T/;E Jollowing essays provide updates on two of the proposed alternative sources of human

embryonic stem cells. Below, William B. Hurlbut and colleagues offer a definitive account of altered nuclear

transfer and respond to some of their critics. Next, Kathy Hudson examines the recent announcement
[from scientists at Advanced Cell Technologies.

Seeking Consensus:

A Clarification and Defense of Altered

Nuclear Transfer

BY WiLLIAM B. HURLBUT, ROBERT P.
GEORGE, AND MARKUS GROMPE

ince 1998, when human embryonic stem cells
were first isolated, our nation has been locked in
a conflict over federal funding of this new field
of scientific research. Both sides in the debate are de-
fending important human goods, and both of these
goods—opening avenues for advance in medicine
and protecting nascent human life—are important to
all of us. A purely political solution will leave our
country bitterly divided, eroding the social support
and sense of noble purpose that is essential for the
public funding of biomedical science. While there are
currently no federal restrictions on the use of private
funds for this research, there is a consensus in the sci-
entific community that without federal support for
newly created embryonic stem cell lines, progress in
this emerging field of scientific inquiry will be seri-
ously constrained.
In May 2005, acknowledging our national impasse
over embryonic stem cell research, the President’s
Council on Bioethics published a white paper that
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outlines a series of proposals for obtaining pluripotent
stem cells (the functional equivalent of embryonic
stem cells) without the creation or destruction of
human embryos.! One of these proposals, “altered
nuclear transfer” (ANT) has stirred considerable pub-
lic interest and affirmation, including several legisla-
tive proposals that would provide funding for its fur-
ther exploration. There is substantial support among
leading scientists, moral philosophers, and religious
leaders for the view that ANT may offer a scientifical-
ly feasible and morally sound way forward on ES cell
research.?

At the same time, there has been some confusion
about ANT, leading to its mischaracterization in cer-
tain reports and published commentaries. In a recent
cover story on stem cell research in 77me magazine,
ANT was described as a project that “would ensure
that the embryo lives only long enough to produce
stem cells and then dies.”® But the whole idea of ANT
is to produce pluripotent stem cells withour creating
an embryo. Zime’s description has ANT violating the
very moral principle it is intended to uphold.

Acknowledging the complexity of the scientific
and ethical issues at the foundation of this proposal,
and in the spirit of constructive dialogue, we seck in
this essay first to offer a clear and accurate account of
ANT, and then to respond to some of the more sig-
nificant questions and concerns about it.
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Altered Nuclear Transfer: Non-Embryonic
Sources of Pluripotent Cells

he President’s Council report draws a critical distinc-

tion between pluripotency, the capacity of a cell to
give rise to many if not all the different cell types of the
human body, and wiporency, the capacity of a zygote or
other cell to develop as a complete, integrated, living
being. A naturally conceived zygote—the single-celled
embryo brought into being by fertilization—is totipotent;
embryonic stem cells are merely pluripotent.

ANT is a general concept that might take a variety of
specific forms. The basic idea is to employ somatic cell
nuclear transfer (SCNT), the technique often known sim-
ply as “cloning,” but to alter it in such a way that pluripo-
tent stem cells are produced without the creation and de-
struction of human embryos. In standard SCNT, the nucle-
us of a differentiated body cell is
transferred into an egg cell that
has had its own nucleus removed.*
The egg cytoplasm then repro-
grams the transferred nucleus and,
if all goes as planned, the newly
constituted cell proceeds to divide
and develop like a naturally con-
ceived embryo. This is how Dolly
the sheep was produced. In ANT,
the adult body cell nucleus or the
egg cytoplasm (or both) are al-
tered before the nucleus is trans-
ferred into the enucleated egg so
that the newly constituted cell
will, from the outset, lack the in-
tegrated unity and developmental
potential of an embryo, yet will
nevertheless possess the capacity
for a certain limited subset of
growth sufficient to produce
pluripotent stem cells.

