Human Developmental Modification:
Prospects and Perils

Submitted to the President’s Council on Bioethics

by
The Council for Responsible Genetics

April 2003

Prepared by

Stuart A. Newman, Ph.D.
Department of Cell Biology and Anatomy
New York Medical Collge
Valhalla, NY 10595
newman@nyme.edu



New biotechnologies developed over the past three decades, together with changes in the
public discourse around reproductive and reparative medicine, have led to an accelerated
deconstruction of the notion of the human. Whereas biological, anthropological, philosophical and
sociolegal definitions of human identity before this period were hardly consonant with each other,
they were all constrained and unified by the inherent grounding of human identity and individuality
in human biology. Members of the human species have a common, and coherent, evolutionary
history, and therefore, a shared genome, which up to now has been subject to random shuffling,
but not purposeful replication or manipulation.® The uniqueness of human individuals is also due, in
part, to genetics, in particular, genetic variation. Correspondingly, the legacy of all persons having
resulted from a genetic “roll of the dice,” and being therefore biologically unprecedented, has also
contributed to the shared human condition. Finally, while there have been ambiguities and
disagreements over whether certain naturally-occurring human organisms, such as embryos or the
“prain-dead”, are part of the human community, it has previously not been possible to fabricate
quasi-human entities for particular uses.

This is all changing. The capacity afforded by biotechnology to manipulate the human embryo
at its early stages, including its genetic material (DNA), has placed the notion of a common
humanity up for grabs. Modification of the early embryo, referred to in what follows as
“developmental” modification or manipulation, is unlike manipulations of the fully formed
individual, including provision of artificial limbs, heart valve and joint replacements, cosmetic
surgery, and even “somatic” (differentiated body cell) gene therapy. Developmental modification
changes the generative trajectory of the individual and turns it into something intrinsically different
from what it would have become without the manipulation.? With these procedures there is no
guarantee that even the original species-character will be maintained.® Although one objective in
applying such methods to our own species may be to fabricate improved humans, in some cases, by
accident or by intent, the outcomes will be quasi-human, or less than human.

Developmental manipulation

At the present time, four distinct, but partially related, technologies have come to be applied,
or seriously proposed to be applied, to human biology. These are cloning, stem cell research, embryo
gene modification and chimerism.



We do not intend to lump these methodologies together and to assert, for example, that all
techniques that employ human embryonic cells or tissues are morally problematic. The production
of stem cells from stored “excess” embryos in IVF clinics can plainly be conducted without
reconfiguring the material nature of the human organism. While such uses of human embryos are
of deep concern to those for whom the embryo has the same moral status as full-term humans, The
Council for Responsible Genetics, which supports the reproductive autonomy of women and their
right to terminate their pregnancies, does not take this position. We are, on the other hand, very
concerned about the transformative potential of methodologies that alter the developmental
trajectory of human embryos and their capacity, when employed in particular combinations, to
transgress any provisional definition of the biologically human, regardless of the belief system that
stipulates it. We will therefore focus on these issues in what follows.

(i) Cloning—The cloning of a sheep by a Scottish agricultural research group, reported in
February 1997,* provoked a spectrum of responses from philosophers, ethicists and other observers
of science. Opinions ranged from the assertion that cloning technologies should never be applied to
humans, to enthusiasm for the prospects of doing just that.> In interviews, and in testimony before
the U.S. Senate, lan Wilmut, the leader of the sceintific group that accomplished the cloning feat,
expressed his hope that no one would attempt to clone a human.® Although the patents that he and
his colleagues were awarded specifically covered human cloning, Wilmut stated that this provision
was intended to foreclose others from attempting it.” Two years later, after the report of the
generation of ES cells from human embryos (see below), Roslin Bio-Med, the company Wilmut
and his colleagues formed to exploit the cloning technique for animal breeding, merged with
Geron, Inc., a U.S. company with patent rights on the ES cell technology. The stated business
model of the new company was to generate ES cells of defined genetic constitution from clonal
human embryos.®

Cloning to produce full-term human individuals currently has little support in the United
States, or in other countries. One reason is the accumulation of data from scientific studies during
the five years following the announcement of the first mammalian clone showing that the procedure
is highly hazardous. Clonal mice, for example, exhibit perturbed patterns of expression in
hundreds of genes,’ and cloned animals of all species in which it has been attempted have high rates
of unexplained postnatal deaths, as well as anomalies such as enlarged hearts and grossly abnormal
lungs and signs of premature aging.”® It stands to reason that a technique that brings together the
remnants of two damaged cells, an egg from which the nucleus has been removed and the
extirpated nucleus of a somatic cell, will have difficulty cooperating to produce a presentable



member of the originating species. Moreover, whereas many biological processes are protected by
error-correcting mechanisms that have evolved over vast periods of time (for example, errors in
the replication of DNA are repaired by numerous sophisticated enzyme systems), evolution has not
confronted, nor arrived at correctives for, the errors introduced into the developmental process
resulting from this atypical combination of cell parts.

