correct, there is little hope
of deciding it in the first way—that is, by finding a shared set of moral
premises for considering this issue and coming to a consensus, at least
not in the near future. Despite this, I propose that the second way is
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better than the third; that is, it would be better if people could, by and
large, at least agree on the legitimacy of a procedure for deciding whether
to permit and to fund human embryonic stem cell research. But are there
any prospects for finding such a consensual decision procedure?

Many things might count as consensual decision procedures. For ex-
ample, we could decide to roll a die every ten years to determine whether
human embryonic stem cell research would be funded by the National
Institutes of Health for the following decade. We could decide to hold a
national referendum on the issue. We could elect representatives and give
them the power to decide. In my view, any of these procedures, if con-
sented to by the vast majority of the people who have a stake in the mat-
ter, would be acceptable. (Yet I doubt that the roll of a die would, in fact,
be acceptable to most people.)

However, at least one relevant alternative has certain limitations as
consensual decision procedure: presidential executive order. A president
is elected not merely to make a decision on a single issue but for a whole
range of reasons. Although this is also true of the members of a legisla-
ture, a legislature has a formal, public procedure by which it decides in-
dividual questions. There is no counterpart in the case of an executive
order.18 This is in no way to raise a general objection to executive orders.
In matters where urgent action is needed, or where some plausible and
effective interpretation of the law is an administrative necessity, an ex-
ecutive order is perfectly acceptable. But where the executive order in-
volves highly controversial moral issues, it is best to supplement it with
legislative action.

The current rule on the permissibility and funding of human embry-
onic stem cell research in the United States has been determined in part
by presidential executive order and in part by a congressional attachment
to the yearly Department of Health and Human Services appropriations
bill. The executive order is President George W. Bush’s order of August
9, 2001, barring federal funding for research involving human embry-
onic stem cell lines created after that date.19 The congressional amend-
ment, called the Dickey Amendment, has been renewed by Congress each
year since it was initially passed in 1996 and is meant to prohibit federal
funding for scientific work that creates or destroys human embryos for
research purposes. Thus the applicable federal law is a mixture of exec-
utive order and congressional act. The executive order is most charita-
bly construed as an interpretation of the Dickey Amendment, applying
it to the issue of human embryonic stem cell research.20 The idea is that,
if we confine federally funded research to existing stem cell lines, then the
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federal government will not be encouraging the creation or destruction
of human embryos for research purposes. If the executive order is a le-
gitimate interpretation of the Dickey Amendment, then it inherits the
procedural legitimacy of that amendment.

However, the executive order is not the only reasonable interpretation
of the Dickey Amendment. An alternative approach holds that it is pos-
sible, consistent with the Dickey Amendment, to allow federal funding
of research using stem cell lines obtained from private, nongovernmen-
tally funded sources. These would be derived, as discussed earlier, from
embryos that are not on their way toward having future lives, such as
those frozen in perpetuity after IVF treatments. The destruction of these
embryos for research would then take place outside the domain of fed-
eral funding and would not involve the destruction of embryos that
would have ever had future lives anyway. The research itself would take
place within the federally funded domain.

Since there is more than one reasonable interpretation of the Dickey
Amendment, and since the consequences of the interpretation are very sig-
nificant, it is important to try to adjudicate the question through a pro-
cedure that all can agree on. However, it is not obvious that those whose
views lie on different sides of this question would mostly agree in advance
to the available procedures for deciding it, or perhaps even to the proce-
dure of an open congressional debate leading to legislation. In that case,
we would have already reached the third way of reaching a decision about
human embryonic stem cells, where no procedure for deciding the ques-
tion can be agreed upon by those who have a stake in the matter.

It is a notoriously difficult problem in political philosophy to deter-
mine what counts as agreement to a political or judicial decision proce-
dure. Explicit acts by which a person binds himself to such a procedure
are rare; on the other hand, exile and acts of genuine civil disobedience
that express a definite lack of consent are also rare. A more common
habitat for those who lose a struggle over political procedures is the mid-
dle zone of grudging obedience and continuing opposition. The ambi-
guity of this middle zone is compounded by difficulty in discerning
whether people disagree with the decision procedure itself or merely with
the outcome of the procedure. Because of these ambiguities, it is both im-
portant and difficult for opponents to show good faith toward one an-
other throughout the process and even during the grudging aftermath. If
possible, the procedure should be forged in a way that allows good faith
to persist. That is my philosopher’s second-ditch plea in this matter: if
reason does not bring us to consensus over the issue of federal funding
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and legal regulation of human embryonic stem cell research, we might at
least find a way for all parties to remain committed to the best possible
shared political process as science and public opinion evolve.
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Human embryonic stem cells derive from the inner cell mass within an
early-stage embryo called a blastocyst, which forms five to six days after
conception and approximates a hollow ball of roughly one hundred cells.
As development continues, cells of the inner cell mass grow and differ-
entiate, ultimately assuming the specialized characteristics of the major
organ systems. Many scientists believe that these pluripotential embry-
onic stem cells have the potential to improve the knowledge and treat-
ment of life-threatening diseases such as cancer, Alzheimer’s disease, di-
abetes, spinal cord injury, multiple sclerosis, cancer, and heart diseases.
However, the use of these cells for medical research presents an ethical
double-edged sword in that the potential value to human life is countered
by philosophical questions about the destruction of human life. Any pro-
posed solution to this controversy is sure to conflict with the strongly
held moral and religious convictions of one group or another. What has
been missing in this dialogue is a dispassionate exposition covering the
range of religious views on this important topic; this chapter fills that
void.

The fundamental issue of the beginning of human life appears to have
created an unwarranted tension between science and religion when it
comes to embryonic stem cell research. Is this one-hundred-cell blastocyst
a human person? Does it have a soul? Our belief systems, regardless of
our educational background, influence our views with regard to embry-
onic stem cell research. As we consider this critical issue, it is important
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to note that the controversy is not over stem cell research per se but over
the creation and destruction of human embryos. Even staunch opponents
of human embryonic stem cell research indicate approval of other avenues
of stem cell research, particularly investigations of adult stem cells. Fur-
ther, many modern societies have already accepted the creation and de-
struction of embryos in in vitro fertilization (IVF) clinics. Some would
argue that the creation and destruction of embryos for research that might
lead to cures for disease is at least as justifiable as creation and destruc-
tion of embryos in IVF clinics.

Issues concerning human life have traditionally fallen in the domain
of ethics or religion, with science and technology playing at best a sup-
porting role. In the modern world, however, scientific and technological
advances push even farther into these moral domains, posing greater
dilemmas for those involved in policy making and implementation. Re-
cent decades have witnessed numerous examples of the conflicts this
creates. These advances further delineate natural laws and phenomena,
pushing the frontiers of knowledge and modifying our fields of percep-
tion, our life experiences, and interaction with what lies outside the
boundaries of our selves.

Policy discussions of human embryonic stem cell research remind us
of the debates over recombinant DNA, in vitro fertilization, and pre-
implantation genetic diagnosis; each debate takes us into uncharted wa-
ters. The idea that humans can interfere in a process so close to the ori-
gin of life itself is frightening to many, and for understandable reasons.
It raises deeply troubling questions that have always plagued both reli-
gious and secular philosophy: What does it mean to be human? When
and how does one gain moral status as a human person? When and how
does one lose it? In many ways these are unproductive questions because
what we mean by human life is itself not well defined.

In particular the “moral” aspect is difficult. Both scientific and non-
scientific thought generally hold that human life begins at fertilization,
yet there are profound differences between individuals and philosophi-
cal perspectives over whether that fertilized egg has the same moral sta-
tus as a child or an adult. With this in mind, those involved in the de-
bate over embryonic stem cell research view the issue through the
prisms of religion, ethics, science, or some combination thereof. The
question “Does the value we place on human life (its ‘moral status’)
change as that life develops, and how?” comes to the fore because dif-
ferent cultures, different religions, and different philosophies give dif-
ferent answers.
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We show here that perceptions of the moral status of personhood, and
the way those perceptions change through development, hinge on social,
cultural, and religious tenets; the answers given to these questions are as
varied as are religions and their denominations. It is not the goal of this
chapter either to advocate for a particular set of beliefs or to reduce the
issue to mere moral relativism. Instead, our purpose is to highlight crit-
ical aspects of major religious perspectives on human embryonic stem
cell research (summarized in table 1).

The goal of this chapter thus is twofold. First, we discuss varying re-
ligious points of view on the beginning of human personhood. Second,
we ask how these divergent views influence perceptions on and practices
in biological research, including governmental regulation and funding
of human embryonic stem cell research. We argue that divergent reli-
gious perspectives lie at the heart of the public controversy over stem
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table 1. religious views on the moral
status of the embryo and fetus

Religion/Denomination Blastocyst Embryo Fetus
(to Day 6) (to Week 8) (to Birth)

Christianity No explicit textual position; conventional 
positions given as follows:

Roman Catholic
Eastern Orthodox Full moral status is obtained at conception 
Fundamentalist Christian
Mainstream Protestant Limited moral status Fetus has limited 

(generally) given at moral status 
conception (with respect to 

mother’s health) 

Buddhism and Hinduism Texts confer full moral status at conception, but 
karmic considerations come into play, making 
abortion and stem cell research possible 

Islam Blastocysts and embryo Fetus has full 
have no moral status moral status (at 

120 days)

Judaism Doctrinal positions given as follows:
Orthodox Blastocyst and embryo Fetus has limited 

have no moral status moral status 
(with respect to 
mother’s health)

Conservative Blastocyst and embryo Fetus has full 
have no moral status moral status

}



cell research. The essence of the controversy surrounding embryonic
stem cell research concerns the issue of when human personhood actu-
ally begins. As we will demonstrate, each of the major religions offers
its own perspective on this issue. The lack of consensus increases the
moral complexity of embryonic stem cell research.

From a purely philosophical point of view, we could present count-
less pages comparing the various belief systems and their views on the
timing of ensoulment1 of the fetus. Practical politics, however, is decisive,
and public policies are collectively applied. What the collectivity decides
regarding the start of human life—via the electoral process or other
forms of decision making—leads us to confront directly these funda-
mental and troubling questions: Do we as a society have the obligation
to protect a human life? At what age, day, or moment is the embryo con-
sidered a human person? And if we believe society is making an incor-
rect decision, as many do when it comes to matters of abortion or em-
bryonic stem cell research, what is our obligation as individuals? Such
complex issues are what give the debate over embryonic stem cell re-
search a particular poignancy and urgency.

divergent religious views on the origin 
of life and stem cell research

In this essay we focus on the divergent views held by the world’s major
religions on embryonic stem cell research. Although disagreements exist
among various religious traditions and within each tradition itself, their
answers to these questions should provide a framework for a more pro-
ductive dialogue between religious and scientific communities. Such a
dialogue is needed to resolve the controversy that is hindering the ad-
vancement of this branch of science. Our analysis focuses on the major
world religions and not, for the most part, on their numerous denomi-
nations. For each religion, scripture, ethical, and legal traditions are ref-
erenced to allude to the beginning of human life and the moment of en-
soulment. Where present, the official consensus statement on embryonic
stem cell research for that particular religion is noted.

Christianity

The Christian religions include Catholicism and the various Orthodox
and Protestant churches. Christianity as a whole lacks a unified and
definitive statement on when an embryo becomes a person, although
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fundamentalist Christians2—whether Protestant or Catholic—tend to
be more opposed to embryonic stem cell research (Wall Street Journal
Online Health-Care Poll 2005).

Christian scripture refers to God’s involvement in the creation of the
human being in the mother’s womb, thus invoking our responsibilities
toward the fetus and our consideration of its rights. This scripture does
not, however, clearly address when human life begins, though the Bible
does make reference to the origin of human life at the first breath and not
at conception. According to the Christian tradition, ensoulment occurs
when there is a physical body to ensoul (Gilbert 1996). Of course, this
is a highly interpretable statement; early Christian philosophers would
have had little understanding of the development of the fetus and no con-
ception whatsoever of a blastocyst.

Christian Views on the Moral Status of Stem Cell Research In gen-
eral, Roman Catholics tend to believe that the embryo should be
treated as human life from the moment of conception or fertilization
and thus should be protected. The Vatican cites this as the primary rea-
son why it is morally wrong to create or use embryos for stem cell re-
search (John Paul II 2001). Likewise, the Eastern Orthodox perspec-
tive holds that human life and personhood begin with the zygote,
whether created in situ or in vitro, because it can ultimately lead to
a human life.

Protestants as a whole have no standard position regarding the sta-
tus of embryos. The positions that various Protestant churches take on
the status of the embryo fall across the entire spectrum. For funda-
mentalist sects, embryos are the weakest people among humankind
and therefore should not be sacrificed to benefit others. For more mod-
erate sects, however, the use of blastocytes for research purposes is per-
missible, since at this early stage of development the embryos do not
possess the same moral status as that of a developed fetus or a full-born
person.

Christian Views on Embryonic Stem Cell Research For Catholics, the
central moral concern with stem cell research is the source and kind of
the stem cells; embryonic stem cells taken from a viable blastocyte are the
most morally objectionable. The Catholic Church has less restrictive
views on the use of adult stem cells, placental blood, or miscarried fe-
tuses,3 though it does voice concerns regarding stem cell research on em-
bryos that have already been destroyed. According to this belief system,
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while the scientist may not have been involved with the destruction of the
embryos and may only be using them for scientific purposes, his act is
still considered morally suspect (Farley 1999).

The Eastern Orthodox tradition opposes embryonic stem cell research
but accepts such research when fetuses from spontaneous miscarriages
and not elective abortions are used. Orthodox Christians encourage
medical research and support research on discovering alternative sources
of stem cells such as adult stem cells (Demopulos 1999).

Mainstream Protestants tend to support embryonic stem cell research
because of its potential therapeutic benefit but believe that embryos
should not be created for the sole purpose of stem cell research, regard-
less of the status of the embryos. The majority of these moderate Protes-
tant denominations balance these two divergent views by encouraging
research on finding alternate sources of stem cells (Cole-Turner 1999).
Fundamentalist denominations, by contrast, tend to oppose embryonic
stem cell research as part of their general beliefs about the sanctity of the
human procreative process. But even so, there is evidence of broad sup-
port for stem cell research among all Christian sects. A recent Wall Street
Journal poll (Wall Street Journal Online Health-Care Poll 2005), for in-
stance, found that support among religious denominations for stem cell
research on human embryos ranged from 53 percent of those identify-
ing as born-again Christian to 79 percent of those identifying as Protes-
tant; opposition to such research was highest among born-again Chris-
tians (29 percent).

In summary, the Roman Catholic, Eastern Orthodox, and some
Protestant churches believe that the zygote has obtained the full moral
status of personhood and therefore should not be sacrificed for research
purposes. It is worth mentioning that despite this overall consensus, a
number of Catholic theologians do not support this restrictive view and
support embryonic stem cell research (see Reichhardt, Cyranoski, and
Schiermeier 2004).

Judaism

Under Judaism, both theological convictions and the Jewish ethical-legal
tradition are brought to bear on Jewish perspectives on embryonic stem
cell research. Jewish law, or halakah, is interpreted and presented by
rabbis—called poskin—qualified to decide matters of Jewish law. Jew-
ish perspectives on embryonic stem cell research therefore are based on
these two components that are profoundly intertwined.
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To understand Jewish views embryonic stem cell research, one
needs to evaluate how Jewish theological convictions and the ethical-
legal theory deal with such research. The salient principle of Jewish
law is that life is precious and that any action that will protect life is
permissible.

Jewish Views on the Status of the Embryo Conservative and Ortho-
dox Judaism differ on the moral status of the embryo forty days post
fertilization. Conservative Judaism teaches that human life begins forty
days after conception.4 It is believed that the fetus is alive before this
time but is not a person. Hence, its life need not be protected. Even after
the fortieth day, the fetus does not have full rights until birth. Accord-
ing to Orthodox Judaism, forty days after the conception the fetus has
moral rights and cannot be aborted unless this is done to protect the
health of the mother. In addition, in vitro–created embryos may be used
as sources of stem cells because these embryos have no moral status
under Jewish law.

Jewish Views on Embryonic Stem Cell Research Although Conserva-
tive and Orthodox Judaism differ on the moral status of the embryo
forty days post fertilization, they both support embryonic stem cell re-
search. Whereas in other religions the moral status of embryonic tissue
is of paramount importance, in the Jewish tradition this factor is sec-
ondary. The main focus of Jewish bioethics is to save a life. The halakah
states that to save even one life all religious laws—other than murder,
adultery, and idolatry—should be abrogated. Furthermore, the Jewish
tradition argues that prior to forty days’ gestation, the fetus is not a
human person and therefore that the destruction of such fetuses is not
forbidden and is not murder. A preimplanted embryo is considered a
nonensouled creature that should be respected but is not considered
a human person (Feldman 1968). On the basis of these principles, the
embryo may be used for research purposes that can result in life-saving
efforts. Although the majority of Jewish poskim5 support embryonic
stem cell research, the question of whether we should create embryos for
the purpose of using their stem cells, even to save a life, remains unan-
swered.

In summary, the protection of life is an important Jewish ideal. Ac-
cording to both Jewish theological convictions and ethical-legal tradi-
tions, embryos acquire human person status during their developmen-
tal process. But because there is a “cutoff date” set at forty days, it is
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permissible to use embryonic tissues, from aborted fetuses and from
preimplanted embryos, for therapeutic research purposes. Thus the
majority of Jewish denominations support stem cell research because
it could potentially cure diseases and save lives (Dorff 1999; Zoloth
2001).

Islam

There are three major sources in the Islamic legal system: the Quran,
Sharia, and ijtihad. The Quran is considered to be the divine revelation
and thus is the prime authority in Islamic law. Its jurisdiction is analo-
gous to that of the Supreme Court in the sense that it has precedence over
any other interpretation. However, the Quran is neither an encyclopedia
nor a blueprint that provides specific information about how God views
each moral problem, issue, or situation (Maguire 2001). For that reason,
Islamic scholars turn to other sources in the Islamic legal system when
making rulings on issues that are not revealed in the Quran. The second
source of Islamic jurisprudence, Sharia, comprises the law system in-
spired by the Quran; the Sunna and Hadith (acts and sayings of the
Prophet); older Arabic legal systems (such as the Bedouin law); and work
of Muslim scholars over the first two centuries of Islam (Kjeilen 1996).
The third source is ijtihad, the research and deliberation of qualified Is-
lamic scholars on issues that are not addressed in the Quran (Islamic In-
stitute 2001). The rulings that come out of ijtihad should be consistent
with Quranic principles and take into account benefits to humanity. It is
important to remember that there is no papal figure or ruling class in
Islam that can impose its views on all Muslims or intervene in the prac-
tices of governments in Muslim countries. (The only possible exception
may be a radical Islamist government that strictly follows Sharia law.)
Therefore, the beliefs and practices of Muslims on issues of reproduction
and embryonic stem cell research are more diverse than what is reflected
in this essay.

To understand the Islamic perspective on stem cell research, one needs
to look at how the Islamic legal system deals with the status of the embryo.
Despite the regional diversity noted above, there is relatively little debate
among Islamic scholars on the status of the embryo. Chapter 23, verses
12–14 of the Quran read: “We created [khalaqna] man of an extraction of
clay, then we sent him, a drop in a safe lodging, then we created of the drop
a clot, then we created of the clot a tissue, then we created of the tissue
bones, then we covered the bones in flesh; thereafter we produced it as
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another creature. So blessed be God, the best of creators [klaliqin]”
(Sachedina n.d.).

This passage has been interpreted as to suggest that the embryo can-
not be perceived as a human being until it has developed further biolog-
ically (Weckerly 2002). The Quran does not say exactly when the soul
enters the body. However, a Hadith says that “the soul is breathed into
the body” when the fetus is 120 days old in the womb (Syed 1988). Since
the embryonic stage runs from conception to the end of the eighth week
(fifty-six days), according to Islam the embryo does not have a soul and
thus is not a human being, whether grown in a petri dish (in vitro fertil-
ization) or inside the uterus of a mother (natural environment) (Syed
1988).

Despite the understanding shared by the majority of Islamic scholars
on the status of the embryo and ensoulment of the fetus, some scholars
have taken a different stance on the issue. Imam Al Ghazali in his Ihy’
Ulum al Din described human existence as occurring in stages, the first
stage beginning with the settling of the semen in the womb, the distur-
bance of which would be a crime (Ahmad 2003). Even if one were to
adopt this relatively conservative interpretation of when life begins, there
is a difference between fertilization in a laboratory dish and fertilization
in the womb of a mother (Siddiqi 2001).

Islamic Views on Embryonic Stem Cell Research Islamic jurisdiction
has long supported the treatment of infertility. Infertile couples seeking
treatment for their problem are not seen as going against Islamic laws
(Ahmad 2003). In that sense, in vitro fertilization is seen as a legitimate
technique to treat infertility and is allowed as long as the fertilization is
done with the sperm of the lawful husband during the couple’s married
life (Siddiqi 2001). The debate among scholars arises, not regarding
whether IVF is in accordance with religious laws, but rather regarding
how to treat the remaining embryos. Assisted reproductive technology
often results in excess embryos that are not transferred into the uterus
of the mother. There are three basic ways of dealing with this issue.
First, the couple can spare those embryos to donate to other infertile
couples. But this option would be impermissible according to the Is-
lamic law because surrogacy (implantation of an embryo into the womb
of another woman who is not legally married to the man from whom
the sperm was taken) is held to be illegitimate. Similarly, transferring an
excess embryo into the uterus of another woman would also be illegit-
imate, since it would involve a third party to whom the husband was
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not legally married (Ahmad 2003). This leaves two options for a Mus-
lim couple who have undergone fertility treatment and are left with ex-
cess embryos: to discard the remaining embryos or to donate the em-
bryos for research purposes. The Islamic Institute has convened a panel
of experts to develop an Islamic perspective on stem cell research. At the
end of the deliberations the Islamic Institute issued a statement saying,
“It is a societal obligation to donate those extra embryos for research
instead of discarding them” (Weckerly 2002).

The survey data available on the attitudes of ordinary Muslims to-
ward stem cell research indicate that there is general support by Muslim
Americans for embryonic stem cell research. The Islamic Institute’s poll
among 629 Muslim Americans revealed that 62 percent of survey par-
ticipants supported embryonic stem cell research. Seventy-three percent
of the respondents stated that they supported using embryos that had
been donated after in vitro fertilization procedures, and 49 percent said
it was acceptable to produce embryos specifically for stem cell research
purposes. Also, 69 percent of the respondents said that the federal gov-
ernment should fund embryonic stem cell research (Islamic Institute
2001).

Unlike the Catholic Church and many American evangelical Chris-
tians, who tend to favor strong restrictions on embryonic stem cell re-
search, most Islamic scholars have ruled that embryos terminated for
medical reasons within 120 days of conception can indeed be used for
research concerning life-saving treatments.

In summary, the Quran and other sources of Islamic law can be used
to support embryonic stem cell research.

Buddhism and Hinduism

It is often difficult to find definitive statements of Buddhist or Hindu
religious thought. The Buddhist and Hindu perspectives on embryonic
stem cell research are no exception. Aside from certain central texts—the
words of the Buddha passed down in the Pali canon and the teachings of
Krishna recorded in the Bhagavad Gita, the Upanishads, and the Brahma
Sutras—the faiths are split along major and minor philosophical divides,
with no central authority to dictate opinion. However, the more fre-
quently cited works that deal with the moral and philosophical issues
surrounding embryos and medicine (Keown 1995, 2000; Lafleur 1992;
Crawford 2003; Coward, Lipner, and Young 1988) all note that the
primary texts of both religions clearly place the beginning of life at the
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time of conception. Indeed, Keown (1995) makes the comparison ex-
plicit. In Buddhism, conception is held to occur after intercourse if “an
intermediate being” is present to descend into the womb, while the
Hindu texts use the more specific term jiva, or individual soul, which
descends into the union of semen and menstrual blood. The biological
union, the fertility and virility of the respective partners, and the spiri-
tual presence of the unborn are all equally necessary for conception to
occur and gestation to begin.

Unfortunately, there is little available in the literature that directly
addresses stem cell research. The argument above is generally offered in
discussions about the ethics of abortion to show that Buddhism and
Hinduism alike tend to be strongly prolife. Yet unlike the more familiar
discussions that occur in Christian contexts in the United States, discus-
sions among Buddhists and Hindus do not simply or even primarily con-
cern the life and the rights of the fetus. Instead, debates about embryos
and medicine tend to focus on two articles of faith that both religions
share: the doctrine of karma and the doctrine of ahimsa.

Karma is a casual word in English, sometimes defined (inappropri-
ately) as fate, but in Eastern philosophy it has a more specific meaning.
Its literal translation would be “doing” or “action”; it is used to indicate
what might best be described as a moral or spiritual equivalent of New-
ton’s laws. Thus Pantajali’s Yoga Sutras (Coward, Lipner, and Young
1988) claim that all our thoughts and actions leave memory traces that
can then be triggered and reinforced, leading us to repeat the same be-
haviors, while Buddha’s discourses frequently remind us that each of our
acts will produce a reaction in the world around us. A skillful practi-
tioner of either faith will take care of the momentum inherent in his
thoughts and actions, the way an aeronautical engineer would account
for all the forces and inertias involved in making a plane fly. One way
of achieving this skillful practice lies in the principle of ahimsa—a term
generally translated as “nonviolence” or “non-injury.” Ahimsa is a
compassionate proscription against hurting any living being, similar to
the “do no harm” clause of the Hippocratic Oath, except abstracted as
a general moral principle. Unlike the Hippocratic Oath, however, ahimsa
is not concerned solely with the harm done to others but also with the
karmic burden—the complex reactive chain of consequences—that is
created by any such action.

Given that the embryo is considered a living being from the moment
of conception, ahimsa requires that no harm be done to it. However, the
same concern is given to the mother and other concerned parties, making
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for a complex moral calculus. Most Buddhist and Hindu sects, for in-
stance, believe in reincarnation—harm is done to the embryo only be-
cause it is forced to reincarnate into another existence immediately and
denied the opportunity to relieve or add to its own karmic burden in this
lifetime. Some sects go further, claiming that the intermediate being or
jiva cannot fully embody until all the outer coverings of humanity are
present, with a developed physical form and the beginnings of mental
activity, a point sometimes calculated as late as the end of the second
trimester. For them, the karmic consequences of acts done to an embryo
are minimal and easily balanced by other factors. The main concern, then,
is whether the parents and the doctors involved believe they are creating
positive karma, or at least preventing the creation of deeper harm.

These concerns become matters of lengthy debate in cases—such as
abortion, around which most of the literature revolves—where a fetus is
merely destroyed. For the purposes of stem cell research and similar med-
ical practices, however, ahimsa becomes a much less contentious point.
Crawford (2003), speaking from the Hindu perspective, argues con-
vincingly that in vitro fertilization and embryo transfer are in no way
negative karmic acts. Since the bulk of embryonic stem cells used in re-
search are surplus cells donated by the parents, and since the doctors
using the cells are researching medical procedures, the positive acts of
having tried to bring a child to life and attempting to ease the suffering
of others weigh heavily in the karmic balance. These issues have barely
entered into Hindu and Buddhist moral debates, but it seems clear that
the discussion in both faiths will not center on the question of whether
the fetus is a living person; most Buddhists and Hindus would take that
assumption as fact. Instead, the arguments will focus on the needs and
intentions of the donors and the scientists involved and the potential
recipients of the cures that are developed, to ensure that the most com-
passionate course for all is followed.

conclusion

In discussing religious views toward the beginning of life, and by exten-
sion toward the religion’s views of embryonic stem cell research, it is im-
portant to recall how deeply personal a religious belief is and how var-
ied the world’s religious sects are. With this caveat in mind, however,
some general statements can be made about embryonic stem cell re-
search. According to the Catholic faith and some Protestant religions, the

90 Religious Perspectives



zygote is a human person that should not be destroyed in the course of
research. This stance explains their broad opposition to embryonic stem
cell research. Muslims, Jews, and the majority of Protestants, by con-
trast, argue that the zygote is neither a human nor an ensouled person
and therefore can be used in embryonic stem cell research without moral
qualms, though undoubtedly this position is tempered by other moral
and aesthetic issues. Finally, Buddhists and Hindus generally take the
zygote to be a person, but they concern themselves more with the rami-
fications to spiritual life than with those to physical life. Embryonic stem
cell research is acceptable so long as it satisfies ahimsa.