This process mirrors certain
naturally occurring phenomena. In normal conception,
fertilization signals the activation of the organizing princi-
ple for the self-development of the human organism to-
wards developmental maturity. But without all of the es-
sential elements—the necessary complement of chromo-
somes and the cytoplasmic factors for the proper pattern
and sequence of gene expression—there can be no living
whole, no organism, no human embryo. Recent evidence
from infertility studies suggests that, in the natural repro-
ductive process, incomplete or inadequate combinations
of the necessary elements lead to many “failures of fertil-
ization.” Some of these naturally occurring failures of fer-
tilization may still proceed along partial trajectories of or-
ganic growth without being actual organisms.

For example, certain grossly abnormal karyotypes (in-
cluding haploid genomes, with only half the natural num-
ber of chromosomes) will form blastocyst-like structures
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The underlying idea of
ANT is that alterations
performed prior to nuclear
transfer will allow the
construction of cellular
structures that can produce
pluripotent stem cells, but

are not embryos.

but lack the basic organization of an embryo and thus
lack an embryo’s capacity for self-integration and self-di-
rected development towards organismal maturity. Even an
egg without a nucleus can undergo a series of cell divi-
sions when it is artificially activated, yet it is clearly not an
embryo—or an organism at all. The messenger RNA for
the protein synthesis that drives these early cell divisions is
generated during the maturation of the egg and then acti-
vated after fertilization. Like a spinning top, the cells have
a certain biological momentum that propels a partial and
unorganized trajectory of development, but unlike an em-
bryo, they are not adequately constituted to establish the
dynamic molecular interactions that characterize a coher-
ent and self-regulating organism.

Some of these aberrant forms appear to be capable of
generating ES cells or their functional equivalents. One
evident example is a benign
tumor, known as a teratoma,
caused by spontaneous develop-
ment of an activated egg. Mature
teratomas generate all three prima-
ry embryonic cell types as well as
more advanced cells and tissues,
including partal limb and organ
primordia—sometimes even hair,
fingernails, and fully formed teeth.
These chaotic, disorganized, and
nonfunctional masses are like bags
of jumbled puzzle parts, entirely
lacking the unified structure and
dynamic character of an organism.
Biomedical science has never con-
sidered these growths to be embry-
onic human beings, nor have de-
fenders of the dignity of embryon-
ic human life in debates about
abortion or embryo-destructive re-
search. Everyone acknowledges
that they are not organisms, but
tumors; yet they generate cells with the functional charac-
teristics of embryonic stem cells.

The disorganized character of teratomas seems to arise,
not from changes in the DNA sequence, but from genet-
ic imprinting, an epigenetic modification that affects the
pattern of gene expression (keeping some genes turned off
and others on).> In natural reproduction, the sperm and
egg have different but complementary patterns of im-
printing, allowing a coordinated control of embryological
development. When an egg is activated without a sperm,
the trophectoderm (the outer layer in a natural embryo)
and its lineages fail to form. In the absence of the com-
plementary genetic contribution of the male, the activat-
ed egg is inadequately constituted to direct the integrated
development characteristic of human embryogenesis.

Examples such as this show how even a small genetic
or epigenetic change can affect the entire balance of an
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Growth without Life.

In altered nuclear transfer, tar-
geted alterations to the somat-
ic cell nucleus (or to the egg
cytoplasm) preclude the inte-
grated organization and poten-
tial for development of an em-
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enormous network of biochemical processes necessary for
embryogenesis. An organism is a dynamic whole, an in-
teractive web of interdependent processes that express
emergent properties not apparent in the biochemical
parts. Within this dynamic, self-sustaining system is the
very principle of life, the organizing information and co-
ordinated coherence of a living being. With the full com-
plement of essential elements, an organismal system sub-
sumes and sustains the parts; it exerts a downward causa-
tion that binds and balances the parts into a patterned
program of integrated growth and development. Partial
organic subsystems (cells, tissues, and organs) that are
components of this larger whole, if separated or separately
produced, may temporarily proceed forward in develop-
ment (though not in the direction of a mature member of
the species). But without the coherent coordination and
robust self-regulation of the full organism, they are, in re-
ality, nothing more than fragmentary cellular structures
whose trajectory of growth is distinct from that of an em-
bryo.

