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FINAL REPORT
OF THE NATIONAL ACADEMIES’
HUMAN EMBRYONIC STEM CELL RESEARCH
ADVISORY COMMITTEE
AND
2010 AMENDMENTS TO THE
NATIONAL ACADEMIES’ GUIDELINES FOR
HUMAN EMBRYONIC STEM CELL RESEARCH

INTRODUCTION

The 2005 National Academies’ Guidelines for Human Embryonic Stem
Cell Research laid out standards for responsible and ethical conduct in a
controversial field of research that largely lacked federal funding or over-
sight. Those guidelines helped this important field of research to develop
within a framework of defensible, self-imposed rules. The result was greater
public confidence in the quality of the work. As certain states (California,
Connecticut, Massachusetts, New York, Maryland, and others) have moved
to regulate or fund this research, they have used the National Academies’
Guidelines as a template on which to build their own state regulations. The
international voluntary standards written by the International Society for
Stem Cell Research (ISSCR) also tracked closely the National Academies’
Guidelines.

Since their release, the National Academies’ Guidelines have been ad-
opted wholly or in large part by most major research institutions in the
United States. This response included the creation of new Embryonic Stem
Cell Research Oversight (ESCRO) committees, use of detailed guidance on
informing gamete and embryo donors, and substantive limitations on the
range of materials that would be used and how those experiments would
be conducted. To assist the research community, the National Academies’
Human Embryonic Stem Cell Research Advisory Committee has conducted
regional and other outreach meetings to help investigators and ESCRO
committee members to interpret and implement the Guidelines. The Advi-

1
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sory Committee also updated the Guidelines in 2007 and 2008 to reflect
the lessons learned by scientists and administrators around the country and
to reflect changes in the science of stem cell research. Finally, the Advisory
Committee organized or participated in several public workshops on key
areas of concern, such as the medical risks of oocyte donation and the next
steps toward translating bench science to clinical trials.

The inauguration of President Barack Obama in January 2009 led to a
marked shift in federal policies on stem cell research. On March 9, President
Obama issued Executive Order (EO) 13505, “Removing Barriers to Respon-
sible Scientific Research Involving Human Stem Cells.” (Federal Register
Volume 74, Number 46, pp. 10667-10668). President Obama’s EO stated
that the “Secretary of Health and Human Services, through the Director of
NIH [National Institutes of Health], may support and conduct responsible,
scientifically worthy human stem cell research, including human embryonic
stem cell research, to the extent permitted by law.” While leaving untouched
the “Dickey-Wicker” amendment,! which can only be changed by Congress
and which effectively prohibits the use of federal funds to derive new hu-
man embryonic stem (hES) cell lines, the EO did rescind prior Executive
branch policy. Specifically, the EO rescinded the previous policy that had
restricted federal funding for hES cell research to in vitro work on lines
derived before an earlier EO issued by President George W. Bush, by stating
“The Presidential statement of August 9, 2001, limiting Federal funding for
research involving human embryonic stem cells, shall have no further effect
as a statement of governmental policy.”

The EO issued by President Obama also called upon NIH to review
its own existing guidance as well as other widely recognized guidelines on
human stem cell research, including provisions establishing appropriate
safeguards, and to develop and issue new NIH guidance for such research
that is consistent with the EO’ call to support “responsible, scientifically
worthy” stem cell research. Without the restrictions placed upon it by the
previous administration, the NIH announced that it would begin a broader

! The so-called “Dickey Wicker” amendment has been included in the annual federal ap-
propriation for government-funded activities and has been interpreted to prevent the creation
of new human embryonic stem cell lines using federal funds. For example, Section 509 of the
Omnibus Appropriations Act 2009, enacted as Public Law 111-8) says:

None of the funds made available in this Act may be used for—(1) the creation of a human em-
bryo 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 CFE 46.204(b) and section 498(b) of the Public Health
Service Act (42 U.S.C. 289¢g(b)).

Copyright © National Academy of Sciences. All rights reserved.
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program of funding extramural hES cell research according to its own new
guidelines on eligibility for funding.

The NIH Guidelines on Human Stem Cell Research were issued on July
7, 2009 (Appendix A). They establish mechanisms to determine the eligi-
bility of hES cell lines for federal research funding based on the principles
that (1) responsible research with hES cells has the potential to improve our
understanding of human health and illness and discover new ways to prevent
and/or treat illness; and (2) individuals donating embryos for research pur-
poses should do so freely, with voluntary and informed consent. Many of the
provisions defining informed consent in the NIH guidelines closely resemble
those of the National Academies, ISSCR, and others that predate the new
NIH requirements. Thus, the NIH guidelines address both the evaluation
of lines already in existence, derived under a variety of rules and guidelines,
as well as lines yet to be derived. NIH has established a Working Group of
the Advisory Committee to the Director of NIH to determine which hES
cell lines were derived under conditions that meet the requirements of the
NIH guidelines.?

It should be noted that the NIH guidelines prohibit the use of federal
funding for research using hES cell lines derived from any source other than
excess in vitro fertilization (IVF) embryos created for reproductive purposes.
Thus research on lines that may, in the future, be derived by somatic cell
nuclear transfer (SCNT), parthenogenesis, or from IVF embryos created spe-
cifically for research purposes is not currently eligible for federal funding. As
a consequence, they would not be subject to the NIH guidelines, including its
standards for ensuring voluntary, informed consent for donated materials.

The NIH has also established a new Registry of hES cell lines eligible
for NIH funding, containing those lines that its Working Group deems to
conform with the requirements of the guidelines.> The NIH approved the
first list of hES cell lines for NIH funding on December 2, 2009, a second
set on December 14, 2009, and additional lines in the first half of 2010 and
indicated that it anticipated a continuing flow of approved hES cell lines to
be listed on the NIH Registry. Use of those lines with federal funding will
henceforth be governed by the NIH guidelines.

This letter report sets out an updated version of the National Academies’
Guidelines, one that takes into account the new, expanded role of the NIH
in overseeing hES cell research. It also identifies those avenues of continu-
ing National Academies’ involvement deemed most valuable by the research
community and other significant stakeholders.

2 See <http://www.nih.gov/news/health/sep2009/0d-21.htm> for information about the
Working Group.
3 The Registry is available at <http://grants.nih.gov/stem_cells/registry/current.htms>.
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THE 2010 NATIONAL ACADEMIES’ GUIDELINES

Overall, there are three areas in which non-NIH guidelines will continue
to be the source of guidance for hES cell research.

e First, because the continuing effect of the Dickey-Wicker amendment
means that derivation of hES cell lines cannot be supported by federal
funds, such derivations will need continuing oversight outside the
NIH guidelines. And since the acceptability of the cell lines for use
in NIH-funded research hinges on the underlying conditions of non-
federally funded derivation, the NIH guidelines implicitly overlap
many of the National Academies’ Guidelines on derivation.

e Second, only hES cell lines derived from excess IVF embryos initially
produced for reproductive purposes are currently eligible for NIH
funding. Therefore, hES cell lines derived from other sources (e.g.,
from embryos produced by IVF for research purposes or by nuclear
transfer or other methods) will not be eligible for NIH funding and
not subject to the NIH guidelines; this work will continue to need
oversight under other guidelines.

e Third, because the NIH guidelines only briefly address limits on the
research uses to which embryonic stem cell lines may be put, other
guidelines will continue to be useful for a wider range of experiments
with chimeras than those currently identified by NIH.

To avoid complications, contradictions, and confusion, this Advisory
Committee has developed an updated version of the National Academies’
Guidelines that recognizes the new and increased influence of the NIH
guidelines, and which incorporates references to the NIH guidelines as ap-
propriate in the text of the National Academies’ Guidelines. Where there
is complete overlap, the Advisory Committee recommends that the NIH
guidelines supersede its own. Where there are gaps or limitations in the NIH
guidelines, the Advisory Committee recommends continued adoption of its
own Guidelines.

The Advisory Committee also notes some areas in which there is tension
between NIH, National Academies, and other guidelines or state funding
rules, and identifies those for which some variation from National Acad-
emies’ Guidelines is to be expected.

The first concerns the issue of egg donation. Since the issuance of the
2008 Amendments to the National Academies’ Guidelines, the Ethics Com-

Copyright © National Academy of Sciences. All rights reserved.
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mittee of the State of New York’s Empire State Stem Cell Board adopted a
resolution allowing New York State-funded stem cell researchers to compen-
sate women who donate their oocytes directly and solely to research for the
time, risk and burden involved in donating.* Amounts of compensation are
to be comparable to those received by women in New York State for similar
donations for reproductive purposes. Compensation may not be based upon
number or quality of eggs, but should cover only time and burden. While this
Advisory Committee acknowledges that the circumstances surrounding the
issue of compensation to oocyte donors continues to evolve, it chose not to
change the National Academies’ Guidelines. Therefore, the Advisory Com-
mittee leaves intact the wording of Section 3.4(b), recognizing that states and
other entities may choose to set their own policies, as New York has done.