On the other hand, the prospect of full-term human cloning was enthusiastically received by
some opinion makers including a U.S. Senator™* and the chief technology officer of Microsoft when
Dolly the sheep was first announced.'* More recently a specialist in bioethics and the law has
opined that the Supreme Court has grounds to affirm the right to clone oneself.”* Claims by
Clonaid, an affiliate of the Raelian religious cult, that they had produced several full-term human
clones were met with skepticism and condemnation by the mainstream media,** but the pioneering
spirit of “early adopters” of such technologies has also been praised in some recent books.” If a few
confirmed human clones relatively free of obvious health problems were to be presented, it is
reasonable to expect that opposition to cloning would diminish, despite the biological uncertainties.
These uncertainties include the complete lack of knowledge of how the gene disregulation that
seems to inevitably accompany cloning would affect the “wiring” of the human brain that occurs
during development.*®

The motivations for producing full-term clones from a known prototype have been widely
discussed.” Common experience with natural human clones—identical twins, triplets,
etc.—show that biologically-related traits such as personality, tastes and the occurrence of diseases,
such as diabetes and cancer, are not fully determined by one’s genes. Most people now understand
that producing genetically identical organisms, as effected by cloning, is not the same thing as
producing organisms that are identical in every important respect. This has quelled some of the
impulse toward full-term cloning, but not all of it.  As we will see, the merging of cloning with
stem cell research and germline manipulation are creating even greater incentives to produce full-
term, or near full term clones.

(ii) Embryo stem (ES) cells—Embryo stem cells entered the world in 1981 and have since
become a source of promised health benefits, secular-religious controversy, political realignments
and new business models. Gail Martin, a researcher at the University of California, San Francisco,
found that cells isolated from early mouse embryos (at a stage corresponding to about a week of
human gestation) could, if exposed to appropriate growth factors and a “feeder layer,” (i.e., a
population of nonembryonic cells) continue to divide in culture.’® Like certain cancer cells, ES
cells would give rise to a variety of differentiated cell types if removed from the feeder layer. ES



cells have the potential to form neuron-like cells, cartilage, cells resembling the endodermal lining
of the gut, and so forth. These cells continue to reproduce themselves as a tumorigenic stem cell
population, as demonstrated by their propensity to form carcinomas when injected subcutaneously
into adult mice. The potential of these cells to generate any cell of the juvenile or adult body was
demonstrated by the ability of an ES cell to contribute to all tissues and organs of a developing
embryo into which it had been incorporated at an early stage.” It did so without inducing any
tumors in the resulting individual— in effect, the microenvironment provided by the normal
embryo could “tame” this abnormal cell type.

Between the time that Martin described mouse ES cells in 1981 and when James Thomson, a
University of Wisconsin reproductive biologist, described human ES cells in 1998,% there had been
little discussion of the reparative potential of ES cells. First, human cancer cells
(“teratocarcinomas”) with properties similar to ES cells had been available for more than 30 years*
and no plausible therapeutic modalities had emerged from the numerous studies devoted to them.
Second, even in the mouse system itself, where both authentic ES cells and virtually unlimited
genetically compatible subjects had been available since 1981, there had been essentially no
progress in curing or even palliating diseases or disabling conditions for which mouse “models”
existed, such as diabetes, spinal cord injury, Parkinsonism and so forth.?

But the intervening 17 years had been precisely the period in which the Bayh-Dole act of the
U.S. Congress,” which enabled the privatization of federally-funded research, and the Chakrabarty
decision of the U.S. Supreme Court,* which enabled the patenting of living organisms, had
impressed their stamp on biomedical science.”® A comparison of the last sentences of the summary
paragraphs in the papers of Martin and Thomson and coworkers is revealing. Martin’s seems
almost quaint now in its pure science orientation: “The availability of such cell lines should make
possible new approaches to the study of early mammalian development.”® The corresponding
sentence in the Thomson paper had a more 1990s flavor: “These cell lines should be useful in
human developmental biology, drug discovery, and transplantation medicine.”” CNN’s web
report of the announcement ran with the headline: “Researchers isolate human stem cells in the lab:
Breakthrough could lead to treatments for paralysis, diabetes.””