The underlying idea of ANT is that small but precise-
ly selected genetic or epigenetic alterations performed
prior to nuclear transfer will allow the laboratory con-
struction of cellular structures that are capable of produc-
ing pluripotent stem cells, but are not embryos. They are
biologically (and therefore morally) equivalent not to em-
bryos, but to teratomas and other fragmentary and unor-
ganized growths.

ANT has sometimes been misrepresented in the popu-
lar media as a procedure that prevents implantation of a
cloned embryo;® in fact, neither the President’s Council
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report nor the writings of any of the advocates of this pro-
ject have ever made such a proposal. The alterations in
ANT are not destructive operations on an existing em-
bryo, nor do they involve the creation of an embryo with
an intrinsic deficiency. The inability to establish the tro-
phectoderm cell lineage is not reasonably considered a de-
fect within a part, but rather a failure in the formation of
the whole.” This “deficiency” is more properly understood
as an “insufficiency,” not a defect 77 a being (like not hav-
ing a limb), but an inadequacy at such a fundamental level
that it precludes the coordinated coherence and active dis-
position for development that are the defining characteris-
tics of an embryonic organism.

Possible Forms of ANT

CDX2. Of the range of forms ANT might take, one
much-discussed possibility involves deleting or silencing a
gene essential at the most primary level of coordinated or-
ganization. As described in a January 2006 paper in the
journal Nature, stem cell biologists Rudolf Jaenisch and
Alexander Meissner have provided proof of principle for
the scientific feasibility of this approach in a series of ele-
gant mouse model experiments in which they procured
fully functional pluripotent stem cells.® Using the tech-
nique of RNA interference, they were able to reversibly si-
lence the functional expression of a gene called Cdx2 be-
fore the nucleus containing the gene was transferred into
an enucleated egg. Research reported just a month later in
the journal Science suggests that it may be possible to
achieve the goals of ANT through the preemptive silenc-
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ing of Cdlx2 in the egg, in this case too before the act of
nuclear transfer.? This study, by University of Missouri bi-
ologist Michael Roberts, showed that, in mice, maternally
derived messenger RNA for Céx2 is present in the egg and
asymmetrically distributed in the first cell division after
fertilization. The asymmetric distribution of Cdx2 directs
the cells at the two-cell stage to form distinct cell lineages.
One of the cells at the two-cell stage goes on to become
the trophectoderm and forms the outer layer of the em-
bryo (and later the extra-embryonic membranes, includ-
ing the placenta). The other cell forms the “inner cell
mass” (ICM) which is the source of cells used to culture
embryonic stem cells. By the selective silencing of Cix2,
the authors were able to produce an unorganized mass
composed exclusively of cells with the character of those
of the ICM.

ANT-OAR. Another form of ANT, known as “oocyte-
assisted reprogramming” (ANT-
OAR), involves the activation of
genes that are expressed in
pluripotent cells, but not in
totipotent cells. In standard
SCNT, factors in the egg cyto-
plasm reset the nucleus of the

body cell to the totipotent state of ﬂﬂtlbﬂ&l[ ldeﬂtlly No one

a naturally produced zygote. As
the cells divide and differentiate
into different kinds of cells, the
type of cell they differentiate into
is determined by transcription fac-
tors that act as molecular switches
to activate whole programs of gene
expression. The gene Cdx2 is a
master regulator that produces just
such a transcription factor, one
that is essential for the differentia-
tion of the trophectoderm. ANT-OAR focuses on genetic
manipulation with factors that positively define the
pluripotent cells of the ICM but are not present in early
embryos. The concept is to create a cell with an epigenet-
ic state that is immediately distinct from that of an em-
bryo. For example, embryos do not contain the powerful
pluripotent stem cell-specific transcription factor Nanog
until several cell divisions have taken place, and even then
Nanog is expressed only in ICM cells, not in the cells of
the trophectoderm. A cell producing Nanog from its in-
ception thus cannot be properly considered an embryo. In
ANT-OAR, master regulator genes such as Nanog would
be overexpressed in the body cell nucleus before it is trans-
ferred into the egg cytoplasm. The egg cytoplasm would
then help reprogram the altered nucleus directly to the epi-
genetic state of a pluripotent cell, bypassing entirely the
totipotent state of a human embryo.