Second, the Advisory Committee notes that the requirement in the Na-
tional Academies’ Guidelines for consent of all gamete donors (see Section
3.3) is not reflected in the new NIH guidelines. Further, a number of states
and research institutions have declined to adopt this rule, given the lack of
clear legal need for such consent from anonymous donors. The Advisory
Committee also notes that the Food and Drug Administration’s (FDA’)
recent tissue transplant rules require screening of gamete donors except in
cases involving sexually intimate partners. This suggests that stem cell lines
made with donor (i.e., screened) gametes may be marginally safer for tissue
transplants and may be more useable for FDA-regulated trials and therapies.
The Advisory Committee recognizes that this requirement may be widely
overlooked, and that the issue will be relevant only for a small percentage
of derivations. Nonetheless, the Advisory Committee still believes that the
practice of obtaining informed consent from all gamete donors, as well as
other relevant parties (e.g., intended parents), should continue to be followed
because it is the most cautious and respectful standard for donation.

The combination of the new NIH guidelines and those National Acad-
emies’ Guidelines remaining in effect will continue to represent a comprehen-
sive and responsible approach as this research advances into the future.

THE FUTURE ROLE OF THE NATIONAL ACADEMIES IN STEM
CELL RESEARCH OVERSIGHT

In addition to reviewing the National Academies’ Guidelines, the Advi-
sory Committee also considered the future role of the National Academies

4 The resolution is available at <http://stemcell.ny.gov/docs/Compensation_of_Gamete_Do-
nors_resolution_of_Funding_Comm.pdf>
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in helping to guide responsible conduct in this field. The Advisory Com-
mittee dedicated most of its August 7, 2009, meeting to hear input from
stakeholders from the stem cell research community and from those who
have experience with the implementation of the National Academies’ Guide-
lines; a list of these individuals participating in the meeting may be found
in Appendix B.

One area of considerable discussion was the future of ESCRO commit-
tees, as most institutions that have been following the National Academies’
or other non-federal guidelines since 2005 have established such commit-
tees. Most participants in the August 7 meeting thought that ESCRO/SCRO
committees® play valuable roles and function in such a way that their elimi-
nation could leave gaps not filled by other oversight bodies (e.g., Institutional
Review Boards, Institutional Animal Care and Use Committees, Institutional
Biosafety Committees). It was stated that ESCRO committees could continue
to be useful in maintaining deeper expertise on stem cell research than is nec-
essarily provided by these other oversight bodies. ESCRO committees could
also be helpful in assisting research institutions in monitoring developments
in the field of stem cell research. In light of these comments, the Advisory
Committee agrees that the continued use of ESCRO committees is useful,
especially in circumstances where new hES cells are being derived. Even for
research with existing cell lines funded by NIH—and therefore subject to
NIH guidelines and the NIH hES cell registry—ESCRO committees could
also help institutions by providing needed expertise and training for the
members of their other committees.

The stakeholders at the August 2009 meeting also discussed whether
the National Academies should continue to play a role by maintaining an
activity, such as a roundtable, that would allow periodic meetings to discuss
knowledge and policy gaps, new problems, and contentious issues. It was
suggested that, in the future, the uses of stem cells, as opposed to derivation
of new lines, are likely to provide a larger share of any controversy or con-
cern surrounding stem cell research. Stakeholders at the meeting suggested
that the National Academies are viewed as providing a neutral setting for
discussions that can help guide research institutions to make appropriate
decisions about research, particularly in areas that are outside the bounds of
NIH funding. Several guests stated that research using chimeras represents
one such area of potential concern, but that other issues (e.g., stem cell-
derived gametes) are also likely to emerge that may provoke controversy.
Other topics identified as being potentially important in the future for stem

5 Other guidelines called for the establishment of Stem Cell Research Oversight (SCRO)
committees whose mandate was not limited to embryonic stem cell research.
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cell research guidance included the relative merits of hES cells vs. induced
pluripotent stem cells and clinical trials and translational research.

Some of these topics may have little to do with the Guidelines themselves,
but might make excellent topics for future workshops or studies. In light of
these discussions, the Advisory Committee decided that:

e The Human Embryonic Stem Cell Research Advisory Committee
should prepare this brief final report communicating to the stem
cell research community those elements of the National Academies’
Guidelines that should remain in effect and under what conditions.

e Following the completion of this task, the Advisory Committee

should disband.

The Advisory Committee also discussed the feedback from stakeholders
on future mechanisms for discussion of stem cell issues. Although govern-
ment agencies such as the NIH, professional societies such as the ISSCR,
consortia such as the Interstate Alliance on Stem Cell Research,® and meet-
ings organized by many different organizations and institutions provide
opportunities for discussion, there does not seem to be an ongoing neutral
forum for productive discussion of stem cell issues. Participants at the com-
mittee’s August 2009 meeting mentioned that the National Academies and
the Advisory Committee had served this important convening function over
the last several years, and there was a need for a similar continuing activity.
Perhaps most needed is a forum that could bring together key stakehold-
ers—including federal, state, academic, patient, and industry organizations
and institutions— for periodic meetings that would address topics of shared
interest and concern to the broader stem cell research, regenerative medicine,
and policy communities.

2010 AMENDMENTS TO THE NATIONAL ACADEMIES’
GUIDELINES FOR HUMAN EMBRYONIC STEM CELL RESEARCH

Finally, the Advisory Committee presents here an amended version of
the National Academies’ Guidelines (Appendix C) delineating those sections
of the Guidelines that are superseded by the NIH rules for federally funded
research.

¢ The Interstate Alliance (IASCR) is a voluntary body of states and affiliate countries and
organizations interested in increasing opportunities for interstate collaboration on stem cell
research. See <http://www.iascr.org/> for more information.
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National Institutes of Health Guidelines for
Research Using Human Stem Cells!

I. Scope of Guidelines

These Guidelines apply to the expenditure of National Institutes of
Health (NIH) funds for research using human embryonic stem cells
(hESCs) and certain uses of induced pluripotent stem cells (See Section
IV). The Guidelines implement Executive Order 13505.

Long-standing HHS [Department of Health and Human Services] regula-
tions for Protection of Human Subjects, 45 C.ER. 46, Subpart A establish
safeguards for individuals who are the sources of many human tissues
used in research, including non-embryonic human adult stem cells and
human induced pluripotent stem cells. When research involving human
adult stem cells or induced pluripotent stem cells constitutes human
subject research, Institutional Review Board review may be required and
informed consent may need to be obtained per the requirements detailed
in 45 C.ER. 46, Subpart A. Applicants should consult http://www.bbs.
gov/obrp/bumansubjects/guidance/45cfr46.htm.

It is also important to note that the HHS regulation, Protection of Human
Subjects, 45 C.ER. Part 46, Subpart A, may apply to certain research
using hESCs. This regulation applies, among other things, to research
involving individually identifiable private information about a living

1 Available at <http://stemcells.nih.gov/policy/2009guidelines.htm>.

9
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individual, 45 C.ER. § 46.102(f). The HHS Office for Human Research
Protections (OHRP) considers biological material, such as cells derived
from human embryos, to be individually identifiable when they can be
linked to specific living individuals by the investigators either directly or
indirectly through coding systems. Thus, in certain circumstances, IRB
review may be required, in addition to compliance with these Guidelines.
Applicant institutions are urged to consult OHRP guidances at hitp://
www.hbs.gov/obrp/policylindex.html#ttopics.

To ensure that the greatest number of responsibly derived hESCs are
eligible for research using NIH funding, these Guidelines are divided
into several sections, which apply specifically to embryos donated in
the U.S. and foreign countries, both before and on or after the effective
date of these Guidelines. Section II (A) and (B) describe the conditions
and review processes for determining hESC eligibility for NIH funds.
Further information on these review processes may be found at wwuw.
NIH.gov. Sections IV and V describe research that is not eligible for
NIH funding.

These guidelines are based on the following principles:

1. Responsible research with hESCs has the potential to improve
our understanding of human health and illness and discover new
ways to prevent and/or treat illness.

2. Individuals donating embryos for research purposes should do
so freely, with voluntary and informed consent.

As directed by Executive Order 13505, the NIH shall review and update
these Guidelines periodically, as appropriate.