As of early 2003, there remain few studies using the mouse as an experimental system that
point to therapeutic efficacy for ES cells. Mouse ES cells or “pluripotent” (having several potential
fates) subpopulations derived from them can sometimes repopulate damaged tissues in mice, but
they usually also give rise to malignant tumors as well.* Human ES cells, when injected into
immunocompromised mice incapable of rejecting them, usually form benign tumors in addition to



various differentiated cells.® But it is not clear whether human ES cells grafted into human patients
would behave as they do in mice, or rather behave like mouse ES cell grafted into mice, forming
malignant tumors.

A different kind of stem cell, the so-called embryo germ, or EG cell, is prepared by growing
tissue isolated from 5-9 week fetuses rather than very early stage embryos.** These cells have the
advantage of not forming tumors when injected into immunocompromised mice.* However, it is
not clear how they would behave in human patients. EG cells appear to be capable of generating
the full spectrum of cell and tissue types seen with ES cells and, therefore, would have equal
therapeutic potential.

As noted, the reparative and tumor-forming potential of both mouse and human stem cells can
be tested in immunocompromised mice. For human testing, or therapy, the transplanted cells
would in most cases be rejected by the human host since they are of a different genotype and would
provoke an immune reaction that could destroy the graft, or worse, prove fatal to the patient. The
human ES cell lines that existed as of the summer of 2001, and were approved for further study
using Federal funds by President George W. Bush in August, 2001, would, in general, not be
tolerated by an arbitrary patient.

It is for this reason that proposals have been made, and have been strongly advocated by the
spinal cord-injured actor and activist Christopher Reeve® among other patient and industry
representatives® to permit Federal funding of the production of clonal embryos—embryos made
by nuclear transfer that would have the same genotype as the patient—and to resist any legal
restriction on these embryos being produced with private funds.** This prospect, termed
“therapeutic” cloning, although “experimental” cloning is a more accurate term for it, has gained the
support of pro-choice legislators across party lines, in both houses of Congress® and even some
opponents of abortion such as Senator Orrin Hatch, who has reformulated his opposition to
abortion as only pertaining to embryos that have been implanted in a woman’s uterus, and which
the woman seeks to eliminate.* The drive to get Congress and the public to accommodate itself to
experimental cloning has occurred with little acknowledgement that alternative strategies exist for
altering existing ES cell lines so as to prevent their immune-mediated rejection.®

Some research groups are working on culture methods to extend the viability of human
embryos in vitro,® and this could afford the possibility of harvesting EG cells from 2-month fetuses
(currently legal, though not approved for Federal funding). However, patient advocacy groups,
biotech industry representatives and legislators have yet to specifically advocate the generation of
clonal fetuses for the production of EG cells genetically matched to the patient.



Such reluctance could easily give way as better products from these technologies emerge.
After Dolly the sheep was cloned, a British researcher speculated that inactivation of brain-inducing
genes could be used to produce headless full-term human clones for organ harvesting. A second
British biologist, a prominent public spokesperson on scientific issues, opined that this proposal
raised no ethical issues.*

(iit) Embryo gene modification—The hazards of genetic modifications to humans are usually
discussed in terms of somatic (body cell) modification, in which only nonreproductive tissues are
affected, and germline (egg or sperm cell) modification, in which changes to an individual’s DNA
can be passed down to future generations.*” However, genetic modification of early embryos,
similarly to cloning, is hazardous to developing individuals even when there is no germline
transmission to future generations.

The hazards of germline transmission of DNA modification are clear. For example, germline
introduction in mice of an improperly regulated normal gene resulted in progeny with unaffected
development, but high tumor incidence during adult life.** Such effects may not be recognizable
for a generation or more.