Recent scientific evidence suggests that the functional
silencing of Cdx2 and the activation of Nanog and anoth-
er pluripotent transcription factor, Oc#4, are in fact com-
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a matter of unity in our

should enter the hospital
with moral qualms about
how their therapies were

developed.

plementary approaches to promote the specific pattern of
gene expression characteristic of pluripotent stem cells.
Cdx2 and Oct4 appear to regulate each other: blocking
Cdx2 promotes the expression of Oct4 and Nanog, and the
overexpression of Oct4 represses Celx2.'° In natural em-
bryogenesis, this mechanism is used to establish the dis-
tinct development of both the ICM and the trophecto-
derm, the organism’s two carliest and essential differenti-
ated cell lineages. In AN, the proposed alterations to this
fundamental mechanism will ensure that only a single cell
lineage, the ICM, develops. The product is the biological
(and thus the moral) equivalent of a complex cell culture.

In each of the approaches described above, and any
other technical variation of ANT, the crucial principle is
the preemptive nature of the intervention. From the begin-
ning, and at every point along its development, what is
produced through ANT is not an embryo or a member of
the species at any developmental
stage. If such a limited biological
construct were produced only for
serious scientific purposes and
were accorded the respect appro-
priate to all human tissues, this
project would not compromise
any fundamental moral principles.

ANT’s Advantages

NT, in its many possible vari-
tions, could provide impor-
tant advantages that would help to
advance pluriptoent stem cell re-
search and its possible medical ap-
plications. Unlike research on
“leftover” embryos in IVF clinics,
ANT would allow the production
of pluripotent stem cell lines with an unlimited range of
genetic types for the study of disease, drug testing, and
possibly the generation of therapeutically useful immune-
compatible cells. Moreover, as a laboratory technique,
ANT would unburden embryonic stem cell research from
the additional ethical concerns of “left over” IVF embryos,
including the attendant clinical and legal complexities in
this realm of great personal and social sensitivity.!!

ANT would also establish a broader moral precedent
for future progress in developmental biology. A morally
sound and scientifically reliable method of ANT would
provide a valuable research tool to probe and explore other
dimensions of cell development and differentiation, in-
cluding gene expression cascades, imprinting, and inter-
cellular communication. Furthermore, the basic research
essential to establish and refine the technical procedures
for ANT would advance our understanding of the molec-
ular mechanisms of biological development and might
serve as a bridge to other technologies, such as direct re-
programming of adult cells.
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Cell lineages at first cell
division.

With ANT, the Cdx2-mRNA
necessary for the trophecto-
derm, and therefore for em-
bryonic development, has
been removed from the egg.

Natural
N
(J _

/

Cdx2 mRNA in fertilized egg

Inner cell mass
lineage

Trophectoderm
lineage

P
~

Cdx2 mRNA asymmetrically distributed at 7st cell division

SCNT

S

—

Enucleated egg

Somatic cell nucleus

Inner cell mass
lineage
/ g
~ Trophectoderm
lineage

ANT

N

—

>§<>§<\

Altered cell nucleus

Inner cell mass
lineage only

A

No trophectoderm lineage forms,
5o no embryo forms

Cdx2 mRNA eliminated (by short interfering RNA)

Most significantly, stem cell research that relied on
ANT would be open to federal funding and the advan-
tages of ethical oversight, wide public support, and coor-
dinated research collaboration on a nation level.

Qualms, Concerns, and Critics

he ANT proposal has received considerable criticism,

some of which seems to have arisen from scientific
misunderstanding, some for reasons related to politics,
and some from a genuine concern over the moral prob-
lems that ANT secks to resolve.

