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NATIONAL B1oETHICS ADVISORY COMMISSION

The President
The White House
Washington, DC 20500

September 7, 1999

Dear Mr. President:

On November 14, 1998, you wrote to the National Bioethics Advisory
Commission requesting that we “conduct a thorough review of the issues associated
with.. . human stem cell research, balancing all medical and ethical issues.” Your
request came in response to reports of the successful isolation and culture of these
specialized cells, which have simultaneously offered hope of new cures to
debilitating and even fatal illness while renewing an important national debate about
the ethics of research involving human embryos and cadaveric fetal material. After
nine months of careful study, I am pleased to inform you that we have completed our
deliberations and now provide you with the Commission’s report, Ethical Issues in
Human Stem Cell Research.

The Commission considered a broad set of scientific, medical, and legal
issues, but focused particular attention on the ethical questions relevant to federal
sponsorship of research involving human embryonic stem (ES) cells and embryonic
germ (EG) cells. In our deliberations, we benefited greatly from the testimony of
scientists, religious scholars, ethicists, lawyers, and the public, which testimony fully
reflected the wide diversity of moral perspectives on these issues that characterizes
our nation. Although wide agreement exists that human embryos deserve respect as
a form of human life, there is disagreement both on the form such respect should
take and on the level of protection owed at different stages of embryonic
development. Moreover, it was clear from the outset that no public policy or set of
recommendations could fully bridge these disagreements and satisfy all the
thoughtful moral perspectives that are held by members of the American public.

The Commission proposes 13 recommendations in several areas. Perhaps the
most important recommendations reflect the Commission’s view that federal
sponsorship of research that involves the derivation and use of human embryonic
stem (ES) cells and human embryonic germ (EG) cells should be limited in two
ways. First, such research should be limited to using only two of the current sources
of such cells; namely, cadaveric fetal material and embryos remaining after infertility
treatments. Second, that such sponsorship be contingent on an appropriate and open
system of national oversight and review.

Other recommendations address the requirements for consent from women or
from couples who donate cadaveric fetal tissue or embryos remaining following
infertility treatments; restrictions on the sale of fetal tissue or embryos and limits on
the designation of those who may benefit from their use; the role of federal agencies
in the review of research; and the encouragement of the private sector to comply
with the same requirements recommended for federally funded researchers.
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Taken together, we believe that these recommendations offer a policy framework that
will provide the public with the assurance that important. potentially life-saving research can be
conducted with federal sponsorship within a publicly accountable and rigorous system of
oversight and review.

I would like to thank my fellow Commissioners, whose spirit of public service enabled
them to work tirelessly to ensure that our report and its recommendations fully respected the
moral worth of a wide variety of thoughtful viewpoints on the issues before us. We appreciate
the opportunity to submit this report to you.

Sincerely.

T e
Harold T. Shapiro
Chair
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Executive Summary

Introduction

H'n November 1998, President Clinton charged the
% National Bioethics Advisory Commission with the task
of conducting a thorough review of the issues associated
with human stem cell research, balancing all ethical and
medical considerations. The Presidents request was
made in response to three separate reports that brought
to the fore the exciting scientific and clinical prospects of
stem cell research while also raising a series of ethical
controversies regarding federal sponsorship of scientific
inquiry in this area. Scientific reports of the successful
isolation and culture of these specialized cells have
offered hope of new cures for debilitating and even fatal
illness and at the same time have renewed an important
national debate about the ethics of research involving
human embryos and cadaveric fetal material.

Scientific and Medical Considerations

The stem cell is a unique and essential cell type found in
animals. Many kinds of stem cells are found in the body,
with some more differentiated, or committed, to a partic-
ular function than others. In other words, when stem
cells divide, some of the progeny mature into cells of a
specific type (e.g., heart, muscle, blood, or brain cells),
while others remain stem cells, ready to repair some of
the everyday wear and tear undergone by our bodies.
These stem cells are capable of continually reproducing
themselves and serve 1o renew tissue throughout an indi-
viduals life. For example, they constantly regenerate the
lining of the gut, revitalize skin, and produce a whole
range ol blood cells. Although the term stem cell
commonly is used to refer to the cells within the adult

organism that renew tissue (e.g., hematopoietic stem
cells, a type of cell found in the blood), the most funda-
mental and extraordinary of the stem cells are found in
the early stage embryo. These embryonic stem (ES) cells,
unlike the more differentiated adult stem cells or other
cell types, retain the special ability to develop into nearly
any cell type. Embryonic germ (EG) cells, which originate
from the primordial reproductive cells of the developing
fetus, have properties similar to ES cells.

It is the potentially unique versatility of the ES and
EG cells derived, respectively, from the early stage
embryo and cadaveric fetal tissue that presents such
unusual scientific and therapeutic promise. Indeed, sci-
entists have long recognized the possibility of using such
cells to generate more specialized cells or tissue, which
could allow the generation of new cells to be used to treat
injuries or diseases, such as Alzheimers disease,
Parkinson’s disease, heart disease, and kidney failure.
Likewise, scientists regard these cells as an important—
perhaps essential—means for understanding the earliest
stages of human development and as an important tool
in the development of life-saving drugs and cell-
replacement therapies to treat disorders caused by early
cell death or impairment.

The techniques for deriving these cells have not been
fully developed as standardized and readily available
research tools, and the development of any therapeutic
application remains some years away. Thus, ES and EG
cells are still primarily a matter of intense research interest.

At this time, human stem cells can be derived from
the following sources:

B human fetal tissue following elective abortion
(EG cells),
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B human embryos that are created by in vitro fertiliza-
tion (IVF) and that are no longer needed by couples
being treated for infertility (ES cells),

B human embryos that are created by IVF with gametes
donated for the sole purpose of providing research
material (ES cells), and

B potentially, human (or hybrid) embryos generated
asexually by somatic cell nuclear transfer or similar
cloning techniques in which the nucleus of an adult
human cell is introduced into an enucleated human
or animal ovum (ES cells).

In addition, although much promising research cur-
rently is being conducted with stem cells obtained from
adult organisms, studies in animals suggest that this
approach will be scientifically and technically limited,
and in some cases the anatomic source of the cells might
preclude easy or safe access. However, because there are
no legal restrictions or new ethical considerations
regarding research on adult stem cells (other than the
usual concerns about consent and risks), important
research can and should go forward in this area.
Moreover, because important biological differences exist
between embryonic and adult stem cells, this source of
stem cells should not be considered an alternative to ES
and EG cell research.

Ethical and Policy Considerations

The scientific reports of the successful isolation and cul-
ture of ES and EG cells have renewed a longstanding con-
troversy about the ethics of research involving human
embryos and cadaveric fetal material. This controversy
arises from sharply differing moral views regarding elec-
tive abortion or the use of embryos for research. Indeed,
an earnest national and international debate continues
over the ethical, legal, and medical issues that arise in this
arena. This debate represents both a challenge and an
opportunity: a challenge because it concerns important
and morally contested questions regarding the beginning
of life, and an opportunity because it provides another
occasion for serious public discussion about important
ethical issues. We are hopeful that this dialogue will fos-
ter public understanding about the relationships between
the opportunities that biomedical science offers to

improve human welfare and the limits set by important
ethical obligations.

Although we believe most would agree that human
embryos deserve respect as a form of human life, dis-
agreements arise regarding both what form such respect
should take and what level of protection is required at
different stages of embryonic development. Therefore,
embryo research that is not therapeutic to the embryo is
bound to raise serious concerns and to heighten the
tensions between two important ethical commitments: to
cure disease and to protect human life. For those who
believe that the embryo has the moral status of a person
from the moment of conception, research (or any other
activity) that would destroy the embryo is considered
wrong and should not take place. For those who believe
otherwise, arriving at an ethically acceptable policy in
this arena involves a complex balancing of a number of
important ethical concerns. Although many of the issues
remain contested on moral grounds, they co-exist within
a broad area of consensus upon which public policy can,
at least in part, be constructed.

For most observers, the resolution of these ethical and
scientific issues depends to some degree on the source of
the stem cells. The use of cadaveric fetal tissue to derive
EG cell lines—like other uses of tissues or organs from
dead bodies—is generally the most accepted, provided
that the research complies with the system of public safe-
guards and oversight already in place for such scientific
inquiry. With respect to embryos and the ES cells from
which they can be derived, some draw an ethical distinc-
tion between two types of embryos. One is referred to as
the research embryo, an embryo created through IVF with
gametes provided solely for research purposes. Many
people, including the President, have expressed the view
that the federal government should not fund research
that involves creating such embryos. The second type of
embryo is that which was created for infertility treatment,
but is now intended to be discarded because it is unsuit-
able or no longer needed for such treatment. The use of
these embryos raises fewer ethical questions because it
does not alter their final disposition. Finally, the recent
demonstration of cloning techniques (somatic cell
nuclear transfer) in nonhuman animals suggests that
transfer of a human somatic cell nucleus into an oocyte



might create an embryo that could be used as a source of
ES cells. The creation of a human organism using this
technique raises questions similar to those raised by the
creation of research embryos through IVE and at this
time federal funds may not be used for such research. In
addition, if the enucleated oocyte that was to be combined
with a human somatic cell nucleus came from an animal
other than a human being, other issues would arise about
the nature of the embryo produced. Thus, each source of
material raises ethical questions as well as scientific,
medical, and legal ones.

Conscientious individuals have come to different con-
clusions regarding both public policy and private actions
in the area of stem cell research. Their differing perspec-
tives by their very nature cannot easily be bridged by any
single public policy. But the development of public pol-
icy in a morally contested area is not a novel challenge for
a pluralistic democracy such as that which exists in the
United States. We are profoundly aware of the diverse
and strongly held views on the subject of this report and
have wrestled with the implications of these different
views at each of our meetings devoted to this topic. Our
aim throughout these deliberations has been to formulate
a set of recommendations that fully reflects widely shared
views and that, in our view, would serve the best interests
of society.

Most states place no legal restrictions on any of the
means of creating ES and EG cells that are described in
this report. In addition, current Food and Drug
Administration regulations do not apply to this type of
early stage research. Therefore, because the public con-
troversy surrounding such activities in the United States
has revolved around whether it is appropriate for the
federal government to sponsor such research, this report
focuses on the question of whether the scientific merit
and the substantial clinical promise of this research
justify federal support, and, if so, with what restrictions
and safeguards.

Conclusions and Recommendations

This report presents the conclusions that the
Commission has reached and the recommendations that
the Commission has made in the following areas: the
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ethical acceptability of federal funding for research that
either derives or uses ES or EG cells; the means of
ensuring appropriate consent of women or couples
who donate cadaveric fetal tissue or embryos remain-
ing after infertility treatments; the need for restrictions
on the sale of these materials and the designation of
those who may benefit from their use; the need for
ethical oversight and review of such research at the
national and institutional level; and the appropriate-
ness of voluntary compliance by the private sector with
some of these recommendations.

The Ethical Acceptability of Federal Funding
of ES and EG Cell Research by the Source
of the Material

A principal ethical justification for public sponsorship
of research with human ES or EG cells is that this
research has the potential to produce health benefits for
individuals who are suffering from serious and often fatal
diseases. We recognize that it is possible that the various
sources of human ES or EG cells eventually could be
important to research and clinical application because of,
for example, their differing proliferation potential, differ-
ing availability and accessibility, and differing ability to be
manipulated, as well as possibly significant differences in
their cell biology. At this time, therefore, the
Commission believes that federal funding for the use
and derivation of ES and EG cells should be limited
to two sources of such material: cadaveric fetal tissue
and embryos remaining after infertility treatments.
Specific recommendations and their justifications are

provided below.

Recommendation 1: EG Cells from Fetal Tissue

Research involving the derivation and use of
human EG cells from cadaveric fetal tissue should
continue to be eligible for federal funding.
Relevant statutes and regulations should be
amended to make clear that the ethical safeguards
that exist for fetal tissue transplantation also
apply to the derivation and use of human EG cells
for research purposes.

Considerable agreement exists, both in the United
States and throughout the world, that the use of fetal
tissue in therapy for people with serious disorders, such
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as Parkinson’s disease, is acceptable. Research that uses
tissue from aborted fetuses is analogous to the use of fetal
tissue in transplantation. The rationales for conducting
EG research are equally strong, and the arguments
against it are not persuasive. The removal of fetal germ
cells does not occasion the destruction of a live fetus,
nor is fetal tissue intentionally or purposefully created
for human stem cell research. Although abortion itself
doubtless will remain a contentious issue in our society,
the procedures that have been developed to prevent fetal
tissue donation for therapeutic transplantation from
influencing the abortion decision offer a model for creat-
ing such separation in research to derive human EG cells.
Because the existing statutes are written in terms of
tissue transplantation, which is not a current feature of
EG cell research, changes are needed to make it explicit
that the relevant safeguards will apply to research to
derive EG cells from aborted fetuses. At present, no legal
prohibitions exist that would inhibit the use of such
tissue for EG cell research.

Recommendation 2: ES Cells from Embryos
Remaining After Infertility Treatments

Research involving the derivation and use of
human ES cells from embryos remaining after
infertility treatments should be eligible for federal
funding. An exception should be made to the pres-
ent statutory ban on federal funding of embryo
research to permit federal agencies to fund
research involving the derivation of human ES
cells from this source under appropriate regula-
tions that include public oversight and review.
(See Recommendations 5 through 9.)

The current ban on embryo research is in the form of
a rider to the appropriations bill for the Department of
Health and Human Services (DHHS), of which the
National Institutes of Health (NIH) is a part. The rider
prohibits use of the appropriated funds to support any
research “in which a human embryo [is] destroyed, dis-
carded, or knowingly subjected to risk of injury greater
than that allowed for research on fetuses in utero” (Pub.
L. No. 105-78, 513(a)). The term “human embryo” in the
statute is defined as “any organism. .. that is derived by
fertilization, parthenogenesis, cloning, or any other
means from one or more human gametes or human

diploid cells.” The ban is revisited each year when the
language of the NIH appropriations bill is considered.

The ban, which concerns only federally sponsored
research, reflects a moral point of view either that
embryos deserve the full protection of society because of
their moral status as persons or that there is sufficient
public controversy to preclude the use of federal funds
for this type of research. At the same time, however,
some effects of the embryo research ban raise serious
moral and public policy concerns for those who hold
differing views regarding the ethics of embryo research.
In our view, the ban conflicts with several of the ethical
goals of medicine and related health disciplines, espe-
cially healing, prevention, and research. These goals are
rightly characterized by the principles of beneficence
and nonmaleficence, which jointly encourage pursuing
social benefits and avoiding or ameliorating potential
harm.

Although some may view the derivation and use of
ES cells as ethically distinct activities, we do not believe
that these differences are significant from the point of
view of eligibility for federal funding. That is, we believe
that it is ethically acceptable for the federal government
to finance research that both derives cell lines from
embryos remaining after infertility treatments and that
uses those cell lines. Although one might argue that
some important research could proceed in the absence of
federal funding for research that derives stem cells from
embryos remaining after infertility treatments (i.e., fed-
erally funded scientists merely using cells derived with
private funds), we believe that it is important that federal
funding be made available for protocols that also derive
such cells. Relying on cell lines that might be derived
exclusively by a subset of privately funded researchers
who are interested in this area could severely limit
scientific and clinical progress.

Trying to separate research in which human ES cells
are used from the process of deriving those cells presents
an ethical problem, because doing so diminishes the sci-
entific value of the activities receiving federal support.
This separation—under which neither biomedical
researchers at NIH nor scientists at universities and other
research institutions that rely on federal support could
participate in some aspects of this research—rests on the



mistaken notion that the two areas of research are so
distinct that participating in one need not mean partic-
ipating in the other. We believe that this is a misrepre-
sentation of the new field of human stem cell research,
and this misrepresentation could adversely affect scien-
tific progress for several reasons.

First, researchers using human ES cell lines will
derive substantial scientific benefits from a detailed
understanding of the process of ES cell derivation,
because the properties of ES cells and the methods for
sustaining the cell lines may differ depending on the
conditions and methods that were used to derive them.
Thus, scientists who conduct basic research and are
interested in fundamental cellular processes are likely to
make elemental discoveries about the nature of ES cells
as they derive them in the laboratory. Second, significant
basic research needs to be conducted regarding the
process of ES cell derivation before cell-based therapies
can be realized, and this work must be pursued in a wide
variety of settings, including those exclusively devoted to
basic academic research. Third, ES cells are not indefi-
nitely stable in culture. As these cells are grown, irre-
versible changes occur in their genetic makeup. Thus,
especially in the first few years of human ES cell research,
it is important to be able to repeatedly derive ES cells in
order to ensure that the properties of the cells that are
being studied have not changed.

Thus, anyone who believes that federal support of
this important new field of research should maximize its
scientific and clinical value within a system of appropri-
ate ethical oversight should be dissatisfied with a posi-
tion that allows federal agencies to fund research using
human ES cells but not research through which the cells
are derived from embryos. Instead, recognizing the close
connection in practical and ethical terms between deri-
vation and use of the cells, it would be preferable to
enact provisions applicable to funding by all federal
agencies, provisions that would carve out a narrow
exception for funding of research to use or to derive
human ES cells from embryos that are being discarded
by infertility treatment programs.

Recommendation 3: ES Cells from Embryos Made
Solely for Research Purposes Using IVF

Federal agencies should not fund research involving
the derivation or use of human ES cells from embryos
made solely for research purposes using IVF.