Every religion has an esoteric and an exoteric dimension. The
exoteric—or outer—dimensions of religions vary from one religion to
the next and from one region to the next because of the influence of a
multitude of social, cultural, political, philosophical, and even geologi-
cal considerations. Time and history will bring faiths with the same root
to produce different flowers, as the saying goes, and the result is the wide
variety in rituals, practices, and beliefs evident in the world today. The
esoteric or inner dimensions of all religions, however, are unified in their
belief that there is more at issue here than mere physical embodiment and
that—whatever else might be said—the proper attitude toward living
beings is one of reverence and compassion.

Medical science has ventured into areas that traditionally have been
the sole province of religious belief. On an exoteric level, this is bound
to have all the effects of a tiger appearing in the midst of a dinner party.
What have been amiable, millennia-long discussions about the nature of
life and birth are now confronted by the cold, analytical, authoritative
glare of the doctor looking down through his microscope. This is bound
to unsettle some, drive others into loud protestations of their own beliefs,
and sow confusion in everyone as people try to reevaluate their deeply
held beliefs in light of a science that few will ever fully understand. What
is lost in this cacophony, though, is that the mainstream medical profes-
sion shares the reverence and compassion for life that marks religious
faith. On the esoteric level there is only one goal, and though it may ex-
press itself differently in medicine and faith, there is that much common
ground with which to work.

From the outset, theological issues surrounding stem cells have been
as far-reaching as the technology itself. Theological implications have
already helped frame the national debate and have influenced how re-
search is conducted and funded. Nor will these theological issues go
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away; they are an established and settled element of the discourse. How-
ever, it must be remembered that the science of embryonic stem cells is
not and never was intended to disturb deeply held religious beliefs. De-
bate arises only as all sides try to discover the most ethical and compas-
sionate approach to truly worthy human aims.

notes

1. Ensoulment is a religious term referring to the inception of a soul within
a human being or other creature. In general we prefer to speak of the moment
when the fetus takes on moral status as a human individual, which we see as a
more general category; the notion of a soul has varying meanings in different
faiths, so ensoulment is not an unambiguous term. However, it is the conven-
tional term, and we will continue to use it for brevity.

2. Fundamentalism, here and elsewhere, refers to a strict or literal reading of
their central text(s), as opposed to those that allow for various interpretations
and modernized readings.

3. Use of fetal tissue from miscarriages does raise a new direction of debate
concerning abortion, which is wholly unacceptable in the Catholic tradition.

4. The significance of forty days is unclear. Some have suggested that it re-
flects the fetal “quickening,” or point at which the fetus first begins to move—
usually commencing after the seventh week. It is worth noting, however, that the
number forty carried special meaning to the authors of the Bible: the great flood
lasted for forty days, the Hebrew tribes wandered in the desert for forty years,
and Moses spent forty days on the mountain; even Jesus spent forty days wan-
dering in the wilderness.

5. A posek (plural, poskim) is a rabbi whose decisions are considered
authoritative and effectively incontestable; in the practice of Jewish law, poskim
are the ones consulted to resolve otherwise intractable debates.
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This volume is about the intersection of ethics, politics, and policy with
science. It is not focused on ethical issues surrounding the use of cells
derived from early human embryos (hES cells) in research and treatment
of disease. Thus I will not discuss the various issues in the ethical debate
other than somewhat peripherally. I will, however, state that I am some-
what biased on these issues, as I do have a personal opinion about the
ethical issues and how they affect the more controversial aspects of this
work. In this regard, I am a basic biomedical scientist who is interested
in understanding and treating human disease. I have, to the best of my
ability, thought through the ethics of these issues. At the end of that pro-
cess, I have concluded that my commitment in trying to help people who
have the terrible diseases I want to treat outweighs our social and ethi-
cal responsibility to an early human embryo. Part of my view comes
from the obvious fact that the embryos in question are simple clusters
or balls of cells that have been generated in a dish in the lab, have never
been in a woman’s body, and are thus not pregnancies or fetuses. Such
embryos (actually blastocysts as I will define them below) are at a de-
velopmental stage before any organs such as the heart or nervous sys-
tem have yet formed and are capable of being frozen and thawed—not
typical attributes of “people” as most of us define them. I do not believe
that my opinion on this issue should earn me a comparison with the
Nazis, as some have argued. I just disagree with other people who have
different views.
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why is research with human embryonic stem cells
important to science and medicine?

I will start with a pragmatic approach to illustrating the issues. As a sci-
entist in California, what do I see as the potential benefits and value of
human embryonic stem (hES) cell research to scientific and medical re-
search for the state of California?

The benefit that is most focused upon is the generation of much-
needed cells for transplants, what you might think of as cell-replacement
therapy. But the uses of hES cells go far beyond that. Indeed, the most
important uses of these cells may be for making the jump from studying
human disease in animal models, which, after all, are just animal mod-
els, to actually working with human materials to understand these dis-
eases. Humorously we sometimes say, “We have cured cancer in the
mouse thousands of times.” But that has not translated to curing cancer
in humans. That is because the details of human physiology are suffi-
ciently different that the translation from animals to humans is difficult.
Research with hES cells is one approach from which many scientists see
potential benefits for facilitating that translation. These stem cells may
also help to develop a sophisticated understanding of genetically com-
plex diseases or genetically complex responses to drugs. All of us have
different susceptibilities to diseases and different sensitivities to drugs,
gene transfer, and gene therapy. Research with hES cells may help us
solve these issues.

Further, these cells may help with the rapidly increasing problem of
obtaining sufficient clinical trial populations in the field of drug devel-
opment. There may not be enough people to test all of the new drugs we
would like to test in the coming years, so we need some other way to pri-
oritize drugs for testing in human patients.

In my own laboratory, we have conducted research work using ani-
mal models of Lou Gehrig’s disease. This research has led us to think
that hES cells will be useful in the development of treatments for the
same disease in humans. In fact, I hope we will be able to begin this tran-
sition in the next few years. In an additional and important approach,
we are setting up research with hES cells to begin testing hypotheses
about the mechanisms that cause Alzheimer’s disease, for which the
animal models have provided far less insight than is needed. This work
will let us go beyond the limitations of animal models in studying dis-
ease physiology. For these reasons and more, I believe, we need to work
in this area.
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policy issues

These considerations lead us to policy issues. One important issue is that
as a scientist, I need to do research. My research is supported by both pri-
vate money and public money. Where will I secure funds to support hES
research? This question brings us to the argument about whether public
funds should be allowed for research that some, but not all, people find
objectionable. The government does many things that some of us find
objectionable and that some of us agree with. The way we settle the dis-
agreement is not by saying that the government may not do things that
some people find objectionable, for then the government would do next
to nothing. While some people would find this to be a good thing, I
believe it is the wrong way to proceed.

With respect to research, what is the value of public funding?
The first and perhaps the most important feature of value is in the area

of policy. In this country, government involvement in the financing of re-
search activity effectively opens that research activity to public scrutiny.
When research is carried out with private money, it can remain secret,
particularly when it is funded and carried out in a biotechnology or phar-
maceutical company. In this case, the research work often doesn’t see the
light of day, and society at large can have little or no idea what is going
on. One way that our system has of ensuring transparency is that when
the government is involved in financing the research, particularly in pub-
lic institutions, there is an enormous amount of “sunshine,” or oversight,
including ethical review of that activity. Recombinant DNA is an exam-
ple of an area in which government (i.e., public) involvement in funding
since the 1970s has ensured substantial public information and input
about the research.

A second area of value is the relatively unique ability of the public ac-
ademic and research sector to effectively carry out critical fundamental
or basic research. While an enormous amount of money in the private
sector is dedicated to research and development, it tends to focus far
more heavily, and increasingly, on development rather than on the ini-
tial basic research necessary for long-term discovery and development.
Furthermore, the research pursued in the private sector tends to occur far
later in the pipeline. Early-stage research that can lead to an under-
standing of basic principles, which then will lead to the understanding
or treatment of disease, is largely done with public money. In this coun-
try, the mechanism for driving such fundamental discoveries is the Na-
tional Institutes of Health (NIH), which funds the basic science engine

Political Issues in the Stem Cell Debate 97



that ultimately drives the biotechnology and pharmaceutical industries.
We can agree or disagree as to who is capturing the most benefit from
this arrangement or even whether it is the best way for our society to do
things, but that is a different discussion. The facts at the moment are that
the private sector generally does not invest in early- or even sometimes
advanced-stage research. Even if a project is halfway through the
pipeline to a drug, device, or other product, it can be difficult to get
money to do something from the venture community unless the likely
profit return is expected to be large. Many worthwhile studies will not
be funded in the private sector if, for example, the likely patient popu-
lation is not large enough, or if the intellectual property climate is too
complex.

A third point is also a policy issue. If you want the best scientists
involved in the development of a field of science, you’re probably going
to need public funding. There just isn’t enough private or philanthropic
support to compare to what the government puts into research at earlier
stages. Most of our best scientists are in public institutions such as the
University of California, Irvine. Even an institution such as Stanford,
which is a private institution, is largely a public entity because of its ties
to the government through various sorts of funding.

science issues

A lot of basic research is needed to make the transition from benchwork
to the development of a clinically useful therapy. There are many good
examples in the pharmaceutical world of drug development programs
that started prematurely, without an adequate understanding of the basic
human biology required to undertake them. As a result, in some cases,
hundreds of millions, or perhaps billions, of dollars were spent on clini-
cal trials for drugs that failed. In my opinion, had there been an adequate
biological and scientific understanding of the principles underlying how
particular drugs were to be used, we could have avoided much of the
expenditure, wasted human resources, and participation by subjects in
unnecessary clinical trials.

A second scientific issue, previously mentioned, is that human and an-
imal cells don’t always behave the same way. The principles by which an-
imal cells operate are similar, and sometimes nearly identical, to the prin-
ciples by which human cells operate. Imagine, however, that you were a
car mechanic and that you spent your entire life fixing Volkswagens. If
someone were to drive in with a Cadillac for repair, you simply wouldn’t
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have the necessary tools. The tools you would have for Volkswagens
wouldn’t necessarily work on a Cadillac and, certainly, the parts from
a Volkswagen wouldn’t fit in the same place in the Cadillac. There is
an analogous situation with animal cells and human cells. In fact, if I
wanted to cure diabetes in the mouse, I would work on the mouse. But
my goal is not to cure diabetes in the mouse but to cure it in the human.
At some point, you have to work with human materials to do that. In my
view, the earlier you work on human tissue the better because that allows
you to combine the research and the development phases of the scientific
research that you’re conducting.

These are some of the reasons why, from a policy and scientific stand-
point, and from my perspective as a practicing scientist, you need to have
public funding involved with an endeavor like this.

societal issues

What are some of the social issues in this debate? We have already
touched on some of them, but I think that the most important issue is the
controversial moral status of the early human embryo, in particular the
human blastocyst. The blastocyst is a hollow ball of cells that develops
a few days after fertilization and has no organs such as a heart or a ner-
vous system. If implanted into a woman’s uterus, it can initiate a preg-
nancy and develop into a fetus. Some people view the destruction of the
human blastocyst to obtain cells as murder, and there is no way that we
are going to get beyond that in some people’s belief systems. There are
those among us who believe this, and we may not ever change the minds
of those people. I and many other people of good conscience disagree
with this opinion. I thus will remind you that we live in a pluralistic so-
ciety. We are diverse—religiously and ethically—and moral and ethical
people of good conscience can disagree. In California, which is a democ-
racy, and the United States, which is a democracy, we vote and then we
live with the consequences. I see no other way of deciding this issue. I am
not morally callous; however, I will ask whether most Americans think
that a hollow ball of two hundred human cells that has no heart, blood,
brain, or other tissues, and that is growing in a dish or frozen in a freezer
in a laboratory, is a person. I do not think that most Americans believe
that these frozen balls of cells are people.

What you might think of as public antipathy toward cloning also
plagues this debate. People don’t like cloning—at least that’s what they
tell us. Cloning just means copying things. For example, we clone or
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copy software. We also clone human DNA—that’s what gave us human
insulin, human Epo [Erythropoetin], and other wonderful therapeutic
agents. We also routinely clone human cells to study cancer treatments.
Part of the problem in my view is essentially the problem of language.
One person’s baby is another person’s blastocyst in this debate. When
I’ve debated with people who believe that a blastocyst is a person, they
have sometimes referred to it as a baby. I just don’t agree with this point
of view, so I refer to it as a blastocyst, which is precise and has no legal
or scientific ambiguity. Regardless, the language has a large impact on
how this issue is perceived by people. It has had an enormous impact in
California, where, I will argue, the population of the state has become
reasonably educated because there has been movement on these issues.

legal issues

I turn now to the legal issues and legal precedents in California and,
indeed, in the rest of the United States.

First, as a matter of legal precedent, although a great number of
people disagree with the law, abortion is legal in this country. Unless that
situation changes, it is the law, and we live by the law. Second, the de-
struction of human blastocysts or embryos during and after in vitro fer-
tilization and their indefinite storage in freezers, which I will argue is
equivalent to destruction, are completely legal. They occur on a daily
basis and can be pursued as long as public funds are not involved. The
withholding of public funds, in this case, is not having an impact on
whether human blastocysts are created, destroyed, or stored in freezers.
The question, given that this is happening, is whether it is appropriate
for the public to sanction this activity by providing public funds.

You will recall that President Bush, when he was a candidate, said de-
cisively that he would not allow public funding for human embryonic
stem cell research. After election to office, and after consulting experts
in the relevant scientific and ethical fields, President Bush conceived a
plan that attempted to balance the conflicting views. The balance was
imperfect in the eyes of most. Both proponents and opponents of the re-
search were dissatisfied with the approach taken. Under President Bush’s
plan, federal funds can be used for research with human embryonic stem
cells, and he announced that there also would be robust funding for both
embryonic and adult stem cell research. While there is, and has been for
years, substantial funding for adult stem cell research, funding for work
with human embryonic stem cells has materialized somewhat slowly. A
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problem in the eyes of many is that President Bush’s plan included a num-
ber of restrictions on the use of stem cells derived from human blasto-
cysts. Most of these restrictions are standard rules regarding informed
consent and donation practices and are generally appropriate in any type
of organ donation. The quirkiest limit, in the view of many, is a line in
the sand drawn such that stem cell lines derived from blastocysts that
were destroyed before August 9, 2001, are eligible to receive federal
funding for research. Those stem cell lines derived from blastocysts de-
stroyed after August 9, 2001, are not eligible for research with federal
funds. This is the current policy.

It is a good, bad, and curious situation. In my view, the “good” (the
bad in the view of some) is that some publicly funded research has started
with hES cells, though not as vigorously as many of us would like. Even
at the outset, many scientists had questions about the policy. Were all the
stem cell lines of sufficient quality to support rigorous research? Would
all the lines be “practically” available? (After all, some of the lines were
held by private companies.) Would there be enough lines to support ther-
apeutic application? Finally, the big one: If on August 10 additional
excellent lines became available for research, what would happen then?
This brings us to the “bad.” We now know that the answer to the first
three questions is a resounding “No.” The outcome of this policy, if you
fast-forward from 2001 to 2004, is that the sixty to eighty stem cell lines
originally advertised by the administration as being available in 2001
and beyond have now been whittled down to nineteen available lines,
according to the Web page of NIH. Anecdotally, it remains unclear
whether some of the nineteen lines can actually be obtained by researchers.
In addition, as I mentioned, there are substantial questions about the
quality of these remaining lines. The “curious” aspect of the situation,
of course, is that new lines of high quality have been obtained since Au-
gust 9, 2001. These lines are being offered to the research community
gratis as opposed to the $5,000 or so needed to purchase each federally
approved line. These lines cannot be used with federal funds, or in facil-
ities that have substantial federal funds being used in them, as is typical
of most research laboratories in the United States.

It is likely that President Bush’s policy will remain unchanged
throughout his terms in office. A president has limited authority in de-
ciding what the NIH can support. The president does not have the au-
thority to decide that excess frozen IVF embryos held in freezers may be
destroyed with public money. That would violate an ongoing annual
amendment to the appropriations bill called the Dickey Amendment. All
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the president can do is to allow more lines to be used—if and only if they
are derived with private funds. The likely outcome is that federal legis-
lation will not change. To my knowledge, there is little will in Congress
to dispense with the Dickey Amendment, which is actually at the root of
all of these policies. Partisan politics and Senate procedures are likely to
confound any effort to change this crucial amendment.

how the synergy of these issues affects research

The outcome of the politics and policies regarding hES cells is an ex-
tremely complex research landscape. I will give you one example from
my experience as a research scientist in California. In the next few
months, I hope to have federal funding to do research with hES cells that
are on the federally approved list. A month or two ago, a paper by Doug
Melton at Harvard was published that reported the creation of seventeen
new hES cell lines that are available and appear to be of very high qual-
ity. If I’m going to launch a multiyear research program with the public
trust behind me, since even my private funds come from various sources
of philanthropy, donations from people afflicted with disease and who
would like to see cures, I have a number of important decisions to make
as a research scientist about how I should proceed. When launching a
multiyear program, first I need to compare these new cell lines and their
properties to the older cell lines on which I may work using public dol-
lars. I then must make a decision about what is going to be best for the
research. Depending on the comparison, I may decide that I need to seek
private funding for the endeavor. In the context of a typical research lab-
oratory this becomes more complicated, since most American laborato-
ries are supported by both public and private funding. It can be difficult
to determine which dollars are spent where. For example, I would have
to track and segregate all test tubes, reagents, and materials and in some
cases account for electricity and other support services paid for with fed-
eral overhead. It would create a fairly significant bureaucratic oversight
structure to ensure that I would use no public (federal) dollars on these
cell lines derived a few months ago. Keeping a scientist from using fed-
eral dollars for research with these newer cell lines does not prevent any
additional frozen blastocysts from being destroyed. These policies serve
only to hinder research.

Unfortunately, it is unlikely that we will get a broad national consen-
sus in the near future. In fact, a patchwork of state initiatives has devel-
oped in the absence of federal initiatives in this area.
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the (mis)use of scientific information

Progress is hindered by misunderstanding and, I think, blatant misuse of
scientific information. Obviously, it is important to debate the ethical di-
mensions of research, but care must be taken to ensure that the ethical
debate does not unduly influence the collection, interpretation, and eval-
uation of scientific data, which must be done as objectively and dispas-
sionately as is humanly possible. It is critical that if scientific data are to
be used to support or bolster a particular moral or ethical viewpoint,
those data must be correct, accurate, and evaluated objectively.

How can scientific information be used responsibly in the policy de-
bate that surrounds stem cell research? Some people believe that embry-
onic stem cells are going to solve everything; others think that adult stem
cells are going to solve everything. Finally, most scientists in the field, as
nearly as I can tell, are, like me, in the middle. We think we should pur-
sue both avenues of research vigorously on the basis of the scientific data
available thus far. Because of the media’s attempt to give equal time to
both sides of this scientific issue, the range of opinion has been portrayed
by the media as indicating two distinct camps in the scientific commu-
nity from which one must choose. Policy makers and people uncom-
fortable with the moral aspects of embryonic stem cell research also have
portrayed potential breakthroughs in adult stem cell research as so prom-
ising that they obviate the need to confront the moral issues with embry-
onic stem cell research. Is this an appropriate policy argument, given what
we know about the science?

embryonic “versus” adult stem cells

Work on the mouse, done over two decades, has established almost be-
yond the shadow of a doubt—which is as close as you can get in scien-
tific research, for nothing can be proven with 100 percent certainty—that
embryonic stem cells derived from blastocysts are pluripotent: that is,
they can make every adult cell type. That is a principle, not a demon-
stration that you can cure a disease with them. It is an understanding of
what their material properties are. The theoretical and experimental
foundation for the notion that embryonic stem cells will aid in under-
standing and curing disease arises from this principle. In fact, in the
mouse and, more recently, in the human there has been some progress in
the fulfillment of these aims. With human cells, we aren’t there yet. We
are at the beginning of a research and development problem, not the
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middle or the end. Yet there are good proof-of-principle data that make
most scientists optimistic that excellent understanding of disease and
new approaches to treatment for terrible diseases are forthcoming over
the next several years from hES research.

What do we know about adult stem cells? Cells from bone marrow,
for example, are incredibly useful for the treatment of diseases of the
blood and immune system. I would never say that we should not be
working with these cells or using them in therapy or working to expand
their uses. But if I am thinking about how to treat Parkinson’s disease,
these are not the first cells I am going to look at. Adult stem cells from
bone marrow seem likely to have limited application, based on the data
thus far. Most work to date suggests that adult stem cells have somewhat
restricted potency. Although the biotechnology industry tried for close
to a decade to grow bone marrow (hematopoetic) stem cells, the effort
was a total failure as I understand it. Hundreds of millions of dollars
were spent, and no one could devise a way to grow them efficiently.
Though we may be able to tomorrow, it is simply not yet possible.

Some recent experiments suggest that cells from bone marrow and
brain have more potential than originally thought. These experiments
raise the possibility that maybe the dogma is wrong. After all, we find pe-
riodically as we learn more that dogma can be wrong. However, I will
point out that usually the dogma is right in science, and often based on
a significant amount of evidence. Thus “the voice in the wilderness” is
more often wrong than it is right. When dissenting voices do prove cor-
rect, however, they receive wide publicity, and that is what people re-
member. Thus perhaps adult stem cells have more potential than we once
thought on the basis of the last several decades of experiments.

From a scientist’s perspective, however, many of the experiments that
suggest an unprecedented potential of adult stem cells have not been re-
produced by other scientists. That does not mean that these experiments
are incorrect; it means that they have not yet been reproduced. However,
my opinion is that the experimental design and assays employed in many
of these studies are flawed. While this is not true of all the experiments,
it is certainly true of some, and, unfortunately, most notably of some of
the studies that have found their way to CNN in the evening.

Furthermore, most evaluations of the data by experts on adult stem
cell research (many of whom have had their work cited by opponents of
hES research as evidence that we should abandon work on embryonic
stem cells) state that current scientific evidence “does not support the
contention that adult stem cells can replace embryonic stem cells.” From
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Minnesota, Dr. Catherine Verfaille, one of Senator Brownback’s favorite
scientists, has reported research data on adult stem cells derived from
bone marrow suggesting that these stem cells may prove incredibly use-
ful, perhaps as pluripotent as embryonic stem cells. Yet Dr. Verfaille has
stated publicly that it is too early to make a decision about which cell
type is best and for which applications. We are simply not far enough
down the path of research to know which cell types are going to be best
for each potential use. In fact, Dr. Verfaille is running an institute that is
trying to recruit researchers who work on embryonic stem cells, even
though her own work is on adult stem cells.

If you consult other top U.S. researchers doing adult stem cell work,
such as Dr. Irv Weissman, Dr. Fred Gage, or Dr. Sender, they will all tell
you the same thing. Work on adult stem cells is certainly promising for
some applications, but you cannot take the scientific data as justification
for the argument that we shouldn’t work on embryonic stem cells. Thus
the debate about whether to use hES cells is purely a moral debate at this
time. It is not appropriate to use the present scientific data to argue that
we shouldn’t proceed with hES cells for research and therapy development.

Given this controversy, I will close with a question that plagues the
policy issue. What is the best approach when the scientific issues are not
all settled? Is it appropriate to adopt a public policy, particularly a pro-
hibitive public policy, in a situation where the data are not all in and
where there is no decisive settlement of the moral and ethical debate?
That is the policy issue in which we find ourselves and that we must con-
front in California and other states.

the role of the states in setting policy

Are the states an appropriate venue for progress, given that the federal
government is, in my view, stalled and likely to remain that way for some
time? States are the “laboratories for experimentation” and allow more
latitude for national disagreement. Some states can go one way, some
can go another. The spectrum of solutions in this parallel system of ex-
perimentation leads inevitably, however, to the problem of a national
patchwork in interstate commerce. On the other hand, the utilization of
states as the venue for differing rules for hES research does allow scien-
tific progress, albeit while maintaining some limits. Perhaps that’s the
best we’re going to be able to do.

In California, the political debate is effectively over on this issue. Over
the course of the past few years, several bills were passed and signed by
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the governor that allowed stem cell research of all sorts, established em-
bryonic stem cell registries, began developing the regulatory framework
for the research to proceed, and have come up with state funding. I do
not foresee these California laws being changed because of apparently
strong popular support among people in California. Moreover, states
other than California—for example, New Jersey—have followed suit in
validation of this approach. On the other hand, some states such as
Arkansas have gone the other way. In California and New Jersey, there
is the possibility of substantial state funding to make up for the federal
shortfall. In some ways, California has unique positioning to take ad-
vantage of these technologies: we have the fifth largest economy in the
world. We are bigger than most nations. We have anywhere from one-
third to one-half of all the biotechnology companies in the United States,
the greatest universities, and, I believe, the greatest scientists. California
is thus uniquely positioned to have a large impact on the science, with
consequent benefits for the California economy. Many of us think that
the biotechnology part of the California economy is essential to the
health of the state’s economy and would not like to see it moving over-
seas to nations that invest more heavily in this area.

addendum: two frequently asked questions

Question 1 Who owns the intellectual property that results from stem
cell research? And how does the public get return on its investment?

Answer 1 For federally funded research, because of the Bayh-Dole
Act, intellectual property generated as a result of that funding belongs
to the research institution that houses the investigator. The reason is
that, prior to Bayh-Dole, when the government owned the intellectual
property, the government did a poor job of getting the patent written,
filed, and licensed to companies that would then develop the product.
The patent is the beginning, not the end, of a licensing and development
process. In my laboratory, when I patent things that I think will have
benefit through development, the patent belongs to the University of
California, jointly with the Howard Hughes Medical Institute because
they pay my salary. Then it is up to the University of California and the
Howard Hughes Medical Institute to find a licensee who will develop
that patent.

The return on public investment is only sometimes captured as direct
benefit back into the state or federal coffers. It is more often captured as
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economic activity and improvements in health care. There have been a
number of economic studies in this area, but I will point to my favorite:
a study by a joint committee of the U.S. House and the U.S. Senate,
chaired by Connie Mac of Florida, a noted fiscal and social conservative.
That panel concluded—and I believe this number has not been
challenged—that if you look at society’s return on the investment in med-
ical research over the past several decades, it runs on the average of 25
to 40 percent annually. Is that likely to be captured in the California
bond initiative? I am betting that, given California’s enormous activity
in the biotechnology and pharmaceutical industries, it will play out over
time in this way. And that investment will be similar to the federal in-
vestment in the way that that return is generated.

Question 2 What do those who oppose the use of embryonic stem cells
on moral or religious grounds suggest should be done with frozen em-
bryos?

