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Preface

Motivation for this book came from two very different things: frustration and a
desire for reciprocity. Frustration, because it is difficult to find teaching materials on
research ethics that are both specific enough to be useful to regenerative medicine
researchers and yet robust enough to be applicable to a broader audience of those who
deal with similar issues in scientific practice, particularly those related to the use
of human and animal cells in research. Frustration also comes from the narrow way
in which ethical and social issues in regenerative medicine have been defined. The
subject of much of ethical and policy writing about regenerative medicine, while
important, is often both disproportionate and out of sync with what researchers,
clinicians, patients, and others face in the lab, the classroom, the boardroom, in
exchanges within scientific communities, or in everyday decisions about health
care. Readers are accustomed to the debates that have dominated stem cell research
to date, filtered through historical and political lenses, but there are emerging issues
in the way regenerative medicine is being practiced and organized that go begging
for analysis and discussion. On the horizon are surprising changes in our ability to
manipulate biology and disruptions to the way we have organized and funded the
production of knowledge, all of which need careful consideration. But there are also
gray areas and “unknown unknowns” that come up in routine practice and need
guideposts for good judgment. This book thus has dual aims: to bring attention to a
few salient emerging issues, as well as to provide fundamental information that will
be useful for both experienced readers and those new to the field. In addition, I hope
that readers will see that social, ethical, policy, and technological issues are mutu-
ally constitutive. That is, governance structures, conventions for sequestering or
sharing knowledge, research priorities and financing, new scientific theories, and
technical tools are all informed by history, politics, and culture and all are involved
in the dynamic processes involved in producing knowledge.

Then there’s reciprocity. Much of my research and teaching has been grounded
in work previously supported by the National Science Foundation and the Greenwall
Foundation. I am deeply appreciative for the opportunities this funding provided.
It has also been my privilege to work with, learn from, and teach many researchers
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working in regenerative medicine. I am grateful to the many stem cell and tissue
engineers, biologists, materials scientists, regulatory officers, and others who have
not only patiently endured my many questions over the years but also engaged with
me in thinking through the many challenges and paradoxes inherent in regenerative
medicine research. This book is for you, and for all of the researchers, policy-makers,
program managers, and students who must navigate constantly changing environ-
ments. I would also like to thank research assistants Jessica Von Reyn and Catherine
Turng, who made this challenging book manageable, as well as the many students
who have made the journey so rewarding.

Madison, WI, USA Linda Hogle
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Part I

Foresight, Hindsight and Peripheral
Vision: Navigating Contemporary Legal,
Ethical and Policy Issues in Regenerative
Medicine



Chapter 1

Contemporary Issues in Regenerative
Medicine Research Ethics and Governance:
An Overview

Linda F. Hogle

1.1 Introduction

It has been 15 years since the first successful derivation of human embryonic stem
cell (hESC) lines. Together with insights from tissue engineering over the past 3
decades, the capability to reprogram differentiated somatic cells, and many other
innovations in techniques and materials, regenerative medicine has become a
vibrant, interdisciplinary field. Regenerative medicine (RM) now involves many
kinds of cells and bioreactive materials and a wide variety of techniques, including
contributions from synthetic biology, gene editing, nanotechnology, computational
biomechanics, data analytics, optogenetics, and much more. At the same time,
translational researchers are coping with complex issues of scaling up human cell
and tissue culture, biomanufacturing, and therapeutic delivery systems. As the
field matures, new questions arise about how best to manage the knowledge, data,
and materials being produced and whether existing policy, law, and ethical over-
sight systems suit such rapidly evolving science. At this pivotal point, innovations
in infrastructure and institutional systems—including governance—are needed as
much as those at the lab bench. Yet much of the literature on ethics, policy, and
legal issues has not matured to meet the needs of the field as it is today. The lion’s
share of the many volumes published about stem cell ethics, policy, and legal
issues in bioethics and scientific literature has focused on a narrow range of topics:
controversies around the use of embryos, cloning, and the problems of policy

L.F. Hogle (P<)

University of Wisconsin—Madison, 1300 University Avenue, 1135
Medical Sciences Building, Madison, WI 53706, USA
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4 L.F. Hogle

interoperability across borders.! The field has moved on; ethical analysis of
research and knowledge practices should too.

Whether unlocking the molecular mechanisms of disease, studying cell microen-
vironments, building microfabrication systems, or working with clinical and indus-
trial partners to commercialize products, there are challenges arising from both the
novelty of the science and the institutional environments in which research exists.
These include deciding how to deal with sensitive or proprietary data, creating
interoperability of guidelines and protocols across jurisdictions, knowing best to
manage collaborations across disciplines and sectors (academic, governmental, and
industry), and negotiating legal and policy changes. These emerging knowledge
practices have often received less attention but will significantly affect planning and
execution of responsible research. There are also ongoing research ethics issues as
well: both experienced researchers and those new to the field will encounter a num-
ber of issues in everyday practice in the lab, when they submit articles to a journal
or proposals to a funding agency, or when they conceive of novel approaches to
replace or restore human tissue function. Regenerative Medicine Ethics: Governing
Research and Knowledge Practices addresses some of these governance issues fac-
ing contemporary RM research now and in the near future.

The book was created primarily for regenerative medicine researchers, project
managers and strategic planners, and those working in policy or law, who are pre-
paring for next-generation technologies and experimental systems. While the dis-
cussions and illustrations in the book come primarily from stem cell research, tissue
engineering, and related areas of research, the issues raised by the authors apply far
beyond regenerative medicine and will be of considerable relevance to researchers
in genetics and “omics” fields, computational biology and data analytics in science,
materials scientists, and more.

Some of these issues have not yet been sufficiently addressed in the ethics litera-
ture, are not often formally discussed in scientific conferences, or are not presented
in a way that is salient for regenerative medicine research. The book thus aims to
provide information with which to prepare for current and upcoming issues in the
field. The book further aims to help readers understand why current issues have
developed the way they have and what implications continue to exist for their work
going forward. Understanding the tensions between competing social goods and
seeing the contexts behind policies in different societies will hopefully help
researchers to put current and emerging debates into perspective. Critically ques-
tioning why some issues rise to the level of being and ethical or legal “problem,”
while others are ignored or downplayed will help with understanding institutional,
social, and historical framings of dilemmas in science policy and ethics.

No single book could be comprehensive, and many emerging issues specific to
new techniques and discoveries will not be covered in this volume. For example,
there is not a chapter devoted entirely to emerging product safety and efficacy

'In a survey of tissue engineering journal articles, for example, embryo use and cloning over-
whelmingly dominated the range of potential ethical topics of interest (de Vries et al. 2008).
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oversight, although several chapters address specific relevant issues.> Most of the
contributors find that regulatory issues are still in flux. It appears that the scope of
regulatory purview may be changing, as judged by the FDA’s recent inclusion of
cord blood and autologous transplants into their domain. For reprogrammed cells,
there may likely be additional testing required to ensure that haplotype changes do
not occur, and there may potentially be new requirements for products using gene
editing techniques (Condic and Rao 2008). It is still early to predict what trends will
occur until more products are ready to enter trials.

Also, because the aim is to address matters pertaining to current basic and trans-
lational research practice and future emerging issues, the book does not detail
debates that characterized the early era of embryonic stem cell research, including
those about the moral status of the human embryo, cloning, political ideologies
prevalent in the early twenty-first century, or other political and ethical concerns.
These debates, along with insights from moral philosophy, have been extensively
reviewed elsewhere, and additional resources can be found on websites found in
Appendix C.? Previous issues cannot be ignored, however, since they continue to
shape policies and laws. Section 1.1 of this introductory chapter shows how such
issues, arising from broader social, cultural, and political concerns, remain unsettled
and raise new questions for how we should govern biotechnologies using human
biological materials.

Part I of the book addresses emerging issues that researchers are beginning to con-
front, whether conducting discovery research far from use in humans, preclinical
research and human trials, or entrepreneurial science aiming to enter commercial mar-
kets. Part II is the “bread and butter” of what researchers need to know for routine
laboratory practice, whether conducting discovery science or clinical research at the
point of moving products into use in human patients. This introductory chapter pro-
vides an overview of chapters, but first begins by reviewing salient legal and policy
activities that will have an ongoing effect on regenerative medicine research.

1.2 Legal and Policy Updates

Many of the legal and policy issues facing regenerative medicine continue to have
to do with the nature of the materials being used. Two long-standing questions
involving definitions of life remain unresolved, even after court cases and legislative

2Basic information necessary for the review of RM products in the USA and Europe can be found
in Fink (2009) and Faulkner (2009), among others.

3 A collection of reflections by philosophers and religious leaders appears in Holland et al. (2001).
Discussions of issues important in early stages of determining public policy can be found in an
archive of the National Bioethics Advisory Commission reports on stem cell research, at http://
bioethics.georgetown.edu/pcbe/reports/past_commissions/nbac_stemcelll.pdf. See also Cohen
(2007) for US debates and for Europe, Gottweis et al. (2009). Debates about the use of embryos in
research in general can also be found in Brock (2010), Singer and Kuhse (1986), and the original
NIH Human Embryo Research Panel Report (1994).


http://bioethics.georgetown.edu/pcbe/reports/past_commissions/nbac_stemcell1.pdf 
http://bioethics.georgetown.edu/pcbe/reports/past_commissions/nbac_stemcell1.pdf 
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debates. The first is whether it should be morally permissible to use human embryos
in research, to derive cell lines from embryos, and to destroy embryos in the process
of conducting research.* The second is whether—or to what extent—entities created
through biotechnology and used in regenerative medicine (processed or genetically
manipulated cell lines, genes or SNPs, chimeras, cybrids) are products of nature,
and how the determination affects classification as patentable entities and products
subject to regulation. This section briefly discusses court cases and legislation that
may affect RM researchers in the near and long term.

Trends in policymaking environments around the globe are also impacting RM,
including initiatives to support translational research and commercialization. The
implications of this shift are briefly discussed at the end of this section.

1.2.1 Defining What can be Used in Research:
Sherley v Sibelius and Personhood Laws

Some countries have passed laws addressing stem cell research (either directly or
through patenting or regulatory legislation), while others such as the USA have no
specific law allowing or banning the research but have instead adopted funding or
procedural policies that shape what is possible to pursue within national boundaries.’
Still, legal challenges have attempted to block hESC research specifically or broader
uses of embryos in research, with consequences that reverberate across national
borders. In the USA, Sherley v Sibelius raised questions about whether hESC
research violated a legal provision banning the destruction of embryos for research
and using taxpayer funds to do so. At the state level, personhood laws are being
proposed which, if passed, will affect a variety of research within that state.

The use of embryos and fetal tissue in research is linked to long-standing cultural
beliefs about the beginning of life and how it may be ended, what constitutes respect
of persons (and who or what counts as a “person”), and views about the sanctity of
life in any form, regardless of sentience, potentiality, or stage of development.
However, as Jasanoff argues, such cultural beliefs are part and parcel of the way
societies deliberate and govern the life sciences (2004). That is, constitutional and
administrative law differs across societies in terms of how matters of “life” and
“nature” are adjudicated, and political and social histories around particular kinds

“Debates about the use of embryos in research in general can also be found in Singer and Kuhse
(1986) and the original NIH Human Embryo Research Panel Report (1994). The debates primarily
pitted potential therapeutic benefit of the research against cultural and religious meanings of
nascent life. There are also important matters related to the derivation of lines from embryos, the
timing and manner of request for donation, and disposition of embryos, which are discussed in
Chap. 6, Sects. 6.2.2 and 6.3.1 of this volume.

>See Appendix A for a listing of laws by country. Chapters 4 and 6 also deal with international
laws.


http://dx.doi.org/10.1007/978-1-4614-9062-3_6 
http://dx.doi.org/10.1007/978-1-4614-9062-3_6#Sec5_6 
http://dx.doi.org/10.1007/978-1-4614-9062-3_6#Sec7_6 
http://dx.doi.org/10.1007/978-1-4614-9062-3_4 
http://dx.doi.org/10.1007/978-1-4614-9062-3_6 
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of science and technologies within societies shape the form that law and policies
ultimately take. The relative roles of public debate, lobbying efforts from interested
participants (including adversaries or proponents, funders, local governments or
politicians, in addition to scientists interested in doing research), market dynamics,
and other economic drivers all are a part of the negotiation of science governance.

Soon after the 2009 National Institutes of Health (NIH) Guideline revisions
lifted restrictions on federal funding for research using stem cells derived from
embryos, a formal complaint was brought by Drs. James L. Sherley and Theresa
Deisher (adult stem cell researchers) and several antiabortion groups.® They argued
that the new guidelines violated a ban on the use of federal funds for embryo
research. Specifically, a rider attached to Department of Health and Human Services
(DHHS) appropriations bills every year since 1995, called the Dickey-Wicker
Amendment, prohibits federal funding of research using human embryos in which
embryos are destroyed (Section 509, Omnibus Appropriations Act, 2009, Pub. L.
111-8, 3/11/09).” The term “embryo” is poorly defined in the statute, and technolo-
gies such as the derivation and immortalization of lines from embryonic cells were
not anticipated at the time. Neither did it anticipate the predicament of not conduct-
ing research on the embryo itself, but rather on cells removed from embryos. The
plaintiffs contended that because embryos are destroyed in the course of deriving
hESCs, the entire field of hESC research constitutes “research in which human
embryos are destroyed.” The DHHS, on the other hand, argued that embryos are not
destroyed or discarded as part of the funded research projects, which used the cell
lines derived from embryos. At stake was whether a distinction could be made
between research on embryos in which they are destroyed and research on cells
after line derivation for purposes of satisfying the statute. By splitting out the
research distinctions, the more difficult question about ambiguous definitions of the
beginning of life and what was morally permissible was bypassed.

On August 23, 2010 a District Court granted a preliminary injunction which
halted all existing federal funding for hESC research. Researchers had to suspend
such research and either shut down experiments, shift to non-embryonic sources, or

¢Cosignatories of the complaint included Nightlight Christian Adoptions (a nonprofit, licensed
adoption agency dedicated to protecting and finding adoptive parents for human embryos con-
ceived through in vitro fertilization), the Christian Medical Association, and “all individual human
embryos whose lives are now at risk”.

"The DHHS authorizes funds for the NIH, the major federal funder of research in the USA. Part 45
CFR 46.204 and 207 of Public Health Service Act defines an embryo as: “any organism not pro-
tected as a human subject under 45 CFR 46 as of the date of enactment of the governing appropria-
tions act, that is derived by fertilization, parthenogenesis, cloning, or any other means from one or
more human gametes or human diploid cells.” SEC. 509 of the code specifies that (a) none of the
funds made available in this act may be used for (1) the creation of a human embryo or embryos
for research purposes or (2) research in which a human embryo or embryos are destroyed, dis-
carded, 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
[1](42 U.S.C. 289g(b)) (Title 42, Section 289g(b), United States Code).


http://en.wikipedia.org/wiki/Public_Health_Service_Act 
http://www.fda.gov/opacom/laws/phsvcact/phsvcact.htm 
http://en.wikipedia.org/wiki/United_States_Code 
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find other funds to continue, creating considerable concern about the future of the
field. There were also significant impacts beyond the USA with the growing number
of international collaborations (Wadman 2010a). In April 2011, an appeals court
threw out the preliminary injunction, stating that the original law was ambiguous,
and upheld the NIH guidelines allowing federal funding. However, nothing was
settled regarding ambiguous definitions of “embryo” or “organism,” and the Dickey-
Wicker Amendment remained.

The Stem Cell Research Advancement Act (H.R. 4808) introduced in 2010
would have specifically authorized federal funding of hESC research and supersede
the rider (Dickey/Wicker Amendment). It was not acted upon in two sessions but
was reintroduced in June 2013.8 Until some action is taken by Congress, the USA
remains in a state of legislative ambiguity, leaving the guidelines potentially vul-
nerable to another challenge. Especially since the three judges in the case all gave
differing reasons for their conclusions, there may be an opening for ongoing
challenges.

Historians of biology have noted the various ways that embryos and fetuses have
been defined and classified over the years as scientific and cultural understandings
of the unborn have changed (Dubow 2011; Maienschein 2002; Morgan 2009).
There is still considerable confusion stemming from difficulty in staging morpho-
genesis and the use of imprecise terminology to describe the process (Charo 2001;
Downs 2008).° This is evident in recent efforts to pass US state laws defining per-
sonhood for legal purposes. The proposed laws use differing terminology and stages
to describe when a biological entity becomes a “person” (see Appendix B). Some
specify “fertilization” or “conception” (but fail to define these terms), while others
simply say that an individual person exists from “the beginning of development”
(failing to describe what constitutes development) or “at all stages of development.”
Descriptions of the various bills often use terms “fetus,” “embryo,” and “unborn
child” interchangeably, and increasingly, antiabortion proponents favor the word
“preborn” to indicate a continuum of life rather than a change of status before and
after the birth event. Wisconsin, for example, has introduced a bill to amend the
state constitution to strike the word “born” from the statement about rights of
individuals:

Article 1. Declaration of Rights. Equality; inherent rights. SECTION 1. All peo-
ple are born equally free and independent, and have certain inherent rights; among
these are life, liberty and the pursuit of happiness...

8HR2433 found at http://www.govtrack.us/congress/bills/113/hr2433.

?Developmental biologist Karen Downs, among others, argues that fertilization is a process rather
than a single instant and that in mammals, individuation does not occur until the point at which
embryonic cells become entirely separate from extraembryonic tissue that surround it (2008). This
may not sway some philosophers, abortion foes, and some religious traditions which hold that
every cell is sacred because of the potential to become a human life. Charo takes up the arguments
about potentiality and describes how various policy bodies in the USA have tackled the problem of
potential in the context of cloning, which might also be applied to the later development of induced
pluripotent stem cells (2001; see also the rebuttal from DiSilvestro 2006).


http://www.govtrack.us/congress/bills/113/hr2433 
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At the federal level, bills introduced in 2011 (HR 212), again in 2013 (HR 23),
define a person as a “one-celled human embryo,” which should be granted “all the
legal and constitutional attributes and privileges of personhood.”!°

Mississippi was among the first states to attempt passage of a law stating that a
fertilized egg qualifies as a human. Many physicians opposed the bill, since it would
criminalize terminating a pregnancy for any reason, including ectopic pregnancy. As
has been the case in most states where such bills have been proposed, it was defeated,
but another effort may be made in 2014, with one suggestion for modification being:
“The right to life begins at conception. All human beings, at every stage of develop-
ment, are unique, created in God’s image and shall have equal rights as persons
under the law” (http://www.sos.ms.gov/page.aspx?s=7&s1=1&s2=50). Such lan-
guage lays bare the insertion of ideology from powerful political interests into law.

One of the more eyebrow-raising examples was HR 2036 in Arizona. Most states
allow abortion up to 24 weeks, but remarkably, this bill started the clock at 2 weeks
after the first day of the last menstrual period (effectively allowing only an 18-week
limit). Anyone performing an abortion past this date could be charged with a crime,
have his or her license revoked or suspended, and could be held liable for civil pen-
alties if the father of the fetus decides to pursue legal action. Beside the fact that
fertilization might not yet have occurred, and even if fertilized, an egg may not
implant or survive after implantation, there would be no way to confirm the date of
a woman’s period other than to ask the woman to provide this information. The bill
was thus both technically and pragmatically problematic, not to mention an extreme
interpretation of personhood.!' The bill was signed into law in 2012, but on appeal,
it was ruled as unconstitutional in 2013.

In North Dakota, among the states with the most restrictive abortion laws, one
version of a personhood bill would have prohibited doctors from disposing of
unused embryos after an in vitro cycle. Such a measure would have required unused
embryos to be kept frozen indefinitely, which would be costly and emotionally dif-
ficult for the couple creating the embryo, and would require burdensome changes to
storage facilities. Wisconsin Assembly bill 224 (2013) attempts to prevent the trans-
fer or sale of fetal tissue for any purpose, using this definition: ‘Fetal body part’
means a cell, tissue, organ, or other part of, or any material derived from any cell
or tissue of, an unborn child, as defined in s. 12939.75 (1), who is aborted by an
induced abortion, as defined in s. 69.01 (13m)” (emphasis added). By addressing

10Currently, the proposed bill states that every human being shall have all the legal and constitu-
tional attributes and privileges of personhood and defines a human as “each and every member of
the species homo sapiens at all stages of life, beginning with the earliest stage of development,
created by the process of fertilization, cloning, or its functional equivalent.” The term “fertiliza-
tion” is defined as “the process of a human spermatozoa penetrating the cell membrane of a human
oocyte to create a human zygote, a one-celled human embryo, which is a new unique human
being.” The complete text of the most recent bill at the time of publication is found at http://
thomas.loc.gov/cgi-bin/query/z?c113:H.R.23.

1t is generally thought that about 70 % of fertilized eggs never implant (Downs 2008). Arizona’s
legislation was modeled on the “Pain-Capable Unborn Child Protection Act” forwarded by the
National Right to Life Committee. Other states are considering similar language.


http://www.sos.ms.gov/page.aspx?s=7&s1=1&s2=50
http://www.azleg.gov/legtext/50leg/2r/summary/h.hb2036_concurrefusememo.doc.htm
http://thomas.loc.gov/cgi-bin/query/z?c113:H.R.23 
http://thomas.loc.gov/cgi-bin/query/z?c113:H.R.23 
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disposition of embryonic tissues, such bills draw attention to human dignity arguments.
Yet adding legislation does not add clarification to deal with the ambiguity of
nascent life and may only serve to complicate routine practices in medicine.

While wording differs, and it is difficult to know to what extent legislators under-
stand the terminology they use, such legislation attempts to define a person for legal
purposes at the earliest possible stages. Along with related laws being introduced to
restrict access to abortions, such moves serve to bolster antiabortion interests. Such
social constructions of legal definitions of “person” and “personhood” using biol-
ogy (or sometimes misstating of biological phenomena) attempt to resolve philo-
sophical and cultural dilemmas but fail. Nevertheless they will have profound
implications beyond abortion, including liability and property law, and of relevance
to this book, medical research.'? Clearly all of the current versions will affect hESC
research but will additionally affect many other kinds of research using fetal tissue
or research on cell lines or other products made from fetal tissue in the past. Many
additional kinds of research would not be allowed should such bills become law. For
example, HEK (human embryonic kidney cell lines) and WI 38 (made from fetal
lung tissue) have been used for decades to make vaccines which have been used in
millions of people, to produce human proteins for research, and to study disease
mechanisms. The laws would disallow existing research on pregnancy loss and dis-
eases of pregnancy, developmental disorders, and many other kinds of research.
When interpreted broadly, they may do more: in vitro fertilization and even some
forms of contraception may violate the law (Collins and Crockin 2012).

1.2.2 Legal Definitions of “Nature” and “Manipulation”:
Prometheus Laboratories, Myriad Genetics,
and Regenerative Sciences

If definitions of embryos have been difficult to pin down, so have interpretations of
what counts as “natural” in biotechnology, particularly when it comes to making
claims to intellectual property over innovations involving genes, cells, or entities
arising from the use of embryos. The question of whether—and what sort of—life
forms may be patented has been debated for many years, as Noonan notes in Chap. 4.
An important recent precedent was Mayo Collaborative Services v. Prometheus
Laboratories, Inc., in which a patent claim involved a method for determining

2Dubow (2011) provides an excellent analysis of the history of politics around the fetus. She
describes long-standing attempts to view fetuses as separate individuals rather than as a neutral
entity or a part of the gestational mother. The first US court case regarding a legal claim on behalf
of a fetus was Dietrich v Northampton, in 1884, in which a woman sued a city for loss of life when
she miscarried after a fall on city property. Definitions of fetuses as “patients” and “deceased
minors” are increasingly beginning to appear in state legislatures for purposes beyond abortion.
Wisconsin Assembly Bill 160 (2013) states that for purposes of a medical malpractice claim, the
term “patient” includes an unborn child and defines “unborn child” as a human being from the time
of fertilization to the time of live birth.


http://dx.doi.org/10.1007/978-1-4614-9062-3_4
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metabolite levels of a drug in a patient’s blood. The court invalidated the claims,
stating that the correlation between metabolite levels and the toxicity and efficacy
of the drug followed a natural law. If strictly held, any number of processes in bio-
technology (which could be said to use “natural processes’’) and a number of patents
already granted could also be invalidated. Distinctions between methods and mate-
rials patents will be important to watch in light of this case as well as a case against
Myriad Genetics.

As this book was about to go to press, a landmark Supreme Court overturned
decades of interpretations of patent law, ruling that genes cannot be patented because
they are products of nature.'* The company, Myriad Genetics, had patented isolated
DNA sequences for the breast cancer genes BRCA1 and BRCA?2, methods to deter-
mine risk of breast cancer and interpret the findings, and methods to test drugs using
the sequence. Kevin Noonan (ibid) details the case and the ultimate ruling, which
threw out most of the Myriad patents (see also Liptak 2013; Marshall 2013). Patient
groups lauded the decision, since tests for these genes would ostensibly be more
affordable for more patients. Others celebrated the principle that human genetic
material should not be patented and “owned” by for-profit companies. Proponents
of patent protection, however, voiced concern that the ruling may inhibit investment
in biotechnology innovation in which human biological materials are used. The
outcomes of the case will be important to follow, as the same logic used in Myriad
case may well invalidate patents on hES cells and other genetic materials used in
regenerative medicine.

An additional case involving an autologous stem cell treatment will likely have
profound effects for clinical cell therapies. Regenexx™ is a treatment for joint,
bone, tendon, and muscle disorders in which bone marrow and blood samples from
a patient are removed and then the stem cells are separated, cultured, and reinjected
directly into the injured area in the patient, with the assumption that they will inte-
grate and regenerate tissue. The Food and Drug Administration halted use of the
procedure, claiming that the company, Regenerative Sciences, was required to sub-
mit a New Drug Application and follow federal Good Manufacturing Practices
(“cGMP”). At stake was the question of whether the cells were altered enough
through the processing procedure to change their biology. If so, they would be more
than “minimally manipulated” and could be classified as a drug. Minimal manipula-
tion is defined by the FDA as “processing that does not alter the relevant biological
characteristics of cells or tissues.” The firm maintained that this was a medical prac-
tice procedure, not a drug, since the cells were from an autologous source and
administered within the confines of a clinic. Similar procedures (such as bone mar-
row transplants, reproductive procedures, or similar treatments using patients’ own
cells) have previously been treated as a part of medical practice and not subject to
FDA regulations, other than meeting routine clinical laboratory standards. In the
subsequent litigation, the FDA prevailed, the U.S. District Court (D.C.) finding that
the cells were more than minimally manipulated. The company also maintained that
the procedure was conducted entirely within one state (Colorado), and as such, it

13 Association for Molecular Pathology v. Myriad Genetics, 569 U.S. 12-398.
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should not be subject to the Federal Food, Drug, and Cosmetics Act (FDCA) which
governs entities used in interstate commerce. The Court, however, found that
because some components used in the procedure were shipped across state lines, the
qualification of interstate commerce was met. The Court then went further, adding
that the procedure interfered with the market for competing therapies because
patients would travel to Colorado for the treatment, rather than having the same or
alternative treatments in other states.'

The case will affect many cell-based therapies, especially autologous procedures
which have previously been considered as an in-clinic physician procedure and
therefore not subject to the FDCA, including potentially, many hematopoietic pro-
cedures which sort, process, and reinject cell components. The ruling about market
effects is particularly subject to debate and raises questions about the scope of FDA
authority. Interestingly, the case has been cast in some of the business literature as a
patient rights issue, rather than as an argument between the stem cell industry and
its regulators. Christopher Centeno, director of the Colorado clinic, expressed it this
way: “We see this lawsuit as a twenty-first century civil rights issue that will define
what control you have about the use of your own cells and tissue”.'?

The court cases, legislation, and regulatory challenges described above speak to
the ongoing difficulty societies have in pinpointing what precisely is the thing that
demands policy deliberation. What exactly is the problem to be solved? Is it the
need to pin down the nature of the biological material itself, or is it the rights to
access or change human bodily materials? Simply creating new or more defined
categories is unlikely to fix this problem; new techniques will continue to disrupt
whatever legal, social, or technical boundaries and terminologies we construct.
Perhaps the problem is instead that existing institutional infrastructures are not
adaptive to meet the needs of nascent science while maintaining public trust. Two
things are clear: first, the way ethical problems are articulated will affect the range
of solutions offered.

Second, it is clear that law and policy are not simply “responding to” novel sci-
ence and technologies; rather, there are broader social and cultural undercurrents
extending far beyond a single novel area of science, which cannot be ignored when
considering governance of research practices.

4From the Memorandum opinion: “this admission [that process of culturing cells involves many
steps] supports the conclusion that the biological characteristics of the cells change during the
process employed by Defendants, resulting in more than minimal manipulation of the HCT/Ps
originally extracted from the patient.” Regarding the interstate commerce clause, the finding was
that “one or more of its components is shipped via interstate commerce and because it substantially
affects interstate commerce by depressing the market for FDA-approved out-of-state drugs by
encouraging individuals to travel to Colorado to have the Regenexx Procedure performed instead.
Therefore, because a component of the drug in this case is shipped through interstate commerce
prior to its administration to the patient, the ‘interstate commerce’ requirement is also met.” For the
full opinion of U.S. v Regenerative Sciences, LLC, see https://ect.dcd.uscourts.gov/cgi-bin/
show_public_doc?2010cv1327-47.

SMany of the commentaries on the case came from general business sources, rather than stem cell
science sources. See for example, Gottlieb and Klasmeier (2012) and Koleva (2012).
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1.2.3 Translational Science Policy Initiatives

One of those currents is the intensification of efforts toward translational research
and a policy environment favoring commercialization (cf Mason et al. 2012).
A number of initiatives across the globe are promoting translational science to
commercialize the products of science and bring new products to the market and the
clinic (Etzkowitz et al. 2008; Fisher and Mauck 2013; Hellman et al. 2011; Rao
2009). A large number of RM-related companies are small firms established by
academic entrepreneurs, and a large proportion of academic researchers have
ongoing relationships with at least one for-profit company.

Translational policy and funding initiatives are included in programs from the
Canadian Institute of Health Research, the UK’s Research Governance Framework
for Health and Social Care, Program 863 and Innovation 2020 in China, the Millenium
Project in Japan, Germany’s High-Tech Strategy 2020 (2010-2013), the America
COMPETES Act, and other initiatives, all aiming to promote innovation for national
economic gains.'s Other initiatives, private organizations and advocacy groups, and
public-private partnerships have been created with the express purpose of supporting
translational work. The Genetics Policy Institute, the International Translational
Regenerative Medicine Center, the Canadian Center for the Commercialization of
Regenerative Medicine, the California Institute for Regenerative Medicine, regional
groups such as the Pittsburgh Tissue Engineering Initiative, and others take on roles
ranging from advocacy and community building to funding and project collabora-
tion. Some of these groups are experimenting with novel organizational forms with
licensing agreements for products arising from a pool of potential IP and guidelines
adaptable for not-for-profit institutions and academic users.

Just like other medical technologies, a problem in getting RM products into clin-
ical use is that while earlier stage research may be funded by conventional grants, in
the period during which the research reaches a sufficient level to proceed, there is
often little support or incentive to take the project on to the next stages, because of
large costs and long development times before a product is ready for clinical trials
(the so-called “valley of death™). Venture capital, larger pharmaceutical, or other
firms may not be willing to carry the risk and the lack of guarantee of a high return
on investment without evidence that the product will be successful. This has been
especially true in RM where there is additional risk of uncertain regulatory, social,
and legal environments. Recently, the National Center for the Advancement of
Translational Science (NCATS) was created by the NIH to support activities in
the zone between discovery research and human trials (http://www.ncats.nih.gov/).

1HR 2272, the “America Creating Opportunities to Meaningfully Promote Excellence in
Technology, Education, and Science” (America COMPETES Act) is intended to strengthen
research and education in the USA related to science, technology, engineering, and mathematics.
The Act also establishes an Office of Innovation and Entrepreneurship to foster innovation and the
commercialization of new technologies, in order to promote economic growth in the USA. It spe-
cifically contains provisions for open data sharing and responsible conduct of research, mandating
RCR training for recipients of National Science Foundation grants (sec 7009-7012.) The Act was
reauthorized in 2010 (HR 5116).
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The center supports projects to develop alternative and more efficient preclinical tests
(animal or computational analyses to determine risk and efficacy) to bridge the gap.

There are both opportunities and challenges for academic researchers following
the commercialization lead. Academic-industry partnerships are increasingly impor-
tant since industry has the capital and skills necessary to introduce products to mar-
kets that academic researchers often lack (Bayon et al. 2013). Commercialization
puts money back into university coffers depleted by budget cuts. Also, as public
funding for research shrinks, at least in the USA, new sources of funding will be
needed to replace conventional NIH funding for both basic and translational research.

Others express concern that the resulting pressure to commercialize from such
initiatives brings its own set of problems. Without a concomitant devotion to discov-
ery research, there may be few innovations of sufficient quality to be developed
commercially. There may also be financial and commitment conflicts of interest, as
academic entrepreneurs become involved in marketing their inventions (see Chap. 6
for updates on rules regarding conflict of interest reporting). In a still-growing,
young field like regenerative medicine, academics often take on policy advocacy or
expert testimony roles, making it difficult to know when the effect of such activities
might benefit a potential entrepreneurial interest (Munro 2003). There has been
some concern that commercialization pressures would create inducements on aca-
demic researchers to pursue only certain kinds of research. There also might be a
perceived breach of public trust if the expectations of public-private partnerships are
not clearly spelled out; that is, a for-profit entity answering to the demands of private
capital might define public goals quite differently than not-for-profit or academic
researchers and thus there is a question about what constitutes a return on the taxpay-
ers’ investment in science. This raises questions about the appropriate relationship of
academia, industry, and the state (Etzkowitz and Leydesdorff 2000; Herder and
Brian 2008).

Conflicts of interests and motivations among academic scientists, technology
transfer organizations (TTOs), and industrial partners may arise, as they frequently
have differing expectations (Bubela and Caulfield 2010; George and Bock 2008;
Siegel et al. 2007). Marketing, distributing, and supporting stem cell-based products
requires more administrative and legal oversight than most other university tech-
nologies, which may discourage entrepreneurial interest by TTOs, yet academic
scientists may not have the wherewithal to pursue such activities on their own. In a
very telling survey of the North American tissue engineering community, all sur-
veyed groups (academics, start-up companies, development stage companies, and
established companies) perceived working with technology transfer offices to be
even more of a hurdle than working with the FDA. For academics, this was number
8 of the most difficult barriers to commercialization, behind issues of obtaining
funds (see Table 1.1 in Johnson et al. 2011).

A challenge for some scientists accustomed to conventional academic research
is that entrepreneurial science also increases the expectations for impact measured
in commercial or social terms. Beyond proof of principle or demonstrating that a
therapeutic tool can be made using a stem cell technology, researchers must prove
to funders that their project meets a strong societal or health need while providing
a benefit, such as cost savings for health care, stimulus to the economy, or other
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social or economic impacts. These are analyses that stem cell researchers may not
feel qualified to make and which may contribute to overpromising or “hype.”
Academic scientists are likely to have been trained to think primarily in terms of the
research question itself, rather than downstream outcomes, whereas industrial
researchers are accustomed to prioritizing market need and viability over product
design or theory.

The issue comes up in considerations about education and training as well. It can
be highly valuable to provide internships or other collaborative experiences for
graduate students and postdocs in industry, as not all science students will end up in
academic careers. Yet there are concerns for some about scholarly independence
and vulnerability of students’ and junior researchers’ work, especially when poten-
tial for intellectual property or trade secrets is involved.

Finally, the pressure to conduct translational research may bring treatments into
the clinic, but rushing to introduce experimental therapies into humans may have a
high cost, not only for patients who may be harmed, but for the field as a whole.
A recent editorial questioned the aggressive stance of the current Japanese govern-
ment in proceeding with clinical trials on iPS cells. As part of its economic growth
strategy, in June 2013, Prime Minister Shinzo Abe announced an innovation strat-
egy which positions “substitution and supplement of body and organ functions” as
one of its main pillars. The editorial suggested that economic goals were trumping
clinical ones: “It is the role of the government to provide the right environment for
research with a strong emphasis on safety and effectiveness. What it must not do is
to be guided by economic motives.”!” It is not surprising that public concern and
mistrust of government technology policies would be on the rise in Japan: in the
wake of the Fukushima nuclear disaster, there has been a persistent perception of
lack of community involvement in decisions that affect citizens’ health and lives.

There is a need for public policy discussion more broadly to resolve potential
conflicts between stated priorities of translational science and novel ways to achieve
translation into public goods through a variety of public-private partnerships, for-
profit organizations or other forms.

Chapters in this book address some of these tensions and how they are salient for
regenerative medicine researchers. In the next chapter, they are put into global
context.

1.3 Managing Knowledge Practices

1.3.1 Global Trends

The tensions between the need for discovery science and the need to commercialize
products exist worldwide. As in other novel areas of innovation, regenerative medi-
cine needs a major tangible success to continue to attract investments and talented

17 Asahi Shimbun (editorial), found at http://ajw.asahi.com/article/views/AJ201306280044.


http://ajw.asahi.com/article/views/AJ201306280044 

16 L.F. Hogle

researchers and sustain public support. Yet there are competing social, ethical, political,
and economic interests in individual societies about how best to prioritize health
needs, research innovation, economic growth, and public benefits. What makes a
research area such as regenerative medicine succeed or fail in the negotiations
among various interests and priorities?

In light of the observation above that policy around novel science is contingently
constituted, it is a mistake to oversimplify matters by claiming, as some commenta-
tors do, that research succeeds or fails only because of a lack of funding or because
policies differ across locales. Such generalizations fail to acknowledge how science
and science governance are deeply embedded in history, politics, and culture and
the degree to which types of governance and scientific practices mutually constitute
each other. In Chap. 2, Hogle, Palecek, Schaffer, and Zandstra draw on some of their
collective, real-world observations to demonstrate that matters are far more com-
plex than simple explanations allow.

Governments may make decisions for citizens based on a number of perceived
social priorities: economic stimulation, historical experience with a technology or
public reactions to it, consumer protection and safety, a pressing need to find treat-
ments for illnesses or to reduce health care costs, and more. Public and private
investors must weigh the perceived relative value of investing in types of technology
and decide between competing needs—energy, hunger, health care, employment,
and other pressing needs. Chapter 2 uses selected countries to demonstrate how
governance over regenerative medicine funding and research policy must be under-
stood within these contexts (see also Jasanoff 2005). In doing so, it sets the stage for
more specific issues dealt with throughout the book.

1.3.2 Collaborations, Shared Resources, Open Science
and Intellectual Property: Tensions or Opportunities?

In addition to tensions between policies promoting translational or discovery
research, there are policies promoting commercialization (which by their nature
encourage the sequestering of knowledge through intellectual property) and the
national and international initiatives to foster “open science” (Rhoten 2007). On one
hand, patents are important to start-ups and entrepreneurs not only to attract capital
but to establish credibility. That is, there is value to the knowledge as much as the
entity being patented. Patents are also seen as necessary to protect investments and
the high costs that go into developing them. On the other, disallowing patents
enables science to proceed unfettered by patents and allows greater transparency.
In Chap. 3, Bubela, Mishra, and Matthews detail some of these issues in relation
to knowledge exchange across academic, industry, and state boundaries. The authors
note that in the precompetitive space, an opportunity exists to share and leverage
resources and knowledge. Labs may still be highly competitive with each other, rac-
ing to beat others to a discovery or to acquire funding and resources. However, in this
phase, well-managed collaborations can result in collective learning to push the
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entire field forward, while being free from the transaction costs associated with
licensing, patenting, and other restrictions to exchanging materials and information.

The authors describe various models of collaborative research, such as research
commons, open-access models (such as the Sage Bionetworks, an open-source, col-
laborative computational platform), and public-private partnerships. Their insight-
ful analysis is consistent with the stance of major international entities, such as the
Organization for Economic Cooperation and Development (OECD) and the United
Nations Educational, Scientific and Cultural Organization (UNESCO), both of
which have guidelines recommending that open access should be an international
norm. The NIH, ISSCR, and other governance bodies have endorsed open science
models, arguing that open science offers the possibility of better science by avoid-
ing duplication of results and learning from problems others have encountered, but
more importantly, knowledge gained from research conducted with public funds
should be shared and should be transparent. Despite such endorsements, some argue
that the presumed norm of sharing and openness in science has been lost, and new
models such as protected commons should be instituted (Winickoff et al. 2009).

Sharing of materials and information is not only a matter of intellectual property
constraints; some researchers find it difficult to locate materials that may have been
made by a member of a lab who has moved on, for example, and some labs simply
will not share. The time and resources it takes to ship materials can take away from
research, making this activity a lower priority. A core-service model could include
consortia of participants across institutions and sectors, capitalizing on and leverag-
ing particular kinds of expertise and materials at participating institutions. Industry-
driven collaborative models with universities and professional societies are
beginning to be employed at later stages, addressing downstream scale-up and man-
ufacturing issues (Deans 2012).

There may be increasingly conflicting expectations between pressures to com-
mercialize and pressures to have open-access models and transparency, particularly
in novel, emerging science (Caulfield et al. 2012; Mathews et al. 2011). For exam-
ple, as Pilar Ossorio notes in Chap. 5, the Human Genome Project has a prepublica-
tion data sharing policy, aiming to put information into the public domain, which
may conflict with IP holders’ motivations to withhold information.

Chapter 4 delves more deeply into intellectual property issues. In this chapter,
Kevin Noonan provides a substantive history of important legal precedents with
which to understand the context of patenting in stem cell research. As he demon-
strates, the patenting of life forms has always been controversial, but there are addi-
tional moral components which have been viewed differently by various political
and cultural systems. Noonan covers key cases, including the patenting of gene
sequences (Myriad Genetics), metabolites (Prometheus Laboratories), and hESC
cell lines (WARF). His insightful analysis is helpful in understanding how human-
derived biological materials have come to be viewed by societies as scientific
objects subject to patent law.

The European Union has directly addressed issues of patentability differently
than the USA, for example. The political climate and ways of deliberating social
issues particular to Europe set the stage for EU policy stances on science and
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technology, more generally, and specifically affected regenerative medicine through
the banning of patents on products from human embryos.!* While it sent shock
waves throughout the stem cell industry, when viewed within historical and social
contexts around biotechnology in the EU, the decision is not surprising. Unlike the
USA, the European Union has viewed biotechnology more generally within a
framework of human rights and dignity issues. This happened in the wake of social
justice issues raised in the 1990s by TRIPS and WTO, Questions of access to medi-
cal products and therapies in resource-poor countries as well as the opportunity and
right to develop science and technology that may benefit their own economy trig-
gered policy responses differently than in North America. A resort to presumed
sense of human dignity and morality has since been privileged in policy discussions.
The European Patent Office had already been sensitized to issues related to patent-
ing life forms after the 1998 University of Edinburgh patent approval in 1998
“Isolation, selection and propagation of animal transgenic stem cells” (the cloning
of Dolly). In that case, the EU Parliament concluded that anything related to the
destruction of an embryo (whether the cells themselves, processes around them,
reporter genes, and other biological materials used) should not be allowed. The
Parliament also subsequently opposed the granting of Myriad Genetics’ patent for
BRCALI and two genes, again placing the decision about patenting human genetic
material within a broader context of human dignity.

While Europe took an ethics-based stance on patenting using principles from
Council of Europe for the protection of human rights and dignity, Asia and the USA
have all recently updated laws to facilitate commercialization (see Chap. 2). In the
USA, extensive patent reform took effect in March 2013. Named the Leahy-Smith
“America Invents Act,” it is designed to align US patent law with the rest of the
world. One of the main changes is a switch from granting patent rights to the “first
to invent” to the “first to file.” Previously, scientists could produce proof that they
were the first to make an invention, but scientists will need to be aware that they
must file as quickly as possible, as the idea of being first with an idea will become
irrelevant.

Much has been made of the inaccessibility of some hESC lines due to patenting
restrictions, particularly in the early years, which created a cost barrier for smaller
academic labs or start-up companies (Chapman 2009; Golden 2010; Torremans
2011). Noonan covers the history of embryonic stem cell patenting in detail. Some
of these issues may become moot as some lines will go off patent soon. Also, for
methods patents, patenting may play less of a role, as methods evolve so rapidly that
older ones become quickly outdated, as in the case of iPS research. A related diffi-
culty is that cell lines (both iPS and ES) and other RM-related technologies may
have multiple patents associated with them. For example, someone may have genet-
ically modified a line or added something which may have additional intellectual
property components that may limit how the line may be used. This makes it diffi-
cult to identify to whom the IP should be attributed. Researchers can become

'8 Bergman and Graff (2007). See also Hogle et al. Chap. 2.
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overwhelmed by having to chase down information to determine which lines may
have embedded MTAs and multiple sources of IP and know under which conditions
she or he can use the line. It is not clear to many researchers how these negotiations work.
There are infrastructure and institutional barriers that add to the problem, such as
private banks or cell suppliers which may not always provide complete and consis-
tent information.

Just as important as patents, but less discussed, according to many researchers
with whom I have spoken, is that of material transfer agreements (MTA), data use
agreements (DUA), and memoranda of understanding (MOA) which may apply to
cell lines as well as other necessary materials. These agreements are legal docu-
ments often containing restrictions of what can be done with the materials, yet many
researchers informally share materials without considering the ramifications of
what these agreements may restrict. Restrictions may have to do with what donors
agreed to do (or did not agree to do), but there may be additional constraints imposed
by the institution (university or commercial source).

Just as problematic are emerging issues around data sharing in an era of high-
throughput biology. Technologies such as next-gen DNA sequencing and “omics”
sciences have enabled the production of vast amounts of data and at lower costs. In
North America and Europe, there are concerted efforts to keep this data in the public
domain, consistent with the open science environment described above. This can be
seen in the emergence of initiatives such as the database of Genotypes and
Phenotypes (dbGaP), the European Genome-Phenome Archive (EGA), the i2b2
informatics framework (a public-private partnership funded by the NIH), and novel
enterprises such as SAGE Bionetworks (Kesselheim and Karlawish 2012). Pilar
Ossorio analyzes important legal, ethical, and policy implications of data sharing
through such repositories in Chap. 5. There are two major policy issues: repositories
require a structure for storing and accessing information from these large, mostly
publicly funded databases in a way that encourages investigators to deposit and
share their data, and there must be a system for controlling access and providing
security to protect sensitive data. To incentivize data sharing, some funding agen-
cies are requiring investigators to share their data by depositing it into an appropri-
ate repository as a condition of funding, and journals are increasingly requiring or
recommending authors to deposit data as a condition of publication.

Stem cell researchers will increasingly need to access raw data from these data-
bases as well as the Stem Cell Discovery Engine and Stem Cell Omics Repository
which has specific data on hES and iPS cell lines. While genetics researchers have
known about the data sharing requirements for some time, some regenerative medi-
cine researchers may be less aware of some of the access issues around repositories.
As Ossorio notes, NIH genome-wide association study (GWAS) rules have been
established for controlled access, that is, to control who has access to the data and
under what conditions and to require investigators to use data security measures.
Most challenging, however, is devising a way to access raw data without compro-
mising sensitive personal information about the sources of the genomic informa-
tion. Epigenome data within the same individual may be available in some
repositories, which is useful for iPS research, and there may also be a desire to link
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genomic profiles with data from medical record data. Both activities could compromise
anonymity and reveal sensitive information about individuals, yet it is becoming
increasingly impossible to promise anonymity in light of the ease with which speci-
mens can be re-identified (Gymrek et al. 2013; McGuire et al. 2011). Ossorio pro-
vides an important analysis of the difficulties inherent in attempting to protect
sensitive genome-wide information while still allowing access and what to do if
researchers request to do further studies beyond what the specimen donor consented
to allow. New ways of considering informed consent are being considered in light
of these emerging conditions (O’Doherty et al. 2011; see also Chap. 6).

1.4 Managing Responsible Research Practices

Part II turns to core research ethics issues for those planning discovery or clinical
research in regenerative medicine-related areas, including recent changes to guide-
lines. For experienced researchers, students, and those new to the field, Chap. 6
provides an overview of crucial information to protect the integrity of the scientific
endeavor and presents guideposts for how to recognize potential ethical concerns in
their own or others’ research. Chapters 7 and 8 deal with the protection of human
subjects, particularly in “frontier research”.