National Bioethics Advisory Commission

ES cells can be obtained from human research
embryos created from donor gametes through 1VF for the
sole purpose of deriving such cells for research. The pri-
mary objection to creating embryos specifically for
research is that there is a morally relevant difference
between generating an embryo for the sole purpose of
creating a child and producing an embryo with no such
goal. Those who object to creating embryos for research
often appeal to arguments about respecting human dig-
nity by avoiding instrumental use of human embryos
(i.e., using embryos merely as a means to some other goal
does not treat them with appropriate respect or concern
as a form of human life).

In 1994, the NIH Human Embryo Research Panel
argued in support of federal funding of the creation of
embryos for research purposes in exceptional cases, such
as the need to create banks of cell lines with different
genetic make-ups that encoded various transplantation
antigens—the better to respond, for example, to the
transplant needs of groups with different genetic profiles.
This would require the recruitment of embryos from
genetically diverse donors.

In determining how to deal with this issue, a number
of points are worth considering. First, it is possible that
the creation of research embryos will provide the only
way in which to conduct certain kinds of research, such
as research into the process of human fertilization.
Second, as IVF techniques improve, it is possible that the
supply of embryos for research from this source will
dwindle. Nevertheless, we have concluded that, either
from a scientific or a clinical perspective, there is no com-
pelling reason at this time to provide federal funds for the
creation of embryos for research. At the current time,
cadaveric fetal tissue and embryos remaining after infer-
tility treatment provide an adequate supply of research
resources for federal research projects.

Recommendation 4: ES Cells from Embryos Made
Using Somatic Cell Nuclear Transfer into Oocytes
Federal agencies should not fund research involv-
ing the derivation or use of human ES cells from
embryos made using somatic cell nuclear transfer
into oocytes.

Somatic cell nuclear transfer of the nucleus of an
adult somatic cell into an enucleated human egg likely
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has the potential of creating a human embryo. To date,
although little is known about these embryos as potential
sources of human ES cells, there is significant reason to
believe that their use may have therapeutic potential. For
example, the potential use of matched tissue for autolo-
gous cell replacement therapy from ES cells may require
the use of somatic cell nuclear transfer. The use of this
technique to create an embryo arguably is different from
all the other cases we considered—due to the asexual
origin of the source of the ES cells—although oocyte
donation is necessarily involved. The Commission
concludes that, at this time, federal funding should not
be provided to derive ES cells from this source.
Nevertheless, scientific progress and the medical utility
of this line of research should be monitored closely.

Requirements for the Donation of Cadaveric
Fetal Tissue and Embryos for Research

Potential donors of embryos for ES cell research must
be able to make voluntary and informed choices about
whether and how to dispose of their embryos. Because of
concerns about coercion and exploitation of potential
donors, as well as societal controversy about the moral
status of embryos, it is important, whenever possible, to
separate donors’ decisions to dispose of their embryos
from their decisions to donate them for research.
Potential donors should be asked to provide embryos for
research only if they have decided to have those embryos
discarded instead of donating them to another couple or
storing them. If the decision to discard the embryos pre-
cedes the decision to donate them for research purposes,
then the research determines only how their destruction
occurs, not whether it occurs.

Recommendation 5: Requirements for Donation to
Stem Cell Research of Embryos That Would
Otherwise Be Discarded After Infertility Treatment

Prospective donors of embryos remaining after infer-
tility treatments should receive timely, relevant, and
appropriate information to make informed and
voluntary choices regarding disposition of the
embryos. Prior to considering the potential
research use of the embryos, a prospective donor
should have been presented with the option of
storing the embryos, donating them to another
woman, or discarding them. If a prospective donor
chooses to discard embryos remaining after
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infertility treatment, the option of donating to
research may then be presented. (At any point, the
prospective donors’ questions—including inquiries
about possible research use of any embryos remain-
ing after infertility treatment—should be answered
truthfully, with all information that is relevant to
the questions presented.)

During the presentation about potential research
use of embryos that would otherwise be discarded,
the person seeking the donation should

a) disclose that the ES cell research is not
intended to provide medical benefit to embryo
donors,

b) make clear that consenting or refusing to
donate embryos to research will not affect the
quality of any future care provided to prospec-
tive donors,

c¢) describe the general area of the research to be
carried out with the embryos and the specific
research protocol, if known,

d) disclose the source of funding and expected
commercial benefits of the research with the
embryos, if known,

e) make clear that embryos used in research will
not be transferred to any woman’s uterus, and

f) make clear that the research will involve the
destruction of the embryos.

To assure that inappropriate incentives do not enter
into a woman’s decision to have an abortion, we recom-
mend that directed donation of cadaveric fetal tissue for
EG cell derivation be prohibited. Although the ethical
considerations supporting a prohibition of the directed
donation of human fetal tissue are less acute for EG cell
research than for transplantation, certain concerns
remain. Potential donors of cadaveric fetal tissue for EG
cell derivation would not receive a direct therapeutic
incentive to create or abort tissue for research purposes in
the same way that such personal interest might arise in a
transplant context. However, we agree that the prohibi-
tion remains a prudent and appropriate way of assuring
that inappropriate incentives, regardless ol how remote
they may be, are not introduced into a woman’s decision
to have an abortion. Any suggestion of personal benefit
to the donor or to an individual known to the donor
would be untenable and possibly coercive.



Recommendation 6: No Promises to Embryo Donors
That Stem Cells Will Be Provided to Particular
Patient-Subjects

In federally funded research involving embryos
remaining after infertility treatments, researchers
may not promise donors that ES cells derived
from their embryos will be used to treat patient-
subjects specified by the donors.

Existing rules prohibit the practice of designated
donation, the provision of monetary inducements to
women undergoing abortion, and the purchase or sale of
fetal tissue. We concur in these restrictions and in the
earlier recommendation of the 1988 Human Fetal Tissue
Transplantation Research Panel that the sale of fetal tissue
for research purposes should not be permitted under any
circumstances. The potential for coercive pressure is
greatest when financial incentives are present, and the
treatment of the developing human embryo or fetus as an
entity deserving of respect may be greatly undermined by
the introduction of any commercial motive into the
donation or solicitation of fetal or embryonic tissue for
research purposes.

Recommendation 7: Commerce in Embryos and
Cadaveric Fetal Tissue

Embryos and cadaveric fetal tissue should not be
bought or sold.

If and when sufficient scientific evidence and societal
agreement exist that the creation ol embryos specifically
for research or therapeutic purposes is justified (specifi-
cally through somatic cell nuclear transfer), prohibitions
on directed donation should be revisited. For obvious
reasons, the use of somatic cell nuclear transfer to develop
ES cells for autologous transplantation might require
that the recipient be specified.

The Need for National Oversight and Review

The need for national as well as local oversight and
review of human stem cell research is crucial. No such
system currently exists in the United States. A national
mechanism to review protocols for deriving human ES
and EG cells and 1o monitor research using such cells
would ensure strict adherence to guidelines and standards
across the country. Thus, federal oversight can provide
the public with the assurance that research involving
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stem cells is being undertaken appropriately. Given the
ethical issues involved in human stem cell research—
an area in which heightened sensitivity about the
very research itself led the President to request that
the Commission study the issue—the public and
the Congress must be assured that oversight can be
accomplished efficiently, constructively, and in a timely
fashion, with sufficient attention to the relevant
ethical considerations.

Recommendation 8: Creation and Duties of an
Oversight and Review Panel

DHHS should establish a National Stem Cell
Oversight and Review Panel to ensure that all fed-
erally funded research involving the derivation
and/or use of human ES or EG cells is conducted
in conformance with the ethical principles and
recommendations contained in this report. The
panel should have a broad, multidisciplinary
membership, including members of the general
public, and should

a) review protocols for the derivation of ES and
EG cells and approve those that meet the
requirements described in this report,

b) certity ES and EG cells lines that result from
approved protocols,

¢) maintain a public registry of approved proto-
cols and certified ES and EG cell lines,

establish a database—linked to the public
registry—consisting of information submitted
by federal research sponsors (and, on a volun-
tary basis, by private sponsors, whose propri-
etary information shall be appropriately
protected) that includes all protocols that
derive or use ES or EG cells (including any
available data on research outcomes, including
published papers),

d)

e) use the database and other appropriate sources
to track the history and ultimate use of certi-
fied cell lines as an aid to policy assessment

and formulation,

f) establish requirements for and provide guid-
ance to sponsoring agencies on the social and
ethical issues that should be considered in the
review of research protocols that derive or use
ES or EG cells, and



Executive Summary

g) report at least annually to the DHHS Secretary
with an assessment of the current state of the
science for both the derivation and use of
human ES and EG cells, a review of recent
developments in the broad category of stem
cell research, a summary of any emerging ethi-
cal or social concerns associated with this
research, and an analysis of the adequacy and
continued appropriateness of the recommenda-
tions contained in this report.

The Need for Local Review
of Derivation Protocols

For more than two decades, prospective review by an
Institutional Review Board (IRB) has been the principal
method for assuring that federally sponsored research
involving human subjects will be conducted in compli-
ance with guidelines, policies, and regulations designed
to protect human beings from harm. This system of local
review has been subject to criticism, and, indeed, in pre-
vious analyses we have identified a number of concerns
regarding this system. In the course of preparing this
report, we considered a number of proposals that would
allow for the local review of research protocols involving
human stem cell research, bearing in mind that a deci-
sion by the Commission to recommend a role for IRBs
might be incorrectly interpreted as endorsing the view
that human ES or EG cells or human embryos are human
subjects and therefore would be under the purview of the
Common Rule.

We adopted the principle, reflected in these recom-
mendations, that for research to derive human ES and EG
cells, a system of national oversight and review supple-
mented by local review would be necessary to ensure that
important research could proceed—but only under spe-
cific conditions. We recognized that for research propos-
als involving the derivation of human ES or EG cells,
many of the ethical issues associated with these protocols
could be considered at the local level, that is, at the insti-
tutions at which the research would be taking place. For
protocols using but not deriving ES cells (i.e., generating
the cells elsewhere), a separate set of ethical deliberations
would have occurred. In general, the IRB is an appropri-
ate body to review protocols that aim to derive ES or EG
cells. Although few review bodies (including IRBs) have
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extensive experience in reviewing protocols of this kind,
they remain the most visible and expert entities available.
It is for this reason, for example, that we make a number
of recommendations (8, 9, 10, 11, and 12) that discuss
the importance of developing additional guidance for the
review of such protocols.

For proposals involving the derivation of human ES or
EG cells, particular sensitivities require attention through
a national review process. This process should, however,
begin at the local level, because institutions that intend to
conduct research involving the derivation of human ES
cells or EG cells should continue to take responsibility for
assuring the ethical conduct of that research. More impor-
tantly, however, IRBs can play an important role, particu-
larly by reviewing consent documents and by assuring
that collaborative research undertaken by investigators at
foreign institutions has satisfied any regulatory require-
ments for sharing research materials.

Recommendation 9: Institutional Review of
Protocols to Derive Stem Cells

Protocols involving the derivation of human ES
and EG cells should be reviewed and approved by
an IRB or by another appropriately constituted
and convened institutional review body prior to
consideration by the National Stem Cell Oversight
and Review Panel. (See Recommendation 8.) This
review should ensure compliance with any
requirements established by the panel, including
confirming that individuals or organizations (in
the United States or abroad) that supply embryos
or cadaveric fetal tissue have obtained them in
accordance with the requirements established by
the panel.

Responsibilities of Federal Research Agencies

Federal research agencies have in place a comprehen-
sive system for the submission, review, and approval of
research proposals. This system includes the use of a peer
review group—sometimes called a study section or initial
review group—that is established to assess the scientific
merit of the proposals. In addition, in some agencies,
such as NIH, staff members review protocols prior to
their transmittal to a national advisory council for final
approval. These levels of review provide an opportunity
to consider ethical issues that arise in the proposals.



When research proposals involve human subjects, federal
agencies rely on local IRBs to review and approve the
research in order to assure that it is ethically acceptable.
(See Recommendation 9.) A grant application should not
be funded until ethical issues that are associated with
research involving human subjects have been resolved
fully. Therefore, at every point in this continuum—from
the first discussions that a prospective applicant may
have with program staff within a particular institution to
the final decision by the relevant national advisory
council—ethical and scientific issues can be addressed
by the sponsoring agency.

Recommendation 10: Sponsoring Agency Review of
Research Use of Stem Cells

All federal agencies should ensure that their
review processes for protocols using human ES or
EG cells comply with any requirements estab-
lished by the National Stem Cell Oversight and
Review Panel (see Recommendation 8), paying
particular attention to the adequacy of the justifi-
cation for using such cell lines.

Research involving human ES and EG cells raises crit-
ical ethical issues, particularly when the proposals
involve the derivation of ES cells from embryos remain-
ing after infertility treatments. We recognize that these
research proposals may not follow the paradigm usually
associated with human subjects research. Nevertheless,
research proposals being considered for funding by fed-
eral agencies must, in our view, meet the highest stan-
dards of scientific merit and ethical acceptability. To that
end, the recommendations made in this report, including
a proposed set of Points to Consider in Evaluating Basic
Research Involving Human ES Cells and EG Cells, constitute
a set of ethical and policy considerations that should be
reflected in the respective policies of federal agencies
conducting or sponsoring human ES or EG cell research.

Attention to Issues for the Private Sector

Although this report primarily addresses the ethical
issues associated with the use of federal funds for
research to derive and use ES and EG cells, we recognize
that considerable work in both of these areas will be con-
ducted under private sponsorship. Thus, our recommen-
dations may have implications for those working in the
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private sector. First, for cell lines to be eligible for use in
federally funded research, they must be certified by the
National Stem Cell Oversight and Review Panel
described in Recommendation 8. Therefore, if a private
company aims to make its cell lines available to publicly
funded researchers, it must submit its derivation proto-
col(s) to the same oversight and review process recom-
mended for the public sector, i.e., local review (see
Recommendation 9) and for certification that the cells
have been derived from embryos remaining after infertil-
ity treatments or from cadaveric fetal tissue.

Second, we hope that nonproprietary aspects of pro-
tocols developed under private sponsorship will be made
available in the public registry, as described in
Recommendation 8. The greater the participation of the
private sector in providing information on stem cell
research, the more comprehensive the development of
the science and related public policies in this area.

Third, and perhaps most relevant, in an ethically sen-
sitive area of emerging biomedical research it is impor-
tant that all members of the research community,
whether in the public or private sectors, conduct the
research in a manner that is open to appropriate public
scrutiny. The last two decades have witnessed an
unprecedented level of cooperation between the public
and private sectors in biomedical research, which has
resulted in the international leadership position of the
United States in this arena. Public bodies and other
authorities, such as the Recombinant DNA Advisory
Committee, have played a crucial role in enabling impor-
tant medical advances in fields such as gene therapy by
providing oversight of both publicly and privately funded
research efforts. We believe that voluntary participation
by the private sector in the review and certification pro-
cedures of the proposed national panel, as well as in its
deliberations, can contribute equally to the socially
responsible development of ES and EG cell technologies
and accelerate their translation into biomedically
important therapies that will benefit patients.

Recommendation 11: Voluntary Actions by Private
Sponsors of Research That Would Be Eligible for
Federal Funding

For privately funded research projects that involve
ES or EG cells that would be eligible for federal
funding, private sponsors and researchers are
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encouraged to adopt voluntarily the applicable
recommendations of this report. This includes
submitting protocols for the derivation of ES or
EG cells to the National Stem Cell Oversight and
Review Panel for review and cell line certification.
(See Recommendations 8 and 9.)

In this report, we recommend that federally funded
research to derive ES cells be limited to those efforts that
use embryos remaining after infertility treatment. Some of
the recommendations made in this context—such as the
requirement for separating the decision by a woman to
cease such treatment when embryos still remain and her
decision to donate those embryos to research—simply do
not apply to efforts to derive ES cells from embryos cre-
ated (whether by IVF or somatic cell nuclear transfer)
solely for research purposes, activities that might be pur-
sued in the private sector. Nevertheless, other ethical
standards and safeguards embodied in the recommenda-
tions, such as provisions to prevent the coercion of
women and the commodification of human reproduc-
tion, remain vitally important, even when embryos are
created solely for research purposes.

Recommendation 12: Voluntary Actions by Private
Sponsors of Research That Would Not Be Eligible
for Federal Funding

For privately funded research projects that involve
deriving ES cells from embryos created solely for
research purposes and that are therefore not eligi-
ble for federal funding (see Recommendations 3
and 4)

a) professional societies and trade associations
should develop and promulgate ethical safe-
guards and standards consistent with the prin-
ciples underlying this report, and

b) private sponsors and researchers involved in
such research should voluntarily comply with
these safeguards and standards.

Professional societies and trade associations dedicated
to reproductive medicine and technology play a central
role in establishing policy and standards for clinical care,
research, and education. We believe that these organiza-
tions can and should play a salutary role in ensuring that
all stem cell and embryo research conducted in the
United States, including that which is privately funded,

conforms to the ethical principles underlying this report.
Many of these organizations already have developed
policy statements, ethics guidelines, or other directives
addressing issues in this report, and the Commission has
benefited from a careful review of these materials. These
organizations are encouraged to review their professional
standards to ensure not only that they keep pace with the
evolving science of human ES and EG cell research, but
also that their members are knowledgeable about and in
compliance with them. For those organizations that
conduct research in this area but that lack statements
or guidelines addressing the topics of this report, we
recommend strongly that they develop such statements
or guidelines. No single institution or organization,
whether in the public or the private sector, can provide
all the necessary protections and safeguards.