II. Eligibility of Human Embryonic Stem Cells for Research with NIH
Funding

For the purpose of these Guidelines, “human embryonic stem cells
(hESCs)” are cells that are derived from the inner cell mass of blastocyst
stage human embryos, are capable of dividing without differentiating for
a prolonged period in culture, and are known to develop into cells and
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Final Report of The National Academies' Human Embryonic Stem Cell Research Advisory Committee and 2010 Amendments to The Nationa

Appendix A 11

tissues of the three primary germ layers.? Although hESCs are derived
from embryos, such stem cells are not themselves human embryos. All of
the processes and procedures for review of the eligibility of hESCs will
be centralized at the NIH as follows:

A. Applicant institutions proposing research using hESCs derived from
embryos donated in the U.S. on or after the effective date of these
Guidelines may use hESCs that are posted on the new NIH Registry
or they may establish eligibility for NIH funding by submitting an
assurance of compliance with Section II (A) of the Guidelines, along
with supporting information demonstrating compliance for admin-
istrative review by the NIH. For the purposes of this Section II (A),
hESCs should have been derived from human embryos:

1. that were created using in vitro fertilization for reproductive
purposes and were no longer needed for this purpose;

2. that were donated by individuals who sought reproductive
treatment (hereafter referred to as “donor(s)”) and who gave
voluntary written consent for the human embryos to be used
for research purposes; and

3. for which all of the following can be assured and documenta-
tion provided, such as consent forms, written policies, or other
documentation, provided:

a. All options available in the health care facility where treat-
ment was sought pertaining to the embryos no longer
needed for reproductive purposes were explained to the
individual(s) who sought reproductive treatment.

b.  No payments, cash or in kind, were offered for the donated
embryos.

c.  Policies and/or procedures were in place at the health care
facility where the embryos were donated that neither con-
senting nor refusing to donate embryos for research would
affect the quality of care provided to potential donor(s).

2 On February 23, 2010, NIH issued a request for public comment in the Federal Register
on changing this definition to the following:

For the Purpose of the Guidelines, ‘human embryonic stem cells (hESCs)” are pluripotent cells
that are derived from early stage human embryos, up to and including the blastocyst stage, are
capable of dividing without differentiating for a prolonged period in culture, and are known to
develop into cells and tissues of the three primary germ layers.

As of the publication of this report, no revisions have been formally issued. Readers are
encouraged to consult <http://stemcells.nih.gov/> for the NIH current guidelines.
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d. There was a clear separation between the prospective
donor(s)’s decision to create human embryos for reproduc-
tive purposes and the prospective donor(s)’s decision to do-
nate human embryos for research purposes. Specifically:

i. Decisions related to the creation of human embryos
for reproductive purposes should have been made free
from the influence of researchers proposing to derive
or utilize hESCs in research. The attending physician
responsible for reproductive clinical care and the re-
searcher deriving and/or proposing to utilize hESCs
should not have been the same person unless separa-
tion was not practicable.

ii. At the time of donation, consent for that donation
should have been obtained from the individual(s)
who had sought reproductive treatment. That is, even
if potential donor(s) had given prior indication of
their intent to donate to research any embryos that
remained after reproductive treatment, consent for
the donation for research purposes should have been
given at the time of the donation.

iii. Donor(s) should have been informed that they re-
tained the right to withdraw consent for the donation
of the embryo until the embryos were actually used
to derive embryonic stem cells or until information
which could link the identity of the donor(s) with the
embryo was no longer retained, if applicable.

e.  During the consent process, the donor(s) were informed of
the following:

i. that the embryos would be used to derive hESCs for
research;

ii. what would happen to the embryos in the derivation
of hESCs for research;

iii. that hESCs derived from the embryos might be kept
for many years;

iv. that the donation was made without any restriction or
direction regarding the individual(s) who may receive
medical benefit from the use of the hESCs, such as
who may be the recipients of cell transplants.;

v. that the research was not intended to provide direct
medical benefit to the donor(s);
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vi. that the results of research using the hESCs may have
commercial potential, and that the donor(s) would
not receive financial or any other benefits from any
such commercial development;

vii. whether information that could identify the donor(s)
would be available to researchers.

B. Applicant institutions proposing research using hESCs derived from
embryos donated in the U.S. before the effective date of these Guide-
lines may use hESCs that are posted on the new NIH Registry or they
may establish eligibility for NIH funding in one of two ways:

1. By complying with Section II (A) of the Guidelines; or

2. By submitting materials to a Working Group of the Advisory
Committee to the Director (ACD), which will make recom-
mendations regarding eligibility for NIH funding to its parent
group, the ACD. The ACD will make recommendations to the
NIH Director, who will make final decisions about eligibility
for NIH funding.

The materials submitted must demonstrate that the hESCs were
derived from human embryos: 1) that were created using in
vitro fertilization for reproductive purposes and were no longer
needed for this purpose; and 2) that were donated by donor(s)
who gave voluntary written consent for the human embryos to
be used for research purposes.

The Working Group will review submitted materials, e.g.,
consent forms, written policies or other documentation, tak-
ing into account the principles articulated in Section II (A),
45 C.ER. Part 46, Subpart A, and the following additional
points to consider. That is, during the informed consent pro-
cess, including written or oral communications, whether the
donor(s) were: (1) informed of other available options pertain-
ing to the use of the embryos; (2) offered any inducements for
the donation of the embryos; and (3) informed about what
would happen to the embryos after the donation for research.

C. For embryos donated outside the United States before the effective
date of these Guidelines, applicants may comply with either Section
IT (A) or (B). For embryos donated outside of the United States on
or after the effective date of the Guidelines, applicants seeking to
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determine eligibility for NIH research funding may submit an assur-
ance that the hESCs fully comply with Section II (A) or submit an
assurance along with supporting information, that the alternative
procedural standards of the foreign country where the embryo was
donated provide protections at least equivalent to those provided by
Section II (A) of these Guidelines. These materials will be reviewed by
the NIH ACD Working Group, which will recommend to the ACD
whether such equivalence exists. Final decisions will be made by the
NIH Director.

D. NIH will establish a new Registry listing hESCs eligible for use in
NIH funded research. All hESCs that have been reviewed and deemed
eligible by the NIH in accordance with these Guidelines will be
posted on the new NIH Registry.

ITI. Use of NIH Funds

Prior to the use of NIH funds, funding recipients should provide as-
surances, when endorsing applications and progress reports submitted
to NIH for projects using hESCs, that the hESCs are listed on the NIH
registry.

IV. Research Using hESCs and/or Human Induced Pluripotent Stem
Cells That, Although the Cells May Come from Eligible Sources, Is
Nevertheless Ineligible for NIH Funding

This section governs research using hESCs and human induced pluripo-
tent stem cells, i.e., human cells that are capable of dividing without
differentiating for a prolonged period in culture, and are known to de-
velop into cells and tissues of the three primary germ layers. Although
the cells may come from eligible sources, the following uses of these cells
are nevertheless ineligible for NIH funding, as follows:

A. Research in which hESCs (even if derived from embryos donated
in accordance with these Guidelines) or human induced pluripotent
stem cells are introduced into non-human primate blastocysts.

B. Research involving the breeding of animals where the introduction
of hESCs (even if derived from embryos donated in accordance with
these Guidelines) or human induced pluripotent stem cells may con-
tribute to the germ line.
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V. Other Research Not Eligible for NIH Funding

A. NIH funding of the derivation of stem cells from human embryos
is prohibited by the annual appropriations ban on funding of hu-
man embryo research (Section 509, Omnibus Appropriations Act,
2009, Pub. L. 111-8, 3/11/09), otherwise known as the Dickey
Amendment.

B. Research using hESCs derived from other sources, including somatic
cell nuclear transfer, parthenogenesis, and/or IVF embryos created
for research purposes, is not eligible for NIH funding.
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GEORGE Q. DALEY, Samuel E. Lux IV Chair in Hematology and Director,
Stem Cell Transplantation Program, Children’s Hospital Boston; Associate
Professor of Biological Chemistry and Molecular Pharmacology, Harvard
Medical School; Investigator, Howard Hughes Medical Institute; and Past
President, International Society for Stem Cell Research

DeBorAH A. HursH, Senior Investigator, Division of Cellular and Gene
Therapies, Center for Biologics Research and Review, U.S. Food and Drug
Administration

JuLie KaNesHIRO, Team Leader, Policy, Office for Human Research Protec-
tions, Department of Health and Human Services

Story Lanpis, Director, National Institute of Neurological Disorders and
Stroke, National Institutes of Health (NIH), and Chair, NIH Stem Cell Task

Force

BerNARD Lo, Professor of Medicine and Director of the Program in Medical
Ethics, University of California, San Francisco

Georr LoMax, Senior Officer to the Standards Working Group, California
Institute for Regenerative Medicine
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Joun McNErisH, Executive Director, Pfizer Regenerative Medicine

P. PEARL O’ROURKE, Director of Human Research Affairs, Partners Health-

Care System, Boston; and Associate Professor of Pediatrics, Harvard Medical
School

SEAN TipTON, Past-President, Coalition for the Advancement of Medical Re-

search; and Director of Public Affairs, American Society for Reproductive
Medicine
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National Academies’ Guidelines for Human

Embryonic Stem Cell Research
Amended as of May 20107

1.0 Introduction

2.0 Establishment of an Institutional Embryonic Stem Cell Research Over-
sight Committee

3.0 Procurement of Gametes, Morulae, Blastocysts or Cells for Generation
of hES Generationr Cell Lines

4.0 Derivation of hES Cell Lines

5.0 Banking and Distribution of hES Cell Lines

6.0 Research Use of hES Cell Lines

7.0 International Collaboration

8.0 Conclusion

1.0 INTRODUCTION

; 3 3 3 ires: These guldehnes
focus on the derlvatlon procurement, bankmg, and use of human embryonic
stem (hES) cell lines nd some uses of human pluripotent (hPS) cell lines.
They provide an oversight process that will help to ensure that research with
hES cells is conducted in a responsible and ethically sensitive manner and
in compliance with all regulatory requirements pertaining to biomedical re-
search in general. The National Academies are-tssuing issues these guidelines

7 New or modified wording is indicated by underlining. Deleted wording is indi-
cated by strikethrough.
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for the use of the scientific community, including researchers in university,
industry, or other private-sector research organizations who are conducting
such research with non-federal funding. Researchers conducting federally-
funded hES cell research should, however, note that the requirements of the
National Institutes of Health (NIH)—available at http://stemcells.nih.gov/
policy/2009guidelines.htm—supersede these National Academies’ Guidelines
for certain sections (as noted below).