1.4.1 Research Integrity Calibrated for Regenerative
Medicine Researchers

Chapter 6 (VonReyn, Das, and Hogle) lays out principles of research integrity and
reviews the organizations involved in oversight authority. Investigators and their stu-
dents who receive US federal funding (as well as those in many other countries) are
required to have basic training in the responsible conduct of research (RCR). While
there are many resources available with good information about the responsible con-
duct of science, many sources are necessarily general in nature. As such, some of the
information and case studies used may be insufficient to meet the needs of contem-
porary interdisciplinary cell- and molecular-based science and engineering. For this
reason, the authors give particular attention to circumstances that regenerative biol-
ogy and engineering researchers may encounter. The principles and many of the
illustrations in the chapter apply broadly to many forms of research, but the chapter
also highlights additional issues particular to RM research, including those addressed
by the National Academies of Science (NAS) and the International Society for Stem
Cell Research (ISSCR). Additional topics include the use of chimeras for proof of
principle, conflicts of interest when the researcher may also be the practitioner
responsible for a potential biospecimen donor’s health care, and problems that might
arise when using specialized equipment and techniques used in RM.
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The authors argue that contemporary research integrity dilemmas may not fit
neatly into discrete “checkboxes” designated by oversight authorities. RCR training
materials may be prepared by those knowledgeable about the formal rules of over-
sight but may not be up to speed on contemporary dilemmas in everyday scientific
practices. Furthermore, investigators are frequently confronted by situations that lie
in gray areas where it is unclear what counts as misconduct. Some of these situa-
tions may arise in the course of using new equipment technologies or in the uncer-
tainty of how to interpret and represent findings. Additionally, much of the
information published about cases of misconduct focuses on the failures of indi-
vidual investigators (either through negligence, intention, or just not knowing what
to do or not do)—the so-called “bad apple” theory of misconduct. Yet there may
also be system failures. For example, a system of peer review exists for publication
and funding, but there may be conflicts of interest or lack of expertise that fails to
identify potential research integrity problems. Stem Cell Review and Oversight
Committees and Institutional Review Boards exist, but there is little consistency
among institutions (including IRBs at academic or research institutions and for-
profit organizations) in the way protocols are reviewed and the way ethical dilem-
mas are. The solution may not be simply adding more institutional rules or additional
oversight bodies; in fact, this may just make people more complacent, assuming that
everything is taken care of, unless a culture of individual, organizational, and soci-
etal responsibility is instilled (Hogle 2009). The chapter encourages readers to be
discriminating and thoughtful about their own practice as well as the system of
research oversight overall in hopes that investigators will engage with policymakers
about best practices for complex, contemporary, interdisciplinary science.

Sections 6.3.1 and 6.3.2 address key issues in human and animal research subject
protection, including upcoming changes in guidelines and providing background to
help understand why the changes. The authors note that conventional bioethics
tends to privilege Western notions of autonomy and focus almost entirely on the
rights of individuals, but ultimately, research is fundamentally a social enterprise.
As such, the relationship with subjects—without whom research could not proceed—
must not be abused (London et al. 2010).

1.4.2 Protecting Research Participants

The welfare of human and animal subjects in research is essential to maintaining trust
in scientific endeavors and is dealt with in the final two chapters. Trust among donors,
clinicians, and researchers is essential to protect the integrity of scientific research,
and properly handling consent to obtain and use an individual’s tissue or their
medical information is critical to maintaining that trust (Haimes and Taylor 2011).
In Chap. 7, David Resnik describes how best to protect the interests of individuals
who donate biological materials used in RM research.

Asking a couple to donate their unused embryos is particularly ethically sensitive,
so there must be consistency and care in both the content of the consent and the
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timing of the request. Recognizing this, the revised 2009 NIH guidelines for hESC
research prioritized information about the informed consent process (including the
manner in which information was taken and what was promised to donors) as a
criterion on which eligibility for federal funding would be determined. This change
in policy had direct effects on research: cell lines derived without the consent
requirements as set forth in the new guidelines were not included on the new NIH
registry, even though some of the embryos were donated long before the new guide-
lines came into effect, and the various private clinics and research institutes where
embryos had been donated each had their own institution’s consent forms (see also
Chap. 6, Sect. 6.3 for a discussion of the ramifications). Additionally, dozens of
hESC lines with mutations for specific diseases, which might have been extremely
useful for a range of disease studies, were rejected from eligibility for study using
NIH funds, because the language in the donor consent forms did not match the new
specifications (Wadman 2010b).

Consent from adults donating their own biological materials also generates ques-
tions about what to include in consent agreements. How detailed should consent
forms be, and is it necessary to list all possible eventual research uses? What if some
experiments are not possible or even imagined at the time of asking for the dona-
tion? Potential research uses could be stated extremely broadly, but this opens the
door to uses for which the donor would not consent. If, on the other hand, consent
is specified for a particular use (such as diabetes research), and if a cell line created
from that donated material is found to be extremely useful for another purpose (such
as cardiovascular research), can it still be used? This scenario has already occurred,
and when interpreted in the strictest sense of the new guidelines, such new uses
would not be allowed. Another concern that has arisen is the issue of whether or not
potential donors should be told that products from their materials may be commer-
cialized. Legal history has shown that the question of who might have property
rights in human biological materials (including one’s own tissue) is as fraught an
issue as that of what kinds of “natural” materials may be patented.!* More empirical
data is needed to find out how donors might respond to this information and to what
extent it would affect their participation in research.

Resnik also discusses procedures intended to maintain confidentiality (the guar-
antee that researchers will not share personal information about donors) and ano-
nymity (the guarantee that personal information about the donor will not be
identifiable during the course of research).

Elaborate de-identification methods have been created to assure anonymity, but
as described above, it is almost impossible to guarantee. Re-identification algo-
rithms can trace information back the donor’s identity, with enormous implications
for privacy and possible stultifying effects on voluntary donation. Yet researchers
may need to know medical histories of donors or may need to obtain further genetic
information, either to conduct research on specific diseases or simply to protect

Yef Moore v Regents of the University of California (51 Cal. 3d 120; 271 Cal. Rptr. 146; 793 P.2d
479. An excellent discussion of the legal and ethical issues of ownership in human biomaterials is
found in (Charo 2006).
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against problems that may arise with an immortalize cell line. There is potential for
significant effects on research in the near future, as discussed at the end of this intro-
ductory chapter.

Clinical trials are already underway for some stem cell and tissue engineering
therapies. Some of these, particularly those involving autologous infusion of cells
and cell products, are similar enough to clinical procedures (such as bone marrow
transplantation or autologous cell infusions) that existing practices may suffice for
the design and execution of trial protocols. Based on this assumption, it appears that
some clinicians are trying cell-based treatments on their own patients without con-
ducting a formal clinical trial. However, most of regenerative medicine consists of
experimental treatments which have not yet been tried in humans. As such, there is a
need to be prepared for potential, unanticipated risks. In Chap. 8, Nancy King dis-
cusses critical issues in planning for human trials and outlines ethical protections
unique to regenerative medicine. In particular, she argues, it is important to choose
appropriate animal models and to know when it is safe to move from preclinical test-
ing to human experimentation. Recent findings confirm that mouse models do not
necessarily recapitulate human responses and may not predict how a therapy will
work in humans (Seok et al. 2013). While not surprising, the finding indicates that
more work needs to be done to establish safety before testing RM products in humans,
and more information is needed about alternative preclinical testing modalities.

Cell-based therapies will be particularly challenging, in part because of unique
safety issues related to pluripotency, but also because efficacy will be very difficult
to prove plus endpoints may be difficult to define. Several countries are disallowing
the use of surrogate endpoints, looking instead for firm clinical endpoints—but
what precisely should these be for cell-based treatments on a variety of tissue types
and functions? When cells or bioactive materials are implanted therapeutically, it
may take a long time for tissue remodeling to occur, and homologous function may
be difficult to define or determine. Also, the “gold standard” randomized trial may
not be possible, particularly with entities such as surgically implanted tissue-
engineered products which could not be blinded or easily randomized. This raises a
number of questions about trial design and what data is needed before a trial can
begin: At what points—and for how long—must patients be followed post trial?

King includes two other forms of risk: first, subjects may not clearly understand
the unique features of a cell-based intervention, including the distinction between
trials (research) and a treatment, but also how such a trial differs from a drug trial.
Second, there is some risk that information circulated about early trials may be
misinterpreted in the public sphere, creating unduly high expectations that success-
ful treatments or “cures” are around the corner. This concern becomes particularly
acute with the rise in the number of unproven therapies being offered around the
world (see Chap. 2, Sect. 2.1.3 on stem cell tourism).

It is important for researchers and clinicians to know what is required by the
guidelines established by their national or local governance bodies, so as not to lose
opportunities to gather valuable information as well as not to lose the trust of par-
ticipants. At the same time, informed consent has become somewhat fetishized; that
is, there is a tendency of many bioethicists and policymakers to focus on matters of
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process and rule-making structures rather than matters of content. Assuming that
simply having an informed consent process in place will take care of all ethical
concerns may provide a false sense that ethical duties have been met, and focusing
attention on the consent process alone displaces attention away from other salient
concerns, which often receive less attention. Policymakers and ethicists need to stay
abreast of both the scientific and institutional changes happening in regenerative
medicine as they occur, without relying on research subjects and tissue donors’
consent process to do all the work of managing expectations associated with medi-
cal innovation.

1.5 Emerging Issues

There are several themes recurring throughout the chapters that speak to broader
social issues. These include tensions between open science and private intellectual
property, new multi-sector arrangements that may reorganize academia-industry-
state relations, changes in the meaning of ethical “protections” with new challenges
to data privacy, and the conflicts inherent in knowing when and how best to proceed
with novel science and technology in light of the tensions between unknown (and
sometimes unknowable) outcomes. These issues and more will require careful con-
sideration by scientists, policy makers, ethicists, and those involved in commercial-
izing regenerative medicine products and planning the next generation of scientific
and technological innovations.

New techniques will undoubtedly raise fresh dilemmas about what is ethically
permissible, and many will fall into the gray areas for which guidelines do not exist.
Just as important as innovations in the science are innovations in institutional infra-
structures and governmental priorities. One example bearing close observation over
the next few years is the recent drive by the NAS and NIH to transform medicine into
so-called “precision medicine” (NAS 2011) and similar initiatives in the EU to cre-
ate large-scale data infrastructures linking medical and potentially, civil databases.

The Precision Medicine Report calls for an interconnected ‘“knowledge
network”—a sort of information commons—in which data from biorepositories,
electronic medical records and clinical health records, “omics” data, and poten-
tially, information gleaned from data analytics on social media can be linked and
analyzed for associations. Behavioral, social, and environmental data (the
“exposome”—a measure of lifelong environmental and lifestyle exposures) would
be layered to pinpoint more precisely the causation of disease and possibly identify
prevention or intervention measures. Access to such rich data may be extraordi-
narily helpful to researchers trying to link disease phenotypes to genotypes and
predict responses to therapeutic agents. One promised possibility of personalized
medicine using regenerative medicine is the capability to model diseases using
patient iPS cells, then connecting information from such linked databases to in vitro
findings (Park et al. 2008). In this case it would likely be necessary to have patients
and their families more directly involved in the research, by contributing biospeci-
mens and family medical histories and possibly by providing information about
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symptoms not captured in medical records. This will be particularly necessary
where disorders are more complex than single gene mutations; factors involved
could be related to various epigenetic influences, for which it would be helpful to
have environmental and family histories. Because large numbers of individuals will
need to be biopsied and their cells stored in biobanks to test hypotheses about phe-
notypes, a number of public and private initiatives have proliferated to recruit
patients into voluntarily providing information.

Much of the patient’s private information, however, may be accessible without
asking directly, either from stored records or information and samples that could be
collected in the course of routine clinical encounters. The NAS report calls for easing
of the existing guidelines requiring specific patient-informed consent for such
research, such that it may not be necessary to request consent for additional uses
beyond those agreed upon in the original consent. This is consistent with the pro-
posed guideline changes discussed in Chap. 6 regarding human subjects protections.
At the date of this writing, these guidelines have yet to be decided. This situation has
raised concern for many regarding the nature of consent, what counts as “private
information,” and who has the right to use individuals’ health information. It may
also pit rights and entitlements of individuals against the need to solve complex prob-
lems of disease prevention and treatment, a long-standing tension in public health.

As Ossorio shows in her chapter, a large number of the US population can already
be easily uniquely identified using a combination of simple data (birth date, zip
code, voter records) easily available from public sources. This begs the larger ques-
tion of what privacy means in the post-genomic, post-internet era. Can we really
guarantee anonymity to biospecimen donors and human research subjects, as we
have for decades? The protection of privacy has long been a central tension in the
ethics of public health, from the need to report and surveil infectious diseases pitted
against concerns about stigma to potential effects on employment or insurance dis-
crimination created by the disclosure of genetic susceptibilities to the simple act of
respecting a hospital patient’s medical situation. Do individuals care whether their
information is used in this way, or not? (Hoeyer et al. 2005). Is the problem really
about control over information rather than privacy, or who has the right to say how
information is used? Empirical data needs to be collected before instituting rules to
know how best to proceed.

In any case, the roles and relationships of patients, clinicians, and researchers
will shift as a result of such major institutional and informational infrastructure
shifts, particularly in personalized medicine using RM. The modeling of disease
that might arise (in vitro, in vivo, and in silico) may also change not only disease
theories but the way we organize, fund, and otherwise deal with clinical health
delivery, public health, and governance (including research ethics).

These issues do not exist in a vacuum,; rather, they lie within broader social, politi-
cal, and economic shifts taking place in contemporary societies. As this book was
about to go to press, alarms were being raised worldwide about governmental uses
and potential abuses of private information in the wake of leaked information indicat-
ing that the US government had accessed personal records of thousands of citizens.
How might legal and social concepts of privacy be changing in light of competing
social values of national security and protection of personal information and
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liberties? Bringing to light activities that have not been publicly visible may likely
affect issues in other social domains, such as medicine.

This example is one among many that demonstrates how science and science
policy interact and shape each other within historical and political moments and
how policy actions may be triggered (or not) by news events, legal challenges, pow-
erful political groups, or other influences. It is in these interactions that rights and
entitlements are defined, and boundaries of jurisdictions are settled. The boundaries
can be fluid, as examples in this book and the policy updates at the beginning of this
chapter show. It is my hope that readers will critically engage with the information
provided here, use what is provided to prepare for new challenges, and that scien-
tists from academia and industry, ethicists, policymakers, and social scientists can
learn from and engage with each other.

References

Asahi Shimbun (2013, June 29). Too much of a rush for clinical trials with iPS cells (editorial).
Retrieved June 30, 2013, from http://ajw.asahi.com/article/views/AJ201306280044.

Bayon, Y., Ellis, S., Vertes, A., Ahmed, A., Coury, A. J., Campion, C., et al. (2013).
Commercialization of regenerative products—The academic/industry partnership—Society
World Congress: Summary report: Vienna, Austria/September 5-8, 2012. Tissue Engineering.
Part B, Reviews. doi:10.1089/ten. TEB.2012.0683.

Bergman, K., & Graff, G. D. (2007). The global stem cell patent landscape: Implications for effi-
cient technology transfer and commercial development. Nature Biotechnology, 25(4), 419-424.

Brock, D. (2010). Creating embryos for use in stem cell research. The Journal of Law, Medicine &
Ethics, 38(2), 229-237.

Bubela, T. M., & Caulfield, T. (2010). Role and reality: Technology transfer at Canadian universi-
ties. Trends in Biotechnology, 28(9), 447-451.

Caulfield, T., Harmon, S., & Yann, J. (2012). Open science versus commercialization: A modern
research conflict? Genome Medicine, 4(2), 17.

Chapman, A. R. (2009). The ethics of patenting human embryonic stem cells. Kennedy Institute of
Ethics Journal, 19(3), 261-288.

Charo, R. A. (2001). Every cell is sacred: Logical consequences of the argument from potential in
the age of cloning. In P. Lauritzen (Ed.), Cloning and the future of human embryo research (pp.
82-89). Oxford: Oxford University Press.

Charo, R. A. (2006). Body of research—Ownership and use of human tissue. The New England
Journal of Medicine, 355(15), 1517-1519.

Cohen, C. (2007). Renewing the stuff of life: Stem cells, ethics and public policy. New York:
Oxford University Press.

Collins, L. R., & Crockin, S. L. (2012). Fighting “personhood” initiatives in the United States.
Reproductive Biomedicine Online, 24(7), 689-691. doi:10.1016/j.rbmo.2012.04.002.

Condic, M. L., & Rao, M. (2008). Regulatory issues for personalized pluripotent cells. Stem Cells,
26(11), 2753-2758.

de Vries, R., Oerlemans, A., Trommelmans, L., Dierickx, K., & Gordijn, B. (2008). Ethical aspects
of tissue engineering: A review. Tissue Engineering. Part B, 14(4), 367-375.

Deans, R. (2012). Regulation, manufacturing and building industry consensus. Regenerative
Medicine, 7(6 Suppl), 78-81.

DiSilvestro, R. (2006). Not every cell is sacred: A reply to Charo. Bioethics, 20(3), 146—157.

Downs, K. (2008). Embryological origins of the human individual. DNA and Cell Biology, 27(1),
3—7. doi:10.1089=dna.2007.0698.



http://ajw.asahi.com/article/views/AJ201306280044
http://dx.doi.org/10.1089/ten.TEB.2012.0683
http://dx.doi.org/10.1016/j.rbmo.2012.04.002
http://dx.doi.org/10.1089=dna.2007.0698

1 Contemporary Issues in Regenerative Medicine Research Ethics... 27

Dubow, S. (2011). Ourselves unborn: A history of the fetus in modern America. New York: Oxford
University Press.

Etzkowitz, H., & Leydesdorff, L. (2000). The dynamics of innovation: From national systems and
‘mode 2’ to a triple helix of university-industry-government relations. Research Policy, 29(2),
109-123.

Etzkowitz, H., Ranga, M., Benner, M., Guaranys, L., Maculan, A. M., & Kneller, R. (2008).
Pathways to the entrepreneurial university: Towards a global convergence. Science and Public
Policy, 35(9), 681-695.

Faulkner, A. (2009). Regulatory policy as innovation: Constructing rules of engagement for a
technological zone of tissue engineering in the European Union. Research Policy, 38(4),
637-646.

Fink, D. W. (2009). FDA regulation of stem cell-based products. Science, 324(5935), 1662-1663.
Fisher, M. B., & Mauck, R. L. (2013). Tissue engineering and regenerative medicine: Recent inno-
vations and the transition to translation. Tissue Engineering. Part B, Reviews, 19(1), 1-13.
George, G., & Bock, A.J. (2008). Inventing entrepreneurs: Technology innovators and their entre-

preneurial journey. Upper Saddle River, NJ: Pearson Prentice Hall.

Golden, J. M. (2010). WARF’s stem cell patents and tensions between public and private sector
approaches to research. The Journal of Law, Medicine & Ethics, 38(2), 314-331.

Gottlieb, S., & Klasmeier, C. (2012, August 7). The FDA wants to regulate your cells. Wall Street
Journal. Retrieved July 1, 2013, from http://online.wsj.com/article/SB1000087239639044440
5804577558992030043820.html.

Gottweis, H., Salter, B., & Waldby, C. (2009). The global politics of human embryonic stem cell
science: Regenerative medicine in transition. Basingstoke: Palgrave Macmillan.

Gymrek, M., McGuire, A., Golan, D., Halpern, E., & Erlich, Y. (2013). Identifying personal
genomes by surname inference. Science, 339(6117), 321-324. doi: 10.1126/science.1229566.

Haimes, E., & Taylor, K. (2011). Researching the relationships between tissue providers, clinicians
and stem cell scientists. Cell Stem Cell, 8(6), 613-615.

Hellman, K. B., Johnson, P. C., Bertram, T. A., & Tawil, B. (2011). Challenges in tissue engineer-
ing and regenerative medicine product commercialization: Building an industry. Tissue
Engineering. Part A, 17(1-2), 1-3. doi:10.1089/ten. TEA.2010.0436.

Herder, M., & Brian, J. (2008). Canada’s stem cell corporation: Aggregate concerns and the ques-
tion of public trust. Journal of Business Ethics, 77(1), 73-84.

Hoeyer, K., Olofsson, B.-O., Mjorndal, T., & Lynoe, N. (2005). The ethics of research using bio-
banks: Reason to question the importance attributed to informed consent. Archives of Internal
Medicine, 165(1), 97-100. doi:10.1001/archinte.165.1.97.

Hogle, L. F. (2009). Science, ethics and the “problems” of governing nanotechnologies. Journal of
Law, Medicine & Ethics, 37(4), 749-758.

Holland, S., Lebacqz, K., & Zoloth, L. (Eds.). (2001). The human embryonic stem cell debate:
Science, ethics, and public policy. Cambridge, MA: MIT Press.

Jasanoff, S. (2004). States of knowledge: The co-production of science and social order. London:
Routledge.

Jasanoff, S. (2005). Designs on nature: Science and democracy in Europe and the United States.
Princeton, NJ: Princeton University Press.

Johnson, P. C., Bertram, T. A., Tawil, B., & Hellman, K. B. (2011). Hurdles in tissue engineering/
regenerative medicine product commercialization: A survey of North American academia and
industry. Tissue Engineering. Part A, 17(1-2), 5-15. doi:10.1089/ten.tea.2010.0411.

Kesselheim, A. S., & Karlawish, J. (2012). Biomarkers unbound—The Supreme Court’s ruling
on diagnostic-test patents. The New England Journal of Medicine, 366(25), 2338-2340.
doi:10.1056/nejmp1204164.

Koleva, G. (2012, February 10). Stem cells and the lawsuit that could change our medical future.
Forbes. Retrieved July 1, 2013 from http://www.forbes.com/sites/gerganakoleva/2012/02/10/
stem-cells-and-the-lawsuit-that-may-shape-our-medical-future/.

Liptak, A. (2013, June 13). Justices, 9-0, bar patenting human genes. The New York Times.
Retrieved June 13, 2013, from http://www.nytimes.com/2013/06/14/us/supreme-court-rules-
human-genes-may-not-be-patented.html?ref=myriadgeneticsinc.


http://online.wsj.com/article/SB10000872396390444405804577558992030043820.html
http://online.wsj.com/article/SB10000872396390444405804577558992030043820.html
http://dx.doi.org/10.1126/science.1229566
http://dx.doi.org/10.1089/ten.TEA.2010.0436
http://dx.doi.org/10.1001/archinte.165.1.97
http://dx.doi.org/10.1089/ten.tea.2010.0411
http://dx.doi.org/10.1056/nejmp1204164
http://www.forbes.com/sites/gerganakoleva/2012/02/10/stem-cells-and-the-lawsuit-that-may-shape-our-medical-future/
http://www.forbes.com/sites/gerganakoleva/2012/02/10/stem-cells-and-the-lawsuit-that-may-shape-our-medical-future/
http://www.nytimes.com/2013/06/14/us/supreme-court-rules-human-genes-may-not-be-patented.html?ref=myriadgeneticsinc
http://www.nytimes.com/2013/06/14/us/supreme-court-rules-human-genes-may-not-be-patented.html?ref=myriadgeneticsinc

28 L.F. Hogle

London, A.J., Kimmelman, J., & Emborg, M. E. (2010). Beyond access vs. protection in trials of
innovative therapies. Science, 328(5980), 829-830.

Maienschein, J. (2002). What’s in a name? Embryos, clones and stem cells. The American Journal
of Bioethics, 2(1), 12-19.

Marshall, E. (2013). Supreme Court rules out patents on “natural” genes. Science, 340(6139),
1387-1388.

Mason, C., McCall, M. J., Culme-Seymour, E. J., Suthasan, S., Edwards-Parton, S., Bonfiglio, G.
A, etal. (2012). The global cell therapy industry continues to rise during the second and third
quarters of 2012. Cell Stem Cell, 11(6), 735-739. doi:10.1016/j.stem.2012.11.013.

Mathews, D., Graff, G., Saha, K., & Winickoff, D. (2011). Access to stem cells and data: Persons,
property rights, and scientific progress. Science, 331(6018), 725-727.

McGuire, A. L., Oliver, J. M., Slashinski, M. J., Graves, J. L., Wang, T., Kelly, P. A, et al. (2011).
To share or not to share: A randomized trial of consent for data sharing in genome research.
Genetics in Medicine, 13(11), 948-955. doi:10.1097/GIM.0b013e3182227589.

Morgan, L. M. (2009). Icons of life: A cultural history of human embryos. Berkeley, CA: University
of California Press.

Munro, N. (2003). Academics’ ties to business muddy disclosure decisions. The Scientist, 17(8), 54-55.

National Academies of Science. (2011). Toward precision medicine: Building a knowledge net-
work for biomedical research and a new taxonomy of disease. Retrieved October 2012, from
http://www.nap.edu/catalog.php?record_id=13284.

National Institutes of Health. (1994). Report of the human embryo research panel. Bethesda, MD:
National Institutes of Health.

O’Doherty, K. C., Burgess, M. M., Edwards, K., Gallagher, R. P., Hawkins, A. K., Kaye, J., et al.
(2011). From consent to institutions: Designing adaptive governance for genomic biobanks.
Social Science & Medicine, 73(3), 367-374. doi:10.1016/j.socscimed.2011.05.046.

Park, 1.-H., Arora, N., Huo, H., Maherali, N., Ahfeldt, T., Shimamura, A., et al. (2008). Disease-
specific induced pluripotent stem cells. Cell, 134(5), 877-886.

Rao, M. S. (2009). Funding translational work in cell-based therapy. Cell Stem Cell, 9(1), 7-10.
doi:10.1016/j.stem.2011.06.009.

Rhoten, D. (2007). The frontiers of intellectual property: Expanded protection versus new models
of open science. Annual Review of Law and Social Science, 3(1), 345-373. doi:10.1146/
annurev.lawsocsci.3.081806.112900.

Seok, J., Warren, H. S., Cuenca, A. G., Mindrinos, M. N., Baker, H. V., Xu, W, et al. (2013).
Genomic responses in mouse models poorly mimic human inflammatory diseases. Proceedings
of the National Academy of Sciences of the United States of America, 110(9), 3507-3512.
doi:10.1073/pnas.1222878110.

Siegel, D. S., Veugelers, R., & Wright, M. (2007). Technology transfer offices and commercializa-
tion of university intellectual property: Performance and policy implications. Oxford Review of
Economic Policy, 23(4), 640-660.

Singer, P., & Kuhse, H. (1986). The ethics of embryo research. The Journal of Law, Medicine &
Ethics, 14(3-4), 133-138.

Torremans, L. (2011). Legal problems raised by patents on human stem cell-based interventions.
In K. Hug & G. Hermerén (Eds.), Translational stem cell research: Issues beyond the debate
on moral status of the human embryo (pp. 287-307). New York: Humana Press.

Wadman, M. (2010a). US stem-cellchaos feltabroad. Nature, 467(7312),138-139.doi:10.1038/467138a.

Wadman, M. (2010b). Diseased cells fail to win approval. Nature, 465, 852.

Winickoff, D., Saha, K., & Graft, G. (2009). Opening stem cell research and development: A pol-
icy proposal for the management of data, intellectual property and ethics. Yale Journal of
Health Policy, Law, and Ethics, 9(1), 52-127.


http://dx.doi.org/10.1016/j.stem.2012.11.013
http://dx.doi.org/10.1097/GIM.0b013e3182227589
http://www.nap.edu/catalog.php?record_id=13284
http://dx.doi.org/10.1016/j.socscimed.2011.05.046
http://dx.doi.org/10.1016/j.stem.2011.06.009
http://dx.doi.org/10.1146/annurev.lawsocsci.3.081806.112900
http://dx.doi.org/10.1146/annurev.lawsocsci.3.081806.112900
http://dx.doi.org/10.1073/pnas.1222878110
http://dx.doi.org/10.1038/467138a

Chapter 2
Characterizing International Stem Cell
Research Niches

Linda F. Hogle, Sean P. Palecek, David Schaffer, and Peter W. Zandstra

2.1 Introduction

This chapter assesses global research climates for stem cell-related research, analyzing
infrastructure, governance, and funding patterns within regions and their interac-
tions with social, historical, and political influences. Our findings derive primarily
from site visits, interviews, and experience working with stem cell researchers in
multiple research institutions in North America, Europe, and Asia. Authors Palecek,
Schaffer, and Zandstra participated in a global assessment of stem cell engineering
to identify emerging innovations, identify opportunities and barriers in the field,
and provide information for funding agencies for the future (Nerem et al. 2013).
Hogle has interviewed stem cell scientists and engineers in North America and
Europe for more than a decade. We add to these firsthand observations some contex-
tual understanding of why and how stem cell research more broadly has emerged in
the way it has in different regions. In this chapter, we compare the contexts of global
research environments. The chapter is not meant to be a comprehensive global
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analysis, which would take several volumes. Also, available published data and
analyses are uneven; information on current governance, capital and financing, or
stem cell training is more readily accessible for some regions than others. Instead,
we have selected countries with which we are more familiar and which have salient
features to discuss to illustrate our points. We begin with an overview of general
trends we have observed, followed by activities in regional niches. We do not pre-
tend to have sufficient empirical data to provide precise prescriptions; rather, we
offer the benefit of our individual and collective observations through study of and
collaboration with labs across these regions.

While many existing analyses of stem cell activities focus on cell therapy
applications, we include stem cell-related diagnostics, disease modeling, drug
discovery, and more, all of which require expertise from various engineering and
computational sciences as well as biological sciences. More than simply identifying
locales and describing existing research activity, our observations help to illuminate
why and how research has been shaped as it has in various regions. This insight will
provide a window to understanding where opportunities exist for improvements in
science policy and, more specifically, research program planning for regenerative
biosciences.

Existing descriptions of the state of the field often assume that regenerative med-
icine has developed where and how it has because of ethical or regulatory environ-
ments, which either constrain or support the research. Certainly policy that restricts
the use of particular procedures or cell types limits access to materials and blunts
knowledge, and there is a possibility of a brain drain as researchers move to locales
more favorable to stem cell research. There is some evidence suggesting that
researchers may shift their research as a result of the sheer uncertainty. Other fea-
sible assumptions are that particular locales dominate because of powerful key sci-
entists or political advocates who drive the research or because funding is more
easily available. While there is no doubt that these elements affect the direction and
tempo of any research, we argue that these explanations alone are too simple: there
are far more complex interweavings of political, historical, economic, moral, and
technical specificities that shape regenerative medicine research differently within
locales. This is not to say that stem cell research microenvironments exist in isola-
tion: regional and local-level conditions interact with international trends in much
the same way as stem cell niches in the body affect and are affected by their interac-
tions with other bodily systems.

In some of the countries we include in our discussion, research flourishes in spite
of a lack of policy or regulatory clarity or with funding flows that are less than opti-
mal for the particular needs of stem cell research. In other areas, it has failed to get
traction in ways one might have predicted. Taking a fresh look, without taken-for-
granted assumptions, we can ask different questions. Rather than simply asking
where the favorable or unfavorable policies are, we can ask broadly what are the
most important situational components that appear to help or hinder research? When
we understand the contexts in which regenerative medicine science and policies are
shaped, it is possible to identify needs and promote policies to enable researchers to
capitalize on opportunities: where are natural avenues for collaborations, and how
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have collaborations been supported (or not) in various environments? What are
identifiable skills and resources needs for the longer term as well as immediate
needs? As we learned, there is insufficient data on some regions to make compari-
sons evenly. What information is needed to provide insight into what governance
forms do or do not work well? We hope that our observations about the experiences
in various countries will stimulate fresh strategic thinking about how to develop
policies to transcend differences in ways that will meet real global health needs
while supporting both translational and discovery research.

2.2 Global Patterns of Activity

Our review shows that where regenerative sciences are emerging, there are diverse
rationales for pursuing regenerative medicine, various ways of organizing and fund-
ing research, and differing degrees to which collaborations are being formed (within
or across national borders). Countries may consider investing in innovative science
(and regenerative medicine in particular) for economic growth, a way to grow inno-
vation processes or science infrastructures or a way to serve the country’s health
needs. Politics and science thus are co-produced. Development of a new area
requires the political will to do so, which in turn affects regulatory policies, legisla-
tion, and funding.

2.2.1 [Investments in Global Knowledge Economies

Funding is central to the development of new scientific endeavors. However, it is not
only the level but the type of financial arrangements that matter. Funding in
Singapore, China, Japan, and the state of California, among other locales, has been
a part of strategic government-sponsored initiatives. In other countries, there may
not be an explicit national strategy or coordinated effort, but a mix of public and
private funding is available.

The countries which have made stem cell research a central part of a national
science strategy are not necessarily those with the kind of existing industries capa-
ble of taking up product development once innovations leave the lab (Salter 2009a).
Countries still in development and those which had devastated economies after
World War II focused on building specific industries in the second half of the twen-
tieth century that would aid in rebuilding and enable their participation in global
markets. These were largely manufacturing and mass production technologies.

Tt is also important to remember that bounded entities such as “the state” may be friction with
supranational entities such as the European Union, the World Trade Organization, and other trans-
national entities attempting to enforce global harmonization of policies, definitions, and practices
(Jasanoff 2004).
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By the end of the century, there was a recognition that expertise was equally important
as a national resources as production capacity. The transition to “knowledge econo-
mies” required specialized labor competencies, and the global focus shifted to com-
munications and life sciences (Etzkowitz and Leydesdorff 2000). However, the life
sciences are less developed in many of these countries, and regenerative medicine is
uncertain with high initial investment costs. Also, developing nations, particularly
those with central economies, have little experience or institutional structure with
which to proceed with scientific or clinical innovation, especially when it is market
based. In economies that are restructuring, the capacity to refocus national commit-
ment comes with a concomitant need to restructure laws and social policies, in order
to be globally competitive. As we have seen with several countries, this has been a
struggle when approaching multifaceted life sciences sectors, especially those such
as stem cell research which have faced public controversy.

We note that translational approaches dominate in almost every locale pursuing
regenerative medicine research. While “translational medicine” is most simply
defined as getting ideas from “bench to bedside,” indicating the application of
research for clinical purposes, the term is often taken to mean “commercialization,”
since product development, production, marketing and pricing are involved in get-
ting products into circulation. This has implications both for academic-industry
relations and for research funding. Conventional funding mechanisms are designed
to support individual labs in discovery-level, disciplinary-based research. The kind
of interdisciplinary, often pragmatic work that is necessary for bench-to-bedside
work has not historically been rewarded by grant mechanisms or through merit
systems in the university. However, some new funding initiatives are beginning to
support translational work, such as EU Framework initiatives built around a particu-
lar problem, encouraging multi-investigator projects and potentially aimed at clini-
cal translation. The National Center for the Advancement of Translational Science
(NCATS) within the NIH was established in 2011 to support activities to “reduce,
remove or bypass bottlenecks in the development of new treatments and tests that
will ultimately improve human health” (http://www.ncats.nih.gov/). Translation-
related initiatives and centers include the Berlin-Brandenburg Center for
Regenerative Therapies, Canadian Center for the Commercialization of Regenerative
Medicine, Fraunhofer IZI, McGowan Institute for Regenerative Medicine, and the
California Institute for Regenerative Medicine (CIRM), among others.

The participation of strong private funds and venture capital in novel areas of
science depends largely on whether decentralized, private investment is encouraged
or discouraged by financial and scientific regulatory institutions (Bruton et al. 2005;
Salter and Salter 2010). As Salter points out, the effect of investments in innovation
relies on a country’s environment for intellectual property rights, tax laws or incen-
tives, and managerial freedom to exploit the value of an innovation as much as on
the nature of the innovation itself (Salter 2009a). These factors help potential inves-
tors weigh risk against potential gains. In this sense, the environment has been most
favorable in the USA, which had 76 % of the global total of venture capital funds in
2011 (Burrill 2012). Nevertheless, there is still a significant problem of the “valley
of death” for start-up businesses; that is, the trough between obtaining angel or ven-
ture capital before the product is able to bring in revenue. For regenerative medicine
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(RM) firms, there is also often a gap between initial funding for early phase clinical
trials and the enormous investment needed for scaling up for phase II trials.
Especially since the financial crisis in 2008, potential investors have been more risk
averse, and pharmaceutical and biotech companies have been less inclined to invest
in the highly risky market for clinical stem cell products, particularly in locales with
more formidable or unsettled regulatory climates (Brindley et al. 2011; Pagnol et al.
2009; Rao 2009). This situation may be changing as the industry picture improves,
but it is too early to tell (Mason et al. 2012; see also Martin et al. 2006).

For highly specific, high-tech enterprises such as regenerative medicine, intel-
lectual property (IP) is a valuable resource. For some high-tech fields, patents may
be worth less because the technology goes out of date quickly, but patent protection
is seen to be paramount because of the high costs and long development times.
Patents have become central to the uptake and growth of innovative science, but
firms (especially new start-ups) must also have the kind of knowledge and expertise
needed to attract talent, collaborators, and investors in the global market: “For capi-
talization of a new knowledge market to occur, investors need to be reassured that
the value of the knowledge, as opposed to the value of the eventual product, is in the
hands of the company concerned” (Salter 2009b, p.411, emphasis added).
Knowledge includes not only scientific expertise but also expertise in all the pro-
cesses needed to scale up, distribute, and get products into the hands of users.
A country with a history of a strong centralized economy transitioning to a market-
based economy is unlikely to have a strong private capital base or institutional struc-
tures to support it, much less the kind of expertise that entrepreneurial academic
researchers would need to launch new products. In our observations, there may be a
concentration of wealth in some countries, but investors may be reluctant to invest
in a country if it has insufficient capital and talent infrastructure to support new
technology development.

Funding mechanisms that comprehend the necessity of interdisciplinary and
applied work will be crucial if translational approaches continue to dominate. The
National Academy of Sciences recently acknowledged the need for more integra-
tive science, stating that the new biology is an integration of many subdisciplines
as well as the integration of physicists, chemists, computer scientists, engineers,
and mathematicians in order to solve complex scientific and social problems
(National Research Council 2009). For translational regenerative medicine to suc-
ceed, a more systems-based approach will be needed, that is, the ability to identify
components of complex systems and understand how they work together. This
requires knowledge from diverse fields not normally associated with stem cell
research including materials science and biophysics, improvements on scaling up
laboratory culture systems for biomanufacturing, better quality control mecha-
nisms that may not be based on conventional biology, computational techniques for
modeling cell behavior and tissue construction, and other integrative ways of
approaching problems. Engineering, chemistry, and physics have become a critical
part of tissue engineering and stem cell research, not only due to their contributions
to “enabling technologies,” such as culture systems, high-throughput techniques
for screening molecules, biomaterial scaffolds and matrices, and process automa-
tion, but also in identifying physiologic and mechano-physical properties crucial to



34 L.F. Hogle et al.

in vitro cell processes. Consequently, these fields are making major contributions
to discovery science.

Companies producing research tools, culture systems, and reagents have been
successful in the market. Ironically, they are not as successful in raising investment
due to a lower ROI than therapeutic products (Rao 2009).

2.2.2 Policy Variability

The considerable variability in policies around the world has affected the procure-
ment of biological materials (including cells, tissues, and genes), derivation of cell
lines, data and materials sharing, and ultimate use of cell lines for both basic and
clinical research (Isasi 2009; see also Appendix B). This was particularly true in the
early years, when the variance in informed consent standards, derivation practices,
or ultimate use restrictions for cell lines derived from embryos hindered sharing of
materials and collaborations across national or even institutional lines (Caulfield
et al. 2009; Elster et al. 2008; McCoy 2009).

The reason often named for the variance in policy stances on stem cell research
is religion—more specifically, Catholic and evangelical protestant sects—which
tend to object to embryo use in research and almost any science that “tampers with
nature.” It is important to note that the political influence of religion is diverse and
the existence of increasingly politically assertive religion(s) in some parts of the
world is a much broader phenomenon than what has been experienced with stem
cell research alone (Toft et al. 2011). The role of religion in influencing public
policy and law in various countries has not always been consistent over time. The
relative role of religion in governance is in constant interaction with other eco-
nomic, social, and political forces and activities are often connected to other social
movements. Also, while some generalizations can be made, it is a mistake to pre-
sume that “religion” means opposition to science, as many commenters have. No
group is so homogenous that there are not differing stances within each religion.

While the field has evolved, and the focus is shifting to nonembryonic sources,
policy (and analyses of policy impacts) has continued to focus on constraints related
to embryo-derived cell lines.> A number of emerging issues facing the field as a
whole have yet to be addressed or are addressed unevenly in different regions,
including data sharing, intellectual property issues, and potential ethical concerns
about synthetic biology and gene-editing techniques, the use of epigenomic data,
and more.?

2de Vries et al. (2008) track the proportion of articles devoted to HESC, cloning, and other topics,
showing the dominance of embryo-oriented concerns of bioethics articles.

3Chapters 4 and 5 address the tensions between enforced data sharing (especially for genomic
data) and capturing intellectual property. Given the debates on synthetic biology in Europe and, to
a more limited extent, the USA, and the history of debates and policy implementation on gene
therapy, it is remarkable that such issues have not been raised in stem cell research.
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Efforts have been made to harmonize standards and regulations across political,
ethical, and national borders. International organizations such as the International
Society for Stem Cell Research (ISSCR) and the International Stem Cell Forum
actively promulgate standards for protocols, guidelines for research ethics, and
norms for human trials (ISSCR 2008). Still, with such differing historical and cul-
tural backgrounds in various locales, this is nearly impossible to accomplish.

For all the discussion in science policy literature about harmonizing policy to
facilitate development of a field, governments can make their own decisions about
science and technology matters, weighting morality, religious traditions, economics
(or perhaps more specifically, markets), public opinion (or perhaps projected con-
stituency votes), or other pragmatic decision-making factors. It is not enough simply
to acknowledge that there is significant variance in policies or attitudes toward regen-
erative medicine; rather, in order to navigate the differences, it is helpful to under-
stand why particular social values become embedded in decision-making processes
(cf Gottweis, Salter and Waldby 2009).

For some countries, there are competing incentives on the road to global competi-
tiveness. Conforming to higher regulatory and research ethics standards promul-
gated by a few countries may provide greater credibility in the global scene, but
following less restrictive guidelines may enable faster entry into clinical trials, faster
results, and draw more capital than others. For-profit firms with investor expecta-
tions of a fast and high return on investment may be tempted to find less challenging
regulatory and ethical environments to explore stem cell products. This is not new:
pharmaceuticals have regularly been tested in resource-poor countries with fewer
regulatory limitations. The potential danger to the product sponsor is acceptability of
the data to more stringent review authorities in the USA or EU. For the research
subjects in those locales (frequently the vulnerable members of society who other-
wise have little health care), the risks of participating in experimental trials are mul-
tiplied, especially if there is no ability to care for them post-trial (Petryna 2009).

2.2.3 Stem Cell Tourism

More controversial are clinics advertising treatments which have not been proven
through more rigorous standards of conventional oversight and accessed through
established clinical researchers but, instead, are offered directly to the public
(Regenberg et al. 2009). This growing phenomenon has been a concern due to
potential risk to patients but also risk to the field as a whole, should patients be
harmed. It also raises an important question about the pressure to do translational
stem cell research and the rush to get into the clinic without first gaining important
knowledge from discovery science.

The “hype” around stem cell treatments is at least partly to blame for the increas-
ing number of clinics around the world offering treatments for a wide variety of dis-
orders. The clinics are not always transparent about their processes, expertise, or even
the type of cells being used. Many of these clinics (but not all) are in resource-poor
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countries which may not have stringent oversight or regulation over research or thera-
peutic practices. Patients—usually from wealthy countries—spend tens of thousands
of dollars for procedures to travel to these sites, hence the term “stem cell tourism.”

Medical tourism is not new; patients desperate to find treatments for rare or ter-
minal diseases have long sought treatments outside of the bounds of conventional
allopathic, scientifically proven medicine (Turner 2007). At the same time, there is
a rapidly growing industry of clinics offering routine high-tech medical care in
countries where the costs are more affordable than others, which may confuse health
consumers in terms of which clinics offer proven treatments (ibid). This may make
it more difficult for patients to discern legitimate trials from offers of treatments
advertised by clinics which have not undergone rigorous review.

Not all sites recruiting patients are outside of North America and Europe.* One
US-based web site positions itself explicitly as a patient advocacy organization,
helping people to find a stem cell treatment and physician for members but goes
further by to claiming entitlements to treatments as a self-determination and patient
rights issue. From their web site: “We believe in the human voice and the human
spirit. We believe that if people take care of their bodies and become their own advo-
cates for determining what treatments are right for them that we can start an uprising
for the general public” (Med Rebels, found at http://medrebels.org/about-us/). This
is confusing for patients who seek treatments, particularly for disorders with few
treatment options, particularly in the neoliberal public policy climate of the past two
decades in many countries promoting patient self-care and “empowerment”.

The current atmosphere pits cautious, risk-minimizing approaches to stem cell
treatments against aggressive approaches framed as progressive and patient-
consumer oriented. Countries restricting clinical use until extensive tests for safety
are sufficient to proceed may appear to be blocking access to needed treatments
(much like any other novel, first-in-human therapy), while others, promoting their
services directly to patients, promise easy access to treatments that home countries
refuse to provide for political reasons (Petersen and Seear 2011).

Furthermore, legitimacy is established when governmental authorities explicitly
allow experimental treatments to proceed before evidence exists that they are safe
and efficacious. The Italian Parliament, for example, is considering a new law mak-
ing it legal to conduct such treatments in Italian public hospitals, outside of EU and
Italian regulatory laws (Bianco et al. 2013). In Texas, new guidelines allow stem
cell procedures as long as they are done for research, receive approval from an insti-
tutional review board (which could be private and profit-making entities, not
attached to medical institutions), and patients must sign an informed consent form
(Cyranoski 2012b; Park 2012).

While patients are warned against participating in treatments that have not been
validated, clinics often use a narrative framework of offering hope and often post

“See, for example, the 2013 report on practices at US-based Precision Stem Cell at http://www.
alsworldwide.org/documents/PrecisionStemCellReviewMarch192013.pdf and a subsequent blog-
post discussing the report at http://www.healthintheglobalvillage.com/2013/05/06/precision-
stemcell-selling-stem-cells-treating-individuals-with-als-as-human-guinea-pigs/.
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positive testimonials on the Internet (ISSCR 2008; Lau et al. 2008; Lindvall and
Hyun 2009). In the Italian case, public campaigns in favor of allowing treatments
claimed that compassionate therapy was being denied to dying children if they were
denied. In the Texas case, the debate was shaped by the governor, Rick Perry, who
had himself undertaken autologous stem cell treatments and strongly supported
allowing the procedure to continue. Such narratives frame the participation in
experimental treatments as a patient right and autonomy issue and add credence to
the effectiveness of treatments. At the same time, they may take advantage of the
hopes and fears of patients in a vulnerable state.

The operation of questionable clinics with treatments that have not been vali-
dated (or worse, are based on pseudoscience) is disturbing, as patients may indeed
be harmed. Yet focusing on the spectacle of stem cell tourism obscures an equally
disturbing situation; that is, the phenomenon makes the environment far more dif-
ficult for legitimate researchers to navigate. The already-difficult decision about
what sort of trials to execute and where, and how much preclinical data is sufficient
before testing experimental treatments in humans, becomes far more sensitive in
light of the spotlight on such controversial treatments.

2.2.4 Collaborations and Expertise

A number of organizations have arisen to galvanize research, help researchers to
coordinate efforts, and garner public support. These have all taken different forms,
in some cases being public-private partnerships and in others formed as not-for-profit
advocacy groups. Such groups can sometimes bridge the gap when there is weak
national leadership or there are no clear national strategies or where there is a need
to bring patient groups together with researchers. A few examples include the
Alliance for Regenerative Medicine (ARM) in the USA (a nongovernmental con-
sortium of industry, university, and patient organizations which lobbies for favor-
able policy and regulatory environments and sponsors scientific exchanges), the
Genetics Policy Institute, and the Tissue Engineering and Regenerative Medicine
International Society-North America, among others. Internationally, groups include
the International Society for Stem Cell Research (ISSCR), the Stem Cell Network
(SCN) in Canada (which provides funding for scientific and policy research as well
as conducting public education activities), the UK SCN (a publicly funded organi-
zation for scientific exchange and to promote commercialization), Stem Cells
Australia (a recently reformulated effort focused on interdisciplinary collaborative
interactions), and the Scottish National SCN (publicly funded for a fixed term and
functioned as an advocacy and scientific community organization). The Japan
Society for Regenerative Medicine was created in 2001 to promote research but has
not been seen to be a strong coordinator of efforts across universities or link univer-
sities with industry; individual researchers have instead created the collaborations
that exist. Chinese scientists also do not appear to have as much of a social infra-
structure for collaboration and exchange as other countries.
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We also observed a need to establish an adequate knowledge base or a way to
acquire expertise through collaborations (cf Johnson et al. 2010). Collaborations for
translational work are more effective where there are existing ties to industry and
strong links between researchers and clinicians. For example, there are natural rela-
tions of industry and academia in places like Switzerland, which has a strong indus-
trial base in pharmaceuticals. Also important is the capacity to conduct clinical trials.
Locales where hospitals have appropriate equipment and expertise and where there
is a critical mass of research expertise near clinical sites have an advantage. Research
centers with close ties to clinics can not only obtain materials more easily (donated
embryos for cell line derivation, cells for reprogramming, or bone marrow-derived
stem cells) but have facilities in which patients can be treated and monitored.