Answer 2 I cannot address this question because I do not share those
beliefs. I think that the research should proceed. I will point out that,
though the fact is often forgotten in this debate, research with tissue de-
rived from aborted fetuses is legal, and you can use federal funds for it.
There is a surprising inconsistency in the law. In this case, an act that, I
think, many people probably find more objectionable is supported by
federal funding, while another activity, namely human stem cell research,
which, from my conversations with those who oppose both activities, is
somewhat less offensive, is not allowed to receive public funding. But
that may be creating shades of gray that don’t really exist.
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I was asked to offer a view of the U.S. national debate about human em-
bryonic stem cell research (hESCR) at a conference, organized by the ed-
itors of this volume, entitled “Stem Cells: Science, Ethics, and Politics in
Dialogue.” The conference took place in California, in the spring of 2004,
surrounded by hot debate about Proposition 71. Proposition 71 was to
provide funds through bonds for the California Institute for Regenerative
Medicine, a state institute for stem cell research, especially research that
would not be eligible for federal funding under the current federal policy.
Other participants have commented on California’s situation (see espe-
cially chapter 5). The debate about Proposition 71 has highlighted two
themes important in the national debate, control and social consequences:
that is, first, questions of the proper degree of public oversight of public
funds versus oversight by experts in the relevant field and, second, the
promise of societal and individual benefits versus concerns about societal
and individual risks. Proposition 71 was passed in November of 2004,
and several aspects of those same themes have since been reopened, in
court as well as in the news.1 Regarding the question of control of public
action and public funds, discussions continue about public oversight and
possible conflicting interests. Regarding potential outcomes, discussions
address the likely speed of cures, expected financial returns to the state,
and ownership of intellectual property developed with public funds.
Legal and legislative actions are changing rapidly; therefore I have con-
centrated on themes that are less time sensitive, though of current import.
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The context of our national hESCR discussion is not simply neutral.
Promotion of hESCR funding, for example, may invoke the need for more
scientific education as the root of the problem, suggesting that adequate
knowledge of hESCR would ease or eliminate dissent. The implication is
that there exists no real basis for moral disagreement, just ignorance of
facts. This is a case of what has become known as the deficit model of pub-
lic understanding of science, the idea that objections from the public to
products or proposals involving science result from a deficit of knowledge
or understanding, for which better education is obviously the needed re-
sponse. Such an assumption alludes to many topics of importance, such as
the nature and meaning of objectivity and convention in knowledge, as
well as the roles and meaning of facts and values in science and public de-
bate about science policy, leading to questions of what process might best
facilitate democratization of policy deliberation consistent with specialized
science. Much has been written about these topics, in political science, sci-
ence policy, and both the social studies and the philosophy of science, that
I will not be able to survey here. One of the aspects of the hESCR public
discussion in the United States that has been most disturbing, but perhaps
may finally be helpfully revealing, is how relatively little in evidence this
current and previous work has been. Social and philosophical influences
embedded in national institutions contribute to default political assump-
tions of the debate, but that seems to be overlooked in calls for sound sci-
ence. I emphasize science institutions here because of their central estab-
lishment and strong effect on the terms of the debate; one branch of the
discussion is located there. I also note a contrasting branch of discussion,
perhaps less predominant but still vigorous, that urges caution about sci-
ence and technology in society. Both these branches have roots, and the
roots are philosophical positions about the topics under discussion.

Repeated volleying on the hESCR issue has not always been edifying
with regard to science and ethics,2 but it may suggest aspects of our U.S.
science policy process that need further examination. I suggest that such
examination may facilitate insight into the levels of reciprocal indigna-
tion and perhaps even point toward some strategies for tolerating plu-
ralism. I start with some groundwork on science and technology in our
society, proceeding next to education and advocacy for science in soci-
ety. Then I discuss briefly two contrasting but fundamental principles of
evaluating science and technology in society and their related assump-
tions or default positions. Finally I turn to persisting conflict in matters
of policy for biotechnology, and I close with a wavering hope for toler-
ance of pluralism those matters.
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science, technology, and politics

To start, I want to assert that science and technology are different from
politics. By the word science I refer to a range of types of inquiry into the
natural world that aim at discovering truths about the natural world. I
used the word assert because here I am simply assuming the epistemo-
logical value of science (see Haack 2003 for a full account). By technol-
ogy I refer to devices and processes designed by humans to accomplish
some purpose in that world, a definition similar to, though perhaps more
restricted than, that defended by Pitt (2000). These premises are so basic
that it may seem strange to highlight them here; I do so to acknowledge
the insufficiency of social factors to account for scientific understanding,
even while emphasizing the insufficiency of scientific understanding to
determine good policy. For the hESCR discussion, the relevance is that
scientific understanding can inform public policy making but that good
policy requires many other considerations as well, factors not trumped
by science. That is another reason for emphasizing that science is a par-
ticular activity of inquiry: not all thought, indeed not all thoughtful rig-
orous reason, is science as we use the term today. Science requires recog-
nition of what is not science to avoid collapsing from robust scientific
inquiry into scientistic ideology, which we really must avoid. The ques-
tion of what we can learn about biological development from stem cells
of any sort is scientific. The question of whether we can develop com-
mercially viable stem cell–based products is technological. But the ques-
tion of whether to support any of these federally is a policy question, in-
volving ethical and practical considerations of what we ought to do, and
how and why. Scientific and political or more broadly social considera-
tions are indeed entwined—but that makes it so much the more impor-
tant to avoid a situation or even the appearance of a situation in which
science (sound science, expert science, and so on) reduces in the end to
power seeking by an interest group.

The reason behind the entwining of the scientific and the political is
sometimes that it makes for expedient rhetoric, but there are historical
grounds as well. To examine them, we have to go back further than the
administration of President Bush, at least to Vannevar Bush. In 1945
Vannevar Bush, director of President Franklin D. Roosevelt’s Office of
Scientific Research and Development, submitted a report called Science:
The Endless Frontier (Bush 1945). The general point of the report was
that the federal government should continue in peacetime to fund basic
research and not dismantle the government-based research institutions
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associated with wartime, though the institutions should be modified for
peacetime purposes. The view in the report was that basic research
should be federally supported because it was a good thing and because
it would be good for the national economy and health. Basic research
was thus defended as a good in itself and as a means for the government
to promote other social goods. The report went on to make more spe-
cific recommendations, including the general plan for the design and op-
eration of the federal civilian grant-making agencies supporting science.
Thus already we have built into our governmental institutions the idea
that basic research, specifically emphasizing here biomedical research, is
good in itself and good for our national health and economy. More gen-
erally, we have built in the idea that science and technology are entwined
with public, governmental functions, publicly supported, and for public
goods. Finally, we have built in a generally optimistic view of the en-
twining of science and technology with social aims in government insti-
tutions (Mann 2001).

But is that really so bad? It is our history after all, and science is good.
My point, however, is that this institutional foundation is not a neutral
starting point for deliberation about supporting areas of scientific re-
search. To say it is not neutral is not antiscience; rather, we should rec-
ognize that our national-level institutions for selecting and supporting
science were conceived in response to a particular set of problems, ini-
tially military, and were characterized by an unstable combination of
motives: the insulation of internally directed basic research from politics
and the application of knowledge and invention. This combination of
motives has continued into the present and is even richer, more complex,
and significantly more unstable now than it was then, suggesting that it
is perhaps time to reassess whether the science policy model we have in-
herited is the best approach to policy on publicly funded science today
(see Sarewitz 2000).

science, education, and advocacy

Part of the tension between public participation and specialized expert-
ise in science policy is that knowledge is crucial to good deliberation and
to genuine participation in such a national discussion. For example, if
persons opposed human cloning but did not realize that somatic cell nu-
clear transfer (SCNT) names a process of cloning, they might support re-
search involving human SCNT—but ignorance of the science would pre-
vent them from genuinely participating in the deliberation and from
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recognizing, and in some way resolving, the resulting contradictions
in their own professed positions.3 More knowledge may indeed dispel
some disagreement that is simply mistaken. It need not result in concord,
however, because not all disagreement about science policy is due to ig-
norance or fear about science. Rayner (2004) summarizes three versions
of deficit models, all familiar from hESCR debates, that explain dissent
as due to deficiencies in knowledge of scientific fact, in the understand-
ing of scientific process, and/or in trust in scientists. Taken alone or to-
gether, these would be insufficient to explain dissent overall because dis-
sent may spring from a concern not addressed by science. But just as
reliance upon deficit models may be taken to intemperate lengths, so too
may rejections of them: scientific knowledge remains important in pub-
lic assessments of science (as recently redemonstrated by Sturgis and
Allum 2004), even though it is not sufficient for policy deliberation.

While failing to understand the science certainly results in bad debate
and can lead to bad policy, understanding the science is not sufficient to
ensure wisdom in either. Scientific expertise literally defines a true elite
with respect to scientific knowledge, but that criterion does not define an
elite with respect to moral or other extrascientific questions of what we
as a society ought to do or to fund. Education about the relevant science
is thus a delicate matter. Experts have to educate, since to teach one does
have to be knowledgeable—it is not true that “those who can, do, but
those who can’t, teach.” But experts may become advocates, or may be
perceived as advocates, further tangling science and politics and the cred-
ibility of each. For example, if education is to be credible, then the
educator-spokespersons must strive to correct misunderstandings re-
gardless of whether the error is likely to have a favorable or an unfavor-
able effect on political support for research funding.

Scientists are called on by professional and academic societies to en-
gage in outreach and advocacy for research. For example, the executive
director of the American Society for Cell Biology points out that federal
funding is limited and that if no one advocates for biomedical research,
then sooner or later other programs will get more of the funding (Mar-
incola 2003). The author also notes that scientists may well be the most
effective advocates for science funding. Recently the past president of the
American Association for the Advancement of Science analyzed prob-
lems our society faces with regard to science, prescribing in part better
communication by scientists with the public (Jackson 2005). Editors of
journals—Science, for instance—have also weighed in on questions such
as federal funding for hESCR and have called on scientists to support
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and promote the cause; probably one of the most overt statements was
the announcement by the New England Journal of Medicine of its intent
to encourage manuscripts on the topic.4

But what has not been discussed in most, if indeed any, of the calls for
communication and outreach leading to advocacy is the delicate balance
of the costs and benefits of advocacy success. Two ways of recognizing
and assessing advocacy’s effectiveness come readily to mind: most obvi-
ously, advocacy is effective when advocates get what they want from
whoever is targeted; but at the same time, it is effective when political
opponents regard the spokespersons in question as effective advocates.
Now, what happens when a field of science or its spokespersons come to
be recognized as effective in advocacy? They will be discounted as being
just a few more political advocates! After all, if the spokespersons in a
field already are seen to be serving as advocates, then they are likewise
seen as liable to have made assumptions promoting their cause. But since
science aims at understanding the natural world, that is a huge loss. It is
a loss to us all because then no one can be trusted to tell the sometimes
politically uncomfortable truth about some aspect of the natural world
insofar as it is currently known, truth that might, for instance, cost a lot
of money to address or for some other reason come as unwelcome news
to a powerful constituency.

When scientists or science institutions choose to become political
activists for any particular policy option in the name of science, they
incur risks to the policy option and to the field of study. Recognizing and
balancing the risks is delicate, much as in education. Of course, in the
United States individuals, including scientists, enjoy the right to freedom
of speech, including the right to advocate for a preferred policy option
as well as to educate about the science (with respect to which multiple
policy options can then be developed). But these are quite differently di-
rected actions. When experts become identified with a political cause,
their relation to it encourages opposing political activism accompanied
by selection of complementary though more congenial experts. And this
then guarantees further rounds of the same (punctuated intermittently
with reciprocal claims of “But they started it!”). Identifying and advo-
cating a particular policy option on grounds that the policy is uniquely
scientific results in the policy disagreement being recast as a scientific dis-
agreement. One result of that is to present alternative policy options as
unscientific and to thereby promote insistence upon alternative scientific
approaches for political reasons (Pielke 2004). This is not surprising be-
cause once an extrascientific difference is recast as “a scientific issue,” the
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only point of entry to engage in the debate is likewise in scientific terms.
But that recasting also implies that the issue (or at least all that is im-
portant about it) is a technical problem, solvable by experts. The politi-
cal import of that implication is readily recognizable. In brief, short-
circuiting the policy discussion in the name of sound science does not
protect science; on the contrary, it tends to politicize science.

federal funding and ethics

The concrete expression of the hESCR debate in the United States is
public funding because it determines which programs are federally
controlled. The actual acts of manipulating, studying, modifying, or de-
stroying in the course of research and development involving products
starting with human embryos are not federally prohibited. The difference
based on funding does not, of course, suggest that only the federally
funded research is ethically important. It is sometimes suggested that this
difference, in particular about hESCR, reflects direct moral hypocrisy or
contradiction, as if the claim were that a particular act would be ethical
if privately or state funded but would be unethical if federally funded.5

This objection neglects the practical situation. It may be reasonable to
hope that policy and law will be crafted in accord with morality, but it
is not reasonable to expect this crafting to occur in isolation from prece-
dent, tradition, current sentiment, and preexisting law. Federal funding
is the concrete point that gives the federal government its regulatory
foothold in connection to the issue.

The federal/private funding distinction serves further as a homely but
effective safety valve for individual liberty in controversial practices,
with a presumption of liberty. To the extent that the practices are con-
strued as private matters, they may be left unhindered as private deci-
sions. Construed as public actions, as they would be if publicly funded,
they would be subject to public judgment. Thus the suggestion that the
“general acceptance” of in vitro fertilization (IVF), which, as currently
practiced in the United States, often results in nonimplanted embryos, is
or ought to be a reason to fund hESCR more broadly (Cohen 2004) over-
looks the practical situation that IVF is treated as a private medical de-
cision. Persons who do not approve of the practice avoid it. If it were to
be funded publicly, then it would need examination and assent not only
from those who approve it but also from those who do not approve
(whether it would meet general approval when approval was needed in
concrete form is another question, and I don’t know the answer). But for
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hESCR one can hardly leave the matter there, in part because the matter
is research rather than case-by-case medical judgment. This raises ques-
tions, to which I now turn, of how federal funding of scientific research
has come to be seen as an imperative (Callahan 2004) and why chal-
lenges to that assumption evoke such consternation.

branches of thought on science and society
expressed in the hescr debate

The Bush Report’s View

While the Vannevar Bush report (1945) marks the inception or modifi-
cation of civilian national science agencies, its entwining of science and
social good in the state reflects ideals of optimism through Enlightenment-
style approaches to the scientific and technical management of societal
problems. So if this branch of the debate starts with the premise “Good
science is good policy,” then the related argument for social results is “If
we do Research X (here, hESCR), then Societal Situation Y will follow”
(where Y is something good, like curing serious diseases, so the research
should be done, and not just by whatever means, but by funding from
federal science agencies).

Is this a compelling argument for funding the research? It depends, of
course, on the details. To the extent that the reason for doing hESCR is
the socially valuable potential outcome of curing diseases, then it mat-
ters whether the particular research leads to cures and whether that path
is the best, and the only, path to a cure for that medical problem. In gen-
eral we cannot predict that with any certainty. And this brings up an-
other way “it depends,” namely that the general approach that funding
basic research is good in itself and will also be good for the health and
economy of the country gets general public assent just as long as there is
general public agreement with the research in question (though general
public agreement is perhaps unnecessary; rather, it is enough if there just
is no stress or outcry due to strong disagreement). Disagreement may
arise because of something other than the outcomes claimed, such as the
particular acts required in research, as in hESCR, or because of differing
judgment of what outcomes are to be counted for consideration, or be-
cause of differing judgments about the allocation of scarce resources for
supporting biomedical research and development. When there is such
disagreement, it raises all sorts of questions about which projected out-
comes are significantly likely, and which are desirable, but also about
how that gets decided and who gets to decide. To frame the issue as if it
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were purely a matter of science, thus obviating or eliminating extrasci-
entific concerns or questions raised by nonexperts as merely political in-
terference, is no way to depoliticize the issue.

Several specific arguments that have been highlighted in the hESCR
debate express this current of thought:

• We need more hESCR immediately to develop curative medical
products without delay, but the research must be federally
funded because any medical products are far too distant and un-
certain for the research to attract sufficient private capital.

• Science is global or at least transnational, so if the research is not
federally funded in the United States it will be done in other na-
tions, which then will get “ahead” of the United States, with the
corollary point that U.S. scientists may even relocate.

• Although concrete benefits in the form of medical products can-
not be predicted with specificity in this or any other area of re-
search, we must first do the research in order to know.

• Since the research raises ethical questions for many, it should be
federally funded so it can be brought under federal regulatory
oversight.

The first point illustrates the tension in arguing for basic research on
the basis of applications and leads to questions such as: To the extent
that our publicly funded research is justified as providing public benefits,
ought we have greater institutional infrastructure for public determina-
tion of what is salient and how to proceed? How can we decide that
hESCR rather than any other research path is the means to those bene-
fits? And how are we to integrate public concern with the natural but
limited scope of elite scientific expertise?

The second illustrates the tension between the presumed inevitability
of the direction of science and technological development and the con-
tingency of national history. It especially recalls our history in the model
of national science policy shaped extensively by the World War II expe-
rience, in which the race to build the bomb became a wartime impera-
tive and the national location of scientists was crucial. The national se-
curity race was also important later in science funding and the formation
of policy supporting the space race. The implication of the second point
is that hESCR is an international race that the United States must win at
all costs.6 To explore the points of similarity and difference in the situa-
tions is beyond the scope of this essay, but we cannot simply assume that
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the hot or cold wartime metaphors apply smoothly to hESCR or that the
definitions of the runners, the race course, and the finish line are trans-
ferable.

The third and fourth points have much good sense—but only when
seen in the limits of their initial context. Thus they illustrate the tension
between, on the one hand, deliberating whether and why to engage in a
particular research program and, on the other hand, simply passing over
those questions to discuss how to do it. They can have little impact on
those with the ethical doubts, however, since if someone seriously doubts
whether something ought to be done at all, offering to fund it publicly
to find out its particular consequences, or even to regulate how it will be
done, cannot be considered any compromise on the “whether” question.
Thus it is only to be expected that these points do not lay the issue to rest.

The design of the science agencies as institutions of government fund-
ing for research, however, was intended to keep the decisions about what
is funded in the hands of scientists with expertise in the particular field,
and also to insulate as much as possible from politics the process of al-
locating funds. This would include insulating the process from elected of-
ficials and thereby the general voting public. The degree to which pub-
licly funded science would be under the control of elected officials (often
not scientists), as opposed to scientific experts (not elected and therefore
not necessarily accountable to taxpayers), was certainly a subject of de-
bate at the time, just as it is now (Kevles 1977). So while Vannevar Bush
believed, with good reason, that basic research would eventually lead to
practical benefits, the institutional system that he envisioned for funding
science was not designed to solve particular social problems identified by
the general public as needed and desirable, or to facilitate dealing with
subsequent events not intended or even anticipated but related to the
research program (Sarewitz et al. 2004).

Further, the system of allocating funds by expert peer review does not
contemplate how any moral or other extrascientific concerns might be
expressed or accounted for in decisions to withhold or provide public
funding for particular branches of research (nor what reasons, if any,
might count as legitimate for discussing whether to do such research at
all). It is a difficult question, and while proposals worthy of exploration,
ranging from philosophical foundations (Kitcher 2001) to institutional
implementation (Guston 2004), are being examined, it remains a prob-
lem because it involves introducing new parties directly into decision
making. The idea of setting limits on research activities is in itself neither
new nor opposed to science: for example, we limit what can be done with
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human research subjects. Where that particular condition is not gener-
ally agreed to apply—and many people do not regard human embryos
as human subjects in a morally relevant sense—what can be the basis of
discussion? Perhaps that situation accounts for the acrimonious tone of
our national discussion of hESCR. Many of our fellow citizens do regard
certain types of research as off limits for moral (hence extrascientific) rea-
sons and suspect that their concerns will be dismissed as “unscientific”
or “values” objections, while others see no reason to hesitate and do see
desperate urgency to fulfill the promise of benefits.

The Critical View

Along with our “Good science is good policy” tradition, we have a
smaller but also traditional branch of thought on the role(s) of science
and technology in society, suggesting that caution about science and
technology is good policy. This is a broad phenomenon, but in the
United States social criticism of science and technology has often focused
on environmental effects or information technology and privacy, and
also, closer to the topic at hand, on what some see as the overmedical-
ization of areas of life like childbirth. This type of social criticism is often
allied with and complemented by philosophies of technology, as in
Langdon Winner’s book The Whale and the Reactor (1986), where the
author contrasts the fitting natural animal and the out-of-place nuclear
reactor.

Just as the Bush (1945) branch of the debate on science in society re-
flects Enlightenment assumptions, this branch has historical roots sup-
porting its twentieth-century expressions—here, from the Romantic
period. In his account of attitudes toward technology, Mitcham (1994)
discusses those mentioned here as “Enlightenment Optimism” and “Ro-
mantic Unease” and observes that for all the commentary generated by
the latter attitude of caution, this current of thought has not produced
as much concrete effect in societal action. Its relatively lesser effect may
be due to many different conditions, including our institutional struc-
tures, but an additional factor may be the very formulation of the pro-
gram. That is, the program is negative: don’t move too fast, don’t over-
look the potential for unintended consequences, et cetera. One can be in
sympathy with the various types of doubt and caution and still see that
fewer positive recommendations for action must limit at least the ob-
servable effects. Nevertheless, its persistence in individual and small
community practices shows that science and technology development
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can be accepted on terms other than the extremes like “inevitability” or
“progress”—the latter in contrast to an image of a dark age.

Many of the topics or issues mentioned are associated, in the United
States at least, with generally leftist politics (environmentalism, appro-
priate technology, feminism in reproductive health). Criticism of science
and technology in society is an important current in many political sen-
sibilities, however.7 Recall, for instance, that in the national discussions
on human cloning one of the big stories was how critics on both the left
and the right were opposing cloning in very similar terms: for example,
often invoking the potential instrumentalization of women or women’s
bodies or the potential commodification of ova.8 This was politically re-
markable, but it might be expected to occur for other issues of science
and technology as well because “left” and “right” are not adequate
proxies for thought and experience and thus cannot capture the common
philosophical concerns. The argument of both urges that we not limit
our discussion of science policy to questions of how (under the assump-
tion that science and technology develop along some inevitable trajec-
tory) but also consider whether we want to choose one direction, or
avoid some other.

In arguments objecting to hESCR, a shared idea is that technology can
be dangerous and can lead to bad consequences not limited to individ-
ual harms. The form of the argument contrasts with the “Good science
is good policy” approach: “If we do Research X (here hESCR), then So-
cietal Situation Y will follow” (where Y is something bad, like instru-
mentalization of women as egg donors or of human embryos as research
material, so the research should not be done). Since that absolute rec-
ommendation is probably not an enforceable goal in the case of portable
work such as hESCR, the argument may be at least that it should not be
done in a particular state or that it should not receive public funding.

Is this a compelling argument against funding the research? Again, it
depends, in some very similar ways to the science policy position men-
tioned. First, if the reason for not doing or not supporting an area of re-
search is not the act itself but the prediction that the research will lead
to bad social consequences, then we have to be clear on just what re-
search leads to what consequences, and how we can be so sure that there
is a causal link between the research and the projected consequences, and
that there is no way other than blocking the research to avoid them. In
practical terms one might avoid the research in one place, or even avoid
it completely worldwide, and the undesirable outcome Y could still
occur. That type of reasoning is called “denying the antecedent,” and it

Branches of the U.S. National Debate 119



is invalid precisely because the result might come about in another way
even without the antecedent. The previous “Good science is good pol-
icy” argument supporting research funding for the sake of good social
consequences is invalid in the same way: not doing or not funding the re-
search does not guarantee that the desirable outcome, finding cures for
serious diseases, would not occur through research other than hESCR.
In the political discussion, however, either invalidity is admitted as a
weakness only for the argument proposed by one’s opponents; in fact
both arguments proceed not by logical validity but by projections about
the relative likelihood of uncertainties, with vivid assessments of the rel-
ative importance of the projected good and bad outcomes. And that
brings up the second way that “it depends”: it depends on agreement
about what would count as a significant and likely social consequence,
and that brings up all over again the questions about how it gets decided,
by whom, and what counts as significant among the good or bad conse-
quences.

locating the national default position

If we considered hESCR merely as a branch of biology, the amount of
attention at all levels of public life that has been devoted to it would be
astounding and inexplicable. But the attention is more understandable
in view of how it illustrates features of our past and present culture with
respect to science and technology in society.

First, the hESCR debate has brought to the fore historic and contin-
gent aspects of the relation of science and government, highlighting de-
fault assumptions about science in society. A default assumption need
not be justified itself, but a suggestion of deviation does require justifi-
cation. Default status confers great advantage and is thus desirable to
keep or to obtain.

Second, what counts as justification in public debate must be publicly
perceivable, concrete, and objective; hence moral concerns can be ex-
pressed in terms of harms to individuals on the model of research in
human subjects, but many other types of moral concerns approaching
notions of intrinsic worth are generally disallowed (Kaebnick 2000). As
a result, we rely heavily on projected social costs and benefits (Lysaght
et al. 2005). Cost-benefit analysis is rational and indispensable for de-
ciding between different means for how to get to a given goal. It is not
adequate, however, for deciding whether a particular goal ought to be
selected in the first place.9
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Third, the combination of which sorts of moral evaluations of science
and technology are generally accepted as fair for public discussion and
which sorts are disallowed (such as invocation of the sacred or values)
drives the discussion, so that the debate takes place solely on scientific
terms, on a linear model of science determining policy (Pielke 2004). As
a result, proponents on either side must urge that their preferred policy
option or preferred stem cell source should be favored because it will lead
to the most effective medical interventions soonest. This argument must
be driving the whole series of reports, claims, and counterclaims in a way
that suggests scorekeeping with regard to numbers of potential treat-
ments under investigation, or numbers and ranks of scientists endorsing
hESCR or any alternatives. While the number of potential treatments
is contentious in part because of different possible ways of counting,
the number of scientist endorsers seems hardly relevant at all.10 I have
even had people ask me which kind of stem cell, embryonic or adult, is
“better”—but better how and for what? If the question means better for
developing cures—that is, biomedical products—then the answer may
turn out to depend on the particular disease or condition and on the sort
of technology we want to develop in order to cope with it. The question,
however, shows that the idea of a generalized competition between stem
cells for scientific and political status has been communicated and that
the competition is couched in terms of which is a better problem-solving
approach for medical product development—that is, in terms of pro-
jected outcomes, but only in those terms.

Casting the debate in terms of claims about relative magnitude or
speed of producing hypothetical cures for diseases and conditions results
in arguments over how to compare current research and future potential,
provoking dueling claims of who is expressing scientific opinion or per-
sonal opinion. Meanwhile the number of persons potentially to be
helped, 128 million, is quoted repeatedly and dates, as far as I can tell,
from a Viewpoint essay in Science (Perry 2000). Such an estimate does
not readily admit of refutation by experiment, but the iconic status that
the number itself has assumed leads to reflection on a moral problem of
instrumentalization at least as worrisome as the potential exploitation of
women for ova, namely the instrumentalization of current as well as fu-
ture potential patients and families by promised hope or even promised
cures. In the context of moral argument about policy that is couched in
terms of medical benefits to individuals, the promises of cures are just
what we should expect, and caveats that clinical studies, let alone ap-
proved products, may be far in the future fade into insignificance even
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when they are included. It is a problem surely not limited to stem cell re-
search (Schwartz et al. 2002), and it forms an important part of the con-
text of this debate: if the argument for doing and/or funding research is
driven by projections of biomedical products to be developed, then an
outcome we can predict with high reliability is the touting of the prom-
ised benefit. That can range from expressions of genuine optimism to
cynically calculated promotion mixed in any proportion, but while the
argument is aimed at politicians, policy makers, and finally voters in gen-
eral, it engages the hopes and hearts of patients.