1.1 What These Guidelines Cover

1.1(a) These guidelines cover all derivation of hES cell lines and all
research that uses hES cells derived from
(i)  blastocysts and/or morulae made for reproductive purposes
and later obtained for research from in vitro fertilization (IVF)
clinics,
(ii) blastocysts and/or morulae made specifically for research using
IVE,
(iii) somatic cell nuclear transfer (NT) into oocytes or by partheno-

gensis or androgenesis.

1.1(b) Some of the concerns addressed in this report are common to
other types of human stem cell research; as such, certain of these Guidelines
should also apply to those other types of research. For example,

(i) research that uses human adult stem cells,

(i) research that uses fetal stem cells or embryonic germ cells
derived from fetal tissue; such research is covered by fed-
eral statutory restrictions at 42 U.S.C. 289g-2(a) and fed-
eral regulations at 45 CFR 46.210,

(iii) research using hPS cells derived from non-embryonic
sources, such as spermatogonial stem cells and “induced
pluripotent” stem cells derived from somatic cells by intro-
duction of genes or otherwise (so-called iPS cells), as well
as other pluripotent cells yet to be developed; guidelines
for hPS cells are collected in Section 7 below.
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1.1(c) Research supported by NIH funds using NIH-approved hES cell
lines is governed by NIH guidelines.

1.1(d) The guidelines do not cover research that uses nonhuman stem
cells.

1.2 Reproductive Uses of NT

These guidelines also do not apply to reproductive uses of nuclear transfer,
which are addressed in the 2002 report Scientific and Medical Aspects of
Human Reproductive Cloning, in which the National Academies recom-
mended that “Human reproductive cloning should not now be practiced.
It is dangerous and likely to fail.” Although these guidelines do not specifi-
cally address human reproductive cloning, it continues to be the view of the
National Academies that research aimed at the reproductive cloning of a
human being should not be conducted at this time.

1.3 Categories of hES Cell Research

These guidelines specify categories of research that:

e Are permissible after currently mandated reviews and proper notifica-
tion of the relevant research institution.

e Are permissible after additional review by an Embryonic Stem Cell
Research Oversight (ESCRO) committee, as described in Section 2.0
of the guidelines.

e Should not be conducted at this time.

Because of the sensitive nature of some aspects of hES cell research, these
guidelines in many instances set a higher standard than is required by laws or
regulations with which institutions and individuals already must comply.

1.3(a) hES Cell Research Permissible after Currently Mandated
Reviews

Purely in vitro hES cell research that uses previously derived hES cell lines
is permissible provided that the ESCRO committee or equivalent body
designated by the investigator’s institution (see Section 2.0) receives docu-
mentation of the provenance of the cell lines including (i) documentation of
the use of an acceptable informed consent process that was approved by an
Institutional Review Board (IRB) or foreign equivalent for their derivation
(consistent with Section 3.6) and (ii) documentation of compliance with any
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additional-required-reviewby-an Institutional Animal Care and Use Com-

mittee (IACUC), Institutional Biosafety Committee (IBC), or other institu-
tionally mandated review, if necessary. To determine whether the proposed
research meets the requirements of this section, the ESCRO committee may
choose to conduct an “expedited review” of such research proposals. In this
context, expedited review means that the ESCRO committee chair or others
designated by the committee chair act on behalf of the committee to deter-
mine that the hES cells have been acceptably derived (see Section 1.5) and
report to the entire committee. All hES cell lines listed on the NIH Registry
of approved lines are acceptable for use in research, subject to any restric-
tions imposed by NIH. Certain other lines may be considered acceptable for
research using non-federal funds (see 1.5 below).

1.3(b) hES Cell Research Permissible Only After Additional Review
and Approval

(i)  Generation of new lines of hES cells by whatever means.

(ii) Research involving the introduction of hES cells into non-=
human animals other than humans or primates® at any
stage of embryonic, fetal, or postnatal development. Par-
ticular attention should be paid to at least three factors: the
extent to which the implanted cells colonize and integrate
into the animal tissue; the degree of differentiation of the
implanted cells; and the possible effects of the implanted
cells on the function of the animal tissue.

(iii) Research involving the introduction of hES cell into nonhu-
man primates at any stage of fetal or postnatal develop-
ment. Particular attention should be paid to at least three
factors: the extent to which the implanted cells colonize

and integrate into the animal tissue; the degree of differ-
entiation of the implanted cells: and the possible effects of

the implanted cells on the function of the animal tissue.

(iv) Research in which the identity of the donors of blastocysts,
morulae, gametes, or somatic cells from which the hES
cells were derived is readily ascertainable or might become
known to the investigator.

8 “Nonhuman animals” has been changed to “animals other than human or primates”
as the Guidelines do not permit the introduction of hES cells into humans or nonhuman
primates (Section 1.3(c)(ii)).
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1.3(c) hES Cell Research That Should Not Be Permitted At This

Time

The following types of research should not be conducted at this time:

(i) Research involving in vitro culture of any intact hu-
man embryo, regardless of derivation method, for
longer than 14 days or until formation of the primi-
tive streak begins, whichever occurs first.

(i1) Research in which hES cells are introduced into non-
human primate blastocysts or in which any embryonic
stem cells are introduced into human blastocysts.

In addition:
(1i1) No animal into which hES cells have been intro-

duced such that they could contribute to the germ
line should be allowed to breed.

1.4 Obligations of Investigators and Institutions

All scientific investigators and their institutions, regardless of their field,
bear the ultimate responsibility for ensuring that they conduct themselves
in accordance with professional standards and with integrity. In particular,
people whose research involves hES cells should work closely with oversight
bodies, demonstrate respect for the autonomy and privacy of those who
donate gametes, morulae, blastocysts, or somatic cells and be sensitive to
public concerns about research that involves human embryos.
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1.5 Acceptability of research using hES cell lines imported from other
institutions or jurisdictions

1.5(a) Before approving use of hES and-hPS cell lines imported from
other institutions or jurisdictions, ESCRO committees should consider
whether such cell lines have been “acceptably derived.”

1.5(b) “Acceptably derived” means that the cell lines were derived
from gametes or embryos for which

(i)  the donation protocol was reviewed and approved by an
IRB or, in the case of donations taking place outside the
United States, a substantially equivalent oversight body;

(ii) consent to donate was voluntary and informed;

(iii) donation was made with reimbursement policies consistent
with these Guidelines; and

(iv) donation and derivation complied with the extant legal
requirements of the relevant jurisdiction.

1.5(c) ESCRO committees should include on their registry a list of
cell lines that have been imported from other institutions or jurisdictions
and information on the specific guidelines, regulations, or statutes under
which the derivation of the imported cell lines was conducted. This is in
accord with the requirement in section 2.0 of the Guidelines that calls for
ESCRO committees to maintain registries listing the cell lines in use at their
institutions.