It is important to recognize, however, that the hazards to the embryo of such alterations are
not eliminated even if there is no germline transmission. The biology of the developing individual
will still be profoundly altered by the manipulation of his, or her, genes at an early stage, hence the
utility of the concept of “developmental manipulation” to cover both cloning and germline
procedures. Laboratory experience shows that insertion of foreign DNA into inopportune sites in
an embryo’s chromosomes can lead to extensive perturbation of development. For example, the
disruption of a normal gene by insertion of foreign DNA in a mouse caused abnormal circling
behavior when present in one copy, lack of eye development, lack of development of the
semicircular canals of the inner ear and anomalies of the olfactory epithelium (the tissue that
mediates the sense of smell), when the mice were inbred so that the mutation appeared in the
homozygous form (i.e., on both copies of the relevant chromosome).* Another such “insertional
mutagenesis” event led to a strain of mice that exhibited limb, brain and craniofacial malformations,
as well as displacement of the heart to the right side of the chest, in the homozygous state.” Each
of these developmental anomaly syndromes were previously unknown. From current, or even
anticipated,* models for the relationship between genes and organismal forms and functions, the
prediction of complex phenotypes on the basis of knowledge of the gene sequence inserted or
disrupted is likely to remain elusive.



Unexpected and even fatal outcomes of attempts at somatic cell gene modification have
plagued this area of medicine.”” But, attempts at developmental modification would be susceptible
to a distinct category of hazard not shared by the somatic procedures. The tissues of a developed
organism are in some sense modular—if blood, skin, a heart or a liver is diseased or damaged it can
be replaced by a substitute without changing the “nature” of the individual. Similarly, with gene
alteration in a developed individual, in reasonable candidate cases for somatic therapy, the gene is
playing a defined role in a particular tissue or organ,* and the goal of the modification is to replace,
or correct, the poorly functioning gene in one or a very limited set of tissues.*

During development, the situation is much more complicated. Tissues and organs are taking
form during this period, and the activity of genes is anything but modular. During development
many, if not most, gene products can have multiple effects on the architecture of organs and the
wiring of the nervous system, including the brain.* Individuals produced by developmental
intervention (particularly as it comes to extend beyond the single gene, to chromosomes or groups
of chromosomes™) could turn out to be “experimental artifacts,” in the sense that their bodies and
mentalities could be quite different from those of anyone generated by natural processes using
standard starting materials (including by IVF).

The prospect of linking the techniques of cloning and germline modification will create
incentives that could cause some desperate parents to put aside these concerns. Some parents have
already chosen to produce a new child in order to provide bone marrow or umbilical cord stem
cells for an existing child with a treatable disease, such as Fanconi’s anemia.> This is an uncertain
procedure. In general, many attempts will be needed, and potentially scores of embryos will be
produced and discarded, before an appropriate “match” in tissue type is achieved, the implanted
embryo is brought to term, and the grafted tissue accepted by the patient. Nonetheless, success is
not guaranteed.

In order to improve chances for success, it could be considered logical to clone the sick child.
In this case, all the embryos generated would be a perfect match, and there would be no likelihood
of rejection of tissue grafted from the second child into the first. If the original child’s condition
was due to a gene variant, genetic manipulation of the clonal embryo could be performed to ensure
that the grafted tissue (which would still remain immunologically compatible) could effect the cure.
It must also be noted that even if the fetus dies prematurely in utero, as is often the case with clonal
animals,> therapeutically useful tissues could still be harvested.> The uncertainties of the cloning
process, therefore, might not be an important disincentive in such cases.



A recent study with genetically-impaired mice has demonstrated that cures, or at least
palliation, of an immune deficiency can be achieved using bone marrow from their cloned,
genetically-engineered siblings.® As would be the case with any human applications of this
methodology, multiple clonal embryos were generated by first producing ES cells from an original
clone. The gene modification was performed on the ES cells, which were then used to form viable
embryos. Thus, all three techniques discussed so far were brought together in this experimental
prototype for constructing a useful sibling for a sick child.

(iv) Chimerism—In November of 2002, a meeting took place at the New York Academy of
Sciences to discuss the proposal, by a Rockefeller University scientist, to inject human embryo stem
cells into mouse embryos in order to explore the developmental fate, and therapeutic potential, of
the ES cells. The meeting was called because of brewing opposition among some scientists in the
developmental biology research community. One leading stem cell researcher in attendance stated
that, “I am completely opposed to putting human embryonic stem cells into any condition that will
cause moral affront,” while others suggested alternatives to making such human-animal chimeras
that could provide the same information.*®