As for expertise, we observed strong engineering components in stem cell
research in Switzerland (EPFL), Germany, and the Netherlands. Japan has a strong
engineering base, but integration of engineering and manufacturing with stem cell
science is still in early stages. By comparison, engineering research in the USA and
Canada is far more integrative with biology and addressing more fundamental dis-
covery questions. This may be due in part to more experience with interdisciplinary
research and training. Some countries adhere to strictly disciplinary training and
ways of thinking about the role of specific types of expertise such as engineering,
computational fields, or biology. They may utilize expertise from various fields but
have not as readily taken up the kind of integrative, interdisciplinary research needed
in regenerative medicine. In countries that have more at stake for economic devel-
opment, there may be a tendency to use engineering as a practical way of building
industry, rather than as a discovery science. For example, Portugal is capitalizing on
historical experience in bioprocessing to move into regenerative medicine. It may
also be that work on technical tools and aspects of research (e.g., the development
of cell sorting and tracking systems or computational modeling) may be easier for
policy-makers and funders to justify in an emerging, controversial field than research
dealing directly with the use of embryos or genetic manipulations.

With this overview, we have introduced general patterns, which can be used to
identify needs in this increasingly global field. In the next sections, we provide more
situational analysis that helps to explain how regenerative medicine has developed
the way it has within specific locales.

2.3 North America

This section provides an overview of funding and governance in the USA and
Canada, adjacent countries with very distinct health-care and regulatory systems.
Although there are many similarities, the two countries have approached the coor-
dination of funding and support in very different ways. There is a considerable
degree of cross-border collaboration, facilitated by the lack of language barriers and
relative ease of access to researchers.
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2.3.1 Canada

Canada occupies a unique position in the rise in regenerative medicine. Canada is
home to James Till and Ernest McCullough, who helped define the fundamental
properties of stem cells and thus catalyzed the development of stem cell therapies.
A physicist and a physician, they studied the effects of radiation on bone marrow
and demonstrated in 1963 the cardinal properties of stem cells, the ability to divide
and give rise to other cells with similar developmental potential, and the ability to
differentiate into the many cell (in this case) of the hematopoietic system.> Because
their work had direct impact on cancer biology and therapeutics, it is not surprising
that cancer research and regenerative science research emerged as a unified strength
in Canada; that is, existing attention to cancer draws young investigators to the field,
and funders would support this new, related area of research, focusing, initially, on
bone marrow-derived cells and the hematopoietic system and expanding to other
stem cell types with time and increased activity.

Stem cell research now occurs in several sites, dominated by large medical-
academic centers in Toronto, Vancouver, and Montreal. However, there are few
researchers relative to other countries, and they are spread across a large geographic
territory. A stem cell network (SCN) was created and funded by the Canadian gov-
ernment to aid collaborations, support education and research in the field, and coor-
dinate efforts, especially toward commercialization. The network covers costs that
are not generally eligible for funding under federal research programs. The SCN has
funded more than $42 million in interdisciplinary projects across Canada, resulting
in 962 publications, 399 patent applications, 60 issued patents, and 43 licenses as of
2012 (Nerem et al. 2013).

Major sources of science funding in Canada are the Canadian Institutes for Health
Research (CIHR) and the Natural Sciences and Engineering Research Council
(NSERC), which funded the SCN. Through its funding and governance policies, the
Canadian government places emphasis on how science can contribute to the
Canadian economy, particularly in the past few years. For example, grant applicants
are typically encouraged to discuss translational aspects of the impact of their proj-
ects as a part of their scientific proposals. Funds for basic science have not main-
tained the same growth rate as earlier years, although new funding mechanisms have
been created to support academic-industry collaborations, including the Centres of
Excellence for Commercialization and Research (CECR), created in 2007.

In an early effort to align research and commercialization efforts in Canada, the
SCN set up a company, Aggregate Therapeutics, aimed at collecting stem cell IP
and expertise from labs across Canada under one umbrella. Aggregate Therapeutics
was eventually folded into MaRS, a Toronto-based organization created to promote
and commercialize Canadian science.

A recent effort to commercialize regenerative medicine related technologies is
Canada’s Centre for Commercialization of Regenerative Medicine. The CCRM

STheir work was published in 1963 in Nature (Becker et al. 1963).
®Coauthor Peter Zandstra is currently Chief Scientific Officer of the CCRM.
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(funded by the CECR) was created as a not-for-profit organization to commercialize
stem cell technology platforms based on Canadian researchers’ strengths. Developed
in close partnership with MaRS Innovation and the Canadian SCN, key platforms
include reprogramming and engineering, biomanufacturing, and materials research.
The CCRM is essentially a consortium of hospitals, universities, and industry mem-
bers. Innovators can have their ideas and IP evaluated in terms of potential for com-
mercialization and business model, and receive feedback, while members and
potential investors have a right of early access to emerging IP. This arrangement is
designed to be a more collaborative and transparent way of working on precompeti-
tive research and a way to support research that is beyond the stage eligible for tra-
ditional basic research grants, but not yet at a stage for licensing or company creation.
The CCRM may provide seed funding or co-funding with other organizations.

Key legislation affecting stem cell research includes the Assisted Human
Reproduction Act, which governs embryo research in Canada. The Act prohibits
buying or selling of gametes and embryos as well as human cells or genes for use in
creating a human being. The Tri-Council Policy Statement (TCPS2), Canada’s fed-
eral research ethics guidelines, contains a similar prohibition. The Canadian
Institutes of Health Research updated guidelines specific to pluripotent stem cell
research in 2010, which were adopted by the major funding agencies.” The guide-
lines address research ethics issues specific to the use of stem cells but also issues
around commercialization, including a provision that donors must be informed if
products from their biospecimens may ultimately be used commercially.

Possibly unique to Canada, a significant amount of funding has been designated
for stem cell policy analysis, ethics training for researchers, and outreach to the
public. A series of white papers and clear explanations of ethical and social issues
is posted on the SCN web site, and several meetings have been convened on various
aspects of stem cell research governance and ethics (see http://www.stemcellnet-
work.ca/index.php?page=ethics&hl=eng).

In terms of regenerative medicine education in Canada, most graduate activity is
centered around medical school or biomedical/bioengineering-related research pro-
grams in the larger academic centers (such as the Institute for Biomaterials and
Biomedical Engineering at the University of Toronto). The CIRH supports a national
Training Program in Regenerative Medicine, with online national and international
courses and laboratory exchange programs. At the undergraduate and high school
level, one strategy has been to educate high school teachers and key classroom lead-
ers through the StemCellTalks program, a national stem cell biology outreach initia-
tive in partnership with Let’s Talk Science and the SCN. From a more translational
perspective, the NSERC of Canada recently funded a Collaborative Research and
Training Experience (CREATE) Program in RM Manufacturing, Materials and
Mimetics (M3). Despite these initiatives, a coordinated national strategy for funda-
mental and translational (both clinical and manufacturing) regenerative medicine
training remains to be developed.

7 A summary of the guidelines can be found at http://www.cihr-irsc.gc.ca/e/42071.html.
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2.3.2  United States

Ever since James Thomson became the first to successfully cultured nonhuman pri-
mate and then human embryonic stem cells, the USA has been considered as the
leader in the field. The USA has strong labs and sufficient private capital and insti-
tutional support to sustain research.® Productivity (as measured by publications) is
high in the USA, with an estimate of 38 % of world publications in stem cell research.
One quarter of these had author collaborations with researchers in other countries
(Luo et al. 2011). Yet the USA has no dedicated national strategy for stem cell
research, and research and funding policy has been in flux since the early years of
stem cell research.

In the absence of centralized federal leadership, some individual states have
made stem cell research an explicit priority and have allocated budgets for this pur-
pose.’ Of particular note, California voters passed a state initiative creating a $3
billion fund for stem cell research at California institutions for a 10-year period. The
organization created to fund and oversee the research is the California Institute for
Regenerative Medicine (CIRM). Because the primary justification for its existence
was to translate research into products beneficial to the taxpayers of California who
voted in the initiative, the current focus of projects is on translational research and
commercialization (Longaker et al. 2007). CIRM has agreements with the UK,
Canada, and Japan to collaborate on research and recently contracted with a private
company, Cellular Dynamics, to produce a bank of iPS cell lines for disease
research, drug discovery, and other research.

The USA is characterized by more active public interest groups advocating for or
against stem cell research than many countries. Advocacy and lobbying groups on
both sides have actively worked to change public policy, influence public opinion,
and attract funding. Most, but not all, opposition groups are conservative religious
groups (American Right to Life Committee, Focus on the Family, etc). Many of
these are more broadly engaged in American politics, particularly opposing abor-
tion, and were key constituents in the mid-1990s political shift to the right, setting
the stage for the President Bush era rulings on stem cell research. Stem cell research
entered this climate in 1998 with James Thomson’s successful creation of an embry-
onic stem cell line. Their activities do not end with HESC research, however; ongo-
ing attempts to influence legislation will likely affect many forms of regenerative
medicine-related research (see Chap. 1). Groups promoting stem cell research
include the Alliance for Regenerative Medicine (ARM), which works to promote
legislation as well as regulatory and reimbursement plans to create favorable envi-
ronments for stem cell research and product development. ARM also focuses on
attracting VC and other private and public funds to the field. The Coalition for the

$The USA has been extensively discussed elsewhere; therefore, only key points for comparison
will be covered here. See, for example, Johnson et al. (2011), Lysaght et al. (2008), Rao (2009),
and Salter and Salter (2010).

9States enacting stem cell funding mechanisms are listed at http://stemcells.nih.gov/research/
pages/stateResearch.aspx.
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Advancement of Medical Research (CAMR), a consortium of patient advocacy
groups, scientific societies, and university research centers, also lobbied for
increased federal funding.!® The Genetics Policy Institute is a pro-cures organiza-
tion that hosts a unique forum which brings together patients and disease advocacy
groups with scientists and industry representatives to discuss issues facing the field.

After considerable public debate and activities from these groups, the federal
government made a decision not to outlaw HESC research but to disallow funding
with federal (taxpayer) money. The 2001 Presidential Statement by President Bush
disallowed federal funding for the derivation and use of embryonic stem cell lines
except a small number which were already in use.!' The lines approved by the NIH
were included in a registry, and a national stem cell bank was created to house and
distribute the approved lines.'? With little federal funding, the overwhelming major-
ity of embryonic stem cell research was done with private funds. This is significant,
because there was little oversight or transparency about derivation or research prac-
tices in privately funded research. Another direct result was that individual states
began instituting their own rules. Some states made bans of HESC or cloning
research more explicit, while others, as mentioned above, created mechanisms to
support it. CIRM also developed its own governing body to review guidelines as
well as protocols, creating an analog to NIH review processes.

Executive Order 13505 (“Removing Barriers to Responsible Scientific Research,”
2009) replaced the 2001 policy, allowing federal funding for HESC research and
creating a new set of ethical guidelines for research and derivation of new lines."
However, for both existing and new lines, proof of provenance was required before
lines could be included in the new registry. Provenance information included dem-
onstration that informed consent forms for donated embryos had appropriate lan-
guage informing donors in greater detail about the disposition of their embryos.
Because a number of lines had been derived from embryos donated years before
embryonic stem cells were successfully cultured and came from a variety of public
and private clinics in several countries and because there has never been consistency
in informed consent language across these sites, provenance was extremely difficult
to track. As a result, many of the gold standard lines could not be used in federally
funded research projects for more than a year after the new rules went into effect.
Researchers had to stop work or obtain approval to switch to another line if the line

'"CAMR recently merged into the ARM.

'"The statement on August9, 2001 attempted to make a compromise, by allowing limited federal
funding for certain lines approved by the NIH as meeting the following criteria: They must have
been derived with donor consent and without financial incentives; they must have come from
embryos created for reproductive purposes but not used. Lines from 14 countries were initially
included; ultimately only 21 were available to researchers for use, as many were of poor quality or
had restrictions on use.

12The National Stem Cell Bank was housed within WiCell at the University of Wisconsin. Federal
funding for the bank ended in 2010, but banking services continued as the WISCBank, which now
distributes both embryonic and induced pluripotent stem cell lines.

13 Also rescinded was Executive Order 13435 which opened funding for nonembryonic, alternative
sources of stem cells. http://www.gpo.gov/fdsys/pkg/FR-2007-06-22/pdf/07-3112.pdf.
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they were using was not already approved under the new registry, even if it had been
accepted in the previous registry and approved by the NIH. Ultimately, new lines
were approved, and there are more than 200 HESCs are on the current NIH registry
(http://grants.nih.gov/stem_cells/registry/current.htm). In the meantime, a number
of competing private and public banks proliferated around the world.

The change in policy, while permitting federal funding, meant a lengthy time for
approval of long-used lines and uncertainty over which would be approved for use.
Then, just as the bottleneck was easing, additional law suits attempted to block
funding once the new guidelines took effect.'* All of this made for considerable
uncertainty for researchers and investors regarding the stability of funding and
research policy. The impact on ongoing and future research was palpable, affecting
international collaborations as well as work within the USA. !> A survey of US stem
cell scientists found that almost half of those using embryonic stem cells indicated
that the ongoing uncertainty of national policy had a substantial impact on their
research plans, but a number of those using human nonembryonic pluripotent stem
cells also reported significant impact (Levine 2011).

In the USA, funding for most basic biomedical scientific research comes primar-
ily from the National Institutes of Health, with additional funding for development
phases coming from private industry. The National Science Foundation funds non-
clinical science and engineering.

About $1.45 billion of NIH funds was spent on stem cell-related research in
2012, with most of this going to nonhuman, nonembryonic research, which includes
all materials and techniques research. Only about 10 % ($146 million) of the total
was devoted to HESC research, a relatively small increase since the pre-Executive
Order amount of $88 million in 2008 (about 8 %).!® By comparison, CIRM has a $3
billion fund over 10 years, New Jersey invested $380 million investment in a state

14 Sherley v Sibelius U.S. Court of Appeals 11-5241. The case challenged whether embryonic stem
cell research would violate the Dickey-Wicker Amendment which prohibits federal funding for
any research which harms or destroys embryos. The final ruling favored allowing funding to con-
tinue (see Chap. 1).

3Levine, for example, surveyed 370 US researchers about the effect of the uncertain policy envi-
ronment regarding embryonic stem cells (2011). The survey was taken after the 2009 US policy
change allowing federal funding for HESC research and after Sherley v Sibelius. Of those sur-
veyed, 18 % said that the resulting uncertainty meant they would either delay plans to begin HESC
research, and 16 % said it would impede ongoing research (this group included those who had not
previously used HESCs but were considering using them). Others reported shifting their research
focus from HESC:s to induced pluripotent stem cells. The disruption in recruiting new employees,
consideration of a relocation, and disruption of collaborations were also mentioned as specific
impacts, but these responses constituted fewer than 10 % of respondents. However, only 4 % said
they would avoid using HESCs, and 3 % said they would consider relocating.

16 A chart showing the pattern of NIH funding for stem cell research can be found at http://stem-
cells.nih.gov/research/funding/pages/Funding.aspx. The most recent NIH funding figures, includ-
ing estimates for 2013, are found at http://report.nih.gov/categorical_spending.aspx. Umbilical
cord blood is not counted in these figures, and the categories consist of research using keywords as
defined by data mining algorithms, so may not pristeenly reflect actual research projects related to
stem cell research.
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stem cell institute, and Connecticut committed to $100 million over 10 years. An
NIH Center for Regenerative Medicine was recently established to coordinate intra-
mural research across centers. As mentioned above, the NCATS was also created to
help facilitate the commercialization of research products.

In general the USA has a strong entrepreneurial base. There are incentives for
academic researchers to commercialize their work, and many academic scientists
have close ties to industry (see Chap. 1). Still, there is a gap between discovery
and commercialization which has not been adequately addressed. Venture capital
supported research to a limited degree initially, but after the financial downturn in
2008, investors became more risk averse (Rao 2009). The instability of private
capital and difficulty in obtaining capital to get past scale-up and clinical trial
hurdles, coupled with the stagnation or even decrease in federal research, is a
major concern for technological innovation in the USA (ibid).

While entrepreneurial science is strong in the USA, so is discovery research.
Engineering, for example, is more discovery-oriented than many other countries,
where engineering is seen more as an applied science. Another strength of the USA
is its educational infrastructure. Outstanding graduate and postgraduate education
programs dedicated to regenerative medicine have been developed, and other coun-
tries encourage students to obtain training in the USA. Beyond laboratory training,
however, students are provided with skills to be prepared to work in academia, gov-
ernment, or industry positions. As such, training programs are consistent with the
National Science Foundation’s goal of investing public funds to develop a strong
scientific workforce capable of both basic discovery and commercialization.

2.4 Europe

The Lisbon Agenda, adopted by the European Council in 2000, was intended to
make the European Union “the most competitive and dynamic knowledge-based
economy in the world capable of sustainable economic growth with more and better
jobs and greater social cohesion” by 2010.!7 The strategy was based on concepts of
innovation and the knowledge economy, in which medical science technology plays
a central role.!® By most accounts, it was a failure, due in part to a lack of coordina-
tion among member states and the lack of political will to prioritize such an initiative
among other pressing EU issues. The EU has since struggled to coordinate innova-
tion policies, and there are key features that have kept it from being competitive with

17The rationale and goals can be found at http://www.consilium.europa.eu/uedocs/cms_data/docs/
pressdata/en/ec/00100-r1.en0.htm.

8The term “knowledge economy” has been applied to the restructuring of economies through
specialized expertise. In contrast to mass production or labor which characterized earlier agricul-
tural and industrial manufacturing economies, it is knowledge—particularly in terms of engineer-
ing, science, mathematics, and information sciences—that drives the economy, and it is more
global and interconnected in scope.
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the USA, including comparatively weak ties between academia and industry;
historically little venture capital investment, especially in high-risk innovations; and
fragmented intellectual property laws (Hogarth and Salter 2010). The Innovation
Union Strategy of 2010 was an attempt to rescue the aims of the Lisbon Agenda by
coordinating innovation efforts across member states. Still, for regenerative medi-
cine, major impediments remain, including limited availability of funding and intel-
lectual property issues, especially in light of the exclusions from patentability which
have constrained the research using embryos (see Noonan, Chap. 4, this volume).

Institutional structures within and across member states have also hampered
development of stem cell-based regenerative medicine. Health technology assess-
ments for new technologies, including regenerative medicine, are performed at the
state level, with varying outcomes and recommendations. For example, the
National Health Service structure in the UK is not a friendly environment for
expensive, unproven innovations, which poses a problem for implementing stem
cell products and therapies. As a result, the EU suffers from what has been called
“the European paradox”: excellent science without the capability of capitalizing
on innovations and turning them into social and economic benefits (Hogarth and
Salter 2010).

Research initiatives across the EU have been coordinated through the Framework
Programmes (FP), and this mechanism is generally considered to be a more impor-
tant source of funding than internal country funds. Each FP has supported the cre-
ation of networks of excellence as well as targeted programmatic themes. The
current Seventh Framework Programme (FP7) runs from 2007 to 2013. There are
specific programs within each, all meant to foster European scientific excellence.!
Frameworks 6 and 7 have both provided funding for regenerative medicine projects
(European Commission 2009). By mid-2010, about €187 million was spent on
RM-related research (Kessler 2010). FP7 additionally encourages greater interac-
tion between academia and industry. To address limits to research funding at the EU
level, which had historically emphasized applied or industrial research, the European
Research Council was created within FP7 in 2007 to fund peer-reviewed, “frontier”
research broadly across the life sciences, engineering, and physical sciences. It is
supported by the European Commission, with contributions from both member
states, and associated states and is chartered through 2013.

The FPs have been an important way to draw additional disciplines such as
advanced mathematical modeling into stem cell research. Cross-EU initiatives
include European Consortium for Stem Cell Research (http://www.eurostemcell.org)

There are additional programs, such as the Competitiveness and Innovation Framework
Programme (CIP), Education and Training programs, and regional programs for competitiveness.
The Innovative Medicines Initiative (IMI), somewhat similar to the National Institutes of Health
“critical path initiative” in the USA, is one of the joint programs within FP 7. It was intended to
identify new tools and new areas for drug discovery and related health technologies (Goldman
2012). It has a considerable budget; however, in controversial areas such as embryonic stem cell
research, there are issues related to coordinating efforts across countries. It has also been criticized
because of the large investment required by universities relative to other funding mechanisms
(Sinha 2011).
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and several coalitions around particular research problem spaces. Still, collabora-
tions appear to be more common among researchers within a country, or perhaps
with one other country, than Europe-wide collaborations. Nevertheless, A Europe-
wide online database of HESC lines generated within Europe contains information
on the origin and provenance of lines, plus genetic information, pluripotency, and
other marker expressions (Elster et al. 2008).

There has also been a strategic emphasis on developing science clusters.
However, these have not always worked well. As one commission report put it:
“Europe does not lack clusters, but persistent market fragmentation, weak industry-
research linkages and insufficient cooperation within the EU mean that clusters in
the EU do not always have the necessary critical mass and innovation capacity to
sustainably face global competition and to be world-class” (Cooke 2001; see also
European Commission 2011). Although one aim of cluster research initiatives has
been to aid poorer member countries, there is not enough concentration of scien-
tific expertise in some regions to support sustained efforts; instead, efforts to sup-
port science infrastructures are focused mostly in well-established sites with
expertise in biotechnology or drug development. These are supported at both the
EU and state levels.

Disputes about policy and ethics regarding stem cell research in the EU have
taken place within historical and political contexts about protections of individuals
which differ somewhat from other regions. The aftermath of medical experimenta-
tion under National Socialism, as well as challenges in many areas of postwar sci-
ence and technology (in particular, genetic engineering of organisms and crops),
affirmed the need to adhere to a precautionary principle as the basis for policy
decision-making. The precautionary principle, simply put, is the concept that when
deciding whether to go forward with a new technology, and where there is no scien-
tific consensus on whether it is harmful, the burden of proof that it is not harmful
lies with those wanting to pursue that area of science or technology. Intended pri-
marily for use for the prevention of environmental harms, it has been applied to a
broad range of research, including medical research on humans. The precautionary
principle has driven policy in the EU perhaps more than anywhere else: authorities
consistently resort to this argument when attempting to write policy in response to
controversies over emerging technologies such as genetically modified foods and
gene transfer technologies (Dratwa 2011; Marchant and Mossman 2004).

Regenerative medicine policy has been entangled in this history. In 1989, amidst
genetic engineering debates, proposed legislation in the European Parliament called
for prohibiting gene transfer in the human germ line. The discussions set the stage
for battles over intervening at the beginning of life as well as definitions and legal
status of the human embryo. The term “human embryo” had been included in
Article 6(2)(c) of Directive 98/44/EC of the European Parliament (see Chap. 4, this
volume). However, while Article 6 prohibits “uses of human embryos for industrial
and commercial purposes,” which could be interpreted to be contrary to morality, no
clear definition of an embryo was made either here or in the EU Council of 6 July
1998 statement on the legal protection of biotechnological inventions.

The ambiguity of definitions of the embryo became crucial when attempts were
made to patent products of embryonic stem cell lines. Ultimately the European
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Court of Justice determined that such products cannot be patented due to the so-
called morality clause of the European Patent Convention which states that European
patents will not be granted for innovations, the exploitation of which are contrary to
ordre public (public morality) (EPC Article 53 (a)).%°

FP6 negotiations resulted in Article 3 of European Parliament’s amendments to
allow use of supernumerary embryos but not embryos created from gametes for
purpose of research. Nevertheless, member countries have authority to have their
own guidelines. There is a broad range of country-specific policies, from the UK’s
Human Fertilization and Embryology Authority (HFEA) regulations of 2001, which
permit use of embryo regardless of source, to Ireland’s constitution which limits
research, specifying the right to life of the unborn. In Belgium, France, and Denmark,
research on embryos is allowed only if embryos left over from IVF procedures are
used, and if the research relates to fertility or the prevention or treatment of dis-
ease.’! In the UK, the HFEA is the agency which oversees all fertility procedures
and has licensing authority for all research on donated embryos and gametes,
including stem cell research. The 1990 Act which created the HFEA was amended
in 2008 and again in 2011 to allow for research uses of embryos and the admixture
of embryos containing human and nonhuman materials. Several countries, includ-
ing India, have used the HFEA guidelines as a model for their own regulations
(Bharadwaj and Glasner 2009).

A few features of individual countries help to illustrate the point about differing
political, social, and historical contexts. The UK has been viewed as one of the more
permissive countries, allowing not only HESC research but also the use of cybrids.
There are a number of prominent research centers, including Cambridge University,
Sheffield, and Imperial College London. The UK initially invested £29 million in
SC research from 2003 to 2007 (Hogarth and Salter 2010). Most of the funding
comes from the Medical Research Council (MRC), which funds basic and transla-
tional work, and stated regenerative medicine as a national priority for the UK econ-
omy and health care (Office of Life Sciences, UK Department of Health 2011). In
2009-2010, funding was at the level of £39 million per year, with plans to increase
spending to £130 million in 2011-2014, including £100 million for a new technol-
ogy innovation center.

The UK Stem Cell Initiative summarized the state of the field in the UK and made
recommendations for action in a 2005 document called the “Pattison Report” (found
at http://www.york.ac.uk/res/sci/events/Final ConfPres/Connolly.pdf see also MRC

2 Greenpeace v Briistle (see Chap. 4 and Gibney 2013)

2 Belgium and France further specify that there must be no alternative therapy available (Loi rela-
tive a la recherché sur les embryons in vitro (Belgium); Loi no 2011-814 relative a la bioéthique
(France)). Unlike most countries which allow embryo research up to 14 days of development,
France requires that embryos be destroyed at 7 days. France updated its bioethics laws in 2011 to
state that embryo research (including HESC) is only permitted in exceptional cases and is subject
to approval by the Biomedicine Agency (see http://www.loc.gov/lawweb/servlet/lloc_news?disp3_
1205402748 _text). Articles 40—44 of the new law reiterate that research should only be done if
there is likely to be a major medical breakthrough and there is no better alternative. Danish law
derives from law on artificial fertilization, Lov nr 535 omkunstigbefrugtningsomaendretved.
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2012). The lack of venture capital and other sources of funding for translational SC
research was noted as a weakness, as well as the lack of clarity regarding IP and regu-
latory issues, and a consistent pattern of losing innovations to the USA in commer-
cialization phases. Recommendations included the institutionalization of public-private
partnerships and an increase in national funding for clinical and translational research.

Private capital in Britain has been slow to materialize (BIS 2011).2> The Cell
Therapy Catapult, launched in 2013, is one part of a national strategic initiative to
grow new industries in Britain, aimed at bringing together academic and industrial
partners.” It initially receives funding from the UK, with some support from the
EU, but is intended to be sustained through public-private R&D collaborations.

Scotland is home to the Roslin Institute, an animal science and quantitative
genetics research institute where Professor Ian Wilmut was first to succeed in using
somatic cell nuclear transfer to create a sheep clone (Dolly). Stem cell research
continues primarily in Edinburgh and Glasgow. A new Scottish Centre for
Regenerative Medicine was created and funded by University of Edinburgh, Scottish
Enterprise, the MRC, and the British Heart Foundation.

The organization of research in France is interesting because of its powerful
patient advocacy groups and their direct involvement in influencing the direction of
research. The Institute for Stem cell Therapy and Exploration of Monogenic diseases
(I-Stem) was created in 2005 as a public-private collaboration between the French
muscular dystrophy patient organization (AFM, which provided significant private,
philanthropic funding), INSERM (French National Institute for Health and Medical
Research), and the University of Evry-Val-d’Essonne (http://www.istem.eu/en/).2*
I-Stem, perhaps more than other collaborations, is tied to research on specific dis-
eases, with a focus on rare genetic diseases, in particular, neuromuscular disorders.
I-Stem has biobank stocks of patient cells, from which to make iPS lines, and works
with Genethon, a clinical trial network for gene therapy also tied to the AFM.

Germany presents an interesting context in that there is a strong history of having
leading basic and applied research institutes in Europe (resulting in a strong science
and economic base). Germany took an early lead in clinical trials of stem cell thera-
pies, aggressively pursuing cardiovascular therapies. Yet the history of human
experimentation (resulting in strong protections of human dignity in the postwar
constitution) created a difficult environment in which to pursue the use of embryos
in regenerative medicine. As a result, Germany has the most restrictive policies in
Europe (Stafford 2009). Interestingly, Germany allowed the import of HESCs while

22 A report produced by the Department of Business Innovation & Skills of the Office of Life
Sciences, Dept Public Health can be found at http://www.bis.gov.uk/assets/biscore/innovation/
docs/t/11-1056-taking-stock-ofregenerative-medicine For a picture of patenting in the UK, see
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/32456/11-1087-
regenerative-medicine-patent-landscape.pdf.

23The catapult has produced a UK cell therapy clinical trial database, which can be found at https:/
catapult.innovateuk.org/documents/10726/1553967/CTC+UK+Clinical+Trials+Database/04
51336-4e2a-4907-a909-355e940b67b4.

2 See Callon and Rabeharisoa for a detailed study of the way the AFM became a powerful stake-
holder in national funding initiatives (2008).
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banning the destruction of embryos on German soil.”® Nevertheless, Germany’s
cross-departmental innovation strategy, the High-Tech Strategy (2006-2009) and
High-Tech Strategy 2020 (2010-2013), include provisions for the support of non-
embryonic stem cell research (German Federal Ministry 2007).

Core centers of translational regenerative medicine in Germany include the
Berlin-Brandenburg Center for Regenerative Medicine, which has perhaps one of
the most sophisticated structures in terms of integrating research projects with busi-
ness organization. In addition to a matrix of research groups supporting diverse
basic and translational projects, the center includes formal functions in business
development and regulatory affairs, to help launch and sustain products success-
fully. Other research centers with strengths include the Fraunhofer Institute for
Biomedical Engineering, which has historically focused on devices and technology,
but increasingly works on regenerative medicine technologies, such as cell assays,
tissue engineering (especially skin, liver, vasculature), biomaterials, and “lab on a
chip” technologies.?® Since its inception in 1987, it has focused on translational
work and enhancing relations with industry.

Funding is jointly provided by the Federal and Linder (state) governments. The
Deutsches Forschungsgemeinschaft (German Research Foundation (DFQG)) is the
major science funder and provides both project funding, capacity-building funds (for
institutions or for centers of excellence), and Europe-wide collaboration funds. The
DFG provided an estimated €17.9 million in 1999-2007 for stem cell research (indi-
vidual grants) and €13.2 million for embryonic and tissue-specific stem cells under
Priority Research Programmes plus €1.9m in 2001-2007 for clinical research.?’

There is a strong engineering component to regenerative medicine efforts in the
Ecole Polytechnique Fédérale de Lausanne (EPFL) and Eidgenossisches Techniche
Hochschule (ETH) Basel, in Switzerland. Switzerland is also in the enviable posi-
tion of having a strong pharmaceutical industry and close ties between academic
and industrial researchers with better possibilities for VC than other countries.

Denmark and Sweden have long-established histories of using human fetal tissue
in research, particularly for Parkinson’s disease (Kingman et al. 1992). This likely
makes conditions easier in terms of regulatory and public support to conduct embry-
onic stem cell research. The fact that these countries are predominantly Protestant
rather than Catholic may also play a role in how fetal and embryonic tissues are
viewed for governance purposes. Sweden also has existing infrastructural and insti-
tutional capacities for translational research, which contributes to capacity building.

2 Germany is a good illustration of the way that institutional histories shape governance of new
areas of science. For a brief but fascinating analysis of the history of ethics decision-making
bodies, see Jasanoff (2005, p.196).

2The Fraunhofer Institute for Immunology and Cell Therapy is also engaged in SC research.
Information can be found at http://www.fraunhofer.de/en/research-topics/health-environment-
nutrition/regenerative-medicine.html.

Y’Regenerationtechnologien fiir Medizin und Biologie—Beitrige fiir ein strategisches
Forderkonzept (2007) found at http://www.biotechnologie.de/BIO/Redaktion/PDF/de/Studien/
capgemini-regmed-2007,property=pdf,bereich=bio,sprache=de,rwb=true.pdf.
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The Netherlands has been active in tissue engineering for many years and is the
home to Eurotransplant, the central registry for transplant medicine. As such, there
is considerable expertise in policy and logistics of tissue donation and exchange.
The Institute for Regenerative Medicine supplies funding and support for tissue
engineering and stem cell research. Ironically, there appears to be less integration
with medical communities than might be expected and more in vitro work than
translational cell therapy.

In terms of centers of education in Europe, a doctoral training program at
Loughborough University stands out. In collaboration with the Universities of Keele
and Nottingham, the program emphasizes skills in biomanufacturing but also pro-
vides training in several novel research platforms. In some countries, such as
Germany, education has traditionally been strongly disciplinary-based, with little
support or reward for interdisciplinary training or research. Strategies to deal with
the inherently interdisciplinary work of regenerative science could be used to cou-
ple expertise from various labs or provide internships and training for junior
researchers in relevant areas different from their home discipline.

2.5 Asia

While each country has its own political and cultural history, national health priori-
ties, and ways of governing science, there are some regional commonalities in Asia
when it comes to investments in biotechnology. Asian countries are attempting to
assert themselves on the global scene as a part of nationalist projects to regenerate
political identities in the wake of the turbulent twentieth century. The manufacturing
industries of postwar developing Asia have given way to knowledge economies, in
which biomedical research plays a significant role. Major national investments in
science and technology are being made in China, Singapore, Taiwan, Korea, and
other countries, and there has been renewed interest in alliances with non-Asian
countries. The increased focus on science has turned scientists into highly visible
national symbolic heroes, for example, Shinya Yamanaka in Japan and Hwang
Woo-Suk in Korea. Before his fall from grace due to misconduct, Hwang Woo-Suk
inspired a national postage stamp and a national campaign of volunteers to donate
biological materials for his research.?®

2.5.1 China

The rise of China on the global economic and scientific scene has been impressive.
While NIH budgets have been relatively flat for several years, it has been estimated

% Hwang Woo-suk was a national celebrity and symbol of Korean resurgence in modern science after
the announcement that he had successfully cloned human embryos. Later, it was discovered that he
had engaged in scientific fraud and he was removed from his position (cf Gottweis and Kim 2010).
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that Chinese investment in science and technology has increased 20 % per year.
Venture capital (VC) investment grew rapidly after regulatory reforms in the 1990s
began to open possibilities for private capital, and the “Patent law of the People’s
Republic of China” was passed in 2001. Foreign-based VC increased to 60 % of
total VC by 2008 (Salter 2009b). Still, researchers have told coauthors of this chap-
ter that they have little faith in the enforcement of Chinese intellectual property law,
and this is seen as a significant barrier to commercialization.

Researchers funded by the Chinese Academy of Science (CAS) published 3.5
times as many papers in journals listed by the Science Citation Index (SCI) in 2009
as in 1998, and the number of papers published in the top 1 % of SCI journals (as
judged by impact factor) was 12 times that in 1998 (Qiu 2011). The CAS has none-
theless urged researchers to shift their efforts away from quantity to quality; that is,
rather than simply attempting to produce as many papers as possible, they should
work toward genuine originality and innovation (http://www.cas.cn). Educating
future scientists and retaining Chinese expertise is also a priority. Lab experience
and education in the USA, Europe, and Japan are still strongly encouraged, which
may be a problem for retaining well-qualified scientists in China. Programs such as
the Thousand Young Talents Program have been created to recruit Chinese scientists
to return to China and to recruit foreign postdoctoral students (http://www.cas.cn).
Nevertheless, preventing brain drain is a significant problem and barrier to develop-
ing a top-notch research environment.

To understand how regenerative medicine research is unfolding in China, one must
first understand the transformation of health care and scientific research within the
post-Maoist economy. There has been a shift from preventive, collectivist health-care
characteristic of the Mao era to more high-tech, innovative science that can compete
on the global stage. However, China lacks the infrastructure needed for commercial-
izing research or directing it toward national needs. Still in transition from a central-
ized economy, Chinese researchers and governmental authorities have less history of
working with industry than other countries. There were simply no incentives to create
new industries until program 863 (State High-Tech Development Plan), which began
a transition to more capitalist forms of enterprise and incentivized scientists to get
training in advanced research centers and then return to China to establish firms there.
The 863 Program applies funding to critical areas of research in order to limit China’s
reliance on foreign powers (Huang et al. 2004; Thornley et al. 2011).

Perhaps because of a new desire to “catch up” on the global scene, China has
invested more in translational research than basic. Yet “catching up” does not mean
adopting Western or Northern globalizing ways of commercializing technologies.
President Hu Jintao made this clear in a speech in 2006, when he called for China
to create “a new path of innovation with Chinese characteristics and strive to build
an innovation-oriented country” (quoted in Salter 2009a, p.402, emphasis added).
Whatever is intended by “Chinese characteristics,” China’s Eleventh Five-Year Plan
(2006-2010) emphasized the need to develop its own science and technology plat-
form and capacity and exploit its own intellectual capital rather than relying on
cheap labor to develop inventions of others (Ibid).

Salter points out that in the USA and other countries, venture capital is usually a
source of management advice, recruitment, and fostering of talent. There is no such
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history in China; rather, individuals in companies relate to each other through
quanxi, a system of mutual obligations and benefits between individuals and firms
(Ibid). Trust or obligation established through such social relations affects invest-
ment patterns and responses to risk (high-risk products or firms). There are virtually
no private foundations or sources of funds.

Also, there are tensions between China’s desire to maintain tight government
control, including financial protections, and the need to globalize. For example,
venture capital normally looks for a 5-year exit plan by offering shares, preferably
via an [PO. Markets are less fluid in the Shenzhen and Shanghai stock exchanges
markets than this strategy allows, however, and government controls on the export
of capital makes it hard to exit through other foreign exchanges (Ibid 2009).

Regenerative medicine is one of seven research priorities named by the CAS in
its Innovation 2020 plan. Most funding for stem cell research comes from grants
from the Ministry of Science and Technology in two programs, one for basic dis-
covery science and the other for applied research. Approximately 100 million yuan
(roughly US$12 million) was allocated between 2000 and 2005. The National
Science Foundation of China (NSFC) is another major source of funds. Matching
funds have typically come from local governments, in particular, Beijing and
Shanghai (Murray and Spar 2006). Although estimates vary widely, and data
reported by the CAS are incomplete or outdated, funding for stem cell research
from 2000 to 2005 was approximately 300 million yuan (about US$38 million) and
estimated to increase to about 400 million yuan in 2011 (Yuan et al. 2012; Murray
and Spar 2006; Salter 2008). A national stem cell bank (primarily for HESCs) was
also planned by the MOST (Xu 2008).

Research institutes at Beijing, Shanghai, Guangzhou, and Kunming are the pillars of
the 2020 plan, and three science parks will be built in Beijing, Shanghai, and Guangdong
to do translational research in informatics, biomedicine, and renewable energy (Qiu
2011). Stem cell research sites include Peking University’s Stem-Cell Research Center
and the Institute of Zoology at the CAS (Beijing) Xinhua Hospital (Shanghai) and
Xiangya Medical College (Changsha), the National Institute of Biological Sciences
(Beijing), the Shanghai Institutes for Biological Sciences of the CAS, and the Guangzhou
Institute of Biomedicine and Health of the CAS (Guangdong). Large pharmaceutical
companies such as Pfizer and Johnson & Johnson, as well as smaller biotech companies,
have actively engaged with researchers in these sites and have initiated clinical trials
under the “Developmental and Reproductive Research Initiation,” organized and spon-
sored by the Ministry of Science and Technology of China.

An example of the new arrangements is the Bieke Biotechnology Company, a
company using cord blood and bone marrow-derived stem cells to treat a variety of
disorders. Beike Biotech was the first Chinese company to receive accreditation for
cord blood and bone marrow-derived stem cells. Bieke has a network of clinics and
researchers throughout China but is based in Shenzhen, a special economic zone
(SEZ). SEZs were created under the reform policies of Deng Xiaoping to attract
foreign investors (especially ex-patriot Chinese) and as such are exempt from many
of the usual province regulations. Cells can be shipped to clinics within the network,
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and if one province does not allow a type of procedure, it can be easily moved to
another site.”” A web site, China Stem Cell News (found at http://www.stem-
cellschina.com), billed as a news and information service for patients wanting to
know about stem cell research, steered potential patients to Bieke for treatments.
The online tool became a primary recruitment mechanism for patients around the
world with a variety of disorders to receive treatments in China.

The practice of direct-to-consumer advertising for patients, using treatments
with little documentation, makes China is a key target for international criticism
about clinics which offer stem cell treatments which have not been proven to be safe
or efficacious. In fact, China is sometimes derogatorily referred to as the “wild east”
of regenerative medicine, as though there are no rules or oversight. Chen argues that
it is not that there are no rules and a passive populace; oversight does exist, but in a
way that researchers are somewhat easily able to navigate or bypass regulations
(Chen 2009; see also Rosemann et al. 2013).

The Beijing Ministry of Health (MOH) Medical Ethics Committee and Southern
Chinese Human Genome Research Centre Ethical, Legal, and Social Issues
Committee (ELSI) proposed ethical guidelines for HESC research in 2001, includ-
ing the establishment of a new organization to centralize ethical management of
stem cell research in China. In 2003, the Ministry of Science and Technology and
MOH issued ethical guidelines for HESC research. However, while there are local
ethics committees, there is no centralized management to date (McMahon et al.
2010; Zhang 2012b). As a result, there is little infrastructure for oversight or penal-
ties for noncompliance with guidelines. The MOH did make a provision regarding
cloning, allowing somatic cell nuclear transfer (cloning for therapeutic purposes)
but not cloning for reproductive purposes. The guide is referred to as the “Four
No’s”: Under no circumstances will human reproductive cloning experiments be
endorsed, permitted, supported, or accepted.*® The only source of materials for
research officially permitted includes supernumerary blastocysts after in vitro fertil-
ization (IVF) procedures, fetal cells from accidental spontaneous or voluntarily
selected abortions, parthenogenetic split blastocyst obtained by somatic cell nuclear
transfer technology, or voluntarily donated germ cells. Still, some have argued that
the history of state-forced abortions and birth control makes it easier for the State to
intervene in reproductive issues, including potentially making human oocytes avail-
able for research. In fact, one Chinese researcher interviewed claimed that oocyte
donation was little different from blood donation and that oocytes were easily
acquired from cooperating IVF clinics without special consent (Sleeboom-Faulkner

The first patient, an American with amyotrophic lateral sclerosis, was offered free treatment in
2005. The procedure was performed at Nanshan Hospital in Shenzhen. Cells from a lab in
Zhenzhou were used. Another patient wanted to have cells injected directly into the lamina for
multiple sclerosis, but physicians at Nanshen refused; the patient was sent to another province
where a clinic was willing to perform the procedure (Song 2011, p 147).

¥ People’s Republic of China Ministry of Health (PRC MOH) guidelines for clinical use of bio-
medical technologies is available at http://www.mmoh.gov.cn/publicfiles/business/htmlfiles/
mohyszs/s3585/200903/39511.htm.
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2013). There is also a large pool of potential research subjects for all forms of medi-
cal research, with relatively easy access compared to other countries.

Responding to the international concern about unproven therapies being offered,
in May 2009, the Chinese MOH classified stem cell treatments as high-risk medical
technologies, requiring the approval of an audit board. Sponsors using stem cells
were asked to register their research and clinical activities, the source of the stem
cells, and ethical procedures. The Ministry also asked local health authorities to stop
any unapproved clinical uses and called for a nationwide moratorium on new clini-
cal trials for stem cell therapies on 10 January 2012 (Durfee and Huang 2012). In
July 2012, 50 clinics were selected to conduct approved stem cell trials or treat-
ments. At the time of this writing, other clinics continue to operate, leading many to
believe the practice is not being well regulated.

On 1 May 2009, the MOH promulgated the “Management Measures for the
Clinical Use of Medical Technologies,” a regulation that classified a range of new
medical technologies and procedures into three categories. Stem cell transplant
technology was grouped under category III, which included technologies consid-
ered as risky, ethically controversial, and in need of clinical verification (Qiu 2011).
To implement the regulation, the MOH assigned five institutions, among them the
Chinese Medical Association, the Chinese Hospital Association, and the Chinese
Doctors Association to take the lead. Clinics using stem cells were supposed to
register with these institutions, and licenses would be granted on the basis of assessment
criteria and approval by review and inspection committees (Chen 2009, p. 271).
In practice, this regulation has not yet been implemented, particularly in district and
military-owned hospitals, partly due to disagreements about how the policy should
be implemented (Chen 2009). On 6 January 2012, the MOH issued a regulatory
document called “Notification on Self-Evaluation and Self-Correction Work regard-
ing the Development of Clinical Stem Cell Clinical Research and Applications.”
The four stages of this approach are self-evaluation (zicha), self-correction (zijiu),
re-certification (chongxin renzheng), and standardized management (guifan guanli)
(Rosemann 2013). Still, it is not evident that regulations are being followed
(Cyranoski 2012a).

Priscilla Song situates medical tourism for stem cell research in China within the
context of changes in political economy of health care and market reforms in China
(Song 2011). Under Ding Xiaoping, funding for state-owned hospitals was signifi-
cantly cut. In the transition toward what has been referred to as “socialism with
Chinese characteristics,” there was a mix of decentralization and central control of
many economic sectors: Hospitals were allowed to raise fees on some services but
were mandated to have price controls on services defined as “essential.” Hospitals
responded by moving toward high-tech, lucrative services and creating elite wards,
which they reserved for wealthier clients (including foreign) or leased to companies
for clinical trials. While there are national regulatory limits to companies (espe-
cially foreign firms) accessing patients this way, Song observed that companies cir-
cumvent legal constraints on such arrangements by working through universities
and local governments which do not go by national rules. Companies can thus gain
legitimacy and access to clinical facilities and patients (Song 2011, p.143).
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It is important to note that legitimate trials are being conducted at the same time
as questionable ones. This creates even more of a dilemma for China as it strives to
achieve world status in regenerative medicine.

2.5.2 Japan

In 2003, The Japanese Ministry of Education, Culture, Sports, Science, and
Technology (MEXT) wrote a white paper in which regenerative medicine was
named as a priority strategy for science and technology.®! As an economic stimulus
program, the RIKEN Institute (under MEXT) led an initiative to support regenera-
tive medicine in 2003-2008. After the Yamanaka discovery of iPS cells in 2007,
MEXT added about ¥ 1 billion to the budget for RM for 2008-2012. The Japan
Science and Technology agency (also under MEXT) has been a major funder of
IPSC research. Additionally, the Ministry of Trade, Economy and Industry (METT)
also provided funding for industrial applications of stem cells including cell culture
systems and automation systems, cell sheet manufacturing, and measuring devices
with a budget of about ¥5.5 from 2008 to 2014 (Japan Science and Technology).
Japan was the earliest Asian nation to industrialize, developing a strong base of
manufacturing industries and expertise, including electronic and mechanical engi-
neering. Significantly, Japan has strengths in robotics and optics, which will be
important to developing tools for automated bioprocessing and scale-up as well as
cell tracking and other imaging uses. This is not surprising, from the history of auto
industry, photographic equipment and supplies, and electronics devices manufactur-
ing. Some of the firms in these industries are retooling into biosciences as markets
for conventional products shrink. For example, the Fujifilm Corporation, a company
which previously made photographic film, is utilizing its expertise in chemistry to
enter the tissue engineering field by partnering with Japan Tissue Engineering. They
aim to build on knowledge of collagen and polymers, as well as mass production
techniques, to make scaffolds and microspheres. Olympus (a maker of cameras and
microscopes) is expanding to live cell imaging, and Nikon is now selling specialized
stem cell equipment, including automated cell culture and monitoring stations. In
addition to engineering expertise, there is considerable expertise in developmental
biology and transgenics. There is a solid pharmaceutical industry presence, and a
number of these firms are starting to work with stem cells. The pharmaceutical indus-
try in Japan appears to be somewhat more risk averse, in entering new areas, in con-
trast to other Asian countries like China, which has engaged in high-risk strategies.
Japan has almost exclusively pursued IPSCs rather than HESCs. Some might
argue that the successful research by Shinya Yamanaka on induced pluripotent cells
has been a primary influence on direction for the nation. Others might argue that
cultural preferences not to use embryos is the reason, although there are somewhat
conflicting accounts of the extent to which this is true. The dominant religion,

3 http://www.mext.go.jp/english/whitepaper/1302732.htm.
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Buddhism, would likely be less concerned with the beginnings of life than the end.
The use of stem cells from aborted fetuses has been allowed since 2004, and research
on cell lines from embryos has been allowed since 2001.% Sleeboom-Faulkner’s
research in Japan revealed that there has been little public discussion about embry-
onic stem cell research but suggests that contrary to assumptions that the status of
the embryo is unimportant in Japan, embryos do have significant moral status
(2008). Indeed, the Bioethics Committee of the Council for Science and Technology
Policy (CSTP) defined an embryo as seimei no myooga (the “germ” of life). Japan
also has a morality clause regarding patenting of products deriving from the destruc-
tion of embryos and was the first country to utilize this concept.®> Sleeboom-
Faulkner argues that permission to use embryos and fetuses has less to do with
religious views than with political priorities of building a large-scale infrastructure
for science in the beginning of the twenty-first century, such as the Millennium
Project (Sleeboom-Faulkner 2008).3

While therapeutic applications are being pursued, ShinyaYamanaka, the Nobel
Prize-winning scientist and inventor of iPS cells, has called for a national priority to
be in areas other than cell therapies: “My goal is for 20 % or so of iPS cell applica-
tions to be in regenerative medicine and the remaining 80 % to be in finding the
causes of diseases and developing drugs. Japan is making advances in researching
regenerative medicine, but we are lagging behind the West in other applications”
(Yamanaka, quoted in Oiwa 2013; see also Cyranoski 2012c).