2.0 ESTABLISHMENT OF AN INSTITUTIONAL EMBRYONIC
STEM CELL RESEARCH OVERSIGHT COMMITTEE

To provide oversight of all issues related to derivation and use of hES cell
lines and to facilitate education of investigators involved in hES cell re-
search, each many institutions currently require that research should-have
aettvittes involving hES cells should be overseen by an Embryonic Stem Cell
Research Oversight (ESCRO) committee. Although not required under the

NIH Guidelines on Human Stem Cell Research, institutions conducting fed-
erally funded stem cell research are nevertheless likely to decide to maintain
their ESCRO committees and use them for consultation, training, and any
other functions appropriate to assist the institution and its researchers in

evaluating and managing hES cell research. Institutions that conduct both
federally funded and non-federally funded hES cell research, particularly if
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this research involves the derivation of new cell lines, should maintain and
use their ESCRO committees as they did prior to July 7, 2009. An ESCRO
committee could be internal to a single institution or established jointly with
one or more other institutions. Alternatively, an institution may have its
proposals reviewed by an ESCRO committee of another institution, or by
an independent ESCRO committee. An ESCRO committee should include
independent representatives of the lay public as well as persons with exper-
tise in developmental biology, stem cell research, molecular biology, assisted
reproduction, and ethical and legal issues in hES cell research. It must have
suitable scientific, medical, and ethical expertise to conduct its own review
and should have the resources needed to coordinate the management of
the various other reviews required for a particular protocol. A pre-existing
committee could serve the functions of the ESCRO committee provided
that it has the expertise recommended here and representation to perform
the various roles described in this report. For example, an institution might
elect to constitute an ESCRO committee from among some members of an
IRB. But the ESCRO committee should not be a subcommittee of the IRB, as
its responsibilities extend beyond human subject protections. Furthermore,
much hES cell research does not require IRB review. The ESCRO committee

should would:

(a) Provide oversight over all issues related to derivation and-use of hES
cell lines.

(b) Provide oversight over issues related to the use of hES cell lines not
otherwise covered by NIH guidelines.

(bc) Review and approve the scientific merit of research protocols.

(ed) Review compliance of all in-house hES cell research with all relevant
regulations and these guidelines.

(de) Maintain registries of hES cell research conducted at the institution
and hES cell lines derived or imported by institutional investigators.
An institution conducting stem cell research should make informa-
tion from the registries (including, but not necessarily limited to,
project abstracts and source of funding) available to the public and
the media through the institution’s Web site.

(ef) Facilitate education of investigators involved in hES cell research.

An institution that maintains its own ESCRO committee should also conduct
periodic audits of the committee to verify that it is carrying out its responsi-
bilities appropriately. Auditable records include documentation of decisions
regarding the acceptability of research proposals and verification that cell
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lines in use at the institution were acceptably derived (see Section 1.5). Insti-
tutions should make the results of these audits available to the public.

An institution that uses an external ESCRO committee should nevertheless
ensure that the registry and educational functions of an internal ESCRO
committee are carried out by the external ESCRO committee on its behalf
or internally by other administrative units. Institutions that use external
ESCRO committees are also responsible for ensuring that these committees
are likewise carrying out their responsibilities appropriately.

2.1 For projects that involve more than one institution, review of the scien-
tific merit, justification, and compliance status of the research may be carried
out by a single ESCRO committee if all participating institutions agree to
accept the results of the review.

3.0 PROCUREMENT OF GAMETES, MORULAE, BLASTOCYSTS
OR CELLS FOR GENERATION OF hES CELL LINES
GENERATION

3.1 An IRB, as described in federal regulations at 45 CFR 46.107, should
review all new procurement of all gametes, morulae, blastocysts, or somatic
cells for the purpose of generating new hES or hPS cell lines. This includes
the procurement of blastocysts and/or morulae in excess of clinical need
from infertility clinics, blastocysts made through IVF specifically for research
purposes, and oocytes, sperm, and somatic cells donated for development of
hES cell lines derived through NT or by parthenogenesis or androgenesis;
and hPS cells derived by any means that require human subjects review.

3.2 Consent for donation should be obtained from each donor at the time of
donation. Even people who have given prior indication of their intent to do-
nate to research any blastocysts and/or morulae that remain after clinical care
should nonetheless give informed consent at the time of donation. Donors
should be informed that they retain the right to withdraw consent until the
blastocysts and/or morulae are actually used in cell line derivation.

3.3 When donor gametes have been used in the IVF process, resulting blas-
tocysts and/or morulae may not be used for research without consent of
all gamete donors. Written agreement at the time of gamete donation that
one potential use of the blastocysts and/or morulae is embryo research will
constitute sufficient consent.
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3.4 Payment and Reimbursement

3.4 (a) No payments, cash or in-kind, may be provided for donating
blastocysts and/or morulae in excess of clinical need for research purposes.
People who elect to donate stored blastocysts and/or morulae for research
should not be reimbursed for the costs of storage prior to the decision to
donate.

3.4(b) Women who undergo hormonal induction to generate oocytes
specifically for research purposes (such as for NT) should be reimbursed
only for direct expenses incurred as a result of the procedure, as determined
by an IRB. Direct expenses may include costs associated with travel, hous-
ing, child care, medical care, health insurance, and actual lost wages. No
payments beyond reimbursements, cash or in-kind, should be provided for
donating oocytes for research purposes. Similarly, no payments beyond re-
imbursements should be made for donations of sperm for research purposes
or of somatic cells for use in NT.

3.5 To facilitate autonomous choice, decisions related to the creation of
embryos for infertility treatment should be free of the influence of investi-
gators who propose to derive or use hES cells in research. Whenever it is
practicable, the attending physician responsible for the infertility treatment
and the investigator deriving or proposing to use hES cells should not be
the same person.

3.6 In the context of donation of gametes, morulae, blastocysts, or somatic
cells for hES cell research or for hPS cell research that requires human sub-
jects review, the informed consent process, should, at a minimum, provide
the following information.’

(a) A statement that the blastoeysts, gametes, morulae, blastocysts, or
somatic cells will be used to derive hES or hPS cells for research that
may include research on human transplantation.

(b) A statement that the donation is made without any restriction or
direction regarding who may be the recipient of transplants of the
cells derived, except in the case of autologous donation.

(c) A statement as to whether the identities of the donors will be readily
ascertainable to those who derive or work with the resulting hES or
hPS cell lines.

9 To be eligible for use in federally-funded research, the NIH guidelines specify specific ele-
ments for informed consent that may differ from the elements listed below.
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(d) If the identities of the donors are retained (even if coded), a statement
as to whether donors wish to be contacted in the future to receive
information obtained through studies of the cell lines.

(e) An assurance that participants in research projects will follow ap-
plicable and appropriate best practices for donation, procurement,
culture, and storage of cells and tissues to ensure, in particular, the
traceability of stem cells. (Traceable information, however, must be
secured to ensure confidentiality.)

(f) A statement that derived hES or hPS cells and/or cell lines might be
kept for many years.

(g) A statement that the hES or hPS cells and/or cell lines might be used
in research involving genetic manipulation of the cells or the mixing
of human and nonhuman cells in animal models.

(h) Disclosure of the possibility that the results of study of the hES or
hPS cells may have commercial potential and a statement that the
donor will not receive financial or any other benefits from any future
commercial development.

(i) A statement that the research is not intended to provide direct medical
benefit to the donor(s) except in the case of autologous donation.

(j) A statement that embryos will be destroyed in the process of deriving
hES cells.

(k) A statement that neither consenting nor refusing to donate embryos
for research will affect the quality of any future care provided to
potential donors.

(I) A statement of the risks involved to the donor.

In addition, donors could be offered the option of agreeing to some forms
of hES cell research but not others. For example, donors might agree to
have their materials used for deriving new hES cell lines but might not want
their materials used, for example, for NT. The consent process should fully
explore whether donors have objections to any specific forms of research to
ensure that their wishes are honored. Investigators and stem cell banks are,
of course, free to choose which cell lines to accept, and are not obligated to
accept cell lines for which maintaining information about specific research
use prohibitions would be unduly burdensome.

New derivations of stem cell lines from banked tissues obtained prior to
the adoption of these guidelines are permissible provided that the original
donations were made in accordance with the legal requirements in force at
the place and time of donation. This includes gametes, morulae, blastocysts,
adult stem cells, somatic cells, or other tissue. In the event that these banked
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tissues retain identifiers linked to living individuals, human subjects protec-
tions may apply.

3.7 Clinical personnel who have a conscientious objection to hES cell re-
search should not be required to participate in providing donor information
or securing donor consent for research use of gametes, morulae, or blasto-
cysts. That privilege should not extend to the care of a donor or recipient.

3.8 Researchers may not ask members of the infertility treatment team to
generate more oocytes than necessary for the optimal chance of reproductive
success. An infertility clinic or other third party responsible for obtaining
consent or collecting materials should not be able to pay for or be paid for
the material obtained (except for specifically defined cost-based reimburse-
ments and payments for professional services).

4.0 DERIVATION OF hES CELL LINES

4.1 Requests to the ESCRO committee for permission to attempt derivation
of new hES cell lines from donated embryos, morulae, or blastocysts must
include evidence of IRB approval of the procurement process (see Section
3.0 above).

4.2 The scientific rationale for the need to generate new hES cell lines, by
whatever means, must be clearly presented, and the basis for the numbers
of embryos, morulae, and blastocysts needed should be justified.

4.3 Research teams should demonstrate appropriate expertise or training in
derivation or culture of either human or nonhuman ES cells before permis-
sion to derive new lines is given.