In summary, we have a situation of rules (or at least expectations) of
engagement, backed up by institutional history, tending to frame moral
questions regarding hESCR so that they are subsumed under science and
technology, best left to experts in the relevant scientific or technical area.
In effect, this situation presumes that moral and any other extrascientific
concerns are or at least ought to be ceded on the basis of scientific ex-
pertise. An alternative suggestion, that they be brought under a related
institutional structure and formulation like our human research subject
protection system and treated with bioethics expertise, reveals related
problems.11

One illustration of the effects of national-level default status may be
seen in the National Academies’ reports on hESCR (National Research
Council/Institute of Medicine [NRC/IOM] 2005), which recommend
guidelines for voluntary compliance by all stem cell researchers regard-
less of their source of funding (and stem cells). As others have discussed
(Robert and Baylis 2005), the panel, which recommended a model sim-
ilar to the institutional review boards for human subjects protection,
found few potential directions of hESCR to be problematic in them-
selves. Further, in the statement of task (NRC/IOM 2005, 3, 22), the
panel emphasized that in this report they “did not revisit the debate
about whether” hESCR should be done, assuming that it would be. The
word revisit suggests that the issue had previously been addressed and
may refer to a previous report on the scientific and medical aspects of
hESCR (NRC/IOM 2001). But while that previous report repeats several
times that there is deep division on the moral aspects of human embryo
usage, it either emphasizes what might be the scientific benefit of pursu-
ing it or refers the matter to future ethical discussion. The question of
whether it ought to be done obviously received an implicit yes in the con-
text: in other words, it was the default position (nor is this an isolated
instance; see Maienschein 2003, 187).

The Academies’ earlier report carefully noted that it was limited to sci-
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entific and medical aspects of stem cell research, so treating the reports
as if they constituted a complete consideration would do both the Acad-
emies’ panels and the topic a disservice. Worse, it can only confirm the
suspicion of persons who fear that their moral concerns will be over-
whelmed by the presumption that the disputed developments in science
and technology are inevitable. My point here is not to argue about what
the Academies panels should have been doing in 2001 or in 2005—they
answered their charge as requested by the parent institution and any
external funders. But science and ethics-of-science advisory bodies are
often asked to deliberate extrascientific questions where the formulation
of those questions is highly constrained, given that they are boundary
organizations in the context of an established default position on moral
questions related to science and technology.12 Thus while a particular
report, here the NRC/IOM 2005 report, can help demonstrate this, we
must recognize that the problem is broader than the charge of the par-
ticular panel.

locating the national fault lines

Arguments about what we ought to do publicly regarding hESCR start
from some (usually tacit) idea of the thing talked about and its basic na-
ture, which then influence attitudes regarding where or by whom further
decisions should be made. The “idea of the thing talked about” may be
the embryo (or pre-embryo) itself, or it may be the entire human life cycle
(from biological procreation through growth through procreation of the
next generation). What exactly is the important thing being changed?
Has it a basic nature at all, and does it have moral standing, symbolic
value (only), or material function (only)? Obviously these are not mutu-
ally exclusive categories, but that is just one more complication. The po-
tential medical benefits of hESCR may well cause everyone to agree that
such results would be desirable, but they will have no effect whatever on
people’s position about whether human embryos are the sort of thing to
be available for that use. Protecting vulnerable developing human life
may be something everyone wants, but agreeing on that has no effect at
all on the position of whether in vitro human embryos are the sort of
thing to be protected. Thus the debate also points to fault lines in our
points of view. For example: suppose one starts thinking about whether
we should fund hESCR with a fundamental idea that a human individ-
ual is (a) autonomous, characterized by capacities gradually emergent
from the developing body, or in contrast, (b) intrinsically involved in
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network of relationships, at least some of which precede the individual
body’s development. Indeed, many of our differences are located at the
level of ideas of what the thing (here the human thing) really and most ba-
sically is, underlying whatever else we think or know or observe about it.
And there are also other deep-level discords, such as whether goodness ex-
ists or whether it is a matter of convention. Intractability of disputes at
this basic level does not itself imply that no truth exists in moral matters,
but it does suggest that we are unlikely to settle it by national consensus.

Persons in accord on matters such as either (a) or (b) above develop
compelling ethical reasoning for what ought to be done. But if they are
not in accord (if some hold position (a) and some hold position (b)), they
will need time and goodwill even to understand what the other is talk-
ing about. Without that effort, the position that follows from one type
of initial view will appear absurd to the other, but denouncing one’s op-
ponent by reductio to a position that is absurd only relative to premises
that the opponent does not hold in the first place demonstrates only one’s
own lack of penetration.

One could formulate this fault line in many ways: viewing human na-
ture as malleable by human design or as mainly stable; viewing human
mortality as a problem (to be solved) or as a condition (to be accepted);
and of course viewing moral standing as gradually emerging as a result
of developing capacities or as a result of instantiating a kind of being
that has moral standing. It is important to note that these paired alter-
natives not only suggest a fault line between positions but also highlight
certain dimensions of the dispute. Other pairs, such as viewing a woman
as someone who experiences much of adult life as potentially fertile and
potentially a mother versus viewing a woman as someone who is po-
tentially an egg donor responsive to superovulatory stimulus, would
highlight different, though still related, dimensions. But any given pair
provides only a partial view; thus focusing on any one of these exam-
ples necessarily screens off consideration of different but not necessar-
ily opposed aspects of the question. Though inadequate descriptors,
they nevertheless are valuable as reminders that if participants in the
hESCR debate lack insight into the roots of their own position, they are
unlikely to be able to discuss it with others whose positions are differ-
ently rooted. The political positions people take, whatever these may be,
reflect not only how they judge their or anyone’s interests likely to be
best served by projected, as yet unrealized, social consequences but also
what they take to be the actual nature of the object under discussion,
whether “the embryo,” “human nature,” or even “nature” (“the envi-
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ronment”) or “science.” I am quite sure many readers have by now
heard that it is only an irrational misunderstanding or cruel disregard
for human life that leads some of us to be willing to grant public fund-
ing to research that destroys human embryos in the hope of developing
new medical products. Likewise, many readers must by now have heard
that it is just an irrational misunderstanding or cruel disregard for
human life that leads others of us to call for only nonembryonic source
of cells for research in treatment for terrible diseases or to withhold
public funds for that research. Neither statement captures our situation,
and although accusations in both directions will no doubt continue to
be made, that approach is not getting us anywhere and is not going to
get us anywhere.

conclusion

This view of U.S. national debate about hESCR shows several obvious
features:

• Science agencies and science policy making have institutionalized
the “Good science is good policy” approach: the idea that good
science is determined by expert scientists, with a view to applica-
tions.

• Thus there is at least a pro-research default position, if not a
research imperative.

• Advocacy on both sides is cast in terms of sound science in gen-
eral and selected outcomes in particular.

• Science agencies at the national level have the ability to fund or
not fund, and so to exercise control over research activity only by
first endorsing it.

• Meanwhile, balancing institutions and practices (here, the Con-
gress) for considering different or additional selection criteria are
not similarly specialized but must have many unrelated priorities.

These points are not the premises of an argument but descriptions of a
context strongly inclined to favor science and technology, and as a result,
to favor the formulation of moral and other extrascientific questions in
terms of science, thus bringing them likewise into line with the context.
Nevertheless, the context includes another feature:

• Resistance to the default position persists.
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Despite the loneliness of the last little point, it survives. That is why we
have a national debate, because of individual resistance to reframing
moral questions as scientific problems. It is not hard to see that we have
a pluralistic society, though the hESCR issue demonstrates substantial
reluctance to recognize, let alone tolerate, that diversity in practice. De-
bate about hESCR, so often in terms that are incommensurable rather
than in direct opposition, illustrates what happens in the absence of any
commonly acknowledged basis of morality and knowledge: “The En-
lightenment hope of secular bioethics has gone aground on the post-
modern recognition of competing moral narratives and accounts, among
which choice in a principled fashion has not proved possible without
begging the question of which moral vision should give guidance” (En-
gelhardt 2002, 10). A shared metaphysical (and moral and epistemic)
grounding of any type would ease that tension. The strategy of restrict-
ing discussion, whether specifically in bioethics or in a general public
forum, to what is not only secular and public but scientific may seem at
first to offer a way to resolve or simply avoid this intractable problem.
Needless to say, it does not succeed, because the project starts by defin-
ing terms (human, embryo, moral, reasonable, progress, etc.) in such
a way as to beg the question just as Engelhardt describes.13

To the extent that our institutions, whether explicitly or by practical
effect, result in national conformity, they impose a zero-sum, winner-
take-all condition on the issues they govern. In particular, consider our
public institutions for supporting science when the research program in-
volves extrascientific concerns, as is the case with hESCR: first, the zero-
sum, winner-take-all effect of national-level policy decisions results in a
national debate with parties working to vanquish their opponents. And
as an immediate result, even if compromises of regulation are suggested
in good faith, they come with the implication of that same zero-sum ac-
counting, so that a committed dissenter has nothing to lose by refusing
compromise as long as any means of expression remains. To the extent
that our national discussion depends on identifying a vision as if it were
a neutral ground for compromise, no reasonable end is in sight.

Consensus models have the attraction of some degree of apparent in-
clusion, but that can be deceptive, masking actual divisions overlooked
because the space at the table is limited for whatever reason.14 In the face
of such differences, the options include15

• Persuasion or conversion of opponents to concordant views. This
involves providing specification for arguments: what the research
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really is, what effects it might have, and so forth. It may work,
but rarely if persons are committed to any deep view.

• Coercion—this need not be illegitimate, as when enshrined in
majority rule. It is, however, simply a ruling for one view to pre-
vail and should be expected to be regarded as coercion by who-
ever “loses.”

• Agreement on procedures and institutional structures permitting
policy differences reflective of the deep ethical differences previ-
ously mentioned.

With respect to policy on science and/or medicine affecting uses of
human embryos, we have been pursuing all three options, including
agreement sought through national-level consensus committees, despite
their problems. The “agreement” approach could be pursued through a
more pluralistic federalism (hardly a new idea but a radical departure
from recent expectations), with the idea that differing policies would be
acceptable, and indeed more acceptable than enforced uniformity. En-
gelhardt (2002), Evans (2006), and Trotter (2006) all have argued in var-
ious degrees that our approach should attempt to address, rather than ig-
nore or suppress, persistent pluralism. As is also true of Kitcher (2001),
these arguments are far from implementable procedures and institutions
(see Brown 2004). But they are far beyond the continued defense of con-
sensus among selected expert participants in advisory committees and
policy making that we have been treated to in the course of the hESCR
debate so far. Thus even those who oppose hESCR uses of human em-
bryos might appreciate the decision of a state such as California to sup-
port such research, with the implication that other states may choose to
avoid it.

On a practical level, however, this last approach is both difficult and
expensive for enterprises like interstate or even international science
and commerce. It is in general increasingly uncommon in the United
States, since more and more issues are dealt with at the national level
and since many states may have little practical or economic ability to
make an effective stand. One has only to note how often we invoke
inconvenience as a reason for insisting on national uniformity while we
respond to the acknowledgment of any real differences between people
in different places by disparagingly describing those differences as “a
patchwork.” The pluralistic approach is difficult to support for an-
other reason as well, namely that it requires that on issues of critical
import (and if hESCR does not meet that criterion for you, there are
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many other candidates!) probably all of us must incur difficulty and ex-
pense for the sake of the deep commitments of opponents that seem to
us to lack any real meaning or even to be clearly wrong. As a result I
for one am not confident that pluralism will be long lasting on this
issue. Nevertheless, by revealing and reemphasizing the roots and
branching implications of decision making where viewpoints conflict
in science and policy, the hESCR debate may provide impetus toward
developing and implementing structures to accommodate difference;
such at least is my hope.

notes

The author is employed as a staff member for the Food and Drug Administra-
tion’s Drug Safety Oversight Board and as a visiting assistant professor of science
and technology studies by Virginia Polytechnic Institute and State University.
The opinions expressed here are the author’s and may not reflect those of any
current or previous employers. The author acknowledges helpful discussion and
support from Jane Maienschein and the Center for Biology and Society at Ari-
zona State University; helpful comments from (in alphabetical order) Rachel
Ankeny, Jessica Bolker, Jane Maienschein, Lynette Reid, Jason Robert, and Mary
Sunderland in a working meeting sponsored by the Model Systems Strategic Re-
search Network (funded by the Stem Cell Network in Canada); and helpful com-
ments from Philip Nickel and the other speakers at the conference from which
this volume grew, the conference organizers and editors of this volume, K. Mon-
roe and R. Miller, and two anonymous referees.

1. See, for example, Pollack (2005) and, for further analysis, Sarewitz (2006).
2. For consistency I have tried to follow the usage of morals and ethics laid

out by Ronald B. Miller in chapter 8 of this book.
3. Similar terminological changes have been offered for embryo and pre-

embryo to highlight the time of implantation (Danforth and Neaves 2005).
Whether this change does indeed help to increase understanding and whether in-
creased understanding helps one or the other political side are empirical ques-
tions beyond my scope. Still more radical changes have been reported (Holden
2006), suggesting that terminological specificity may have been recognized as
detrimental to legislation in some contexts. Clearly, intentional obfuscation at
least raises moral questions, but it is also true that in many such cases of an al-
legedly simple fact one must acknowledge that what appears as clarity or obfus-
cation depends on the context of the term or statement. With regret, given its
relevance, I cannot pursue that topic here.

4. For example, see Kennedy (2003, 2004); “Turn of the Tide” (2004); and
Drazen (2003). Obviously these samples do not even begin to capture the
plethora of commentaries on the issue. This partial list is further limited to for-
mal editorials, not letters to the editor or contributed individual perspectives.

5. See, for example, Cohen (2004) for a summary of these arguments. A sim-
ilar claim is sometimes made about the date of President Bush’s policy an-
nouncement, but I will not pursue that here.
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6. Thus the assessment of the situation of scientific misconduct discovered in
Professor Hwang’s lab—“The race is back on, and I think the U.S. has a second
chance to do it right”—was perhaps only to be expected (Dr. Robert Lanza, pres-
ident of Advanced Cell Technologies, quoted in Weise 2006).

7. Examples could be numerous, but a recent issue of the Hedgehog Review
(vol. 4, no. 3 [2002]) illustrates the point, including articles by Winner, A. Borgman,
L. Andrews, and G. Meilaender and an interview with F. Fukuyama.

8. For just one example, see Abate (2001). For additional insight into the co-
alition on cloning and commodification, see online companion content to ch. 25,
“Emerging Biotechnology: Cloning,” in Our Bodies Ourselves (Our Bodies Our-
selves 2005).

9. It may appear adequate if we have already identified the standard for com-
parison with respect to which we assess costs and benefits, pains and pleasures,
and of whom or what. But that would assume we had already done what is still
unsettled and contested in the hESCR case. If it could be simply done, we would
not be having this acrimonious debate.

10. Actually, one organization has directly used the scoreboard metaphor to
highlight the benefits of clinically oriented nonembryonic versus embryonic stem
cell research (see the scoreboard pictured on the home page of the Coalition of
Americans for Research Ethics at www.stemcellresearch.org, accessed May 3,
2007). It has been attacked on the basis of counting methods and endorsements
(Smith et al. 2006), with responses to those critics appearing as this is being writ-
ten (Prentice and Tarne 2007; for earlier additional discussion, see Orive et al.
2003; Orkin and Morrison 2002).

11. Evans (2006) analyzes the function or aspirations of public bioethics
practitioners, commentators, and committees as a branch of technocrats. He
does not take up the special case of hESCR, but the possible application is clear.

12. Boundary organizations, as the name suggests, are located between sci-
ence and nonscience entities that make and execute policy—for example, science
advisory committees and institutions. Boundary organizations “exist at the fron-
tier of the two relatively different social worlds of politics and science, but they
have distinct lines of accountability to each” (Guston 2001, 401). For an analy-
sis of bioethics committees as boundary organizations, see Kelly (2003).

13. I need hardly point out that an effective ban (on research, not on a fund-
ing source) would be likely to invoke a similarly begged question. I did not focus
on that alternative because it is not a practical possibility.

14. The application of consensus models in advice to the government, both
technical and nontechnical, through the mechanism of scientific and bioethics ad-
visory committees is an area of great personal interest and one that has inspired
considerable comment, but it cannot be pursued here. One can hardly miss the
observation that a committee of any workable size must either be selected in such
a way to be able to come to consensus and thus leave out some positions (see
Green 2001), or the opposite, in which case consensus is not to be expected (as
seen in the President’s Council on Bioethics).

15. The description here of intractable differences and the range of possible
responses are greatly influenced by the ethical writings of H. T. Engelhardt; see,
for example, Engelhardt (1999; 1996, esp. 67–72).
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My first real-life exposure to the aphorism, sometimes attributed to
Voltaire, that the perfect is the enemy of the good occurred soon after my
arrival in the national capital area in 1999. I was the newly appointed
Executive Director of FASEB (Federation of American Societies for Ex-
perimental Biology), and I was undergoing my education by immersion
into the politics of “advocacy.” Veteran Washingtonians explained to me
that becoming too enamored with the perfect solution to a problem was
one of the most common pitfalls for a political process that functions
best when common ground can be found among divergent political per-
spectives. For example, support of basic science research can be justified
on humanitarian or economic development grounds, and both justifica-
tions result in the same desirable outcome. Those who insist on solicit-
ing support based solely on the justification that it is the right thing to
do may miss a chance for a productive alliance with those who see med-
ical research as an economic issue. It is frustrating to those of us who see
embryonic stem cells (ESCs) as a great scientific opportunity that the pol-
itics that govern stem cell policy have focused on absolutist outcomes
and that compromise has found little appreciable political traction.
There are some hopeful recent signs that this may be changing, but even
if political positions become less entrenched, scientific opportunities have
already been lost.

This commentary is intended to be a brief summary of the cur-
rent status of the three areas where the politics of human ESCs plays
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out—federal policy, international policy and the policies of individual
states.

federal policy and legislation

Developing public policy regarding research that involves fetal or em-
bryonic materials must navigate between the antiabortion sentiment that
is so powerful in Congress and the equally powerful desire to support
medical research. Medical research has enjoyed a long history of gener-
ous national support in the United States, and the 1998–2003 doubling
of the National Institutes of Health (NIH) budget to approximately $28
billion was a clear statement that health research is a high national pri-
ority. Simultaneously, abortion policy has been the focus of much leg-
islative and legal action over the past four decades. The tension that
occasionally arises between these two issues resulted in a two-pronged
national strategy, with research support allowed for already existing em-
bryonic materials but prohibited for the development of new derivatives
from embryos or fetuses. This sort of “legal fiction” allowed the gov-
ernment to take the position that nothing was being done to create in-
centives for abortion while still finding means to support promising av-
enues of medical research using these same materials. Investigators were
required to find nonfederal support to obtain the materials but thereafter
were eligible for peer-reviewed federal funding. Especially relevant in this
policy was the NIH Revitalization Act of 1993, which permitted the use
of fetal materials for transplantation (e.g., for Parkinson’s disease) so
long as they were obtained under strict guidelines.1 This permissive pol-
icy was soon thereafter coupled with the annually renewed amendment
to the NIH appropriation (the Dickey-Wicker Amendment) that pro-
hibits the use of federal funds for the creation of embryos for research.2

While not overtly in conflict, the divergent thrust of these two policies
was in keeping with the separation of obtainment from use. This policy
construct clearly influenced a draft policy being vetted within the NIH
during the last months of the Clinton administration that followed the
same general pattern for human ESCs by permitting federal funding for
research but not for the establishment of new cell lines.

The focus of federal human ESC policy in the recent past has been the
“compromise” promulgated by President George W. Bush on August 9,
2001.3 That policy allowed federal funding for research employing then
already existing ESCs that met stringent ethical standards of informed
consent and noncoercion. The unique feature of the August 2001 Bush
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policy was that the date of its promulgation, rather than some ethical
standard, became a bright dividing line. Cell lines developed after that
point could not be eligible for federal research funding. No new cell lines,
including those established with nonfederal resources under the most
stringent ethical guidelines, could ever become eligible for use in feder-
ally funding research projects. The logic of this policy is obviously
strained; instead of adopting the usual formulation that if the govern-
ment hands did not touch the establishment of the materials then its
hands are clean, the new position is that once the government became
aware that research was going on it could no longer countenance it. This
is a major departure from past policy, and in retrospect it is apparent that
the Bush policy simply deferred the debate to a later date. This policy
would have been effective only if stem cells had proven to be a research
dead end, but scientific success in ESC research guaranteed demands to
reconsider this approach. Unfortunately, the Bush compromise of 2001
was the last effort at compromise to enjoy any support from the oppo-
nents of stem cell research.

NIH director Elias Zerhouni and others have maintained that the
Bush policy is guided by the president’s moral convictions.4 This is in all
likelihood quite true, but the policy was also clever short-term politics,
since it positioned the president as nominally in support of stem cell re-
search while not alienating the vocal and activist right-to-life elements of
the electorate. The Bush compromise initially met with mixed reactions
from the scientific and patient communities. While almost all the organ-
izations representing scientists wanted greater latitude for ESC research,
some viewed the Bush policy as a limited opportunity to use federal sup-
port to start “proof of principle” experiments to better determine the po-
tential of stem cells.5 Others doubted that the number of existing ESC
cell lines was sufficient to carry even that limited burden.6 As the num-
ber of readily available cell lines dwindled to its current twenty-one, ad-
vocacy organizations representing patients and scientists increased the
pressure to relax the pre–August 2001 limitation on cell lines eligible for
funding.

The 2004 presidential campaign made legislation or policy change un-
likely in 2003–4. Stem cell policy was one of the rare science policy is-
sues that actually made it into the broad political arena, as exemplified
by a cover story in Newsweek (October 25, 2004). However, not even
the appearance of former President Reagan’s son Ron at the Democratic
National Convention or polls showing wide support for modification of
the Bush policy seemed to have much impact, as other issues dominated
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the campaign.7 Following the reelection of President Bush, expectations
were low for liberalization of federal stem cell policy via either new leg-
islation or administrative action. Yet the issue of federal support for
human ESC research has reemerged in 2005 with powerful bipartisan
support. This renewal of interest in expanding ESC research is largely
due to the persistence and effectiveness of patient advocacy groups with
support from some of the nation’s most eminent scientific leaders.

Opposition to expanded human ESC research includes many “pro-
life” or “antiabortion” legislators, and the argument against this re-
search coalesces around the strong belief that an embryo should have the
same legal status as a person. This viewpoint is well illustrated by a state-
ment from the Web site of Senator Sam Brownback (R-KS): “Clearly, we
must to continue to work to find cures for diseases, and to alleviate suf-
fering. However, it has never been acceptable to deliberately kill one in-
nocent human being in order to help another. Life begins at the begin-
ning at conception. Human beings develop from the one-celled stage
onward, and deserve respect because of the dignity they have as human
beings.”8 This construct does not easily accommodate to legislative com-
promise, and its advocates have resisted any expansion of federal support
for ESC research. One consequence of this rigid position is that the anti-
ESC legislators have distanced themselves from the reality of how ESC re-
search was going to be conducted so that the regulations that would be
established for the use of human ESCs would be written by those who
were already committed to the expansion of ESC research. This may be
appropriate, but one wonders if there might not have been a broader con-
sensus on the issue if there had been real engagement on the concept of
how to actually use human ESCs.

It is important to recognize that there is not a complete coincidence
of antiabortion and anti-ESC viewpoints, as many legislators who iden-
tify themselves as “prolife” are also vocal supporters of human ESC re-
search. Stephen S. Hall, in his book Merchants of Immortality, describes
in vivid detail the moving and influential testimony in 2001 by Senator
Gordon Smith (R-OR).9 Senator Smith’s comments encapsulate the ar-
gument for federal support: “For me, being pro-life means helping the
living as well. I choose to err on the side of hope, healing, and health.
And I believe the federal government should play a role in research to as-
sure transparency, to assure morality, to assure humanity, and to provide
the ethical limits and moral boundaries which are important to this
issue. . . . We are at the confluence between science and theology. I be-
lieve we must err on the side of the broadest interpretations to do the
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greatest amount of good.” Senator Smith is one of the few politicians
who has reached out to the opponents of ESC research with arguments
based on mutually shared religious views of the sanctity of life. The “pro-
life” proponents of ESC research are likely to be central in this political
divide.

The brightest moment thus far for advocates of federal ESC support
came on May 24, 2005, as the House of Representatives passed HR 810,
as proposed by Representative Castle (R-DE) and Representative
DeGette (D-CO), by a vote of 238–194.10 This legislation would simply
remove the August 9, 2001, limitation on the cells lines eligible for fed-
eral funding and would thereby expand eligibility beyond the current
twenty-one cell lines. Given the support for anticloning legislation (dis-
cussed below) in the House, passage of HR 810 is a remarkable change
in legislative approach. While the fate of this legislation in the Senate is
uncertain and President Bush has promised a veto even if it is passed, the
successful passage of HR 810 indicates growing political support for
ESC research. It is notable that fifty Republican representatives sup-
ported this measure despite overt opposition from the White House. One
possible cause for this shift is the passage of Proposition 71 in Califor-
nia and the subsequent move among a number of states to provide local
resources for ESC research. Fears of loss of prestige and prominence of
local universities by the loss of investigators to California and the hand-
ful of other states where ESC research money is available is a powerful
local political issue. The fact that Proposition 71 carried California by
such a strong margin (59 percent), running ahead of Sen. Kerry, who eas-
ily carried the state, and gaining a majority in many conservative-leaning
counties, indicated that the polls were correct; ESC research does res-
onate with voters.11

Although a year went by without further legislative action after the
passage of HR 810, Senate action on a package of stem cell–related leg-
islation, including HR 810, appears likely in the summer of 2006.12 The
bills to be considered in addition to HR 810 are not controversial and
would promote research on non-embryo-derived alternative means to
develop pluripotent cells and prohibit “embryo farming.” It seems un-
likely at this time that President Bush will change his approach or that
HR 810, even if it should pass the Senate, will have enough support to
override a veto. The president proposed additional restrictions in his
2005 State of the Union address: “I will work with Congress to ensure
that human embryos are not created for experimentation or grown for
body parts and that human life is never bought or sold as a commodity.”
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The president reiterated concerns about the direction of stem cell re-
search in his 2006 State of the Union address when he said, “A hopeful
society has institutions of science and medicine that do not cut ethical
corners, and that recognize the matchless value of every life. Tonight I
ask you to pass legislation to prohibit the most egregious abuses of med-
ical research: human cloning in all its forms, creating or implanting
embryos for experiments, creating human-animal hybrids, and buying,
selling, or patenting human embryos. Human life is a gift from our
Creator—and that gift should never be discarded, devalued or put up for
sale.”13 However, no follow-up legislation was proposed after either
speech, and the passage of HR 810 indicates that any legislative attempt
to significantly restrict ESC research is now unlikely to succeed. The year
2006 may yet see a major test of resolve on both sides as federal legisla-
tion comes to its final phases.

anticloning legislation

No issue illustrates the principle that is the title of this essay more than
the issue of reproductive cloning. Interest in prohibiting reproductive
cloning as a policy issue came to the fore shortly after the successful
cloning of the sheep known as “Dolly.”