To build an infrastructure around iPS cell technologies, Japan is creating a
national biobank for iPS cells. The Health Ministry in 2012 approved the addition
of umbilical cord blood samples from the eight national cord blood banks to other
cell stocks that might be used to derive cell lines. Notably, fewer subjects would be
needed to make a biobank in Japan, because a smaller number would still represent
a majority of the population due to the relative genetic homogeneity and similarity
of HLA profiles.®®> Dr. Yamanaka plans to create 75 iPS cell lines that could be

2The derivation of new HESC lines requires a two-stage approval process (Institutional Review
Board and Ministry level review). There is also considerable structure regarding research ethics,
including a requirement that each institution have bioethics and technical training courses approved
by the Ministry.

3 Chapter 2, Sect. 32, concerning “unpatentable inventions” contains the clause: “the inventions
liable to contravene public order, morality or public health shall not be patented.” See http://www.
wipo.int/clea/docs_new/pdf/en/jp/jp006en.pdf. The language of the law allows some room for
interpretation about respecting an embryo while permitting it to be used to create life-saving
therapies.

¥ The Millennium Project, a national initiative created in 1999 as an economic stimulus project,
was intended to develop an infrastructure for science and technology. A public-private collabora-
tion, it was jointly sponsored by the Ministry of Education, Sports, Science and Technology
(MEXT); the Science and Technology Agency (STA); the Ministry of Health Labor and Welfare
(MHLW); and the Ministry of Economy Trade and Industry (METI), linking education, com-
merce, and R&D into a networked initiative.

3 Three key genes that code for cell surface proteins involved in the immune response (human
leukocyte antigens, or HLA) must be matched to prevent possible rejection of the cells in the
recipient. Banked cord blood in Japan will have already been characterized for HLA.
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matched by 80 % of the population. One possibility for the Japanese citizenry is the
stockpiling of cell lines, particularly blood cells, suitable for the majority of Japanese
for emergencies (interview with Yuri Oiwa 2013; see also Cyranoski 2012b). With
the history of radiation poisoning and subsequent bone marrow depletion in affected
citizens in World War II, and again with the Fukushima nuclear disaster, coupled
with a rise in blood-related cancer rates, this is not a surprising strategy. Recently
acquired government-sanctioned access to the cord blood cells will facilitate the
work but raises questions about donor consent, since the cells would be used for
purposes other than what was specified to them at the time of donation (see also
Chaps. 6 and 7 regarding problems of informed consent in cell-based research).

The MEXT is responsible for the enforcement of guidelines regarding stem cell
research. Guidelines in Japan are guided by an Expert Panel on Bioethics, reporting
to the CSTP, which has a reputation for being cautious and taking time to make deci-
sions. Recently, the Panel did recommend to relax guidelines on admixture of human
cells into animals (Normile 2013). Previously, this was allowed in vitro but not in
vivo. The change was announced just prior to an announcement of the successful
growth of human liver tissue from iPS cells, which began in vitro but needed to be
completed in vivo to more properly form three-dimensional structures. Guidelines
for Derivation and Utilization of Human Embryonic Stem Cells were created in
2001 and amended to relax requirements in 2009. Clinical trials must go through the
Ministry of Health, Labor and Welfare (MHLW) for approval. Guidelines on clini-
cal research using human stem cells were created in 2006 and amended in 2010.%
Paragraph 5 of the guidelines specifies medical conditions in which stem cells (iPS
or ES) may be used, which are restricted to life-threatening illnesses, treatments for
which stem cells are expected to produce significant improvements over existing
therapies, and the benefits are expected to outweigh the risks. Interestingly, the
guidelines also specify the kinds of expertise that should constitute an ethics review
committee, including expert(s) in molecular biology, cell biology, genetics, clinical
pharmacology or pathology, law, ethics, and clinicians in the area for which a thera-
peutic protocol is being developed, but not stem cell researchers (paragraph 8).

In terms of education and training, only four Asian universities are ranked among
the top 100 in the world, and all of them are in Japan.?” Fewer Japanese students are
studying abroad, in contrast to China and India.*® Key sites for regenerative medi-
cine research include the University of Tokyo and the Institute of Advanced
Biomedical Engineering of the Tokyo Women’s Medical University. The institute
also has links with other Japanese universities.

%These can be found at http://www.mhlw.go.jp/english/policy/health-medical/medical-care/dl/
guidelines.pdf.

3 These are the University of Tokyo, Kyoto University, Osaka University, and Nagoya University.
¥ The number of Japanese college students studying overseas dropped by 28 %, from 82,900 in
2004 to 59,900 in 2009, according to figures from the Ministry of Education, Culture, Sports,
Science and Technology. In the USA, the number of Japanese scholars has fallen to half of what it
was during the peak year of 1997 (Asahi Shimbun; see http://ajw.asahi.com/article/behind_news/
people/AJ201210100003).
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2.6 Discussion

As we have shown, regenerative medicine has developed differently in global
regions, but not only because of funding or differences in policies. Rather, regenera-
tive medicine has emerged within historical and political moments particular to
regions and countries.

Research is flourishing or being constrained in part due to policies, but this
entails policy regarding intellectual property and investments in science more
broadly, not just policy regarding stem cell research. Research ethics policy regard-
ing clinical trials or the use of embryos significantly affects what research may or
may not be done, but so does policy about foreign investments or data and materials
sharing across labs or national borders. Stem cell-specific guidelines in some areas
are made to be similar to other countries for interoperability, or to assert interna-
tional credibility, whereas in other areas, guidelines adhere to country-specific,
long-held cultural ideas.

There are other influences: in some countries, advocacy groups and patient
organizations searching for cures for particular diseases have pushed governments
for experimental stem cell treatments, while in others, patients take matter into
their own hands and depart for countries offering treatments, even without sub-
stantiated evidence of effectiveness and safety. The health-care systems into which
stem cell therapies and other products will go also makes a fundamental difference
in whether or not technologies, once translated, are taken up by payers and incor-
porated into clinical care under budgetary strain or in transition from a central
economy.

Funding amounts do matter, but the source and type of funds, and the conditions
under which they are provided shape what sort of research goes forth (or not).
Where funds are tied to specific economic goals, they are likely to support commer-
cialization efforts or the development of enabling technologies more than discovery
research. There also may be short-term thinking, due to political exigencies or the
conviction that choosing to invest in the development of a particular technology
over another may provide short-term economic benefits or might be more politically
digestible. Where one approach to research is controversial, public money will be
shunted to approaches less likely to cause debate. When funding comes from ven-
ture capital or existing industry sources, products with a better return on investment
will develop, but those for smaller markets or rare diseases will have to find other
sources of support. Also, funds from industry or venture capital will likely be less
likely to flow to projects requiring longer development times.

One thing is clear: research follows the money, and the money appears to be in
all locales toward translational research and more commercially viable products
and therapies than basic discovery science. However, as one coauthor (David
Schaffer) put it, translational research cannot exist without something to translate.
That is, commercialization only makes sense when we have high-quality science to
commercialize, as Peter Zandstra adds. Funding cuts in basic discovery research
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may thus result in an empty translational pipeline in the future. The question then
becomes, can recommendations be made for future funding and research policy to
“lift all boats” of regenerative medicine research? If so, how can the field as a
whole be served while preserving national or regional priorities for science, science
education, the economics of science, and ultimately, health care? Which funding
mechanisms would be most effective to draw together interdisciplinary perspec-
tives needed for translational RM, and which would encourage collaborations
across laboratory and national borders in order to leverage and capitalize on exist-
ing cores of expertise?

There are several possible ways of reorienting research policy, including a clini-
cal strategy, a research organization strategy, a translational strategy, or a hybrid of
these and other strategies:

* Are there clinically strategic ways of prioritizing types of research based on a
disease-oriented basis (e.g., matching disease incidence with expertise in that
area)? Currently, health needs in countries are not necessarily well matched
with types of research being pursued. Alternatively, might it be more produc-
tive to support translational research where natural relations with clinics
already exist, or should policies be directed toward bridging the gap between
basic researchers and clinical practitioners? Should countries prioritize certain
health needs in their federal funding initiatives or should this be left to private
sources in locales where a strong patient advocacy base exists around a particu-
lar health need?

e Are there natural venues to collaborate around specific research problems or
around a technique or approach? (Examples of emerging areas could be com-
putational methods, or bioprocessing/biomanufacturing, reprogramming, or
gene-editing techniques). If so, how can communities of interdisciplinary
expertise be supported? How can funding agencies be made to understand and
support such efforts (even internationally) in addition to conventional funding
mechanisms?

*  Where are opportunities to develop better working relations between academic
researchers and companies that could develop nascent innovations, and what
form of public-private partnerships might be most effective?

The WTEC report, aimed at American competitiveness, concluded that funding
agencies should establish interagency programs for interdisciplinary stem cell
research, joining engineering, biology, and computational scientists, among others.
It also recommended mechanisms to support academic-industry partnerships, par-
ticularly those with innovative translational models. Additionally, grant programs
which allow for collaborations across countries would leverage strengths across
labs and national research programs in much the same way as intranational net-
works have done (see also US DHHS 2006).

Whatever approach is employed, there is a need to address the current disconnect
between expertise, resources, and political will in many locales. A good deal of
expertise exists in pockets around the world, and niches have developed in which
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experts interact within and across disciplines that may regulate the fate of stem cell
research. Yet there is a need to identify and then build up expertise needed for the
long term. That includes not only knowledge needed for translation and scale-up but
also regulatory and business infrastructures. Microenvironments may work well to
advance particular areas of research, but better matching of resources, expertise,
cGMP facilities, and access to clinics will be needed for translation.

We have described a few experimental models created to accomplish translational
stem cell research, including the CCRM in Canada, the Berlin-Brandenburg Centre
in Germany, and the recently introduced Cell Catapult in the UK. Such novel mod-
els involve unique public-private partnerships and will bring together academic and
industrial researchers. Such models are still experiments in process, and it remains
to be seen what may be the best form. What is also needed is incorporation of more
clinical practitioners to provide a better understanding of disease mechanisms and
clinical picture of patients’ actual needs, in addition to providing strategic access to
patients for potential trials (Johnson et al. 2007). The mundane, less-studied, less-
funded, yet crucial piece of clinical translation involves design of cell preservation
and delivery methods, biomanufacture and scale-up, and other processes needed to
make a therapeutic procedure workable.

In the future, translational centers will also need to incorporate the burgeoning
information coming from genomics and data analytics to develop in vitro models of
disease and conduct population level analyses in addition to personalized approaches.
Countries with established information technology industries and the infrastructural
ability to connect health, population, and bioscience databases may be able to capi-
talize on these strengths.

At the same time, a number of groups are reformulating training and education
to focus on the interdisciplinary field of regenerative medicine rather than maintain-
ing silos of disciplinary expertise. Loughborough University, for example, in col-
laboration with the Universities of Keele and Nottingham, created a program
emphasizing skills in biomanufacturing in addition to training in several novel
research platforms. Interdepartmental doctoral programs are arising to join disci-
plines, or in some cases, link basic and clinical sciences.

Individual institutions are beginning to innovate new ways to deliver education,
including programs targeting international audiences. Stanford University’s bio-
medical engineering design courses in India, formed as a collaboration between
Stanford, the Indian Institute of Technology, and the All India Institute of Medical
Sciences (http://biodesign.stanford.edu/bdn/india/), is one example among many
others where universities partner bilaterally with institutions in China, India, Africa,
and other resource-poor countries. Other universities are creating focused, interna-
tional short-course training programs (such as Georgia Tech’s new course in bio-
manufacturing). On a broader scale, new forms of open online courses are being
implemented by universities as a part of a movement to make higher education more
accessible to larger numbers of people rather than traditional campus-based, direct-
interaction models. An extension of distance education, the concept allows learners
in any locale (including resource-poor countries) to enroll in top-level courses and
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obtain college credit.* Although these forms are somewhat controversial, and there
are many problems to work out, some version of such versions in stem cells and
regenerative medicine may accelerate transmission of knowledge in these rapidly
expanding fields from a small number of centers of excellence to the broader inter-
national community.

Future empirical research will provide more fine-grained analysis than we have
been able to present here. In particular, it would be helpful to analyze disease inci-
dence and to what extent existing stem cell research programs match patterns of
health needs within locales. Longitudinal analysis could provide insight into the
extent to which funding, or the creation of research communities around a technique
or research problem, or hubs of interdisciplinary collaborations attract investigators to
the regenerative medicine space, and whether they disperse when venues for collabo-
ration decline. For our purposes in this chapter, we provided an overview with which
to consider future policy directions and raised questions for further exploration.
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Chapter 3

Policies and Practices to Enhance
Multi-sectorial Collaborations

and Commercialization of Regenerative
Medicine

Tania Bubela, Amrita Mishra, and Debra Mathews

3.1 Introduction

Realizing the potential of stem cells will require harnessing the respective strengths
of academic, biotechnology, and pharmaceutical sectors. Indeed, a complex ecosys-
tem has formed to support the field, further including patient advocacy organizations,
philanthropic foundations, and public-sector funders. Such active engagement of
multiple actors is required because of the long and difficult road for cell therapies to
the clinic (Daley 2010). The complexities of the translational pathways for stem cell
research point to the need to bolster incentives for collaborative, multinational, mul-
tidisciplinary, and multi-sectorial research and development (Bubela et al. 2012a;
Winickoff et al. 2009). However, it must also be recognized that stem cell research
needs “to be incubated in academia much longer before it is ready to graduate into
a business that can commercialize the technology and deliver real products” (Giebel
2005). Such incubation requires policy, funding, and infrastructure support for the
pre-competitive research environment.

Intellectual property rights (IPRs) are often considered as prime incentives for
technological innovation, especially in biotechnology and pharmaceutical sectors
where they are seen as a shield against the risks and uncertainties of the research and
development (R&D) process (Eisenberg 2003). The principal forms of IPR in the
pharmaceutical sector are a blend of patents, trade secrets, and protected data—in
particular, data in review with regulatory agencies during drug or device approval
processes (Bubela et al. 2012a). Patents are intended to stimulate the creation of

T. Bubela (>4) » A. Mishra

School of Public Health, University of Alberta, Edmonton Clinic Health Academy,
Edmonton, Alberta, Canada T6G 1C9

e-mail: tbubela@ualberta.ca

D. Mathews
Johns Hopkins Berman Institute of Bioethics, 1809 Ashland Avenue, Baltimore,
MD 21205, USA

L.F. Hogle (ed.), Regenerative Medicine Ethics: Governing Research 67
and Knowledge Practices, DOI 10.1007/978-1-4614-9062-3_3,
© Springer Science+Business Media New York 2014



68 T. Bubela et al.

new technologies with practical applications through the grant of exclusive rights to
make, use, sell, and import inventions. However, the overuse and inappropriate
management of [PRs may counterintuitively hinder the pre-competitive collabora-
tions essential for the clinical translation of stem cell research (Bubela et al. 2012a).

Collaborations are theorized to lead to the more efficient use of resources and
knowledge through the reduction of negotiating costs associated with proprietary
holdings, the avoidance of duplicative research within a secretive environment, and
the use of standard research tools and methods, supported by repositories for data
and materials. A collaborative approach to pre-competitive research is premised on
the fact that therapies may take between 10 and 15 years to reach the clinic and
likely longer for cell therapies (Paul et al. 2010). But patent terms extend for only
20 years plus extensions in some jurisdictions to compensate for lengthy regulatory
approval processes. Further, even drugs may take between $US200 million to US$1
billion to develop, and cell therapies possibly even more, but venture capital firms
are increasingly investing later in the development process, following proof of con-
cept in humans and trending towards requiring positive Phase II clinical trial results.

The dominance of academia in translational stem cell research is evident through
patent ownership, clinical trials, and the structure of the industry. In 2006, Bergman
and Graff (2007a) noted that 40 % of all stem cell patents were assigned to universi-
ties or research institutions. Similarly, clinical trials, with few exceptions, are early
stage and sponsored by academic institutions (Bubela et al. 2012b). The vast major-
ity of trials remain focused on hematological cancers, while a minority (approxi-
mately 20 %) may be considered as novel and representative of the future of
regenerative medicine. Such trials span cell-based therapies, the use of small mol-
ecules and biologics for regenerative goals, the use of synthetic materials, biomate-
rials and scaffolds, and stem cell therapy combined with gene therapy. Contrary to
public expectations and the hype surrounding stem cell research, few trials use
human embryonic stem cells (hESCs) and only a small number target neurological
conditions (Bubela et al. 2012b).

Industry has been slow to enter the field; venture capital for the biotechnology
sector has been increasingly difficult to access following the economic crisis in
2008, the emergence of business models specific to cell therapies has been slow, and
regulatory pathways remain uncertain. The emerging regenerative medicine indus-
try is dominated by small biotechnology companies, many university spin-offs,
focused on tools and nontherapeutic products (48 %) and services and manufactur-
ing (9 %) (Alliance for Regenerative Medicine (ARM) 2012). In other words, the
majority of regenerative medicine firms provide research tools and reagents to sup-
port R&D efforts, which are dominated by academic institutions and, therefore,
funded largely by public and philanthropic funds.

In this chapter, we explore models to facilitate multinational, multidisciplinary,
and multi-sectorial collaborations in stem cell research. The need for such models
has been recognized in a recent Institute of Medicine (IOM 2012) external report on
the California Institute of Regenerative Medicine (CIRM), which identified disin-
centives to industry partnerships and a Consensus Statement by the Hinxton Group
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(2012), an international consortium on stem cell ethics and law. The Consensus
Statement calls for the development of formal collaborative networks for transla-
tional stem cell research. Here, our focus is on the enablement, through creative
management of IPRs, of pre-competitive research with academia at its core. We start
with an overview of the patent landscape in stem cell research. This allows for an
understanding of claims that may block follow-on innovation and of areas where
numerous overlapping claims make it difficult to define all of the IPRs within a
given area and therefore to negotiate freedom to operate. The former is termed
blocking patents and the latter a patent thicket or “anticommons” effect (Heller and
Eisenberg 1998). We then describe emerging models in drug discovery and animal
model communities that facilitate collaborations in the pre-competitive research
environment. Such models range from the establishment of databases and reposito-
ries for research reagents to public—private partnerships (PPPs) that harness the
capabilities and strengths of multiple sectors. The following section gives examples
of such initiatives within stem cell research, mainly still focused on infrastructure
support. The chapter concludes with an analysis of legal barriers to pre-competitive
research collaborations, namely, restrictive licensing policies, and discusses incen-
tive structures and best practices for facilitating collaborative, pre-competitive stem
cell research.

3.2 Background: The Stem Cell Intellectual Property
and Regulatory Landscape

We begin with a brief overview of the patent landscape for stem cell research, draw-
ing on a number of published reports. This overview enables us to point to areas
within the field of intense and increasing patenting activity. As explained by
Bergman and Graff (2007a, b) and Winickoff et al. (2009), intense patenting may
lead to broad patents by early entrants into an area, especially methods patents, that
block downstream research unless licenses can be negotiated (blocking patents)
and/or areas of overlapping claims that create a patent thicket. A patent thicket
occurs when follow-on researchers are unable to identify or negotiate all of the
intellectual property in their space, limiting their freedom to operate. Both blocking
patents and patent thickets, especially in areas of research that are remote from
clinical application, are detrimental to the establishment of infrastructure and col-
laborations that promote a pre-competitive environment.

Our own analysis of stem cell Patent Cooperation Treaty (PCT) filings indicates
a steady increase in the number of patents that refer to “stem cell” in their claims
from 1991 to 2007 (Mathews et al. 2013), after which there has been a downward
trend in patents with “stem cell” claims (up to 2012). This trend mirrors that reported
by the United Kingdom Intellectual Property Office (2010) in its Overview of the
UK National Stem Cell Network Patent Watch Landscape. That report also points to
the dominance of academic and government research institutions and researchers in
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patent filings. It notes that the top holder of published patent applications is Kyoto
University and that of granted patents is the Wisconsin Alumni Research Foundation
(WAREF). The lead in the United Kingdom is the University of Edinburgh.

At the peak in 2007, Bergman and Graff (2007b) pointed to the potential prob-
lem for blocking patents combined with restrictive licensing practices to hinder the
evolution of stem cell research. They noted that concerns centered on the patent
estate over aspects of hESC research, spanning reagents and processes for the
derivation of hESCs, culture techniques and maintenance of hESCs, manipulation
and differentiation of hESCs, as well as the hESC and derivative lines themselves
(Parsons et al. 2011). In 2009, Konski and Spielthenner divided the stem cell field,
using patent citation and network analyses, into dominant patent clusters around
hematopoietic stem cells, culturing of hematopoietic stem cells, nonhuman stem
cells, embryonic-like stem cells, including neural stem cells, and finally embryonic
stem cells (Konski and Spielthenner 2009). However, their analysis only began to
capture the emerging field of induced pluripotent stem cells (iPSCs), billed as the
ethical alternative to hESC research (Zarzeczny et al. 2009).

More recently, published studies have begun to track patenting over iPSCs,
which cover methods for cellular reprogramming for pluripotency (Simon et al.
2010) and methods which link discovery, diagnostics, and therapeutics using iPSCs
(Vrtovec and Vrtovec 2013). The patenting of iPSCs has not been without contro-
versy. The first patent was granted in 2008 in Japan to Dr. Yamanaka, joint winner
of the 2012 Nobel Prize in Physiology or Medicine for his work in cellular repro-
gramming. The patent covers the process of introducing four embryonic transcrip-
tion factors into a somatic cell. Also in 2010, a California-based firm, iPierian, was
granted a patent over reprogramming technology in the United Kingdom, the first
outside of Japan (Russell 2010). The inventors listed on that patent were a compet-
ing group of Japanese researchers, led by Dr. Sakurada. Complicating the landscape
was the grant in 2010 in the United States to Dr. Jaenisch of a patent that predated
the priority dates of Yamanaka and Sakurada’s patent filings. The extent to which
the Jaenisch claims render the later patents obvious remains unsettled. Additionally,
the Thomson 2012 patent (8,183,038) also covers a method to make iPSCs. Our
own analysis of keywords in claims in PCT filings indicates that iPSC-related
claims continue to increase from 2008, defying the general downward trend over
that time period for other stem cell-related patents (Mathews et al. 2013).

The increase in patent filings reflects the momentum of iPSC research (Loser
etal. 2012), and here lessons may be learned from prior patenting in hESC research.
The key patents over hESCs were assigned in 1998 to the WARF, the technology
transfer organization that operates in support of research at the University of
Wisconsin—Madison (Bergman and Graff 2007a, b). At the time, limited funds were
available for hESCs and so the research in Dr. Thomson’s laboratory was partly
funded by Geron (Menlo Park, CA, USA). In 1999, WARF granted Geron exclusive
commercialization rights to six cell lineages from 5 WAREF cell types. In 2001,
Geron obliged WARF to exclusively license 12 additional cell types to the company,
leading WAREF to file a lawsuit, citing the need to be able to distribute cell lines to
academic researchers. A year later, the case was settled when Geron and WARF
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entered into a new licensing agreement that permitted WiCell to distribute lines
more freely to academic and government researchers (Bizjournal 2002). Geron was
given exclusive rights to clinical use of hESC-derived neural cells, cardiac cells, and
pancreatic cells, while WARF retained rights for other clinical uses. The first of the
hESC patents are set to expire in 2014, while others have coverage until the late
2010s, but, only four clinical trials in clinicaltrials.gov to 2012 have used hESCs or
cells derived from hESCs with no clinical application imminent. The most publicized
clinical trial sponsored by Geron for spinal cord injury was halted in November
2011 after use in only four trial subjects (Simon et al. 2010). At that time, Geron
discontinued its stem cell program. Advanced Cell Technology began three addi-
tional trials, two using retinal pigment epithelial cells derived from hESCs for
Stargardt’s macular dystrophy and one for dry age-related macular degeneration
(Atala 2012). Thus for the duration of the patent terms, the WARF hESC patents
were, in effect, proprietary rights over research tools. These were distributed to the
research community via WiCell, a nonprofit, private laboratory setup for that pur-
pose (Gulbrandsen 2007).

Bringing iPSCs and hESCs to the clinic will require a far greater understanding
of cell biology, especially the behavior and long-term stability of iPSCs, before reg-
ulators will be willing to approve for human use. From the perspective of regulators,
both hESCs and iPSCs raise significant concerns because both have been shown to
be unstable in culture (Zwaka 2010; Pera 2011). The difficulties inherent in ensuring
manufacturing consistency with reproducible quality of the iPSC product will add
an additional regulatory burden. Indeed, the Geron trial using an hESC-derived cell
product for spinal cord injury was delayed by the Food and Drug Administration
(FDA) because of concerns over the formation of cysts in animal models. Geron
responded with new assays for the characterization, purity, and predictability of the
cell product (Bizjournal 2010). The characterization of cell products is especially
important because of genetic instability of cell lines in culture, which gives rise to
the dominant concern: the potential for long-term harm from tumor formation. For
iPSCs that require both genetic manipulation and cell culturing, regulators are likely
to require novel karyotype and genomic assays as well as additional research on the
short- and long-term effects of cell line genetic instability (Goldring et al. 2011). As
explained in detail by Goldring et al. (2011), the potential for tumor formation will
necessitate longer-term pre-clinical studies in animal models and longer-term moni-
toring of clinical trial participants to assess safety. In addition, patient-specific lines
will likely be considered separate products rather than universal therapeutic agents,
necessitating rigorous testing for each line generated (Goldring et al. 2011). The
complexity of the regulatory pathways in major markets, such as the United States
and Europe, also remains uncertain and will depend on interpretation in the different
jurisdictions of the extent to which iPSCs have been manipulated (Condic and Rao
2008; von Tigerstrom 2008, 2011; Zarzeczny et al. 2009). To date, only one clinical
trial using iPSCs has been granted regulatory approval in Japan, where the technol-
ogy originated (Russell 2010; Castelvecchi 2013).

Thus, given the barriers to clinical application of iPSCs, both research-related
and regulatory, at present, the bulk of iPSC research remains far from clinical
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application. This raises concerns about the expanding patent landscape covering
iPSCs, which sits firmly within what should remain the pre-competitive research
environment. Patents granted in the near term are unlikely to be in force if or when
iPSC therapies become standard of care. Instead, a complex patent environment
with broad and overlapping claims over cellular reprogramming may hinder the
long-term and collaborative research necessary to bring therapies to the clinic.

Patent-seeking behavior has been heavily incentivized in academic institutions
since the 1980s and the passage of the United States Patent and Trademark Law
Amendments Act (Bayh—Dole) that enabled US universities to hold intellectual
property over federally funded inventions. Other countries, many in the absence of
specific legislation, have also promoted commercialization goals for research,
supported by active patenting by researchers over publicly funded research prod-
ucts and processes (Bubela et al. 2010; Saha et al. 2010) and the institutionaliza-
tion of technology transfer (Berman 2012). Since it is unlikely that academic and
other patenting activity in the stem cell field will be curtailed, promoting the
pre-competitive environment requires creative management of IPRs to foster
collaborative research, alongside appropriate incentives for such activities. The next
section discusses some models which have arisen to foster multi-sectorial collabo-
rations in the pre-competitive environment.

3.3 Models for Managing the Pre-competitive Environment

Stem cell research can gain insights from other biomedical research communities,
namely, drug discovery and animal model communities, that are building novel
innovation models for translational research (Bubela et al. 2012a; Friend 2010;
Norman et al. 2011; Organization for Economic Co-operation and Development
(OECD) 2011; Woodcock 2010). Such initiatives involve greater selectivity in seek-
ing IPRs, more creative governance structures for managing intellectual property,
and incentives aligned with the need to foster collaborations. These are important
enabling factors in the early phases of R&D, characterized as a pre-competitive
space, where collaborations and knowledge sharing are incentivized and competi-
tion based on IPRs is minimized. Over-reliance on IPRs in early-stage research
increases both the direct costs of securing IPRs and the transaction costs of negotiat-
ing licenses to use research tools and reagents with little commercial value.
Innovation costs are compounded by duplication of secretive R&D efforts; the
majority of which will fail in early-stage clinical trials (Bubela et al. 2012d; Friend
2010; Munos 2006, 2009).

New models of IPR governance could be enabling factors for the pre-competitive
environment. Admittedly, however, these models are relatively new, and whether
they in fact improve outcomes for R&D in terms of innovative products reaching the
market remains uncertain (Bubela et al. 2012d; Paul et al. 2010). The key evidence
supporting such productivity derives from collaborations for global health (Moran
et al. 2009, 2011). We will discuss three emerging models that are relevant to the
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field of stem cell research: common pool resources, open access, and PPPs. Common
pool resources, also called a research commons, create the infrastructure necessary
to share research tools and data to the research community from the managed envi-
ronment of a biorepository/biobank or database. Management complexity may
range from simple use agreements to material transfer agreements (MTAs). There is
no doubt that broad access for all the sectors of R&D to research reagents and tools
as well as data enhances the pre-competitive research environment, and this model
is discussed more fully in the following section.

The second model is open access whereby norms within a research community
are crafted to facilitate access to knowledge as well as collaboration. Members of
the community, including funders and collaborators, create rules on how knowledge
is produced and used and then enforce those rules. The open access model does not
necessarily rely on IPRs, and a leading example is the Structural Genomics
Consortium (SGC). Formed in 2004, the SGC is an international (mainly United
Kingdom and Canada) nonprofit scientific research consortium funded by govern-
ments, foundations, and industry working in drug discovery (Edwards et al. 2009,
2011; Lee et al. 2009; Weigelt 2009). Large pharmaceutical companies such as
GlaxoSmithKline (GSK) and Pfizer support the SGC. The SGC was initially aimed
at identifying three-dimensional structures of proteins, in which regard it has been
highly successful, depositing may such structures to public databases and producing
high-impact publications (Gileadi et al. 2007). However, in recognition of the fact
that drug discovery is accelerated through the availability of research tools, the SGC
has expanded its initiative to make publicly available probes for epigenetics research
(Edwards et al. 2009, 2011). Under its open access policy, the SGC does not seek,
nor permit its affiliated public or private sector researchers and collaborators to
seek, patents that would grant exclusive rights over its research outputs. Further, its
leadership has taken a strong advocacy role in supporting pre-competitive research
in an environment that foregoes patent rights. As stated by Aled Edwards of the
SGC: “The fundamental problem is that industry collectively focuses too many
resources on proof-of-concept studies for too few targets, and the studies are done
in a proprietary way, with little collective learning. Further, because one ‘secret’
failure in proof of concept is never enough to dissuade others, these studies encum-
ber the limited resources of industry for years, thereby limiting the ability of indus-
try to pursue new and potentially relevant drug targets” (Edwards et al. 2009).

The third model comprises open innovation strategies that range from informa-
tion databases to facilitate knowledge exchange about or trade in IPRs (e.g., patent
pools and clearinghouses) to the facilitation of joint research partnerships through
exchange programs, research alliances, or PPPs. One of the best known examples of
the latter is the Innovative Medicines Initiative (IMI). IMI is designed to accelerate
drug development and is a joint undertaking between the European Union and the
European Federation of Pharmaceutical Industries and Associations (Goldman
2011). As a funder of research consortia comprising academic, biotech, and phar-
maceutical sectors, IMI enforces an IP strategy that facilitates the confidential shar-
ing of data, materials, and other IP amongst members within funded consortia. Each
consortium must then develop a commercialization plan over any developed IPRs,
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addressing priority, ownership, and licensing terms, including the allocation of roy-
alty revenues generated.

Despite policies aimed at commercialization, IMI continues to prioritize tradi-
tional dissemination through publication and data accessibility. Most importantly,
however, the focus is on collaboration, and in the first 2013 independent evaluation
of IMI, there was a positive correlation between collaborative networking and the
quantity and quality of publication (IMI Executive Office 2013). For 2010-2011,
the average citation impact for IMI project papers was 1.55 (compared to a world
average of 1.0). Publication output also increased substantially from 2010 to 2012,
with a doubling in the 2011-2012 period, although output was, not surprisingly,
higher for academic researchers compared to collaborators from industry and bio-
technology companies. Encouragingly, about 40 % of all publications by IMI
researchers were cross-sector, for example, between academic institutions and small
medium enterprises (SMEs). The report also highlighted the increased output of
researchers associated with patient organizations in top-quartile journals (IMI
Executive Office 2013). It is too early to tell, however, whether this enhanced
research output will result in more innovative products, diagnostic tests, and meth-
ods in practical use in clinical settings and the broader marketplace.

3.4 Pre-competitive Models in Stem Cell Research

Pre-competitive models are also gaining traction within stem cell research, primarily
in the development of repositories for research reagents and data. As stated in the
previous section, significant experience in the distribution of research reagents
exists within the animal model community, for example, the mouse model for
human disease research community (Bubela et al. 2012d). Mouse repositories may
distribute live mice, gametes, or mouse embryonic stem cells. The most established
and largest mouse repository, Jackson Laboratory (JAX), facilitates access to mouse
models through standard agreements with donors of new mouse strains. Under the
donor agreement, JAX distributes patented and unpatented mice to academic and
not-for-profit researchers using a simple notification that the mice be used for
research purposes and may not be sold or transferred to third parties without permis-
sion. However, mice are distributed to industry or for commercial use only if per-
mitted by the donor. In that event, JAX acts as a broker, distributing the mice only
once a license agreement has been negotiated between the donor and industry recip-
ient (Einhorn and Heimes 2009). In 2009, leaders in the mouse model community,
including directors of repositories, drafted the “Rome Agenda,” which recommends
“materials and data be shared under the least restrictive terms possible” (Schofield
et al. 2009). The Agenda calls for the promotion of a “mouse research commons”
for mouse resources and data to further pre-competitive research and our under-
standing of gene function (Voell et al. 2010; Schofield et al. 2009; Hancock et al.
2008). Einhorn and Heimes (2009) describe JAX as already promoting the mouse
academic research commons.
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Stem cell banks, for example, the former US National Stem Cell Bank (NSCB),
continuing as an hESC and iPSC bank (the Wisconsin International Stem Cell
(WISC) Bank) and the United Kingdom Stem Cell Bank (UKSCB), are similar to
mouse repositories in that they store, expand, manipulate, and distribute embry-
onic and adult cell lines. Currently, however, lack of harmonized distribution poli-
cies and standards reduces the interoperability of cell banks and limits their
transnational accessibility and utility. Furthermore, there are many private banks
held in research institutions and elsewhere, which hold lines that are not broadly
available to outside investigators, and not necessarily derived and characterized
according to agreed-upon standards (Laursen 2009).

As a move towards harmonization, the International Stem Cell Banking Initiative
(ISCBI) adopted a 2008 Consensus Guidance for Banking and Supply of Human
Embryonic Stem Cell Lines for Research Purposes (ISCBI 2009). This document
provides technical and ethical guidelines for procuring, documenting, banking, and
distributing hESCs for research use. Efforts to catalogue and disseminate standard-
ized cell-line information have been undertaken by the European Human Embryonic
Stem Cell Registry (hESCreg), the International Society for Stem Cell Research
(ISSCR), and the International Stem Cell Registry (ISCR) (Knoppers and Isasi
2010). The development of well-networked national repositories with staff trained
in cell-line propagation, registry maintenance, and distribution could provide the
material base upon which to apply uniform standards. However, as has been noted
in the mouse model community (Schofield et al. 2010), efforts also need supervi-
sory bodies with the capacity and authority to enforce guidelines across facilities.
The extent of centralization that is feasible is open to debate. At the national level,
centralized facilities would save on the costs of maintaining cell banks at multiple
locations and adequate networking could enable oversight of specimen donation,
storage, and use (Winickoff 2006). However, banking facilities with transnational
operations may face challenges due to policy differences with regard to human
research subjects protections and other regulatory requirements.

The ISSCR and the ISCBI are also attempting to address the policy challenges
emerging in the use of cord blood-derived stem cells and iPSCs (Knoppers and Isasi
2010). The use of iPSCs also faces regulatory and ethical challenges, owing to donor
anonymity (Mathews et al. 2011; Resnik this volume) and reuse of iPSCs in contro-
versial forms such as iPSC-derived gametes (Zarzeczny et al. 2009; Caulfield et al.
2010). The research use of iPSCs, therefore, necessitates a nuanced approach to
informed consent because specimen donors may need to be traced and recontacted
for their consent for uses unknown at the time of initial consent (Lowenthal et al.
2012). Donors’ views and expectations of research on their specimens are also con-
ditioned by the prospect of commercial application. Donors may have varying reac-
tions, from outright withdrawal to expectation of financial benefit from commercial
proceeds (Zarzeczny et al. 2009), yet the most useful consents will likely be those
where donors have agreed to use for commercial purposes. Such consent issues
complicate the distribution of cell lines, requiring more complex terms of use within
MTAs than necessary for nonhuman lines, such as mouse embryonic stem cells.
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Nevertheless, efforts at harmonization, if successful, should facilitate access to
these research materials. Indeed, CIRM has funded a human pluripotent stem cell
(hPSC)/APSC repository (http://www.cirm.ca.gov/our-funding/research-rfas/hpsc-
repository). The United Kingdom has launched a national iPSC bank, through the
Human Induced Pluripotent Stem Cell Initiative (HIPSCI), funded by the Medical
Research Council and the Wellcome Trust (http://www.hipsci.org). IMI is funding
an academic-industry consortium of 10 pharmaceutical companies and 23 academic
groups to establish StemBANCC, a repository that will make available 1,500 iPSC
lines (http://www.imi.europa.eu/content/stembancc). It is also set to fund a European
iPSC repository comparable to that funded by CIRM (http://www.imi.europa.eu/
sites/default/files/uploads/documents/8th_Call/IMI_8thCallText_FINAL.pdf).
While there has been no mention of collaboration amongst these three iPSC reposi-
tories, their development will facilitate the sharing of common lines. Many smaller
banks also exist, such as the RIKEN Bioresource Center Cell Bank (http://www.brc.
riken.go.jp/lab/cell/english/), though how they will coordinate, or not, with the
larger banks remains to be seen.

With respect to the model of information clearinghouses, The Hinxton Group
Consensus Statement (Hinxton Group 2012) recommended the creation of net-
worked resources or hubs for sharing technical, provenance, and IPRs information
about available stem cell lines. While such sharing is anticipated to facilitate prog-
ress in stem cell science through increased access to data and materials, a potential
barrier is made quite real with the increasing influence of Japan. Japanese institu-
tions, Kyoto University and CiRA, have become a dominant presence in iPSC-
related IPRs, which complicates the ability of information sharing due to language
and translation issues (Hinxton Group 2012). Translation is time consuming and
expensive. Furthermore, national regulations in both Japan and China make it dif-
ficult to share cell lines derived from their citizens’ tissues across national boundar-
ies, as such tissues are considered a national bioresource. These restrictions thus
prohibit, for example, the deposition of Japanese iPSC lines in the UKSCB (Hinxton
Group 2012). Differences in regulatory requirements for research with human and
clinical trial approval also pose challenges for developing international standards
for cell line banks and registries.

In addition to biobanks, databases, and clearinghouses, an even more innova-
tive approach at providing infrastructure to facilitate translational stem cell
research is being led by the National Heart, Lung and Blood Institute (NHLBI).
The goal of this program, the Production Assistance for Cellular Therapies
(PACT), is to provide clinical investigators with access to production facilities,
training, and regulatory assistance (Reed et al. 2009). PACT consists of three large
groups, involving multi-institutional collaboration of private and public entities:
the administrative center, the EMMES Corporation (a Contract Research
Organization (CRO)); five facilities that are compliant with current Good
Manufacturing Practice (¢cGMP); and a steering committee with representatives
from each facility, EMMES and NHLBI and external NHLBI appointed chairs.
The five cGMP facilities are located throughout the United States at Baylor College
of Medicine Center for Cell and Gene Therapy; Beckman Research Institute of the
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City of Hope Center for Applied Technology Development; Center for Human
Cell Therapy, Boston; University of Minnesota Molecular and Cellular Therapeutics
Facility; and Waisman BioManufacturing, housed at the University of Wisconsin—
Madison. The significance of PACT is that it provides much-needed assistance
with scale-up protocols needed for clinical trials. Additionally, PACT offers training
through web-based seminars and workshops, focusing on GMP production tech-
niques and regulatory issues. PACT supports researchers through preclinical and
Phase I trials of therapies including regulatory T-lymphocyte cells, natural killer
cells, adipose-derived stem cells, cardiac progenitor cells for cardiac disease,
hematopoietic progenitor cells (HPCs) for central nervous system applications,
cytotoxic T lymphocytes, and dendritic cells.

In conclusion, innovative approaches are being developed to facilitate pre-
competitive stem cell research. Many are being developed in parallel to initiatives in
more mature fields such as genomics and animal model research. However, others,
such as the PACT, address issues specific to stem cell research. The end point should
be to facilitate access to knowledge and research tools required to move the field
forward. The next section, therefore, addresses some of the legal and practical bar-
riers to the flow of knowledge, research tools, and reagents.

3.5 Overcoming Material Transfer Agreements and
Licensing as Barriers to Collaborative Models

Access to research tools and data may be limited by restrictive licensing terms and
MTAs—a type of license agreement that set terms of use and access to research
reagents, such as cell lines. MTAs establish important legal relationships between
academia, industry, and entrepreneurs in private sector firms (Mirowski 2008;
Mowery and Ziedonis 2007). They are permissions to use proprietary or nonpropri-
etary materials that are in the control of the provider and come with contractual
rights and obligations (Rodriguez 2008). Although MTAs ostensibly facilitate col-
laborative exchange, they can significantly delay access to resources and increase
transaction costs, since their content ranges from simple conditions of use to com-
plex terms (Streitz and Bennett 2003). In addition, while patents are legally, geo-
graphically, and temporally defined and bounded, MTAs have the freedom associated
with contractual formulations to be much more wide-ranging in setting restrictions.
This is an important distinction that for repositories could be the difference between
losing, breaking even, or being profitable on cell distribution.

MTASs usually contain provisions regarding the physical handling, use, and fur-
ther distribution of the material (Winickoff et al. 2009). Often they limit onwards
distribution to third-party researchers. Commonly, MTAs contain standard terms
that limit liability for the provider, provide standard disclaimers as to the quality of
the material provided, and set dispute resolution mechanisms and legal jurisdiction,
as well as timelines for the relationship between provider and user. However, MTAs
may also restrict the use of materials by recipients in a manner that does not
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facilitate activities within the pre-competitive research environment. For example,
MTAs may contain clauses that limit an academic researcher’s ability to publish in
the scientific literature, through delays or complete restrictions. Further, MTAs may
contain reach-through rights that give a provider rights to royalties, future licensing
options, or other advantages from modifications or inventions made using the trans-
ferred material. These clauses can be an obstacle in transfers and are discouraged in
most best-practice guidelines for the licensing of research tools, including practice
guidelines for resources generated using National Institutes of Health (NIH) funding
(Association of University Technology Managers (AUTM) 2007; NIH 1999; OECD
Guidelines for the Licensing of Genetic Inventions 2006). Reach-through rights are
philosophically problematic because they extend proprietary rights far beyond those
that are granted by patent claims (Rai and Eisenberg 2004).

The drafting and negotiation of MTAs is handled by institutional legal counsel
often located within technology transfer offices (TTOs) or research services offices.
TTOs and/or university—industry liaison offices manage research partnerships,
sponsored research, and commercialization activities such as patenting, licensing of
technologies, and creating spin-off companies. These offices serve innovation sys-
tems by linking researchers, industry, and healthcare organizations (Miller et al.
2009). In finalizing MTAs, these offices work with variable university and funding
agency policies as well as researcher practices.

Delays in negotiating MTAs are seen by biomedical researchers in many fields to
be significant barriers to research and timely access to reagents (Bubela et al. 2012c,
d). Such effects have been noted in hESC research, where access to lines was
severely restricted due to President Bush’s policy limiting federal funding for hRESC
research to preexisting lines in 2001 (Rao 2006). McCormick et al. (2009) used
MTAs to track the shipment of 1662 vials of stem cells distributed from two US
repositories, WiCell (743 vials between 2000 and 2007) and the Harvard Stem Cell
Institute (HSCI) (919 vials between 2004 and 2007). The strategies of the two
repositories differed in that WiCell executed one MTA for every vial shipped, while
HSCTI issued multiple lines under one agreement. In addition, until fall 2005, HSCI
users were charged only for shipping, whereas each WiCell line costs US$ 5,000.
These differences resulted in HSCI distributing “nearly 200 more vials than WiCell
in about half the time” (McCormick et al. 2009). In 2005, WiCell dramatically cut
its fees, and, as explained by Gulbrandsen (2007), WARF and WiCell simplified
their licensing and material sharing policies in response to complaints from admin-
istrators and scientists at major research universities. First, WARF relieved industry
sponsors of the obligation to seek a commercial license with WAREF, in a move to
encourage private sector funding of hESC research. Second, WARF and WiCell
waived fees on inter-researcher sharing of hESCs and asked for an ethical-use MTA
only for transfers of Wisconsin hESCs (Gulbrandsen 2007).

However, the story is not that simple. In the context of public controversy and
sensitivity to ethical concerns, MTAs can be an essential way for the provider to
ensure the cells are used in an ethical manner consistent with the donor’s intent. For
the WARF lines, unique MTAs were required so that specific guarantees regarding
the use of cells from embryos could be included to honor agreements made in
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informed consent documents signed by embryo donors. For example, each hESC
line derived by Dr. Thomson’s laboratory at the University of Wisconsin had its own
MTA clearly delineating acceptable uses of the material as per the donors’ consent
for the use of their embryos. Once materials such as cell lines are shared with other
groups, it becomes difficult to ensure that use would conform to the donors’ consent
reflected in the initial WARF MTA. For other lines, donors consented to specific
uses of their cells from their embryos. For example, some of the Melton lines, dis-
tributed by HSCI and generated by Dr. Melton, can only be used for diabetes
research, because of the original donor consent. Even though the lines may work
well for a variety of research, they cannot be used for other purposes. An MTA is
therefore the only practical way to restrict other uses and honor the intentions of the
donors. Lineage-specific restrictions can thus lead to conflicts, as researchers may
be unable to use the line in a manner consistent with their experimental intentions.
Nevertheless, MTAs remain the strongest legal means through which to enforce use
with respect to donor consent.

Where donor consent for use of materials is not an issue, however, MTAs may be
problematic, and lessons may be learned from other research communities. In the
mouse research community, the OncoMouse and Cre-Lox controversies spurred
universities and funders to frame nonexclusive licensing policies to promote wide-
spread use of research tools and reagents (Bubela et al. 2012d; Hanahan et al. 2007;
Murray 2010; Rossant and McMahon 1999). A nonexclusive licensing policy does
not preclude the use of MTAs to ensure donor consent, but instead is a policy
directed towards the broad dissemination of research tools. The first lesson in this
regard comes from the OncoMouse, genetically modified to have a predisposition
towards cancer. The OncoMouse was developed and patented by researchers at
Harvard University and licensed exclusively to DuPont, which provided the research
funding. Controversy arose initially from the broad patent covering the OncoMouse
technology and later in DuPont’s restrictive licensing policies. DuPont made no
effort to generate improved OncoMouse models or to use the mouse in its own
research. Instead, it focused on generating revenues through high-cost sublicensing
to Pharma for modification and use of the mice for preclinical testing of anticancer
therapies.

In terms of access to academic researchers, DuPont imposed restrictive terms
contrary to community norms of the mouse community and distributed the mice via
the supplier Charles River Laboratories. These terms included limits on the infor-
mal exchange of mice amongst researchers, including novel lines made by the
researchers themselves; annual disclosure of published and unpublished findings
using the mice to DuPont; and reach-through rights on future discoveries made
using the OncoMouse. The response from the scientific community to these onerous
terms was overwhelmingly negative, with researchers ignoring the patent claims or
resisting through institutional channels. Institutional negotiation was significant in
altering the initially restrictive conditions of use set by DuPont. After 4 years of
negotiation, DuPont, JAX Labs, and the NIH signed a memorandum of understand-
ing (MOU) that allowed researchers to exchange OncoMice for nonprofit purposes,
using an agreement with simple conditions of use and without reporting requirements
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and reach-through rights. The MOU enabled JAX and other public repositories to
distribute. OncoMouse lines, making them widely accessible to the academic research
community (Bubela et al. 2012d).