Diverting resources. Some critics of ANT (and other
such proposals) have called these efforts unnecessary—a
“distraction ” and a “waste of time.”'2 The most obvious
response to this assertion is that many of our fellow citi-
zens (ourselves among them) have deeply held moral ob-
jections to any research that destroys a human embryo.
They point to the biological continuity of human life
from conception to natural death and consider the princi-
ple of the “inviolability of life” a fundamental good and
moral cornerstone of our civilization. Yet even those who
disagree with this moral valuation of nascent human life
have good reasons to support the search for “alternative
sources.” First, there is the political reality that under cur-
rent federal law, new ES cell lines are not likely to receive
federal funding for at least two and half more years. Even
if a change in the composition of the Congress were to
allow an override of the president’s veto of legislation al-
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lowing the federal funding of ES cell lines procured from
IVF embryos, Congress would probably not extend that
approval to lines derived through the intentional creation
and destruction of cloned human embryos. Without an
alternative source, there is no near-term prospect for fed-
eral funding of a full range of ES cell lines of specific ge-
netic types.

Second, it is becoming increasingly clear that this
whole debate is deeply dividing our nation, creating a
patchwork of policies and eroding support for federal
funding of biomedical research.!> Medical science, howev-
er, should be a matter of unity in our national identity:
No one should enter the hospital with moral qualms
about how their therapies were developed.

Finally, with continuing advances in developmental bi-
ology, it is evident that the debate over ES cell research is
just the first of many controversies we will face in this sci-
entific arena. Parthenogenesis, human-animal chimeras,
human body parts grown in laboratories—these and a
wide range of other emerging technologies make it imper-
ative that we define the boundaries of humanity with ac-
curacy, clarity, and precision in order to ensure that our
scientific practices as well as our laws and public policies
protect human beings while avoiding confusion between
human beings and entities that, while sharing some as-
pects of human biology, are not human beings. The social,
scientific, and philosophical analyses necessary for the de-
velopment and institution of ANT (or other alternative
approaches) could help to establish a wider frame that
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would allow scientific and medical advances in the emerg-
ing era of developmental biology. Clearly, the processes
and the fruits of a constructive dialogue on these difficult
and important issues would not be “a distraction” or a
“waste of time.”

Defining life. What do we mean by organism, and
what degree of organization and intrinsic potential for de-
velopment are the defining qualities of an embryo? And
do the biological distinctions and laboratory interventions
proposed by ANT provide the principles and practical
method for a genuine solution? These questions are raised,
at least by implication, in Insoo Hyun and Kyu Won
Jung’s article in this issue of the Hastings Center Report.
Hyun and Jung assert that standard SCNT “might offer
an alternative source for pluripotent stem cells similar to
ANT” because it does not produce
embryos that can “develop into
human beings.” They cite SCNT
studies which indicate that the
unique fragility of primate oocytes
leads to a deficiency of an essential
protein when the egg is enucleat-
ed, disrupting the mechanisms of
cell division so severely that the re-
sulting entities are “bioengineered
embryo-like artifacts,” not true
human embryos.

This is a provocative and inter-
esting claim, but it faces two seri-
ous problems. First, the idea that
SCNT cannot produce embryos is
at this point largely a matter of
conjecture. There have been so few studies of primate
SCNT that it is simply too early to know what underlies
the failures of current methodology. Further, it may turn
out that the disruption can vary with the skill of the tech-
nician or in a manner out of the reach of predictable con-
trol and verification. The one report of success in produc-
ing a live-born primate using the nuclear transfer tech-
nique (in which the nucleus was from a cleavage stage
blastomere rather than from a somatic cell) suggests that
the fragility of the egg does not, in itself, always provide a
principled barrier to natural development.'4

The second and far more fundamental problem is that
Hyun and Jung fail to offer adequate criteria for their
claim that no embryo is created and destroyed. They only
give hints of an implicit moral analysis. They affirm, for
example, that “The crucial distinction is not between ‘nat-
ural’ human embryos on the one hand and ‘artificial’ blas-
tocysts on the other. Rather, it is whether the latter have
the potential to develop into human beings.”> They sug-
gest that the latter “may lack the inner biological organi-
zation necessary for gestation and development into mem-
bers of the human species.” If this is true, they say, “then
it would be a misuse of language to even continue to call
them ‘embryos.””16
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developmental stage.