As it happens, five years previously, a developmental biologist applied for a patent on chimeric
embryos and animals containing both human and nonhuman, cells. Among the patent application’s
claims was precisely what was being proposed at the New York Academy forum.>” The applicant
had no intention of producing such creatures, nor does U.S. patent law require that an actual
prototype for an invention be supplied, only that feasibility, novelty and utility be demonstrated.
Moreover, ever since the 1980 Chakrabarty decision by the Supreme Court, it has been legal in the
United States to obtain a patent on living organisms and their descendants. Congress has drawn no
clear line that would preclude a pre-term human embryo, if appropriately modified, from being
patented. Further, Congress has not indicated how many human genes or cells an animal would
have to contain before it could not be patented by virtue of the Constitutional protections
pertaining to members of the human community.*® Although a decision regarding patentability by
human-animal chimeras by the PTO would not control whether or not it would be legal to produce
such entities, it could influence the commercial drive to produce chimeras and other forms and
products of human embryos.*

At the time the original patent filing was announced in early 1998, both the PTO® and critics
in the scientific community (including the researcher who patented the first mammal) accused the
patent applicant of scaremongering—speculating about monstrous quasi-human concoctions that no
responsible scientist would contemplate producing or patenting.®* Since then, however, Advanced



Cell Technology, a Massachusetts biotechnology company, announced its intention to obtain a
patent on a technique for creating cloned embryos produced from human cell nuclei and cow
eggs.” And, as noted above, some mainstream scientists have subsequently announced their
intention to produce human-mouse embryo chimeras.

As it attempted with the 1980 Chakrabarty microorganism patent application, the PTO
rejected the chimera invention in its initial reviews, claiming, in the first instance, that the human-
nonhuman chimera was inappropriate subject matter for a patent since it “embraces a human.”®
One major difference between the Chakrabarty case and that of the chimera patent is that the PTO
no longer opposes patents on organisms as it did in the late 1970s. Instead, it would like to draw a
line between obviously distrubing inventions such as the chimera patent and other life forms for
which they have already issued patents, such as human bone-marrow cells and pigs containing
human genes.

From person to artifact

The prospect of human developmental manipulation holds out the promise of biologically
customized, and eventually “better” people, as well as new modalities of reparative medicine. The
first program, already underway, if claims of the self-described extraterrestrially-affiliated
biotechnology company, Clonaid can be believed, is being promoted as benign® in that it is a
eugenics of individual choice rather than state coercion.® Cheered on by futurologists devoid of
scientific skepticism,® provided with the means by unscrupulous technologists and physicians®” and
motivated by a consumer ideology of the “new and improved,” technophilic early adopters will be
tempted to subject their future offspring to methods that are inherently uncertain and fraught with
potential error, for preemptive “cures” of disease and enhancement of appearance, intelligence and
talent, motivated, in part, by the desire to gain competitive advantage.

Although one refrain of the advocates of this vision is that developmental manipulation of a
child is just an extension of providing it with piano lessons,® a scientifically-informed appraisal
would have to conclude (to stay with the musical motivation) that cloning, or genetic manipulation,
to generate a talented performer is more akin to the commissioning of castrati by 18" Century
kapellmeisters. And, unlike the products of those earlier experiments in biological improvement,
whose culture and social environment may have made it difficult to resist being tracked into the
profession their handlers chose for them, modern day children (and their lawyers) are likely to be
less compliant.
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An increasingly discussed scenario® is that if certain goals are actually achieved by the use of
these techniques, genetically-modified offspring will become the new standard for those who can
afford them. This will lead to society eventually separating into genetic “haves” and “have nots,”
like the world portrayed in the 1997 film Gattaca.” the experience of the field of developmental
biology suggests that this is much too optimistic concerning the likely success of these attempts.
Contrary to popular misconceptions (often abetted by journalists and scientist-ideologues™) genes
do not constitute an organism’s “blueprint,” or “program;” the genotype determines the phenotype
in only an approximate sense.”” A study that compared outcomes of behavioral tests on inbred,
genetically uniform strains of mice conducted in three different laboratories showed systematic
differences across environments that were designed to be the same. The researchers concluded that
assessment of effects of a given genetic alteration on behavior could differ markedly despite
uniformity of genetic background and setting.”

In another study where a mouse was actually genetically modified with the intention of
inducing a changed behavioral profile, the mouse performed in a superior fashion on several tests of
learning and memory,™ and was featured in the popular media as the “Doogie” mouse, after a
fictional child prodigy.” Not so widely reported was that these mice also exhibited enhanced
sensation of pain when exposed to chronic stimuli.™

Humans are much less genetically uniform than inbred strains of mice, and it is to be expected
that many, if not most, attempts at genetically engineering children will have unexpected adverse
outcomes. One way of controlling such uncertainty (to follow the logic of this questionable
enterprise) is to start with ES cells derived from a clonal embryo produced from a known
prototype, and attempt to correct or improve on the prototype. But then, ideology of
enhancement would work against the acceptance of the inevitable experimental errors—children
with brain damage and other profound disabilities resulting from genetic engineering gone awry—
motivating parents in search of perfection to try again, with another of the inexhaustible clonal ES
cells, for a better result. In effect, the quality control paradigm appropriate to any design-oriented
technology would set in.