The Need for Ongoing Review and Assessment

No system of federal oversight and review of such a
sensitive and important area of investigation should be
established without simultaneously providing an evalua-
tion of its effectiveness, value, and ongoing need. The
pace of scientific development in human ES and EG cell
research likely will increase. Although one cannot predict
the direction of the science of human stem cell research,
in order for the American public to realize the promise of
this research and to be assured that it is being conducted
responsibly, close attention to and monitoring of all the
mechanisms established for oversight and review are
required.

Recommendation 13: Sunset Provision for
National Panel

The National Stem Cell Oversight and Review
Panel described in Recommendation 8 should be
chartered for a fixed period of time, not to exceed
five years. Prior to the expiration of this period,
DHHS should commission an independent evalua-
tion of the panel’s activities to determine whether
it has adequately fulfilled its functions and
whether it should be continued.

There are several reasons for allowing the national
panel to function for a fixed period of time and for eval-
uating its activities before continuing. First, some of the
hoped-for results will be available from research projects



that are using the two sources we consider to be ethically
acceptable for federal funding. Five years is a reasonable
period of time to allow some of this information to
amass, offering the panel, researchers, members of
Congress, and the public sufficient time to determine
whether any of the knowledge or potential health bene-
fits are being realized. The growing body of information
in the public registry and database described above (par-
ticularly if privately funded researchers and sponsors
voluntarily participate) will aid these considerations.

Second, within this period the panel may be able to
determine whether additional sources of ES cells are nec-
essary in order for important research to continue. Two
arguments are evident for supporting research using
embryos created specifically for research purposes: one is
the concern that not enough embryos remain for this
purpose from infertility treatments, and the other is the
recognition that some research requires embryos that are
generated particularly for research and/or medical pur-
poses. The panel should assess whether additional
sources ol ES cells that we have judged to be ineligible for
federal funding at this time (i.e., embryos created solely
for research purposes) are needed.

Third, an opportunity to assess the relationship
between local review of protocols using human ES and
EG cells and the panel’s review of protocols for the deri-
vation of ES cells will be offered. It will, of course, take
time for this national oversight and review mechanism to
develop experience with the processes of review, certifi-
cation, and approval described in this report. Fourth, we
hope that the panel will contribute to the national dia-
logue on the ethical issues regarding research involving
human embryos. A recurring theme of our deliberations,
and in the testimony we heard, was the importance of
encouraging this ongoing national conversation.

The criteria for determining whether the panel has
adequately fulfilled its functions should be set forth by an
independent body established by DHHS. However, it
would be reasonable to expect that the evaluation would
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rely generally on the seven functions described above in
Recommendation 8 and that this evaluation would be
conducted by a group with expertise in these areas. In
addition, some of the following questions might be
considered when conducting this evaluation: Is there rea-
son to believe that the private sector is voluntarily sub-
mitting descriptions of protocols involving the derivation
of human ES cells to the panel for review? Is the panel
reviewing projects in a timely manner? Do researchers
find that the review process is substantively helpful? Is
the public being provided with the assurance that social
and ethical issues are being considered?

Summary

Recent developments in human stem cell research have
raised hopes that new therapies will become available
that will serve to relieve human suffering. These devel-
opments also have served to remind society of the deep
moral concerns that are related to research involving
human embryos and cadaveric fetal tissue. Serious ethi-
cal discussion will (and should) continue on these issues.
However, in light of public testimony, expert advice, and
published writings, we have found substantial agreement
among individuals with diverse perspectives that
although the human embryo and fetus deserve respect as
forms of human life, the scientific and clinical benefits of
stem cell research should not be foregone. We were per-
suaded that carrying out human stem cell research under
federal sponsorship is important, but only if it is con-
ducted in an ethically responsible manner. And after
extensive deliberation, the Commission believes that
acceptable public policy can be forged, in part, on widely
shared views. Through this report, we not only offer rec-
ommendations regarding federal funding and oversight
of stem cell research, but also hope to further stimulate
the important public debate about the profound ethical
issues regarding this potentially beneficial research.
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Introduction

Introduction

7 ate in 1998, three separate reports brought to the
%...fore the debate over the scientific and clinical
prospects as well as the ethical implications of research
using human stem cells—those cells from which the
different types of cells in a developing organism grow and
that generate new cells throughout an organisms life (Van
Blerkom 1994). The initial two reports were published
by two independent teams of scientists that had accom-
plished the isolation and culture of human embryonic
stem cells (hereafter referred to as ES cells) and embryonic
germ cells (hereafter referred to as EG cells). The first
report described the successful isolation of EG cells in the
laboratory of John Gearhart and his colleagues at The
Johns Hopkins University. This team derived stem cells
from primordial gonadal tissue obtained from cadaveric
fetal tissue (Shamblott et al. 1998). The second described
the work of James Thomson and his coworkers at the
University of Wisconsin, who derived ES cells from
the blastocyst (~100 cells) of an early human embryo
donated by a couple who had received infertility treat-
ments (Thomson et al. 1998). Finally, an article in the
November 12, 1998, edition of the New York Times
described work funded by Advanced Cell Technology of
Worcester, Massachusetts. Although this work has not
yet been verified fully or published in a scientific journal,
the company claims that its scientists have caused human
somatic cells to revert to the primordial state by fusing
them with cow eggs to create a hybrid embryo. From this
hybrid embryo, a small clump of cells resembling human
ES cells appears to have been isolated (Wade 1998).

Human Stem Cells: An Overview

Although many kinds of stem cells exist within the
human body, scientists recognize a hierarchy of types.
Some stem cells are more committed—or differentiated—
than others. At the earliest stage of embryonic develop-
ment, the cells of the blastomere are identical to each
other and are relatively undifferentiated. Each one is
individually capable of generating a whole organism,
a quality referred to as totipotency. In the next stage,
ES cells, although they no longer are capable of produc-
ing a complete organism, remain undifferentiated and
retain the ability to develop into nearly any cell type
found in the human body, representing a type of biolog-
ical plasticity referred to as pluripotency. (The terms
totipotency and pluripotency will be discussed again later
in this chapter.) At this point, the ES cells branch out
into many types; from each differentiated line, all the
specialized cells (e.g., heart, muscle, nerve, skin, or
blood) that constitute the tissues and organs of the body
will develop (Weiss et al. 1996).

The potential versatility of ES and EG cells derived
from the early stage embryo or from cadaveric fetal tissue
offers unusual scientific and therapeutic promise.
Because these cells have the ability to proliferate and
renew themselves over the lifetime of the organism,
scientists have long recognized the possibility of using
such cells to generate a certain number of specialized
cells or tissues, which could permit the generation of new
cells or tissue as a treatment for injury or for damage
done by diseases such as Alzheimer’s disease, Parkinson’s
disease, heart disease, and kidney failure. Furthermore,
scientists regard these cells as an important, perhaps
essential, medium for understanding the details of



Chapter 1: Introduction

human development and thus for developing life-saving
drugs and other therapies. At the same time, the current
source of these cells (the early stage embryo or cadaveric
fetal tissue) makes them the subject of significant ethical
considerations. Thus, the scientific reports of the suc-
cesstul isolation of these versatile cells simultaneously
have raised the prospect of the development of new
treatments and perhaps cures for debilitating and even
fatal illnesses, while also renewing the debate regarding
the ethics of research involving human embryos and
cadaveric fetal material.

Ethical Issues

Within days of the publication of these reports and the
New York Times article, President Clinton wrote to the
National Bioethics Advisory Commission with two
requests: that the Commission consider the implications
of the purported cow-human fusion experiment and
report back to him and that it “undertake a thorough
review of the issues associated with human stem cell
research balancing all ethical and medical considera-
tions.” On November 20, 1998, we responded to the
Presidents first request by stating that “any attempt to
create a child through the fusion of a human cell and a
nonhuman egg would raise profound ethical concerns
and should not be permitted.” (See Appendix C, which
includes these letters of request and response.) Our
response was based upon the same principles we relied
on when preparing our report to the President entitled
Cloning Human Beings (1997). We noted, however, that
insulfficient scientific evidence is available at this time to
determine whether the fusing of a human cell with the
egg of a nonhuman animal would result in a human
embryo. In addition, if the resulting hybrid embryo were
to be used as a source of ES cells, it is not clear that those
cells would be the same in all respects to those obtained
from a nonhybrid human embryo.

The reports of the successful isolation and culture of
ES and EG cells have added a new dimension to the
ongoing controversy regarding the ethics of research
involving human embryos and cadaveric [etal material.
This controversy arises from sharply differing moral
views regarding elective abortion or the use of embryos

for research, and it has fueled the national and interna-
tional debate over the ethical, legal, and medical issues
that arise in this arena. This debate represents both a
challenge and an opportunity: a challenge because it con-
cerns important and morally contested questions regard-
ing the beginning of life, and an opportunity because it
provides another occasion for serious public discussion
about important ethical issues. We are hopeful that this
report will contribute to a dialogue that will foster
increased public understanding of the ethical issues
underlying research on ES and EG cells and an apprecia-
tion of the complexity of making responsible public pol-
icy in the face of moral disagreement and in light of a
realistic appraisal of the scientific and clinical promise of
that research.

We believe that most Americans agree that human
embryos should be respected as a form of human life, but
that disagreement exists both about the form that such
respect should take and about what level of protection is
owed at different stages of embryonic development.
Therefore, embryo research, the purpose of which is not
therapeutic to the embryo itself, is bound to raise serious
concerns for some about how to resolve the tensions
between the ethical imperative to cure diseases and the
moral obligation to protect human life. For those who
believe that the embryo has the moral status of a person
from the moment of conception, research (or any other
activity) that would destroy it is considered wrong and
should not take place. For others, arriving at an ethically
acceptable policy involves a complex balancing of a
number of important ethical concerns. Although this is a
controversial area, we should not lose sight of a broad
area of consensus on which public policy could—in
part—be constructed.

In order to respond effectively and responsibly to the
President’s request to consider issues related to human
stem cell research and to “balance all medical and ethical
considerations,” we determined that it also is necessary to
consider certain aspects of the broader issues regarding
research using embryonic and/or fetal material. One
reason for this approach is that the nature of some of the
ethical issues involved depends on the source of the stem
cells. For example, ES cells can be derived from early
embryos that are destroyed in the process of ES cell



derivation, an act that some people find ethically unac-
ceptable. The use of cadaveric fetal tissue to derive EG
cell lines is somewhat less controversial because the fetus
is deceased prior to the initiation of the research and
because a well-developed system of public oversight for
such research is already in place. In addition, the recent
demonstration of nuclear transfer techniques (somatic
cell nuclear transfer [SCNT]) suggests that transfer of
an adult nucleus into an oocyte might under certain
conditions create an embryo. However, the use of this
technique to combine an animal oocyte with a human
diploid nucleus raises additional issues regarding both
the nature of the embryo produced and the ethical issues
involved. In addition, each source ol material bears a
unique set of scientific, ethical, and legal distinctions.

We believed that it was especially important to take a
broad view of the status of the human embryo and of
fetal tissue in relation to biomedical research, because it
is likely that science will uncover additional characteris-
tics of the early ¢x utero human embryo or fetal tissues
that will raise additional important and unique therapeu-
tic possibilities, separate from those that derive [rom
ES or EG cells. If these developments occur, all of the
same ethical considerations that pertain to embryo
research and fetal tissue research in general would arise
once again.' In fact, the 1994 National Institutes of
Health Human Embryo Research Panel designated 13 areas
in which embryo research could advance scientific
knowledge or could lead to important clinical benefits.
Among these areas is “the isolation of pluripotential
embryonic stem cell lines for eventual differentiation and
clinical use in transplantation and tissue repair.”™

Recent scientific developments require the updating
and review of the important work of U.S. bodies that
have met previously to address the role of the ethical
complexities of human embryo and fetal tissue research.
particularly as they relate to the role of federally funded
research. In addition, new policy statements from other
countries (such as Canada and the United Kingdom)
suggest well-thought-out novel approaches that must be
considered carefully. In responding to the President’s
request, therefore, we elected to take a comprehensive
approach that built on the work of these reflective efforts,
both in this country and abroad.
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In our 1997 report, Cloning Human Beings, we
addressed a specific aspect of cloning, namely where
genetic material would be transferred from the nucleus of
a somatic cell of an existing human being to an enucleated
human egg with the intention of creating a child. At the
time that we were preparing this report, the issues sur-
rounding embryo research were not revisited, although
we began our discussions recognizing that any effort
in humans to transfer a somatic cell nucleus into an
enucleated egg likely involves the creation of an embryo,
which has the potential to be transterred to a uterus and
developed to term. We recognized that ethical concerns
surrounding issues of embryo research recently had
received extensive analysis and noted that under current
law, the use of SCNT (o create an embryo solely for
research purposes is prohibited in any project involving
federal funds. The Presidents request—together with
new developments concerning human ES and EG cell
research using embryos remaining alter infertility treat-
ments or fetal tissue following elective abortion—
requires that we reconsider the appropriateness of using
these sources of cells for research purposes.

In this respect i is important to note that research on
human embryos, or the creation of human embryos for
research purposes, is not only legal in the United States
but proceeds without any public oversight as long as
1) federal funds are not involved, 2) Food and Drug
Administration regulations do not apply, and 3) the laws
ol the state in which the research is to be conducted do
not forbid such activity. Consequently, most of the
public controversy surrounding such activities in the
United States has focused on whether it is appropriate for
the federal government to sponsor such research when it
has significant scientific merit and substantive clinical
promise. This question is also the focus of this report.

Framework for This Report

As noted above, President Clinton directed the
Commission to conduct a thorough review of the issues
associated with human stem cell research balancing all
ethical and medical considerations. This approach—
balancing or weighing difficult issues—often is used in
public policy discussions and has much to recommend
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it, particularly when such balancing involves a serious
consideration of different moral points of view, the state
of scientific and medical developments, and other fac-
tors. As discussed more fully in Chapter 4, some of the
issues associated with research on human stem cells—the
moral status of the human embryo, for example—are
especially sensitive and do not lend themselves easily to
balancing. We did not, for example, deem the views of
those who consider the fetus to have the moral status of
a human person from the moment of conception to be of
less (or more) moral weight than the views of those who
consider the fetus to lack this moral status. Similarly, we
did not come to our conclusions simply by balancing
potential medical benefits against the potential harms,
because the possibility of social benefits, by itself, is not
a sufficient reason for federal support of such controver-
sial research, particularly given the interest in stem cell
research in the private sector. Nor did we approach this
issue based simply upon an interpretation of the existing
legal environment. Instead, we combined, as thought-
fully as we could, a number of different perspectives on
and approaches to this topic.

Through ongoing discussion and dialogue—
informed by scientists, philosophers, legal and religious
scholars, members of the public, and others—we devel-
oped our moral perspectives on the appropriateness of
federal sponsorship of stem cell research involving the
derivation and/or use of ES and EG cells, principally
focusing on the ethical and scientific issues. We consid-
ered the sources of human EG and ES cells and the
relevant moral differences that should be evaluated in
determining the acceptability of federal funding for the
derivation and/or use of cells from each of these sources.
In this regard, we were assisted by a number of commis-
sioned papers each of which addressed different aspects
of the problem.” We also benefited from the input of a
group of religious scholars from diverse faith traditions
whose views within and across traditions reflected the
diversity found within the public as a whole. We then
considered some associated ethical issues including
voluntary informed consent, the just distribution of
potential benefits from stem cell research, and the com-
modification and sale of the body and its parts. Finally,
we considered how and to what extent a mechanism of

national oversight and review would provide the neces-
sary assurance that research, conducted responsibly and
with accountability, could go forward while protecting
and honoring a number of deeply held values. These
shared values include

B securing the safety and efficacy of clinical and/or
scientific procedures, especially when fundamental
ethical and social issues are involved,

B respecting human life at all stages of development,
and

B ensuring the responsible pursuit of medical and
scientific knowledge.

Although this report primarily addresses the ethical
issues associated with the use of federal funds for
research to derive and use ES and EG cells, we recognize
that considerable work in both of these areas will be con-
ducted under private sponsorship. Thus, our recommen-
dations also may have implications for those working in
the private sector.

Definitions Used in This Report

We recognize the need to define clearly the terms that are
central to an understanding of this report. Because cer-
tain terms, such as embryo and totipotent, are not always
used consistently, it is important to explain how the
Commission uses this terminology.

[t is most important that the reader understand how
the term embryo is used. The Canadian Royal
Commission on New Reproductive Technologies eluci-
dated the confusion surrounding the term well in its
1993 report entitled Proceed with Care: Final Report of the
Royal Commission on New Reproductive Technologies:

...In the language of biologists, before implantation
the fertilized egg is termed a ‘zygote’ rather than an
‘embryo.” The term ‘embryo’ refers to the developing
entity after implantation in the uterus until about
eight weeks after fertilisation. At the beginning of the
ninth week after fertilisation, it is referred to as a
‘fetus,” the term used until time of birth. The terms
embryo donation, embryo transfer, and embryo
research are therefore inaccurate, since these all occur
with zygotes, not embryos. Nevertheless, because the
terms are still commonly used in the public debate,



we continue to refer to embryo research, embryo
donation, and embryo transfer (607).