Human reproductive cloning has been denounced by virtually all who
have considered it. The National Research Council declared it to be
“dangerous and likely to fail” and urged its prohibition.14 Since the op-
position to cloning is widespread and the only support for reproductive
cloning is scattered and eccentric, one would expect that it would be
quite straightforward to legislate a reasoned prohibition of human re-
productive cloning. In fact, it has been difficult and contentious because
the procedures of nuclear transfer that are central to cloning could also
be used for the generation of blastocysts, and subsequently ESCs, for re-
search and possibly therapeutic purposes. Thus the debate has been how
to manage human nuclear transfer technology (or “therapeutic cloning”)
while outlawing reproductive cloning.

There have been two competing legislative strategies on this issue,
with one approach attempting to regulate the technology and the other
dealing with the outcome. These competing strategies allow little room
for compromise and have resulted in failures to accomplish anything
substantial either in the United States or at the United Nations. The first
approach is exemplified by HR 1357, the Human Cloning Prohibition
Act of 2005, proposed by Representatives Weldon (R-FL) and Stupak
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(D-MI).15 This legislation would amend the federal criminal code “to
prohibit any person or entity, in or affecting interstate commerce, from
knowingly: (1) performing or attempting to perform human cloning; (2)
participating in such an attempt; (3) shipping or receiving an embryo
produced by human cloning or any product derived from such embryo;
or (4) importing such an embryo or derived product.” Penalties of up to
ten years in prison and fines up to $1 million are set forth. This legisla-
tion is quite a radical and unprecedented departure for American science
policy in that it criminalizes not only an overt antisocial act but also an
entire avenue of biomedical research. This approach ignores the tradi-
tional avenue of creating policy by determining if the federal government
wishes to invest its resources in that area of research. (Representative
Weldon has also tried that approach, seeking unsuccessfully in June 2005
to amend the NIH appropriation to prohibit the use of NIH funds for
cloning research.)

One major problem with a comprehensive cloning ban that included
nuclear transfer technology would be the very difficult enforcement is-
sues. For example, would a patient who went to another country to re-
ceive therapy with stem cells derived by somatic cell nuclear transfer be
subject to arrest upon return for importation of a banned material?
Would an assisted reproduction specialist really be arrested for per-
forming noncloning somatic transfer in order to avoid the certain inher-
itance of mitochondrial disease–associated mutations? How would our
society react to the imprisonment of a scientist for studying breast can-
cer by generating an embryonic stem cell line with an inherited mutation
of a gene such as BrCa1? But these questions have not been the central
part of the political argument; the potential of these materials, however
miniscule, to result in a human life is the sole focus of this legislation. Al-
though HR 1137 has not been considered in 2005 or 2006, similar leg-
islation easily passed the House in 2002 and 2003 and enjoyed the en-
dorsement of President Bush. The comparable bill in the Senate (S 658)
has never come to a vote, so its fate in that chamber is uncertain.

The alternative approach has been championed by a bipartisan co-
alition in the form of S 876. This proposed legislation would prohibit
the act of attempting to actually produce a cloned human being, and it
sets out a series of ethical guidelines for performing research using so-
matic cell nuclear transfer. This act has also not come to a vote, as any
legislation in this contentious area would need sixty votes to overcome
a filibuster. The Senate seems, at present, at an impasse. The failure to
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produce anticloning laws should not suggest that reproductive cloning
could be done without restriction in the United States. In 1997 Presi-
dent Clinton issued a presidential directive prohibiting the use of fed-
eral funding for such research, once again emphasizing the tradition
of using the power of federal support to mold science policy.16 Even
more potent was the assertion shortly thereafter of regulatory control
over human reproductive cloning by the Food and Drug Administra-
tion.17 This control should be adequate to root out any rogue labora-
tories that might think of this country as a safe haven for generating
cloned humans.

The same contrasting approaches characterized the last several years
of debate on cloning at the United Nations.18 An initial resolution in
2001 by France and Germany launched an effort to develop a treaty
banning reproductive cloning along with a second effort to arrive at a
consensus on the ethical boundaries for research. However, the United
States vigorously opposed a two-step approach and backed a resolution
by Costa Rica that would have banned all forms of human cloning,
including laboratory research. A competing resolution sponsored by
South Korea and Belgium, and endorsed by national academies of sci-
ence in more than sixty nations, returned to the original concept of ban-
ning only reproductive cloning. Since neither resolution had over-
whelming support, a bloc of Islamic nations proposed a two-year
postponement. The postponement passed, 80–79. This year the treaty
approach was abandoned and a vaguely worded nonbinding advisory
resolution opposing all forms of cloning passed 84–34 with thirty-seven
abstentions.

What was perceived as wrong with the simple approach of a treaty
banning reproductive cloning? After all, nearly everyone agrees that this
would be a dangerous way to perpetuate our species. Apparently many
delegations, including prominently the United States, felt that any fail-
ure to limit the use of cloning technology was the equivalent of endors-
ing the creation of embryos for research. Thus the opportunity was lost
for worldwide agreement to establish a standard of scientific and med-
ical behavior. We are unlikely to see a more acute example of the perfect
as the lethal enemy of the good, as demanding a prohibition on all types
of cloning, including research, prevented an agreement that might actu-
ally have had some impact on world opinion and might have had the
salutary effect of establishing a world standard. Unfortunately, this op-
portunity is probably lost for the foreseeable future.
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states and esc research

The very limited federal support available for the rapidly developing field
of ESC research left a vacuum, and several of the states rushed in to fill
the void. The leader in this charge is California, and the passage of
Proposition 71 in November 2004, with its commitment of $3 billion in
research funds over the next ten years, is now the standard against which
other states must compete. The form of the support, the California In-
stitute for Regenerative Medicine (CIRM), is also a model for how such
support can be structured, and it is an important precedent in govern-
ment investment in biomedical science.19 CIRM is structured as an inde-
pendent agency with an already committed budget. In contrast to NIH,
the National Science Foundation, and nearly all other science agencies,
CIRM does not have to go back to the legislature annually for its ap-
propriation. CIRM is governed by an Independent Citizens Oversight
Committee (ICOC), which is dominated by representatives of patient ad-
vocates and academics, the alliance that so effectively campaigned for the
passage of Proposition 71. The handing of this large responsibility to an
agency outside the immediate reach of the legislature has bothered some
legislators and is the subject of considerable legislative and legal wran-
gling. In fact, court challenges to Proposition 71 have delayed its full
implementation well into 2006 and perhaps even later. Nonetheless, it
is the model being considered in other states. For example, New York
is considering legislation to support ESC research that would create
a structure almost identical to CIRM.20 One New York assemblyman, a
co-sponsor of this legislation, told me that he believes support of med-
ical research is a federal responsibility and that the state of New York
should not have to use its resources there. But the absence of federal sup-
port and the specter of other states scooping up the best talent from New
York universities and biotechnology companies was unacceptable, so he
felt compelled to propose state support for ESC research.

In addition to California, several other states have moved forward to
guarantee the legality of ESC research and provide funding for it.21 New
Jersey was the first, enacting legislation to protect ESC research in 2002.
Following California’s legislation and passage of Prop 71, Connecticut,
Massachusetts, and Maryland passed enabling legislation to move into
this field. New Jersey, Wisconsin, Illinois, Connecticut, and Maryland
joined California in devoting state funding to this area of research. Mass-
achusetts previously had a conflicting and confusing legal framework,
and the 2005 legislation created a clear set of guidelines for research in
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this area. It passed over the veto of Governor Romney, who urged the
deletion of protection for research using nuclear transfer. ESC permissive
or supportive legislation is pending in several other states as well.

On the other side, more states have laws that restrict research with fetal
or embryonic tissues, although only a few specifically mention embryonic
stem cells. Currently, sixteen states have laws that specifically prohibit re-
search on a human fetus or embryo, although the variety of definitions used
for the materials that are excluded makes the situation difficult to sum-
marize. For example, California, with its very permissive structure, also has
existing law that prohibits the research use of aborted live fetuses. Most of
the prohibitions appear to be aimed at prohibiting or severely limiting the
use of aborted fetuses for research. Ten states have consent provisions that
govern the use of aborted or fetal materials, and three (California, Con-
necticut, Massachusetts) have consent provisions that specifically govern
the donation for research of materials from IVF procedures.

Seventeen states, mostly in the Midwest and the South, have laws that
prohibit the use of fetal or embryonic materials obtained by means other
than abortions. Most relevantly, six states (Arkansas, Indiana, Iowa,
Michigan, North Dakota, and Virginia) have language that specifically
prohibits research using human cloned embryos, and Louisiana specifi-
cally prohibits any research on embryos obtained from IVF procedures.
Several states (Missouri, Nebraska, and Arizona) have reverted to the old
model of limiting prohibitions to those actions that use state funds. For
the rest of the states, what is illegal is illegal no matter what the funding
source. President Bush’s concern about the commercial sale of embryos
has been addressed by half the states, as twenty-five states already have
laws on the books that restrict or prohibit the sale of embryonic or fetal
materials. Twenty states have not enacted any legislation that directly
speaks to stem cell research, cloning, or related issues.

In summary, the individual states have moved ahead along the exact
same dividing lines as the nation. Several states where biotechnology and
research universities are central to the state image and economic strategy
have moved decisively to protect ESC research and to promote it. Other
state legislatures see the protection of embryos or fetuses as the central
issue and have passed legislation that restricts or prohibits ESC research.
Most of the action thus far has been within state legislatures, and it will
be interesting to see if popular referenda will be tried in other states be-
sides California. Missouri will also be the next test of the appeal of stem
cells at the ballot box as it votes in 2006 on a referendum that would pre-
clude any restrictions on research that are more stringent than federal law.
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conclusions

ESC research has proven to be an almost insurmountable challenge for
science policy makers. Compromise is not easy to reach, as there are no
examples of working compromises that both ESC advocates and oppo-
nents can live with and publicly support. Given that fact, it is not sur-
prising that both sides move ahead wherever they can, with ESC propo-
nents building support in states on the West Coast, the Northeast, and
the Great Lakes area, while state legislatures in the South, the Midwest,
and Plains states are busy making the same research illegal. This situa-
tion is not entirely unprecedented, since science issues as diverse as en-
vironmental protection and the teaching of evolution have long divided
the various states. However, with Congress moving slowly on stem cell
legislation and with a president not inclined to change the current pol-
icy, we are unlikely to establish a national standard that will guide the
individual states. Thus we are likely to see more, not less, action at the
state level on the ESC issue.

If the perfect is the enemy of the good, have we lost good things in this
debate as each side searched for perfect outcomes? I fear that we have.
The first loss is the almost complete erosion of the compromise that gov-
erned research on embryonic materials: the restriction of federal research
support to embryonic materials already obtained with nonfederal funds.
This compromise seems irretrievable now. The second loss is the loss of
the ability to have a national consensus on an issue of great scientific im-
portance, resulting in a patchwork of state policies that will only serve
to further concentrate biomedical research in a relatively small cluster
of states. Finally, we will have lost time in testing and developing this
exciting area of research. That loss is irreplaceable.
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Stem cell research, therapy, and public policy engender issues that are
heatedly debated and variably regulated in the United States. Today’s
ethical issues are likely to determine tomorrow’s public policy (legislation
and regulation) even if widespread consensus is not achieved. Let me
begin, then, by defining how I will use the terms ethics and morality, even
though later in the discussion we may find it enlightening to understand
the terms as defined differently by Stanford philosopher Ernle W. D.
Young. The adjectives ethical and moral are commonly used as if they
were synonymous, but the nouns are not. Although neither ethics nor
morality is uniformly defined, I find it useful to define morality as a tra-
dition (whether religious, cultural, or professional) of what is good,
right, and just (or bad, wrong, and unjust) and ethics as a discipline of
either theology or philosophy that studies morality—that is, studies re-
ligious, cultural, and professional views of what is good, right, and just.

Of necessity the law is pragmatically minimalist whereas ethics is as-
pirational or maximalist. Legislative law codifies, and case law reaffirms,
the ethical principles, beliefs, or judgments that have achieved sufficient
public consensus to be adopted or enforced. Regulations, however, are
often adopted before there is public consensus. Some of what I will ad-
dress has achieved consensus, but some is gestating and is often debated
rather than discussed.

I will begin with a brief review of normal embryologic development
and of the sources of stem cells, a statement of ethical goals for stem cell
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research, and a review of two matters of general societal agreement and
two matters of major societal disagreement that complicate—if not
prevent—the development of satisfactory, coherent public policy. I will
then review religious as well as secular ethical beliefs and concepts fun-
damental to a subsequent overview of the ethical issues for stem cell
research, for stem cell therapy, and for stem cell policy development. I
will conclude with selected opinions regarding whether we can achieve
societal consensus and possible approaches to doing so, as well as my
personal opinions regarding stem cell research.

a brief review of normal human 
embryologic development

This review or overview is provided to facilitate understanding of the
ethical and policy issues in stem cell research and therapy. I have chosen
to employ the term pre-embryo for the first two weeks of human devel-
opment (rather than considering that the embryo begins at the time of
syngamy or fertilization) because it provides a logical basis for assigning
greater moral status as development progresses. However, as the
renowned Catholic theologian Richard A. McCormick, S.J., of the Uni-
versity of Notre Dame (who was a member of the federal Ethics Advi-
sory Board and the Ethics Committee of the American Fertility Society)
pointed out, the term was adopted by the American Fertility Society not
“as an exercise of linguistic engineering to make human embryo research
more palatable to the general public” (Jarmulowicz 1990, 181) but “be-
cause the earliest stages of mammalian development primarily involve es-
tablishment of the non-embryonic trophoblast, rather than the forma-
tion of the embryo” (McCormick 1991, 1). “The scientific rationale for
the term ‘pre-embryo’ . . . is its greater accuracy in characterizing the ini-
tial phase of mammalian development” (Grobstein 1988, 61). Lest one
believe the term pre-embryo outdated, Carson Strong, in a 2005 article
in the American Journal of Bioethics, stated, “It is accepted practice in
the bioethics literature to refer to the human conceptus prior to the for-
mation of the primitive streak . . . as the ‘pre-embryo’ ” (21). For a more
detailed and sophisticated understanding of human embryologic devel-
opment, the reader is referred to chapter 1 of this book, by Peter Bryant,
and chapter 2, by Philip Schwartz and Peter Bryant.

A gamete is an oocyte (egg) or a spermatozoon (sperm). Each con-
tains half the number of chromosomes of all other cells of the body. A
zygote is a fertilized egg, the result of the union of egg and sperm. It is
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totipotent—that is, able to form all cell types, including those of the
chorionic portion of the placenta as well as of the fetus, and thus in
utero it has the capacity to develop into an organism. It cleaves (divides)
repeatedly over three to four days without any overall growth in size
(i.e., the cells double in number but become smaller). Up to at least the
eight-cell stage, each cell is totipotent and could become an entire or-
ganism if separated from the others. As it divides further, it becomes a
morula, a solid mass of sixteen to thirty-two cells that looks like a mul-
berry. Each of its cells is called a blastomere, and with successive cell di-
visions the cells become smaller though the size of the morula remains
the same.

The mass of cells begins to hollow out, and at four to seven days after
fertilization and seven or eight sets of cell division it becomes a blasto-
cyst (which is 0.1–0.2 mm in diameter, about the size of the dot of an
i or a period on this page). The blastocyst (also called a blastula) is a hol-
low sphere of 50 to 250 cells (surrounding a fluid-filled cavity, the blas-
tocoel), many of which cells (the outer layer or trophoblast), if implanted
in the uterus, would become the chorion (the embryonic portion of the
placenta) but twenty to thirty of which are the inner cell mass that would
become the embryo (and the yolk sac, the allantois, and the amnion) and
later the fetus. The yolk sac (for nutrition in birds and reptiles but not
mammals) manufactures early blood cells and germ cells. The allantois
is the waste sac prior to placental function and kidney development, and
the amnion is the water sac, which serves as an intrauterine shock ab-
sorber for the fetus (Gilbert et al. 2005). The blastocyst implants in the
uterus five to eight days following conception. The chorion secretes a
hormone (human chorionic gonadotrophin) that induces the ovary to se-
crete progesterone, which causes the uterus to remain soft and malleable
(and enlarge as the fetus grows). The chorion also produces chemicals
that block the maternal immune system so that the embryo and fetus will
not be miscarried (Gilbert at al. 2005). The embryonic blood vessels of
the chorion come into contact with maternal blood vessels in the decidua
(the maternal portion of the placenta), allowing nutrition from, and
waste excretion to, the mother.

With further cell divisions over another week and further invagination
of cells, the blastula becomes the gastrula. The invagination of cells be-
gins on about day 14 and forms the three primary germ layers of the gas-
trula: (1) ectoderm, which will become skin, nervous tissue, eyes, ears, and
breasts; (2) mesoderm, which will become blood cells and vessels, heart,
spleen and lymphatics, kidneys, gonads, connective tissue, bone, muscle,
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and fat; and (3) endoderm, which will become lungs, liver, pancreas, gut,
bladder, tonsils, pharynx, and parathyroid glands.

The gastrula at fourteen days has approximately two thousand cells
and begins to develop the primitive streak, the first marker or anlage of
the nervous system. Prior to this, the pre-embryo can feel no pain since
it has no nervous system. (Indeed, it is not until approximately the
twenty-third week that the fetus can respond to painful stimuli [Craig
et al. 1993].) Furthermore, prior to this developmental milestone at twelve
to fourteen days, the pre-embryo could divide to form twins, and in this
sense individuality (which is essential in the minds of many to identity
and personhood) has not yet been established. Thus scientists and ethi-
cists have proposed that research on the developing organism should be
limited to the first fourteen days after conception (Ethics Advisory Board
1979).

From about two weeks to the seventh or eighth week, as the long axis
of the body appears, the organism is called an embryo. It should be
noted, however, that many apply the term embryo to the earlier devel-
opmental stages following conception as well as to the postimplantation
phase of caudal-rostral (head-tail) differentiation. At one month the
embryo is 3 mm long (the size of a pea).

When all the major structures (organs) have become evident at about
seven to eight weeks, the embryo becomes a fetus for the remainder of
the pregnancy and gestation (i.e., until birth). The fetus has all structures,
organs, and a human form with recognizable limbs, brain, eyes, ears,
nose, heart, and a nervous system. After two months, development is pri-
marily growth and maturation. At twenty-three to twenty-five weeks the
fetus is viable and might be called a vionate, and at thirty-eight to forty
weeks it is born a full-term neonate.

stem cells and their sources

As previously noted, as the zygote (the fertilized egg) divides, at least up
to the eight-cell stage, the cells are thought to be totipotent: that is, each
cell could become an entire organism as well as the chorionic portion of
the placenta and could become any cell of the entire body, which has
more than two hundred cell types. Pre-embryonic or blastocystic stem
cells (usually called embryonic stem cells) are pluripotent, as are fetal
germ cells from the gonadal ridge and as perhaps are amniotic fluid (De-
Coppi et al. 2007), umbilical cord, and placental stem cells.1 That is, they
can become any cell of the entire organism excluding the chorion (i.e.,
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any cell of the body). Experimentally pre-embryonic or blastocystic stem
cells are obtained in the laboratory from the inner cell mass of a blasto-
cyst that has not been placed in the uterus for implantation—that is, they
are preimplantation stem cells. Theoretically at least, the cells of the
implanted blastocyst or early embryo would also be pluripotent.

Embryonic or fetal germ cells are also pluripotent (Gearhart 1998;
Shamblott et al. 1998), though possibly slightly less so than blastocystic
stem cells. Embryonic or fetal germ cells are obtained from the gonadal
ridge (what will become ovarian or testicular tissue) of a spontaneously
or electively aborted embryo or fetus five to nine weeks after conception.

Umbilical cord and placental stem cells are also thought to be pluripo-
tent, though possibly less so than earlier stem cells. Stem cells can be ob-
tained from amniotic fluid (DeCoppi et al. 2007), from the blood of the
umbilical cord, and in even greater numbers from Wharton’s jelly (Wang
et al. 2004), the connective tissue of the umbilical cord. Like Wharton’s
jelly, the placenta is a rich source of stem cells (Fukuchi et al. 2004).

Stem cells are capable of both symmetric division (self-renewal or the
production of two undifferentiated cells) and asymmetric division (pro-
ducing one undifferentiated and one at least partially differentiated cell).
A stem cell line is the undifferentiated progeny of a stem cell—that is, the
mass of stem cells that are produced in vitro by repeated symmetric cell
divisions without differentiation into specialized cell types or tissues.
Nonembryonic stem cells, also called mature stem cells or adult stem
cells, are undifferentiated cells in a differentiated tissue, and they have
somewhat less “potency”: often they are multipotent rather than pluripo-
tent. The anatomic location in which adult stem cells reside is called a
niche. Presumably these cells are responsible for the normal repair of tis-
sues and organs that are damaged by disease or senescence. The niche
may somehow determine or regulate how stem cells are sustained and
how they participate in tissue repair (Scadden 2006). Quite possibly this
is achieved through growth or paracrine factors (chemicals that bind to
receptors and alter cell activity but that, unlike hormones that circulate
in the blood, are located in the tissue they affect [Gilbert et al. 2005]).
As well as being less potent, adult stem cells do not have the same abil-
ity as embryonic stem cells to divide indefinitely and to grow large num-
bers of cells in vitro. Adult stem cells are less flexible or plastic (less able
to transdifferentiate into cells of a different tissue than that of the tissue
from which they came) than embryonic stem cells (at least to date—
though one hopes we will learn how to dedifferentiate such cells such
that when they are again differentiated they can become many, if not all,
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cell types). Examples of so-called adult stem cells are the hematopoietic
stem cells of the bone marrow (which can form red blood cells, white
blood cells—including those of the immune system—and platelets), and
neural stem cells, which can form the three major types of cells in the
brain (neurons, astrocytes, and oligodendrocytes). It has been reported
(National Research Council/Institute of Medicine 2002) that both
hematopoietic and neural stem cells are plastic: that is, each can give rise
to the differentiated cells of the other! However, Irving Weissman (pers.
comm., March 9, 2007) believes that this transdifferentiation has not
been proven. Other lineage-specific stem cells include skin, hair follicle,
dental, cardiac and skeletal muscle, and male (but not female) germinal
stem cells (Gilbert et al. 2005). Progenitor or precursor cells are early de-
scendents of stem cells that have limited ability to differentiate (less po-
tency) but no ability to self-renew; the lack of asymmetric cell division
distinguishes them from stem cells. Stem cells were identified in 1981 in
mice (Evans and Kaufman 1981; Martin 1981) and were first isolated in
1988 from human blastocysts (Thomson et al. 1998) and from human
fetal germ cells (Gearhart 1988), though hematopoietic stem cells (before
they were known as stem cells) had been transplanted as bone marrow
(after radiation or chemotherapeutic destruction of a patient’s own
leukemic bone marrow) since the 1960s. It is now believed that there are
leukemia stem cells and cancer stem cells and that if these “are isolated
and transplanted into immunodeficient mice, such tumor-bearing mice
should be useful for preclinical testing of diagnostics and drug and im-
mune therapy” (Weissman 2005, 1363). For those who wish a more de-
tailed and illustrated review of stem cells, I recommend a booklet that
can be downloaded from www.nationalacademies.org/stem cells (Na-
tional Academies 2007b).

goals of stem cell research

James Childress of the University of Virginia defined the goals of stem
cell research as follows: while respecting the dignity of stem cells that are
nascent human life, to realize the therapeutic promise of stem cells to
alleviate human suffering (pursuing all avenues of research to this end)
and thereafter to make stem cell therapy available equitably (Childress
2004). And as Lori Knowles of the Hasting Center wrote in a commis-
sioned paper (for the National Bioethics Advisory Commission, chaired
by the then-president of Princeton, Harold Shapiro), stem cell research
requires respect for human life and dignity; quality and safety of research
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and treatment; free, informed consent for each; and goals of relief of
human suffering, freedom of research investigation, wide availability of
the knowledge that is generated, and noncommercialization of repro-
duction and donation (Knowles 2000, H-6; National Bioethics Advisory
Commission 2000, H-6). To these, I would add research integrity and
avoidance of complicity in inappropriate research by either the subject
or the investigator. The goals and requirements noted by Knowles are ex-
pressed in terms that warrant virtually universal acceptance, since they
apply to research with mature, nonembryonic, adult stem cells as well as
to research with embryonic stem cells.

two common societal agreements

There is general societal consensus in the United States regarding two
fundamental conceptions of stem cells and of stem cell research. To-
gether, however, they form the crux of an ethical dilemma, as they are
in tension with each other.

1. The blastocyst (which currently must be destroyed to
obtain/harvest the inner cells that are stem cells) is human, and
thus deserving of respect, and must not be treated with wanton
disregard. Some would emphasize that although it is human it is
not a human being or person. Even so, we have a duty to re-
spect it, even if not always to protect it, since—given a support-
ive environment and good luck (or God’s grace)—it has the
potential to become a child.

2. The potential of stem cell research to result in remarkable thera-
pies is an expectant boon to mankind. Stem cell research should
yield at least seven benefits:

a. An understanding of normal and abnormal development
(cellular differentiation and function);

b. An understanding of disease mechanisms such as the unin-
hibited growth of cancer cells; and thus

c. Amelioration or cure of diseases;
d. The design of effective therapy with drugs targeted at basic

mechanisms, established by research with cells in vitro rather
than with animals or humans;

e. The repair or replacement of degenerated, damaged, or
destroyed tissues or organs—for example, return of spinal
cord function following injury by injection of stem cells that
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minimize scarring and stimulate the release of growth fac-
tors that effect repair (thus far these appear to be the pri-
mary mechanisms in animals injected with stem cells—after
experimental spinal cord injury—that might have been
thought to grow new neurons);

f. Ability to grow organs in vitro and/or in vivo to lessen de-
pendence on cadaveric and live-donor organs for transplanta-
tion, since organs are in such short supply that recipients
often wait two to five years for a transplant (and many
unfortunately die waiting); and

g. Hopefully avoiding immunologic rejection, which at least
currently requires somatic cell nuclear transfer (SCNT) from
the patient (who is the potential tissue or organ recipient) to
a donor egg whose nucleus has been removed. Another fasci-
nating approach that was hoped might achieve true immune
tolerance is the creation of a mixed chimera, a technique
called co-transplantation. The experimental animal or
human to receive a kidney transplant is also given sublethal
irradiation or chemotherapy to markedly reduce but not per-
manently eradicate the individual’s immune system and is
then infused with hematopoietic stem cells of the same donor
as the kidney. Although this has not produced complete tol-
erance, markedly less immunosuppression is required (Mil-
lan et al. 2002; Strober et al. 2004).

Because of these likely potential benefits, many believe that scientists
and physicians have a duty to conduct stem cell research and that the
moral issues have been thoroughly considered (Moreno and Berger
2006), but for some scientists this duty conflicts with a conscientiously
held duty to not only respect but protect the blastocyst, the pre-
embryonic source of stem cells. Similarly ethical objections to therapeu-
tic cloning (SCNT) and to oocyte donation for the purpose of research
may preclude the use of embryonic stem cells.

two major societal disagreements

The first (and fundamental) disagreement is the degree of regard for or
respect due to the blastocyst (the pre-embryo) and whether it can be sac-
rificed for research or for the therapeutic benefit of other humans. As
noted, the blastocyst (the five-day pre-embryo) has no nervous system
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(and therefore no feeling), no human form, no brain (and thus no aware-
ness of pain even if it had feeling), no heart, no lungs, no stomach, no
kidneys, not even legs to run away. The twenty to thirty cells of the inner
cell mass can be isolated (removed from the blastocyst) and grown sep-
arately in vitro in the laboratory for research or for therapy. The inner
cells are pluripotent embryonic stem cells. An interesting notion regard-
ing the moral status of the blastocyst is based upon its lack of even a neu-
ral crest—that is, its total lack of a brain or nervous system. Jeffrey Kahn
(Kahn 2004) and Michael Gazzaniga (2005, 8) point out that at the
other extreme of life, when an individual’s brain dies, we pronounce
death by neurologic criteria and can transplant organs, perform a post-
mortem examination, and bury the corpse. Why not the same with the
blastocyst, which has no brain? An obvious possible answer: because it
has the potential to develop a brain.