The case of Cre—Lox mice is comparable to OncoMouse. While OncoMouse
originated in a Harvard laboratory, the powerful Cre—Lox technology for under-
standing gene function had its origins in the life sciences division of DuPont.
The technology enables specific genes to be turned on or off at differing develop-
mental stages or in specific tissues. DuPont strictly controlled access to Cre—Lox
mice using restrictive terms such as reach-through rights to inventions made
using the technology, monitoring of researchers and institutions, and exclusion
of non-signatories from access to materials and model organisms. This situation
was lifted when an MOU was negotiated between DuPont, the NIH, the University
of California (UC), and JAX. The MOU allowed JAX or universities to distribute
and share Cre—Lox mice with a simple, standardized conditions of use agreement
that eliminated reach-through licensing. The positive effect of these two cases
included a 1999 NIH policy discouraging the patenting of mouse tools developed
via NIH intramural funding (Schofield et al. 2009). In an excellent empirical
study, Murray et al. (2009) demonstrated that openness in OncoMouse and Cre—
Lox technology following their respective MOUs not only encouraged a greater
quantity of follow-on research measured through citation counts, but also enabled
new researchers to enter the field. This study clearly demonstrated the positive
impact of developing institutional mechanisms to develop and distribute research
tools (Bubela et al. 2012d).

Many guidelines now exist for best practices in licensing of technologies and
research reagents developed in publicly funded research laboratories (e.g., OECD
2006). One practice is the implementation of standardized MTAs with simplified,
nonrestrictive terms of transfer, such as the NIH’s Uniform Biological Material
Transfer Agreement (UBMTA), which provides a standard format to simplify nego-
tiation of terms and expedite dissemination of resources (NIH 1995). However, stan-
dard form agreements are difficult to implement in practice and have been resisted
for dissemination of biological materials compared to open access to data and
deposit of data in public databases. In the absence of such standard agreements,
institutions should consider the following in negotiating MTAs (Gold and Bubela
2007). There needs to be a realistic assessment of value of the material and timelines
for commercial or clinical application. The complexity of the agreement should
reflect the goal, especially when that goal is broad distribution of research reagents.

Whenever possible, technologies should be licensed nonexclusively, with the
recognition that sometimes exclusive licenses are unavoidable, for example, in the
generation of a spin-off company. In either event, research institutions should retain
rights to utilize the material for noncommercial research purposes, and, if possible,
that right should extend to all such research in publicly funded institutions. Another
key point is to restrict benefits, including royalties and research use, to the material
being licensed and not reach through to inventions made using the licensed material.
In other words, if reach-through rights are frowned upon for the private sector, the
same should apply to public sector, even if those research rights are intended to
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expand noncommercial research access to follow-on innovations developed in
either the private or public sectors. Finally, as discussed above with respect to MTAs
for stem cell lines, in fields that tie materials to patient records or donor consent,
MTAs will, of necessity, be more complex than those that do not need to consider
donor consent.

3.6 Incentivizing Investment in Pre-competitive,
Collaborative Models

A final issue that confronts policy makers and funders in incentivizing collaborative
research is overcoming cultural barriers to the sharing of data and reagents.
Incentivizing sharing of data and reagents as well as collaboration is complicated by
strongly entrenched incentives towards commercializable research outputs (Bubela
et al. 2010; Caulfield et al. 2012). Universities and other research institutions are
under dual pressures from funders towards a market orientation as well as knowl-
edge generation as a public good (Berman 2012; Caulfield et al. 2012). The result is
conflicting attitudes and policies from funders, governments, and institutions on the
value of commercialization, industry linkages, and IPRs versus more basic or blue-
sky research (Caulfield et al. 2012). While commercialization activities are encour-
aged as one mechanism for ensuring a return on public sector investment in research,
such activities are also associated with secrecy, a reduction in collaborative research
activities, and the withholding of materials and data (Bubela et al. 2010; Walsh et al.
2007; Walsh and Hong 2003). The latter is contrary to building a pre-competitive
research environment facilitative of downstream clinical application.

Here we have argued that clinical translation of stem cell research will, in fact,
require a far greater understanding of biological systems, an enhanced pre-
competitive environment, and greater collaborative engagement from multiple sec-
tors. It is therefore essential to move away from simplistic metrics that capture a
linear commercialization model of innovation, through input—output measures
along an innovation pipeline (Langford et al. 2006). As stated by John H. Lingle,
performance metrics are key drivers of behavior, but “you get what you measure.
Measure the wrong thing and you get the wrong behaviors.”

Simple metrics are commonly used to judge the performance of TTOs and insti-
tutions in commercialization activities and include quantitative variables of inven-
tion disclosures, patents filed and granted, spin-off companies created, and licensing
revenues. Such simple count data, however, do not reflect the highly networked and
iterative processes needed for successful translational science (Bubela et al. 2010,
2012a). Other data may augment simple counts in an attempt to add a measure of
quality. For example, publication quality may be measured through Journal Impact
Factors and citation counts; the quality of individual researchers may be measured
by their H-index or similar index. Similar measures of quality exist for patents
where correlations exist between number of claims, number of jurisdictions covered
by the patent family, and the number of times a patent is cited (OECD 2009;
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Lanjouw and Schankerman 2004). Importantly, the number of citations to a patent
is related to its economic value (Trajtenberg 1990; Hall et al. 2001, 2005) as is the
degree to which a patent has been litigated (Allison et al. 2010).

However, while measures of quality are an improvement of simple count and
economic data, such metrics do not focus on the key aim of fostering multi-sectorial
collaboration to enhance the pre-competitive research environment. Towards that
goal, new scientometric and bibliometric tools enable the capture and analysis of
increasingly collaborative translational research pathways (Bubela et al. 2010)
through linkages between researchers (co-publication or co-inventorship) and insti-
tutions (author/inventor affiliations and inventor—assignee relationships). Network
analyses can visualize not only the collaborative projects but also position those
projects within the broader publication network of their respective fields. For exam-
ple, Bubela et al. (2010) used network analyses and visualizations to describe the
extent to which researchers within the Canadian Stem Cell Network collaborated
with other researchers and how those collaborations were positioned within the
international field. Tracked over time, network analyses can identify emerging or
persistent collaborative relationships.

Network analyses are made up of nodes (individuals, objects, institutions, firms,
or organizations) and the links between them. Questions may be asked about the
character and strength of the collaborations, especially the diversity of actors
required for translational research efforts (Huzair et al. 2011). Network statistics
can build evidence for the strength of the collaborations and their outputs. Statistics
for network nodes include number of distinct collaborators, characteristics of col-
laborators (e.g., type of individual, institutional type, H-index, seniority, field, edu-
cation, employment, country/region), and directionality of the collaborative links
(unidirectional, bidirectional, weighted, or unweighted). Network analyses can
identify central leaders in fields, brokers, gatekeepers, and activity hubs. In addi-
tion, network level measures include Density (total number of ties or links divided
by the total number of possible links) and Centrality (identifies lead individuals or
organizations in a network). In other words, the use by funding agencies and institu-
tions of metrics and analyses focused on networks and collaborations and the qual-
ity of outputs can be a key incentive to drive such behavior. Many funding agencies,
with IMI as a prime example, now focus on large-scale, multi-sectorial collabora-
tions for targeted research funding, a significant driver for such behavior (IMI
Executive Office 2013).

In addition, the policies that promote contributions to data and biological reposi-
tories also facilitate the expansion of the pre-competitive environment. However,
while a myriad of policies for data and materials exist, largely promoted by public
funders, these will have limited impact on individual researchers and the research
environment without some attention paid to enforcement (Schofield et al. 2010).
Enforcement points may be at the institutional level, through evaluation of researcher
performance, tenure, and promotion; at the funder level through withholding of
research funds or application review without proof of data/materials submission to
a repository; or by journals requiring evidence of such submission prior to publica-
tion. The latter is already an effective incentive for the deposit of sequence data into
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GenBank, the NIH’s annotated collection of all publicly available DNA sequences
for about 260,000 species (Benson et al. 2013).

For biobanks and databases, the main pre-competitive model operational within
the stem cell research field, these repositories can incentivize contributions by sim-
plifying deposit mechanisms, tracking submission sources, requiring acknowledge-
ment of the originator of the material or data in any research, or by creating an
identifier for material or data through which use may be tracked and reported to the
originator in the same way that publication citation statistics are reported (Schofield
et al. 2010). Such measures are under development in the animal model community.
Institutions and funders should encourage such metrics as an indication of the
broader utility of the research output.

3.7 Conclusion

Translational stem cell research requires both strong incentives for collaboration
and the expansion of the pre-competitive environment wherein knowledge flows are
enhanced by enabling the circulation of research tools, data, and platform technolo-
gies. This requires careful consideration of how IPRs are sought and how they are
managed, and with consideration given to the investment, both public and private,
needed to incentivize the development of new therapies that will hopefully flow
from the pre-competitive research environment. The translational stem cell field has
much to learn from other more established areas of research, such as the animal
model and genomics communities. Institutions, funders, and governments need to
implement appropriate metrics and enforcement structures, directed at quality of
outputs and collaborative activity. However, creative metrics that incentivize col-
laborations remain difficult to implement within conservative and traditionally
siloed academic reward systems.
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Chapter 4
The Patenting Landscape for Human
Embryonic Stem Cells

Kevin E. Noonan

4.1 Introduction

Patent protection in regenerative medicine, like patenting generally in biomedicine,
is an area fraught with controversy over the past decade. For a time, patent eligibil-
ity, particularly in the USA, was broadly granted based on expansive language from
the US Supreme Court’s decision in Diamond v. Chakrabarty, 447 U.S. 303 (1980).
Although the U.S. Patent and Trademark Office has relied on that language for more
than 30 years, recently some have questioned the wisdom of providing patent pro-
tection for human-derived molecules. These include composition of matter claims
to molecules such as DNA as well as claims to diagnostic methods. Opposition to
such patents has arisen for religious and political grounds, but also based on a fear
that patenting may inhibit innovation in this area. While there is little empirical sup-
port for this sentiment, the fear persists and can influence courts and policymakers
(Heller and Eisenberg 1998).! In this chapter I provide a review of some of these
issues and how they have affected patent protection in regenerative medicine.
I begin by reviewing some key elements of patents, particularly as they relate to
patenting living biological entities. A brief history of efforts to patent stem cells and
reaction to these efforts follows, including the application of the US law from legis-
lative actions regarding federal funding of stem cell research, Congressional patent
reform activities and recent relevant court cases in the USA and Europe. Future
prospects are also discussed.

!'See also, SACGHS (2009); The Hinxton Group (2008a, b); Cook-Deegan et al. (2009).
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4.2 Patenting: A Brief Primer

4.2.1 The Basics of Patent Law

The basics of patent law have become increasingly harmonized between the USA
and the rest of the world, particularly Europe, over the past several decades. Patents
are granted on machines, manufactured goods, processes and compositions of mat-
ter that satisfy three basic patentability requirements: novelty, non-obviousness (in
Europe, inventive step), and utility (or industrial applicability). In addition, all coun-
tries require disclosure of the invention in “such full, clear, concise, and exact terms
as to enable any person skilled in the art to which it pertains, or with which it is most
nearly connected, to make and use” it.2 Until recently, the US law also contained a
provision requiring disclosure of the “best mode” of making and using the invention
(although this remains, failure to comply can no longer be the basis for invalidating
a patent). This disclosure requirement is considered the “quid pro quo” of the patent
grant, representing the exchange of full disclosure of the invention in return for the
right to exclude others to make, use, sell, offer to sell or import a patented product
or practice a patented method.?

The disclosure requirement is intended to provide two benefits to the public. The
first is immediate: disclosure of the invention provides the skilled worker with infor-
mation (which is not patented) that can be used either to “design around” a patented
product or, more frequently, spark additional creativity and invention based on the
advancement in the art the disclosed invention represents. The second benefit comes
after the patent expires: because the inventor has satisfied the disclosure requirement
(which is far stricter than the requirements for publication in a scientific journal, for
example), the person skilled in the art to which the invention pertains is capable of
practicing the invention throughout its full scope. The extent of this benefit varies
with technology; it may not be as valuable for cell phones due to their relatively short
obsolescence timelines, but for biotechnology, the pharmaceutical arts, and regen-
erative medicine, the technology generally holds its value for a much longer time.

This second benefit is also related to an often overlooked feature on patents (at
least when any innovation-diminishing aspects are discussed): patents expire, gen-
erally 20 years after the earliest filing date of the first patent application that is filed
on the technology.* Even that term requires payment of maintenance fees that
increase over time. These fees are intended to provide an incentive for patentees to
dedicate their patent rights to the public if the revenues generated from the technol-
ogy a patent protects do not justify the cost of the maintenance fee payment. Thus,
the term of a patent, while having a fixed expiration date, does not always survive to
achieve that extent of the exclusionary period.

235 U.S.C. §112, first paragraph.
335U.S.C. § 271(a).

“Because the 20 year term only came into effect in the U.S. after the adoption of the GATT/TRIPS
agreement in 1995, there are some biotechnology patents having longer terms under the old regime
of 17 years from grant date.
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4.2.2 Patentable Subject Matter: “Anything Under
the Sun Made by Man”

The modern era of patent protection for biotechnology began with the companion
cases of Diamond v. Chakrabarty and In re Bergy.’ While the Chakrabarty case was
the more influential, setting a US Supreme Court precedent, Judge Giles Sutherland
Rich’s analysis in Bergy set forth important precedent relating to the patent eligibil-
ity of living things. Surveying more than 100 years of patents, from Louis Pasteur’s
yeast strain that saved the French wine industry in the Nineteenth Century to later
patents on various microbial and other species, the Bergy opinion rejected protesta-
tions from the Patent Office that living things should not be patent-eligible per se
and that provisions of patent law regarding plant protection (specifically, the Plant
Protection Act of the Plant Variety Protection Act) indicated a Congressional intent
not to patent other life forms.

The Supreme Court came to a similar conclusion: while Bergy involved the pat-
ent eligibility of a “biologically pure culture” of a naturally occurring bacterium
(Streptomyces vellosus, that produced the antibiotic lincomycin), the Chakrabarty
invention was a genetically engineered Pseudomonas aeruginosa bacteria capable
of metabolizing components of crude oil, intended to provide a biological ability to
clean up oils spills in the ocean.’ The Court’s decision, that Chakrabarty’s bacteria
was patent-eligible, was based on the perception that the difference between the
patent-eligible and non-eligible depended on whether there was significant evidence
of the “hand of man” that transformed the bacteria into something that did not exist
in nature. The Court held that Chakrabarty’s bacteria was patent-eligible because
the subject matter could be distinguished from earlier precedent barring patenting of
laws of nature or that did not show sufficient evidence of the “hand of man” to pass
patent eligibility muster.’

However, it was the expansive scope of the Chakrabarty decision that was most
significant. The Court found that Congress had evinced a desire that patent eligibil-
ity should be construed broadly, because the statute used the word “any” to modify
the particularly enunciated scope of patent-eligible subject matter, and the legisla-
tive history was in accord, stating that Congress’s intent was that “anything under
the sun made by man” would be patent-eligible. Although the decision was only
5-4, the effect of the Court’s language was to encourage the Patent Office to remove

3596 F.2d 952 (C.C.P.A. 1979).

®The bacterium was not a recombinant organism, i.e., no novel recombinant genetic construct was
introduced. Rather, using conventional transduction protocols Chakrabarty introduced three natu-
rally occurring plasmids into the bacteria and selected a stable strain. These plasmids encoded
members of a metabolic pathway that contributed to digestion of the crude oil components by the
bacteria.

"In the former case, Funk Bros. Seed Co. v. Kalo Inoculant Co., 333 U.S. 127 (1948), the claims
recited any combination of Rhizobium bacteria that could be cultured together; claims in the latter
case, Am. Fruit Growers v. Brogdex Co., 283 U.S. 1 (1931), were directed to borax-impregnated
oranges.
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most restrictions on subject matter eligibility. Coupled with the Bergy decision (in
which the PTO’s supervisory court deemed the “biologically pure culture” of a nat-
urally occurring bacterium not to be a “product of nature”), the Office’s practice was
to permit patents on “isolated” or “isolated and purified” genes, proteins, cells,
metabolites, and other products of biological processes. This included multicellular
organisms, most significantly a mouse that expresses an oncogene (c-myc) that con-
fers on the mouse susceptibility for breast cancer (commonly termed the “Harvard
oncomouse,” U.S. Patent No. 4,736,866).% These claims had in common that they
were required to recite that the claimed subject matter was “isolated” (or alterna-
tively, “purified” or “isolated and purified”), and for claims to animals to recite a
“non-human animal,” in deference to the provisions of the 13th Amendment. This
PTO action expanded the scope of patentable organisms from the microscopic to the
mammalian, generating significant controversy, particularly in foreign countries.’

Legal challenges to these practices were few and generally dismissed on proce-
dural grounds. During this period, several thousands of patents on the products of
the biotechnology revolution were routinely granted and, generally, unchallenged in
the courts. However, many commentators questioned the patent eligibility of genes
and other biological molecules, often based on perceived threats to innovation that
these patents could present (Heller and Eisenberg 1998).

4.3 Patenting Stem Cells

Patented stem cells initially fit easily into the statutory, administrative, and expan-
sive judicial framework engendered by the Chakrabarty decision. The first stem cell
patents were directed to hematopoietic stem cells (e.g., U.S. Patent No. 5,436,151
and 5,670,147), fetal/neonatal cells (e.g., U.S. Patent No. 5,004,681), and mesen-
chymal cells (e.g., U.S. Patent No. 5,827,740). Embryonic stem cells were first
patented from animals (e.g., birds (U.S. Patent Nos. 5,340,740 and 5,656,479) and
mice (U.S. Patent Nos. 5,453,357 and 5,985,659)). The first human embryonic stem
cell patents were granted to James Thomson from the University of Wisconsin (U.S.
Patent Nos. 5,843,780; 6,200,806; 7,029,913; see, Table 7.1), and in many respects,
represent the “high water mark” of claiming biotechnological inventions, being
directed not just to biological material but to cells that, under the right conditions,
could be used to create a human being. Since the first of these patents, more than
1,000 patents claiming stem cells have been granted in the USA. Worldwide, there
are several thousand patents on human and nonhuman stem cells, as well as a
smaller number of patents on embryonic stem cells (Table 4.1).

8Claim 1. A transgenic non-human mammal all of whose germ cells and somatic cells contain a
recombinant activated oncogene sequence introduced into said mammal, or an ancestor of said
mammal, at an embryonic stage.

For example, the Canadian Supreme Court overruled the Canadian Patent Office and lower courts
and required cancelation of claims to the mouse itself, while in Europe the patent was ultimately
revoked after extensive opposition proceedings by 17 separate opponents.
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Table 4.1 First embryonic stem cell patents (J. Thomson)
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U.S. Patent No. 5,843,780

U.S. Patent No. 6,200,806

U.S. Patent No. 7,029,913

A purified preparation of
primate embryonic stem
cells which (i) is capable
of proliferation in an in
vitro culture for over 1
year, (i) maintains a
karyotype in which all the
chromosomes characteris-
tic of the primate species
are present and not
noticeably altered through
prolonged culture, (iii)
maintains the potential to
differentiate into
derivatives of endoderm,
mesoderm, and ectoderm
tissues throughout the
culture, and (iv) will not
differentiate when cultured
on a fibroblast feeder layer

A purified preparation of
pluripotent human
embryonic stem cells
which (i) will proliferate
in an in vitro culture for
over 1 year, (ii)
maintains a karyotype in
which the chromosomes
are euploid and not
altered through
prolonged culture, (iii)
maintains the potential
to differentiate to
derivatives of endoderm,
mesoderm, and ectoderm
tissues throughout the
culture, and (iv) is
inhibited from differen-
tiation when cultured on
a fibroblast feeder layer

A replicating in vitro cell culture

of human embryonic stem
cells comprising cells which
(1) are capable of prolifera-
tion in in vitro culture for
over 1 year without the
application of exogenous
leukemia inhibitory factor,
(i) maintain a karyotype in
which the chromosomes are
euploid through prolonged
culture, (iii) maintain the
potential to differentiate to
derivatives of endoderm,
mesoderm, and ectoderm
tissues throughout the
culture, and (iv) are inhibited
from differentiation when
cultured on a fibroblast
feeder layer

4.4 Let the Backlash Begin

The reaction to such patents, and human embryonic stem cell technology generally, was
not altogether positive. In a national address on August 9, 2001, President George W.
Bush established a ban on Federal government funding for stem cell research with the
exception of a set of identified, preexisting stem cell lines. Permitting the use of these
lines in principle allowed some research to proceed, while preventing the creation and
use of new lines, and was meant to satisfy those who opposed the use of embryos for
research. Yet most of the designated lines could not be used for research, either because
they were not made available to scientists, were not true cell lines, or otherwise were not
usable (Murugan, 2009).1° As a consequence, many advances in stem cell research dur-
ing this period were made abroad, in the United Kingdom, Singapore, Australia, and
other countries that permit embryos to be used for research. Several states (including
California and Massachusetts) established mechanisms for funding embryonic stem cell
research, with the effect of differing policies for funding and executing research within
a single country. As described in the next section, the Obama Administration changed
federal funding policy and guidelines for research.!! Stem cell research has been sup-
ported in some countries and opposed in others (See Appendix A). In Europe patenting
stem cells have been opposed several times.!2

10For discussions of the politics of the decision, see, for example, Shulman (2006), Mooney (2006)
and Kass (2002).

"Executive Order 13505, “Removing Barriers to Responsible Scientific Research Involving
Human Stem Cells” (March 9, 2009).

12See infra at “7.5.3 The Rest of the World: What’s the Situation in Europe?”


http://edocket.access.gpo.gov/2009/pdf/E9-5441.pdf#_blank 
http://edocket.access.gpo.gov/2009/pdf/E9-5441.pdf#_blank 
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The most significant challenge to stem cell patents in the USA was raised by the
Public Patent Foundation (PubPat), a public interest group headed by Daniel
Ravicher, a law professor at Cardozo School of Law in New York, joined by The
Foundation for Taxpayer and Consumer Rights (FTCR) (now known as Consumer
Watchdog), a California taxpayer group. Both ex parte and inter partes reexamina-
tion requests were filed (and granted) against the Thomson patents.'* The Office
initially rejected the claims of each of the patents in reexamination; this was not
surprising, since it is rare for a reexamination request to be granted unless there are
objective grounds for a rejection." The patent holder, the Wisconsin Alumni
Research Foundation (WARF), responded by amending claim 1 of the ‘608 patent
(directed to the stem cells themselves), to recite that the stem cells were “derived
from a preimplantation embryo.” WARF also amended claim 9 (directed to methods
for producing the stem cells) to recite that the cells produced by the method were
“capable of proliferation as undifferentiated cells for more than 1 year.” The ‘806
patent’s claims were similarly amended. WARF’s arguments were buttressed by an
expert declaration from a mouse embryologist, who averred to failure of others to
isolate human and nonhuman stem cells. The Patent Office determined that the
amended claims of both patents remained patentable after reexamination,' and in
due course issued reexamination certificates for both patents.

A similar outcome was achieved for the infer partes reexamination at least ini-
tially.'® Rejecting the grounds of unpatentability asserted by the requestors, the
Office asserted its own grounds of rejection based on lack of novelty and obvious-
ness.!” WARF responded as it had in the ex parte reexaminations. However, the
requestors had the opportunity to comment on WARF’s responses, by submitting
competing expert declarations of their own. These declarations, made by stem cell
researchers, asserted that Dr. Thomson was able to produce human embryonic stem
cells because he had unique access to human embryos obtained from an Israeli sci-
entist, as well as funding from Geron, a California company that had exclusively

3The ex parte reexaminations against U.S. Patent No. 5,843,780 and 6,200,806 were assigned
Control Nos. 90/008102 and 90/008139, respectively, and the inter partes reexamination against
U.S. Patent No. 7,029,913 was assigned Control No. 95/000154. The complete file histories of
these reexaminations can be viewed under the Public portion of the Patent Application Information
Retrieval (PAIR) system at www.uspto.gov.

14The grounds of rejection asserted by the Patent Office in reexamination of “the ‘780 patent that
the claims were unpatentable for lack of novelty under 35 U.S.C. § 102(b) or for being obvious
under 35 U.S.C. § 103(a) over a variety of references that were published prior to the priority date
of the Thomson patents.

15 Supra note 13.

1*The grounds asserted by the requestors in the infer partes reexamination were slightly different
than in the ex parte reexaminations, due to the requestors’ ability to submit affidavit evidence inter
partes. The grounds of unpatentability asserted were supported by declaration evidence and the
prior art references cited in the parallel ex parte reexaminations. See supra note 13, supra.

7 The Office expressly rejected the assertions in the declaration as the basis for its determination,
stating that it expressed “opinion on the ultimate legal issue without providing sufficient underly-
ing factual support.” Supra note 13.
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licensed WARF’s stem cell patents in certain fields of application. They argued that
Dr. Thomson succeeded in isolating human ES cells where others failed merely due
to access to resources (human embryos) and funding others did not have. The
Examiner determined that this was merely hindsight reasoning and thus impermis-
sible for consideration in a determination of obviousness. The Office withdrew the
asserted grounds of rejection and refuted or rebutted the comments made by the
requestors in finding the claims allowable. In doing so, the Office cited numerous
prior art references supporting the non-obviousness of the Thomson claims. This
evidence supported the Examiner’s position that the art showed that isolating human
ES cells were sufficiently unpredictable to amount to undue experimentation (unless
and until ES cells from a particular species had been made).

However, the requestors appealed to the Board of Patent Appeals and
Interferences, who rendered a decision overturning the Examiner’s patentability
decision on the obviousness issue, based on the Board’s determination that it would
have been “obvious to try” to obtain human embryonic stem cells in view of the
successes with other mammalian species.'® The Board also was not convinced that
production of human embryonic stem cells was not sufficiently unpredictable to
render the claims nonobvious. On remand, the Examiner duly asserted these
grounds, and WARF responded with evidence and argument rebutting the grounds
of rejection. In November, 2011, the Examiner once again determined that the
claims were patentable over the prior art of record but has not entered an Action
closing prosecution (necessary to trigger the requestors’ right to file another appeal).

The ultimate fate of the WARF/Thomson patents may not be determined before
they expire in 2015. Moreover, the reexaminations were limited to reconsideration
based, as is statutorily required, on prior patents and publications and allegations of
obviousness and lack of novelty. Since these reexaminations were filed, additional
grounds for attacking stem cell patents and patents claiming other human-derived
biological molecules (specifically, isolated DNA) have been mounted by PubPat
and the American Civil Liberties Union based on these molecules not being statu-
tory subject matter. One lawsuit in particular, Association of Molecular Pathologists
et al. v. U.S. Patent and Trademark Office et al. (involving Myriad Genetics), has
raised the possibility that the broad scope of patent eligibility created by the
Chakrabarty decision is open to reconsideration by the current Supreme Court
and indeed the Supreme Court has limited the scope of subject matter eligibility in
its decision in this case.!” Other developments, in Congress and the Obama
Administration, also suggest that patent scope is being seriously reconsidered. Key
cases and developments will be discussed in the next section.

'81n its decision, the Board reinstated rejection for obviousness under 35 U.S.C. §103(a) on the
following grounds: (1) that claims 1-3 were unpatentable over U.S. Patent No. 5,166,065 to
Williams; (2) that claims 1-3 were unpatentable over the combination of the Robertson ‘83 refer-
ence, the Robertson ‘87 reference, the ‘065 patent, and the ‘926 patent; (3) that claims 1-3 were
unpatentable over the combination of the Piedrahita reference, the ‘065 patent and the ‘926 patent;
and (4) that claims 1-3 were unpatentable over the combination of the Robertson ‘83 reference, the
Robertson ‘87 reference, the Piedrahita reference, the ‘065 patent, and the ‘926 patent.

19702 F. Supp.2d 181 (S.D.N.Y. 2010).
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4.5 What’s Happening Now

Each of the three branches of government in the USA, the executive, legislative, and
judicial, are in a position to influence stem cell policy and the extent to which the
law promotes or inhibits stem cell research. While there have been no changes spe-
cific to stem cell patents, there are a few troubling trends that may raise issues
regarding the continued scope or even eligibility of stem cell patents.

4.5.1 The Executive Branch

Guidelines promulgated by the National Institutes of Health regarding Federally
funded stem cell research have expanded the number of approved human embryonic
stem cell lines from 69 to well over 1,000 and have made a more favorable climate
for deriving new lines, greatly increasing the potential for more rapid development
of the technology (and concomitant creation of patents and other IP rights).?® The
Guidelines were promulgated pursuant to Executive Order 13505 on March 9, 2009,
entitled “Removing Barriers to Responsible Scientific Research Involving Human
Stem Cells.” These Guidelines establish a stem cell registry administered by the
National Institutes of Health and provide certain restrictions for cells entered into
the registry (but many fewer than under the Bush administration).?! The Guidelines
continue to prohibit Federal funding for research that in any way introduces human
embryonic stem cells into a nonhuman animal for breeding experiments. There are
no provisions for “grandfathering” already established cell line: these are being indi-
vidually evaluated under ethical principles contained in the Guidelines as well as 45
CFR Part 46 Subpart A (Protection of Human Subjects). The Guidelines also assert
that the Institute expects “that stem cell research materials developed with NIH
funds, as well as associated intellectual property and data, will be distributed in
accordance with the NIH’s existing policies and guidance, including ‘Sharing
Biomedical Research Resources, Principles and Guidelines for Recipients of NIH
Grants and Contracts’ and ‘Best Practices for the Licensing of Genomic Inventions’”
(see NIH Policies & Reports page). While these developments are encouraging, they
may be ephemeral as political and social climates change with each election cycle.
New administrations have substantial power to oppose or restrict stem cell research.

The U.S. Patent and Trademark Office (a unit of the Department of Commerce)
has not changed its policies concerning patents claiming human stem cells or their
uses, including embryonic, adult and tumor-derived, human and nonhuman cells.

2'National Institutes of Health Guidelines for Human Stem Cell Research, 74 Fed. Reg. 32,170
(July 7, 2009).

2'The Guidelines also provide a shortened path for cells established before the Guidelines were
promulgated, requiring that the cells were created using in vitro fertilization for reproductive pur-
poses and were no longer needed for this purpose; and were donated by donor(s) who gave volun-
tary written consent for the human embryos to be used for research purposes.
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In fact, some two dozen patents were granted in 2011-2012.%> However, the U.S.
Department of Justice, in its amicus brief in the Myriad case, has taken the position
that “products of nature” that are merely isolated and not otherwise changed should
be ineligible for patenting. This posture would seem to preclude patent protection
for human stem cells.

4.5.2 The Legislative Branch

After a decade of failed attempts, Congress passed comprehensive patent reform in
the USA in 2011.% There are no provisions that expressly recite stem cells (human
or otherwise), but Section 30 of the law as enacted includes a provision (to be codi-
fied as part of 35 U.S.C. §101) that may impact the patent eligibility of human stem
cell claims:

Sec. 30. LIMITATION ON ISSUANCE OF PATENTS

(a) LIMITATION: Notwithstanding any other provision of law, no patent may
issue on a claim directed to or encompassing a human organism.
(b) EFFECTIVE DATE:

(1) IN GENERAL: Subsection (a) shall apply to any application for patent that
is pending on, or filed on or after, the date of enactment of this Act

(2) PRIOR APPLICATIONS: Subsection (a) shall not affect the validity of any
patent issued on an application to which paragraph (1) does not apply.

This change in the law codifies the Weldon amendment, an amendment added
to every appropriations bill since 2004 which states: “None of the funds appropri-
ated or otherwise made available under this Act may be used to issue patents on
claims directed to or encompassing a human organism.”** That amendment had
been routinely accompanied by assurances that it was not intended to limit patent-
ing of genes or other products of biotechnology, as evidenced, inter alia, by a
November 20, 2003 letter from Senator Ted Stevens (R-AK) to USPTO Director
Rogan and colloquy on the House floor between Reps. Weldon (15th Dist. FL) and

2Patents granted in 2011 and 2012 include U.S. Patent Nos. 7,932,084 and 8,119,398 issued on
2/21/2012 (adipose stem cells), 7,947,501 (recombination in human ES cells), 7,955,846 (female
germline stem cells), 7,955,850 (dental pulp-derived stem cells), 7,964,402 (clonal populations of
hESCs), 7,968,336 (fetal stem cells), 7,968,337 (neural stem cells), 7,972,767, 8,084,023, and
8,142,773 issued on 3/27/2012 (mesenchymal stem cells), 7,976,836 and 8,057,789 (placental
stem cells), 7,994,144 and 8,017,393 (hematopoietic stem cells), 8,034,329 (umbilical cord stem
cells), 8,110,399 issued on 2/7/2012 (islet of Langerhans stem cells), 8,153,359 issued on
4/10/2012 (toxicity studies in human ESCs) and 8,153,421 issued on 4/10/2012 (prostate stem
cells).

3 The Leahy Smith America Invents Act, Pub. L. No. 112-29. (September 16, 2011).

% See, for example, Consolidated Appropriations Act of (2010), Pub. L. NO. 111-117, 123 Stat.
3034, 3153.
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Obey (7th Dist. WI).? Specifically excluded from the scope of this exemption have
been the following:

1. Any chemical compound or composition, whether obtained from animals or
human beings or produced synthetically, and whether identical to or distinct
from a chemical structure as found in an animal or human being, including but
not limited to nucleic acids, polypeptides, proteins, antibodies, and hormones;

2. Cells, tissue, organs, or other bodily components produced through human inter-
vention, whether obtained from animals, human beings, or other sources; includ-
ing but not limited to stem cells, stem cell-derived tissues, stem cell lines, and
viable synthetic organs;

3. Methods for creating, modifying, or treating human organisms, including but not
limited to methods for creating embryos through in vitro fertilization, methods of
somatic cell nuclear transfer, medical or genetic therapies, methods for enhanc-
ing fertility, and methods for implanting embryos;

4. A nonhuman organism incorporating one or more genes taken from a human
organism, including but not limited to a transgenic plant or animal, or animal
models used for scientific research.

However, it is unclear whether these Congressional caveats will withstand the
expected court challenge that human-derived biomolecules should fall within the
scope of this exclusion. For now, it may be enough that similar limitations on patent-
ing human beings are already part of the U.S. Patent Office practice? and thus that
this portion of the statute should be interpreted merely to maintain the status quo.*’

4.5.3 The Judicial Branch

Like the other branches, the issue of stem cell patent eligibility has not arisen in US
courts except for a failed attempt to prevent Federal funding of stem cell research
Sherley v. Sebelius, 644 F.3d 388 (D.C. Cir. 2011). But two life sciences cases
threaten a shift in the patenting zeitgeist that could raise additional impediments to
human stem cell patenting in the USA.

The first of these, Mayo Collaborative Services v. Prometheus Labs., Inc., was
decided in 2012.2® The case involved a method for optimizing therapeutic drug
administration by testing patient blood for the presence of the drug or its metabo-
lites. Specifically, the drug thiopurine would be given, metabolites from the drug
made by the body were then measured, and the information used to adjust the

2 Speech of Hon Lamar Smith of Texas, 112 Cong. Rec. E1182-E1185 (June 22, 2011).
26 See Manual of Patent Examining Procedure 8th Ed. § 2105 (Revised August 2012).

27“If the broadest reasonable interpretation of the claimed invention as a whole encompasses a
human being, then a rejection under 35 U.S.C. 101 must be made indicating that the claimed inven-
tion is directed to nonstatutory subject matter.” Id

%132 S.Ct. 1289 (2012).
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administered dose if it fell outside a specific therapeutic window. The claims were
found to be ineligible for patenting because the Court emphasized that “laws of
nature” (and by implication, for some, “products of nature”) are not eligible for
patenting per se. The Court further seemed concerned with allegations by medical
groups and others that such patents retarded innovation and prevented doctors from
providing medical care to patients. Justice Breyer, writing for a unanimous Court,
based his conclusion that the Prometheus claims were not patent-eligible by reason-
ing that the claims recited nothing more than a law of nature coupled with “routine,
conventional and well-known” methods. According to the Court’s thinking, permit-
ting claims to be patentable risked tying up basic tools of scientific and technologi-
cal work so that the public would not be able to use these tools for further and future
innovation. These sentiments would appear to be ripe for exploitation by groups
who oppose human stem cell patenting in that it would provide a rationale for the
Court to find against stem cell patents on similar grounds.

The other case, Association of Molecular Pathologists v. U.S. Patent and
Trademark Office, involved claims to isolated DNA molecules encoding human
BRCA genes and method claims for determining risk for developing breast and
ovarian cancer based on the presence of particular mutations in the BRCA genes.”
The district court ruled that both the isolated DNA claims and the diagnostic method
claims were not eligible for patenting. The Federal Circuit reversed the decision as
to the isolated DNA claims but affirmed as to the method claims. The plaintiffs
petitioned for Supreme Court review and the Court granted their petition, vacated
the Federal Circuit opinion, and remanded the case to the appellate court for recon-
sideration in view of the Mayo decision. While the Federal Circuit’s earlier decision
was firmly grounded in the prevailing Supreme Court precedent (including
Chakrabarty), the case was sent back to the lower court for reconsideration in view
of the Court’s Mayo decision is troubling. Plaintiffs in the case, in earlier argument
and particularly in more recent briefing and oral argument before the Federal
Circuit, have argued that isolated DNA is not sufficiently distinctive from native
DNA to be patent-eligible; these arguments were based primarily on the identity
between the sequence of the native and isolated DNA. Remand also suggested that
the Court may be considering a further expansion of its recent predilection to reduce
patent rights.*® The Federal Circuit has once again ruled, substantially along the
same lines of reasoning used in its initial opinion, that isolated DNA comprises

2669 F.Supp. 2d 365 (S.D.N.Y. 2009), affirmed in part, reversed in part, 653 F.3d 1329 (Fed. Cir.
2011), certiorari granted, decision vacated and remanded, 2012 U.S. LEXIS 2356 (U.S. Mar. 26,
2012).

3 See, for example, the Court’s decisions in KSR Int’l Co. v. Teleflex Inc 127 S.Ct. 1727 (2007).
(expanding obviousness), eBay Inc. v. MercExchange LLC 547 U.S. 388 (2006) (reducing injunc-
tions), Quanta Computer, Inc. v. LG Electronics, Inc 553 U.S. 617 (2008). (expanding scope of
patent exhaustion), Merck KGAA v. Integra Lifesciences I, Ltd. 545 U.S. 193 (2005) (expanding
scope of “safe harbor” for FDA submissions), Microsoft Corp. v. AT&T Corp. 550 U.S. 437 (2007)
(reducing scope of extraterritorial reach of U.S. patent law), Festo Corp. v. Shoketsu Kinzoku
Kogyo Kabushiki Co., 535 U.S. 722 (2002) (reducing scope of doctrine of equivalents, i.e., the
extent to which insignificant changes to a claimed invention will still invoke patent infringement
liability), and Medimmune, Inc. v. Genentech, Inc. 549 U.S. 118 (2007) (expanding declaratory
judgment jurisdiction for challenging patents).
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statutory subject matter under 35 U.S.C. §101. Association for Molecular
Pathologists et al. v. U.S. Patent and Trademark Office et al., 689 F.3d 1303
(Fed. Cir. 2012).

One significant voice before the Federal Circuit was the US government by way
of an amicus curiae brief to the court by the Department of Justice.! The Justice
Department recommended that the court find that certain forms of DNA, specifi-
cally complementary DNA (cDNA) that is enzymatically synthesized from cellular
messenger RNA (mRNA, should be patent-eligible, but genomic DNA and even
synthetic oligonucleotides not be patent-eligible as being “merely” isolated prod-
ucts of nature. The government took the position that if a DNA molecule could be
observed in nature (using a hypothetical “magic microscope”) then that DNA should
not be patented.

The Supreme Court granted certiorari on the question of “Are human genes pat-
entable,” and at the end of the recent term ruled substantially as advocated by the
government.*> According to the Court, cDNA satisfied patent eligibility require-
ments while genomic DNA did not. The Court used as its rationale that permitting
genomic DNA to be patented would inhibit innovation by precluding research on
such DNA, contravening its earlier precedent in Funk Bros. Seed Co. v. Kalo
Inoculant Co., 333 U.S. 127 (1948).

Thus, while there have been few policy decisions, laws, or court decisions
expressly directed to human stem cells, it is clear that this recent decision by the US
Supreme Court could be applied to stem cells (as well as all other biologically
derived inventions) to be much more restrictive of exclusive rights for human-derived
materials.*® This represents a dramatic shift from the rationale from the Chakrabarty
case and the expansive scope of protection that arose as a result of that decision.

4.6 The Rest of the World: What’s the Situation in Europe?

The member states of the European Union are anything but united on the question
of human embryonic stem cell research and patenting, with several countries ban-
ning the practice (Austria, France, Germany, Italy, The Netherlands, and Spain)
while others do not (Belgium, Sweden, and the United Kingdom).

Patent protection for human stem cells in Europe recently became much more
uniform, however, with a decision from the European Court of Justice (ECJ) that a
procedure involving removal of stem cells from a blastocyst-stage embryo cannot
be patented.** That decision under the “public morality” provisions of the EU

31 The Patent and Trademark Office did not join in this brief, and it is widely believed that the
Office does not agree with the brief’s recommendations or conclusions.

2 Ass’n for Molecular Pathology v. Myriad Genetics, Inc., 133 S. Ct. 2107 (2013).

3 Whether alternative embodiments, such as pluripotent stem cells produced by specific treatments
of ESCs, would fall within any such preclusive determination of patent eligibility is unclear.
*#Qliver Briistle v. Greenpeace eV, European Court of Justice C-34/10, (Oct. 18, 2011).
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heeded the recommendation of the court’s advocate general that hESCs are not
patent-eligible subject matter.> The case began in 2004, when Greenpeace sued in
German federal court over a German patent to the University of Bonn involving
methods for deriving neural cells from hESCs (DE 197568664 C1). While German
laws regarding stem cell research have been characterized as the most restrictive in
Europe, research is permitted provided that it is performed with pluripotent (rather
than totipotent) cells, using cell lines not derived in Germany, and only cell lines
that were made prior to May 2007.% Nevertheless, Greenpeace argued that claims
to methods for using hESCs were “immoral and against public order.” There is no
corresponding provision under the US law.

The German federal court ruled for Greenpeace in 2006, and Dr. Briistle and the
University of Bonn appealed to the German Supreme Court. That court referred the
question to the ECJ, since German law was closely patterned on European Union
guidelines for biotechnology patenting. In the “Questions referred” to the ECJ, the
German court asked for clarification on the meaning of the term “human embryos”
in Article 6(2)(c) of Directive 98/44/EC of the European Parliament and in the
Council of 6 July 1998 statement on the legal protection of biotechnological inven-
tions (OJ 1998 L 213, p. 13). Clarification was also requested regarding the expres-
sion “uses of human embryos for industrial or commercial purposes,” specifically
whether this includes any commercial exploitation within the meaning of Article
6(1) of the Directive, especially use for the purposes of scientific research. Finally,
the court asked whether methods for producing hESCs or using them for technical
purposes are unpatentable. Specifically, the court requested guidance for situations
where the use of human embryos was not part of the technical teaching claimed
with the patent, but use of human embryos is a necessary precondition for the appli-
cation of that teaching. These situations could arise, for example, “because the pat-
ent concerns a product whose production necessitates the prior destruction of human
embryos or [] because the patent concerns a process for which such a product is
needed as base material.”

On March 10, 2011, the ECJ advocate-general, Judge Yves Bot, rendered an
opinion that human embryonic stem cell patents were “contrary to ethics and public
policy” because they required “industrial use” of human embryos. This recommen-
dation was not binding on the ECJ, but it was expected that the court would agree
with the advocate-general, since it is rare that such preliminary opinions are over-
ruled. In its decision, the ECJ cited the Directive on Biotechnology as well as the
relevant provisions of Articles 52(1) and 53 of the Convention on the Grant of
European Patents relating to broad scope of patent protection (limited, inter alia, by
consideration of “ordre public” or morality). The court also considered German law
(Paragraph 2 of the Patentgesetz) as amended to comply with the Directive, and
specifically the prohibition under German law of patenting “uses of human embryos

¥ Opinion of the Advocate General, Case C-34/10, Briistle v. Greenpeace, (March 10, 2011).

3 Germany, Bundestag, Stem Cell Act of 2002 (Stammzellgesetz), Bundesgesetzblatt [Federal Law
Gazette] 2002, Part I, no. 42, p. 2277, (June 29, 2002), §1-1.
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for industrial or commercial purposes,” and provisions of German law restricting
the uses to which embryos can be put outside the patent context (such as laws
against human cloning). Finally, the Court considered Europe’s international
responsibilities under the Trade-Related Aspects of Intellectual Property Rights
(TRIPS) agreement (an international agreement administered by the World Trade
Organization), and specifically the provisions of Article thereof that permits mem-
ber states to limit the scope of patent protection in some circumstances.’’ In its deci-
sion, the ECJ held that “any human ovum must, as soon as fertilized, be regarded as
a ‘human embryo’ within the meaning and for the purposes of the application of
Article 6(2)(c) of the Directive, if that fertilization is such as to commence the pro-
cess of development of a human being.”* In addition, the court put into the “human
embryo” category cloned ova (wherein the nucleus of a somatic cell is introduced
into an enucleated ovum) and ova stimulated to divide parthenogenetically. The
court then decided that the capacity for a totipotent or pluripotent human embryonic
stem cell to develop into many or all human tissues was sufficient for them to qual-
ify as a “human embryo”.

The court further found that uses of hESCs for scientific research are encompassed
(and precluded) by the Directive insofar as the use is subject to patent protection,
because “clearly the grant of a patent implies, in principle, its industrial or commer-
cial application.” Briistle v. Greenpeace, Case C-34/10, Oct. 18, 2011, at para. 41. In
making this determination, the ECJ distinguished scientific research usage from uses
for therapeutic or diagnostic purposes directed to the embryo, which are entitled to
patent protection under other provisions of the Directive. The court also answered the
question of whether a process is patent-ineligible where the “purpose is not the use of
human embryos, where it concerns a product whose production necessitates the prior
destruction of human embryos or a process for which requires a base material obtained
by destruction of human embryos,” (Id. at para. 47) holding that such processes are
patent-ineligible because “the removal of a stem cell from a human embryo at the
blastocyst stage entails the destruction of that embryo™: (Id. at para. 48).

Accordingly, on the same grounds as those set out in paragraphs 32 to 35 above,
an invention must be regarded as unpatentable, even if the claims of the patent do
not concern the use of human embryos, where the implementation of the invention
requires the destruction of human embryos. In that case too, the view must be

37 Article 27 reads as follows: “Members may exclude from patentability, inventions, the preven-
tion within their territory of the commercial exploitation of which is necessary to protect ordre
public or morality, including to protect human, animal or plant life or health or to avoid serious
prejudice to the environment, provided that such exclusion is not made merely because the exploi-
tation is prohibited by law.” Agreement on Trade-related Aspects of Intellectual Property Rights,
Part 11, Section 5, Article 27. Individual countries can make their own decisions based on moral
objections (or acceptance) of a technology; for example, Sweden granted a patent for human ES
cells (SES536490) based on the argument that while producing human ES cells was required, the
cells may have been isolated long before the invention was made (and hence embryos were not
instrumentalized or did not require repeated use of embryos (an element in Swedish patent law).
See Torremans (2010. p. 299) and Salter (2007).

¥ Oliver Briistle v. Greenpeace eV, European Court of Justice C-34/10, para. 35 (Oct. 18, 2011).
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taken that there is use of human embryos within the meaning of Article 6(2)(c) of
the Directive. The fact that destruction may occur at a stage long before the imple-
mentation of the invention, as in the case of the production of embryonic stem cells
from a lineage of stem cells the mere production of which implied the destruction
of human embryos is, in that regard, irrelevant.” Oliver Briistle v. Greenpeace eV,
European Court of Justice C-34/10, para. 49 (Oct. 18, 2011).

The ECJ’s decision is binding on the member states of the European Community.
However, more recently on 27 November 2012, the German court determined that
in vitro cells derived from the blastocyst stage of embryo development did not
themselves have the capability to develop into people, and therefore did not count
as human embryos, thereby distinguishing the ECJ’s ruling. It remains to be seen
whether this is the beginning of a trend in national courts, and whether Greenpeace
and the other plaintiffs will be able to successfully challenge such rulings either
nationally or before the ECJ.