For the sake of consistency and accuracy, when refer-
ring to the details of the developmental stages of an entity,
we use the following terminology: 1) the developing
organism is a zygote during the first week after fertiliza-
tion, 2) the organism is an embryo during the second
through eighth weeks of development, and 3) the organ-
ism is a fetus from the ninth week of development until
the time of birth. However, in other contexts, we will
continue to use the broad terms embryo research, embryo
donation, and embryo transfer 1o refer to zygotes, because
this is how the public commonly uses them.

Because there are several sources of human stem cells,
we decided that each type of stem cell should be named
in a way that clarifies its original source. Therefore, as
discussed earlier, cells derived from the inner cell mass of
a blastocyst—those cells within the conceptus that form
the embryo proper—are called ES cells, and cells that
are derived from primordial germ cells of embryos and
fetuses are called EG cells. In addition, cells derived
from teratocarcinomas—malignant embryonic tumors—
are called embryonal carcinoma cells, and stem cells found
in the adult organism are called adult stem (AS) cells.

Two other terms that require explanation—because
the scientific community disagrees about their meaning—
are totipotent and pluripotent. Some differentiate between
the two terms by defining totipotency as the ability Lo
develop into a complete organism and pluripotency as
the ability to develop into all of the various cell types of
an organism without the capability of developing into an
entire organism. Others define a totipotent cell as any cell
that has the potential to differentiate into all cells of a
developing organism, but that does not necessarily have
the ability to direct the complete development of an
entire organism. These scientists would then define a
pluripotent cell as any cell that has the ability to differ-
entiate into multiple (more than two) cell types. Rather
than engage in this debate, for the sake of clarity, we
decided to avoid using this terminology in this report,
unless it refers directly to specific work or to the state-
ments of others in which these words were included.
Instead, this report uses descriptions of the stage of
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development and the differentiation potential of cells to
make clear to the reader which types of cells are being
discussed.

Organization of This Report

This report comes at a time when the Commission has
completed deliberations regarding the use of human bio-
logical materials in research (1999). In that report, we
recognized that in research involving such materials as
DNA, hair, and skin biopsies, a number of significant eth-
ical issues must be addressed by Institutional Review
Boards, researchers, and others; these include issues of
privacy and confidentiality, potential discrimination,
and stigmatization. As important as these issues are—and
they must be handled satisfactorily in order for research
to proceed with appropriate protections for human sub-
jects—research on human stem cells, whether they are
obtained from fetal tissue following elective abortions
or from tissue obtained from embryos remaining after
infertility treatments, requires additional and perhaps
even deeper ethical reflection.

The Commission’s primary goal for this report was
the development of a set of recommendations that would
provide guidance on the appropriateness of permitting
the federal government to fund human ES and EG cell
research and on what sorts of constraints, if any, should
be placed on such support. This report first presents a
summary of some of the key scientific issues involved in
stem cell research (Chapter 2). To place our analysis in
context and to understand the implications of any new
recommendations regarding the oversight and regulation
of research using fetal tissue and embryos, Chapter 3
describes the historical and current status of law and
regulation governing the research use of these materials.
Chapter 4 explores the various ethical issues surrounding
the moral status of the embryo and cadaveric fetal tissue
and ethical concerns governing the acceptable use of
these materials in research. Finally, Chapter 5 offers our
conclusions and recommendations regarding federal
sponsorship of research and appropriate oversight
activities in these ethically controversial areas.
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Notes

1 For example, it has been generally recommended by most gov-
ernmental and professional bodies that have previously examined
this issue that research on the ex utero pre-implantation embryo
should not be conducted beyond the 14" day following fertiliza-
tion. At 14 days, the first stages of organized development begin,
leading over the next few days to the first appearance of differenti-
ated tissues of the body. The Commission concurs with this time
limit on research involving the ex utero human embryo.

2 The 1994 National Institutes of Health Human Embryo Research
Panel was asked to consider various areas of research involving the
ex utero pre-implantation human embryo and to provide areas that
1) are acceptable for federal funding, 2) warrant additional review,
and 3) are unacceptable for federal support. The panel did not
consider research involving in utero human embryos, or fetuses,
because guidelines for such research already exist in the form of
regulations.

3 See Appendix H for a list of the papers that were prepared for
the Commission. These papers are available in Volume II of this
report.
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Chapter Two
e

'Human Stem Cell Research

and the Potential for Clinical

Application

Introduction

he stem cell is a unique and essential cell type found

_ in animals. Many kinds of stem cells are found in
the human body, with some more differentiated—or
committed—to a particular function than others. In
other words, when stem cells divide, some of the progeny
mature into cells of a specific type (e.g., heart, muscle,
blood, or brain cells), while others remain stem cells,
ready to repair some of the everyday wear and tear
undergone by our bodies. These stem cells are capable of
continually reproducing themselves and serve to renew
tissue throughout an individuals life. For example, they
continually regenerate the lining of the gut, revitalize
skin, and produce a whole range of blood cells. Although
the term stem cell commonly is used (o refer to the cells
within the adult organism that renew tissue (e.g.,
hematopoietic stem cells, a type of cell found in the
blood), the most fundamental and extraordinary of the
stem cells are found in the early stage embryo (Van
Blerkom 1994). These embryonic stem (ES) cells, unlike
the more differentiated adult stem (AS) cells or other cell
types, retain the special ability to develop into nearly any
cell type. Embryonic germ (EG) cells, which originate from
the primordial reproductive cells of the developing letus,
have properties similar to ES cells.

Because stem cells are able to proliferate and renew
themselves over the lifetime of the organism-—while at
the same time retaining all of their multilineage
potential—scientists have long recognized that such cells
could be used to generate a large number of specialized
cells or tissue through amplification, a possibility that
could allow the generation of new cells that would treat
injury or disease.' In fact, if it were possible to control

the differentiation of human ES cells in culture, the
resulting cells could be used to repair damage caused by
such conditions as heart failure, diabetes, and certain
neurodegenerative diseases.

In late 1998, three separate reports brought to the
fore not only these scientific and clinical prospects but
also the controversies inherent in human stem cell
research. The first two reports, published by two inde-
pendent teams of scientists supported by private funds
from Geron Corporation, a biotechnology company
located in Menlo Park, California, describe the first suc-
cessful isolation and culture in the laboratory of human
ES and EG cells. One team, led by John Gearhart of
The Johns Hopkins University School of Medicine in
Baltimore, Maryland, derived human EG cells from pri-
mordial gonadal tissue, which was obtained from fetal
tissue following elective abortion (Shamblott et al. 1998).
The second team, led by James Thomson of the
University of Wisconsin, derived human ES cells from
the blastocyst stage of early embryos donated by couples
who had undergone infertility treatment (Thomson et al.
1998). The ES and EG cells derived by each of these
means appear to be similar in structure, function, and
potential, although additional research is needed in order
to verify this claim (Varmus 1998). Finally, an article in
the November 12, 1998, edition of the New York Times
described work funded by Advanced Cell Technology of
Worcester, Massachusetts. Although this work has not yet
been verified fully or published in a scientific journal, the
company claims that its scientists have caused human
somatic cells to revert to the primordial state by fusing
them with cow eggs to create a hybrid embryo. From this
hybrid embryo, a small clump of cells resembling human
ES cells appears to have been isolated (Wade 1998).



The methodologies used by these investigators for
deriving human ES and EG cells are based on techniques
that have been used in mice since the early 1980s and,
more recently, from nonhuman primates and other ani-
mals. The isolation and culturing of these cells, however,
for the first time open certain avenues of important
research and future clinical possibilities. At the most
basic level, the isolation of these cells allows scientists to
focus on how human ES and EG cells differentiate into
specific types of cells, with the goal of identifying the
genetic and environmental signals that direct their spe-
cialization into specific cell types. Such studies using
mouse stem cells are ongoing, but comparable studies
with human cells will be required in order to determine
whether the signals are the same. This research might, for
example, lead to the discovery of new ways to treat a
variety of conditions, including degenerative diseases,
birth defects, and cancer and would build on investiga-
tions conducted over the last decade, in which labora-
tory animals have been used to determine whether ES
cells can be used to re-establish tissue in an adult organ-
ism (Corn et al. 1991; Diukman and Golbus 1992: Hall
and Watt 1989; Hollands 1991). Through processes sci-
entists are only beginning to understand, these primitive
stem cells can be stimulated to specialize so that they
become precursors to different cell types, which then
may be used to replace tissues such as muscle, skin,
nerves, or liver. For example, in mid-1999, scientists
used mouse ES cells to successfully generate glial
(myelin-producing) cells that when transplanted into a
rat model of human myelin disease were able to effi-
ciently myelinate axons in the rat’s brain and spinal cord
(Brustle et al. 1999).

Stem Cell Types

Scientists often distinguish between different kinds of
stem cells depending upon their origin and their poten-
tial to differentiate. Cells derived from malignant embry-
onic tumors, or teratocarcinomas, are called embryonal
carcinoma (EC) cells; cells derived from the inner cell mass
of a blastocyst-stage embryo are ES cells, and cells that are
derived from precursors of germ cells from a fetus are
EG cells. In addition, stem cells can be found in the adult
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organism, for example, in bone marrow; they may possi-
bly also be found in skin and intestine. These AS cells
serve to replenish tissues in which cells often have
limited life spans, such as the skin, intestine, and blood.
Although interesting new data suggest that stem cells
found in the adult organism are not restricted to produc-
ing cells from the tissue in which they reside (Bjornson et
al. 1999), it is unlikely that these cells are capable of dif-
ferentiating into all cell types. In contrast, because
human ES and EG cells are believed to be capable of dif-
ferentiating into all cell types, they are likely to be of clin-
ical use in treating a variety of diseases, especially those
for which organ-specific stem cells are difficult to isolate
and/or use.

EG Cells

Primordial germ cells are the embryonic precursors of
the sperm and ova of the adult animal (Donovan 1998).
The establishment of the germline in the embryo involves
the separation of primordial germ cells from the somatic
cells, the proliferation of primordial germ cells, the
migration of these cells to the gonads, and finally their
differentiation into gametes (Donovan 1994). Primordial
germ cells are the only cells in the body that can give rise
to successive generations, while the somatic cells that
form the body of the animal lack this capability as soon
as they start to differentiate (Matsui 1998).

In culture, primordial germ cells can give rise to EG
cells that are capable of differentiating into cells of multi-
ple lineages (Donovan 1998). (See Figure 2-1.) Primordial
germ cells normally give rise to gametes, but sometimes
if the developmental process goes awry, they become EC
cells, the stem cells of benign teratomas and malignant
teratocarcinomas, which are tumors containing deriva-
tives of the three primary germ layers (Donovan 1998).

EG cells form embryoid bodies in culture, give rise to
teratomas when introduced into histocompatible ani-
mals, and form germline chimeras when introduced into
a host blastocyst (Donovan 1998). The derivation of EG
cells directly from primordial germ cells provides a
mechanism to study some aspects of primordial germ cell
development, such as imprinting and differentiation
(Donovan 1994). At the same time, it may be difficult to
obtain an adequate supply of appropriate fetal tissue to
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provide the relevant cell lines needed for both research
and clinical uses.

ES Cells

In mammalian embryonic development, cell division
gives rise to differentiated daughter cells that eventually
comprise the mature animal. As cells become committed
10 a particular lineage or cell type, a progressive decrease
in developmental potential presumably occurs. Early in
embryonic development (until about 16 cells), each cell
of the early cleavage-stage embryo has the developmen-
tal potential to contribute to any embryonic or extra
embryonic cell type (Winkel and Pedersen 1988).
However, by the blastocyst stage, the cells of the tro-
phectoderm are irreversibly committed to forming the
placenta and other trophectoderm lineages (Winkel and
Pedersen 1988). By six to seven days postfertilization, the
inner cell mass has divided to form two layers, which
then give rise to the embryo proper and to extra
embryonic tissues (Gardner 1982). (See Exhibit 2-A
and Figure 2-2 for a description of early human
embryonic development.)

Although the cells of the inner cell mass are precur-
sors to all adult tissues, they can proliferate and replace
themselves in the intact embryo only for a limited time

before they become committed to specific lineages
(Thomson and Marshall 1998). ES cells are derived from
cells of the inner cell mass. Once they are placed in the
appropriate culture conditions, these cells seem to be
capable of extensive, undifferentiated proliferation in
vitro and maintain the potential to contribute to all adult
cell types (Evans and Kaufman 1981; Martin 1981). (See
Figure 2-3.)

Even though these embryonic cells are stem cells,
they differ substantially from the stem cells found within
the fully developed, or adult, organism (see below). Most
important, ES cells are highly proliferative, both in the
embryo as well as in culture, while some stem cells of the
adult can be nearly quiescent and may be more difficult
to maintain and expand in culture (Van Blerkom 1994).
Therefore, it appears that if stem cells were someday to
be used for the treatment of disease, it might be advanta-
geous to use ES cells to treat certain disorders.

Sources of Human ES Cells

We have distinguished between three sources of
ES cells, which are derived from early embryos in cul-
ture: 1) embryos created by in vitro fertilization (IVF) for
infertility treatments that were not implanted because
they were no longer needed, 2) embryos created by IVF
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Exhibit 2-A: Early Development of the Human Embryo

In humans, fertilization (the union of an oocyte [egg] and sperm) occurs in the fallopian tubes and results in the
formation of the zygote. In the three to four days it takes for the zygote to travel down the fallopian tube to the uterus,
several cell divisions (cleavages) occur.

The first division occurs approximately 36 hours after fertilization, when the zygote begins to cleave into two cells
called blastomeres. At about 80 hours following fertilization, the two blastomeres divide again to form four blas-
tomeres. At three days postfertilization, the four blastomeres divide to form eight cells. Each blastomere becomes
smaller with each subsequent division. In this early stage of development, all of the blastomeres are of equal size.
These cells are unspecialized and have the capacity to differentiate into any of the cell types of the embryo as well
as into the essential membranes and tissue that will support the development of the embryo. Therefore, one or more
of the blastomeres can be removed without affecting the ability of the other blastomeres to develop into a fetus. In
fact, if an embryo separates in half during this early stage of development, identical twins—two genetically identical
individuals—will develop.

When the cell division reaches approximately 16 cells, the zygote is called a morula. The morula leaves the
fallopian tube and enters the uterine cavity three to four days following fertilization. After reaching the uterus,
the developing zygote usually remains in the uterine cavity an additional four to five days before it implants in the
endometrium (uterine wall), which means that implantation ordinarily occurs on the seventh or eighth day following
fertilization.

Cell division continues, creating a cavity known as a blastocele in the center of the morula. With the appearance
of the cavity in the center, the entire structure is now called a blastocyst. This first specialization event occurs just
before the zygote attaches to the uterus, approximately six to seven days after fertilization, when approximately 100
cells have developed. This specialization involves the formation of an outer layer of trophoblast cells, which will give
rise to part of the placenta, surrounding a group of about 20 to 30 inner cells (the inner cell mass) that remain
undifferentiated. At this stage, these cells no longer can give rise to all of the cells necessary to form an entire
organism and therefore are incapable of developing into an entire human being. In general, as cells further
differentiate, they lose the capacity to enter developmental pathways that were previously open to them.

As the blastocyst attaches to the uterus, the outer layer of cells secretes an enzyme, which erodes the epithelial
uterine lining and creates an implantation site for the blastocyst. Once implantation has taken place, the zygote
becomes an embryo. The trophoblast and underlying cells proliferate rapidly to form the placenta and the various
membranes that surround and nourish the developing embryonic cells.

In the week following implantation, the inner cells of the blastocyst divide rapidly to form the embryonic disc,
which will give rise to the three germ layers—the ectoderm, the mesoderm, and the endoderm. These three layers
will eventually develop into the embryo. By 14 days, the embryonic disc is approximately 0.5 mm in diameter and
consists of approximately 2,000 cells. It is at this time that the first stage of organized development, known as
gastrulation, is initiated, leading over the next few days to the first appearance of differentiated tissues of the
body, including primitive neural cells. Gastrulation is the process by which the bilaminar (two-layered) embryonic
disc is converted into a trilaminar (three-layered) embryonic disc, and its onset at day 14 in vivo is marked by the
appearance of the primitive streak, a region in which cells move from one layer to another in an organized way.

During the third week, the embryo grows to 2.3 mm long, and the precursors of most of the major organ systems
begin to form. At the beginning of the third month, the embryo becomes a fetus. During the third to ninth months,
the organ systems and tissues of the fetus continue to develop, until birth.

expressly for research purposes, and 3) embryos resulting
from somatic cell nuclear transfer (SCNT) or other
cloning techniques. SCNT technology has, in fact, opened
the door to a possible alternative approach to creating ES
cells. (See Figure 2-4.) If the nucleus is removed from an
immature egg (oocyte) and a mature diploid nucleus is
inserted, the resulting cell will divide and develop with

10

many characteristics of an embryo. In animal experiments
in which a SCNT-derived embryo is transferred to a
surrogate mother, a successful pregnancy may be estab-
lished. (This was the technique used to generate the now-
famous cloned sheep Dolly.) If, instead of being transferred
to a surrogate, the SCNT-derived embryo is kept in culture,
is allowed to divide, and is then dissociated, ES cells can
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Figure 2-2. Stages of Development of the Human Embryo and Fetus
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be derived. The potential advantage of using SCNT tech- The use of SCNT into an oocyte has been criticized as
nology to create ES cells is that a somatic cell from an an asexual or “unnatural” way of creating a human
individual can be used to create ES cells that are com- embryo. However, it is important to distinguish the tech-
pletely compatible with that individuals tissue type. If nique of SCNT from the type of cell that is created; in
cells or tissues are generated from these ES cells for trans- other words, SCNT techniques also might be used with
plant into a person, this tissue type compatibility may recipient cells other than oocytes. For example, ES cells with
avoid many of the problems associated with tissue graft matched tissue types for transplant might be generated
rejection that are currently encountered in the treatment by SCNT into an enucleated ES cell.” This possibility
of a variety of diseases. has not yet been explored, but it may be less morally
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Figure 2-4. Isolation and Culture of Human ES Cells from SCNT
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problematic to many citizens, because the cell created of the potential of these cells: Can they generate only the
would not be an embryo with the potential to continue cells of that organ or are they capable of dilferentiating
developing. into several types of cells when given the proper stimuli?