The second disagreement: some believe the controversy could be
avoided entirely by using nonembryonic stem cells (so-called adult stem
cells). Unfortunately, they are more difficult to isolate and more difficult
to grow: they have a lesser ability to self-replicate, and some replicate
more slowly and only a limited number of times. This is true of embry-
onic germ cells as well. Furthermore, some organs appear not to have
adult stem cells (Gilbert et al. 2005). And even if we learn how to grow
them in large numbers and how to stimulate them to become multiple
different cell or tissue types (which may require a degree of dedifferenti-
ation before stimulating them to differentiate to the desired cell type), if
they are not autologous there is still the problem of immunologic rejec-
tion, just as there is from transplantation of organs other than between
identical twins. A potential solution to this problem of rejection of for-
eign stem cells is SCNT (commonly called therapeutic cloning), in which
the nucleus of a somatic cell (e.g., a skin cell) from the specific patient
who needs the stem cell therapy is placed into a donated enucleated
oocyte (egg) and stimulated to divide and become a blastocyst. The stem
cells (i.e., the inner cell mass of that blastocyst), then, have nearly the
identical genetic makeup (differing only in the mitochondrial DNA of the
enucleated egg) of the patient needing the stem cell therapy, so that im-
munologic rejection is much less likely than when stem cells obtained
from in vitro fertilization (IVF)-discarded embryos (which have different
nuclear DNA from that of the recipient) are implanted or infused into the
patient. Although many have ignored the mitochondria of the enucleated
egg in SCNT, and although it may be much less of a problem when the
somatic cell nucleus and the enucleated egg are from two individuals of
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the same species (Cascalnho and Platt 2005; Lanza et al. 2002), Douglas
Wallace of the University of California, Irvine warns that the problem
may be vastly greater if the egg is of a different species from that of the
somatic cell (Dennis 2006).

Even though therapeutic cloning begins with (and employs the DNA
of ) a differentiated somatic cell rather than with a fertilized oocyte, since
it proceeds to cell multiplication (after implantation in an enucleated
oocyte) and the formation of a blastocyst (which, if implanted in a
uterus, could become a fetus), the sacrifice of that blastocyst to obtain
stem cells is thought ethically impermissible by those who believe that a
blastocyst that results from growth of an egg fertilized in vitro (a zygote)
must not be sacrificed (even though reproductive “cloning” is not in-
volved). Yet another concern or fear is expressed in the “slippery slope”
argument that therapeutic cloning would lead to reproductive cloning
(i.e., concern that a cloned blastocyst would be allowed to develop into
a human child). Because of risks of physical abnormalities and because
of psychological burdens for such a child, even if reproductive cloning
were technically possible (which Hyun and Jung 2006 state it is not be-
cause of the fragility of primate eggs), it is currently considered unethi-
cal and is uniformly opposed by the same scientific and medical com-
munities that overwhelmingly support stem cell research with both
embryonic (whether from “spare” IVF embryos or from SCNT) and
adult stem cells. Not all agree it is an equivalent concern: Paul McHugh
(2004) of the President’s Council on Bioethics argues that a “clonote”
(the product of SCNT) is “a product of biologic manufacturing, and may
therefore ethically be used to derive embryonic stem cells.” However,
those who object to the word pre-embryo may similarly object to the
term clonote, believing that these words call the organism by a different
name simply to diminish its ethical status.

“In scientific parlance, cloning is a broadly used, shorthand term that
refers to producing a copy of some biological entity—a gene, an organ-
ism, a cell” (Vogelstein et al. 2002, 1237). As the authors note, “Much
confusion has arisen in the public, in that cloning seems to have become
almost synonymous with somatic cell nuclear transfer, a procedure that
can be used for many different purposes. Only one of these purposes
involves an intention to create a clone of the organism (for example, a
human).” Two other extremely important potential uses of SCNT are (1)
to create stem cells genetically identical to a patient who needs replace-
ment of a tissue or organ (thereby avoiding immune rejection) and (2)
to create stem cell lines from the somatic cells of a patient with a genetic
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disorder that would allow study of the nature and possible treatment of
the disorder. The latter two uses have led to the popular term therapeu-
tic cloning (which is easily confused with reproductive cloning) to dis-
tinguish these two purposes from the first without resorting to the more
difficult term somatic cell nuclear transfer. And this leads to even further
confusion, since some speak of reproductive cloning as “therapeutic” for
infertility. Thus the authors have titled their article “Please Don’t Call
It Cloning!” and they recommend the term nuclear transplantation.
Whether we call it nuclear transplantation or nuclear transfer, I agree we
should eliminate therapeutic cloning from our lexicon.

secular and religious ethical tenets

The central controversy about the degree of regard or moral respect due
the blastocyst, and thus its rights, can be discussed as the moral status or
moral worth of the blastocyst. Alternatively, as suggested by the Presi-
dent’s Council on Bioethics, the moral status is epitomized by the ques-
tion “When does life begin?” (President’s Council on Bioethics 2003;
2004b, 74). Although all agree the blastocyst is human and is living,
some hold this mass of thirty cells that is barely visible and only the size
of the point of a pin (0.1 or 0.2 mm in diameter) has no human form,
has no nervous system, is not a person or a human being, and has no soul
and thus need not be accorded the protection due persons, human be-
ings, or ensouled beings.

Others, however, believe that from the very moment of conception,
because the zygote-morula-blastocyst has the potential to become a child
and eventually an adult, it has full moral status and must not be harmed
or destroyed. From this perspective, to do so is to treat it as a means only
and not as an end in itself, and to commit murder and violate God’s will.
This deontologic perspective is often an absolutist position, inflexible,
and held with deep moral conviction.

In contrast, those who believe the blastocyst does not have full moral
status hold an instrumental view or notion of moral status dependent
upon the degree of development of the human organism. Ted Peters, fol-
lowing concepts of Daniel Callahan, distinguishes three basic ethical
schools of thought (Geron Ethics Advisory Board 1999, 32):

1. Genetic determinism: life and moral status begin at conception

2. The developmental view: life begins at conception, but moral
status depends upon the degree of development
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3. The social view: personhood and moral status are social
constructs

To these I would add a fourth:

4. The religious view: ensoulment is the basis of moral status, and
various religions have different concepts of when it occurs. It is
often thought to require a formed body, which marks the transi-
tion from embryo to fetus at approximately two months of ges-
tation (Peterson 2003; Reichardt et al. 2004).

With regard to the developmentalist/incrementalist view of moral sta-
tus (items 2 and 4 above), most agree that a human conceptus, no mat-
ter how young or undeveloped, has greater moral status than a gamete
(egg or sperm), and greater status also than a subhuman animal or cer-
tainly than plant life. Only some of us would go on to say the blastocyst
has greater value than a zygote or morula, which has not yet implanted
in the uterus, but perhaps we could agree that its moral value is less than
that of a gastrula, with its three germ layers, or that of a neurula, whose
primitive nervous system has begun, or that of an embryo or fetus, which
would in turn have less moral value than a vionate or neonate, and they
in turn less than a born child, and certainly less than an adolescent ca-
pable of functioning independently.

These incremental or developmental milestones are commonly thought
to be morally relevant except by those who insist that all human life from
the time of conception is sacred and of equal value. Another incremental-
ist notion, advanced by the late John Fletcher, accords varying moral sta-
tus depending upon the source of the stem cells and the intentions of the
donor(s). Moral status increases with each of the following:

Fetal tissue from a miscarriage (spontaneous abortion)

Cryogenically frozen embryos created in an IVF clinic but in excess
of those needed by the couple (here I might add another level of
distinction: those appearing abnormal and less likely to lead to
successful pregnancy would have less moral status than those
appearing healthy [Schwartz and Rae 2006])

Fetal tissue from an elective or “therapeutic” abortion

Embryos created by SCNT

Embryos created for the purpose of treating a sibling

Embryos created for the purpose of research (Fletcher 2000)
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Yet another consideration is whether the moral status of the blasto-
cyst depends in part upon its location: Is its moral status different if it is
in vitro (in a petri dish or in a freezer in an IVF clinic) rather than in vivo
(in the mother)? And is its moral status greater after implantation in the
uterus than when the zygote is traveling down the fallopian tube? Note
that loss of pre-embryos and embryos is “natural” (i.e., commonplace)
in normal human reproduction, with perhaps as many as 80 percent of
fertilized eggs failing to implant or of embryos miscarrying. And save for
couples who have difficulty conceiving a child, this natural loss is not
considered tragic (President’s Council on Bioethics 2004b, 88).

Appreciate that there are at least three necessary conditions for the
development of a human being or person: sperm, egg, and uterus (Guinin
2001, 2003), and to these I would add a fourth: a willing/consenting
woman who allows her pregnancy to continue to viability. Mention of
the gametes raises an interesting response to the question “When does
life begin?” Are we really only interested in the question of when the life
of an individual human begins? Are gametes not alive? Clearly they are
important, but they are not the beginning of life, since they would be dead
were they not in a live host. And that host would not be alive were it not
for the gametes that formed her or him. This line of reasoning suggests
that human life began when Homo sapiens evolved, and if one wishes
not to restrict discussion of the beginning of life to our species, we again
trace life through evolution; should we not say that it began with “the
Big Bang”?

Personhood is an understandably popular secular notion related to
moral status: that is, related to the degree of respect or value we ascribe
to a developing human. There are problems, however, with the conven-
tional criteria for personhood:

Consciousness: this criterion would include subhuman animals as
persons.

Self-consciousness: this criterion would exclude normal infants.

Ability to reason: this criterion excludes the infant and also those
with severe developmental delay or with dementia (Siegel 2000).

These views were considered by both the National Bioethics Advisory
Commission (1999, regarding cloning) and the President’s Council on
Bioethics (2004b, regarding stem cells). The President’s Council on
Bioethics states that the issue ought to be understood either as (1) a mat-
ter of principle (respect for nascent human life, i.e, the inviolability of the
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human embryo or human life) or (2) a matter of balancing competing
goods (the health benefits of stem cell research and the relief of suffering
versus respect for nascent human life and protection of human life).

Bortolotti and Harris (2006) distinguish moral status (for which sen-
tience is a necessary condition) from the moral value of nonsentient
beings such as the pre-embryo (which value derives from symbolic sig-
nificance). They prefer “to refrain from using arguments relying on
symbolic value in the debate on stem cell research” (32) and from dis-
cussion of the moral status of the embryo. They believe that “symbolic
value might track aesthetic preferences rather than morally relevant
preferences” (33).

With regard to the notion of personhood and moral status, the “stan-
dard view” (the generally accepted commonsense view) of what makes
it wrong to kill a person is that the person is human (Marquis 2006, 19,
21). Marquis, however, prefers a future-value account of moral status in
which what makes it wrong to kill a person is that it deprives the person
“of all of the goods of life that [he] otherwise would have experienced”
(23). This “valuable future” or a “future-like-ours (FLO)” account is dis-
cussed in an accompanying article by Bonnie Steinbock (2006), who
prefers to base “moral status on the possession of interests” that are pro-
tected by rights (human rights). She believes “the possession of interest
is a necessary condition of having moral status, and . . . would argue that
it is also a sufficient condition” (28). On the other hand, she argues that
it is permissible to use embryos in research (so long as the research is not
frivolous) because she believes that embryos lack moral status. Never-
theless, they should be treated respectfully because of their symbolic
value, though this should not override the interests of sentient beings.
And she states that if one accepts the future-value approach, it would be
better to use SCNT embryos, since they lack an FLO, than to use em-
bryos that might be discarded by an IVF clinic because they potentially
have an FLO (Steinbock 2006).

It seems essential that we now consider views of the major religions
that influence beliefs about the moral status of the conceptus (National
Bioethics Advisory Commission 1999).2 The current (since 1869 and
Pope Pius IX) official position of the Roman Catholic Church is that
ensoulment, personhood, and full moral status occur at conception (Re-
ichardt et al. 2004). This has not always been the case, as Saint Thomas
Aquinas (in views dating back to Aristotle) believed that ensoulment
occurred at forty days after conception for boys, and at ninety days for
girls. Catholic teaching is based upon notions of natural law and the duty
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to protect human life. IVF itself is seen as unnatural and wrong, and the
use of excess IVF embryos is opposed because obtaining the stem cells
destroys a human being: “the ablation of the inner cell mass (ICM) of the
blastocyst, which critically and irremediably damages the human em-
bryo, curtailing its development, is a gravely immoral act and conse-
quently is gravely illicit” (Pontifical Academy for Life 2000, quoted in
President’s Council on Bioethics 2004b, 242). Catholicism, however,
“does not oppose stem cell research per se” and—save for those who be-
lieve the use of aborted fetal tissue complicitly encourages abortion—
permits, even encourages, the use of stem cells “from miscarried fetuses,
placental [or cord] blood, and adult tissue” (National Bioethics Advisory
Commission 1999, 99). Furthermore, some Catholics as well as the East-
ern Orthodox Church support embryonic stem cell research utilizing
cells from preexisting stem cell lines or from miscarriages (National
Bioethics Advisory Commission 1999). Christianity has generally sanc-
tioned animal research for the benefit of humans, though recent concern
for their vulnerability and well-being dictates the minimization of harm
to animal subjects (Gilbert et al. 2005).

Jewish principles hold that humans are only stewards of their bodies,
which belong to God, and that humans “are God’s partners in healing”
(National Bioethics Advisory Commission 1999, 100). Because of
pikauch nefesh, the duty to save a life and to heal, if stem cells have ther-
apeutic promise, they should be employed (Scott 2006), and, as the Pres-
ident’s Council stated, “Access to therapies developed through stem cell
research is a crucial issue of justice for the Jewish community” (Presi-
dent’s Council on Bioethics 2004b, 250).

In Conservative Judaism the fetus becomes a person at the fortieth day
after the first missed menstrual period (and thus at approximately the
fifty-sixth day after conception) but does not achieve full moral rights
until birth (President’s Council on Bioethics 2004b). Prior to the fortieth
day the embryo (and by extension a frozen embryo in an IVF clinic) may
be discarded or used for research (Gilbert et al. 2005). Further, in Con-
servative Judaism, abortion is obligatory if the mother’s health is threat-
ened, whereas in Orthodox Judaism the fetus develops full moral rights
at the fortieth day, and abortion thereafter is homicide, though it is per-
missible to harvest stem cells from an abortus.

Judaism permits the experimental use of animals for the benefit of hu-
mans and especially human health but places more emphasis on animal
welfare, avoidance of cruelty, and minimization of suffering than Chris-
tianity does (Gilbert et al. 2005). “Judaism and Christianity emphasize
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the unique dignity of human beings created in the image and likeness of
God (imago Dei)” (Meyer 2000, 167).

Protestant views vary enormously, from prohibition of blastocyst
destruction (Southern Baptist, Methodist, and Anglican) to permissibil-
ity justified by the benefit that may derive from stem cell research and
therapy (Presbyterian and some Lutheran views). Respect is due the early
embryo, but most Protestants believe there should be universal access to
the benefits of research (Scott 2005; Gilbert et al. 2005).

In Islam personhood is a process, and personhood and ensoulment do
not occur until the fourth month. Thus it is permissible to use embryos
(whether created specifically for research or originally for IVF) to im-
prove human health, and even illegitimately aborted fetuses may be used
for good (National Bioethics Advisory Commission 1999; Gilbert et al.
2005). However, it is believed that “human disease is caused by humans
and that animals need not suffer for this,” and animal research is thought
inappropriate (Gilbert et al. 2005).

Hindus believe in transmigration: at death the soul enters another
body (animal or human) and flourishes or suffers depending on the in-
dividual’s behavior or karma. However, transmigration is thought to be
a predicament of endless cycles, and there is a quest to be liberated from
the repeated cycles of birth and death and to enter a state of timeless
bliss. Although all life is sacred, birth of a girl is thought unfortunate and
may even occasion infanticide, although both infanticide and abortion
are seen as murder since life begins at conception (Weiss and Basham
1995).

Buddhism is said generally to disapprove of stem cell research because
of its destruction of potential life, and “Buddhist monks are forbidden
even to dig the soil, lest living beings be harmed” (Gilbert et al. 2005,
253). On the other hand, humans are thought superior to other animals,
and animals may be used in research “if they serve a higher end” and are
treated with respect (253). Furthermore, “cloning for reproductive pur-
poses . . . does not require destroying the embryo, and so does not in
itself violate Buddhist precepts” (Reichardt et al. 2004, 669).

A most interesting comparison of religious and secular views is pre-
sented by Ernle W. D. Young, a recently retired professor of philosophy
from Stanford University who started life as a theologian. His definitions
of morality and ethics differ from those given in the opening paragraph
of this chapter (Young 2001). He says that morality is a religious tradi-
tion and that only adherents to the particular faith agree with the reli-
gion’s vision of the highest good, whereas ethics is a secular view using
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public language and reason and appeal to shared societal values. Thus
“ethics is more at home than morality with uncertainty and ambiguity.
Moral systems tend to see things in terms of right and wrong, black-and-
white” (163). For this reason, says Young, he made a conscious decision
early in his professional life to teach philosophical ethics rather than the-
ological morality.

ethical issues for stem cell research

A fundamental ethical issue regarding scientific research is whether there
is a right (perhaps a First Amendment right) of “free speech” to do re-
search (President’s Council on Bioethics 2004a, 61). This has not been
tested in the courts and thus is unsettled legally. Research goals as de-
fined by the National Bioethics Advisory Commission are “to produce
health benefits for individuals who are suffering from serious and often
fatal diseases” (National Bioethics Advisory Commission 1999, 68).

As with health or medical research generally, the criteria for research—
especially with children or vulnerable subjects—are less stringent if there
are likely therapeutic benefits. Thus it is argued that research on embryos
or fetuses would be justified if the research were likely to benefit the em-
bryos or fetuses themselves. This, of course, does not apply to embryonic
stem cell research, which sacrifices the blastocyst. Then the question be-
comes “Is it justified to sacrifice a blastocyst for the benefit of others—that
is, for the benefit of fully developed but ill children or adults?” Indeed, the
tension in embryonic stem cell research (or research with adult stem cells
modified by SCNT to avoid immunologic rejection) is balancing the de-
struction of the blastocyst against the potential for understanding, ame-
liorating, even curing disease. This, of course, is a utilitarian approach.
Another concern that must be balanced is the “therapeutic misconcep-
tion” of the research subject or donor: the belief of the subject that he
or she will personally benefit. Therapeutic misconception is obvious and
straightforward in research on disorders that research subjects have
themselves when that research has not been demonstrated to be effica-
cious. Therapeutic misconception of egg donors (even of those who may
be induced to donate by payment of their IVF expenses, or payment for
undergoing ovarian hyperstimulation and oocyte recovery if they are
healthy “volunteers”) is less obvious and less direct: many healthy indi-
viduals have one or more relatives or close friends who have a disease that
might be benefited by stem cell therapy, and thus the donor may believe
that the research is in the best interest of the relative or friend.
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And if the reasonably anticipated benefits of the research justify the
research, does it deserve federal (or state) support? Does the research re-
quire regulation for which federal support would allow high-level over-
sight (as is customary with research funded by the National Institutes of
Health [NIH])? Indeed, how should stem cell research be financed, over-
seen, and reported? Is oversight inadequate with private rather than pub-
lic funding? Will private investors be willing to support research that
is not highly likely to generate a substantial profit within several years?
Will rare disorders be studied at all if research is funded privately rather
than supported publicly?

It would be unnecessary to use embryonic stem cells if adult or mul-
tipotent stem cells were adequate for the research or for a treatment to
be undertaken. Karen Lebacqz of the Pacific School of Religion and the
Graduate Theological Union in Berkeley, California, believes that it is
permissible to use early embryos in research but that one must minimize
harm: she states that if one can do the research without destroying the
blastocyst, that should be a goal. Some might say that to perform re-
search on human embryos or pre-embryos is to devalue them. Professor
Lebacqz, however, states that to use an embryo in research is not to de-
value and disrespect it; researchers respect autonomous persons by pro-
viding informed consent, respect sentient beings by limiting pain and
fear, and can respect the embryo simply by limiting the way in which it
is manipulated and how one speaks about it (Lebacqz 2001).

Embryonic stem cells for research will probably come largely from
blastocysts from cryopreserved embryos stored in IVF clinics and other-
wise destined to be discarded because the couple no longer wishes to
have further children. In 2002 a Society for Assisted Reproductive Tech-
nology (SART) and Rand survey of 430 assisted reproductive technology
practices estimated that there were nearly four hundred thousand such
frozen embryos in the United States (Hoffman et al. 2003), and approx-
imately four embryos are frozen with each cycle of IVF (Klock 2004).
Many of these embryos would eventually be discarded rather than used
by the parents or given up for adoption by another infertile couple. No
one would argue that there need not be fully informed, voluntary con-
sent for donation of embryos or eggs, but should consent for their use in
research be obtained only from the woman or should it be obtained from
the couple if the donation is of an embryo? Can there be financial in-
centives for donation? IVF is very expensive, and payment for donation
or reduced fees could partially offset the expense. A questionnaire to di-
rectors of 341 American IVF clinics revealed that “the disposal of human
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embryos created in excess in American IVF clinics varies in ways sug-
gesting both moral sensitivity and ethical convergence” (Gurmankin
et al. 2004). Most health care professionals in assisted reproductive tech-
nology agree with the American Society of Reproductive Medicine that
women or couples with frozen embryos should decide whether to store
them (or continue to store them) for their own future reproductive pur-
poses before considering whether to donate them (whether to another
couple or for research). And if they are to donate for research, they
should know the nature and purpose of the research, and consent should
be obtained by someone other than the fertility specialist (Ethics Com-
mittee, American Society for Reproductive Medicine 2002).

The preceding discussion relates to embryos created in excess of those
either used by an infertile couple or donated to another infertile couple.
IVF and other assisted reproductive techniques do not solve the problem
of all infertile couples. Thus donation of eggs (and sperm) has become a
business such that young women with socially desirable features are not
infrequently paid many thousands of dollars for undergoing ovarian hy-
perstimulation and oocyte recovery. There is not only a risk of the hy-
perstimulation syndrome (which may require hospitalization and can
even be fatal), and at least a theoretical possibility that hyperstimulation
might cause cancer, but also clearly the danger of exploitation of poor
women. Under certain experimental conditions embryonic stem cells can
sometimes be induced to form what appear to be oocytes, and hopefully
this may lessen dependence upon egg donors (Gilbert et al. 2005).

Perhaps the biggest ethical issue regarding stem cell research from a
utilitarian perspective is the potential missed opportunity if restrictions
on research preclude (or even just delay) research that might lead to cures
(or even just amelioration) of diseases thought to be amenable to the
promise of stem cell therapy. And from a public policy perspective, fail-
ure to enact enabling legislation or regulation, thereby allowing the sta-
tus quo to persist, is de facto a policy decision.

Although the news was of lesser potential overall impact than delay
of embryonic stem cell research and knowledge not obtained, the entire
scientific research community was shocked to learn the reports of the Ko-
rean scientist Woo Suk Hwang were fraudulent. He had reported that his
laboratory had produced patient-specific human embryonic stem cell
lines by SCNT and that this could be accomplished with remarkable ef-
ficiency (Hwang, Ryu, et al. 2004; Hwang, Roh, et al. 2005; Snyder and
Loring 2006). This is not an ethical issue in the sense of a dilemma: that
is, it is not an issue with two arguably justifiable, though opposing,
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alternatives. Rather, this fabrication is outright scientific misconduct. In
addition, multiple authors provided inadequate accountability for the
reports. And to add insult to injury, oocytes had been obtained from ju-
nior scientists in Hwang’s laboratory, raising concerns of actual or po-
tential coercion. A coauthor admitted to paying for egg donation (with-
out notifying Hwang), and it is reported that the serious risks of egg
donation were not explained to all those who donated and that sixteen
of one hundred donors required treatment in the hospital (Cho et al.
2006).

Although it is doubly sad that a controversial field of high-expectation
research should be tainted by such abhorrent behavior, as Snyder and
Loring (2006) emphasize, the irregularities were “unveiled by the scien-
tific community itself ” (322), and “it is critically important . . . that the
response to the Hwang scandal not include the imposition of levels of un-
tutored government regulation, draconian legislation, or criminaliza-
tion” (333). Furthermore, in the wake of its embarrassment, “South
Korea is more determined than ever to become a force in worldwide stem
cell research.” In addition to increased ethical standards, a task force of
scientists and public officials expects the South Korean government “to
spend $454 million over the next 10 years” (Normile 2006, 1298). Yet
another potential contributor is China. Murray and Spar (2006) state,
“Stem-cell research in China is unlikely ever to be prone to the intense
moral politicking that characterizes the field in the West.” They ask, “Is
China—like Korea, perhaps, and Singapore—poised to participate in the
next round of global scientific advances?” (1192).

ethical issues for stem cell therapy

Whereas bone marrow transplantation and more recently infusion of
adult stem cells (obtained from cord blood or from pheresis of cells from
the circulation of HLA-matched donors) have been performed success-
fully for years, therapy with embryonic stem cells is in its infancy. It must
be considered experimental, and at a minimum—unless autologous stem
cells are obtained—there is risk of immunologic rejection and thus risk
of complications from drugs used for purposeful immunosuppression.
There is also risk of graft-versus-host disease, and the opponents of em-
bryonic stem cell research are quick to point out that stem cells injected
subcutaneously in animals sometimes cause teratoma formation, a seri-
ous theoretical risk that enthusiasts believe unlikely. Further, a serious
potential problem for stem cell research and therapy limited to use of the
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cell lines produced prior to the August 9, 2001, pronouncement by Pres-
ident George W. Bush is that all were grown on a medium containing
bovine serum and mouse feeder cells, raising concern of cross-species
transfer of infection and perhaps immunologic concerns as well (Daw-
son et al. 2003; Committee on Guidelines 2005).

Another serious potential problem for all research in which the sub-
jects are patients is that of the therapeutic misconception, the overly op-
timistic expectation of therapeutic benefit on the part of a subject of re-
search of unproven therapeutic benefit. Indeed, all embryonic stem cell
therapy at this time must be considered experimental (research), but the
diseases for which stem cell therapy may be useful are so severe that
many patients demand to be subjects, believing that they will benefit or
that the experimental “treatment” is their only option. The hype of un-
ethical investigators or charlatans is so seductive that there are unrealis-
tic expectations, and there are subjects who are being misled, abused,
and pauperized, even today.

Another ethical issue is the use of stem cell research to enhance human
traits and characteristics. Although there may be no sharp dividing line
between trait and disease, there appears to be public consensus that stem
cell research should be applied only to the treatment of disease.