4.7 Prospects for the Future

The ECJ’s decision banning patenting of human stem cells, or any application of
stem cell technology in Europe, is the latest in a series of events that may strengthen
initiatives by individuals and groups with philosophical objections to patents involv-
ing biological materials, particularly material derived from human beings. These
include the aforementioned Public Patent (PUBPAT) Foundation’s attempts to
invalidate the Thomson hESC patents in the USA, as well as PUBPAT and the
ACLU’s challenge to human gene patenting in the AMP v. USPTO (Myriad) case.
Opponents of such patents voice various arguments and rationales against patenting
products of human biology, including the claim that patenting inhibits basic
research. Their opposition is directed towards patent-ineligible subject matter or has
been aggressively licensed and enforced, resulting in restricted access based on
price. Ultimately, however, all arguments against human stem cell patenting have to
do with the fact that there are moral objections to the practice, as evidenced by the
ECJ’s decision. Such objections are sincerely held by many and it is neither possible
nor productive to make arguments on these grounds. As it is in many public policy
debates, these positions tend to be absolutes for some, not subject to merely reasoned
argument.

Perhaps the best rejoinder of arguments opposing patenting of stem cell products
is to posit the situation if patent opponents prevail. The resulting lack of patent pro-
tection can be expected to have two concrete and predictable consequences: lack of
financial investment to translate basic scientific discoveries to useful commercial
products, and (where possible) reducing or eliminating public disclosure of inven-
tions (and where not possible, investment in other technologies). Neither outcome
is conducive to reducing human morbidity or mortality or improving the human
condition. It is hard to understand how advocating such an outcome can be consid-
ered the more moral position.
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Chapter 5

Repositories for Sharing Human Data in Stem
Cell Research

Pilar N. Ossorio

5.1 Introduction

As stem cell science moves forward, researchers will increasingly use high-
throughput methods and ‘“-omics” to characterize cells and to decipher the
molecular choreography of development and differentiation. Researchers will
use genomics, epigenomics, proteomics, transcriptomics, metabolomics, reac-
tomics, and probably other “omics” yet to be invented. Omics and other high-
throughput research approaches are extremely data intensive. For example, the
1000 Genomes Project—an international project to generate a catalog of human
genetic variation (The 1000 Genomes Project Consortium 2010)—generated
more DNA sequence data in its first 6 months than all of the sequence data accu-
mulated in GenBank over its previous 21 years of existence (Benson et al. 2012;
Stein 2010). The explosion of research data is illustrated by a recent study by
personnel from the journal Science, which found that 20 % of scientists surveyed
regularly used data sets exceeding one gigabyte and about 7 % regularly used
data sets exceeding one terabyte (Anonymous 2011).

The January 2012 special database issue of Nucleic Acids Research described
92 new online molecular biology databases (new since the January 2011 issue), and
the journal’s online catalog listed 1,380 databases and data repositories (Galperin
and Fernandez-Suarez 2012).! Well-known and widely used databases include
GenBank (Benson et al. 2012), Ensembl (Flicek et al. 2012) and the European
Nucleotide Archive (Amid et al. 2012), which provide submission, search, and

' As of July, 2012, the Nucleic Acids Research online database catalog could be found at http://
www.oxfordjournals.org/nar/database/a/.
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download services for DNA sequence data. The Universal Protein Resource
(UniProt) serves protein data (The UniProt Consortium 2012), and the Gene
Expression Atlas, the Gene Expression Omnibus (GEO) (Sayers et al. 2012), and
ArrayExpress serve gene expression data. There are repositories for data on epig-
enomes, pathogen genomes, yeast genomes, viral genomes, bacterial toxins, small
molecule binding sites, NMR results, macromolecular interactions, secondary
structural motifs in RNA three-dimensional structures, and many more biological
molecules and phenomena.?

Most twentieth-century databases were designed for archiving, sharing, and
comparing scientific research results. The data elements consisted of single gene or
protein sequences, or other small data types. Increasingly, twenty-first-century data
repositories are designed as discovery resources—tools for generating new results.
Such repositories aim to take full advantage of the transformations that digital tech-
nologies have brought to biomedical research; their data elements include whole
genome analyses, whole cell proteome analyses, and other similarly large data ele-
ments, often accompanied by substantial demographic and phenotypic data. To
increase the utility of large data sets, some repositories facilitate the sharing of raw
or lightly computed data from next-generation platforms. The database of Genotypes
and Phenotypes (dbGaP) (Mailman et al. 2007), the European Genome-Phenome
Archive (EGA) (Leinonen et al. 2011), and the NCBI and European Sequence Read
Archives (SRA) (Kodama et al. 2012) are discovery resources that facilitate sharing
of raw data. Data from such repositories can be analyzed by numerous research
groups who ask different scientific questions and/or use different analysis algo-
rithms, and the repository data can be combined with other data sets to create new
research materials.

Over the past decade, science funding agencies and journals have set forth poli-
cies to promote data sharing. Stem cell scientists will be expected to contribute to
general purpose data sharing repositories such as dbGaP or an SRA, and are already
beginning to create stem-cell-specific repositories. For instance, the Stem Cell
Discovery Engine is an online, curated database of cancer stem cell experiments
coupled to the Galaxy analysis software package (Sui et al. 2012). The Stem Cell
Omics Repository is a queryable database of large-scale human embryonic stem
cell (hES cell) and induced pluripotent stem cell (iPS cell) data, including proteome
and protein phosphorylation data (Phanstiel et al. 2011). The Stem Cell Lineage
Database (SCLD) contains data on cell-type-specific gene expression, cell lineage
maps, and stem cell differentiation protocols for humans and mice (Hemphill et al.
2011). These repositories vary in the degree to which they support robust data shar-
ing and discovery research, but stem cell research will no doubt move further and
further in the direction of sharing raw or lightly computed data.

2For a comprehensive review of new repositories and databases for the biological sciences, see the
January 2012 database supplement of Nucleic Acids Research (volume 40, issue D1), and for a
discussion of the difficulties of creating, maintaining, and analyzing large data sets, see the
February 2011 issue of Science.
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This chapter will provide a brief description of funders’ current data sharing
requirements and the justificatory underpinnings for those requirements. It will then
note some ethical tensions that arise when the data being shared derive from human
beings. Finally, it will describe existing governance mechanisms designed to resolve
these ethical tensions.

Throughout this chapter, people whose data are in repositories will often be
referred to as “sources” or “data sources” instead of “human subjects” or “research
participants.” Research using coded or de-identified data (or biological specimens)
from repositories often does not meet regulatory definitions of research on a human
subject, so describing data sources as human subjects could lead to confusion
regarding oversight requirements (Ossorio 2011). Furthermore, data sources may
not know their data are in a repository and usually have no interaction with scien-
tists who use repository data in research. For these reasons, it seems misleading to
describe most data sources as “research participants.”

5.2 Data Sharing Requirements

5.2.1 Norms and Justifications for Data Sharing

Science funding agencies have identified several reasons to promote data sharing.
Such sharing is consistent with scientific and academic norms of open inquiry and
collective knowledge production within an epistemic community. Sharing may
enable a variety of scientists to test alternative hypotheses or alternative analytic
methods on one data set, thereby increasing the data’s value. Funders and policy
makers prefer that some data be analyzed by several independent groups because it
is increasingly unlikely that any single research group will have the capacity to
extract or develop all of the information available in a very large, complex data set.
In addition, some data are effectively unique because they are so expensive and dif-
ficult to generate that they will not be replicated in the foreseeable future. Society,
the publics who often fund research, and scientists themselves would potentially
lose out on valuable knowledge if the data generators were the only people who
could analyze unique data. Finally, data sharing permits scientists to combine differ-
ent data sets to form new discovery tools.

Sharing allows research groups to validate one another’s results. It is impossible
to validate published conclusions without access to the original data. “Without
access to research data, we are asked to accept findings as an act of faith, rather than
as a scientific conclusion” (Berman 2002). Data sharing also provides some safe-
guards against scientific misconduct. When the data must be widely available for
others to use, researchers are less likely to fabricate or falsify data or results.

Overall, funders, science policy experts, and many researchers have become
strong advocates of data sharing because it allows society to leverage the value of
each data set produced.
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5.2.2 Funders and Journals May Require Data Sharing

The National Institutes of Health currently requires a data sharing plan for any
research project with $500,000 or more of direct costs in any year. This requirement
applies to “final research data,” defined as: “factual material necessary to document,
support, and validate research findings” (Office of Extramural Research 2003).
Final research data means something more than the summary or aggregate data
included in published journal articles. Final research data must become available no
later than the acceptance for publication of the main findings generated from the
final data. The form in which the data become available and the processes for dis-
tributing, curating, and storing them are features to be spelled out in the researchers’
sharing plan. In rare circumstances, the plan may state that the research group will
not share its data or will only share under limited circumstances. NIH’s default posi-
tion is that data should be shared, so a plan to limit sharing must have a very strong
justification.

NIH guidance documents strongly encourage the deposition of all genome-wide
association data (including accompanying phenotype and other “metadata”) into a
federal repository. dbGaP is usually the designated repository (National Institutes of
Health 2007). Depositing data into a designated repository is not the only means by
which those data may be shared, and deposition requirements are not intended to
prevent researchers from sharing through their own websites or through other shar-
ing platforms.

NIH sometimes imposes project-specific data sharing requirements, particularly
for large projects that will generate unique or difficult-to-replicate data. Projects
such as the 1000 Genomes Project (The 1000 Genomes Project Consortium 2010)
or the Human Microbiome Project (Turnbaugh et al. 2007) have project-specific
governance, including data sharing policies. Large, multisite, international projects
may have a data coordinating center to facilitate data standardization, quality con-
trol, and sharing.

In the United Kingdom, the Wellcome Trust “expects all of its funded research-
ers to maximize the availability of research data with as few restrictions as possible”
(Wellcome Trust 2010). The Trust requires grant applicants whose projects will
likely generate a data output of significant value to the wider scientific community
to include a data management and sharing plan in their proposals. Genome Canada
has very similar policies (Genome Canada 2008), and in January, 2011, 17 major
science funding agencies from 7 countries signed a joint statement supporting the
norm of widespread data sharing to promote and improve public health (Wellcome
Trust 2011).

In addition to funder requirements, some journals require that DNA and protein
sequences, expression array data, or other specified data be deposited in an appropri-
ate data repository as a condition of publication. Some journals simply require that
published authors make their data available to others on request, and some journals
strongly encourage data sharing but do not require it as a condition of publication.
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A recent study found that of 351 papers covered by a journal’s policy requiring or
suggesting data sharing, 59 % did not make data available through a repository or
other online source (Alsheikh-Ali et al. 2011). (The papers at issue came from a
wide spectrum of scientific fields, not only the biological sciences.) At nearly the
same time, another survey of scientists found that 67 % agreed or strongly agreed
with the statement “Lack of access to data generated by other researchers or institu-
tions is a major impediment to the progress of science” (Tenopir et al. 2011)! Clearly,
many scientists want more data sharing, and at the same time many are falling short
of the data sharing ideal.

5.2.3 Prepublication Data Release

Both the NIH and the Wellcome Trust have long required prepublication release of
data from resource-generating projects. Resource-generating projects are designed
from the outset to produce data, biological materials, and analytical tools for wide-
spread use by a large group of scientists. The Human Genome Project (HGP) was
the canonical example of a resource-generating project, and its inception drove
promulgation of prepublication data sharing principles (Collins et al. 2003;
Contreras 2011). These principles were articulated in a series of consensus meetings
that included data producers, data users, science funders, journal editors, and a few
people with expertise in law and ethics. The 1996 International Strategy Meeting on
Human Genome Sequencing gave rise to the “Bermuda Principles” for open access
genomics and prepublication data release (Kaye et al. 2009). These principles were
reaffirmed in the Fort Lauderdale Agreement of 2003 and extended in the Toronto
Statement of 2009 (Toronto International Data Release Workshop 2009). A 2008
meeting of proteomics researchers in Amsterdam—the International Summit on
Proteomics Data Release and Sharing Policy—Iled to the articulation of similar data
sharing principles for proteome research (Rodriguez et al. 2009).

Attendees at the 2009 meeting in Toronto “endorsed the value of rapid prepubli-
cation data release for large reference data sets in biology and medicine that have
broad utility and agreed that prepublication data release should go beyond genom-
ics and proteomics studies to other data sets....” The Toronto Statement extended
the principle of rapid, prepublication data release beyond resource-generating proj-
ects. Instead, the Statement calls for prepublication data release when a project is
“large scale” (defined as requiring significant resources over time), when the data
have broad utility, when the data generated could be viewed as “a reference data
set,” and when the relevant scientific community accepts that prepublication data
release is appropriate (Toronto International Data Release Workshop 2009).
Although there is no explicitly agreed upon definition of a reference data set, gen-
erally such data can serve as the primary comparator for many subsequent studies.
For instance, the HGP produced a reference sequence against which subsequent
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human genome data could be compared, and the Haplotype Mapping Project created
a catalog of common linkage disequilibrium blocks from three populations that
has been used a comparator in hundreds of studies (The International HapMap
Consortium 2007).

The Toronto Statement set forth responsibilities of data producers, data users,
funders, and journals. Making explicit such responsibilities helps assure that data
sharing does not overly burden any one constituency and that all view it as fair.
Data sharing, particularly prepublication data sharing, raises issues of trust and
fairness between data producers and data users. Data producers worry that users
will scoop them and publish using the producers’ data before the producers can
publish. For this reason, some projects for which funders require prepublication
data release have a “publication embargo” (Contreras 2011). This is a period dur-
ing which the data are available, but users cannot submit a publication without
permission of the data producers. During the embargo period, users are encour-
aged to collaborate with data producers so that all can be included as authors on
submitted papers.

5.2.4 Barriers to Data Sharing

Some commentators have argued that data and materials sharing among stem cell
scientists is hindered by factors such as strategic behavior by scientists, the rapid
pace of scientific progress, the ethical complexities of using human cell lines and
data, and intellectual property rights (patents or the desire to obtain patents)
(Mathews et al. 2011; The Hinxton Group 2010). Numerous other bioscience fields
have faced similar barriers, and to varying extents, overcome them.

At times, data sharing has seemed more an aspiration than a scientific practice.
In a survey of geneticists conducted in the early 2000s, 12 % reported denying at
least one request for data underlying results published in the preceding 3 years
(Campbell et al. 2002). The primary reason for not sharing was that it required too
much effort. The second most common reason for withholding data was that respon-
dents were protecting their trainees’ or their own opportunities to publish. Other
surveys have found scientists reluctant to share data because of privacy and confi-
dentiality risks for data sources (discussed in Sect. 5.3 below), and the desire to
comply with their institutions’ policies on invention disclosure and intellectual
property (Tenopir et al. 2011).

Whether scientists actually share data is strongly influenced by whether their
funders and home institutions encourage and support the activity. Funders who
require data sharing are paying to support the preparation, annotation, and archiving
of data. They are paying for creation and maintenance of data repositories and for
the development of computational tools to ease and standardize data deposition
pipelines. Funders are paying for conferences at which scientists develop data
ontologies and come to consensus on the basic information that should be included
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with certain types of repository submissions.> As funders become more enamored
of data sharing, they are helping to lower barriers to the activity.

A great deal of stem cell research in the United States is funded by NIH and will
be subject to its data sharing requirements and to the data sharing culture NIH is
encouraging among its funded scientists. However, research on hES cells receives
less public funding than most other types of biology, so scientists who derive and
study these cells may receive less support for hES-cell-specific data sharing activi-
ties, and strong data sharing norms may be slower to emerge.

Private sector funders of biomedical research sometimes view data sharing as in
their best interests. Several private sector entities, including large pharmaceutical
companies such as Merck and Pfizer, have contributed funding and other support to
projects designed to create publicly available community resources for research
(Contreras 2011). For example, ten pharmaceutical and biotechnology companies
collaborated with the Wellcome Trust to form and fund the nonprofit SNP
Consortium, which mapped single nucleotide polymorphisms in the human genome
and submitted the mapping data to a public database—dbSNP (Sherry et al. 2001;
Woodman 1999). Thus, even private sector stem cell funders might come to view
some data sharing as being in their interests and might be willing to support the
activity.

5.2.5 Patents and Data Sharing

The complex patent landscape of human pluripotent stem cells has been singled out
as a particular barrier to data sharing among stem cell scientists (Mathews et al.
2011; The Hinxton Group 2010). The relationship of data sharing to patenting is
complex. Prepublication data sharing was intended, in part, to preclude patenting.
The HGP’s prepublication data sharing policy was intended to put data into the
public domain and preempt the opportunity for patents on genomic DNA sequence
(gDNA) (Collins et al. 2003; Contreras 2011). Unlike mRNA or cDNA sequences,
which might be used to express proteins with medical, agricultural, or other

3One of the earliest and best-known standards for information sharing is MIAME—minimum
information about a microarray experiment (Brazma et al. 2001). As microarray gene expression
studies became a widely used source of genome-scale data in the life sciences, scientists discov-
ered that much of the microarray data being generated were inaccessible or unusable by most of
the interested scientific community. Microarray data accompanying publications were typically
reported on the authors’ website, using a variety of formats. There was no consensus on what
annotation was necessary, and the data often were not annotated. Data generally did not include
indicators of reliability and quality. As the scientific community moved to create repositories for
microarray data sharing (such as GEO and ArrayExpress), a consensus group was formed to sug-
gest what types of information should be included in the repositories. The MIAME standards were
the consensus group’s attempt to specify minimum information that must be included in a reposi-
tory to make the data interpretable and usable to the broader scientific community. Since MIAME,
other consensus groups have attempted to specify minimum information standards for other types
of data.
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economic value, HGP policy makers considered gDNA sequence “precompetitive
information” and felt that the balance of interests favored putting such precompeti-
tive information in the public domain. Data from high-throughput molecular experi-
ments on stem cells might also be viewed as precompetitive information, in the
economic, if not the professional, sense.

However, making data publicly available does not preclude patenting of discov-
eries made using those data. Making a cell’s whole genome genotype publicly
available could prevent another researcher from obtaining a patent on that genotype,
but it would not prevent somebody from patenting the finding of an association
between a SNP in that genotype and a particular drug response,* even if that associa-
tion was found by using the publicly available genotype (in conjunction with several
thousand other cell’s genotypes). Thus, putting data, especially raw data, in the
public domain does not preclude all patenting.

Finally, even if a research result is patented, the patent holder could still share it
without restriction, or with minimal restriction. This could be done using an open-
source-type license (Rai 2005). The possibility or existence of patents does not
necessarily preclude data sharing.

5.3 Anonymity and Risk in Human Data Sharing

When the data to be shared derive from nonhumans, the ethical and legal issues
revolve around intellectual property, fairness between data producers and users, and
the development of good governance structures. Among other things, good gover-
nance structures assure data quality and consistency, help researchers negotiate dis-
agreements, and help assure that all applicable rules or laws have been followed by
scientists who generate and share data.”> However, when the data derive from
humans, the issues are much more complex and raise questions of risk minimization
and data source autonomy. This chapter cannot address all of the relevant ethical
issues and will focus on the question of risks to data sources.

The risks from disclosing sensitive human data are informational. Informational
risks can be broken down into potential harms to individuals if information linked
back to them is used to harm them or their loved ones, and risks to individuals or
groups if information about the group is linked back to members of the group and

* Associations between a genetic or biochemical marker and a health outcome have been patentable
in the United States for several decades. However, in 2012, the US Supreme Court held that a pat-
ent on a method of calibrating a drug’s dose by assessing levels of the drug’s metabolites in a
person’s blood was not patentable because it was a law of nature (Mayo Collaborative Services v.
Prometheus Laboratories, Inc. 2012). This case and others currently before the courts may substan-
tially limit researchers’ and firms’ opportunities to patent correlations between biomarkers and
health states or treatment outcomes. See, also, Noonan (this volume).

SWhen the project involves an international collaboration, differences in national laws concerning

data security and transfer, national security, and privacy can make research governance extremely
difficult (Zink and Silman 2008).
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used in harmful ways. Group harm from biomedical research has been discussed
by others, and the context of data sharing through a research repository does not
substantially change those analyses (Foster 1998; Foster et al. 1997; Foster and
Sharp 2007; Juengst 1998; Sharp and Foster 2000; Weijer et al. 1999), so this chap-
ter will focus on the risk that disclosure of individual information might harm data
sources. To assess this risk, we must consider what types of information are and
might be included in data sharing repositories, how likely it is that information
from a repository could be disclosed to unauthorized persons and linked back to a
particular person, and what would happen if such information were linked back to
a particular person.

5.3.1 Many Data Repositories Contain Highly Sensitive
Information

dbGaP is probably the largest repository for sharing raw or lightly computed data.
As of July, 2012, it contained data from 312 different genome studies (National
Center for Biotechnology Information 2012). Depending on the study, the genomic
data could be individual whole genome genotypes, whole exome sequences, whole
genome sequences, or other large-scale, individual-level sequence. In the future,
data sharing repositories will probably include several types of molecular data,
such as whole genome and expression array or epigenome data from the same
individual.

A data sharing repository for promoting genome research will also contain
individual-level data pertaining to any trait or traits under study. The non-genomic
data associated with each genotype or sequence are often referred to as “metadata.”
Depending on the study, the metadata could consist of medical information, expo-
sure information, behavioral information, and demographic information. Currently,
some of the sensitive, individual-level information in dbGaP includes sexual
behavior, smoking behavior, diagnoses of mental illness, microbial communities
associated with a woman’s vagina, and information on personal hygiene habits. In
many cases, people consider these types of information private and personal and
do not share them with friends, family members, or employers. At the very least,
such information could be embarrassing; at worst it could lead to ostracization or
job loss.

A data sharing resource for hES cell research might include information about
the embryo progenitors’ health and demographics, possibly whole genome data
from each progenitor, as well as whole genome data from the hES cells. A resource
for sharing iPS cell or adult stem cell data likely would include whole genome
data from the cell line, perhaps other “omic characterization” of the cells, along
with the cell source’s medical history (including information about any relevant
diagnoses), sociodemographic characteristics, and other information relevant to
particular studies.
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5.3.2 Data Disclosures and Potential Harms

When considering what risks a sharing repository might impose on data sources,
one must consider both the molecular data and the metadata. A genotype or large-
scale sequence will disclose many health risks. Particularly if the data source is
young enough that such risks may not yet have materialized, she may not want them
known to unauthorized persons. Some health conditions are stigmatizing or embar-
rassing, and many people do not share even the potential of developing these condi-
tions for fear that the information might be used against them by friends, future
spouses, employers, or others.

The United States has legislation, the Genetic Information Nondiscrimination
Act (GINA), which aims to prevent employers or health insurers from seeking to
obtain genetic information or from using any genetic information they inadvertently
obtain in ways that disadvantage people (Genetic Information Nondiscrimination
Act 2008). However, other countries have no comparable legislation, and many data
sets in sharing repositories contain information pertaining to people from several
countries. Even in the United States, GINA does not prevent insurers from obtaining
and using genetic information to deny or to price life, disability, long-term care, or
other insurance coverage. Furthermore, proving that one has been the subject of
illegal genetic discrimination by an employer or health insurer can be difficult, so
some people may not want to depend on GINA’s protections. And finally, people
may not want certain information known to friends, coworkers, or community
members, even if that information is not used for illegal discrimination. A person’s
friends or relatives could stigmatize her and exclude her from the social activities or
communities she values.

In summary, even with GINA, inadvertent disclosure of a person’s whole genome
information to unauthorized parties could lead to a variety of economic, social, or
psychological harms.

A person may not always want to know her own genetic risks. When Jim Watson
had his genome sequenced, he chose to make nearly all of the sequence fully public.
However, he did not want to know his own genetic risk for Alzheimer’s disease, so
he chose to have certain portions of his genome withheld from the public and from
himself (Wheeler et al. 2008). Inadvertent disclosure of unwanted genetic informa-
tion to the data source is a psychological risk.

SShortly after Dr. Watson’s genome sequence was published, Nyholt et al. published an article
describing how one could infer Dr. Watson’s genetic risk for Alzheimer’s using linkage disequilib-
rium between genetic markers in the published sequence and the redacted portion of Dr. Watson’s
genome (Nyholt et al. 2009). The Nyholt authors demonstrated that their method worked by using
it to infer the Alzheimer’s risk alleles in Craig Venter’s published sequence. As a consequence of
this work, Dr. Watson and the scientists who sequenced his genome redacted an additional two
megabases of his sequence around genes associated with Alzheimer’s disease risk. Nyholt et al.
point out that as the scientific community’s knowledge of genetic risk and linkage disequilibrium
increases, it will become more difficult to protect a person from unwanted information disclosure
by withholding a portion of her otherwise public genome.
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Perhaps the most significant informational risks come from the possible disclosure
of metadata. Even simple data such as blood pressure or measures of C-reactive
protein could be used by an insurer to increase premiums or deny benefits (at least
in countries without universal health care, and where the laws permit denial of
coverage based on preexisting conditions or rate increases based on one’s state of
health). GINA does not cover health insurers’ or employers’ use of non-genetic
information (Hudson et al. 2008). When research participants initially share sensi-
tive information with researchers, they may do so only because the participants
have a high degree of confidence that the information will remain confidential and
will be used only for important scientific research. Unauthorized disclosures of sen-
sitive personal information may cause social, economic, or psychological harm to
data sources and may undermine the public’s trust in researchers and the research
enterprise.

Stem cell researchers, research participants, ethicists, and social scientists work-
ing together will be necessary to comprehend the informational risks that might
arise during stem cell research and data sharing. The following hypothetical may
provide some insights, however. Suppose a couple has experienced three miscar-
riages and has no biological children. The couple attempts in vitro fertilization, and
in the process, scientists determine that each embryo has a chromosomal anomaly
incompatible with survival to birth. The couple agrees that each will have a genome
analysis done and that researchers may make stem cells from the embryos.
Researchers believe these cells will be helpful in understanding the biology of early
human development, and they conduct extensive molecular analyses of the hES
cells derived from the couple’s embryos, including genotyping and gene expression
profiling. Researchers also collect extensive family histories, medical histories, and
exposure information from each parent-progenitor. What types of risks would be
present if such information was inadvertently disclosed?

In the hypothetical above, disclosing the couple’s decision allowing embryonic
stem cells to be created from their embryos could make them targets of anti-stem
cell protesters and could get them ostracized from their church or shunned by family
members. It could cause one or both to be fired from their jobs. Furthermore, the
couple might not have shared their history of miscarriages with many people.
Having that information find its way into unauthorized hands and connected back to
them could raise a host of traumatic memories. These are but some of the potential
harms that could materialize if information in a hES cell data sharing repository
could be traced back to particular individuals.

5.3.3 Protecting Sources from Informational
Risks: Anonymization

Traditionally, biomedical researchers have protected study participants and data
sources from informational risks by anonymizing or coding the data. Scientists
have operationalized the concept of anonymity by stripping all explicit identifiers
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from the data (and also from biological materials such as blood or cells). Types of
identifiers that are typically removed include names, social security numbers, tele-
phone numbers, addresses (including email addresses), medical record numbers,
URLs, and photos. Data or research materials from which all identifiers have been
stripped are referred to as anonymized.

Rather than fully anonymizing data (or biological materials), explicit identifiers
may be replaced by a code. The decryption key needed for re-identifying the source
is then stored securely and separately from the coded data, and not transmitted to
data users. Coding, rather than full anonymization, is necessary for some research
designs. For instance, coding is necessary for the duration of all longitudinal studies
because coded data can be updated. When human-derived stem cells are used in
clinical trials or medical treatment, regulators will probably require robust and fre-
quently updated information about the cell sources. Thus, coded rather than fully
anonymized cells and information likely would be used.

Researchers, some ethicists, and some research participants/data sources view
coded data as preferable to fully anonymized data (or biological materials) (National
Bioethics Advisory Commission 1999). If the data are coded, then the code can be
broken when doing so would benefit sources or researchers. For instance, the source
can be re-identified and contacted if the researchers discover clinically or reproduc-
tively relevant information in the source’s data (Wolf et al. 2008, 2012). Recontact
is also desirable to researchers who seek consent for additional research projects or
who are conducting quality control on a data set. Bioethicists, scientists, and policy
makers are currently engaged in a contentious, wide-ranging debate concerning
whether, when, and how to recontact research participants and data sources.

Data sharing repositories typically contain coded data. Inclusion of explicit iden-
tifiers usually would not be necessary for research and would unacceptably increase
risks to data sources. Furthermore, in the United States (and probably elsewhere),
both the creation and use of a repository that included explicit identifiers would
receive a high degree of regulatory scrutiny (Ossorio 2011).”

5.3.4 Genomes, Individuating Data, and the Loss
of Anonymity

Recently, commentators have questioned whether people’s identities can be ade-
quately protected when their data are in complex data sets such as those in sharing
repositories (Benitez and Malin 2010; Heeney et al. 2011; Homer et al. 2008;
Lowrance and Collins 2007; Malin 2005a, b; Malin et al. 2010; McGuire and Gibbs
2006; Yeniterzi et al. 2010). For numerous reasons, many commentators believe that

"In the United States, both the regulations for the protection of human participants in research (the
“Common Rule,” codified at 45 CFR Part 46) and the Health Insurance Portability and
Accountability Act’s Privacy Rule (codified at 45 CFR Parts 160 and 164) would place oversight
and consent requirements on a repository that included explicit identifiers.
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there is a rapidly increasing probability that sensitive information in a research
repository could be connected back to a particular individual even though explicit
identifiers were not included in the repository.

The anonymity of research data sets containing whole genome information is
particularly suspect, because such information is person-unique (unless the DNA is
from a monozygotic twin) (Lowrance 2002, 2006). Approximately 70 single nucle-
otide polymorphism markers (SNPs) randomly distributed across the genome are
enough to individuate most people in the world (Lin et al. 2005), and researchers
have estimated that 100,000 contiguous nucleotides would be enough to individuate
the vast majority of people. In addition, one’s DNA sequence is stable throughout
one’s lifetime (with the caveat that particular cells or cell lineages may develop
somatic mutations or rearrangements) and relatively easily replicated by many peo-
ple. Any type of stable, replicable, person-unique element in a data set increases the
risk that the source will be re-identified. Genomic information individuates people
and carries an intrinsic risk of identifying the person from whom it derived.

Genomic information from hES cells will relate to the embryo from which the
cells derived and will not individuate a living person. However, such genomic infor-
mation might be enough to identify the embryo’s progenitors. For iPS and other
stem cells and cell lines, the genetic information contained therein will be the same
as that of the person from whom the cells were derived (unless the cell line has
acquired chromosomal rearrangements or mutations after the cells were cultured).

Of course, even information that individuates a person will not identify her
unless it can be linked back to her (Malin et al. 2010).

5.3.5 Re-identification Science

Anonymity and identifiability are not discrete categories; they define the ends of a
continuum concerning the ease with which a particular person can be “got at.”
Rather than speaking categorically about identifiable or anonymized data, research-
ers and ethicists ought to speak of the probability that an unauthorized person could
identify a source in a data set or the degree of anonymity provided by particular
identity-obscuring strategies. The degree of identifiability/anonymity is not a sim-
ple trait or characteristic intrinsic to data; rather, the degree of identifiability/ano-
nymity depends on the context in which the data are used and the knowledge of the
person attempting re-identification. For example, a person’s medical record number
can only re-identify her if the recipient of that number also has access to her medical
record; the number may be meaningless in other contexts. Yet, the probability that
an unauthorized person could connect a named individual to information in a medi-
cal record is great enough that medical record numbers have long been treated as
identifiers for regulatory purposes.

Three conditions must be present to re-identify somebody—there must be indi-
viduating information in the data, there must be a resource for obtaining contact
information for data sources, and there must be a mechanism to relate the
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anonymized but individuating data to the contact information (Malin et al. 2010).
Unfortunately, there are a growing number of situations in which these three condi-
tions are present.

There are already many situations in which de-identified biomedical information
can be re-identified without hacking or breaking into private information systems.
One type of re-identification attack, sometimes called the “Netflix attack™ or the
“Netflix-type attack,” involves linking information from a large, anonymized data
set to information from another data set that contains contact information for people
who are sources for both data sets. Netflix is associated with this type of attack
because in 2006 it publicly released millions of anonymized user records to facili-
tate crowd sourcing of research on algorithms to predict user film ratings (Ohm
2010). However, two scientists from the university of Texas re-identified many indi-
viduals by linking the anonymized Netflix data with information from the Internet
Movie Rating Database, which included raters’ names (Narayanan and Shmatikov
2006). Patterns of movie preferences were used to connect information between the
two databases and therefore to connect the identifying information in the movie rat-
ing database to the anonymized, individual-level data in the Netflix database.

An earlier example of the Netflix-type attack occurred in 1996, when it took a
researcher less than a week to re-identify the medical records of the Massachusetts
governor by merging publicly available, anonymized hospital discharge records
with voter registration records from MA (Sweeny 1996). Subsequent research indi-
cates that between 63 and 87 % of the US population could be uniquely identified
using a combination of date of birth, gender, and residential zip code and connecting
that information to voter records or other publicly available sources containing
explicitly identifying information. Data mining has become a great deal more
sophisticated since 1996; more algorithms have become available for analyzing and
combining data sets.

Clearly, in the Netflix-type attack the probability that a person in an anonymized
data set may be re-identified depends on the reasonable availability of other data
pertaining to the data source. The more databases contain a person’s information,
the more likely she is to be re-identified.

People whose data are in research repositories are also included in a rapidly grow-
ing number of other databases compiled and held by both public and private entities.
A great deal of medical information that is or will be contained in research data sets
also resides in databases held by firms such as insurers, fitness companies, wellness
programs, and employers. Many of these non-research databases contain identifiable
information. For marketers or insurers, the point of data collection and compilation
is often to construct individual profiles, so identifiers will be linked to or included in
the data. There is an increasing likelihood that biomedical research data could be
combined with data held by outside entities to re-identify research data sources.
Once information about a person from two or more databases is combined, not only
may the data source be re-identified, but a rich profile of her may also be created.

DNA sequence or genotype information will be particularly useful for linking
databases. Genomic information is now being compiled by genealogy companies,
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dating websites, purveyors of dietary supplements, paternity testing firms, cosmetic
companies, law enforcement agencies, immigration authorities, and many others. In
the future, one’s DNA sequence or large segments of it may be included in one’s
medical records at more than one health-care provider. Because DNA sequence is
(usually) person-unique, it is particularly useful for combining an individual’s
information from two or more databases.

Whether other omic data, such as epigenome, proteome, or expression array
data, will be person-unique, reproducible, and stable over time has yet to be deter-
mined. Scientists participating in the Human Microbiome Project recently
announced at an invitational meeting that a person’s gut microbiome may be unique
and stable over time. This preliminary observation must be verified; however, it
raises the prospect that person-unique data may arise in unexpected situations.

Other types of re-identification attacks may also put data sources at risk (Malin
2005a, b, 2006; Malin et al. 2010). Space limitations prevent a thorough descrip-
tion here, but suffice it to say that the more data and the more different types of
data are contained in a data set, the higher the risk of re-identification. Data that
describe features or characteristics of a person that are documented in multiple
environments, or are publicly available, create a higher risk of re-identification
(Malin et al. 2010).

5.3.6 Data Aggregation Does Not Necessarily Mask
Source’s Identities

Another means of minimizing informational risk has been to aggregate data prior to
publishing or otherwise sharing it. Unfortunately, for some types of data this tech-
nique is not adequate. In 2008, Homer et al. published an article demonstrating that
one can pick an individual genotype out of complex, aggregate data even when the
genotype in question represented less than 0.1 % of the total information in the
aggregate (Homer et al. 2008; Sankararaman et al. 2009). Homer et al. provided
both a computational model and an experimental demonstration of their approach,
and researchers at NIH later verified Homer’s findings. To identify an individual
from aggregate genotype data, one must possess an identified copy of the genotype;
however, as discussed above, people’s genomic information now can be found in a
variety of databases. There is an increasing likelihood that somebody will have a
source’s genotype and could therefore pick it out of aggregated research results.
Homer’s re-identification method has been called a “pool attack” (Malin et al. 2010).

Harm from a pool attack would arise if identifying the person as part of an aggre-
gate data set disclosed that she had a condition or trait under study, such as depres-
sion, schizophrenia, or a sexually transmitted disease. Another type of harm could
materialize if the research database contained sensitive metadata not originally
available to the holder of the identified genotype.



122 P.N. Ossorio

Homer’s findings resulted in both the NIH and the Wellcome Trust removing
aggregate genome information from public websites. However, Schadt and col-
leagues recently demonstrated that gene expression data are also susceptible to the
pool attack, but some unrestricted websites still distribute such data (Schadt et al.
2012). Gene expression data can be used to predict a person’s genotype at some loci
that control nearby gene expression (cis eQTLs), and under some conditions, the
predicted genotypes can be matched to a person’s known genotype with a high
degree of accuracy. Thus, with known genotypes, a person could identify individu-
als whose gene expression data are in a research data set. Several repositories and
individual investigators have for years posted gene expression data on websites that
are available to the public without restriction. Some continue to do so.

Schadt and colleagues noted that gene expression data contain a wealth of infor-
mation beyond that pertaining to the medical condition under study. Gene expres-
sion levels are strongly correlated with the existence of cancers, body mass index,
lipid levels, glucose levels, age, sex, and other traits. Thus, if a person is identified
as the source of data in a gene expression study, a great deal of information about
her could be revealed.

5.3.7 Creating Future Repositories

When stem cell scientists create research repositories, they ought to consider the
degree to which necessary data elements, or a combination of data elements within
a data set, will be person-unique. Creators of repositories also ought to consider the
data environment and whether (or in what form) elements in their research data sets
are likely included in data held by other entities. Rather than assume that a de-
identification strategy adequately decreases risks to data sources, researchers ought
to perform explicit re-identification risk assessments while designing data reposito-
ries and prior to sharing particular data sets (Benitez and Malin 2010). Projects are
currently underway to develop computational tools that will help researchers deter-
mine re-identification risks.

As discussed in the introduction, regulators and scientists view a great deal of
research using coded or de-identified data (or biological specimens) as falling out-
side of the Common Rule’s definition of human subjects research. Research involves
human subjects if an investigator obtains “identifiable private information” about a
living individual (Department of Health and Human Services 2005). Identifiable
means that “the identity of the subject is or may readily be ascertained by the inves-
tigator or associated with the information” (Department of Health and Human
Services 2005). How great does the risk of re-identification have to be before data
should be treated as “identifiable enough” that societies will require ethics oversight
when those data are used in research? What strategies and oversight processes are
most effective and efficient for minimizing informational risks associated with com-
plex, high-dimensional data? Policy makers, ethicists, and scientists are currently
debating these questions.
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5.4 Governing Data Sharing and Protecting Research
Participants

As researchers and policy makers have recognized that it may be difficult to truly
anonymize research data sets, they have developed complex repository governance
mechanisms to balance society’s interests in promoting the progress of science
through data sharing with society’s and individual source’s interests in protecting
research participants/data sources from informational harm.

Data sharing on a large scale involves a triad—the data producers who conduct
research that generates large data sets, the repository, and data users (other than the
producers) who download or access the data to conduct research. Users of reposi-
tory data are sometimes described as conducting “secondary research.” This term
refers to the timing of their research and not to its quality or importance.

Sharing data not derived from humans usually involves broadcasting the data to
a fully public website in a standardized format that is useful for large numbers of
scientists. However, when the data derive from human beings and pose informa-
tional risks, researchers and policy makers have chosen alternative sharing mecha-
nisms, often referred to as “controlled access.” Controlled access repositories place
restrictions on who can use the data, limit the purposes for which data may be used,
and require that data users comply with various data security measures. The NIH
genome-wide association study (GWAS) rules, instantiated in dbGaP policies, spec-
ify the most fully elaborated and formally documented controlled access process
(National Institutes of Health 2007; Ossorio 2011). NIH uses the GWAS rules, with
slight additions and modifications, for other required data sharing, such as sharing
of whole exome or whole genome sequence data. Most controlled access reposito-
ries have rules similar to the GWAS rules.

The GWAS rules aim to provide several layers of protection for data sources. The
first layer is implemented by the data producers’ home institutions. These institu-
tions must certify that the data were generated in compliance with all applicable
laws and regulations, including regulations for the protection of human subjects in
research (National Institutes of Health 2007). In addition, the institution must state
that deposition of the data into dbGaP, and subsequent sharing, is consistent with the
original consent under which the data were generated (if there was consent for the
research).® The data-producer institution must not deposit information that could
explicitly identify data sources in the repository, and must certify that the investiga-
tor’s plan for de-identifying the data complies with professional standards. Prior to
submitting data to the repository, the producer’s institution must evaluate those data

8 Sometimes, molecular analysis is conducted using leftover clinical specimens for which no con-
sent for research was obtained or for which the purported consent constituted a one-line authoriza-
tion to use excess tissue in research. Unconsented research on specimens originally collected for
clinical treatment or diagnoses is allowed under the Common Rule. Institutions differ as to whether
data from such studies may be deposited in a repository for broad data sharing. Some institutions
require researchers to contact or recontact individuals and obtain consent for data sharing (Ludman
et al. 2010).
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and “consider the risks to individuals, their families and groups or populations...”
(National Institutes of Health 2007). While NIH strongly encourages data sharing,
it leaves open the possibility that a data producer’s institution would determine that
the risks to individuals, families, or groups sometimes outweigh the social benefits
of data sharing. In the first instance, the onus is on data producers’ institutions to
determine whether any data set may be shared.

A second layer of protection for data sources is implemented by the repository.
The repository must apply prescribed data security standards to protect the data it
holds. Although not mandated by a formal rule, the repository also conducts quality
checks on incoming data and, among other things, ensures that explicit identifiers
were not inadvertently included. The repository screens prospective users to deter-
mine that they will use the data for a legitimate research purpose and in compliance
with any restrictions that may apply. The repository specifies data security standards
and other rules that will legally bind data users.

The third level of protection is implemented by data users. Users, their home
institutions, and sometimes an associated information technology specialist sign a
contract with the repository agreeing to abide by rules designed to protect data
sources. Under the NIH GWAS rules, users and their institutions agree to implement
prescribed data security measures, to abide by any restrictions on the types of exper-
iments that can be done using the data, and to use the data only for the purpose set
forth in their “data access request.” Users promise not to re-identify any data source
and not to sell any elements of a data set. Users may only share a data set, or part of
it, with other people who are named on the user’s data access request (National
Institutes of Health 2007).

5.4.1 Impacts of Controlled Access Governance

Controlled access clearly and intentionally creates impediments to data sharing and
likely diminishes the number of people who will use a data set. Whether controlled
access rules adequately protect data sources remains to be seen. To date, no harmful
data security breach has occurred. In a series of interviews conducted from mid-
2010 to February of 2012, the author of this chapter discovered that most data users
work diligently to protect the data but that a variety of “minor” rule violations occur
(Ossorio 2011). These violations involve sharing data with somebody who is not
approved to use it, but who could have been approved and who is often added to the
data access request after the fact; using data for an unapproved type of analysis; and
using data past the date on which a researcher has agreed to destroy them.

Many data users believe the “transaction costs” imposed by controlled access
prevent dilettantes from using the data but do not really slow the advancement of
knowledge. Such users believe that scientists who have a serious purpose for using
the data, and who are likely to publish papers based on the data, will obtain the data
even though they must endure a sometimes aggravating access process that takes
anywhere from several weeks to several months. In the future, policy makers and
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scientists may develop less burdensome, less bureaucratic mechanisms for protecting
data sources.

One incidental protection for data sources is that the data sets at issue are often
so large that they cannot (yet) be downloaded to or used on laptop or tablet comput-
ers. They cannot be stored on “thumb drives” or other small, portable devices. The
immense size of these data sets places practical restriction on their mobility. Such
restrictions may not exist in the future.

5.5 Conclusion

Stem cell scientists will increasingly be expected to deposit raw or lightly computed
data into sharing repositories. When the data derive from human cells, those reposi-
tories likely will operate according to a controlled access process, at least for the
foreseeable future. As stem-cell-specific data repositories are created for data from
humans, scientists and IT specialists should consider the informational risks associ-
ated with the types of data to be shared. They should be aware that stripping extrin-
sic identifiers or aggregating data may not sufficiently diminish informational risks.
A controlled access process will likely be necessary for some stem-cell-specific
repositories.
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Beyond the Checkboxes: Research Integrity
for Regenerative Medicine Researchers

Jessica Von Reyn, Amritava Das, and Linda F. Hogle

6.1 Introduction

Responsible conduct of research (RCR) also referred to as “good scientific practice”
or “scientific integrity,” can be defined as the practice of scientific investigation with
integrity, incorporating professional standards and ethical principles. Broadly
speaking, the term refers collectively to human subjects protections, animal protec-
tions, laboratory safety guides, and the more recent attention to professionalism
issues such as misconduct, conflicts of interest (COIs), and credit for work done.
Allowing unethical practices—even those committed unintentionally or through
carelessness—can have serious consequences. Misrepresented data or biased find-
ings might unwittingly be used by others as the basis for further experiments, result-
ing in wasted effort and resources. The reputation of scientists and science in general
may be damaged, not to mention the possibility of considerable harm to research
subjects. Misconduct by an investigator may also affect mentoring relationships
within a lab, and unfairly harm lab members’ careers. Standards for ethical conduct
provide researchers with a touchstone for their own research practices and help to
establish trust among researchers, the public, funders, and the subjects of research.
Research ethics guidance is also needed in order to function within increasingly
complex collaborative arrangements, some of which cross institutional or national
borders with different policies. Researchers in any scientific endeavor should thus
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be familiar with the essential components of research integrity and know how to
recognize poor practices both in their own and others’ work.

The Office of Research Integrity (ORI) of the U.S. Department of Health and
Human Services (DHHS) has identified nine essential components of RCR. Most
research institutions require scientists to receive formal training on these components
and a number of online and published resources have been created for this purpose.
However, the content of these resources is rarely updated, and may be too general to
provide sufficient guidance for the real-world needs of scientists in constantly chang-
ing research environments. Also, some of the case studies seem to be designed for
the needs of clinical researchers or others who work under different conditions than
those found in cell biology, engineering, or bioinformatics research. As a result, RCR
training modules may not be perceived as helpful and may too easily be dismissed by
some as simply a bureaucratic exercise—a matter of “checking the boxes” required
to get on with their research. Yet both experienced researchers and those new to the
field will face situations which are ambiguous or pose novel ethical challenges due
to the nature of the research; they need tools to discern and solve potential problems.
Answers may not easily be found within the boxes, however. Researchers must know
where to go for advice and be proactive in seeking help for complicated situations.
At the same time, policy makers and ethicists must stay abreast of commonly encoun-
tered circumstances in contemporary bioscience and periodically review the boxes
and their contents. Novel areas of research such as embryonic stem cells, nanomedi-
cine, synthetic biology, and gene editing may pose new ethical questions, as will
some of the newer social arrangements involved in conducting science, such as inter-
disciplinary, large-scale, or academic-industry collaborations. It may or may not be
necessary to create additional or different oversight guidelines and administrative
mechanisms in each case. Regardless, oversight should be measured and appropriate
for the variety of research activities that exist, and it should be applied systemati-
cally; that is, all involved in research should know how to recognize potential prob-
lems and understand responsibilities for oversight. We invite readers (researchers
and policy makers alike) to “think beyond the checkboxes” of existing research
integrity components to consider how best to responsibly conduct research.

To this end, this chapter offers a brief general overview of core components of the
RCR as identified by the ORI, including proposed changes, some of which have
been hotly debated. We provide illustrations salient for emerging fields of science
including examples of gray areas and those in which sets of rules may appear to
conflict. Many of the examples we provide apply specifically to stem cell-related
research, but the information provided is relevant to broader areas of cell and molec-
ular science, biomedical engineering, bioinformatics, and more. The chapter begins
with a review of some basics of RCR administrative structures and responsibilities,
including information specifically relevant to stem cell research. This will be helpful
to those new to research ethics issues, as it provides background for the principles
underlying current ethics infrastructures plus information on where to turn for guid-
ance. Readers more interested in specific applications may wish to skip to Sect. 6.3,
which unpacks the RCR boxes described in Sect. 6.2 and provides case illustrations.
The chapter ends by expanding upon some areas which have been less discussed,



6 Beyond the Checkboxes: Research Integrity for Regenerative Medicine Researchers 133

but which may have important implications going forward (Sect. 6.4). As with many
areas of ethical, legal, and professional practice guidelines, there are ambiguities
and limitations to existing ways of thinking about what constitutes integrity in
research. The chapter is not intended to be an exhaustive resource; instead, sources
for more detailed information are provided throughout the text. Readers are encour-
aged to consult requirements and key personnel identified by their own universities
or organizations for additional information specific to their institutions.