Stem Cells Found in the Postnatal The successful cloning of Dolly demonstrated that

. even somatic cells are capable of forming every cell of
and Adult Organism p gevery cell of an

o A organism after nuclear transfer into an oocyte (Wilmut et
In the adult mammal, cell division occurs in order to

maintain a constant number of terminally differentiated
cells in tissues in which cells have been lost due to injury,

al. 1997). Preliminary studies of stem cells obtained from
various systems of the adult organism suggest that in

_ : : some cases the reactivation of dormant genetic programs
disease, or natural cell death. Cells with a high turnover

rate are replaced through a highly regulated process of
proliferation, differentiation, and apoptosis (programmed
cell death) from relatively undifferentiated stem cells, or
precursor cells (Thomson and Marshall 1998). The best
known example of an AS cell is the hematopoietic stem

may not require nuclear transfer or experimental modifi-
cation of the genome. Although research in this area is
preliminary, this particular class of stem cells (i.e., AS
cells) might be able to differentiate along several cell
lineages in response to an appropriate pattern of

cell, which is found in bone marrow and which is stimulation.

responsible for the production of all types of blood cells Neural Stem Cells

(Iscove 1990). Other examples of stem cells include the For a number of years, scientists have recognized
skin epithelium and the epithelium of the small intestine that transplantation of fresh fetal neural tissue into the
(Hall and Watt 1989). In the human small intestine, {or diseased adult brain may be a promising therapy for
example, approximately 100 billion cells are shed and neurodegenerative disorders. This type of transplantation
must be replaced daily (Potten and Loeffler 1990). These recently has been shown to be effective in younger
tissues contain subpopulations of dividing stem cells that patients with Parkinson’s disease (Freed et al. 1999). This
generate replacements for the relatively short-lived, ter- technique has several disadvantages, however, such as
minally differentiated cells. Much of the debate in the the need to time the surgery according to the availability
stem cell field revolves around determining the breadth of large amounts of fresh fetal tissue, the need 1o quickly
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screen for infectious diseases, and the limited amount of
donor fetal tissue available (Bjorklund 1993; Cattaneo
and McKay 1991). By developing techniques to culture
and expand primary fetal neural cells before transplanta-
tion, some of the problems of using fresh tissue may be
eliminated. In addition, it might be possible to direct cul-
tured cells to develop along certain lineages or to express
specific genes before they are transplanted, so that, for
example, dopamine-producing cells could be selectively
grown to treat Parkinson’s disease (Cattaneo and McKay
1991; Snyder 1994).

Indeed, it has already been demonstrated that neural
stem cells are capable of gene (Snyder, Taylor, and Wolfe
1995) and cellular (Rosario et al. 1997; Snyder et al.
1997; Yandava, Billinghurst, and Snyder 1999) replace-
ment in models of neural disease. In many of these exper-
iments, one stable clone of mouse neural stem cells could
be used from individual to individual, strain to strain,
and disease to disease, regardless of recipient age within
the species, without immunorejection or the need for
immunosuppression. This suggests that unique immune
qualities may exist within stem cells that might allow
them to be universal donors. Moreover, the possibility
exists that many of the instructive cues for differentiation
actually might originate from interaction with damaged
central nervous system tissue itself.

The embryonic nervous system arises from the
ectoderm. The first cell type to differentiate from the
uncommitted precursor cells is the neuron, followed by
the oligodendrocyte, and then the astrocyte (Frederiksen
and McKay 1988). Recently, Angelo Vescovi, a neurobiol-
ogist at the National Neurological Institute Carlo Besta in
Milan, ltaly, and his colleagues reported that neural stem
cells, which give rise to the three main types of brain
cells, also can become blood cells when transplanted
into mice in which the blood-forming tissue—the bone
marrow—has been mostly destroyed (Bjornson et al.
1999). Although the study did not explain what caused
the neural cells to turn into blood cells, the investigators
speculate that the neural cells might be responding to the
same signals that normally stimulate the few remaining
blood stem cells to reproduce and mature after irradia-
tion destroys most of the bone marrow (Strauss 1999).
Although this research is preliminary and has not yet
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been conducted using human cells, it raises the possibil-
ity of using neural stem cell transplants to treat human
blood cell disorders such as aplastic anemia and severe
combined immunodeficiency. This is an appealing
prospect, because bone marrow stem cells do not replen-
ish themselves well in laboratory cultures. The problem
of access to such cells in humans remains, as they must
be obtained from the brain—an invasive and risky pro-
cedure. This research also opens up the possibility that
other apparently restricted AS cells may retain the ability
to differentiate into several different types of cells if
exposed to a conducive external environment. It is clear
that further research is required in this area.

Mesenchymal Stem Cells

Human mesenchymal stem cells, which are present in
adult bone marrow, can replicate as undifferentiated cells
and have the potential to differentiate into lineages of
mesenchymal tissues, including bone, cartilage, fat, ten-
don, muscle, and marrow stroma (Pittenger et al. 1999).
In a recent experiment, cells that have the characteristics
of human mesenchymal stem cells were isolated from
marrow aspirates of volunteer donors. Individual stem
cells were identified that, when expanded to colonies,
retained their multilineage potential. These results
demonstrate that isolated expanded human mesenchy-
mal stem cells in culture will differentiate, in a controlled
manner, to multiple but limited lineages. One might
speculate that these particular AS cells could be induced
to differentiate exclusively into the adipocytic, chondro-
cytic, or osteocytic lineages, which then might be used to
treat various bone diseases.

The specific environmental cues needed to initiate the
proliferation and differentiation of these cells are not
understood (Pittenger et al. 1999). The ability to isolate,
expand, and direct the differentiation of such cells in
culture to particular lineages, however, offers the oppor-
tunity to study events associated with cell commitment
and differentiation. The human mesenchymal stem cells
isolated by Pittenger and colleagues appear to have the
ability to proliferate extensively and to maintain the abil-
ity to differentiate into certain cell types in culture. Their
cultivation and selective differentiation should provide
further information about this important progenitor of



multiple tissue types and the potential of new therapeu-
tic approaches for the restoration of damaged or diseased
tissue (Pittenger et al. 1999).

Animal Models

ES cells were first derived from mouse embryos, and the
mouse has become the principal model for the study of
these cells (Evans and Kaufman 1981; Martin 1981). If
mouse ES cells are injected into the developing blasto-
cyst, they have the ability to contribute to all three germ
layers of the mouse, including the germline, to form a
chimeric animal. This is one of the unique properties of
the mouse ES cell. More recently, cells with some prop-
erties of ES cells have been derived from cows, pigs, rats,
sheep, hamsters, rabbits, and primates (Pedersen 1994).
(See Table 2-1.) However, only in cows, pigs, and rats
did these ES cells contribute to a chimeric animal, and in
none of these cases was there contribution to the
germline by ES cells, one of the most stringent criteria for
defining ES cells.

Mouse ES Cells

ES cells were first isolated from mouse blastocysts in
1981 (Evans and Kaulman 1981; Martin 1981). These
blastocysts were placed in culture and allowed to attach
to the culture dish so that trophoblast cells spread out,
while the undifferentiated inner cells (the inner cell mass)
continued to grow as a tight but disorganized cluster.
Before the inner cell mass developed into the equivalent
of the embryonic disc, it was drawn up into a fine
pipette, dissociated into single cells, and dispersed into
another dish with a rich culture medium. Under these
circumstances, the dissociated cells continued to grow
rapidly for an extended period.

Mouse ES cells cannot become organized into an
embryo by themselves or implant into the uterus if
placed there. However, if the cells are injected back into
a new blastocyst, they can intermingle with the host
inner cell mass to make a chimera and participate in nor-
mal development, eventually contributing to all of the
tissues of the adult mouse, including nerve, blood, skin,
bone, and germ cells (Robertson and Bradley 1986). This
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Table 2-1. Stem Cells Isolated from

Mammals

Species

References

Mouse

Evans and Kaufman 1981
Martin 1981

Rat

lannaccone et al. 1994

Hamster

Doetschman, Williams, and
Maeda 1988

Mink

Sukoyan et al. 1992
Sukoyan et al. 1993

Rabbit

Moreadith and Graves 1992
Giles et al. 1993
Graves and Moreadith 1993

Sheep

Handyside et al. 1987

Piedrahita, Anderson, and
Bondurant 1990

Notarianni et al. 1991

Pig

Piedrahita et al. 1988

Evans et al. 1990

Notarianni et al. 1990

Piedrahita et al. 1990

Hochereau-de Reiviers and
Perreau 1993

Talbot et al. 1993

Wheeler 1994

Shim et al. 1997

Cow

Evans et al. 1990

Saito, Strelchenko, and
Niemann 1992

Strelchenko and Stice 1994

Cibelli et al. 1998

Common Marmoset

Thomson et al. 1996

Rhesus Monkey

Thomson et al. 1995

Human

Bongso et al. 1994
Shamblott et al. 1998
Thomson et al. 1998




indicates that mouse ES cells have not lost the capacity to
give rise to specialized tissues, but they will not do so
unless placed in a conducive environment.

The ability of mouse ES cells to enter the germline in
chimeras allows the introduction of specific genetic
changes into the mouse genome and offers a direct
approach to understanding gene function in the intact
animal (Rossant, Bernelot-Moens, and Nagy 1993).
Using the technique of homologous recombination in
which a gene is either modified or disabled (“knocked
out”), mouse ES cells that contain specific gene alter-
ations may be derived. These genetically altered cells can
then be used to form chimeras with normal embryos,
subsequently generating a mouse lacking one specific
gene or containing an extra or altered gene.

Mouse ES cells also have been extremely useful as
models of the early differentiation events that occur dur-
ing the development of mammalian embryos (Pedersen
1994), as shown in the following examples:

B When mouse ES cells were allowed to differentiate in
culture, beating heart cells formed spontaneously,
providing a model for cardiac-specific gene expres-
sion and the development of cardiac muscle and
blood vessels (Chen and Kosco 1993; Doetschman et
al. 1993; Miller-Hance et al. 1993; Muthuchamy et al.
1993: Robbins et al. 1990; Wobus, Wallukat, and
Heschler 1991).

B Blood formation will occur spontaneously in ES cell-
derived embryoid bodies and can be augmented by
modifying the culture conditions (Snodgrass,
Schmitt, and Bruyns 1992). Therefore, hematopoietic
stem cells have been studied extensively in an effort
to determine the conditions for differentiation, sur-
vival, and proliferation of blood cells.

B Several studies have highlighted the importance of
growth and differentiation factors in the regulation of
mammalian development. For example, the mainte-
nance of mouse ES cells in an undifferentiated state
was found to require the presence of leukemia
inhibitory factor, a differentiation-inhibiting factor
(Fry 1992). Other studies have found several growth
and differentiation factors to be important in ES cell
development and differentiation, including activins,
colony-stimulating factor, erythropoietin, basic
fibroblast growth factor, insulin-like growth factor 2,
interleukins, parathryoid hormone-related peptide,
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platelet-derived growth factor, steel factor, and trans-
forming growth factor B (Pedersen 1994).

B In midgestation embryos and the adult mouse, only
one parental allele of imprinted genes is expressed.
However, studies have suggested that there is
limited relaxation of imprinting in ES cells so that
both maternal and paternal alleles are expressed
(Pedersen 1994).

By understanding the mechanisms responsible for
growth and differentiation in embryonic development, it
may then be possible to attempt to regulate the differen-
tiation of ES cells along specific pathways. The knowl-
edge gained from these types of studies could someday
lead to the effective treatment of certain important
human diseases.

Historically, because of its well-defined genetics, short
gestational time, ease of cultivation, and large litters, the
mouse has been one of the primary models for the study
of mammalian embryonic development. However, there
are several diflferences between early mouse development
and early human development, including

B the timing of embryonic genome expression (Braude,
Bolton, and Moore 1988),

B the formation, structure, and function of the [etal
membranes and placenta (Benirschke and Kaufmann
1990: Luckett 1975, 1978), and

B the formation of an egg cylinder (mouse) as opposed
to an embryonic disc (human) (Kaufmann 1992;
O'Rahilly 1987).

Thus, other animal models as well as new models that
would allow the direct study of human embryonic devel-
opment are crucial in order to comprehend early human
development and to understand the growth requirements
of human stem cells of specific lineages.

Bovine ES Cells

The first bovine ES-like cells were reported by Saito,
Strelchenko, and Niemann in 1992. More recently, trans-
genic bovine ES-like cells were derived by using nuclear
transfer of fetal fibroblasts to enucleated bovine oocytes
(Cibelli et al. 1998). This technique involved introducing
a marker gene into bovine fibroblasts from a 55-day-old
fetus and then fusing the transgenic fibroblasts to
enucleated oocytes to produce blastocyst-stage nuclear



transplant embryos (Cibelli et al. 1998). ES-like cells
then were derived from these embryos and were used
to create chimeric embryos. When reintroduced into
pre-implantation embryos, these transgenic ES-like cells
differentiated into derivatives from the three EG lay-
ers—ectoderm, mesoderm, and endoderm (Cibelli et al.
1998). Bovine ES cells would be useful in agricultural
production of transgenic cows and also may have the
potential for generating tissues and organs for use in
cross-species transplantation (xenotransplantation) in
order to treat human diseases.

Primate ES Cells

Primate ES-like cells have been derived from both the
rhesus monkey (Thomson et al. 1995) and the common
marmoset (Thomson et al. 1996). When allowed to grow,
both marmoset and rhesus ES cells spontaneously differ-
entiate into more complex structures, including cardiac
muscle, neurons, endoderm, trophoblast, and numerous
unidentified cell types (Thomson and Marshall 1998).

Essential characteristics of these primate ES-like cells
include 1) derivation from the pre-implantation or peri-
implantation embryo, 2) prolonged undifferentiated pro-
liferation, and 3) stable developmental potential to form
derivatives of all three EG layers even after prolonged
maintenance in culture (Thomson and Marshall 1998).
In addition, although mouse ES cells rarely contribute to
trophoblast in chimeras (Beddington and Robertson
1989), primate ES cells differentiate into all three germ
layers and trophoblast-like cells (Thomson and Marshall
1998). Furthermore, some primate ES cell lines have
maintained a normal karyotype through undifferentiated
culture for at least two years, sustained a stable develop-
mental potential throughout this culture period, and
maintained the potential to form trophoblast in vitro
(Thomson et al. 1995, 1996).

Although there is some variation between species,
nonhuman primate ES cell lines appear to provide a
useful in vitro model for understanding the differentiation
of human tissues (Thomson and Marshall 1998). and
primate ES cells provide a powerful model for under-
standing human development and disease. Furthermore,
because of the similarities between human and primate
ES cells, primate ES cells provide a model for developing
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strategies to prevent immune rejection of transplanted
cells and for demonstrating the safety and efficacy of ES
cell-based therapies (Thomson et al. 1995).

Human Models

Human ES Cell Lines Derived from Blastocysts

The first successful isolation of cells from the human
inner cell mass of blastocysts and their culture in vitro for
at least two series of cell divisions was reported by
Bongso and colleagues in 1994. Starting with 21 spare
embryos donated by nine patients in an IVF program,’
this group isolated cells with typical stem cell character-
istics from 17 five-day-old blastocysts (approximately
100 cells) (Bongso et al. 1994). These cells were like ES
cells. They were small and round with high nuclear to
cytoplasmic ratios, they stained positively for alkaline
phosphatase (a biochemical marker for stem cells), and
they maintained a normal diploid karyotype. However,
after the second subculture, the cells differentiated into
fibroblasts or died (Bongso et al. 1994).

In later work, Thomson and his colleagues were able
to isolate human ES-like cell lines and grow them con-
tinuously in culture for at least five to six months.
Although these cells have not passed the most stringent
test—as have mouse ES cells—to determine whether
they can contribute to the germline, we will continue to
use the term ES cell throughout this report because both
scientists and nonscientists alike have widely applied this
term to refer to these cells. This renewable tissue culture
source of human cells—capable of differentiating into a
wide variety of cell types—is believed to have broad
applications in basic research and transplantation therapies
(Gearhart 1998).