A future but enormously important issue is, Who will have access to
the benefits of research and eventually of therapy? And at what expense?
Currently, there is a lack of ethnic and racial diversity in the available
stem cell lines (just as there is lack of access to IVF because of the sub-
stantial cost of treatment for infertility). Stem cell lines should be created
for racial equity and for rare disorders.

ethical issues for public policy regulation 
of stem cell research and therapy

IVF, whose development for the treatment of infertility raised many of
the ethical issues we now face in stem cell research (in part because
“spare” cryopreserved embryos are a major potential source of stem
cells), was first clinically successful in Great Britain with the birth of
Louise Brown in 1978 under the tutelage of Drs. Robert Edwards and
Patrick Steptoe. Edwards, who had experimentally fertilized a human
egg in vitro in 1969, invited Steptoe (who provided expertise in the la-
paroscopic recovery of oocytes) to join him in the treatment of infertile
couples, and the second couple they treated gave birth to Louise
Brown.3 Despite Edwards’s extraordinary attention to ethical issues, the
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resultant public concern led to the appointment in Great Britain of the
Warnock Committee in 1982 to “examine the social, ethical, and legal
implications” of assisted reproductive technology. Their influential re-
port (Warnock 1985/1992, 4) led to the Human Fertilization and Em-
bryology Act of 1990, which allowed embryo research to the fourteenth
day or to the development of the primitive streak, after which investi-
gators could not “keep or make use of a human IVF embryo” (Human
Fertilization and Embryology Authority 2003, 94). Some found this
anomalous in the sense that once the embryo developed to the point
of a fundamental increase in moral status, it was to be destroyed or dis-
carded.

Assuming that we agree that treatment of infertility is desirable and
that research in reproductive technology and research of embryonic as
well as adult stem cells should be pursued, the critical questions are
“How should they be funded?” and “How should they be regulated?”
In 1994 the NIH appointed the Human Embryonic Research Panel,
which closely followed the provisions of the British Human Fertilization
and Embryology Act in recommending federal funding of research on
embryos up to the appearance of the primitive streak or to fourteen days
following conception, whichever came first. Interestingly, it also recom-
mended forbidding cloning by nuclear transfer.

The basic question for us in the United States is how in a pluralistic
society we should develop necessary public policy regarding ethically
contested matters. There must be respect for minority opinion, but the
minority should not hold the entire public hostage to its personal or idio-
syncratic values (Childress 2004). Recently the position that we should
prohibit stem cell research (because destruction of the embryo to obtain
stem cells is equivalent to killing an innocent person) even though it
might benefit others has been called the “embryoist objection,” and
those who hold the position “embryoists” (Liao 2005, 9). As concluded
by the Committee on Guidelines for Human Embryonic Stem Cell Re-
search of the National Academies (i.e., of the National Research Coun-
cil and the Institute of Medicine), ethical concern should not prohibit
stem cell research but rather should require regulation and oversight
(Committee on Guidelines 2005). This is a practical conclusion of our
need to strike an acceptable balance between the ethical concerns and the
promise of stem cell research and therapy (the two matters of societal
agreement that are in conflict). To strike an acceptable balance or com-
promise and to find common understandings has been complicated by
the politicization of the issues by the president (Stolberg 2006) and the
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sound-bite mentality of the media, which converts the nuanced gray of
ethical reflection into black-and-white opinions (Kahn 2006).

Appreciating these concerns, President George W. Bush, in an August
9, 2001, public announcement on “an issue that is one of the most pro-
found of our time” (though it would soon be overshadowed by, if not for-
gotten because of, the events of September 11, 2001), compromised by
allowing federal funding of research using stem cell lines that had been de-
rived, via private funds, for reproductive purposes (if donors had given in-
formed consent without financial inducement) and that had already been
in existence as of August 9, 2001 (Bush 2001a; President’s Council on
Bioethics 2004a, 181). However, he did not allow using any that might
be created subsequently (because doing so would allow funding of studies
that required destruction of human life, blastocysts, to obtain stem cells)
(Committee on Guidelines 2005). The president’s decision is hailed by sup-
porters as a reasonable compromise, but many people are disappointed:
some from the far right feel that even the compromise encourages the de-
struction of human life, and others from the left believe that the restriction
will delay—if not preclude—research and therapy. Thus President Bush’s
compromise has not satisfied either side of the debate on either ethical or
pragmatic grounds, and it is increasingly seen as unduly restrictive of re-
search, since the more than sixty to seventy lines of approved stem cells
thought to be in existence at that time have dwindled to less than two
dozen, and these lack genetic and disease diversity and cannot be used for
human therapy because they were grown in bovine serum and on mouse
feeder cells that risk the transmission of animal viruses. Although recent
congressional legislation would have permitted human embryonic stem
cell production and research, a July 19, 2006, presidential veto continues
to restrict federal funding to lines produced prior to August 9, 2001. The
President’s Council on Bioethics (2004a, 63–73) summarized arguments
critical of the president’s 2001 compromise in three categories:

1. Arbitrary: The cutoff date is capricious and not morally rele-
vant. If the research is immoral (because it requires destruction
of human life), it should be prohibited, not simply not funded.
Furthermore, it should be prohibited in the private, not just the
public, sector (Sandel 2004).

2. Unsustainable: If effective therapy is achieved with the results of
embryonic stem cell research, the public pressure for expanded
research will be overwhelming. If the approved cell lines are
inadequate for learning what might be learned without the
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restriction, the policy should be changed (before scientists leave
the United States to carry out their research abroad in Europe
or Asia).

3. Inconsistent: The policy makes inconsistent distinctions: be-
tween what is funded and what is permitted, between what is
permitted (research with the previously created cell lines) and
what is not (the destruction of blastocysts to obtain stem cells in
order to create new stem cell lines), and between investigators
who are complicit and those who are not.

Limiting public funding and relying on private investment was noted
already five years ago (National Bioethics Advisory Committee 1999, iv)
to have the potential to “severely limit scientific and clinical progress.”
And recently in the Washington Post on August 23, 2004, Ruth Faden
and John Gearhart of Johns Hopkins University wrote that “current pol-
icy is substantially retarding progress in stem cell research” (A15).

It is important to appreciate that President Bush’s “compromise” and
the restriction of NIH funding of embryonic stem cell research to lines
created prior to August 9, 2001, did not mark the beginning of ethical
and public policy concerns about embryonic research: as stated above,
recommendations limiting such research were made in the United King-
dom in 1982 by the Warnock Committee and in 1994 by the NIH
Human Embryonic Research Panel. Since 1990 fertility treatment and
embryo research in the United Kingdom has been regulated by the
Human Fertilization and Embryology Authority. The NIH panel in 1994
also recommended forbidding cloning by nuclear transfer!

Public Law 105–78, 513 (a), the Dickey-Wicker Amendment or rider
to all annual appropriations since 1996 (Daley 2004) for the Department
of Health and Human Services (of which the NIH is a part), forbids the
use of funds to support research “in which a human embryo [is] de-
stroyed, discarded, or knowingly subjected to risk of injury greater than
that allowed for fetuses in utero.” The human embryo is defined as “any
organism . . . that is derived by fertilization, parthenogenesis [develop-
ment from an unfertilized, usually female, gamete], cloning or other
means from one or more human gametes or human diploid cells” (Na-
tional Bioethics Advisory Commission 1999). The Dickey Amendment
is simplistically epitomized as “a don’t fund, don’t ban law” (President’s
Council on Bioethics 2004b, 26).

To keep our discussion of public policy in historical perspective, we
should note that it was in 1997 that Ian Wilmut et al. (1997) reported
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the birth of Dolly the sheep, a product of reproductive cloning (transfer
of the nucleus of a somatic udder cell into an oocyte, which was then im-
planted in a sheep uterus). And it was in 1998 that James Thomson and
colleagues reported the recovery of embryonic stem cells from a human
blastocyst and that, in the same issue of Science, John Gearhart reported
embryonic germ cells from an aborted human fetus (Thomson et al.
1998; Gearhart 1998; Donovan 1994, 1998).

NIH director Harold Varmus asked the General Counsel for the De-
partment of Health and Human Services whether the NIH might provide
federal funds for human embryonic stem cell research that used stem
cells from embryos left over from IVF. He was informed that the om-
nibus appropriations rider did not preclude such funding for such re-
search “because the cells themselves do not meet the statutory, medical,
or biological definition of a human embryo” (National Bioethics Advi-
sory Commission 1999, 35). Thus, although the statute “prohibits fed-
eral funding for research in which a human embryo is actually de-
stroyed,” it apparently does not prohibit “funding of research that
depends upon the prior destruction of a human embryo [i.e., using stem
cells recovered using private funds, since] the statute defines embryos as
‘organisms,’ and stem cells are not organisms and therefore are not em-
bryos” (National Bioethics Advisory Commission 2000, D6). However,
“General Counsel did not [specifically] address the question of whether
the statute prohibits federal funding of research that is dependent on the
prior destruction of a human embryo” (D6).

At question also, of course, is the legislative intent. Representative Jay
Dickey himself wrote that the amendment “prevents federal funding
of destructive experiments on live human embryos” (Dickey 1995, A27).
Furthermore, congressional members of the Appropriations Committee
raised concern that the Dickey Amendment might prevent progress in re-
search, and in 1999 the committee urged the NIH “to give full consid-
eration to a grant proposal for a stem cell biology center . . . which
would further research in embryonic stem cell biology” (National
Bioethics Advisory Commission 2000, D8). However, “there is no indi-
cation that either the proponents or the opponents contemplated the sit-
uation . . . in which research that destroyed the embryo was separately
conducted from research using the cells derived from the embryo.” Nev-
ertheless, “DHHS reasonably determined that the prohibition on federal
funding of human embryo research does not prohibit federal funding of
research using pluripotent stem cells derived from an embryo provided
that those cells are derived without the support of federal funds” (D8).
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Several commentators have detailed the inadequacies of the stem cell
sources to which researchers dependent on federal funding are currently
restricted. According to Faden and Gearhart (2004, A15), “No non-
embryonic sources of stem cells . . . have been shown to have anything
like the potential to lead to viable treatments for such diseases as juve-
nile diabetes, Parkinson’s, and spinal cord injury that stem cells derived
from very early embryos do.” The authors go on to say that “[t]he em-
bryonic stem cell lines the President approved for federal funding, all
of which were derived before August 2001, are clearly inadequate to
advance stem cell science. There are too few of them, no more than 21.
All . . . risk mouse viruses. . . . There are just too few cell lines to even
begin to accommodate the genetic diversity of our population.” Ac-
cording to Faden et al. (2003), “[u]nless the problem of biological access
is carefully addressed, an American stem cell bank may end up benefit-
ing primarily white Americans, to the relative exclusion of the rest of the
population” (3). They comment that “[t]he burdens of ensuring a just
system of access to stem cell therapies will fall disproportionately on
women relative to men (for whom gamete donation is, by comparison,
inconsequential). . . . A related challenge will be securing sufficient
gamete donations from minority populations and, in particular, from
African Americans” (12). Furthermore, embryos created for IVF will not
have sufficient genetic and health/disease diversity, and thus there will
be a need for embryos created to obtain stem cells for research and
therapy—whether by egg and sperm donation or by SCNT (Gilbert et al.
2005). “Most of the available cell lines are owned by private companies,
and the nine cell lines that are publicly available are not suitable for
human trials: Many are beginning to show signs of genetic instability,
and all were grown in the potentially contaminating presence of mouse
‘feeder’ cells” (Philpott 2005, 1). Finally, there are no disease stem cell
lines for research of diseases. In 2003 only $25 million was allocated for
embryonic stem cell research, whereas $190.7 million was spent on re-
search with less promising adult stem cells (Faden and Gearhart 2004).

These concerns have led politicians to continue pressing for reduced
federal restrictions on funding embryonic stem cell research. In May
2006, one year after passage of the House bill (HR 810), forty Demo-
crats urged Senate Majority Leader Bill Frist, MD, to allow a Senate vote
(Capitol Health Call 2006). On July 18, 2006, the Stem Cell Research
Enhancement Act of 2005 passed in the Senate by 63 to 37 (four votes
short of the two-thirds majority required to override a presidential
veto). As anticipated, the president vetoed the bill the following day
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(Schwartz and Rae 2006), and the House vote (235–193) was 51 votes
short of the two-thirds required to override (Stolberg 2006). Neverthe-
less, one anticipates the restrictions will delay, not prevent, scientific
progress.

Whereas federal funding of research allows high-level NIH peer re-
view for funding approval of proposed research and requires IRB ap-
proval and oversight of ongoing research, privately funded research need
only comply with state and federal law. In November 2004, well before
the presidential veto of the legislation that would have permitted federal
funding of research on embryonic stem cell lines created after the arbi-
trary August 9, 2001, date, voters of the state of California, by a com-
fortable margin of 59 percent, approved Proposition 71, the California
Stem Cell Research and Cures Act (a statewide ballot initiative that pro-
vides $3 billion over ten years preferentially for stem cell research not
eligible for federal funding), which established the California Institute
of Regenerative Medicine (CIRM). The Scientific and Medical Account-
ability Standards Working Group (which reports to an Independent Cit-
izens Oversight Committee) has drafted ethical guidelines largely incor-
porating those of the National Academy of Sciences but with additional
emphasis on the donation, consent, and procurement of oocytes; the pro-
tection of oocyte donors; and donors’ preferences regarding use of their
gametes, embryos, or somatic cells (CIRM 2006b). California’s initiative
was challenged legally, and despite a Superior Court ruling that the
proposition is constitutional in its entirety (CIRM 2006a), the plaintiffs
may appeal. Anticipating resolution of the legal challenges, consistent
with the legislation that allowed bridge financing by bond anticipation
notes, private philanthropists have provided $14 million (to be repaid
only if litigation is resolved in the state’s favor) and may provide another
$30 million, and on July 20, the day after President Bush’s July 19, 2006,
veto, Governor Schwarzenegger ordered a loan of $150 million (nearly
four times the NIH budget for human embryonic stem cell research)
(Romney 2006). Thus state support of human embryonic stem cell re-
search appears to be required for the immediate future and has been
approved in Connecticut, Illinois, Maryland, and New Jersey—though
in relatively small amounts compared with California (Romney 2006).

As discussed in a subsequent section in greater detail, in 2005 the Na-
tional Academy of Sciences recommended voluntary guidelines based
upon the belief that human embryonic stem cell research should not be
prohibited but requires regulation and oversight. For the latter it rec-
ommended institutional or regional human embryonic stem cell research
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oversight (ESCRO) committees and a national committee to monitor the
guidelines and provide a forum for discussion of stem cell research issues.

Of international significance, in March 2005 the General Assembly
adopted the United Nations Declaration on Human Cloning, which
“prohibits all forms of human cloning [therapeutic as well as reproduc-
tive] in as much as they are incompatible with human dignity and the
protection of human life” (Devolder and Savulescu (2006, 7). Devolder
and Savulescu (2006) believe there is a moral imperative to conduct em-
bryonic stem cell and cloning research. Therapeutic cloning (SCNT) is
important because we should do more rather than fewer transplants
(e.g., for cardiac disease) and therapeutic cloning might allow for histo-
compatible transplants. Therapeutic cloning is also important to study
diseases in vitro (cellular models of disease), to test drugs in vitro, to
study the influence of genes upon drug action and mechanisms thereof,
and to study cell growth and differentiation (which may allow us to learn
how to transdifferentiate and dedifferentiate cells and to understand
malignancy). In fact, the authors believe that therapeutic cloning is so
important that “[t]he United Nations must immediately retract its mis-
guided and immoral Declaration on Human Cloning before it consigns
many more future people to early and avoidable suffering and death”
(19) The authors respond to the many objections to therapeutic cloning:
that it destroys potential human life, that availability of adult stem cells
makes SCNT unnecessary, that therapeutic cloning is a slippery slope
to reproductive cloning, that the technique would be unaffordable for
many, that it may be unsafe, and that it may exploit women. To promote
community understanding and acceptance of therapeutic cloning and re-
search, they recommend transparency of research, independent oversight
and periodic review, public and legislative control, respect for the diver-
sity of values, and reassurance and demonstration of benefit.

A fascinating, but currently only theoretical, public policy question
may face us in the future if stem cells allow for life extension (increas-
ing the duration of human life) or age retardation (slowing down the
process of senescence). Theoretically, stem cells may have the potential
for both (Gilbert et al. 2005). In turn, this could potentially not only
change human aspirations (would one still wish to have children?) but
also lead to an economic crisis (with wealth concentrated in the “healthy
elderly”).

Another extremely important public policy and legal issue for all bio-
medical research is the problematic “patentability of nature.” With re-
gard to human embryonic stem cell research, it is important to note that
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the Wisconsin Alumni Research Foundation owns two patents for “Pri-
mate Embryonic Stem Cells,” including human embryonic stem cells.
These patents could “exclude everyone else in the United States from
making, using, selling, offering for sale, or importing any human em-
bryonic stem cells . . . until 2015. The US patent law allows claims to a
‘form’ not found in nature, so claims for an ‘isolated’ or ‘purified’ prepa-
ration are acceptable” (Loring and Campbell 2006, 1716). The Wiscon-
sin Foundation could “license others to practice the patented invention
in exchange for royalties [, and] currently WARF requires a license agree-
ment for distribution of any human embryonic stem cell lines in the
United States” (1717). The current charge is $500 for academic investi-
gators but $125,000 initially and $40,000 annually for a commercial
license. The patents are in legal contention (“request for interference”),
and “the outcome of this case may have important consequences for em-
bryonic stem cell researchers, funding agencies, and companies” (1717).

can science resolve the ethical dilemmas 
and the public policy debate?

In this section I describe seven scientific approaches that have been pro-
posed to resolve the ethical dilemma and public policy debate by avoid-
ing the sacrifice of the blastocyst to obtain stem cells. The President’s
Council on Bioethics in May 2005 published a white paper entitled “Al-
ternative Sources of Human Pluripotent Stem Cells.” It describes and an-
alyzes (from an ethical, scientific, and pragmatic or practical perspective)
four of five approaches discussed by the council on December 3, 2004.
Another of the approaches described here (and also mentioned by Chair-
man Kass at the council meeting on December 3, 2004; see President’s
Council on Bioethics 2004a, session 6), the parthenogenetic approach,
was only briefly described in the white paper, perhaps because on further
reflection it was considered to create but then to destroy or harm human
life, which the other four approaches were thought to avoid doing. An-
other possible reason is that some say the parthenote is not human be-
cause it has two maternal sets of chromosomes but no paternal chro-
mosomes, and Kass stated, “There’s an almost certainty that this will not
go on—could not go on—to develop into a child” (President’s Council
on Bioethics 2004a, session 6).

In December 2004 the Reproductive Genetics Institute reported in
Reproductive Biomedicine Online that one cell (a blastomere) can be
removed from the early morula (just as it is in preimplantation genetic
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diagnosis [PGD]—which suggests this approach is not really new after
all) without destruction of the pre-embryo and that the single cell can be
cultured into a line of stem cells for therapeutic research (Strelchenko
et al. 2004; Pearson 2006). The remaining cells of the morula could de-
velop into an embryo and fetus apparently without defect, thus seemingly—
at least at first glance—avoiding the issue of destruction of the blastocyst
and the religious and ethical concern that this engenders. However, since
the cell that is removed from the morula is totipotent or at least pluripo-
tent and thus could develop into an embryo and fetus, one still has the
problem of thwarting potential human life—that is, sacrificing what
could have become a person. Furthermore, if in the future we could ded-
ifferentiate adult stem cells or conceivably somatic (body) cells so that
they could become totipotent (or even just pluripotent), then sacrificing
an adult stem cell or a body cell would be tantamount to killing a po-
tential person and what some would call “murder”!

This approach (of removing one blastomere from the early morula to
produce a line of stem cells without destroying the blastocyst) is just one
of seven approaches recently proposed and discussed to obtain stem cells
for research or therapy by what some consider to be an “ethically accept-
able” technique (and others consider to be self-deception). A second ap-
proach was reported in the Boston Globe on November 21, 2004: William
B. Hurlbut, MD, PhD, a Stanford professor of neurology and neurologi-
cal science who has also studied theology and medical ethics (Cook 2004)
and who is a member of the President’s Council on Bioethics, has proposed
altering (“jinxing”) DNA of the nucleus of an adult cell before it is im-
planted into an enucleated egg (SCNT, which Hurlbut pejoratively calls
therapeutic cloning) in such a way that the blastocyst could not become a
fetus or child. Techniques to accomplish this were proposed in 2002 by in-
dependent scientists in the United States and Germany, and Hurlbut’s con-
tribution is to use this scientific information to “reframe the moral argu-
ment” (Holden and Vogel 2004, 2174). And recently inactivation of a gene
(Cdx2) necessary for development of the trophoblast and for axial devel-
opment and organization of the embryo in mice has been reported
(Chawengsaksophak et al. 2004). Thus a blastocyst would form (whose vi-
able inner cells could be harvested to grow a stem line) whose outer cells
could not form a trophoblast and placenta, so that the inner cells, even if
not harvested, could not become a fetus or child.

Hurlbut analogizes this scientific approach to the rare condition in na-
ture in which an oocyte (egg) in a woman forms a tumor, a hydatidiform
mole or teratoma, that may form limb and organ primordia, even hair and
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teeth, but not a fetus. The lack of a coherent structure or integrated orga-
nization of the teratoma in nature or of the blastocyst from altered nuclear
transfer precludes the development of an embryo or organism, and thus the
use of cells from the mass is said not to be the destruction of human life.

Indeed, there was great interest in the approach when discussed on
December 3, 2004, by the President’s Council on Bioethics (President’s
Council on Bioethics 2004a; Brown 2004; Saletan 2004). But Melton,
Daley, and Jennings, in their critique of the proposal in the December 30,
2004, New England Journal of Medicine, state that it is not known
whether human embryos deficient in the gene would “die at the same
stage as mice” deficient in the gene and that the stem cells might well be
abnormal and thus of limited “usefulness in research and clinical appli-
cations” (2791). Responding to this latter objection, Hurlbut suggests
that one could restore the inactivated gene in order to normalize the stem
cells (2791). But Melton et al. argue that the “ethical superiority of al-
tered nuclear transfer rests on a flawed scientific assumption” (2791).
The flaw is that, in their opinion, it is no more morally acceptable to de-
stroy a gene-mutant embryo than to destroy a normal embryo—that the
moral status of an embryo is not dependent upon the gene that it lacks
or whose mutant it possesses. Furthermore, they believe, as do many oth-
ers in contrast to Hurlbut, that it is justified “to use preimplantation-
stage human embryos in a search to understand human biology and cure
serious diseases” (2792).

A third major technique to mitigate ethical concern in the recovery
of embryonic stem cells was presented to the President’s Council on
Bioethics on December 3, 2004: that of Donald Landry and Howard
Zucker (2004) of Columbia University. They state that “up to 60% of
the embryos created for invitro fertilization (IVF) treatment are consid-
ered ‘nonviable’—meaning development has been arrested but individ-
ual cells are still functioning” (quoted in Holden and Vogel 2004, 2176).
They analogize that since it is permissible to obtain organs for trans-
plantation from “brain-dead” humans, it should be acceptable to obtain
stem cells from developmentally “arrested” or organismically “dead”
embryos. They believe chemical or genetic markers can be found to reli-
ably diagnose “the irreversible arrest of cell division,” which they con-
sider “death” of the embryo. Further, they note several studies that sug-
gest “some prospect for producing normal cells from dead embryos”
(President’s Council on Bioethics 2004a), but whether healthy stem cell
lines can be achieved remains to be demonstrated. Once again, ethically,
if the cells obtained could become healthy differentiated tissues, why
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might they not be differentiated to form an entire organism, a fetus? An
approach analogous to that of Landry and Zucker has recently been pub-
lished: Schwartz and Rae (2006) argue that low-grade embryos (low-
grade on morphologic or biologic criteria) “might qualify for stem cell
harvest [if] suitable high-grade embryos” exist for implantation (773).
“Although technical advances have made it possible to implant low-
grade embryos, their implantation rate is low, their miscarriage rate is
high [and] they are usually allowed to die” (772).

At the President’s Council on Bioethics in December 2004, Chairman
Leon Kass noted a fourth technique, “another morally non-problematic
route . . . to getting new embryonic stem cell lines” (President’s Council
on Bioethics 2004b, session 6), as also reported in the New Scientist
(Coughlan 2004). By injecting phospholipase c-zeta, an enzyme from
sperm, Karl Swann, of the University of Wales, stimulated human eggs
to divide (as if they had been fertilized) and to become blastocysts.
Swann believes the parthenogenetic blastocysts with two sets of mater-
nal, and no paternal, chromosomes should not be considered “potential
human life” (Coughlan 2004).

Peter J. Bryant (pers. comm., Dec. 3, 2004), a developmental cell bi-
ologist and a professor at the University of California, Irvine, states if one
achieved parthenogenesis “by suppressing the first meiotic division . . .
the progeny would be a reproductive clone of the mother” but that if one
suppressed the second division, “that generates homozygosity which
would be dangerous” because it “would expose recessive deleterious
alleles that usually exist in natural populations.” Thus he believes “it
would be a mistake to try to ‘sidestep’ the ethical issues by generating
and using stem cells that are genetically abnormal.”

From an ethical perspective, even though to date “the only mam-
malian parthenote—a mouse—that has made it to term was the product
of heavy genetic intervention” (Holden and Vogel 2004, 2175), how can
one be sure that a human parthenote could not become a fetus? If it
could, the ethical concern would be that harvesting stem cells from a
human parthenote blastocyst would be “killing.” Recently in Italy,
where creation or destruction of human embryos for research is banned,
two investigators (Tiziana Brevini and Fulvio Gandolfi of the University
of Milan) reported that they were able to derive two stem cell–like lines
from parthenotes created from 104 human eggs (“Human eggs supply
‘ethical’ stem cells” 2006).

A fifth technique is the so-called Holy Grail of stem cell therapy: re-
programming differentiated cells into dedifferentiated pluripotent stem
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cells so that they can grow as a stem cell line and be used to repair or
replace damaged tissues or organs. This may still be only a scientist’s
dream, but according to an article in Science, “Shinya Yamanaka of
Kyoto University . . . reported [at the fourth annual meeting of the In-
ternational Society for Stem Cell Research, June 29–July 1, 2006] that
upregulating just four genes can apparently turn mouse stem cells into
cells that closely resemble embryonic stem cells” (Vogel 2006a). This has
not yet been done using human skin cells. Nevertheless, it appears to be
an important step toward the “Holy Grail.” This approach, if confirmed,
would avoid not only the need to destroy blastocysts from IVF rejects or
leftovers (whether alive or dead) or from SCNT but also the need to ob-
tain donated eggs or embryos; further, it would avoid immunologic in-
compatibility (Holden and Vogel 2004). However, if the cells were ded-
ifferentiated to totipotency (not just to pluripotency), even this approach
would be objectionable to prolife fundamentalists who believe that the
dedifferentiated cell could potentially become a human and thus must
not be sacrificed. On the other hand, if dedifferentiation were achievable,
the logical next step in such thinking would be to believe that no adult
cell (such as a skin cell or a gastrointestinal cell, many of which are shed
each day) could be discarded because any such cell—ideally handled—
could become a baby! This, of course, is a reductio ad absurdum.