6.2 The Basics of Scientific Integrity: Who Defines
the Checkboxes?

This section outlines key organizations involved in the administration of research
integrity. In most cases, more than one agency is involved in research integrity
efforts, with varying degrees of authority to implement policy or punish violators.
Some have legislative authority, while others have the power to enforce compliance
through the ability to sanction researchers or withhold funding.

Oversight systems, agencies, and specific rules for RCR evolve over time and in
response to perceived needs. A public controversy may draw attention to a problem,
leading to tightened oversight or new rules, or lobbying efforts might lead to loos-
ened oversight or weakening of agencies’ roles. New technologies can spark debates
about whether existing oversight is sufficient or should be modified, or if an over-
haul is needed. Recent examples include nanotechnology and synthetic biology
(Presidential Commission 2010; Fatehi et al. 2012). RCR guidelines and oversight
systems, then, can be historically, politically, and socially contingent, and there was
not a single, overarching logic from whence existing rules sprang. While there is
considerable consensus in the identification of common guiding principles, attempts
to coordinate RCR activities across institutions have been met with mixed success.

6.2.1 Administrative Organization and Oversight Authority

In the United States, the ORI of the DHHS was established to promote integrity in
biomedical and behavioral research supported by the U.S. Public Health Service
(PHS).! The office sets policies, procedures, and regulations regarding research
misconduct, reviews intramural and extramural policies and procedures, and pro-
motes RCR through educational activities. It also assists institutions dealing with
misconduct and reviews misconduct investigations. Should misconduct be found,
the ORI recommends administrative actions to the DHHS, and assists the Office of

'"The ORI, created in 1992, is under the auspices of the Office of Public Health and Science (a part
of the Department of Health and Human Services) and has jurisdiction over ten offices and agen-
cies, including the NIH, CDC, and FDA.
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the General Counsel in preparing cases on appeal when warranted. There are some
jurisdictional reporting differences among major federal funding agencies: for
example, the NIH’s guidelines are enforced by the ORI whereas the Office of the
Inspector General has jurisdiction over NSF researchers. Also, the ORI, which
evolved from concerns about clinical research and human subject abuses, oversees
activities related to health and medicine. RCR for other areas of science and engi-
neering is now addressed under a specific provision of the America COMPETES
Act (2007, renewed in 2010), which grew out of a concern about economic competi-
tiveness and was intended to stimulate science research, education, and entrepre-
neurship. The Act is largely concerned with activities supporting commerce
(including enhancing the education pipeline for a trained workforce); hence, ques-
tions around COI are of greater concern than the human subjects focus of ORI. The
Act provides targeted funding for specific areas of research, but does not fund man-
dated RCR activities or articulate how RCR training should be carried out.

Most private research funders and all US public (governmental) sources of funds
require principal investigators, students, and key personnel to have instruction in
RCR as a condition of granting funds.? Institutions receiving funds are responsible
for maintaining documentation detailing appropriate participation in the training,
and are charged with assuring that general criteria are met.* Both the NIH and NSF
require that each grant proposal includes a plan for RCR training and oversight to
undergraduate students, graduate students, and postdoctoral researchers participating
in the proposed research project, but leave the specifics to individual institutions.

2Notice number NOT-OD-10-019 (November 24, 2009) applied the policy to the following NIH
programs: D43, D71, FO5, F31, F32, F33, F34, F37, F38, K01, K02, K05, K07, K08, D12, K18,
K22, K23, K24, K25, K26, K30, K99/R00, KL1, KL2, R25, R36, T15, T32, T34, T35, T36, T37,
T90/R90, TL1, TU2, and U2R.DY. The NSF requirement of RCR training was formalized in the
America Creating Opportunities to Meaningfully Promote Excellence in Technology, Education,
and Science America Act, or the so-called America COMPETES Act (42 U.S.C. 18600-1, Sec
7009). It applies to all full research proposals submitted after January 4, 2010.

3The NIH criteria include the following: (a) the training must not be solely through online instruc-
tion; there is value in discussions and instruction with research faculty and other grantees. (b) The
training should cover nine areas of responsible conduct, including conflict of interest, human and
animal subject practices, mentorship responsibilities and relationships, collaborative research, peer
review, data acquisition and laboratory tools, research misconduct, authorship and publication, and
the scientist’s role in society (see Table 6.2). (c) The institution’s research facility should take a
mentoring role in providing both formal and informal instruction. (d) An effective program should
contain at least 8 h of instruction, although a complete semester of programming will result in
more significant learning. (e) Researchers are responsible for ongoing training throughout their
careers: during graduate school (generally through a seminar-type course), at the early investigator
level (through discussions with mentors and possible formal programming), and as senior fellows
as career award recipients (as mentors, lecturers, and discussion leaders). The NSF has funded
several projects to provide resources for institutions and relevant personnel including the Ethics
Collaborative Online Resource Environment (CORE) digital library, at http://nationalethicscenter.
org/ and the Online Ethics Center for Engineering and Research. Six broad categories are covered,
including emerging technologies, environment, safety and sustainability, employment and legal
issues, professional practice, responsible research, and diversity issues (found at http://www.
onlineethics.org).


http://nationalethicscenter.org/ 
http://nationalethicscenter.org/ 
http://www.onlineethics.org/ 
http://www.onlineethics.org/ 
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Internationally, the expectations and definitions of responsible and ethical
research vary greatly. In Europe, each nation has its own individual guidelines for
its scientists and their international collaborators, but 30 nations have signed the
European Code of Conduct for Research Integrity, a 2010 creation of the European
Science Foundation (ESF) and All European Academies (ALLEA).* In China, the
ethics of emerging research are governed by the country’s Ministry of Health and
the Ministry of Science and Technology, which enacted the nation’s policy of stem
cell research in 2003 (Zhang 2012). Like China, Japan has issued national guide-
lines to guide stem cell research pursuant to the recommendations of its Council of
Science and Technology Policy and Expert Panel on Bioethics (Normile 2009;
Kawakami et al. 2010).

The Second World Conference on Research Integrity resulted in a document
outlining basic principles of research integrity, known as the “Singapore Statement
on Research Integrity.” The document is not an official representation of partici-
pants’ policies and acknowledges differences among countries, but recognizes that
there are fundamental values on which research should be based. These include
honesty, accountability, fairness, and stewardship, and added a dimension of social
responsibility often missing in individual countries’ policies. For example, institu-
tions and individuals are advised of their ethical obligations to weigh societal ben-
efits against risks inherent in their work, and the researchers’ responsibilities to
limit professional comments to their recognized expertise when engaged in public
discussions about research. Canada created a new framework for research integrity
in 2011. Integrity as defined in this policy encompasses rigorous and careful analy-
sis, commitment to the dissemination of research results, and the importance of the
responsible use of public funds.® The Singapore Statement and Canadian Council
documents are significant because they establish a framework grounded in value-
based principles, rather than procedural norms, as the US system does.

While there have been attempts to harmonize governance across national juris-
dictions, there are locally specific characteristics which researchers should know
about, particularly when conducting collaborative research in those countries. This
is particularly important for research areas considered to be ethically sensitive, such
as the use of embryos in research, the creation of novel life forms (including geneti-
cally altered organisms or chimeras), or dual-use technologies (e.g., those which
could be used for benefit or harm, such as bioweapons). A compilation of
International Human Research Protections, with more than 1,000 guidelines,

4The European Science Foundation reports on research integrity can be found here: ESF.org/activ-
ities/mo-for a/research-integrity.html.

3The document is so named because the meeting was held in Singapore in July of 2010. The state-
ment can be found at: Retrieved September 16, 2013.

®The Canadian Tri-agency framework for Responsible Conduct of Research covers the three major
funding agencies (Canadian Institutes of Health Research (CIHR), the Natural Sciences and
Engineering Research Council (NSERC), and the Social Sciences and Humanities Research
Council (SSHRC)) and can be found here: http://www.rcr.ethics.gc.ca/eng/policy-politique/
framework-cadre/.


http://www.rcr.ethics.gc.ca/eng/policy-politique/framework-cadre/ 
http://www.rcr.ethics.gc.ca/eng/policy-politique/framework-cadre/ 
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regulations, and laws from 101 countries lists key organizations and covers issues
ranging from data sharing to specific issues related to human testing of devices,
drugs, genetic technologies, and, most recently, stem cells.” While some RCR com-
ponents have general consensus about what is unethical behavior (e.g., falsifying
data), the widely varying ethical and legal circumstances regarding human embry-
onic stem cell research (hESC) across countries have made harmonization of poli-
cies difficult for some aspects of the research (e.g., the use of human tissue).?

6.2.2 Policies Specific to Embryonic Stem Cell Research

In the absence of any clear federal laws governing stem cell research, both govern-
mental and nongovernmental organizations have formulated their own recommen-
dations for ethical practice.” The differences and duplications among them create a
confusing and uncertain legal and ethical space for stem cell practice (Levine 2011).

In the United States, the National Academy of Sciences (NAS) drafted a set of
guidelines covering human subjects concerns (including informed consent and pay-
ment of embryo and gamete donors) and derivation practices (National Academy of
Sciences 2005). The original guidelines were amended in 2010 to clarify areas of
overlap with newer US federal regulations, and to add or modify specific recommen-
dations.!” The NAS is a private, not-for-profit scientific advisory body and has no
enforcement power: compliance with its recommended guidelines is voluntary and
applies only to US researchers. However, the NAS has significant status as a scien-
tific authority, and most institutions have adopted the recommendations, recognizing
the benefits of a unified approach with a codified set of expectations for all stem cell
researchers. The 23 original components, written in 2005, have served as a guide for
other organizations and other countries, although there are some significant vari-
ances. It is important to note that individual institutions reviewed each guideline, and
then accepted, rejected, or modified them in a way which they deemed most suitable
for their own institutions.!! There was general agreement that the Guidelines should

"The 2013 list can be accessed at http://www.hhs.gov/ohrp/international/intlcompilation/intl-
comp2013.pdf.pdf.

8 For example, research involving the use of embryos is statutorily forbidden in Germany, permitted
under country-specific conditions in the UK, France, and Switzerland, and subject to (relatively)
less regulation in China (Gottweis 2002, 2006; McMahon et al. 2010; Isasi & Knoppers 2006).
There is often some confusion about types of policies, and there may be inconsistencies among
them: guidelines are not considered binding by the authorities issuing them, whereas regulations
issued by governmental agencies such as the NIH and the CIRM (California Institute for
Regenerative Medicine) are binding, and may make funding conditional on compliance.

"The original 2005 Guidelines can be found at: http://www.nap.edu/catalog/11278.html and the
2010 Guidelines at http://www.nap.edu/catalog.php?record_id=12923.

"For example, while it is generally agreed that embryo donors should not be paid for their dona-
tions due to moral concerns about the nature of embryos, Guideline #16 also bans payment for
gamete donors. Many institutions did not adopt the regulation, since such donors are regularly
remunerated for other purposes, and often at market rates, rather than merely covering the donor’s
basic expenses.
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be adopted as completely as possible, to lend consistency and transparency to the
process and to aid interoperability where multi-institutional or multinational collab-
orations exist. Most institutions have instituted specific training based on the NAS
guidelines and mandate compliance for both investigators and their collaborators.

The Guidelines also recommend the establishment of embryonic stem cell
research oversight (ESCRO) committees at sites conducting embryonic stem cell
research.'? These committees are tasked with reviewing protocols utilizing embry-
onic stem cells. ESCROs function in addition to, and in coordination with, existing
local institutional oversight bodies, such as Institutional Review Boards (IRBs)
which govern human subjects protections, Animal Care and Use Committees
(IACUCSs) which oversee the use of animals in research, and, where necessary, bio-
safety committees. It is worth noting that a number of universities had created advi-
sory bodies prior to the existence of NAS recommendations, and in some states, this
function is mandated apart from the NAS. The work of ESCRO has changed over
time, from establishing institutional policy to a more bureaucratic protocol-
reviewing function. Greeley argues that ESCROs may have evolved past their origi-
nal purpose; that is, since many of the protocol review issues have to do with creating
new hESC lines, possible insertion of hESCs into humans, or creating chimeras,
protocol reviews could instead be done by IRBs and TACUCs (which already deal
with human and animal subjects) (Greely 2013). However, he acknowledges that
unforeseen policy issues often arise (such as the advent of induced pluripotent stem
cells (iPSCs), or new, controversial techniques), which may require review by some
form of advisory body. The question is whether this should be done at a national,
international, or local institutional level.

The NAS provides guidelines for which kinds of research protocols must be
reviewed and what types of research are impermissible (see Table 6.1). These are
based on a general agreement about what was morally permissible to do with mate-
rials derived from human embryos, and in view of US federal laws regarding the
use of human embryos in research.'* Any derivation of a new line must be reviewed
by an ESCRO, but purely in vitro research using existing lines listed in the U.S.
NIH registry may receive expedited review, as these lines have been previously
reviewed for compliance with federal policies regarding their derivation and prov-
enance. According to the guidelines, any research where the identity of donors is
ascertainable is not permissible due to privacy concerns, as is the in vitro culture of
any intact human embryo for more than 14 days due to moral concerns about the
developing human.'* Because of the potential for moral concerns about mixing

12Some institutions have decided to expand their purview beyond embryonic stem cell research,
anticipating the need to review iPS cells and possibly more, and thus have dropped the “E” from
the acronym.

3There is no complete consensus on the moral status of embryos or what should be morally per-
missible, but the NAS reached its conclusions based on consultation with legal and ethical authori-
ties and went forward with the best understanding of what could be agreed upon at that time.

“Fourteen days of development is the point at which the primitive streak forms in humans. Beyond
this point, the neural system begins to appear, and eventually, sensation or awareness might be
possible. For this reason, 14 days is chosen as the point beyond which research should not continue
(Downs 2008).
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Table 6.1 National Academy of Sciences protocol review guidelines

Full review required e Derivation of new lines

e Introduction of hESCs into nonhuman animals at any embryonic,
fetal, or postnatal stage

* Introduction of hPSCs into nonhuman animals at any embryonic,
fetal, or postnatal stage if an expected effect is that human cells
will integrate into the central nervous system, testes, or ovaries
of the animal

* Research in which personally identifiable information about
donors of embryos, gametes, or somatic cells from which cells
were derived is readily ascertainable by the investigator

Expedited review e Purely in vitro research using preexisting coded lines

Impermissible research e In vitro culture of any intact human embryo for >14 days
» Research in which hPSCs are introduced into nonhuman primate
preimplantation embryos, or in which pluripotent stem cells from
any species are introduced into human preimplantation embryos
e Research involving breeding of animals where the introduction
of hPSCs may contribute to the germ line
* Research where identity of donors is ascertainable

human and nonhuman organisms, it is also not permissible to introduce pluripotent
stem cells into nonhuman primate preimplantation embryos or pluripotent stem
cells from any species into a human preimplantation embryo. Research involving
the creation of chimeras in which the introduction of pluripotent stem cells may
contribute to the germ line or neural tissues is also forbidden. Section 6.3.2 contains
further discussion on the use of chimeras.

Importantly, the Guidelines require that provenance of the embryos and their
donors be documented; that is, it must be known that consent was properly obtained
for each embryo from which a line was derived. If lines are acquired from other
institutions, documentation must be obtained from that institution.

The NAS is not the only body setting guidelines for stem cell researchers. Some
states in the United States have their own guidelines, some of which are more or less
restrictive than national guidelines and some of which have since been superseded
by the 2009 NIH Guidelines (Lomax and Stayn 2008). Most notably, the California
Institute for Regenerative Medicine (CIRM) has created a distinct set of guidelines
for research that they fund, as well as a unique review process, which includes par-
ticipation from representatives of the state’s public. Under the CIRM guidelines,
hESC lines derived from any embryo donated with voluntary and informed consent
are permissible, whereas the NIH forbids the use of hESC lines created from
embryos for purposes other than reproduction.

In addition to public governmental sources, a number of professional associations
have either added to their own existing recommendations for good practice or have
created new ones. In particular, the International Society for Stem Cell Research
(ISSCR), a voluntary international consortium of stem cell organizations, also
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evaluated ethical issues and set guidelines' (ISSCR 2006). The guidelines are simi-
lar to the NAS regarding reproductive cloning, excessive compensation regarding
egg donation, donor privacy, and banning the culturing of embryos beyond 14 days.
Unlike the NAS, which recommends an institutional oversight mechanism (that is,
the formation of ESCRO committees), the ISSCR simply recommends that institutions
provide a mechanism through which the review occurs effectively, impartially, and
rigorously (ISSCR 2006).

The ISSCR guidelines also differ from the NAS guidelines in several important
ways. First, while the ISSCR acknowledges the importance of commercialization,
researchers are encouraged to make materials readily accessible to members of the
research community. Institutions are urged to maintain nonexclusive access for the
research community for the public’s benefit, and not to have restrictive data and
materials sharing agreements. A model uniform material transfer agreement form is
provided (ISSCR 2006). Second, the two sets of guidelines agree that chimeras
should never be permitted to mate with each other for ethical reasons. However,
while the NAS opposes mating chimeras with non-chimeras, the ISSCR allows for
the possibility after approval from a local review committee. In general, the NAS
makes a distinction between the use of pluripotent cell lines (which require full
SCRO review) and the use of differentiated derivatives (which may be permitted to
have expedited review, depending on the case), but does not address teratoma
assays. The ISSCR on the other hand distinguishes the creation of teratomas in
animal models from the creation of chimeras for research. Teratoma assays are
explicitly allowed under ISSCR guidance, since it has been shown that the cells
forming a teratoma do not migrate to the central nervous system or the germline of
the recipient animal (Lensch et al. 2007). In fact, arguments have been made that
teratoma assays should be examined by an institution’s animal care committee
instead of undergoing review under the SCRO committees (Lensch et al. 2007;
Daley et al. 2007). Third, the NAS does not address social justice issues, whereas
the ISSCR does, asserting that the research and its benefits should yield worldwide
benefits, instead of therapies for a chosen few.

Social justice issues are also considered by the Hinxton Group, another voluntary,
interdisciplinary consortium on stem cell ethics and law. The consortium primarily
aims to facilitate communication among researchers and policymakers, but has com-
posed its own additional recommendations. Notably, the group advocates that scien-
tists submit their derived stem cell lines to repositories, making them openly
accessible, and seeks to engage the public in creating a research regime that balances
scientific inquiry with social values. Like the ISSCR, the group advocates incentiv-
izing data and materials sharing and creating licensing and patenting procedures that

5The ISSCR initially published its guidelines for stem cell research in 2006, available at http://
www.isscr.org/docs/default-source/hesc-guidelines/isscrhescguidelines2006.pdf. Additionally, the
organization published its Guidelines for Clinical Translation of Stem Cells in 2008, which deals
with non-regulated clinical trials. See http://www.isscr.org/docs/default-source/clin-trans-guide-
lines/isscrglclinicaltrans.pdf.
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“promote fair, reasonable, and nondiscriminatory (equitable) access to knowledge
and health care applications” (The Hinxton Group 2006; Winickoff et al. 2009).'¢
Additional organizations and professional societies, such as the American
Society for Reproductive Medicine (ASRM), International Society for Cell Therapy
(ISCT), and the American Association of Blood Banks (AABB), have guidelines
and recommendations for particular aspects of professional ethics, embryo acquisi-
tion and use, and laboratory practice relevant to their own constituencies and as
such, they may emphasize certain aspects of good research practice over others
(American Society of Blood Banks 2009; American Society for Reproductive
Medicine 2009).!7 Such guidelines were established long before the existence of
many contemporary cell-based technologies. For example, bone marrow transplan-
tation has been practiced since the 1950s, and blood banking systems have been
around since the 1930s (Lederer 2008). Both are based on clinically-oriented bio-
logical expertise and deal with the collection, processing, and storage of minimally
manipulated materials. However, the guidelines did not anticipate interdisciplinary
research practices, or the need to exchange materials across jurisdictional and pol-
icy boundaries. Furthermore, a recent court case has challenged traditional ways of
handling autologous tissue, which will affect common procedures in regenerative
medicine. An example is bone marrow-derived cells which are filtered, expanded,
and possibly treated with agents to aid their proliferation, then re-injected into the
patient. Previously, materials such as bone marrow or blood products removed and
replaced in a clinic or hospital (and not entering into interstate commerce) have only
had to follow good laboratory practices (GLP) but were not subject to full Food and
Drug Administration (FDA) review. In United States v Regenerative Sciences LLC,
the FDA won jurisdiction over such procedures when there is more than minimal
manipulation or the cells are not used in a homologous manner. This requires addi-
tional review by the Center for Biologics Evaluation and Research and in some
cases, clinical trials might be required. At the core of the dispute are definitions of
“minimally manipulated” and “homologous use.”'® While not an ethical issue per
se, the case demonstrates how taken-for-granted guidelines and practices may be
challenged in the context of an emerging technology under public scrutiny, and

1 http://www.hinxtongroup.org/wp.html.

7The ASRM Ethics Committee document on embryo donation can be found at http://www.asrm.
org/publications/detail.aspx?id=285; the ISCT regulatory documents can be found at: http://www.
celltherapysociety.org/index.php?page=regulatory; and the AABB regulation statement is located
at: http://www.aabb.org/resources/bct/Documents/coi_ct1109.pdf. Organizations formed around
engineering and informatics research have not yet addressed interdisciplinary, cell-based research,
as they traditionally had completely different areas of focus for ethical practice, and have only
recently become closely intertwined with biological research.

'8 Minimal manipulation is defined as processing that does not alter the relevant biological charac-
teristics of cells or tissues (21 CFR 1271.3 (f) (2)). Homologous use is defined by the FDA as the
repair, reconstruction, replacement, or supplementation of a recipient’s cells or tissues with an
HCT/P that performs the same basic function in the recipient as in the donor (21 CFR 1271.3.(c)).
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raises questions about what regulatory authorities should be involved in research
and clinical practice (Werner et al. 2012; McAllister et al. 2012)."

Other organizations, such as the Alliance for Regenerative Medicine and the
Interstate Alliance for Stem Cell Research, track policy trends and promote the use
of common standards and policies to facilitate coordination among state, organiza-
tional, and federal guidelines and regulations.”® While some of these groups have
international reach, others are regional- or country-specific.

In sum, there are a number of types of organizations at different levels that have
attempted to provide guidance on various aspects of research integrity specific to
stem cell research, primarily focusing on derivation and the treatment of embryo
donors (primarily a human subjects protection issue). In the absence of coherent
national and international agreements, such guidelines have allowed researchers to
proceed with at least some consistency. However, some conflicts exist between such
voluntary but authoritative guidelines and other national and international gover-
nance bodies, including the NIH (which exerts control through the control of funds)
and regulatory bodies such as the FDA in the United States and the Human Tissue
Authority and EU Council in the European Union, as well as other country-specific
agencies (Levine 2011; Caulfield et al. 2009; Elster et al. 2008).%!

6.3 Essential Components of Responsible Conduct
of Research: Inside and Outside the Checkboxes

Having outlined the various administrative mechanisms involved, we turn now to
specific areas considered to be central to the responsible conduct of research.
Table 6.2 lists the RCR topics covered by the ORI and for which compliance is
required by most institutions. The topics are applied to any area of formal research,
including science, engineering, social science, and the humanities. Legislation,
details about each topic, and resources can be found online at http://ori.hhs.gov.

“The state of Texas, however, approved rules allowing allogeneic and autologous adult-derived
stem cells to be used experimentally in clinics after Governor Rick Perry received a stem cell treat-
ment for back pain and became an advocate for adult-derived stem cell research (Cyranoski 2012).

The Interstate Alliance on Stem Cell Research (IASCR) is a voluntary body whose stated mis-
sion is to advance stem cell research (human embryonic, adult, and other) by fostering effective
interstate collaboration, by assisting states in developing research programs, and by promoting
efficient and responsible use of public funds (Lomax and Stayn 2008).

2 Numerous country-specific agencies deal with embryonic stem cell research, and in some coun-
tries more than one agency is involved. A few include the Canadian Institutes of Health Research,
Danish Council of Ethics, Geschiftsstelle des Nationalen Ethikrat (German National Ethics
Council), and Zentrale Ethik-Kommission fiir Stammzellenforschung (Office of Central Ethics
Committee for Stem Cell Research in Germany, the Ministries of Science & Technology and
Health in China, and the Ministry of Education, Culture, Sports, Science and Technology (MEXT))
in Japan, among others.
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Table 6.2 Responsible conduct of research: essential components

RCR topic Definition and requirements

Human subjects research Human subjects must be provided appropriate protections
according to the Common Rule, research protocols must be
approved by a local Institutional Review Board (IRB);
subjects must be informed about procedures and risks, and
must be guaranteed confidentiality and the right to
withdraw from the trial; the research should minimize
potential harms; and subjects must be fairly selected with
benefits and risks distributed fairly among participants

Publication/authorship Publication of full, fair, and significant results by researchers
who sufficiently contributed to the findings; data must be
analyzed under reasonable statistical tests, all relevant data
must be reported and be accurate; complete reference list
must be provided

Research misconduct Researchers must not intentionally or knowingly commit act(s)
of plagiarism, fabrication, or falsification in any element of
the research process

Animal welfare Strive to reduce the number of animals used, refine protocols to
minimize the animal’s pain/distress, and replace the use of
animals using other means when possible (for example,
using cell lines)

Mentorship Provide a relationship characterized by mutual respect and
professionalism; mentor must take responsibility for
mentee’s RCR training

Data management Ensure data integrity (no investigator bias, proper data
collection and analysis techniques); researchers must permit
sharing when warranted, have clearly defined ownership,
retain data for a reasonable period (7 years recommended)

Collaborative science Researchers should determine ownership of data and IP, have a
clear and fair division of responsibilities, and determine
authorship

Conflicts of interest and Research must be conducted objectively, uninfluenced by

commitment outside bias (personal, professional, financial); potential
sources of other conflicts must be declared

Peer review Manuscripts and materials should be reviewed competently,

objectively, and without bias or conflict of interest

A few points need to be made about such lists. First, although these are the areas
identified as the most relevant for RCR training, some may receive greater scrutiny
and oversight than others, or may periodically receive extra attention. For example,
the introduction of new research management arrangements has recently stimulated
changes in policies on research subject protections and conflicts of interest, and the
rapid expansion of data visualization tools has raised concerns about data misrepre-
sentation and misconduct. We expand upon the discussion of human and animal sub-
jects, misconduct, and COI for this reason. Second, the categories listed in Table 6.2
assume that research integrity can be tidily placed in discrete categories, and then
dealt with procedurally. In the real world of everyday practice, dilemmas do not fit
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into such categories perfectly; they may fall across several categories or may be too
ambiguous to properly classify. For example, a case of misrepresented findings by a
senior researcher may affect mentored students or junior researchers involved in the
project in addition to constituting misconduct. In other cases, there may be tensions
between values underlying aspects of research integrity: for example, open sharing of
data may conflict with ideas about respecting a biospecimen donor’s autonomy.

A recent example demonstrates how multiple failures can occur across RCR cat-
egories or checkboxes, and how failures may ultimately endanger human subjects.
A paper by Duke University researcher Anil Potti compared the molecular traits of
various cancer tumors to determine which chemotherapy would be the most effec-
tive treatment. A team of biostatisticians were unable to duplicate the findings and
found numerous errors, including mislabeled cell lines and transposed data spread-
sheets, and tried to draw attention to the suspected misrepresentations (Baggerly and
Coombes 2010). However, because scientific communities often do not read each
other’s literature and may not be looking for the same sources of error, the miscon-
duct was not dealt with until other researchers in the medical field uncovered mis-
representations in Dr. Potti’s resume, which led to an investigation of the veracity of
his research findings (Couzin-Frankel 2010). This case of misconduct was particu-
larly egregious because the paper was cited numerous times, and a number of clini-
cal trials were initiated with patients randomized based on the markers identified by
the Potti team. The trials had to be halted, and the risk to patients could have been
significant. The Institute of Medicine report, “Evolution of Translational Omics:
Lessons Learned and the Path Forward” (2012) uses the Potti case to highlight fail-
ures of the systems of integrity, including unclear lines of accountability, poor data
management, a lack of independent confirmation of omics discoveries, a failure to
solidify consistent test methods, a lack of validation of the omics-based test prior to
beginning clinical trials, and various conflicts of interests that were undisclosed in
informed consent documents. The failure of the system cannot be overemphasized:
beyond the actions of a single individual, peer review, data sharing requirements,
and reporting systems all failed until other individuals took it upon themselves to
investigate. Importantly, the case also serves as an example of the kinds of problems
that can be missed as research becomes increasingly interdisciplinary, with insuffi-
cient expertise in other fields to recognize problems as they occur.

The areas identified as essential RCR components, along with recommenda-
tions for practice and training materials, were written primarily by experts in eth-
ics, policy, and the law. While they serve well as a general guide, in some cases,
they may not be in tune with the many complex, interdisciplinary kinds of science
that have emerged over the past decade or so. Many of the teaching illustrations
used in training modules are more applicable to large-scale clinical research, drug
discovery, or other areas which may be far removed from situations relevant for
stem cell and regenerative science researchers. Furthermore, many of the modules
have not taken into account the way novel tools and technologies raise new gray
areas of ethical practice and challenge what constitutes “misconduct.” Uncertainties
about how to proceed are also raised in light of networked, large-scale, or interna-
tional collaborations across labs, regulatory environments, and cultural contexts.
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The complexity of techniques, tools, and the non-unified nature of guidelines puts
considerable burden on researchers themselves to discern when a line of appropriate
behavior has been crossed.

The next section looks deeper within the checkboxes of RCR components, pro-
viding illustrations with greater salience to researchers in cell and molecular-based
biology and engineering and illustrates how contemporary research practices raise
challenging questions for responsible research. We focus first on human subjects
protections and scientific misconduct, because these areas are arguably the most
critical to ethical scientific practice, and are fundamental to trust among researchers
as well as between researchers, the public, and governmental or financial supporters
of research. Aspects of human subjects protections for stem cell research are cov-
ered in the chapters by Resnik and King in this volume; however, we elaborate a few
issues which are likely to continue to require particular attention both now and in
the future. Additionally, proposed new guidelines for human subjects protections,
should they be approved, will have a strong impact on research using human bio-
logical materials. We next examine ethical concerns arising from increased use of
chimeras in research, which has not yet been sufficiently dealt with guidance on
animal use. Then, as an extended illustration of potential misconduct, we use the
case of visual data representation, as it is increasingly relevant to daily research and
publication and presents a growing area of concern. The section ends with a discus-
sion of COI, where issues reflect broader trends in contemporary research, but some
challenges have arisen in stem cell-related research due to the particular nature of
materials and financial and organizational agreements used. Recent changes in COI
policy in the United States which will affect such arrangements are also noted.

6.3.1 Human Subjects: Protecting Research Participants
and Tissue Donors in Regenerative Research

6.3.1.1 Oversight of Research Using Human Subjects

Until the twentieth century, experimentation on humans was done within the bounds
of routine medical practice and left up to the physician’s judgment. There was no
formal guidance or consensus about what counted as appropriate experimentation,
and little oversight other than professional codes. Eventually, the need to test the
specificity of disease causation and the efficacy of vaccines and other medicines
necessitated more systematic experimentation on humans. This exposed many more
patients and healthy volunteers to possible harms. By the nineteenth century, some
efforts to create protections for human subjects began; however, it was not until
after major abuses became publicly visible that regulations were institutionalized.
Beyond the well-known experiments conducted in concentration camps in Nazi era
Germany, governments in the United States and other countries conducted numer-
ous secret experiments using radiation exposure, toxins, psychological torture, and
more, and clinicians also tested medical theories and treatments on humans,
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sometimes without their knowledge or permission (Annas and Grodin 1995; Marks
1997; Moreno 2001; Reverby 2009). Pharmaceutical and medical device companies
also routinely tested products in vulnerable populations, often in countries where
there was less likelihood of the work being made public (Petryna 2007). Objection
to such practices culminated in the Declaration of Helsinki (1975), a consensus
document by the World Medical Association and now considered to be the founda-
tion of modern research ethics. In the US, the National Commission for the
Protection of Human Subjects of Biomedical and Behavioral Research was created,
and its subsequent publication of the Belmont Report in 1979 put forward basic
principles of research-specific protections for human subjects (Levine 1988).%

Today, any time humans are used in formal research, as subjects in a trial (such
as a test of therapeutic devices, drugs, or other substances), as a source of biological
material (blood, cells), or when information from humans is used (data from the
genome, microbiome, identifiable medical histories, etc.), strict guidelines exist to
ensure the subjects’ safety, confidentiality, and voluntariness.

All work that is supported or conducted by the U.S. DHHS in the United States
is subject to its human subjects protection regulations, codified at 45 CFR part 46,
subparts A through D. In 1991, 14 US federal agencies agreed to implement uni-
form regulations for the protection of human subjects as a part of the code of federal
regulations governing health and human services. The resulting regulation is known
as the “Common Rule” and serves as the primary guidance for all federal agencies
in the United States. Similar principles are used in other countries.”®> Clinical
research subject to FDA review (that is, any product used in or on the human body
and intended for interstate trade) is covered under 21 CFR 50 and 56 (human
subjects protections relating to informed consent).

Two trends in research practice have raised questions for RCR. While academic
and federally funded research institutions have structures in place to oversee com-
pliance, for-profit product sponsors have moved away from using such centers to
conduct clinical trials. Increasingly, they use contract research organizations and for-
profit IRBs to review protocols and human subject recruitment and protection plans,

22The principles are beneficence (commonly parsed as “do no harm”), respect for persons (indi-
viduals should have a right to autonomy), and justice (subjects should not be exploited and proce-
dures in research should be fair and reasonable). These remain the cornerstone of human subjects
protection regulations. The Belmont Report can be found at http://science.education.nih.gov/sup-
plements/nih9/bioethics/guide/teacher/Mod5_Belmont.pdf). Further reading on these principles,
including critiques, can be found in Jonsen (1998) and Levine (1988), among others.

2 The National Research Act of 1974 required all institutions involved in federally funded research
to create Institutional Review Boards (IRBs), committees at each institution which review, approve,
and monitor research involving human subjects. The following agencies and departments have
signed onto the Common Rule: Agency for International Development, Consumer Product Safety
Commission, Department of Agriculture, Department of Commerce, Department of Defense,
Department of Education, Department of Energy, Department of Housing and Urban Development,
Department of Justice, Department of Veterans Affairs, Department of Transportation,
Environmental Protection Agency, National Aeronautics and Space Administration, and the
National Science Foundation.
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which has raised concerns about the objectivity and ethics of for-profit research
practices (Fisher 2005).

Another increasingly frequent practice is the use of existing samples or databases
collected for another purpose in a new study, without seeking consent from the
original donors. It is important to note that the “human subject” label includes any
specimen or data derived from humans for which any individual personal informa-
tion (medical history, identifiers such as record number, address, etc.) can be readily
identified. In such cases, consent from donors must be obtained prior to use in
research. Specimens that have been anonymized through the use of codes or strip-
ping of all identifiers are not counted as human subjects.?* In the United States, the
privacy of personal medical information is additionally protected under the Health
Insurance Portability and Accountability Act of 1996 (HIPAA), under the auspices
of the Office of Civil Rights in the DHHS. There are no restrictions on the use or
disclosure of de-identified health information under HIPAA. However, should it be
necessary to contact donors, for example, to gain additional information from their
medical records to analyze along with their biological specimen, conflicts may arise
between the different laws covering individuals’ privacy.

Existing RCR training material deals primarily with the protection of human
subjects participating in conventional clinical research trials. However, the con-
stantly changing landscape of medical research has raised new questions about how
best to protect human subjects, both in clinical research and research using informa-
tion from human specimens.

6.3.1.2 Human Subjects and Stem Cell Research

For regenerative medicine research, the more visible areas of concern have to do
with the fact that most of the techniques have not yet been tried in humans, and,
therefore, may have unknown effects not observed in animal or laboratory studies
(see King, Chap. 9, this volume). This is even more of a concern with the rapid
increase in the number of trials and advertised therapies appearing worldwide which
may have poor transparency regarding the protocols and types of materials used.
Ethical issues regarding individuals who participate in such therapies raise difficult
questions about patients’ exposure to potentially highly risky procedures, and some-
times the limits to scientific freedom are pitted against the enforced regulation and
oversight by national or international bodies. The problem of “medical tourism,”
that is, patients seeking clinics which offer innovative therapies but which may not
abide by generally accepted oversight rules, or travelling to clinics in countries with

2 Personally identified information is that which can be directly tied to an individual, including
name, geographic information smaller than a state, social security number, birth and death dates,
phone and fax numbers, email and IP addresses, medical record and health plan numbers, vehicle
license numbers, device serial numbers, and biometric identifiers (including voice print and pho-
tos) (45 C.FR. § 160.103). A summary of the rule can be found at http://www.hhs.gov/ocr/privacy/
hipaa/understanding/summary/index.html.
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less regulation or ethical oversight, has become highly visible in recent years
because of several deaths and significant injuries (Gunter et al 2010; Hyun et al.
2008; ISSCR 2008).

Where human subjects protections for regenerative science research differ some-
what from other areas is in the use of biological materials from humans. A variety
of human biological materials are used for many of kinds of research. However, the
use of human embryos is particularly sensitive. In many countries, questions of
whether or not it should be morally permissible to create embryos from donated
gametes for the purposes of research, or to create embryos that could produce chil-
dren (somatic cell nuclear transfer or reproductive cloning), and the protection of
the embryo donor’s privacy have become battleground issues in the context of polit-
ical and social conflict about the use of human embryos.

People who donate their bodily materials (blood, gametes, tissue) for research or
therapy may do so as an act of altruism or in support of science, or because they
have an interest in a particular type of research. Individuals affected by a disease
may be approached to contribute a specimen to research that disease or to help
develop a therapy. Tissues may also be acquired as a byproduct of individuals hav-
ing a procedure, for example, when tissue is removed in surgery, or in the case of
hESC research, when a couple is creating embryos for the purpose of having chil-
dren, but not all the created embryos are used. As Resnik discusses in Chap. 7, there
are general protocols for dealing with donations of biospecimens: donors are prom-
ised anonymity and must give informed consent for their specimens to be used in
research. While some of the issues are the same as using say, blood or tumor cells
for testing, immortalized cell lines may create new challenges due to the ability to
use them over long periods of time, and to use the lines (and data produced by them)
for purposes far beyond what the donors had imagined in their consent. There are
unresolved questions about how best to ask donors for consent, when there may be
many reasons to use a line for additional research beyond what was mentioned in
the consent form. It is not always known which lines may have the best clinical utility,
and new experiments may become possible that did not exist at the time of specimen
collection. Still, it may be almost impossible for donors to withdraw if they recon-
sider their consent (Lowenthal et al. 2012).

For this reason, some observers have advocated for language in the consent form
in which donors agree to a broad variety of possible procedures (“broad” consent),
while others argue that this diminishes autonomy, and donors should be given the
opportunity to consent to very specific procedures which exist at the time of con-
sent (Aalto-Setdld et al. 2009; Hansson et al. 2006; Scott et al. 2012). A “sustained
interaction” system, in which traceability is maintained and recontact is allowed,
either for additional permissions, to report incidental findings or the results of a
study, or for other circumstances has been proposed to allow human subjects flexi-
bility (Isasi et al. 2011; Lowenthal et al. 2012). Coded identifiers attached to speci-
mens would be maintained, rather than de-linking identifiable information as is
currently done. This system would allow some categories of research to go forward
with only the initial consent, but others (mainly sensitive research areas such as the
production of gamete cells) would potentially require recontact and additional consent.
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A primary advantage, as the authors see it, is the development of trust and a sense of
collaboration with researchers, and greater transparency regarding secondary
research while allowing donors to retain some control over the disposition of their
specimens. The disadvantage is the necessity to create and maintain a new infra-
structure to track and monitor individual choices at various points over time, which
researchers are likely to see as burdensome and costly.

Another key problem is that of protecting biospecimen or embryo donor ano-
nymity. There may be conflicts between the desire to protect anonymity and the
need to know information about donors, both to be able to contact them regarding
their original consent and to use the information to conduct certain kinds of research,
such as disease-specific studies. Donors of materials for hESC or iPSC research
trust that the donation will be anonymous (e.g., their personal information will not
be connected to their biological sample), that researchers will not share information
with others without their permission, and that the material will be used for the
express purpose for which they consented. In fact, oversight rules require that no
personal information should be collected at all unless it is essential to the protocol
for which the donor is consenting to provide tissue. This is particularly important
when the tissue—or particular uses of it—is sensitive, as in the donation of embryos,
fetal tissue, or gametes. When that trust is broken, the entire system of tissue collec-
tion for research and therapy may suffer.

An issue of growing concern is data handling and privacy; for example, when
data produced by biological materials and collected on the basis of one set of con-
sent agreements is used for a different purpose than one to which donors were
recruited. As genome sequencing has advanced, it has become far easier to identify
biological materials and match them with donors, making a guarantee of protecting
donor anonymity virtually impossible (see Resnik Chap. 7 and Ossorio Chap. 5, this
volume). Gymrek et al. (2013) easily identified individuals in a study group, as well
as their relatives not involved in the study, using simple Google searchers and basic,
openly available information published from the 1,000 Genomes Project (see also
McGuire et al. 2008).

Elaborate systems have been invented to “de-identify” samples to maintain ano-
nymity (Elger and Caplan 2006; Resnik, Chap. 7, this volume). Ossorio points out
that in the era of large genetic databases, it becomes almost impossible to guarantee
anonymity, even though informed consent forms promise such protections (Ossorio,
Chap. 5, this volume). Yet there are other breaches of anonymity arising from the very
different priorities and needs of researchers, federal agencies, clinics, and regulators,
and in the case of stem cell research, the recent federal guidelines for hESC research.

To illustrate, the 2009 NIH guidelines (which affect federally funded US
researchers) require that only cells from approved ES cell lines be used, and in order
to be approved, there must be proof that proper informed consent was obtained from
embryo donors. While this was straightforward for new lines going forward, the
numerous lines which had been in use globally for many years were not grandfa-
thered into the new guide. This meant either that those institutions responsible for
the lines had to retrace original donor consent processes (and if found not to be in
compliance with the new guidelines, the lines could not be used), or that donors
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might have to be re-identified, located, and re-consented under the new standards.
Since many of these lines were created nearly 20 years earlier, locating donor couples
made the re-consenting process onerous.? Also, if original donors were consented
with the intent of using material for one particular type of research, such as diabetes,
according to the guidelines, researchers could not use the line derived from that
embryo for any other purpose, such as cardiovascular research, even if the cells
proved to work well for the other purpose (Taylor 2009).

An analysis of consent forms showed considerable inconsistency in what was
explained to donors among the various clinics, institutions, and for-profit organiza-
tions which had derived earlier lines (Streiffer 2008). This is not surprising, since
informed consent has never been a standardized process across types of research or
organizations. The new guidelines impose a strict separation between the act of
undergoing IVF treatment and the donation of unneeded embryos, to ensure volun-
tariness. Because couples may plan their families over several years, the request for
donation may come many years after the embryos were initially frozen and stored.
If donated, further information about medical history may be required of the donor
couple for some studies. At the same time, the FDA, concerned with the transmis-
sion of infectious agents into potential recipients, began requiring information from
embryo and gamete donors from which cell lines have been derived at the time of
the IVF procedure.?® This in essence contradicts the NAS guidelines’ recommenda-
tion to separate donation from IVF treatment, and may necessitate breaking ano-
nymity to gather information from couples who may not have considered donation
at the time of their original treatment (Hogle 2011).

Another problem exists when cell lines are exchanged among researchers (Lo
et al. 2009). Institutions share their cell lines and other biological materials with
other researchers and institutions using a formal binding legal contract, called a
Materials Transfer Agreement (MTA). When the material being transferred is sub-
ject to specific restrictions (for example, research purposes limited by the donor’s
consent), the donating institution will insert clauses permitting the receiving institu-
tion to use the material for the specified purpose only (and prohibiting the use of the
material for unauthorized use). However, there is little ability to audit actual uses to
ensure that they comply with the agreement and stick to the uses for which donors
gave consent.

3 Significantly, considerable data had already been published from several lines, a few of which
have become the “gold standard” for research. If those lines had been disallowed due to inability
to trace the donor consent process, the result could be catastrophic, raising questions about how far
a rule intended to protect donor privacy should go without damaging the research enterprise.

2621 CFR 10.115(g)(4)(i) Part 1271 subpart D, effective May 25, 2005 now applies to donors of
cells and tissues including hematopoietic stem cells derived from peripheral and umbilical cord
blood, reproductive cells and tissues, in addition to tissues previously covered by statutes (part
1270), such as human dura mater, human heart valves, and other tissue for transplantation. Part
1271 is far broader than the prior 1270 which was primarily for biological entities, because it
applies to HCT/Ps regulated in any category of regulatory entity (e.g., drug, device, or biological).
Exempted are the Wisconsin lines, which were created before 2005.
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Finally, there may be a question of whether the materials are acquired either
without a person’s knowledge or with coercion.”’” A well-known illustration in
regenerative biology is the case of South Korean researcher Hwang Woo-Suk, who
claimed that he had successfully cloned human embryos. There were multiple prob-
lems with the research, the most spectacular being the falsification of data.?® A sig-
nificant ethical breach, however, involved alleged coercion of his female laboratory
workers into donating oocytes for the research. Inducing individuals to participate
in research through offers of money or services, or as in this case, exploiting the
power relationship of a senior researcher with his subordinate laboratory staff, vio-
lates human subjects protections by most standards. Particularly because this case
arose in the highly sensitive and contested area of human cloning, the practice was
especially egregious. Not only did Hwang’s actions destroy the hopes for a success-
ful Korean research enterprise (at least initially), but the entire affair cast a pall on
somatic cell nuclear transfer research as a whole (Gottweis and Triendl 2006;
Normile et al. 2006; Snyder and Loring 2006).%

6.3.1.3 Proposed Changes to Human Subjects Protections

Recently proposed changes regarding human subjects protections, listed in Table 6.3,
will directly affect regenerative science researchers should they be approved. The
most significant changes reflect concerns about donor privacy and the identification
of human subjects, as described above. The rapid growth in shared databases and
biorepository information has raised a host of new legal and ethical issues. One
change being considered is whether donors should be contacted for each new use of
data from their donated materials, or whether research using preexisting data and
biospecimens, tests, and surveys should be excused from review by an IRB.

Y’Coercion exists if individuals are offered incentives that may induce them to participate when it
may or may not be in their best interest, or when they feel the implications of not participating.

28 The case is well known and will not be repeated in detail here, but see, for example, Gottweis and
Triendl (2006), Beasley et al. (2002), and Lee and Park (2006). The Hwang Woo-Suk case further
illustrates the international variation in definitions of misconduct, investigatory procedures, and
penalties. Hwang was convicted of bioethics violations and embezzlement in his native South
Korea, sentenced to 2 years in prison (suspended) and his funding was withdrawn, but he was not
convicted of fraud. A senior coauthor, Gerald Schatten (University of Pittsburgh), was found to
have committed “research misbehavior” (an ill-defined, less severe version of research miscon-
duct) for accepting senior author status while not verifying the accuracy of the data and participat-
ing significantly in any of the experiments (Marris and Check 2006). He was not suspended from
continuing research.