In Thomsons work, human ES cells were isolated
from embryos that were originally produced by IVF
for clinical reproductive purposes. (See Exhibit 2-B.)
Individuals donated the embryos, following an informed
consent process. The consent forms and the entire
research protocol were reviewed and approved by an
appropriately constituted Institutional Review Board
(IRB) (Thomson et al. 1998). Thirty-six embryos were
cultured for approximately five days. The inner cell mass
was isolated from 14 of the 20 blastocysts that developed,
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Exhibit 2-B: In Vitro Fertilization (IVF)

The procedure of IVF today is widely available in many countries throughout the world, including the United
States. Originally developed for the treatment of infertility due to blocked fallopian tubes, IVF has been extended
to assist patients with premature depletion of oocytes, recurrent failure of embryos to implant, and low produc-
tion of functional sperm. More recently, the technique has been used in conjunction with pre-implantation genet-
ic diagnosis to enable fertile couples at risk for transmitting severe or fatal inherited diseases to have healthy
children.

Although details of the IVF procedures vary from center to center, the basic approach is to treat oocyte donors
over several days with a regimen of hormones designed to stimulate the final maturation of several follicles
within the ovary. This is known as hyperstimulation, a procedure that carries the risk of an adverse reaction of
less than 1 percent. Following completion of the hormone treatment, mature follicles are detected by sonography
and an average of ten are collected by transvaginal aspiration while the patient is sedated. The oocytes are then
fertilized by sperm collected from a male donor and cultured in sterile fluid for about two days. When the zygote
has reached the four- to eight-cell stage, between three and six zygotes are transferred to the uterus, and the
untransferred embryos, if they are developing normally, are usually frozen. Nonviable embryos are discarded.
(See also Figure 2-5.) More recently, IVF specialists have begun culturing embryos to the blastocyst stage before
transfer to the uterus.

The efficiency of the IVF procedure is relatively low, with approximately 20 percent of fertilized eggs resulting
in successful pregnancies, depending on factors such as age of the recipient and the reason for infertility. in
comparison, approximately 30 percent of normally conceived human embryos result in successful pregnancies.
Embryos that are not transferred can be cryopreserved and stored indefinitely.

Sources:

National Institutes of Health (NIH). Human Embryo Research Panel. 1994. Report of the Human Embryo Research Panel. 2 vols.
Bethesda, MD: NIH.

New York State Task Force on Life and the Law. 1998. Assisted Reproductive Technologies: Analysis and Recommendations for Public Policy.
New York: New York State Task Force on Life and the Law.

and five ES cell lines, originating from five separate
embryos, were derived (Thomson et al. 1998). The tech-
nique used to derive these human ES cells is essentially
the same as that used to isolate nonhuman primate ES
cell lines (Thomson et al. 1995).

The resulting human ES cell lines had normal kary-
otypes (two male and three female) and were grown in
culture continuously for at least five to six months
(Thomson et al. 1998). In addition, the cell lines
expressed cell surface markers that also are found on
nonhuman primate ES cells (Thomson et al. 1998). Most
important, the cell lines maintained the potential to form
derivatives of all three EG layers—endoderm, mesoderm,
and ectoderm (Thomson et al. 1998).

Many believe that research using human ES cells
might offer insights into developmental events that can-
not be studied directly in the intact human embryo but
that have important consequences in clinical areas such
as birth defects, infertility, and miscarriage. Some specu-

17

late that the origins of many human diseases (e.g., juvenile-
onset diabetes) are due to events that occur early in
embryonic development. Such cells also will be particu-
larly valuable for the study of the development and func-
tion of tissues that differ between mice and humans.
These cells allow for studies that focus on the differenti-
ation of cells into specific tissues and the factors that
bring about differentiation, so that cells can be manipu-
lated to generate specific cell types for therapeutic trans-
plantation. Moreover, it may be possible to identify gene
targets for new drugs, to manipulate genes that could be
used for tissue regeneration therapies, and to understand
the teratogenic or toxic effects of certain compounds
(Thomson et al. 1998).

Human EG Cells from Fetal Primordial
Germ Cells

Primordial germ cells also can give rise to cells with
characteristics of ES cells, and, as discussed previously,
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_

Figure 2-5. 1996 Assisted Reproductive Technology (ART) Success Rates®

64,036
ART cycles®

7,044 (11%) 17,290 (27%) of ART
of ART cycles cycles resulted in
were canceled® pregnancies

2,766 (16%) of 14,524 (84%) of
pregnancies resulted pregnancies resulted
in adverse outcomes* in live births®

9,005 (62%) of live 5,519 (38%) of live
births resulted in births resulted in
single births multiple births

993 (18%) of 4,526 (82%) of
multiple births were multiple births
triplets or greater were twins

ASource: Centers for Disease Control and Prevention (CDC), American Society for Reproductive Medicine, Society for Assisted
Reproductive Technology, and RESOLVE. 1998. 1996 Assisted Reproductive Technology Success Rates, National Summary and
Fertility Clinic Reports. Atlanta, GA: CDC.

b Data are from 300 U.S. fertility clinics that provided and verified information about the outcomes of all ART cycles started in
their clinics in 1996.

“Fresh, nondonor cycles were canceled, most commonly because 100 few (egg) follicles developed. Illness unrelated to the
ART procedure also may lead to cancelation. In general, cycles are canceled when chances of success are poor or risks are
unacceptably high.

d Adverse outcomes included spontaneous abortion (83%), induced abortion (10%), stillbirth (4%), and ectopic pregnancy (3%).

€A total of 20,659 babies were born as a result of the 64,036 ART cycles carried out in 1996,
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have been designated as EG cells in order to distinguish
their tissue of origin (Gearhart 1998). A 1998 report from
John D. Gearhart and his colleagues describes the estab-
lishment of human EG cell lines from human primordial
germ cells (Shamblott et al. 1998). Using an IRB-
approved protocol, the human EG cells were isolated
from the developing gonads of five- to nine-week-old
embryos and fetuses that were obtained following elec-
tive abortion (Shamblott et al. 1998). These human EG
cell lines have morphological, immunohistochemical,
and karyotypic features consistent with those of previ-
ously described ES cells and have a demonstrated ability
to differentiate in vitro into derivatives of the three germ
layers (Shamblott et al. 1998).

Fusion of Human Somatic Cells with Cow Eggs
to Create Hybrid Embryonic Cells

Advanced Cell Technology of Worcester, Massachusetts,
announced in November 1998 that its scientists had
made human somatic cells revert to the primordial state
by fusing them with cow eggs to create a hybrid embryo
(Wade 1998). This work with human cells was per-
formed in 1996 by Jose Cibelli. Using 52 of his own
cells—some of them white blood cells and others scraped
from the inside of his cheek—Cibelli used a pulse of elec-
tricity to [use each cell with a cow egg from which the
nucleus containing the DNA had been removed." Out of
these 52 attempts, only one embryo, derived from a
cheek epithelial cell, developed into a blastocyst.
Approximately 12 days after the fusion of cheek cell and
cow egg, sullicient cells existed to allow harvesting of the
inner cell mass to produce cells resembling human ES
cells. The researchers observed that the hybrid cell quickly
became more human-like as the human nucleus took
control and displaced bovine proteins with human pro-
teins. However, it is difficult to judge the validity of this
work and the nature of the “embryo-like” material pro-
duced because the work is extremely preliminary and has
not been submitted for peer review or for publication in
a scientific journal.

The stated purpose of these experiments was to cre-
ale an embryo solely for the purpose of establishing an
ES cell line that might be used to treat any disease caused
by the loss or malfunction of cells, such as Parkinson’s
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disease, diabetes, and heart disease. The researchers
emphasized that they had no intention of transferring the
resulting hybrid embryos to a uterus, as they considered
this to be both unethical and unsafe (Wade 1998).

Growth and Derivation of ES Cells

Human ES cells are different from many adult cells
because they have the ability 1o divide extensively in cul-
ture. Although this property has been interpreted by
nonscientists as an indication that investigators simply
can use existing human ES and EG cell lines (which can
be extensively reproduced for a limited time) to study
their properties, this is not the case and is a reflection of
a misunderstanding of the science that is involved.
Evidence [rom mouse ES cell research suggests that it is
essential to derive new ES cell lines repeatedly in order to
further our understanding ol how to differentiate these
cells and grow them extensively in culture.

There are several reasons why it is necessary to
repeatedly derive new ES cell lines. First, the properties
of ES cells differ depending on the methods used to
derive them.” Cells derived under some conditions may
be limited in their potential to differentiate into a partic-
ular tissue type. Second, ES cells are not stable cell types
that can simply be mass produced and supplied to an
unlimited number of researchers. As these cells grow in
culture they accumulate irreversible changes, and the
conditions used to grow them can influence the speed at
which these changes accumulate. Typically, researchers
look only at the ability of ES cells to contribute to some
tissues. In one study, however, the ability of ES cells to
generate dll tissue in a mouse was tested (Nagy et al.
1993). This research has shown dramatically that existing
cell lines commonly in use by many researchers have lost
the ability to generate all mouse tissues and thus to com-
pletely generate live mice. When new ES cells were
derived and grown for only a short time in culture, they
did allow all tissues to be generated. However, after about
14 doublings in culture, even these cells lost their ability
to contribute to all tissues. The researchers conclude. ..
“[P]rolonged passage in culture reduces the potential of
the ES cell population as a whole. The proportion of
cells that retain full potential diminishes with extended



passage” (Nagy et al. 1993). Exactly what changes occur
during culture are not yet clear. The chromosome com-
plement remains normal, indicating that this criterion,
although frequently used to characterize ES cells, is not a
very stringent assay. It could be an accumulation of muta-
tions, changes in gene expression, or epigenetic changes
(Nagy et al. 1993). Thus, if one scientist were to obtain
cells from a colleague’s laboratory, the properties of the
cells would depend greatly on the history of how those
cells were grown. For this reason, many people who
work with mouse ES cells re-derive the cells periodically
to be sure the cells have the potential to differentiate into
or contribute to many different tissues.

Finally, perhaps the most important reason for deriv-
ing new ES cell lines rather than simply working with
existing cell lines is that a tremendous amount remains to
be learned during the process of derivation itsell. It took
many laboratories more than ten years to ascertain
appropriate conditions for the derivation and growth of
mouse ES cells. Research on the growth and derivation of
ES cells from other mammalian species is only in its early
stages. In fact, only mouse ES cells have the property of
contributing to the germline cell lineage—the most strin-
gent criterion for ES cells. Thus, cells from other species
are referred to as ES-like cells (Pedersen 1994). Further
basic research into the proper conditions to maintain
ES cells from many species is ongoing in an attempt to
understand the factors necessary to generate stable ES
cells. Given that only two successes have been reported
on the derivation of human ES and EG cells, it is likely
that significant basic research into the appropriate condi-
tions to generate stable stem cells will be needed.

Potential Medical Applications of
Human ES Cell and EG Cell Research

Although research into the use of ES and EG cells is still
at an early stage, researchers hope to make a contribution
to disease treatment in a variety of areas. The ability to
elucidate the mechanisms that control cell differentiation
is, at the most elemental level, the promise of human ES
and EG cell research. This knowledge will facilitate the
efficient, directed differentiation of stem cells to specific
cell types. The standardized production of large, purified
populations of human cells such as cardiomyocytes and
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neurons, for example, could provide a substantial source
of cells for drug discovery and transplantation therapies
(Thomson et al. 1998). Many diseases, such as
Parkinson’s disease and juvenile-onset diabetes mellitus,
result from the death or dysfunction of just one or a few
cell types, and the replacement of those cells could offer
effective treatment and even cures.

Substantial advances in basic cell and developmental
biology are required before it will be possible to direct
human ES cells to lineages of human clinical importance.
However, progress has already been made in the differ-
entiation of mouse ES cells to neurons, hematopoietic
cells, and cardiac muscle (Brustle et al. 1997; Deacon et
al. 1998; Shamblott et al. 1998). Human ES and EG cells
could be put to use in targeting neurodegenerative dis-
orders, diabetes, spinal cord injury, and hematopoietic
repopulation, the current treatments for which are either
incomplete or create additional complications for those
who suffer from them.

Use of Human ES Cells and EG Cells in
Transplantation

One of the major causes of organ transplantation and
graft failure is immune rejection, and a likely application
of human ES and EG cell research is in the area of trans-
plantation. Although much research remains to be done,
ES cells derived through SCNT offer the possibility that
therapies could be developed from a patients own cells.
In other words, a patient’s somatic cells could be fused
with an enucleated oocyte and developed to the blastocyst
stage, at which point ES cells could be derived for the
development of cell-based therapy. This essentially is an
autologous transfer. Thus, issues of tissue rejection due to
the recognition of foreign proteins by the immune system
are avoided entirely. In addition, research 1o establish
xenotransplantation (i.e., interspecies transplantation) as
a safe and effective alternative to human organ transplan-
tation is still in its infancy. Alternately, other techniques
that would be immunologically compatible for trans-
plantation purposes could be used to generate stem cells,
such as

1) banking of multiple cell lines representing a spectrum
of major histocompatibility complex (MHC) alleles to
serve as a source for MHC matching, and/or



2) creating universal donor lines, in which the MHC
genes could be genetically altered so rejection would
not occur, an approach that has been tried in the
mouse with moderate success (NIAID 1999).

Autologous transplants would obviate the need for
immunosuppressive agents in transplantation as it
would decrease a central danger to transplant patients—
susceptibility to other diseases. Autologous transplants
might address problems ranging from the supply of
donor organs to the difficulty of finding matches
between donors and recipients. Research on ES cells
could lead to cures for diseases that require treatment
through transplantation, including autoimmune dis-
eases such as multiple sclerosis, rheumatoid arthritis,
and systemic lupus erythematosus. These cells also
might hold promise for treating type-I diabetes (Melton
1999; Varmus 1998), which would involve the trans-
plantation of pancreatic islet cells or beta cells produced
from autologous ES cells. These cells would enter the
pancreas and provide normal insulin production by
replacing the failing resident islet cells.

Studies of Human Reproduction and
Developmental Biology

Research using human ES and EG cells could offer
insights into developmental events that cannot be stud-
ied directly in the intact human embryo but that have
important consequences in clinical areas, including birth
defects, infertility, and pregnancy loss (Thomson et al.
1998). ES and EG cells provide large quantities of homo-
geneous material that can be used for biochemical analy-
sis of the patterns of gene expression and the molecular
mechanisms of embryonic differentiation.

Cancer Therapy

Human ES and EG cells may be used to reduce the
tissue toxicity brought on by cancer therapy (NCI 1999).
Already, bone marrow stem cells, representing a more
committed stem cell, are used to treat patients after high-
dose chemotherapy. However, the recovered blood cells
appear limited in their ability to recognize abnormal
cells, such as cancer cells. It is possible that injections of
ES and EG cells would revive the complete immune
response to patients undergoing bone marrow transplan-
tation. Current approaches aimed at manipulating the
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immune system after high-dose chemotherapy so that
it recognizes cancer cells specifically have not yet been
successful.

Diseases of the Nervous System

Some believe that in no other area of medicine are the
potential benefits of ES and EG cell research greater than
in diseases of the nervous system (Gearhart 1998;
Varmus 1998). The most obvious reason is that so many
of these diseases result from the loss of nerve cells, and
mature nerve cells cannot divide to replace those that are
lost. For example, in Parkinson’s disease, nerve cells that
make the chemical dopamine die; in Alzheimers disease,
it is the cells that make acetylcholine that die; in
Huntington’s disease the cells that make gamma
aminobutyric acid die; in multiple sclerosis, cells that
make myelin die; and in amyotrophic lateral sclerosis, the
motor nerve cells that activate muscles die. In stroke, brain
trauma, spinal cord injury, and cerebral palsy and mental
retardation, numerous types of cells are lost with no built-
in mechanism for replacing them.

Preliminary results from fetal tissue transplantation
trials for Parkinson’s disease suggest that supplying new
cells to a structure as intricate as the brain can slow or
stop disease progression (Freed et al. 1999). Yet the diffi-
culty of obtaining enough cells of the right type—that is,
dopamine-producing nerve cells—limits the application
of this therapy. In 1999, scientists developed methods in
animal models to isolate dopamine precursor cells from
the dopamine-producing region of the brain and coax
them to proliferate for several generations in cell culture.
When these cells were implanted into the brains of
rodents with experimental Parkinson’s disease, the ani-
mals showed improvements in their movement control
(NINDS 1999). Scientists also have learned to instruct a
stem cell from even a nondopamine region to make
dopamine (Wagner et al. 1999). A large supply of
“dopamine-competent” stem cells, such as ES cell lines,
could remove the barrier of limited amounts of tissue.
(See Exhibit 2-C.)

Another recent development eventually may provide
treatments for multiple sclerosis and other diseases that
attack the myelin coating of nerves. Scientists have suc-
cessfully generated glial cells that produce myelin from
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Exhibit 2-C: Potential Treatment for
Parkinson’s Disease

Parkinson’s disease is a degenerative brain disease
that affects 2 percent of the population over age 70.
Symptoms include slow and stiff movements, prob-
lems with balance and walking, and tremor. In more
advanced cases, the patient has a fixed, staring
expression, walks with a stooped posture and short,
shuffling pace, and has difficulty initiating voluntary
movements. Falls, difficulty swallowing, incontinence,
and dementia may occur in the late stages. Patients
often lose the ability to care for themselves and may
become bedridden.

The cause of this iliness is a deficiency of the neu-
rotransmitter dopamine in specific areas of the brain.
Treatment with drugs such as levodopa often is
effective in relieving the symptoms. However, as the
disease progresses, treatment often becomes more
problematic, with irregular responses, difficulty
adjusting doses, and the development of side effects
such as involuntary writhing movements. Brain sur-
gery with transplantation of human fetal tissue has
shown promise as therapy.