At first, these statements may seem consistent with the
scientific and moral foundations of ANT. However, a
more careful reading would indicate otherwise. Drawing a
distinction between “biological potential” and what they
call “circumstantial potential,” they state: “No ex-corpore-
al human blastocyst (fertilized or cloned) has even a re-
mote chance of developing into a human being unless the
choice is made to implant it into a woman’s womb.” They
go on to suggest that “the term ‘embryo’ refers not to a
single rarified entity but to a complex series of contiguous
developmental events.”

There is both insight and philosophical danger in
drawing moral implications from a developmentally based
definition of human life. Indeed, the intrinsic capacity for
growth and development are the defining qualities of an
embryo, the Greek root of the
word embryo means “to swell or to
grow.” Yet this trajectory of change
is not the embryo itself, but an ex-
pression of the intrinsic powers
that are its defining nature.'” These
are materially grounded powers,
yet they express something more
than the mere matter through
which they are manifest; though
the matter changes, the individual
perdures. In biology the whole, as
the unified principle of life, pre-
cedes and produces the parts. We
do not, as Hyun and Jung suggest,
develop “into members of the
human species.” No living being,
by self-directed development, can become anything other
than what it already essentially is; we do not first come to
be then become human beings. We begin as embryonic
human beings and develop from the embryonic into and
through the fetal, infant, child, and adolescent stages, and
ultimately into adulthood, without changing from one
natural kind of being into another.

In contrast to developmentally or circumstantially
based criteria, the ANT proposal rests on clear biological-
ly based criteria for moral standing. These are intrinsic to
the entity itself and distinguish a human being, at any em-
bryonic stage, from gametes, tumors, and other nonem-
bryonic entities. Under such criteria, any organism (re-
gardless of its location, mode of production, or stage of
development) that has the innate powers (when provided
with a suitable environment and adequate nutrition) to
organize and develop as a human individual also has the
inviolable moral standing of a human being.'® Thus a de-
fective embryo could develop as a human individual even
though it did not successfully develop inf a baby. The
ANT entity would not develop as a human individual at
all but would lack the requisite fundamental organization.
Such a notion of organism is based on the concept that in
a true embryonic organism, the intrinsic powers and ac-
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tive potentialities are expressed in the coordinated unity
and ordered unfolding of the species-typical form." The
very word “organism” implies organization—an overarch-
ing principle that binds the parts and processes of life into
a coherent and coordinated whole. As a living being, an
organism is a self-developing and self-maintaining unity
under the governance of an immanent plan. In practical
application, these criteria mean that if we create an em-
bryonic human being—an incipient human life—in a lab-
oratory dish, then it is not a resource to be used, but a dis-
tinct human individual with a moral claim for just and re-
spectful treatment.

Even among those who accept these criteria, however,
some have questioned whether ANT avoids creating and
destroying a human embryo. One objection is grounded
in the assertion that any act of nuclear transfer in which a
“reasonably complete human genome” is placed into an
enucleated egg directly mimics
conception and must be consid-
ered the initiation of a human
life.20

This comparison between nu-
clear transfer and natural concep-
tion fails to acknowledge the pre-
cise balance of material compo-
nents essential for conception, as
evidenced by the low rates of suc-
cess not just in cloning but even in
the natural reproductive process.?!
In particular, those pressing this
comparison seem not to recognize
the importance of epigenetics in
setting the precise conditions for
conception. Complementary epi-
genetic revisions are made during the differentiation of the
male and female gametes, and soon after conception, era-
sure of methylation (a fundamental epigenetic change) oc-
curs in the male-derived chromosomes of the early em-
bryo.?> The adult nucleus placed into the egg cytoplast
(the egg cell without its own nucleus) is not the function-
al equivalent of what is formed by the union of sperm and
egg.