I should note a sixth technique, even though it was quite hypotheti-
cal or theoretical until recently. It is the subject of one of two target ar-
ticles on human stem cells in the November–December 2005 issue of the
American Journal of Bioethics devoted nearly entirely to stem cells. This
technique, discovered by S. Matthew Liao of Johns Hopkins, is called the
blastocyst transfer method (BTM). Liao (2005) proposed extracting
“just enough pluripotent human embryonic stem cells from the inner cell
mass to create a cell line, but without harming the embryo’s chance of
developing into a healthy functioning individual” (11). He admits the
“method faces some technical challenges: First, the cells of the inner cell
mass . . . at the five-day stage become quite tight and our present tech-
nique is not sophisticated enough to extract the cells without destroying
the embryo. Second, to create a stable cell line [requires] around 200
human embryonic stem cells” (11–12). In the June 29, 2006, issue of Na-
ture it is reported that Takumi Takeuchi and colleagues of Cornell Uni-
versity have derived stem cell lines from one-hundred-cell mouse em-
bryos. This technique might be ethically acceptable to obtain human
stem cells (presumably multipotent rather than pluripotent, as in the
first of these “ethically acceptable” techniques, which utilized a single
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blastomere from the four- to eight-cell morula) if the embryo were to
survive and to be healthy. Indeed, since the cells would be multipotent
rather than pluripotent, this technique would avoid the double-talk that
because the three to seven cells not removed from the four- to eight-cell
morula in the first technique could go on to develop a healthy embryo
and fetus, the PGD-like technique would not involve “killing” a poten-
tial life. However, in Takeuchi’s experience thus far, the removal of cells
from the hundred-cell mouse embryo resulted in a 50 percent mortality.

Finally, I must add a seventh technique for the production of cells that
have at least some of the qualities of embryonic stem cells without sac-
rifice of a blastocyst (indeed, without even involving an embryo). Cells
that the German scientists Gerd Hasenfuss and Wolfgang Engel call mul-
tipotent adult germline stem cells (maGSCs) were cultured from sperm
precursor cells (spermatogonia), as just recently reported on March 24,
2006, in Nature (Holden 2006; Guan et al. 2006). The cells differenti-
ated into multiple types of cells of all three germ layers, demonstrating
multipotency if not pluripotency. Most recently five additional sources
or types of stem cells have been reported but will require peer-reviewed
publication and reproducibility in other laboratories (Holden 2007a,
2007b, 2007c).

the possible achievement of societal consensus
and the adoption of guidelines to regulate and
provide oversight for stem cell research 
and therapy

A few weeks before his August 9, 2001, compromise policy statement,
President George W. Bush said that his policy “would need to balance
value and respect for life with the promise of science and hope of saving
life” (Bush 2001b). The compromise statement (allowing federally
funded research on the approximately sixty to seventy stem cell lines
thought to be in existence as of August 9, 2001, but not on any lines that
might be developed thereafter) allows us, the president said, “to explore
the promise and potential of stem cell research without crossing a fun-
damental moral line by providing taxpayer funding that would sanction
or encourage further destruction of human embryos that have at least the
potential for life” (Bush 2001a). According to Chairman Leon Kass, in
his opening remarks at the first meeting of the President’s Council on
Bioethics on January 17, 2002, “[L]eading scientists have indicated that,
at least for the research phase (that is, the preclinical phase) of these
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investigations, the number of embryonic stem cell lines are more than
adequate to explore their therapeutic potential” (Kass 2002). He pointed
out the irony that both sides of the ethical debate invoked “the principle
that calls for protecting, preserving, and saving human life. . . . [The]
two sorts of ‘vitalists’ differed only with respect to whose life mattered
most: living, sick children and adults facing risks of decay and premature
death, or living human embryos who must be directly destroyed in the
process of harvesting their stem cells for research.”

Christopher Reeve, frustrated not only by his own quadriplegia but
equally by what he perceived as obstruction of scientific research, said,
“To opponents of stem cell research, I say spend one hour in a wheel-
chair. . . . Who are we if we do not use our best knowledge and tech-
nology to help someone? It is time to harness the power of government
and move forward” (Reeve 2004). In a similar vein, Dustin Hoffman
asked, “Do we have to be afflicted to be enlightened?” (Bruck 2002, 82).

A staff working paper for the October 2003 meeting of the President’s
Council on Bioethics concluded, “The rich and growing ethical debates
do suggest the possibility of progress towards greater understanding, and
more informed public decision-making” (President’s Council on Bioethics
2003). But R. Alta Charo, a professor of law and bioethics at the Uni-
versity of Wisconsin Schools of Law and Medicine, has said that we must
recognize that “the substantive conflict . . . cannot be resolved in a man-
ner that is satisfactory to all” (Charo 1995, quoted in Siegel 2000, J9).
And Ernle W. D. Young has said, “I am not at all confident that there will
be any evidence of mutual tolerance for opposing points of view on this
sensitive issue simply because of the difference between [secular] ethics
and [religious] morality” (Young 2001, 174).

These views are a mixture of optimism and pessimism, and I must
admit that I am both optimistic and pessimistic. We must have public dis-
cussion, not debate. We must be tolerant of the views of others and treat
others with respect even if we disagree with their views. As Rodney King
asked during the Watts riots in Los Angeles in 1992, “Can’t we all just
get along?” (King 1992).

For those with an absolutist deontologic belief that human individu-
ality or personhood with full moral status begins at conception, there
may be no satisfactory solution (unless they are willing to accept one or
more of the seven scientific techniques, described above, that have been
devised to obtain stem cells in an “ethically acceptable” way). Never-
theless, they might be willing to consider that the majority in society
(who have qualitatively or quantitatively different views) have the right
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to permit human embryonic stem cell research and therapy, though not
require it of those who are opposed. This seems particularly reasonable
since the vast majority of excess IVF embryos are destined for destruc-
tion if they are not donated for adoption.

And for those with a utilitarian perspective who are currently not con-
vinced that the ethical concerns are adequately counterbalanced by the
promise of stem cell therapy, perhaps they would agree to continued
research with embryonic stem cells (even with human embryonic stem
cells), deferring a decision to allow therapy (other than clinical trials)
until such time as the evidence convincingly demonstrates benefit for
human disease. If they are not willing to agree to continued research with
human embryonic stem cells (including experimental clinical trials),
hopefully data either with animal embryonic stem cells (for analogous
conditions in subhuman animals) or with human adult stem cells will be
sufficiently effective to justify research with human embryonic stem cells.

Indeed, in 2001 a National Academies report entitled “Stem Cells and
the Future of Regenerative Medicine” (National Research Council/In-
stitute of Medicine 2002) recommended continued research with human
embryonic as well as adult stem cells in addition to their derivation by
SCNT. Four years later, a National Academies Committee (of the Na-
tional Research Council’s Board on Life Sciences and the Institute of
Medicine’s Health Science Policy Board) on Guidelines for Human Em-
bryonic Stem Cell Research (cochaired by Jonathan D. Moreno of the
University of Virginia and Richard O. Hynes of the Massachusetts
Institute of Technology) “did not revisit the debate about whether hES
[human embryonic stem] cell research should be pursued” (Committee
on Guidelines 2005, 3, 22) and prefaced its report by stating, “[C]on-
cerns about potential ethical complexities should be cause for judicious
oversight and regulation, not necessarily for prohibition” (vii). “It as-
sumed that both hES cell and adult stem cell research would continue
in parallel with federal and non-federal funding” (22) and developed
“guidelines to encourage responsible practices in hES cell research—
regardless of source of funding—including the use and derivation of new
stem cell lines derived from surplus blastocysts, from blastocysts pro-
duced with donated gametes, or from blastocysts produced using NT
[nuclear transfer]” (3). The guidelines “do not cover research with non-
human stem cells [and] do not apply to reproductive uses of [nuclear
transfer]” (4). Further, the committee stated that although “successful
resolution of intellectual property issues” would be “critically important
in this evolving area of research,” it was beyond the committee’s charge
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and capabilities to address adequately all of the legal issues that would
arise (22).

These guidelines are so thoughtful and so articulate (showing great
sensitivity to opposing religious and philosophical ethical perspectives)
that, rather than attempting to review them in detail, I refer the interested
reader to them and will simply mention some of the topics covered. The
report reviews the history of scientific stem cell discoveries and the his-
tory of public policy in embryo and stem cell research, and it lists human
embryonic stem cell research priorities and ethical concerns. Some con-
cerns that are not covered in this chapter, but are covered in the report,
are the potential consequences of introducing human genes and cells into
nonhuman animals (with particular concern for neural and germline
tissues in chimeras) and the potential exploitation of women in the
recruitment of oocyte donors.

I will not further review the report and its twenty-three specific rec-
ommendations except to mention what I consider its two most creative
recommendations: First, “[E]ach institution should establish a Human
Embryonic Stem Cell Research Oversight (ESCRO) committee. . . . The
ESCRO committee would not substitute for an Institutional Review
Board but rather would provide an additional level of review and
scrutiny warranted by the complex issues raised by hES cell research”
(Committee on Guidelines 2005, 107). Second, “A national body should
be established to assess periodically the adequacy of the guidelines . . .
and to provide a forum for a continuing discussion of the issues involved
in hES research” (108). A New York Times article of February 16, 2006,
reports that the National Academy of Sciences, using private funds, is es-
tablishing a national committee “intended to be a standing body that will
update the guidelines in the light of new scientific findings and resolve is-
sues too difficult for the local groups” (Wade 2006, A21). In May 2006
the National Academies announced the membership of the committee
(cochairs R. Alta Charo of the University of Wisconsin and Richard O.
Hynes of MIT) and noted that it is to monitor and revise the guidelines
(National Academies 2007a). Indeed, there are now “2007 Amendments
to the National Academies’ Guidelines for Human Embryonic Stem Cell
Research” (Human Embryonic Stem Cell Research Advisory Committee
2007). The Scientific and Medical Accountability Standards Working
Group of the California Institute of Regenerative Medicine (CIRM) has
already written guidelines in keeping with the National Academies’ rec-
ommendations. Guidelines have been developed by the American Soci-
ety of Reproductive Medicine as well as by the National Academies, and
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“These guidelines overlap with one another in certain respects and yet
conflict in others. . . . This leaves scientific and medical professionals and
the nation as a whole with a collection of varying rules for the ethical
conduct of stem cell research. Yet for many, the ethical questions raised
by stem cell research overshadow the scientific, business, and other issues
that surround it and require special attention on the national level”
(Cohen, forthcoming).

I believe that the recommendations of the National Academies and the
CIRM amply safeguard the public from potential research abuse or mis-
conduct. A tribute to the soundness of the guidelines is their apparently un-
questioned acceptance and implementation throughout the United States
(with most stem cell research institutes forming, or about to form, human
embryonic stem cell research oversight committees). However, many, if
not most, of the recommended ESCRO committee functions are prospec-
tive, just as are the majority of IRB functions. Indeed, it remains to be seen
how the two committees can function in a complementary way (sharing
or dividing responsibilities) without unnecessary duplication or delays. I
believe there is also need for ongoing (not just prospective) oversight of
research, as might be implied by the very name given to the ESCRO com-
mittees and by three suggested functions (Committee on Guidelines 2005):
first, ESCRO committees “will ensure that US investigators follow stan-
dards and procedures” (65); second, “ESCROs and IRBs should require
evidence of compliance when protocols are reviewed for renewal” (12);
and third, through its ESCRO committee each institution “should estab-
lish and maintain a registry of investigators . . . and record descriptive
information about the types of research being performed” (48).

The guidelines of the National Academy of Sciences (compliance with
which thus far is voluntary rather than mandatory) are not easily adopted
globally, but transnational collaboration in research is increasingly fea-
sible and desirable. Thus in February 2006 “over 50 scientists, clinicians,
ethicists, journal editors, lawyers, and policymakers from 14 countries
convened in Hinxton, Cambridge. . . . [They] articulated a series of nor-
mative principles to govern international collaboration in stem cell re-
search . . . [and] made specific recommendations for scientists and jour-
nal editors” (Savulescu and Saunders 2006). This consensus statement is
to be available at www.hopkinsmedicine.org/bioethics. “The guidelines
are consistent with those set out by the US National Academies last
year. . . . [They] recommend that certain types of research, such as der-
ivation of new embryonic stem cell lines or generation of chimeric ani-
mals, be subject to special review by an independent panel . . . [and] set
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standards for sharing research materials” (Vogel 2006b). On June 30,
2006, the International Society for Stem Cell Research (ISSCR) presented
a draft of “Guidelines for the Conduct of Human Embryonic Stem Cell
Research” to its members for comment. The task force acknowledges the
guidelines of the National Academy of Science, those of the CIRM, and
the consensus statement of the Hinxton Group, as well as the “interna-
tionally recognized research ethics guidelines including . . . the Nurem-
berg Code of 1947, the Declaration of Helsinki of 1964 and 1975, the
Belmont Report of 1979, the Council for International Organizations of
Medical Science (CIOMS), the International Ethical Guidelines for Bio-
medical Research Involving Human Subjects of 2002, and the UNESCO
Universal Declaration of Bioethics and Human Rights of 2005” (ISSCR
2006, 4). In February 2007 Science reported the publication of the
ISSCR guidelines and compared them with those of the National Acad-
emy of Sciences (Daley et al. 2007). The guidelines are available at
www.isscr.org/guidelines/index.htm.

questions the reader may ask

The reader may wish to ask him or herself one or more of the following
questions to formulate a personal position on human embryonic stem
cell research and therapy:

Is there a morally significant developmental milestone before which
research (on the zygote, the morula, the blastula, the gastrula, the
embryo, the pre-viability fetus, the post-viability fetus, the
neonate) is justified, and after which it is not? Or, to ask this
question in another way: Is conception, the achievement of indi-
vidual identity, the development of a nervous system, the devel-
opment of other organs, the appearance of a human form, en-
soulment, the achievement of viability, the development of a
relationship with its mother, birth, or some further development
the morally significant milestone before which research is justi-
fied and after which it is not?

Does the potential of embryonic stem cell therapy to cure disease or
replace damaged organs justify destruction of the blastocyst to
obtain stem cells for research and/or for therapy?

Does the immunologic tolerance of stem cells produced by thera-
peutic cloning (nuclear transfer) justify this technique to obtain
genetically near-identical stem cells for therapy?
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If the reasonably anticipated promise of embryonic stem cell therapy
justifies research on embryonic stem cells, should it be funded
only with private funds, with state funds, or with federal funds?

Would ethical oversight of research be different if research funding
were private, state, or federal?

Does it matter whether stem cells for research are obtained only
from frozen pre-embryos intended to conceive children despite
infertility but “left over” because the parents have conceived the
number of children they wished from other IVF embryos? Or may
investigators use pre-embryos created specifically for research, as
now permitted in the United Kingdom by the Human Fertilization
and Embryology Authority (Infertility Network 2007)?

What protections are required for potential oocyte donors?

How can one ensure fully informed and voluntary consent for
donors and for research subjects, including those with disorders
thought to be amenable to stem cell therapy (and thus valid con-
sent subjects who risk the “therapeutic misconception”)?

Can there be compensation for donors or reduced fees for IVF ther-
apy for those willing to donate excess embryos for research or for
the therapy of other individuals?

How should we protect the rights of those whose views are in the
minority? And if a person opposes embryonic stem cell research,
will he or she capitulate if research performed elsewhere proves
the therapeutic potential? And if not, does one really feel justified
in maintaining an absolutist deontologic perspective that pre-
cludes embryonic stem cell research and therapy?

opinions of the author

Even though I will not attempt to answer all the above questions, in fair-
ness I should inform the reader of some of my personal opinions re-
garding embryonic stem cell research. I believe that the missed opportu-
nity, if we do not allow unfettered human embryonic stem cell research,
is so great that we must proceed with embryonic stem cell research (while
continuing research with nonembryonic stem cells as well) with the ap-
proval of IRBs (and the limited oversight of which they are capable) and
the approval (and I hope thorough oversight) of ESCRO committees.

I further believe that the ingenious approaches (removal of one blas-
tomere from a morula; altered nuclear transfer; the use of what has been
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called a pseudoembryo because of its inability to form a placenta [Liao
2005, 10]; the use of nonviable preembryos; parthenogenesis; and the
use of dedifferentiated differentiated cells) do not truly avoid the ethical
issues of the conservative, fundamentalist perspective. That is, if one be-
lieves that the potential of a cell or cells to develop into a person pro-
hibits their use, the prohibition should be extended to any cells that have
this potential, even if other cells (left intact when the cell or cells were
taken) may go on to produce a fetus or child. I also believe that the ther-
apeutic use of nonviable pre-embryos is likely to be dangerous or ineffec-
tive, though such pre-embryos might be useful for research. On the other
hand, the removal of several multipotent stem cells from the inner cell
mass of a hundred-cell blastocyst (the “blastocyst transfer method”)
and—if we ever can achieve it—the dedifferentiation of somatic cells be-
fore their differentiation to replace damaged or diseased cells, tissues, or
even organs would bypass the ethical objections to destruction of the em-
bryo. In the interim, however, it seems to me unwise to preclude the use
of stem cells from healthy blastocysts in stem cell research, if from no
other perspective than the utilitarian calculus of the potential therapeu-
tic value of such research. Indeed, I favor the “Third Way” of Lawrence
Nelson and Michael Meyer (2005, 33, 36), “a compromise position that
recognizes that embryos have some moral worth but still allows for their
destruction during the course of respectful experimentation” (Philpott
2005, 2). I believe the National Academies’ recommendations are quite
sufficient to ensure responsible and ethical human embryonic stem cell
research supported by federal funding that would have the added bene-
fit of ensuring high-level oversight of such research.

With regard to the stalemate in public debate and policy, I agree with
Christopher Thomas Scott (2006, 186) that “[t]he embryo ‘proxy’ war—
as some politicians and commentators call the conflict encompassing the
issues of abortion, in vitro fertilization, and research using embryos and
embryonic stem cells—has exacted a toll on American science and med-
icine.” As reported in the Journal of the American Medical Association,
a review of articles on human embryonic stem cell research published in
scientific journals over six years concludes that “contributions from the
United States lagged behind those from other countries” (Hampton
2006, 2233; Owen-Smith and McCormick 2006). Scott (2006, 181)
comments that “[w]e face great moral hazards here. The first one is choos-
ing ignorance over knowledge, a dangerous precedent for any society.
The second one is allowing politics—and politicians—to intrude on the
will of a majority of Americans. Third, and most important, is [not]
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honoring our obligations to those among us who suffer. Our decisions
today will determine whether history regards America at the beginning
of the 21st century as embarking on a new path of enlightenment or
retreating to a dark and pessimistic time.”

notes

Portions of this chapter appeared in a shorter article of the same title and by the
same author (Whittier Law Review 26 (3): 845–68, Spring 2005; copyright 2005
by the Whittier Law Review). This revised manuscript is offered for inclusion in
the present volume to complement (and compliment) the exceptionally thought-
ful ethical analysis of philosopher Philip J. Nickel from the perspective of a
physician and clinical ethicist. It also provides a summary and overview of many
of the issues discussed in greater detail in other chapters.

The author is indebted to Irene V. Morris and Anna S. Arietta of the Gruni-
gen Medical Library of the University of California, Irvine for obtaining innu-
merable articles for the author’s review. He is also appreciative of comments on
earlier drafts by David L. McArthur, Kristen Renwick Monroe, Philip H.
Schwartz, and Jerome S. Tobis.

1. The word stem, from the German stam and Old English stemn, means the
main growth of a plant or the trunk of a tree or the end-post of a ship (as in the
phrase “from stem to stern”). The meaning of the word stem as in stem cell, how-
ever, dates back only to 1932, when the German phrase stamen aus meant “stem
from” or “develop from” (Barnhart 1995, 759). Stemness is the ability to divide
asymmetrically: that is, both to self-renew and to differentiate.

2. For a review more detailed than the brief summary I provide here,
please refer to chapter 4 of this book, by Mahtab Jafari, Fanny Elahi, Saba
Ozgurt, and Ted Wrigley, “Religious Perspectives on Embryonic Stem Cell
Research.”

3. Edwards (2005) chronicles not only the science of his research with rab-
bit blastocysts and stem cells, preimplantation genetic diagnosis, and IVF but his
extraordinary attention to the ethical issues.
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It is difficult to write a “last word” on an area in which scientific and po-
litical events are occurring so rapidly, particularly one such as embryonic
stem cell research, which raises difficult ethical issues that may extend
beyond the normal philosophical purview of medicine, law, and religion.
Experts and lay people alike are understandably confused and unsure
about policy that touches on some of their most deeply help ethical and
religious concerns, yet holds tremendous potential for scientific break-
throughs and medical improvements in the quality of life for countless
individuals, as laid out by Bryant and Schwartz in chapter 1.1 The stakes
are high, in ethical terms as well as in medical and economic terms. Given
the breadth and complexity of the issues, there are questions we have not
been able to address fully in this volume. For instance, we have touched
only partially on the tremendous economic potential of stem cell re-
search, which is creating an incentive toward speculation on the part
of individuals, companies, various U.S. states, and even entire nations.
Chapter 7, by Golub, looked at the attempts by California and several
other states to create funding opportunities in lieu of federal support, but
U.S. states are not the only places gambling that a huge investment of
cash will yield huge proceeds. South Korea, Britain, and China each have
strong research programs with none of the restrictions imposed in the
United States by the federal government. Further, as Goldstein and
Miller both suggest briefly in chapters 5 and 8, researchers will go where
they can find the funding and resources they need to do their work, and
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this will in turn draw talent away from other related fields. Restrictions
on stem cell research in the United States thus are likely to set back bio-
medical progress in this nation across the board and to feed back into the
way the scientific research is done. Perhaps because of this, stem cell re-
search is already on track to become a matter of national pride and iden-
tity. The competition between the United States and Soviet Union over
space flight in the 1960s had an incalculable fallout in the public imagi-
nation; stem cell research, where scientists are perceived to be delving
into the nature of life itself, can hardly do less. There is fodder here to
feed public political debate for decades.

Perhaps the most difficult factor to address is the political and ethi-
cal significance of the development of new techniques and technologies,
some of which carry the potential to transform, or even obviate, many
ethical questions that we ask today. A dramatic illustration of this
comes from recent research (Chung et al. 2006) indicating that it might
be possible to extract new stem cell lines without risk to any potential
life. In this procedure—a procedure that, to the best of our knowledge,
has not been replicated and has been attempted only with mice—a sin-
gle cell is carefully removed from the eight cells of a blastomere. The
remaining cells can go on to produce a normal, healthy fetus. The ex-
tracted cell, on the other hand, has no potential for developing into a
viable embryo, and so no harm comes from using it to generate stem
cells.2 If future scientific work replicates these findings in humans, then
perhaps religious concerns over the destruction or continuous harvest-
ing of a viable embryo would no longer apply. It is impossible to intuit
which of the current ethical issues these new procedures will resolve and
what future ethical questions these procedures themselves will in turn
produce. It seems safe to predict, however, that political battles will con-
tinue to influence the public debate over stem cells, just as public discus-
sions over earlier scientific discoveries influenced public debate on issues
as diverse as smallpox inoculations, the polio vaccine, and fluoridated
water.

So what is our intention in this volume? Although the senior editor
is a political scientist, we have chosen not to focus on a political science
analysis of how this important policy issue is playing out in political
terms. Instead, we have tried to present the central issues in the public
discussion over stem cells in a manner that is comprehensive but acces-
sible to the general reader. The immediacy of the decisions confronting
citizens and policy makers is simply too great not to provide such a ser-
vice. In this volume, therefore, we have chosen to restrict ourselves
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to considering the relationship between religious, ethical, and scientific
beliefs about stem cells and human life, because that is where the current
political confrontations over restrictions and funding lie.

Our initial analysis suggests that the public debate—at least so far—
is being miscast and shaped into terms that are unnecessarily confronta-
tional. In an effort to clarify and move discussion from this confronta-
tional mode, we began with a discussion of the technical, scientific issues
involved in stem cell research (chapters 1 and 2, by Peter Bryant and Phil
Schwartz). Next, we attempted to deconstruct the debate over the moral
status of the blastocyst. Chapter 3, by Philip Nickel, did so by discussing
in detail the moral standing of the blastocyst; chapter 8, by Ronald
Miller, focused on an examination of the concept of personhood and our
understanding of our responsibilities to others in a society. Nickel ana-
lyzed the various moral standards that can be applied to the stem cell
question, ultimately suggesting that the most applicable standards are
those applied to donated organs: showing a general respect for the
wishes of the deceased and relatives without according any special rights
and privileges to the organs now deprived of independent life. Miller, in
his turn, placed personhood on an incremental scale, showing that the
biological organism is developmental and that few of the attributes that
we credit to an adult person apply. Jafari et al., in chapter 4, addressed
this same issue from a religious rather than a biological perspective.
These contributors examined different religious beliefs from around the
world and showed that the particular concerns raised in this debate are
not universally shared or generally accepted as true but rather belong to
a handful of sects of the Christian faith. This fact remains largely ignored
in public discussions of embryonic stem cell research, at least in the
United States, but could have tremendous importance for the worldwide
research on stem cells.

Lee Zwanziger (chapter 6) and Larry Goldstein (chapter 5) each
looked at the relationship of government to science and technology.
Zwanziger demonstrated that science is a good in and of itself, some-
thing to be promoted as a matter of policy, since it speaks to the health
and welfare of the society at large. Goldstein pointed out that govern-
ment funding is vital for basic research, which (unlike product develop-
ment) reaps little reward for private investors and encourages a degree
of transparency and collegiality in the process that would go against the
interests of for-profit companies.

In general, these authors seem to suggest that the functional pragma-
tism of scientific investigation—which is often cast as moral relativism by
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its opponents—is faced off against a fundamentalist belief in the sanctity
of life—seen by its opponents as mindless fanaticism. Several, in fact,
doubt that this polarity can be easily overcome. Perhaps then, the con-
cluding question we should raise—because it is fundamental to the prob-
lems being faced here—is one raised initially by Paul Silverman when he
proposed this volume: If public discussion of stem cell research involves
us in questions about the origins and nature of life, whose life are we ask-
ing about? Medicine as a discipline has always focused on the lives of
those we see passing us on the street each day: our friends, family, and
selves, among the multitude of others. This may lead medicine to a cer-
tain callousness toward those not included in the visible spectrum of hu-
manity. As is well known, laboratory rats, guinea pigs, and rhesus mon-
keys have suffered the consequences of human medical advances since the
beginning of medicine as a science. To the medical eye and imagination,
a blastocyst sitting in a frozen storage container in a fertility clinic har-
bors a potential cure for a broad range of human misery among the liv-
ing, and it would be a waste to dispose of it. To the religious fundamen-
talist eye, however, that same blastocyst is a life in its own right, one that
should not be subjected to experimentation or manipulation. An impor-
tant part of the public debate is focused on the potential for conscious life
that the blastocyst represents.

The irony in this disagreement is that the fundamentalists have cho-
sen a purely genetic description of humanity, while medicine has held to
a more conventional description. A blastocyst has nothing in common
with an adult human except for the strands of DNA that place it in the
human species and (in the assumption of some) a soul. The genetic code
is the only observable element that differentiates a human blastocyst
from rats, rhesus monkeys, and other experimental animals, animals
whose lives are not a concern in the fundamentalist perspective. Most
medical practitioners, by contrast, take as fully human that which ap-
pears to be fully human, without too much consideration of what that
means. If it has a human form, can talk, or can at least interact socially
and respond in an intelligible way, then it is treated as human. Neither
depiction of humanity is fully satisfactory, nor are these depictions even
necessarily exclusive, but in the political world they have been con-
structed as deeply polarized opposites. Future debate on this issue must
clarify and resolve this division if there is to be any hope of a satisfac-
tory resolution to this issue. This volume, we hope, is a useful step in that
direction.
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notes

1. This is reflected in popular as well as scholarly journals—note the recent
collaboration between Scientific American and the Financial Times, which cov-
ered a broad range of medical, economic, and political factors.

2. Similar efforts are underway using the cells harvested from amniotic fluid,
umbilical cords, and other nongenerative sources of pluripotent stem cells.
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