4.4 When NT experiments involving either human or nonhuman oocytes
are proposed as a route to generation of hES cells, the protocol must have a
strong scientific rationale. Proposals that include studies to find alternatives
to donated oocytes in this research should be encouraged.

4.5 Neither blastocysts or morulae made using NT of human nuclei (whether
produced with human or nonhuman oocytes) nor parthenogenetic or an-
drogenetic human embryos may be transferred to a human or nonhuman
uterus or cultured as intact embryos in vitro for longer than 14 days or until
formation of the primitive streak, whichever occurs first.
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4.6 Investigators must document how they will characterize, validate, store,
and distribute any new hES cell lines and how they will maintain the confi-
dentiality of any coded or identifiable information associated with the lines
(see Section 5.0 below). Investigators are encouraged to apply the same
procedures and standards for characterization, validation, storage, and dis-
tribution to hPS cell lines.

5.0 BANKING AND DISTRIBUTION OF hES CELL LINES

There are several models for the banking of human biological materials,
including hES cells. The most relevant is the U.K. Stem Cell Bank. The
guidelines developed by this and other groups generally adhere to key ethi-
cal principles that focus on the need for consent of donors and a system for
monitoring adherence to ethical, legal, and scientific requirements. As hES
cell research advances, it will be increasingly important for institutions that
are obtaining, storing, and using cell lines to have confidence in the value of
stored cells—that is, that they were obtained ethically and with the informed
consent of donors, that they are well characterized and screened for safety,
and that the conditions under which they are maintained and stored meet the
highest scientific standards. Institutions engaged in hES research should seek
mechanisms for establishing central repositories for hES cell lines—through
partnerships or augmentation of existing quality research cell line reposito-
ries and should adhere to high ethical, legal, and scientific standards. At a
minimum, an institutional registry of stem cell lines should be maintained.
Institutions are encouraged to consider the use of the same procedures for
banking and distribution of hPS cell lines.

5.1 Institutions that are banking or plan to bank hES cell lines should es-
tablish uniform guidelines to ensure that donors of material give informed
consent through a process approved by an IRB and that meticulous records
are maintained about all aspects of cell culture. Uniform tracking systems
and common guidelines for distribution of cells should be established.

5.2 Any facility engaged in obtaining and storing hES cell lines should con-
sider the following standards:
(a) Creation of a committee for policy and oversight purposes and creation
of clear and standardized protocols for banking and withdrawals.

(b) Documentation requirements for investigators and sites that deposit
cell lines, including
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(i) A copy of the donor consent form.
(ii) Proof of Institutional Review Board approval of the procure-
ment process.
(iii) Available medical information on the donors, including results
of infectious-disease screening.
(iv) Available clinical, observational, or diagnostic information
about the donor(s).
(v) Critical information about culture conditions (such as media,
cell passage, and safety information).
(vi) Available cell line characterization (such as karyotype and ge-
netic markers).
A repository has the right of refusal if prior culture conditions or other
items do not meet its standards.

(c) A secure system for protecting the privacy of donors when materials
retain codes or identifiable information, including but not limited
to
(i) A schema for maintaining confidentiality (such as a coding
system).

(ii) A system for a secure audit trail from primary cell lines to those
submitted to the repository.

(i) A policy governing whether and how to deliver clinically sig-
nificant information back to donors.

(d) The following standard practices:
(i)  Assignment of a unique identifier to each sample.
(ii) A process for characterizing cell lines.
(iii) A process for expanding, maintaining, and storing cell lines.
(iv) A system for quality assurance and control.
(v) A website that contains scientific descriptions and data related

to the cell lines available.

(vi) A procedure for reviewing applications for cell lines.
(vii) A process for tracking disbursed cell lines and recording their
status when shipped (such as number of passages).

viii) A system for auditing compliance.

ix) A schedule of charges.

x) A statement of intellectual property policies.

xi) When appropriate, creation of a clear Material Transfer Agree-
ment or user agreement.

(xii) A liability statement.

(xiii) A system for disposal of material.

(
(
(
(
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(e) Clear criteria for distribution of cell lines, including but not limited
to evidence of approval of the research by an embryonic stem cell
research oversight committee or equivalent body at the recipient
institution.

6.0 RESEARCH USE OF hES CELL LINES

Once hES cell lines have been derived, investigators and institutions, through
ESCRO committees and other relevant committees (such as an IACUC, an
IBC, or a radiation safety committee) should monitor their use in research.

6.1 Institutions should require documentation of the provenance of all hES
cell lines, whether the cells were imported into the institution or gener-
ated locally. The institution should obtain evidence of IRB-approval of the
procurement process and of adherence to basic ethical and legal principles
of procurement as described in Section 1.3(a) and 1.5. In the case of lines
imported from another institution, documentation that these criteria were
met at the time of derivation will suffice. Listing on the NIH Registry will
be sufficient evidence of acceptability of hES cell lines.

6.2 In vitro experiments involving the use of already derived and coded
hES cell lines will not need review beyond the review described in Sections
1.3(a) and 6.1.

6.3 Each institution should maintain a registry of its investigators who are
conducting hES cell research and ensure that all registered users are kept
up to date with changes in guidelines and regulations regarding the use of
hES cells.

6.4 All protocols involving the combination of hES cells with nonhuman
embryos, fetuses, or adult vertebrate animals must be submitted to the local
IACUC for review of animal welfare issues and to the ESCRO committee for
consideration of the consequences of the human contributions to the result-
ing chimeras. (See also Section 1.3(c)(iii) concerning breeding of chimeras.)

6.5 Transplantation of differentiated derivatives of hES cells or even hES
cells themselves into adult animals will not require extensive ESCRO com-
mittee review. If there is a possibility that the human cells could contribute
in a major organized way to the brain of the recipient animal, however,
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the scientific justification for the experiments must be strong, and proof of
principle using nonhuman (preferably primate) cells, is desirable.

6.6 Experiments in which hES cells, their derivatives, or other pluripotent
cells are introduced into nonhuman fetuses and allowed to develop into adult
chimeras need more careful consideration because the extent of human con-
tribution to the resulting animal may be higher. Consideration of any major
functional contributions to the brain should be a main focus of review. (See
also Section 1.3(c)(iii) concerning breeding of chimeras.)

6.7 Introduction of hES cells into nonhuman mammalian blastocysts should
be considered only under circumstances in which no other experiment can
provide the information needed. (See also Sections 1.3(c)(ii) and 1.3(c)(iii)
concerning restrictions on breeding of chimeras and production of chimeras
with nonhuman primate blastocysts.)

6.8 Research use of existing hES cells does not require IRB review unless
the research involves introduction of the hES cells or their derivatives into
patients or the possibility that the identity of the donors of the blastoeysts,
gametes, morulae, blastocysts, or somatic cells is readily ascertainable or
might become known to the investigator.

7.0 RECOMMENDATIONS FOR RESEARCH USE OF
NON-EMBRYO-DERIVED HUMAN PLURIPOTENT STEM
CELLS (hPS CELLS)

7.1 Derivation

Because non-embryo-derived hPS cells are derived from human material,
their derivation ts may be covered by existing IRB regulations concerning
review and informed consent, depending on the source of the tissue used.
No ESCRO committee review is necessary, although the IRB may always
seek the advice of an ESCRO committee if this seems desirable. Where ap-
propriate, t¥he IRB review should consider proper consent for use of the
derived hPS cells. Some of the recommendations for informed consent that
apply to hES cells also apply to hPS cells (see Section 3.6), including informed
consent to genetic manipulation of resulting pluripotent stem cells and their
use for transplantation into animals and humans and potentially in future
commercial development.
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7.2 Use in in Vitro Experiments

Use of hPS cells in purely in vitro experiments need not be subject to any
review beyond that necessary for any human cell line except that any experi-
ments designed or expected to yield gametes (oocytes or sperm) should be
subject to ESCRO committee review.

7.3 Use in Experiments Involving Transplantation of hPS Cells into Animals
at any Stage of Development or Maturity

Z3t-Proposals for use of hPS cells in animals should be considered in
one of the following categories:

(i)  Permissible after currently mandated reviews and proper docu-
mentation [see Section 1.3(a)]: experiments that are exempt
from full ESCRO committee review but not IACUC review
(experiments that involve only transplantation into postnatal
animals with no likelihood of contributing to the central ner-
vous system or germ line).

(ii) Permissible after additional review by an ESCRO committee, as
described in Section 2.0 of the guidelines [see Section 1.3(b)]:
experiments in which there is a significant possibility that the
implanted hPS cells could give rise to neural or gametic cells
and tissues. Such experiments need full ESCRO committee and
IACUC review and would include generation of all preimplanta-
tion chimeras as well as neural transplantation into embryos or
perinatal animals. Particular attention should be paid to at least
three factors: the extent to which the implanted cells colonize
and integrate into the animal tissue; the degree of differentiation
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of the implanted cells; and the possible effects of the implanted
cells on the function of the animal tissue.