Indeed, it is not the genome that distinguishes a dis-
tinct cell type; with a few exceptions every cell of the body
has the same genome. Rather, it is the cytoplasmic factors
and the epigenetic state that determine the pattern of gene
expression and thereby establish the identity and develop-
ment potential of a cell.”? While every cell of the body
shares the expression of many basic “housekeeping” genes
necessary for the metabolic processes essential for life,
every specialized cell type has its own distinctive and rec-
ognizable gene expression profile. Only one kind of cell
has the epigenetic state of totipotency: only the single-
celled human embryo has the epigenetic configuration
constitutive of a nascent human organism.
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The error of “DNA essentialism” is dramatically
demonstrated in cloning by the way the cytoplasm repro-
grams the DNA of the adult cell nucleus and gives it an
entirely different destiny than it had in the donor cell.?¢
For conception of a new human embryonic organism to
occur with nuclear transfer, a crucial balance of factors in
the cytoplasm must erase specific imprints in the adult cell
nucleus and set in motion the sequence of gene expression
necessary for ordered embryonic development. The low
rates of success in cloning (in all species) points to the dif-
ficulty of establishing these critical conditions.

ANT, as described above with the combination of al-
terations in Céx2 and Nanog, would not only preclude the
establishment of the gene expression pattern of a totipo-
tent cell, but would also initiate the transformation of the
somatic cell nucleus directly toward the epigenetic config-
uration of a pluripotent stem cell. At every stage of cell di-
vision and growth the laboratory
product of ANT would be verifi-
ably distinct in kind (not merely in
its prospects for survival) from a
human embryo. These differences,
at first detectable only at the mole-
cular level, would become increas-
ingly evident in both morphology
and behavior.

Overseeing development and
practical implementation. The sci-
entific investigation and full devel-
opment of ANT to the level of
practical application will require
additional ethical discernment and
technical precision. There must be
a high standard of reliability and
regularity. A project such as this, where what must be
avoided is not damage to an existing life but creation of a
living human embryo, raises unfamiliar and difficult chal-
lenges. Clearly, both in development and application, a
high degree of caution is required.

Such requirements raise a more general question: Can
scientific protocols be designed and developed that will
provide an adequate level of measurable predictability to
ensure beyond a reasonable doubt that the entity created
by ANT is not a human embryo? The scientific descrip-
tion and moral analysis given above would suggest this can
be done. The premise that different cell types have unique
and detectable “molecular signatures” representing their
epigenetic state is well supported by current evidence, and
there is rapid advance in the development of technological
tools for detecting both quantitative and temporally rele-
vant signs of such states.?

Ultimately, moving from studies in animal cells to re-
search with human cells and wide practical implementa-
tion requires a judgment that the research is morally ac-
ceptable. However, as the philosopher Christian Brugger
explains, there is a difference between absolute certitude
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and moral certitude: “in the case of the scientific method
we operate in the domain, not of doubtless certitude . . .,
but of statistical certitude in which doubt is never ruled
out; nevertheless, it is possible to have certitude beyond a
reasonable doubt (i.e., moral certitude) that the entity cre-
ated through ANT-OAR is not an embryo.”? In support
of such a conclusion is the high degree of similarity in fun-
damental developmental biological mechanisms across
species. As Rudolph Jaenisch explains, “This underlying
biology means that we can, with good confidence, extrap-
olate our findings in experimental animal systems to the
biological mechanism of human development. According-
ly, the fundamental proof of principle necessary for the
techniques proposed here should be obtainable without
the destruction of human embryos.””’

Maintaining Consensus amid Diversity

he current controversy over embryonic stem cell re-

search challenges us to understand with clarity and
precision the differences between embryos and partial and
unorganized structures that, though capable of producing
cells from which pluripotent stem cells may be cultured,
are not embryos. An important benefit of this under-
standing, we believe, is the prospect of using nuclear trans-
fer technology to produce structures that are biologically
equivalent to teratomas, while eliminating any genuine
risk of accidentally producing embryos.

Altered nuclear transfer offers a possible resolution to
our current impasse over the procurement of pluripotent
stem cells. It could at once respect human life at all stages
and promote the fullest prospects for scientific progress
and its medical applications. It could open federal funding
for an unlimited range of new stem cell lines. It would also
set a precedent for encouraging the creative use of science
to meet ethical challenges and overcoming controversies
arising among people of goodwill who find themselves in
moral disagreement. A solution that sustains social con-
sensus even amid the diversity of our fundamental beliefs
would be a triumph for humanity as a whole.
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