The products of mixing and matching fragments of cells and genes from different sources are
not exactly organisms, or at least they straddle the categories of organism and artifact. At the
furthest extreme, few would deny that a concoction of synthetic DNA and off-the-shelf chemical
reagents that locomoted and replicated like a living cell, would have an ambiguous ontological
status between life and machine.” One can question the Supreme Court’s description of
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Chakrabarty’s genetically variant bacteria as an “invention,” but it is clear that we are moving
toward an era of life-like artifacts.” What then would be the moral and legal status of humanoids?

Even with the more circumscribed aim of producing tissues for reparative medicine, human
developmental manipulation can bring us to a similar pass. The boundary between the acceptable
and unacceptable could easily drift under practical impetus. If ES cells (derived from one week
clonal embryos) fail to live up to their promise in the repair of spinal cord injuries, infarcted hearts,
or type 1 diabetes, there will surely be calls to permit harvesting EG cells from 5-9 week clonal
embryos. Women could be encouraged to act as gestational surrogates for clonal embryos derived
from the DNA of a patient. They may even be given the option of terminating the cloned fetus if
anomalies are detected prenatally. (or even if they are not). In either case, useful tissues could be
harvested. Much like the indigent woman in the documentary film Roger and Me,” who offered
rabbits for sale as “pets or meat,” it will become increasingly difficult to distinguish subjects from
consumables.

While some advocates of producing clonal, genetically modified, or chimeric embryos for
research and therapy are comfortable with growing the embryo for 14 days,™ or only as long as it
remains microscopic,® or up to a defined developmental stage such as gastrulation (when the tissue
layers of the body are established),® or through the first trimester, or to any point so long as it is
not implanted in a woman’s uterus (apparently Senator Hatch’s position, see note 37), there does
not appear to be a scientifically- or philosophically-based stopping point that would attract universal
assent. Once embryo modification technology is underway, the boundary of acceptability is in
danger of being dictated by those with the loudest voices or greatest financial resources.

Drawing a line

These developments suggest that, in the absence of binding restrictions—which would
represent a societal agreement not to cross certain troubling lines—the public could quickly
accommodate itself to fabricated humans and near-humans, organisms that previously existed only
in the realm of speculative fiction.

An international consensus to ban full-term human cloning is emerging,® and some national
bodies have enacted, or are considering more comprehensive bans, including that on embryo
cloning for research and potential therapeutic applications.** On the other hand, there are
statements by bioethicists individually (see notes 13; 68), and organizationally,® affirming the
“right” to genetically engineer one’s offspring. The Council for Responsible Genetics, a public
interest organization that has been scrutinizing the new biotechnologies since the early 1980s, has
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proposed that all cellular and genetic manipulations of human embryos be prohibited, including
cloning, gene insertion, and chimerism, arguing that drawing this sharp line is the only way to
prevent the production of experimentally damaged humans and quasi-humans.®

Under this legal framework, production of embryos would be permitted by IVF with the
intention to implant or to be stored for future use or implantation. But they would not be allowed
to be manipulated developmentally nor produced expressly for research purposes. Establishing this
line would not prevent scientists from continuing research on ES cells from nonclonal embryos. It
would, however, help individuals and societies who abided by it to resist entering into a series of
dubious enterprises by which quasi-humans are produced for their capacity to provide spare parts
and other functional utilities. It would, moreover, block a pathway along which “improved”
humans would be intentionally created, with those brought about without the benefit of newest
technologies, or those representing failed experiments, coming to be increasingly disdained.

No such legal framework can prevent the production of cloned and geneticlly-manipulated
humans by rogue laboratories, but it can stigmatize such activities and guarantee that scientific
“progress” in these areas does not find its way into the mainstream technical literature where it
could enable further attempts. Notwithstanding recommendations that society accommodate itself

"8 in human developmental manipulation, the proposal outlined

to technological “inevitabilities
here, affirms the idea that humans should control technology rather than being controlled by and,

in this case, defined by it.

This statement is adapted, in part, from S.A. Newman, “Averting the Clone Age: Prospects and Perils of Human
Developmental Manipulation,” J. Cont. Health Law and Policy, in press.
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