Stem cell transplantation also may be a promising
therapy for Parkinson’s disease. The injection of
stem cells that can differentiate into brain cells may
offer a means of replenishing neurons that are capa-
ble of synthesizing the deficient neurotransmitter. It
is possible that stem cell transplantation may be
simpler and more readily available than fetal tissue
transplantation.

mouse ES cells (Brustle et al. 1999). When these ES cell-
derived glial cells were transplanted in a rat model of
human myelin disease, they were able to interact with
host neurons and efficiently myelinate axons in the rat’s
brain and spinal cord (Brustle et al. 1999).

Other diseases that might benefit from similar types
of approaches include spinal cord injury, epilepsy, stroke,
Tay-Sachs disease, and pediatric causes of cerebral palsy
and mental retardation. In mice, neural stem cells already
have been shown to be effective in replacing cells
throughout the brain and in some cases are capable of
correcting neurological defects (Lacorazza et al. 1996;
Rosario et al. 1997; Snyder et al. 1997; Snyder, Taylor,
and Woolfe 1995; Yandava, Billinghurst, and Snyder
1999). Human neural stem cells also have recently been
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isolated and have been shown to be responsive to devel-
opmental signals and to be willing to replace neurons
when transplanted into mice (Flax et al. 1998). These
recent discoveries of ways to generate specific types of
neural cells from ES cells hold much promise for the
treatment of severe neurological disorders that today
have no known cure.

Diseases of the Bone and Cartilage

Because ES and EG cells constitute a relatively sell-
renewing population of cells, they can be cultured to gen-
erate greater numbers of bone or cartilage cells than could
be obtained from a tissue sample. If a self-renewing, but
controlled, population of stem cells can be established
in a transplant recipient, it could effect long-term cor-
rection of many diseases and degenerative conditions in
which bone or cartilage cells are deficient in numbers or
defective in function. This could be done either by
transplanting ES and EG cells to a recipient or by genet-
ically modifying a person’s own stem cells and returning
them to the marrow. Such approaches hold promise for
the treatment of genetic disorders of bone and cartilage,
such as osteogenesis imperfecta and the various
chondrodysplasias. In a somewhat different potential
application, stem cells perhaps could be stimulated
in culture to develop into either bone- or cartilage-
producing cells. These cells could then be introduced
into the damaged areas of joint cartilage in cases of
osteoarthritis or into large gaps in bone that can arise
from fractures or surgery. This sort of repair would have
a number of advantages over the current practice of
tissue grafting (NIAMS 1999).

Blood Disorders

The globin proteins are essential for transport of oxy-
gen in the blood, with different globins expressed at dil-
ferent developmental stages. The epsilon globin gene is
expressed only in embryonic red blood cells. When this
gene—which is not normally expressed in the adult—is
artificially turned on in sickle cell patients, it blocks the
sickling of the cells that contain sickle cell hemoglobin.
Research involving ES cells could help answer questions
about how to turn on the epsilon globin gene in adult
blood cells and thereby halt the disease process. Stem cell



research also may help produce transplantable cells that
would not conwin the sickle cell mutation.

Toxicity and Drug Testing

Human stem cell research offers promise for use in
testing the beneficial and toxic effects of biologicals,
chemicals, and drugs in the most relevant species for
clinical validity—humans. Such studies could lead to
fewer, less costly, and better designed human clinical tri-
als yielding more specific diagnostic procedures and
more effective systemic therapies. Beyond the drug devel-
opment screening of pharmacological agents for toxicity
and/or efficacy, human stem cell research could define
new research approaches for clarifying the complex asso-
ciation of environmental agents with human disease
processes (NIEHS 1999). It also makes possible a new
means ol conducting detailed investigations of the under-
lying mechanisms of the effects of environmental toxins
or mixtures ol toxins, including their subtle effects on the
developing embryonic and fetal development tissue
systems.

Transplantable Organs

Several researchers are investigaling ways to isolate
AS cells and create transplantable organs that may be
used to treat a multitude of diseases that do not rely upon
the use of embryonic or fetal tissue. Moreover, il it is
found 1o be possible to differentiate ES cells into specilic
cell types, such stem cells could be an important source
of cells for organ growth. For example, recent develop-
ments in animals have shown that it may be possible to
create entire transplantable organs from a tissue base in a
manner that would overcome such problems as the lim-
ited supply ol organs and tissue rejection. Such a devel-
opment—producing this tissue base by directing the
growth of human embryonic cells—could be a major
breakthrough in the field of whole organ transplantation.

For example, using tissue engineering methods,
researchers have successfully grown bladders in the lab-
oratory, implanted them into dogs, and shown them to
be functional (Oberpenning et al. 1999). To create the
bladders, small biopsies of tissue were taken from dog
bladders. The biopsied tissue was then teased apart to
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isolate the urothelial tissue and muscle tissue, which
were then grown separately in culture (Tanne 1999). The
tissue was then applied to a mold of biodegradable mate-
rial with the urothelial tissue on the inside and the mus-
cle tissue on the outside. The new organs were
transplanted within five weeks (Tanne 1999).

Dogs that received the tissue-engineered organs
regained 95 percent of their original bladder capacity,
were continent, and voided normally. When the new
organs were examined 11 months later, they were com-
pletely covered with urothelial and muscle tissue and had
both nerve and blood vessel growth. Dogs that did not
undergo reconstructive procedures or only received
implants of the biodegradable molds did not regain
normal bladder function (Oberpenning et al. 1999). This
accomplishment marks the [irst time a mammalian organ
has been grown in a laboratory. The ability to create new
organs by seeding molds with cells of specific tissue
types would be extremely useful in treating children
with congenital malformations of organs and people who
have lost organs due to trauma or disease (Tanne 1999).

Summary

Currently, human ES cells can be derived from the inner
cell mass of a blastocyst (those cells within the conceptus
that form the embryo proper), and EG cells can be
derived from the primordial germ cells ol fetuses. These
cells, present in the earliest stages of embryo and fetal
development, can generate all of the human cell types
and are capable, at least for some time, of self-renewal. A
relatively renewable tissue culture source of human cells
that can be used 10 generate a wide variety of cell types
would have broad applications in basic research, trans-
plantation, and other important therapies, and a major
step in realizing this goal was taken in 1998 with the
demonstration that human ES and EG cells can be grown
in culture. The clinical potential for these stem cells is
vast—they will be important for in vitro studies of normal
human embryogenesis, human gene discovery, and drug
and teralogen testing and as a renewable source of cells
for tissue transplantation, cell replacement, and gene
therapies.



Notes

1 For a summary of scientific progress in this field see Eiseman, E.,
“Human Stem Cell Research,” RAND DRU-2171-NBAC, September
1999, a background paper prepared for the National Bioethics
Advisory Commission.

2 Thomson, J.A., Testimony before NBAC. January 19, 1999.
Washington, DC.

3 Consent to carry out this study was approved by the hospital
ethical committee based on the guidelines on Assisted
Reproductive Technology of the Ministry of Health, Singapore,
that experimentation of human embryos up to day 14 of
embryonic growth may be allowed (Bongso et al. 1994).

4 The details of this process are described in a European patent
application (PCT/U397/12919 1997) and in testimony before the
Commission by ACT President Michael West. November 17, 1998.
Miami, FL.

5 Hogan, B., Testimony before NBAC. February 3, 1999.
Princeton, NJ.
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Chapter Three
- N

“The Legal Framework for Federal

Support of Research to Obtain
and Use Human Stem Cells

Introduction

n the course of attempting to realize the promise of

“human embryonic stem (ES) cell and embryonic germ
(EG) cell research to advance basic and applied science as
well as to develop new, life-saving therapies, biomedical
researchers encounter uncertainties in the law as well as
explicit restrictions (including bans on federal research
funding) that were created in response to earlier develop-
ments in biomedical science and public policy. At the
same time, provisions also exist in state and federal law
designed to facilitate this field of research and to
establish—or offer models for establishing—appropriate
safeguards to ensure that all efforts to obtain or use stem
cells are carried out in an ethically acceptable way. To
date, three sources of ES or EG cells—cadaveric fetal tis-
sue, embryos remaining after infertility treatments, and
embryos created solely for research purposes using either
in vitro fertilization (IVF) or, potentially, somatic cell
nuclear transfer (SCNT) techniques—have been identi-
fied. The goal of this chapter is to examine separately the
legal issues raised by research involving each source of
EG or ES cells, noting as appropriate when common
1ssues arise.

The Law Relating to Aborted Fetuses
as Sources of EG Cells

Federal law permits funding of some research with cells
and tissues from the products of elective as well as spon-
taneous abortions, and state law facilitates the donation
and use of fetal tissue for research. Both state and federal
law set forth several requirements for the process of
retrieving and using material from this source, although
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amendments may be needed to federal law in order to
make existing safeguards applicable to stem cell research.

Federal Law Regarding Research Using Cells
and Tissues from Aborted Fetuses

Since as early as the 1930s, American biomedical
research has utilized ex utero fetal tissue both as a medium
and, increasingly, as an object for experimentation
(Gelland and Levin 1993; Zion 1996). “For many years,
the production and testing of vaccines, the study of viral
reagents, the propagation of human viruses, and the test-
ing of biological products have been dependent on the
unique growth properties of fetal tissue” (Duke 1988,
D112, D114). For example, the 1954 Nobel Prize for
Medicine was awarded to American immunologists who
used cell lines obtained from human fetal kidney cells to
grow polio virus in cell cultures, a key advance in the
development of polio vaccines (Driscoll 1985; Gelfand
and Levin 1993).

In 1972, allegations (some of them quite shocking)
about experiments with fetuses both in and ex utero cre-
ated an air of controversy (fueled by the greater societal
debate about elective abortion) over the use of fetal tissue
in research.'" When Congress established the National
Commission for the Protection of Human Subjects of
Biomedical and Behavioral Research in 1974, it placed
the topic of research using the human fetus at the top of
the commission’s agenda. Within four months of assum-
ing office, the commissioners were mandated to report
on the subject, with the proviso that the presentation of
their report to the Secretary of the Department of Health,
Education, and Welfare (DHEW)—now the Department
of Health and Human Services (DHHS)—would lift the
moratorium that Congress had imposed on federal



funding of research using live fetuses.? On July 25, 1975,
the National Commission submitted its conclusions and
recommendations, which formed the basis for regula-
tions that the Department issued later that year on
research involving fetuses, pregnant women, and human
IVE (1975).

General Regulation of Research with Human Beings
Including Fetuses

The 1975 provisions remain as elements of the cur-
rent federal regulations that aim to protect human sub-
jects participating in research conducted with federal
funds—rules that also are followed on a voluntary basis
by many institutions in the case of research performed
without federal support. The core regulations are set
forth in the Federal Policy for the Protection of Human
Subjects, known as the Common Rule, because the same
regulatory provisions have been adopted by most federal
agencies and departments that conduct or sponsor
research in which human subjects are used. The DHHS
regulations appear in Volume 45, Part 46 of the Code of
Federal Regulations—45 CFR 46. The Common Rule makes
up Subpart A of the DHHS regulations, and additional
protections for special populations of research subjects
appear in three further subparts of 45 CFR 46.

The special provisions applicable to fetal material
appear in Subpart B, which covers research on “1) the
fetus, 2) pregnant women, and 3) human in vitro fertil-
ization” and applies to all DHHS “grants and contracts
supporting research, development, and related activities”
involving those subjects.” The regulations primarily
address research that could affect living fetuses adversely.
They provide for stringent Institutional Review Board
(IRB) consideration, which is based upon the results of
preliminary studies on animals and nonpregnant women
and on assurances that living fetuses will be exposed only
to minimal risk except when the research is intended to
meet the health needs of the fetus or its mother.” Specific
restrictions also are imposed on the inclusion of pregnant
women in research activities.

Section 46.210 of Subpart B states that the sole
explicit requirement for research involving “cells, tissues,
or organs excised from a dead fetus” is that such research
“shall be conducted only in accordance with any applica-
ble State or local laws regarding such activities.”” Some
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analysts have argued that this is the only component of
Subpart B applicable to research in which cells or tissues
from dead abortuses are used in research (Areen 1988).
It appears, however, that even prior to the adoption in
1993 of legislation establishing special rules for using
fetal tissue for transplantation, National Institutes of
Health (NIH) officials had regarded other, general
requirements of Subpart B as applicable to research with
tissue from dead fetuses.” Specifically, these other provi-
sions exclude researchers from any involvement in the
decision to terminate a pregnancy or in an assessment of
fetal viability and forbid the payment of any inducements
to terminate a pregnancy.’” This dispute over the scope of
Subpart B produces one of the points of uncertainty that
may need to be resolved either through legislation or
official commentary from NIHs Office for Protection
from Research Risks (OPRR), if investigators using cadav-
eric fetal tissue to generate human EG cells are to proceed
with confidence and in an ethical fashion.

The Conditions for Federal Support of
Fetal Tissue Transplantation

In the 1980s, medical scientists began experimenting
with implanting brain tissue from aborted fetuses into
patients with Parkinson’s disease as well as patients with
other neurological disorders. NIH investigators were
among those working in this field, and their protocol to
use fetal tissue for transplantation was approved by an
internal NIH review body. Although the research complied
with Subpart B, then-NTH Director James B. Wyngaarden
decided to seek approval from Assistant Secretary for
Health Robert E. Windom before proceeding.” In March
1988, Windom responded by declaring a temporary
moratorium on federally funded transplantation research
involving fetal tissue from induced abortions. He also
asked NIH to establish an advisory body to consider
whether such research should be conducted and under
what conditions (Windom 1988). The Human Fetal
Tissue Transplantation Research Panel—composed of
biomedical investigators, lawyers, ethicists, clergy, and
politicians—deliberated until the fall of 1988. Panel
members then voted 19-2 to recommend continued
funding for fetal tissue transplantation research under
guidelines designed to ensure the ethical integrity of any
experimental procedures (Adams 1988; Duguay 1992;



Silva-Ruiz 1998). In November 1989, after the transition
had been made from the Reagan to the Bush administra-
tion, DHHS Secretary Louis Sullivan extended the mora-
torium indefinitely, based upon the position taken by
the minority-voting panel members that fetal tissue
transplantation research would increase the incidence
of elective abortion (Goddard 1996; Robertson 1993)."
Attempts by Congress to override the Secretary’s decision
were not enacted or were vetoed by President Bush."
On January 22, 1993, immediately after President
Clinton took office, he instructed the incoming Secretary
of DHHS to lift the ban on federal funding for human
fetal tissue transplantation research.'" On February 5,
1993, DHHS Secretary Donna Shalala officially rescinded
the moratorium, and, in March 1993, NIH published
interim guidelines for research involving human fetal tis-
sue transplantation (OPRR 1994). Provisions to legislate
these safeguards were promptly proposed in Congress and
included in the NTH Revitalization Act of 1993, which
President Clinton signed into law on June 10, 1993.*
The 1993 act mirrors most prior statutory and regu-
latory provisions on research involving tissue from dead
fetuses.'” In general, the Revitalization Act states that any
tissue from any type or category of abortion may be used
for research on transplantation, but only for “therapeutic
purposes.” Most agree that this means that research on
transplantation that has as its goal the treatment of dis-
ease is covered by the act, but that basic laboratory
research—which only tangentially can be described as
having a therapeutic purpose—would not be covered.
Under all conditions, the investigator’s research scope is
not, however, unfettered. First, research activities in this
area must be conducted in accordance with applicable
state and local law. The investigator also must obtain a
written statement from the donor verifying that a) she is
donating fetal tissue for therapeutic purposes, b) no
restrictions have been placed on who the recipient will
be, and ¢) the donor has not been informed of the iden-
tity of the recipient. Further, the attending physician
must sign a statement affirming five additional conditions
of the abortion, aimed at insulating a woman’s decision to
abort from her decision to provide tissue for fetal
research. Finally, the person principally responsible for
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the experiment must also affirm his or her own knowledge
of the sources of tissue, that others involved in the research
are aware of the tissue status, and that the researcher had
no part in the abortion decision or its timing.

The statute provides significant criminal penalties for
violation of four prohibited acts: 1) purchase or sale of
fetal tissue “for valuable consideration” beyond “reason-
able payments [for] transportation, implantation, pro-
cessing, preservation, quality control, or storage...,”
2) soliciting or acquiring fetal tissue through the promise
that a donor can designate a recipient, 3) soliciting or
acquiring fetal tissue through the promise that the recipi-
ent will be a relative of the donor, or 4) soliciting or
acquiring fetal tissue after providing “valuable considera-
tion” for the costs associated with the abortion itself."

Research of the type conducted by Gearhart and his
colleagues at The Johns Hopkins University, in which pri-
mordial germ cells were obtained from the gonadal ridge
of human fetuses that had been aborted five to nine
weeks alter fertilization, arguably is not covered by the
fetal tissue transplantation provisions of the 1993 NIH
Revitalization Act, because these fetal cells are intended
to be cultured and used in laboratory experiments, not
rransplanted. Nevertheless, if such research were federally
supported, it could be subject to the requirements of
Subpart B of 45 CFR 46—both the general limitations of
§ 46.206 (separating the investigators from the abortion
process and forbidding payments for pregnancy termina-
tion) and the special requirements of § 46.210 for activ-
ities involving cells and tissues from dead fetuses.
Someday, with the advancement of knowledge about cell
differentiation and the like, EG cells derived from dead
fetuses may be linked more directly or indirectly with
transplantation, at which point the 1993 Act would
arguably become applicable.” In anticipation of that day,
and in order to achieve simplicity in the meantime by
applying the same rules to all federally supported
research with fetal remains, whether or not for transplan-
tation, it would appear desirable to amend the law to
clarify that the safeguards of the 1993 Act apply to
research in which EG cells are obtained from dead
fetuses after a spontaneous or elective abortion.