(iii) Should not be conducted at this time [see Section 1.3(c)]

(1) Experiments that involve transplantation of hPS cells into
human blastocysts.

(2) Research in which hPS cells are introduced into nonhu-
man primate embryos, pending further research that will
clarify the potential of such introduced cells to contribute
to neural tissue or to the germ line.

7.4 Multipotent Neural Stem Cells

It is also relevant to note that neural stem cells, although not pluripotent,
are multipotent and may have the potential to contribute to neural tissue
in chimeric animals. ESCRO committees should decide whether they wish
to review and monitor such experiments with neural stem cells in a similar
fashion.

7.5 Prohibition on Breeding
No animal into which hPS cells have been introduced such that they could
contribute to the germ line should be allowed to breed.

7.6 Guidance for Banking and Distribution

Institutions should consider the value of banking and distributing hPS cells
using the guidance and rules that are already in place for hES cells and the
value of including hPS cell lines in their registries.

8.0 INTERNATIONAL COLLABORATION

If a U.S.-based investigator collaborates with an investigator in another
country, the ESCRO committee may determine that the procedures pre-
scribed by the foreign institution afford protections consistent with these
guidelines, and the ESCRO committee may approve the substitution of some
of or all of the foreign procedures for its own.

9.0 CONCLUSION

The substantial public support for hES cell research and the growing trend by
many nonfederal funding agencies and state legislatures to support this field
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requires a set of guidelines to provide a framework for hES cell research. In
the absence of the oversight that-would-come-withunrestrieted of hES cell
research that falls outside federal funding of this research, these guidelines
will continue to offer reassurance to the public and to Congress that the
scientific community is attentive to ethical concerns and is capable of self-
regulation while moving forward with this important research.

To help ensure that these guidelines are taken seriously, stakeholders in
hES cell research—sponsors, funding sources, research institutions, relevant
oversight committees, professional societies, and scientific journals, as well as
investigators—should develop policies and practices that are consistent with
the principles inherent in these guidelines. Funding agencies, professional
societies, journals, and institutional review panels can provide valuable com-
munity pressure and impose appropriate sanctions to ensure compliance. For
example, ESCROs and IRBs should require evidence of compliance when
protocols are reviewed for renewal, funding agencies should assess compli-
ance when reviewing applications for support, and journals should require
that evidence of compliance accompanies publication of results.

As individual states and private entities move increasingly into hES cell
research, it will be important to initiate a national effort to provide a formal
context in which the complex moral and oversight questions associated with
this work can be addressed on a continuing basis. Both the state of hES cell
research and clinical practice and public policy surrounding these topics
are in a state of flux and are likely to be so for several years. Therefore, the
committee believes that amattorral-body mechanisms should be established
to assess periodically the adequacy of the policies and guidelines proposed in
this document and elsewhere and to provide a forum for a continuing discus-
sion of issues involved in hES cell research. New policies and standards may
be appropriate for issues that cannot now be foreseen. The organization that
sponsors this body should be politically independent and without conflicts
of interest, should be respected in the lay and scientific communities, and
able to call on suitable expertise to support this effort.
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been published extensively in both the medical and popular press, includ-
ing the New England Journal of Medicine, Health Affairs, USA Today, the
Washington Post, and the New York Times. She served as a special assistant
to the secretary of health, education, and welfare (now the Department of
Health and Human Services) and on numerous health-related policy coun-
cils and advisory committees, including the National Institutes of Health’s
Consensus Panel on Liver Transplantation and, most recently, IOM’s Com-
mittee on Spinal Cord Injury. Ms. Miller serves on the Advisory Board of
the University of Louisville-based Institute for Cellular Therapeutics, headed
by Suzanne Ildstad, which does research in adult bone marrow transplanta-
tion, and has been a member of several academic and health-care institu-
tions’ boards of governors, including those of Blythedale Children’s Hospital
in New York, Capital Hospice in the national capital region, and Cornell
University’s Alumni Council.

Jonathan D. Moreno, PhD, is the David and Lyn Silfen University Professor
of Ethics and professor of medical ethics and of the history and sociology
of science at the University of Pennsylvania. He holds a courtesy appoint-
ment as professor of philosophy. He is also a senior fellow at the Center for
American Progress in Washington, D.C., where edits the magazine Science
Progress (www.scienceprogress.org). He was a member of President Barack
Obama’s transition team for the Department of Health and Human Services.
Moreno is an elected member of the Institute of Medicine/National Academy
of Sciences. In 2008 he was designated a National Associate of the National
Research Council. He has served as a senior staff member for two presiden-
tial advisory commissions, and has given invited testimony for both houses of
congress. He was an Andrew W. Mellon post doctoral fellow, holds an hon-
orary doctorate from Hofstra University, and is a recipient of the Benjamin
Rush Medal from the College of William and Mary Law School. Moreno
has served as adviser to the Howard Hughes Medical Institute and the Bill
and Melinda Gates Foundation, among many other organizations. Moreno
is also a faculty affiliate of the Kennedy Institute of Ethics at Georgetown
University and a fellow of the Hastings Center and the New York Academy
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of Medicine. He is a past president of the American Society for Bioethics
and Humanities. His books include Progress in Bioethics (2010); Science
Next: Innovation for the Common Good (2009); Mind Wars: Brain Re-
search and National Defense (2006); Undue Risk: Secret State Experiments
on Humans (1999); Ethical Guidelines for Innovative Surgery (2006); Is
There an Ethicist in the House? (2005); In the Wake of Terror: Medicine
and Morality in a Time of Crisis (2003); Ethical and Regulatory Aspects of
Clinical Research (2003); Deciding Together: Bioethics and Moral Consensus
(1995); Ethics in Clinical Practice (2000); and Arguing Euthanasia (1995).
Moreno has published more than 300 papers, reviews and book chapters,
and is a member of several editorial boards.

Pilar N. Ossorio, PhD, JD, is associate professor of law and bioethics at
the University of Wisconsin—Madison and program faculty in the Graduate
Program in Population Health at the university. Before taking her position
there, she was director of the Genetics Section of the Institute for Ethics at
the American Medical Association and taught as an adjunct faculty member
at the University of Chicago Law School. For the 2006 calendar year, Profes-
sor Ossorio was a visiting professor of law at the University of California,
Berkeley Boalt Hall School of Law.

Dr. Ossorio received her PhD in microbiology and immunology in 1990
from Stanford University. She went on to complete a postdoctoral fellowship
in cell biology at Yale University School of Medicine. Throughout the early
1990s, Dr. Ossorio worked as a consultant for the federal program on the
Ethical, Legal, and Social Implications (ELSI) of the Human Genome Project;
in 1994, she took a full-time position with the Department of Energy’s ELSI
program. In 1993, she served on the Ethics Working Group for President
Clinton’s Health Care Reform Task Force. Dr. Ossorio received her JD from
the Boalt Hall School of Law in 1997. While there, she was elected to the
legal honor society Order of the Coif and received several awards for out-
standing legal scholarship.

Dr. Ossorio is a fellow of the American Association for the Advance-
ment of Science (AAAS), on the Editorial Board of the American Journal of
Bioethics, an adviser to the National Human Genome Research Institute on
ethical issues in large-scale sequencing, and a member of the University of
Wisconsin’s institutional review board for health-sciences research. She is a
past member of AAAS’s Committee on Scientific Freedom and Responsibil-
ity, a past member of the National Cancer Policy Board in the Institute of
Medicine, and a past member or chair of several working groups on genet-
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ics and ethics. She has published scholarly articles in bioethics, law, and
molecular biology.

E. Albert Reece, MD, PhD, is dean of the University of Maryland School of
Medicine and vice president for medical affairs at the University of Mary-
land, Baltimore. Previously, he was vice chancellor and dean of the Univer-
sity of Arkansas College of Medicine. Dr. Reece received his undergraduate
degree from Long Island University, his MD (Magna Cum Laude) from New
York University, his PhD in biochemistry from the University of the West
Indies, and his MBA from the Fox School of Business and Management of
Temple University. He completed a residency in obstetrics and gynecology
at Columbia University—Presbyterian Hospital and a fellowship in mater-
nal-fetal medicine at Yale University School of Medicine. He served on the
faculty at Yale for 10 years and was the chairman of the Department of
Obstetrics, Gynecology and Reproductive Sciences at Temple University. Dr.
Reece has published over 400 journal articles, book chapters, and abstracts
and nine textbooks, including Diabetes in Pregnancy, Medicine of the Fetus
& Mother, and Fundamentals of Obstetric & Gynecologic Ultrasound. He
is an editor for the Journal of Maternal-Fetal Medicine and a reviewer for
several other scientific journals. His research focuses on diabetes in preg-
nancy, birth defects, and prenatal diagnosis. Dr. Reece is a member of the
Institute of Medicine.

Joshua R. Sanes, PhD, is professor of molecular and cellular biology and the
Paul J. Finnegan Family Director of the Center for Brain Science at Harvard
University. He was previously Alumni Endowed Professor of Neurobiology
at the Washington University School of Medicine. Dr. Sanes earned a BA in
biochemistry and psychology at Yale and a PhD in Neurobiology at Har-
vard. He studies the formation of the synapses that interconnect nerve cells,
including pioneering work on the signals exchanged between nerve cells
and their target muscles as new connections are made. He is also using the
vertebrate visual system to examine how nerve cells develop and migrate to
the right location in the body. He has been elected a fellow of the American
Association for the Advancement of Science and a member of the National
Academy of Sciences and the American Academy of Arts and Sciences.

Harold T. Shapiro, PhD, is president emeritus of both Princeton University
and the University of Michigan and is currently professor of economics and
public affairs at Princeton University. His research interests include bioethics,
the social role of higher education, hospital and medical- center administra-
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tion, university administration, econometrics, statistics, and economics. Dr.
Shapiro chaired the Board of Trustees of the Alfred P. Sloan Foundation, was
presiding director for the Dow Chemical Company, and is a member of nu-
merous boards, including the Robert Wood Johnson Medical School, HCA,
the Merck Vaccine Advisory Board, the Knight Foundation Commission on
Intercollegiate Athletics, the U.S. Olympic Committee, and the Stem Cell
Institute of New Jersey. He is a former chair of the Association of American
Universities and the National Bioethics Advisory Committee and vice chair
of the President’s Council of Advisors on Science and Technology. He has
also served on the Board of Directors of the National Bureau of Economic
Research, Inc. and the Board of Trustees of the Universities Research As-
sociation, Inc. He has chaired and served on numerous National Academies
committees, including the Committee on the Organizational Structure of
the National Institutes of Health and the Committee on Particle Physics. Dr.
Shapiro was named the 2006 American Association for the Advancement of
Science William D. Carey Lecturer for his leadership in science policy. He
earned a PhD in economics from Princeton University and holds 14 honor-
ary doctorates.

John E. Wagner, Jr., MD, is a professor of pediatrics at the University of
Minnesota Medical School. He is the first recipient of the Children’s Cancer
Research Fund/Hageboeck Family Chair in Pediatric Oncology and also
holds the University of Minnesota McKnight Presidential Chair in Can-
cer Research. He is the director of the Division of Pediatric Hematology/
Oncology and Bone Marrow Transplantation and scientific director of clini-
cal research of the Stem Cell Institute. Dr. Wagner is a member of numerous
societies, including the American Society of Hematology, the International
Society of Experimental Hematology, and the American Society of Blood
and Marrow Transplantation. He is a member of several honorary societ-
ies, including Alpha Omega Alpha (1980), the American Society of Clinical
Investigation (2000), and the Association of American Physicians (2006).
Dr. Wagner holds a patent on the isolation of the pluripotential quiescent
stem cell population. Dr. Wagner holds a BA in biological sciences and a BA
in psychology from the University of Delaware and an MD from Jefferson
Medical College. Dr. Wagner’s research has focused on the development
of novel cellular therapies for tissue repair and suppression of the immune
response using subpopulations of neonatal umbilical cord blood and adult
bone marrow and peripheral blood. His projects are funded by the Na-
tional Institutes of Health and industry. In addition, Dr. Wagner pioneered
the use of embryo selection to “create” a perfectly tissue-matched stem cell
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donor for the treatment of genetic disease. Dr. Wagner has written more
than 250 articles and book chapters in the field of hematopoietic stem cell
transplantation. He previously served as a member of the Scientific Board
of Directors of the National Marrow Donor Program and on the Institute
of Medicine’s Committee on Establishing a National Cord Blood Stem Cell
Banking Program. He is currently a member of the Scientific and Medical
Accountability Standards Working Group of the California Institute of Re-
generative Medicine.

STAFF

Adam P. Fagen, PhD, is a senior program officer with the Board on Life
Sciences of the National Research Council. He came to the National Acad-
emies from Harvard University, where he most recently served as preceptor
on molecular and cellular biology. He earned his PhD in molecular biology
and education from Harvard, working on issues related to undergraduate
science courses; his research focused on mechanisms for assessing and en-
hancing introductory science courses in biology and physics to encourage
student learning and conceptual understanding, including studies of active
learning, classroom demonstrations, and student understanding of genetics
vocabulary. Dr. Fagen also received an AM in molecular and cellular biol-
ogy from Harvard, based on laboratory research in molecular evolutionary
genetics, and a BA from Swarthmore College with a double-major in biology
and mathematics. He served as co-director of the 2000 National Doctoral
Program Survey, an on-line assessment of doctoral programs organized by
the National Association of Graduate-Professional Students, supported by
the Alfred P. Sloan Foundation, and completed by over 32,000 students.
At the National Academies, Dr. Fagen has served as study director for
Bridges to Independence: Fostering the Independence of New Investigators
in Biomedical Research (2005), Treating Infectious Diseases in a Microbial
World: Report of Two Workshops on Novel Antimicrobial Therapeutics
(2006), 2007 and 2008 Amendments to the National Academies’ Guide-
lines for Human Embryonic Stem Cell Research (2007, 2008), Understand-
ing Interventions that Encourage Minorities to Pursue Research Careers:
Summary of a Workshop (2007), Inspired by Biology: From Molecules to
Materials to Machines (2008), Transforming Agricultural Education for a
Changing World (2009), Responsible Research with Biological Select Agents
and Toxins (2009), and Research at the Intersection of the Physical and Life
Sciences (2010). He is currently study director or responsible staff officer
for several ongoing projects including the National Academies Summer
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Institute on Undergraduate Education in Biology, the National Academies
Human Embryonic Stem Cell Research Advisory Committee, and the Special
Immunizations Program for Laboratory Personnel Engaged in Research on
Countermeasures for Select Agents.

Bruce M. Altevogt, PhD, is a senior program officer in the Board on Health
Sciences Policy at the Institute of Medicine (IOM). His primary interests
focus on policy issues related to basic research and preparedness for cata-
strophic events. He received his doctoral thesis from Harvard University’s
Program in Neuroscience. Following over 10 years of research, Dr. Altevogt
joined The National Academies as a science and technology policy fellow
with the Christine Mirzayan Science & Technology Policy Graduate Fel-
lowship Program. Since joining the Board on Health Sciences Policy, he has
been a program officer on multiple IOM studies including, Sleep Disorders
and Sleep Deprivation: An Unmet Public Health Problem, The National
Academies’ Guidelines for Human Embryonic Stem Cell Research: 2007
Amendments and 2008 Amendments, and Research Priorities in Emergency
Preparedness and Response for Public Health Systems. He is currently serv-
ing as the director of the Forum on Medical and Public Health Preparedness
for Catastrophic Events, the Neuroscience and Nervous System Disorders
Forum, and as a co-study director on the National Academies Human Em-
bryonic Stem Cells Research Advisory Committee. He received his BA from
the University of Virginia in Charlottesville, where he majored in biology
and minored in South Asian studies.

Frances E. Sharples, PhD, has served as director of the National Research
Council’s Board on Life Sciences since October 2000. Immediately prior to
this position, she was a senior policy analyst for the Environment Division
of the White House Office of Science and Technology Policy (OSTP) for four
years. Dr. Sharples came to OSTP from the Oak Ridge National Laboratory,
where she served in various positions in the Environmental Sciences Divi-
sion between 1978 and 1996, most recently as a Research and Development
Section Head. Dr. Sharples received her BA in biology from Barnard College
and her MA and PhD in zoology from the University of California, Davis.
She served as an American Association for the Advancement of Science
(AAAS) Environmental Science and Engineering Fellow at the Environmen-
tal Protection Agency during the summer of 1981, and served as a AAAS
Congressional Science and Engineering Fellow in the office of Senator Al
Gore in 1984-85. She was a member of the National Institutes of Health’s
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Recombinant DNA Advisory Committee in the mid-1980s, and was elected
a Fellow of the AAAS in 1992.

Andrew M. Pope, PhD, is director of the Board on Health Sciences Policy
in the Institute of Medicine (IOM). He has a PhD in physiology and bio-
chemistry from the University of Maryland and has been a member of the
National Academies staff since 1982 and of the IOM staff since 1989. His
primary interests are science policy, biomedical ethics, and environmental
and occupational influences on human health. During his tenure at the
National Academies, Dr. Pope has directed numerous studies on topics that
range from injury control, disability prevention, and biologic markers to
the protection of human subjects of research, National Institutes of Health
priority-setting processes, organ procurement and transplantation policy,
and the role of science and technology in countering terrorism. Dr. Pope is
the recipient of IOM’s Cecil Award and the National Academy of Sciences
President’s Special Achievement Award.

Amanda P. Cline, is a senior program assistant with the Board on Life Sci-

ences at the National Academies. She earned a BS in environmental studies
from Bucknell University in 2006.
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