State Law Regarding Using Aborted Fetuses
as Sources of Stem Cells

As recognized by federal statutes and regulations,
state law governs the manner in which cells and tissues
from dead fetuses become available for research, princi-
pally by statutes, regulations, and case law on organ
transplantation. The most basic legal provisions lie in the
Uniform Anatomical Gift Act (UAGA), which was first
proposed in 1968 and rapidly became the most widely
adopted uniform statute. While the UAGA is largely con-
sistent with relevant federal statutes and regulations and
should facilitate researchers obtaining cadaveric fetal
tissue, a number of states have adopted other statutes
that limit or prohibit certain types of research with fetal
remains.

Laws Facilitating Donation of Fetal Material
for EG Cell Research: The UAGA

The UAGA is relevant not only because federal
statutes and regulations explicitly condition funding for
research with fetal tissue on compliance with state and
local laws, but also because the act applies when EG cell
research using fetal tissue does not receive federal fund-
ing. The original version of the UAGA was approved by
all 50 states and the District of Columbia; a 1987 revision
has been enacted by 22 states (Zion 1996)." The act
establishes a system of voluntary donation of “anatomical
gifts” for transplantation, education, and research. It was
intended to make it easier for people to authorize gifts of
their own body (or parts thereof) through a simple
“donor card” executed before the occasion arose, as well
as to allow donations to be made with the permission of
the next-of-kin, following an order established by the
statute. The revised UAGA includes “a stillborn infant or
fetus” in the definition of “decedents,”” for whom
parental consent is determinative." The UAGA also pro-
vides that “neither the physician or surgeon who attends
the donor at death nor the physician or surgeon who
determines the time of death” may be involved in the
team that will use the organs removed from the decedent. "
This section, although it may be waived, seems compara-
ble to the separation that the 1993 NIH Revitalization
Act and Subpart B of the DHHS regulations required
between the research team and any physicians involved
in terminating a pregnancy, determining fetal viability, or
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assisting in the clinical procedure during which fetal
tissue is derived for research purposes.*

However, federal law restricts the procedures author-
ized by the UAGA in one area?’ The UAGA permits
donors to designate recipients—including individual
patients—of anatomical gifts. The stricter provisions of
the NIH Revitalization Act (which prohibits a donor from
having knowledge of an individual transplant recipient)
could override this state law in the case of federally sup-
ported fetal tissue transplantation, but the issue might
not arise regarding stem cell research for two reasons.
First, such research does not involve transplantation
(and hence at this time is not relevant to the NIH
Revitalization Act). Second, according to the Revitali-
zation Act, the only recipient who may be designated by
the parents of a dead fetus would be a stem cell
researcher or research institution.

Laws Restricting Use of Donated Fetal Material
for EG Cell Research

At present, 24 states do not have on their books any
statutes “specifically addressing research on embryos or
fetuses,”*
states principally involve embryos remaining after infer-

and the restrictions in most of the remaining

tility treatments and limitations aimed at discouraging
therapeutic abortions. For example, in 12 states, the law
applies only to research with fetuses prior or subsequent
to an elective abortion.”” Six states ban research that
involves aborted fetuses or their organs, tissues, or
remains,”" which could cause difficulties for researchers
using stem cell lines derived from aborted fetuses “if cell
lines are considered ‘tissue.”* Six other states permit
fetal research when the fetus is deceased, but mandate
that the donor must provide consent,” although none
“specifically address[es] the type of information that
must be provided to the progenitors before they are
asked for consent.” In Pennsylvania, investigators using
fetal tissue and recipients of the tissue are required to be
informed if the tissue was procured as a result of still-
birth, miscarriage, ectopic pregnancy, abortion, or some
other means.*

In order to diminish the impact that the potential use
of a fetus in research might have on the decision to abort,
states have enacted many restrictions on payment for



National Bioethics Advisory Commission

fetal remains. The broadest prohibitions appear as part of
state statutes regulating or prohibiting fetal research.

Bans on sale vary in their terminology—an “aborted
an “aborted unborn child or the
remains thereof,”* an “aborted fetus or any tissue or
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product of conception,

organ thereof,”" or an “unborn child”* —and exist both
in states that permit research on a dead fetus with the
mothers consent’ and in those where it is illegal to con-
duct research upon any aborted product of conception.™

The bans on commercialization have a number of
interesting twists. Rhode Island outlaws the selling of an
embryo or fetus for purposes that violate the statute
(such as research on living embryos or fetuses), but
apparently allows payment to the mother for allowing a
dead fetus to be used in research, because such research
is permissible.”” Minnesota prohibits the sale of living
fetuses or nonrenewable organs but explicitly permits
“the buying and selling of a cell culture line or lines taken
from a [dead fetus].”™

The most widely adopted prohibitions on commer-
cialization of fetal remains are those in Sections 10(a) and
(b) of the 1987 revision of the UAGA, which prohibit the
sale or purchase of any human body parts for any con-
sideration beyond that necessary to pay for expenses
incurred in the removal, processing, and transportation
of the tissue.”” On the federal level, what is in essence the
same proscription is included both in the 1993 NIH
Revitalization Act, which bars the acquisition or transfer
of fetal tissue for “valuable consideration” with the same
exceptions,” and in the National Organ Transplant Act of
1984 (NOTA), which prohibits the sale of any human
organ for “valuable consideration for use in human trans-
plantation™ if the sale involves interstate commerce.*
(In 1988, Congress amended NOTA to include fetal
organs within the definition of “human organ,” in order
to foreclose the sale of fetal tissue as well.”") Yet both fed-
eral statutes could be interpreted to apply only to sales
for transplant or therapeutic purposes, not laboratory
research. Moreover, the definition of reasonable process-
ing fees in the federal law (and by extension, the UAGA)*
is arguably too vague, “leav[ing]...room for unscrupulous
tissue processors to abuse the law” (Goddard 1996, 394).
If special provisions are adopted to govern federal
support of research with fetal material to create human
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EG cell lines, it would seem advisable to ensure that the
provisions lay out more clearly what payments may be
made to whom and on what basis for fetal cells and tissues.
The state statutes regulating fetal research have been
challenged in several court cases. Generally, limitations
have been approved as they relate to live fetuses or to the
disposal of aborted fetuses.” A few cases have dealt with
restrictions on research with dead fetuses or fetal
remains. In 1978, Louisiana adopted a statute forbidding
virtually all experimentation involving a living fetus (“a
live child or unborn child”) that was not “therapeutic” to
that child, a ban it expanded in 1981 to encompass
research with aborted fetal tissue as well.* Plaintiffs who
argued that the prohibition on research burdened their
right of privacy challenged the law.” Agreeing, the feder-
al district court concluded that the ban on research did
not further the states compelling interest in protecting
the health of the woman, nor did the state’s interest in the
potential life of the unborn continue past the death of the
fetus.* Finally, the district court addressed the statute’s
vagueness, noting that it was not possible, ex utero, to
distinguish between fetal and maternal tissue and the
products of spontaneous and induced abortions.” On
appeal, the Fifth Circuit ignored the district courts
analysis entirely, finding instead that the term “experi-
ment” as used in the statute’s prohibition against fetal
experimentation was unconstitutionally vague.™

The Law Relating to Embryos
as Sources of ES Cells

Turning to the second source of human ES cells—
embryos created through [VF—one finds that in contrast
to the regulatory complexity of the federal and state laws
governing research using fetal tissue, the legal framework
for research using human embryos is relatively straight-
forward. With the exception of a few state statutes, no
viable regulatory system exists to guide or control the
practice of human embryo research in the United States.™
Regarding federally supported scientists, law prohibits
such experimentation, while research conducted in the
private sector takes place without any federal medical or
bioethical oversight specific to the human embryo.™ The
central issue raised by existing law is whether the recent



scientific developments are important enough to justify
modilying, in part, the current blanket ban on federal
support by creating a limited exception for certain types
of human stem cell research.

Federal Law Regarding Research Using Cells
and Tissues from Human Embryos

Federal law regarding research using human embryos
by investigators employed or funded by the federal gov-
ernment may best be understood by reviewing Subpart B
of the DHHS policy on the protection of human subjects
and the rider that has been attached for several years to
the DHHS appropriation, most recently in the Omnibus
Consolidated and Emergency Supplemental Appropriations
Act for Fiscal Year 1999 (OCESAA).”

The former, which continues to provide a basic
framework for research, even though reasons exist to
question its applicability, originated in concerns about
research on the human fetus, but it also applies to “grants
and contracts supporting research, development, and
related activities involving...human in vitro fertilization.”
At the time these provisions were first promulgated, IVF
was still an experimental technique: The birth in England
of Louise Brown, the first so-called test tube baby, did not
occur until 1978. Recognizing that NIH scientists and
others would wish to pursue research on IVF and the ear-
liest stages of human development, the regulations pro-
vided that “no application or proposal involving human
in vitro fertilization may be funded by the Department
[until it] has been reviewed by the Ethical Advisory
Board and the Board has rendered advice as to its accept-
ability from an ethical standpoint.”” In 1977, NIH
received an application from an academic researcher for
support of a study involving IVE After the application
had undergone scientific review within NIH, it was for-
warded to the Ethics Advisory Board (EAB) appointed by
Joseph Califano, then Secretary of DHEW. At its May
1978 meeting, the EAB agreed to review the research pro-
posal. With the increased public interest that followed
the birth of Louise Brown that summer, Secretary
Califano asked the EAB to study the broader social, legal,
and ethical issues raised by human IVE On May 4, 1979,
in its report to the Secretary, the EAB concluded that
federal support for IVF research was “acceptable from an
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ethical standpoint” provided that certain conditions were
met, such as informed consent for the use of gametes, an
important scientific goal “not reasonably attainable by
other means,” and not maintaining an embryo “in vitro
beyond the stage normally associated with the comple-
tion of implantation (14 days after fertilization)” (DHEW
EAB 1979, 106, 107). No action was ever taken by the
Secretary with respect to the board’s report; for other rea-
sons, the Department dissolved the EAB in 1980.
Because it failed to appoint another EAB to consider
additional research proposals, DHEW effectively fore-
stalled any attempts to support IVE, and no experimenta-
tion involving human embryos was ever funded pursuant
to the conditions set forth in the May 1979 report or
through any further EAB review.

Because the Revitalization Act of 1993 effectively
ended the de facto moratorium on IVF and other types of
research involving human embryos™ by nullifying the
regulatory provision that mandated EAB review,” NIH
Director Harold Varmus convened the Human Embryo
Research Panel to set forth standards for determining
which projects could be funded ethically and which
should be considered “unacceptable for federal fund-
ing.” The panel identified several areas of potential
research activity that it considered ethically appropriate
for federal support, including studies involving the
development of ES cells, though only with embryos
resulting from IVF or clinical research that have been
donated with the consent of the progenitors. The most
controversial aspect of the report was its conclusion that
it might be ethical to allow researchers to create human
embryos for certain research purposes.”

In September 1994, the panel submitted its report to
the Advisory Committee to the Director (ACD) of NIH,
which formally approved the recommendations and
transmitted them to Varmus on December 1, 1994. The
following day, pre-empting NIH’ response, the President
declared that federal funds should not be used to support
the creation of human embryos for research purposes
and directed that NIH not allocate any resources for
such requests.”™ Thereafter, Varmus decided to imple-
ment the panel’s recommendations not proscribed by the
Presidents directive, concluding that NTH could begin to
fund research activities involving “surplus” embryos



(Feiler 1998). Before any funding decisions could be
made, however, Congress attached a rider to that years
DHHS appropriations bill that stipulated that none of the
funds appropriated could be used to support any activi-
ty involving “1) the creation of a human embryo or
embryos for research purposes; or 2) research in which a
human embryo or embryos are destroyed, discarded. or
knowingly subjected to risk of injury or death greater
than that allowed for research on fetuses in utero under
45 CFR 46.208(a)(2) and section 498(b) of the Public
Health Service Act (42 USC 289¢g(b)).™

When the question arose of whether to provide fed-
eral funding for human ES cell research using IVF
embryos remaining from infertility treatments, Varmus
sought the opinion of Harriet Rabb, DHHS General
Counsel, regarding the effect of the prohibition in the
current appropriations rider. Rabb reported to Varmus
that the OCESAA does not prevent NIH from supporting
research that uses ES cells derived from this source
because the cells themselves do not meet the statutory,
medical, or biological definition of a human embryo
(NIH OD 1999).

Having concluded that NIH may fund internal and
external research that utilizes but does not create human
ES cells, NIH has delayed actual funding until an Ad Hoc
Working Group of the ACD develops guidelines for the
ethical research in this area."’ The working group began
its deliberations in early 1999 and completed draft guide-
lines on April 8, 1999, which are still undergoing inter-
nal review and public comment.*

In addition to these guidelines, ES cell research that
was supported by federal funds and directly involved
human embryos might arguably be subject to the
requirements of both Subpart A (the Common Rule)
and Subpart B of 45 CFR 46—that is, the research would
be required to meet general and specific substantive
requirements, would have to be approved by the IRB of
the investigator’s institution, and might have to undergo
further review at the national level. We use the word
“arguably” because OPRR has provided no definitive
guidance regarding such an interpretation. Indeed, in
response (o the Commission’s inquiry of May 18, 1999,
OPRR acknowledged that “although Subpart B does not
apply to research involving a human embryo, per se, it
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does apply to research that involves the process of in vitro
fertilization. An embryo formed by a means that does not
involve in vitro fertilization would not be subject to
Subpart B.™ Because no other guidance is provided, we
are left to interpret whether embryos (which are not
defined in regulation) are human subjects and therefore
protected by Subpart B.

Subpart A, which contains the basic requirements for
IRB review, informed consent, privacy protection, and
the like, aims to protect a “human subject,” defined as “a
living individual about whom an investigator...obtains
(1) data through intervention or interaction...”™" This
definition creates uncertainties about whether the
Common Rule applies to embryo research, the derivation
of ES cells, and research involving successor stem cells
from embryonic sources that require resolution. This is
another point upon which a clearer, more accessible
interpretation is needed {rom OPRR if investigators and
IRBs are to proceed with confidence regarding a range of
stem cell research activities involving human embryos.
Assuming that the DHHS regulations apply, the special
requirements of Subpart B also would be applicable,
because (as previously described) NIH has long taken the
position that human IVF research, which is clearly
encompassed in Subpart B, encompasses any DHHS-
funded
in utero. This would mean not only that another EAB

research involving human embryos not
could be impaneled by the Secretary pursuant to 45 CFR
§ 46.204, but also that special responsibility would fall
on investigators and IRBs under 45 CFR § 46.205.”" In
addition, special standards would have to be met under
45 CFR § 46.206, including mandates for prior studies
involving animals and ensuring the least possible risk.
The newly revised 45 CFR 46, Subpart B (not yet final-
ized) makes no substantive changes that would affect

these requirements.™

State Law Regarding Research Using Cells
and Tissues from Human Embryos

State legislatures have apparently been more con-
cerned about regulating and restricting research using
human fetuses or their remains instead of addressing
research involving laboratory manipulation of human
gametes and early stage embryos. Nonetheless, although



the statutes usually ignore issues (other than commer-
cialization) specific to IVF (Robertson 1990), some
could be construed broadly enough to encompass a
range of experimental activities involving IVF, including
cryopreservation, pre-implantation screening, gene ther-
apy, twinning, cell line development, and basic research
(Coleman 1996). The latter two are of obvious relevance
to creating stem cell cultures from embryonic sources.

States that regulate cell line development from human
embryos either prohibit the practice entirely or restrict it
substantially (Coleman 1996). “All ten states that prohibit
embryological research have vaguely worded statutes
which could encompass cell line development if the
statutes were interpreted broadly...[although] some
lactivity] could be characterized as non-experimental,
thus removing it from the scope of experimentation
bans” (Coleman 1996, 1358). Issues inherent in cell line
development will include the potential for restrictions on
downstream commercialization and uncertainty over the
extent to which gamete donors must be informed about
the nature of and potential commercial uses of the bio-
logical materials they donate (Coleman 1996).

Basic research typically involves precommercial scien-
tific activity designed to explore biological processes or to
understand genetic and cellular control mechanisms. As
noted previously, 24 states and the District of Columbia
do not restrict research involving fetuses or embryos.” Of
the remaining 26 states that regulate embryo or fetal
research in one form or another, basic embryological
research is prohibited or restricted in 10 (Feiler 1998).
Although the degree of regulation of experimental use of
embryos under the New Hampshire statute is unlikely to
impair ES cell research in that state,” the remaining nine
states have legislated more broadly, effectively banning
all research involving in vitro embryos, with penalties
mandated in some states, including civil fines and
imprisonment.*’

The subject of commercialization is a potentially
important one, affecting both researchers who must
acquire embryos from for-profit IVF clinics or other
sources and downstream user