2The question came up again when the Human Fertility and Embryology Authority in 2007 autho-
rized the payment of women for oocyte donation to support stem cell research. Two long-standing
questions were raised: whether offering money in exchange for bodily materials unduly places
women at risk for harm (whether or not they willingly donate) and whether payment for human
reproductive materials which may be used to create an embryo is ethical in any case (Baylis and
McLeod 2007). While it is beyond the scope of this chapter, information about payment for gamete
and embryo donors can be found in the NAS guidelines at 82—89.
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Table 6.3 Human subjects protections—proposed changes

Area

Current rule

Changes being considered

Data security

Biospecimens

Informed
consent

Studies subject
to common
rule

Adverse events

IRB review

Common rule
agencies

Exempt
studies

No current specific data security
protections for IRB-reviewed
research

Research using existing
biospecimens (clinical or from
prior research) can be done
without consent by stripping
the specimens of identifiers

Current provisions of the
Common Rule provide only
basic information about the
elements of informed consent
and how consent documents
should be written

Federal protections only apply to
studies that are funded by
certain federal agencies
(Common Rule agencies), or
to clinical investigations that
involve products regulated by
the FDA

Adverse events and unanticipated
problems occurring in
research are reported to
multiple agencies and with
various timelines, with no
central database as a
repository for such data

Each site in a study requires IRB
review. Although one IRB is
permitted to review multiple
sites, it is common for a single
study conducted at multiple
sites to have many IRBs
separately conducting reviews

Common rule agencies and the
FDA are authorized to issue
separate guidances for human
subjects protections (lack of
uniformity between agencies)

Six categories of studies qualify
as “exempt” from the
regulations, meaning that they
do not have to comply with
any of the regulatory
requirements

Specified data security protections would
apply to the level of identifiability of the
collected information

Written standard consent required for
research use of all biospecimens
regardless of identifiability; broad
consent permitted if specified

Revise regulations to provide greater
specificity and clarity about how consent
forms should be written and what
information they should contain, with
goal of aiding individuals to make good
decision about participation in studies

Regulations would apply to all studies
involving human subjects conducted by
US institutions which receive federal
funding for research from a Common
Rule agency, regardless of funding
source

A single website meeting federal reporting
requirements would be created for the
electronic reporting of all such events,
leading to a single database and
harmonizing reporting requirements
across agencies

For all of the US sites in a multi-site study,
a single IRB of record is proposed

If agency to agency differences are not
justified by differences in the applicable
statutes or missions, guidance will be
made more uniform

Currently exempt studies would no longer
be fully exempt from the regulations and
would be subject to new data security
protections; studies using biospecimens
would have new consent requirements

(continued)
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Table 6.3 (continued)

Area Current rule Changes being considered
Use of existing Permitted for research if sources  Eliminate requirements that all data/
data and publicly available or if specimens must exist at commencement
specimens information recorded by of study and that researchers cannot
researchers in way that record and retain subject identification
subjects cannot be identified, information; to obtain and record such
directly or through identifiers information, the subject’s consent would
linked to them generally be needed (but could be

obtained when sample was collected
with open-ended consent to future
research uses); with regard to studies
using existing biospecimens, see
Biospecimens, supra

Currently, if materials are de-identified, no further permission is required, but evi-
dence of the ease with which materials can be identified has challenged the belief
that de-identification is sufficient. There is considerable disagreement about how to
proceed, and differences exist between the views of bioinformatics experts, genom-
ics researchers, disease advocacy groups, and privacy advocates.

Additional proposed rules would expand Common Rule coverage to all studies
conducted at institutions receiving money from any of the 15 federal agencies using
the Common Rule. This means that even studies sponsored by a for-profit company
and conducted at a university receiving federal funds would be covered. For multi-
institutional clinical trials, a single IRB is proposed to oversee studies, in lieu of
current practices of IRBs at each location conducting oversight. This is intended to
harmonize and speed the process of oversight.

At the time of publication, no action had been taken on the proposed rules.
Whether or not they are finalized in the form in Table 6.3 changes will certainly be
made regarding biorepository data that will affect regenerative medicine.
Regenerative medicine also uses animal subjects extensively; therefore, the next
section talks about oversight of research using animals.

6.3.2 Oversight of Research Using Animals, Including
Chimeras

6.3.2.1 Animal Use and Welfare: Background and Regulations

The welfare of animals was a concern of scientists long before the protections of
humans in research. Anti-vivisection and other animal care movements, particularly
in the nineteenth century, led to animal protection legislation in Britain in 1876. By
1908, the American Medical Association had created guidelines for the care of labo-
ratory animals but the first US laboratory animal protection laws were not passed
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until 1966 and only in 1979 were protections institutionalized nationally (Lederer
1997). Protections are based on three principles posed by Russell and Burch in 1959.
Specifically, animals in experimental systems should be replaced with cell culture
systems or lower order organisms when possible, experimental design and proce-
dures should be altered to reduce the pain and suffering of animals used, and the
number of animals used in an experiment should be reduced when possible.

Today, animal welfare is arguably one of the most thoroughly regulated areas in
research, both on the federal and local levels. On the national level in the United
States, animals must be kept and cared for in compliance with the Animal Welfare
Act (7 U.S.C. §2131 et. seq.) and nine federal principles adopted in 1985 by the
Office of Science and Technology Policy.* Additionally, NIH policy 6380-2/54206,
“Responsibility for Care and Use of Animals” (2004) followed the Public Health
Service’s 2002 Policy on Humane Care and Use of Laboratory Animals.’! The
policy delineates standards of care for housing, pain management, and sacrificing of
vertebrate animals used for research and testing. The National Academies of Science
also publishes a guide for the care and use of laboratory animals (NAS 1996). The
use of laboratory animals in federally funded research must also be overseen by the
home institution’s Institutional Animal Care and Use Committee (IACUC). The
TACUC reviews research protocols and evaluates the institution’s animal care and
use, reporting annually to the NIH’s Office of Laboratory Animal Welfare (OLAW).
The OLAW requests that institutional IACUC committees consider the “3R” prin-
ciples (replace, refine, and reduce) when evaluating grant applications and review-
ing proposals. The Animals (Scientific Procedures) Act of 1986 provides similar
regulation in the UK.*

With the increasing use of transgenic animals and chimeras, new questions have
arisen regarding not only the nature of animal suffering but also the ethics of geneti-
cally combining species. Chimeras, defined as organisms containing cells or tissues
combined from different animals, are increasingly common in medical research,
and can be extremely valuable research tools.* Chimeras may provide valuable
information about tissue function or disease causation where simulations are insuf-
ficient and testing in living humans would be unethical. There are several ways
scientists are currently mixing species genetic material: by genetically altering an
animal to make a human-like protein or to manifest more human-like functions in
vivo, by populating a test animal (usually rodent) with human cells to test a drug or
recapitulate a human disease, or by introducing early-stage human cells into a non-
human embryo, for example, to study development. An important use in stem cell
research is the use of teratoma assays to check the pluripotency of cell lines. Test

The nine principles can be accessed here: http://grants.nih.gov/grants/olaw/references/phspol.
htm#USGovPrinciples.

31'The PHS document can be found here: http://grants.nih.gov/grants/olaw/references/phspol.htm.
Zhttp://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm.

$These can be mutated cells of the host organism or cells from a different organism or species
(Human Genome Initiative glossary, found at http://www.ornl.gov/sci/techresources/Human_
Genome/glossary).
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cells are injected into a mouse followed by a growth period, and if they develop
into a teratoma containing cells from all three germ layers, the test cells are proven
to be pluripotent (Lensch et al. 2007). Other possible uses of human—animal chi-
meras involve replacing only a select population in a fetal animal with human cells
differentiated in vitro. These may result in the development of mice with human
neurons or with human cardiac cell implants (Laflamme et al. 2007; Muotri et al.
2005).

Human DNA may also be fused with enucleated animal eggs to form a “cybrid,”
that is, a hybrid cell which combines the nuclear genome from one source with the
mitochondrial genome from another source. This is not a chimera, since it would
have almost entirely human DNA, and thus has been put forward as an alternative to
making embryonic stem cell lines requiring donation of human embryos. Cybrids
could also be used to study the contribution of mitochondrial DNA (Ishikawa et al.
2008; Knowles 2003). The Human Fertilization and Embryology Authority (HFEA)
specifically considered this case, and after consultation with public groups and sci-
entific experts, decided to permit the use of cybrids for research purposes. There
were considerable criticisms of the research in the UK, and questions about the legal
status of such entities (Baylis 2008). Bahadur et al. (2008) questioned whether they
would qualify as human embryos, and if not, perhaps they would not come under
HFEA jurisdiction.

Many people are troubled by the moral, political, and legal concerns about incor-
porating human DNA into other species. In particular, there are concerns about
human cells integrating into the nonhuman host in ways that might make the animal
“too human-like” in appearance or behavior (Bobrow 2011; Karpowicz et al. 2005;
Greely et al. 2007). The nature and extent of moral repugnance has undergone con-
siderable debate, with no consensus about what constitutes a moral violation, except
that most people agree that integration into the neural system and reproductive tis-
sue is unacceptable.* Issues might also arise if human cells were introduced into
animals later than the embryonic stage of development, since migration to other
tissues might be unpredictable. Introducing cells—particularly human neural
cells—at an early stage in nonhuman primates might also be a concern, as there may
be greater potential to affect an animal’s cognitive abilities earlier in the animal’s
development, particularly when the species is genetically and morphologically sim-
ilar to humans. Some institutions place limits on development stage and disposition
of chimeras as a result.*® For some, it is important that donors be informed whether

3 Arguments center around the ambiguous moral status of creatures that are neither fully human
nor animal (Robert and Baylis 2003). Critics of this concept argue that the focus on species identity
is based upon an incorrect view of human personhood (Haber and Benham 2012; Siegel 2003).
Some ethicists conclude that “status-enhancing” research (such as integrating human stem cells
into animal brains) should not be conducted unless it has minimal risk and probable therapeutic
benefits to the subject (Streiffer 2005). However, it is not clear that chimera creation is, in fact,
status-enhancing (id.).

3 At the University of Wisconsin-Madison, any experiment involving the introduction of hESCs
into embryonic animals past Carnegie Stage 23 (which is E16 in mice) is prohibited. The UW
policy on chimera use in stem cells can be found at: http://www.grad.wisc.edu/admin/committees/
scro/documents/ChimeraGuidanceDocument090527.doc.
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cells from their embryo would be mixed with an intact embryo, either human or
nonhuman, and a few existing ESC lines (for example, WAOI, WAQ07, WAOQ9,
WA13, and WA 14) were created with the express guarantee to donors that they will
not be mixed (Streiffer 2005). Ethicists disagree on the nature and seriousness of
species mixtures. One possibility might be to allow experiments to be designed in
such a way that viable offspring of chimeras would not result (for example, putting
reproductive cells in a body location where they could not be fertilized), or a method
could be devised to prevent development beyond a certain stage.

Most countries cover the generation and use of animal models under animal use
and welfare regulations, but do not have specific guidance for the growing number
of applications for chimeras. The exceptions are the NAS (in the United States) and
the ISSCR. In the UK, a working group of the Academy of Medical Sciences rec-
ommended the creation of additional oversight for some experiments, including
introducing ESCs into nonhuman neural systems (Academy of Medical Sciences
2011). In Germany, the debate has a somewhat different flavor, since preservation of
the dignity of humans is the core principle for post-World War II Grundgesetz
(Basic Law). The German Ethics Council determined that mice carrying human
genes are ethically acceptable, but other uses should require permission from a
national ethics panel (for example, making transgenic nonhuman primates). On the
other hand, introducing animal material into the human germline, experiments that
would lead to the development of human sperm or eggs in an animal, and implant-
ing an animal embryo into a human should be forbidden (Deutscher Ethikrat 2011).

Beyond the protection of human and animal subjects in research, researchers
also have to produce reliable reproducible data for the progress of the wider scien-
tific community. The next section on research misconduct provides some examples
of recent transgressions and other possible transgressions in research conduct.

6.3.3 Research Misconduct

Highly visible disclosures of scientific fraud and misrepresentations in the 1980s
brought scientific misconduct into public attention.*® The Office of Science and
Technology Policy in the White House ultimately created the Federal Research
Misconduct Policy in 2000.%7 All federal agencies or departments supporting
intramural or extramural research are now required to implement the policy through

*In an often-cited case, William Summerlin claimed to have transplanted donor tissue into a
genetically unrelated recipient while avoiding graft versus host rejection. As proof, he presented
white mice with spots of black fur he claimed came from donor mice. In reality, he had colored
spots on the white mice using felt-tipped pens, which was discovered by one of his technicians
(LaFollette 2000). In another case in the early 1980s, John Darsee, a promising young researcher
of Brigham and Women’s Hospital, was found to have fabricated data throughout his career, lead-
ing to the retraction of eight papers and 45 abstracts. Congress became involved when delays in the
investigation and proceedings led to allegations of press cover up (id).

37 Available at: http://ori.hhs.gov/federal-research-misconduct-policy.
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their own policies or regulations.*® Early on, NSF and PHS policies encompassed
broad definitions of what counted as misconduct. However, the ambiguous nature of
varied suspect acts of misconduct and the degree to which some infractions may be
seen as serious made determinations of misconduct problematic. (Is adding a non-
participating established author to a publication misconduct, or just doing some-
thing to increase its chances of publication?) After considerable debate about the
proper scope of federal oversight, a new definition was written in 2005 (United
States Department of Health and Human Services 2005). The new definition of
research misconduct is the “fabrication, falsification, or plagiarism in proposing,
performing, or reviewing research, or in reporting research results.”* The federal
rules for misconduct were intended to accomplish three things: clearly define mis-
conduct while creating a consistent standard of proof, establish procedures for
reporting and investigation potential cases, and provide protection for whistleblow-
ers. Misconduct, as defined above, occurs when a researcher’s act significantly
departs from accepted practices, or when it is done intentionally or recklessly. It
must be proven by a preponderance of the evidence.

The scope of the ORI’s responsibilities regarding misconduct was modified in
2000 to become more focused on education and training, reflecting the prevailing
sentiment that misconduct should be a matter of institutional and individual vigi-
lance, and that government’s role should be reduced. While this may provide more
flexibility and decentralization, it also means that there may be variances among
institutional policies. For example, some universities or research institutions may
generally adopt the 2000 federal policy, others add or modify provisions, while still
others may adhere to the earlier, more stringent policies set forth by the NSF and
PHS. Researchers should thus know their own institution’s policies as well as those
of any institution with which they will collaborate.

The European Union defines misconduct somewhat differently, focusing instead
on outcomes. It is defined as research involving human, animal and plant pathogens,
toxic chemicals, and radioactive material that when misused could cause severe
harm to humans, animals, plants, or the environment (European Research Council
2012). In addition to criminal actions (including fraud, falsification, and plagia-
rism), EU policy includes discussion about actions by terrorists or unethical military
purposes, as well as research which can result in stigmatization and discrimination
against populations and has considered the application of specific kinds of technolo-
gies, such as surveillance technologies and data mining or data profiling activities.

The difficulty, of course, is that both the US and EU policies, as written, leave
considerable gray areas. Many cases may be a matter of interpretation, difference of

#The Department of Health and Human Services, Department of Defense, Department of Labor,
Department of Transportation, Department of Veteran Affairs, the Environmental Protection
Agency, National Aeronautics and Space Administration, National Endowment for the Humanities,
the National Science Foundation, and the Smithsonian Institution have done so, and have pub-
lished their policies online. The Department of Energy has published a Notice of Proposed
Rulemaking. At the time of this writing, the Departments of Agriculture, Commerce, Education,
Interior, and Justice are still in the process of drafting and reviewing policies.

¥ Federal Register, Vol. 70, p. 28370, May 17, 2005. Codified at 42 CFR Part 93.
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opinion, or simply human error. Furthermore, the burden of judgment about such
instances rests on local level institutional review authorities and ultimately, on the
researchers themselves, to discern what constitutes misconduct. It becomes even
more sensitive when a junior researcher or student observes dubious activities of a
senior researcher or author on a grant or paper or in situations of whistleblowing.

Serious misconduct, such as deliberately falsifying data, is thought to be rare.
Some have argued, however, that cases are significantly underreported, possibly
because of the ambiguous nature of what counts as misconduct, or because research-
ers do not know reporting procedures, or are concerned about retaliation (Martinson
et al. 2005). A surge in the number of retractions in scientific publications has been
reported. For example, the number of articles submitted to Thomson Reuters Web
of Science has increased by 44 % in the past 10 years, but the number of retractions
has increased almost tenfold. About 44 % of these were attributed to acts of miscon-
duct and 28 % were attributed to honest error (Corbyn 2012; Van Noorden 2011).
A more recent study was even more damning. A survey of 2,037 retracted biomedical
and life-science journal articles through May 3, 2012 found that 67.4 % resulted
from misconduct. Fraud or suspected fraud was the cause of 43.4 % of the retrac-
tions. Duplicative publications were 14.2 % of retractions, plagiarism was 9.8 %,
and only 21.3 % were due to innocent error (Fang et al. 2012). In a separate study,
almost 2 % of surveyed scientists admitted to engaging in serious misconduct and
33.7 % admitted to questionable practices (Fanelli 2010).%

We illustrate the difficulties of such gray areas with an extended discussion of
one area of increasing concern; that is, the representation of data, particularly visual
images, in publications and grant proposals. As described below, there can be con-
siderable blurriness between misconduct and simple misjudgment or human error.

6.3.3.1 Illustrating Gray Areas of Misconduct: Image Manipulation

Increasingly, such questions of research integrity in publications, grants, and other
venues involve the mishandling of visual representation of data. One report showed
that in 2008-2009, 68 % of all scientific misconduct cases reviewed involved the
manipulation of images (Krueger 2009). Visual displays of data are the primary way
of communicating findings, and act as evidence supporting experimental results.
With the widespread adoption of digital image processing software, however, ques-
tions have been raised about what constitutes inappropriate manipulation of images.
There may be a blurry line between enhancing images (to make them clearer, to
highlight features of a finding, or to diminish artifacts) and manipulating images in
a way that could alter an interpretation or misrepresent findings. Software allows
easy cutting and pasting or rearranging of images, but other kinds of modifications
can also be made, including adjusting settings while taking a photo, intensifying or
changing a color, or highlighting or diminishing immunofluorescent markers.

“OInterestingly, those surveyed claimed that 14.2 % of their colleagues had engaged in serious
misconduct and an overwhelming 72 % in questionable practices, either indicating a lack of trust
in colleagues, or, possibly, observation of underreported incidences of misconduct practices.
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The most frequent problems come from manipulating images from immunola-
beled blots and gel electrophoresis and photographs from various microscopy
technologies. As a result, key journals have created guidelines for their own publi-
cations, and some are using forensic experts to detect when images have been
changed inappropriately (Frow 2012).*! The ORI has also created Photoshop “forensic
droplets” that aid its reviewers in finding image manipulation in submitted figures.*?

Most journals are limited to independently investigating only the most incredu-
lous claims due to staffing and time constraints. The Journal of Cell Biology has a
full-time employee dedicated to checking the figures of each accepted paper for
veracity, and estimates that nearly 50 % of the papers require a figure to be reworked
because it does not meet the journal’s standards. Approximately 1 % of the papers
accepted contain figures where the “efforts to manipulate are so egregious” the jour-
nal revokes its acceptance (Maher 2012).

A few highly visible cases of misconduct involving image reproduction have
drawn attention to the problem, particularly in molecular biology and related areas.
Perhaps most notorious was a case involving stem cell research. Phase-contrast pho-
tos submitted by Hwang Woo-Suk were used to claim that 11 embryonic stem cell
lines had been successfully created using somatic cell nuclear transfer technique
(cloning). Investigation showed that they were actually overlapping images of one
cell colony, and that the images offered as negative controls were also manipulated
(Saunders and Savulescu 2008).

Misrepresentation may or may not be intentional: in fact, it may be difficult for
some researchers, particularly new learners of a particular laboratory technique or
imaging software, to discern when alterations to an image may constitute miscon-
duct. However, regardless of the researcher’s intention in image alteration, the result
could be retraction of a publication or withdrawal of a grant. Composite images are
often required for making scientific arguments, but readers need to be informed how
the composites were generated and readers must have access to the raw images.

There are many gray areas within image manipulation. For example, two Israeli
researchers published an International Immunology article in which the Western
blot lanes were derived from multiple experiments and made into a composite
(Safadi and Pappo 2007). The authors did not disclose that the image was a

“'Some journals have specific standards regarding image submission. For example, Nature
acknowledges that “a certain degree of image processing is acceptable for publication (and for
some experiments, fields and techniques is unavoidable), but the final image must correctly repre-
sent the original data and conform to community standards,” but has guidelines for submission,
including retention of the original, untouched image. The Journal of Cell Biology screens all fig-
ures for any evidence of manipulation, and sets forth examples of such manipulation; for example,
“no specific feature within an image maybe enhanced, obscured, moved, removed, or introduced.”
“2“Forensic droplets” detect image alteration by searching for similarities and differences between
images. The program color-codes each pixel in the images and superimposes them onto a single
image for comparison. Common features appear in red, while unique features remain black or
white, helping editors pinpoint potential erasures. Editors also use contrast enhancement and his-
togram equalization which reveal weak borders around objects (due to a cut-and-paste manipula-
tion), or areas where an object has been removed from an image.
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composite, and later recommended the article’s retraction (Safadi and Pappo 2011).
While the researchers did not attempt to hide the nature of the blot, the lack of
explicit disclosure could lead less-experienced researchers astray.

Another example involves flow cytometry, a commonly used laboratory tech-
nique to quantify cell populations by measuring various cell components through
the use of fluorophores and lasers to measure refractive differences. Each cell’s
refraction is measured and plotted with the entire sample. Plots are used extensively
in cell-based research to highlight statistically significant trends within the data.

Flow cytometry was an essential part of two papers published in separate jour-
nals by a single lab. The articles, despite reporting unrelated findings, featured the
seemingly identical flow cytometry plots seen in Fig. 6.1. The top figure, from the
2010 Nature article, purported to show the frequency of blood cells in an experi-
ment involving donor cells from a young mouse being exposed to a specific stem
cell niche for 36 h, while the bottom figure, from the 2008 Blood article, allegedly
represented the frequency of blood cells when wild type donor cells were exposed
to a specific stem cell niche for 12 h (Mayack and Wagers 2008; Mayack et al.
2010a). The striking similarity between the two plots was noticed, and immediately
after publication in its journal, all of the authors except Mayack retracted the paper,
explaining that the reexamination of their work had “undermined [their] confidence
in the support for the scientific conclusions reported” (Mayack et al. 2010b).
Following the Nature retraction, Blood voiced serious concerns about Wagers’ 2008
publication, which ultimately led to its retraction. In retracting the paper, Wagers
stated it was “now confirmed by a subsequent institutional investigation, this paper
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was found to contain duplicated data and other inappropriate manipulations”
(Mayack et al. 2010b). Mayack continued to maintain that the results in both papers
were valid and that this was an honest mistake.*

Beyond the question of veracity in reporting findings, there are several important
ethical implications. First, this case raises a concern about the role of peer review.*
A more rigorous peer review process may have prevented the publication of the
second paper, or required the researchers to produce the ‘“correct” images.
Furthermore, the four authors on the 2010 paper should have reviewed the images
prior to submission. Image duplication should have been found, as two of the same
authors contributed to both works. Second, the Nature paper was cited 13 times in
the 10 months prior to its retraction; the accuracy of those papers may be in ques-
tion. Third, the fact that Mayack was an advisee of Wagers highlights some of the
challenges in mentorship and authorship; that is, the boundaries of responsibility
and credit can easily blur.*

Image adjustment software (such programs as Irfanview, Adobe Photoshop,
Adobe TIllustrator, NIH ImageJ, and commercial software packaged with micro-
scopes, for example, MetaMorph and Nikon Elements) make for endless possibili-
ties of manipulation. The software can be used appropriately to highlight a point the
researcher is trying to get across, but could also be used to create false interpreta-
tions, remove outliers or anomalies in a biased manner, or make an effect seem more
prominent than it may actually be.*

For most applications, researchers rely upon monochrome images derived
from high-resolution CCD cameras or photomultiplier tubes on their microscopes.
For presentation, these images are false-colored using different color maps to represent
the fluorophore of interest. For example, in the RGB color map system, a color image
is a composite of a red (R), green (G), and blue (B) image. Using a CMYK color map
results in an image being a composite of a cyan (C), magenta (M), yellow (Y), and
black (K) image. Imaging software allows the user to independently alter the propor-
tion of each color represented in the final composite image as well as the relative
intensity of the pixels in each image (e.g., brightness, gamma, contrast). Some such
fine-tuning and modification is a matter of aesthetic choice, and can demonstrate the
skill of the researcher in presenting a strong visual argument (Frow 2012). But at
what point does enhancing an image become inappropriate manipulation?

“3The ORI reviewed the case and found that Dr. Shane Mayack engaged in research misconduct
regarding the two papers. The flow cytometry contour plots were found to be falsely represented;
additionally, the identical plots contained different labels and numerical percentages (Federal
Register, 77(167), 52034-52035; Aug 28, 2012).

#“Referees often require authors perform further experiments prior to publication, signaling mis-
trust in the peer review process today. Lack of trust increases costs and causes publication delay
(Ploegh 2011).

“For example, what if a junior author or a graduate student realizes that coauthors have omitted
data that might tell a different story? There are protections for whistleblowing, however, in the
reality of day-to-day laboratory environments, relationships with mentors and senior personnel
could be compromised, creating considerable risk for the junior researcher.

4 Thanks to Tom Keenan, Ph.D., for elaborating the following examples.
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C

Fig. 6.2 (a) The fluorescent microscopy image of cell markers as seen without any image adjust-
ment. (b) The same image by disproportionally increasing the green component of the image. The
figure (b) seems to indicate robust expression of the marker. In (c), the immunostain image pre-
sented seems to show minimal expression of a cell marker. However, this image was taken with a
very low gamma setting; correcting the gamma setting shows relatively robust expression as seen
in (d). Images courtesy of Tom Keenan

If each pixel of the image is adjusted equally there may not be a problem.
However, disproportionately adjusting the entire image or component colors of an
image can result in the enhancement of particular features over others, or the selec-
tive elimination of certain features in the image. Cells can be made to look like they
express a molecule when they do not, or not express a molecule when they do.
Images can be enhanced to make molecules appear to co-localize when they do not,
or to be expressed in specific parts of a cell when they may be expressed more
broadly. Image filters can be used to mask undesired parts of an image. One of the
most common treatments is to fully saturate the features of an image to make
expression of a molecule appear more robust than it truly is. Normally, some struc-
tures in a cell would be more or less visible than others, giving the appearance of
texture, but when an image is saturated, the appearance of the stain is intensified
throughout, and texture disappears. The resulting image appears to show a robust
biological response (Fig. 6.2).

Markers that are well documented to demarcate specific cell types or tissue regions
may not be as specific as when used in other situations, such as dissociated cell culture.
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The distribution of a molecule within certain cells combined with the density of those
cells within the tissue can make the marker very specific within a histological section,
but more difficult to detect or distinguish when that tissue architecture is lost as in the
case of dissociated culture. The researcher may be motivated to accentuate any differ-
ences in staining between that cell and other cells within the culture knowing that the
marker is well accepted by the greater community (and thus required for publication)
even if the expression is not that distinguishable or specific in the original image. The
lack of specificity can also occur when researchers use species-specific biomarkers in
human samples. For example, researchers may obtain radial glial cell markers for
murine cells from a bank; however, using the cell markers in human samples may
yield different results, as the specificity of the marker will not be identical.

The bottom line is that the communication of scientific work is based on trust.
Peer review should, but does not always, catch problems with data visualization
(Nature Editors 2006). Authors must state clearly how figures and images were
derived and compiled, and readers need to be able to trust what they see—or be
savvy enough to catch red flags, which may be difficult for interdisciplinary or less-
experienced researchers.

6.3.4 Conflicts of Interest

Research should be conducted without bias from researchers or sponsors who may
have an interest in particular outcomes for financial or other reasons. Conflicts may
be financial (for example, receiving payments, equity stakes, intellectual property
rights, or salary in exchange for expertise or service) or may involve another form
of gain, such as influence, access to information, or anything that would create an
advantage for a participant. Some activities, such as giving honorariums for writing
papers, gifts, or paid travel to give talks, especially when provided by the sponsor of
a new product or a politically motivated organization, have long been considered to
be routine practice. However, such activities are particularly prone to abuse and
have been under increasing scrutiny. In some cases, companies have funded entire
departments, multidisciplinary research centers, or campus-wide research programs
(Bero 2008). Such corporate sponsorship models often lead to conflicts of interest,
as the research institution feels compelled to match its results to its sponsor’s needs
or withhold data and materials to maintain its sponsor’s competitive advantage. As
aresult of these sources of influence, policy updates were made in 2011 which low-
ered the threshold for dollar amounts which must be disclosed and changed some
reporting requirements to enhance transparency (see Table 6.4).

Additionally, many major journals have started requiring disclosure of both
financial and other forms of conflict as a publication requirement. For example,
Nature requires that its authors disclose any competing financial interests, including
funding sources, personal financial interests, and employment, in order to maintain
the transparency of the journal and to “help readers form their own judgments of
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Table 6.4 Conflict of interest (United States Department of Health and Human Services 2011)*

Area 1995 Regulations 2011 Regulations
Significant Investigator must disclose payments Investigator must disclose
Financial and equity interests >$10,000 payments and equity interests
Interests (SFI) related to PHS-funded research; >$5,000. Reimbursed or
income from seminars, lectures, sponsored travel related to his/
teaching, service on advisory her institutional responsibilities
committees or review panels, for must be disclosed (travel
public or nonprofit entities exempt reimbursed or sponsored by
from disclosure; travel reimburse- federal, state, or local govern-
ment requirements not fully clarified ment agency or classes of
institutions is exempt from
disclosure)

Income from seminars, lectures, or
teaching, service on advisory or
review panels for a federal,
state, or local government
agency or specific classes of
institutions and income from
investments investigator does
not make direct investment
decisions for (mutual funds,
retirement accounts, etc.) is

exempt
Financial Conflict Required to report to PHS institution: In addition to 1995 Regulations,
of Interest grant/contract number, name of must describe nature of the
(FCOI) principal investigator/project FCOI (basis for determination
director, name of investigator with of its existence, how it relates to
FCO], plan for managing FCOI the research, name of entity
Institutions must reasonably ensure with which there is an FCOI),
subrecipient investigators comply must have management plan

including status reports
Institutions must ensure their
subrecipients comply, including
production of a written
agreement and timelines
Investigator must complete FCOI
training before commencing
PHS-funded research and at
least every 4 years thereafter
Transparency No regulation FCOI information (nature of the
SFI) available via publicly
accessible website or written
response upon request

Retrospective No regulation If noncompliance, institution to
review conduct retrospective review
(“Mitigation and notify PHS Awarding
plan”) Component (full report,

including impact on research
project, actions institution has
or will take to eliminate or
mitigate the harm)

“This table is adapted from http://grants.nih.gov/grants/policy/coi/summary_of_major_changes.
doc. Please consult the original for details and additional information
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potential bias.”’ A statement is published at the end of each article disclosing any
potential COI. However, COI issues are becoming more prevalent as links between
industry and universities change. In 2006, a Journal of the American Medical
Association survey found that about 67 % of the responding medical school depart-
ment and large teaching hospital heads had personal relationships with industry
(Campbell et al. 2007).

While some activities could clearly be seen as intended to influence scientists,
many cases are far more complicated. How far is too far in terms of accepting finan-
cial support in a time of squeezed academic budgets and pressure to translate novel
research into clinical use? Should researchers reject funding support from for-profit
companies because of the potential for influence, even if these may be the only
sources to get a promising product into the clinic? It is not uncommon for universities
receiving federal funds to enter into agreements with private companies, giving pat-
ent rights to the company for university researchers’ discoveries in exchange for
equity or royalty claims, but it could be argued that this is a conflict for public univer-
sities. Another kind of conflict exists if a nondisclosure agreement includes the right
of a company to review any publications submitted by the university researchers.

There are also tensions between some federal policies, for example, those which
encourage collaboration between academic researchers and industry, and others
which appear to discourage such interactions. The Bayh-Dole Act of 1980 (35
U.S.C. §200-212 (1980)) incentivizes inventors to move their products and ideas
into the public domain by allowing academic researchers receiving federal funds to
retain rights to their intellectual property derived from those public investments. But
consider these common scenarios: how should we perceive the actions of an entre-
preneurial researcher with an academic appointment who uses university resources
for funding, materials, and equipment purchases and then uses them to launch a
start-up company? How should we view small start-up companies wishing to col-
laborate with nearby universities in alignment with local or state economic develop-
ment incentives, and then uses academic personnel (including student trainees) to
do things they cannot afford to do? Are these instances of potential COI governable
by RCR rules, or reflections of contemporary science as driven by legislative actions
(such as Bayh-Dole) and market-driven translational science as promulgated by the
NIH, the MRC in the UK, and other international funding bodies? When research-
ers are evaluated (and promoted) based as much on the number of patents and com-
mercial ventures they engage in as the quality of their teaching and research, what
is the relationship of COI rules with other institutional priorities?

In addition to significant financial conflicts, there may also be conflicts of
commitment (percent effort on a project or other obligations), intellectual bias (for
example, any relationship or activity which might negatively affect peer review of

“"Loewenstein argues that disclosures of COI may be harmful, for example, if the discloser
attempts to overstate a position in order to overcome a predicted discount of his or her advice, or
when disclosers feel they can provide biased information because they disclosed the conflict.
Another type of harm exists when patients decide not to enroll in certain beneficial studies because
of their doctor’s disclosed affiliations (Loewenstein et al. 2012).



6 Beyond the Checkboxes: Research Integrity for Regenerative Medicine Researchers 165

grants or publications), or conscience (when one’s personal beliefs affect objectivity,
for example, if a reviewer rejected work involving derivation of embryonic stem
cells or a university leader suppressed research on embryonic stem cells due to
personal beliefs about embryos and embryo use).

6.4 Discussion

In this chapter, we have provided an overview of existing RCR components, where
they came from, how they are administered, and potential consequences of noncom-
pliance. We also demonstrated the kinds of situations which may fall into gray
areas, or which may not yet have been adequately addressed by current checkboxes.
There are many helpful sources of information regarding scientific integrity, but
researchers must not only be aware of research ethics issues, they must learn to
discern when something goes beyond ethically acceptable practice, and be proactive
in seeking assistance to resolve potential problems.

We have also demonstrated how both the dynamic nature of scientific inquiry
and social, political, and economic contingencies may shape RCR oversight sys-
tems and affect the interpretation and implementation of rules (or not). Existing
essential components of RCR training capture core concerns of scientific integrity;
however, as we have shown, a number of things pose questions not yet adequately
addressed inside RCR boxes. These include technical issues such as the emergence
of new research tools and techniques, and the capability of creating novel life forms,
among other things. For example, tools such as imaging software, FACS, gene
sequencing, and others have dramatically expanded research capabilities, yet as we
have shown, many of these techniques can be exploited to enhance or misrepresent
findings. The ability to create chimeras moves research ethics debates beyond the
suffering of laboratory animals and disturbs assumed distinctions between species,
causing us to rethink what counts as “human.” Likewise, the “human” in human
biological materials makes it difficult to dissociate biological from social identities,
even when labels are removed, creating confusion about exactly what or who we are
protecting as a “human subject.”

But there are also broader social issues affecting the conduct of science, such as
changing expectations of academic researchers and students in an era of pressure to
produce translational research, shifting legal definitions and social understandings
of privacy and protections, and novel social arrangements (including academic—
industry—state relations and methods of supporting research), among other things.
For example, the proposed change in human subjects protections is in part related to
new capabilities arising from the “omics” sciences, as we have discussed, but also
speaks to the unsettled meanings and yet importance of privacy in society, as well
as broader issues such as the tensions between the common good and the protection
of individuals’ interests.

Social conditions also affect views of how much oversight is needed, and where
responsibility lies. During the era of “downsizing government” initiatives in the
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1990s, oversight functions were diminished. More recently, there has been an
increase in mandates at the federal level, including requirements for specific RCR
training. Unfortunately, there has been no corresponding investment to support the
execution of said mandates, forcing universities and research institutions to take
resources from other areas. Inevitably, critics of enhanced oversight will argue that
the additional bureaucracy constrains science and increases costs while decreasing
productivity, while proponents will point to the high economic and human costs of
not having sufficient protections in place. A different route would be neither more
nor less oversight, but smarter oversight; that is, considering carefully what is the
real problem underlying the oversight requirement being proposed, and if there are
alternative ways to prevent problems. A beginning step would be to recognize that
misconduct is not simply a matter of individual “bad apples;” rather, there are sys-
temic issues that should be addressed, such as regulations and guidelines that con-
tradict or duplicate each other, agencies which have differing priorities regarding
RCR, or legal mechanisms working at cross purposes, for example, those that
attempt to protect intellectual property or control resource use while simultaneously
promising donors of tissue or inventors of techniques control over disposition.
Conflicting social, political, and economic demands also shape the RCR landscape.
For example, the present push toward translating research into commercial products
comes with an emphasis on removing barriers (such as informed consent or privacy
protections, which may be seen to interfere with the use of human subjects or data
from them), which is in tension with the priority American bioethics places on
autonomy and privacy, and a long-standing repulsion at the notion of commercial-
izing human bodily materials.

Debates will always exist about whether certain novel technologies require spe-
cial, additional oversight. Currently, there is no systematic guidance on when a
novel technology calls for additional oversight (especially to protect human sub-
jects) and when ordinary oversight suffices. A recent example is nanotechnology.
The most beneficial aspect of nanomedicine is that materials can be made to change
properties in situ in the human body. This becomes the greatest disadvantage,
because emergent properties may have unpredictable effects. Scientists were also
alarmed about unknowable effects of nanoparticle exposure to workers and the
environment. One analysis recommended a middle road which included closer
coordination among federal agencies through an interagency working group, and a
Secretary level committee to discern when particular nanomedicine innovations
required additional scrutiny for oversight (Fatehi et al. 2012). Similarly, concern
over the use of synthetic biology techniques accelerated once a synthetic genome
was successfully integrated into a bacterial cell, creating an organism not found in
nature. A report from the Presidential Commission for the Study of Bioethical
Issues recommended “prudent vigilance” with federal oversight of the research
(PCSBI 2010).*8 The 18 recommendations recognized that due to the capability of
conducting synthetic biology research on small scales and in nontraditional settings,
much of this research may proceed in smaller labs which may not be accustomed to

“http://bioethics.gov/cms/synthetic-biology-report.
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complying with RCR requirements. The PCSBI called for required education on the
ethical dilemmas raised by synthetic biology, but did not advocate for an overhaul
of existing regulations. The PCSBI report was contested by a group of more than
100 nongovernmental organizations, which felt that greater precaution should be
exercised.

Short of reinventing or adding to oversight systems, other recommendations
might include greater coordination among federal agencies (especially given the
differing histories and legislative authorities under which various RCR require-
ments exist), mechanisms such as independent fact-checking resources to verify
claims made in published papers or reports, or better tools with which to detect
misrepresented findings. An innovation some universities are adopting is a “bench-
side consulting service,” through which anyone can bring questions raised in the
course of research to a group of local experts, usually a collection of scientists, ethi-
cists, or policy experts, who can advise them safely and discreetly before commenc-
ing the research. We invite researchers, ethicists, and policy makers to “think beyond
the checkboxes” of research ethics to address some of the challenges we raise here,
and to consider how best to responsibly conduct research.
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Chapter 7

Protecting Human Participants in

the Procurement of Materials in Regenerative
Medicine Research

David B. Resnik

7.1 Introduction

Human participants provide a variety of materials that are essential for research in
regenerative medicine, including adult stem cells, embryos, sperm, ova, blood, and
urine. Investigators use these materials in their own research, share them with other
investigators, or deposit them in biobanks for future use. Because regenerative med-
icine depends so heavily on the cooperation of human participants, researchers must
take appropriate measures to protect their rights and welfare and secure their trust.
If participants cannot trust researchers to protect them from harm or exploitation,
they will not donate materials. This chapter will focus on some emerging issues in
the procurement of materials in regenerative medicine research that merit special
attention.

Many of the ethical issues that arise in regenerative medicine research with
human participants are similar to those that occur in other types of biomedical
research. However, regenerative medicine researchers face some problems not typi-
cally encountered by other biomedical researchers, due to the nature of their subject
matter. To understand some of these unique problems, it is important to reflect on
(1) the types of materials provided by participants, (2) the uses of these materials,
and (3) sources of materials.

Concerning the types of materials procured, a key distinction is between (A)
adult (or somatic) stem cells and other nonreproductive materials and (B) embryos
and other reproductive materials, such as sperm or ova. Researchers must keep this
distinction in mind when they procure biological samples from participants, because
these types of materials have different implications for the rights and welfare of
donors. The ethical issues of acquiring adult stem cells (e.g., cells taken from skin,
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fat, muscle, or bone marrow biopsies) are similar, in principle, to those of any other
type of nonreproductive human tissue, because adult stem cells do not normally
have the potential to become human beings. Adult stem cells can be reprogrammed
to become induced pluripotent stem cells (cells that can differentiate into any tissue
type). Although it is theoretically possible to transform human adult stem cells into
precursors of sperm or ova, this is not a well-tested or common procedure.

Embryos, however, can become human beings if implanted in the womb and
gestated successfully, and sperm and ova can unite in vitro to form embryos. These
procedures are commonly used in fertility clinics to help couples produce children.
Thus, issues of human reproduction should always be considered when acquiring
reproductive materials, though they need not normally be addressed when acquiring
adult stem cells or other nonreproductive materials. Acquiring embryos leftover
from in vitro fertilization attempts therefore raises issues concerning their use, stor-
age, transfer, and destruction that investigators must address. Individuals may think
differently about the use of their embryos in research than they do about the use of
their skin or fat cells, because they may regard embryos as having a special moral
status related to their potential to become human beings. Destruction of embryos,
which occurs in some types of procedures that harvest embryonic stem cells, raises
concerns for those who regard embryos as having a special moral status. Couples
may also want to be assured that their embryos will not be cloned or used for repro-
ductive purposes by someone else (Cohen 2007).

The procurement of oocytes and sperm raises concerns similar to the procure-
ment of embryos, because researchers can fertilize ova in vitro to form embryos.
Additionally, eggs can be used in a type of cloning known as somatic cell nuclear
transfer (SCNT), in which the nucleus from an egg is removed and replaced with the
nucleus from a donor cell. Researchers can use the product of SCNT as a source of
stem cells or to produce a human being. Although human reproductive cloning is
illegal in many countries, many allow cloning for research or therapeutic purposes
(see Appendix A). Although the NIH does not fund research involving the creation
of embryos for scientific or medical purposes, some private companies and founda-
tions fund this type of research. The NIH will only fund research on embryos left-
over from in vitro fertilization attempts (National Institutes of Health 2009). While
this chapter will focus on the procurement of human embryos leftover from in vitro
fertilization attempts, researchers should also be mindful of issues related to the
procurement of human gametes if they work with these materials (Cohen 2007).

The uses of human biological materials in regenerative medicine research are
varied. Some types of uses, such as culturing embryonic stem cells or adult stem
cells to study basic cellular mechanisms, raise no unique ethical concerns. However,
other uses do. Researchers may implant human cells or tissues into animals to form
chimeras, which can be used to better understand physiological mechanisms and to
develop animal models for human diseases. The production of chimeras raises ethi-
cal concerns because some people may not want to donate materials for this purpose
since they may regard human-animal combinations as morally objectionable. Stem
cells, or organs or tissues derived from stem cells, may also be implanted in patients
to prevent or treat diseases. This use of stem cells would be similar to organ/tissue
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transplantation. It seems reasonable that donors should be told if their cells will be
used for these purposes because some people may not want their tissues growing
inside another person. Stem cells may also be used to test toxic chemicals or for
commercial purposes, and some people may not want their donated materials used
in this way. Stem cells may also be used for large-scale genome sequencing, which
raises issues of privacy and confidentiality that most people would be concerned
about (Aalto-Setild et al. 2009).

Regenerative medicine materials may be procured from a variety of sources.
Adult stem cells may be procured from adults, children, or aborted fetuses or from
the umbilical cord or placenta. Couples may also donate embryos for use in regen-
erative medicine research. The source of the materials used in research has implica-
tions for the consent process.

7.2 Informed Consent Issues

7.2.1 Background

Obtaining informed consent from donors is a key issue in regenerative medicine
research.

Regulations and ethical guidelines require that investigators obtain the informed
consent of the human participant or the participant’s legal representative (Department
of Health and Human Services 2009; World Medical Association 2008; Capron
2008). Informed consent is important in research for several reasons. First, allowing
individuals to make an informed choice to participate in research respects their
autonomy and personal dignity. Some of the worst abuses of human research par-
ticipants have involved coercion, manipulation, or other violations of autonomy
(Shamoo and Resnik 2009). Second, informed consent can help protect individuals
from harm by giving them an opportunity to decide whether they want to take risks
associated with the research. Although investigators and oversight committees
(such as institutional review boards [IRBs]) are required to take steps to protect
individuals from harm, participants can also play an important role in safeguarding
their own safety and welfare. Third, informed consent can help build trust among
investigators and participants, especially if consent involves an extended discussion
of the research and is more than just signing a form (Brock 2008).

Before the 1990s, investigators routinely acquired human tissues and other
biological samples leftover from clinical procedures without consent (Skloot
2010). One of the most widely used cell lines, known as Hel.a, was derived from
cervical cancer cells taken from Henrietta Lacks while she was a patient at Johns
Hopkins Hospital. HeLa has played a vital role in basic and applied biomedical
research. Over 60,000 articles have been published reporting result of research
with HeLa. Ms. Lacks did not consent to the use of her tissue and was not informed
that researchers had developed a cell line from her tissue. Furthermore, although
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researchers gained reputation and considerable income from the innovation made
from her cells, she did not share in any of the profits (Skloot 2010).

In 1976, researchers developed a cell line from cancer tissue removed from John
Moore’s body when he had a splenectomy to treat hairy cell leukemia at the
University of California at Los Angeles Medical Center. The investigators patented
the cell line and licensed it to a private company for hundreds of millions of dollars.
When Moore discovered that the researchers had developed and patented the cell
line without his permission, he sued the researchers and the university, claiming that
he had property rights over his body and materials removed from it. The question of
disposition of bodily materials, and in particular, whether or not the body or parts of
the body can have a property-like status, has long been in dispute, but this case
forced the courts to confront the issues directly. In 1990, the California Supreme
Court ruled that, while Moore did not have property rights pertaining to the cell line,
the investigators had violated their fiduciary responsibility to Moore as a patient, by
not informing him of the intended use of his tissue or obtaining his consent to use it
in the way they intended (Resnik 2004). Although the Moore case did not establish
property rights for tissue donors, it set a legal precedent for a duty to obtain informed
consent for tissue donation, which has been recognized by other courts (Resnik
2004). Today, it is widely acknowledged that informed consent is essential to tissue
procurement (Weir and Olick 2004).

7.2.2 Approaches to Consent

During the consent process, investigators should inform participants about the nature
of the research, including the procedures, risks, benefits, alternatives, and confiden-
tiality protections. They should also inform participants how to stop participating in
a study and withdraw samples or data. It may not be possible to withdraw data that
have already been used in research, but samples still can be withdrawn, as long as
researchers retain information that links individuals to their donated samples.
Investigators should also ask participants if they would like to be contacted about
future studies or receive individualized tests results related to their samples or data.
This is particularly important with cells which will be immortalized in lines, as they
may be used for long periods of time.

An analysis of informed consent forms for human embryonic stem cell (HESC)
lines approved by the Bush Administration for use in federally funded research
found that many of the documents did not provide donors with adequate information
or included clauses that would prohibit some types of legitimate research. For
example, some documents said that the embryos would be used only in certain
research on specific diseases and some documents did not inform donors that their

'The return of individualized tests results, such as genetic or genomic information or clinical
laboratory findings, is a controversial topic in bioethics that will not be explored in depth in this
chapter. For further discussion, see Wolf et al. (2008), and Resnik (2011).



7 Protecting Human Participants in the Procurement of Materials... 177

embryos might be destroyed to harvest embryonic stem cells. As a result, many of the
documents drafted in the early 1990s were considered to be inadequate under cur-
rent ethical standards (Streiffer 2008). Thus, it is important for investigators to pay
close attention to informed consent issues pertaining sharing and using biological
samples, because failure to adequately inform participants about how their materials
may be used or shared may violate autonomy or preclude important types of research.

One of the most important consent issues is providing participants with informa-
tion about how their samples will be used (Weir and Olick 2004). There are three
basic approaches to this topic. According to the specific consent approach, partici-
pants should give explicit permission for each use of their samples. Although this
approach maximizes participant autonomy, it can significantly impede the sharing
and use of samples, because the investigator must contact participants and obtain
their consent each time samples will be shared or used in a manner not describe in
the original consent form. Also, the specific consent approach may inconvenience
participants, who do not want to be bothered by continual requests to use or share
samples (Petrini 2010).

As an alternative to the specific consent approach, many investigators use the
general (or blanket) consent approach, in which participants give permission for
general use of their samples. Granting permission for general use may be an appro-
priate option for the procurement of nonreproductive materials, such as adult stem
cells (International Society for Stem Cell Research 2006; National Academy of
Sciences 2005; Isasi et al. 2011). While the general consent approach facilitates the
sharing and use samples, it may compromise informed consent. Critics have argued
that since participants may not understand the implications of giving general per-
mission for the use of their samples, the validity of their consent is questionable.
However, proponents of the general consent approach respond that most research
participants understand what it means to give general permission for the use of their
samples/data and that they are comfortable with this decision (Wendler 2006).

Although the general consent approach may be appropriate for some types of
biomedical research, it probably should not be used in procuring embryos or adult
stem cells used in regenerative medicine research, due to the nature of these materi-
als and their special uses. To provide full autonomy, couples who are donating
embryos for research should be informed about how their embryos will be used
(e.g., to derive embryonic stem cells), shared, and stored. They should be informed
if any research procedures will involve the destruction of embryos. Couples should
also be informed how long their embryos may be kept in storage. They should be
able to refuse to let investigators use their embryos in research if they change their
minds. Although research on cell lines derived from the embryos could continue,
the embryos would be destroyed. Donors of embryos and adult stem cells should
also be informed if their materials will be used to create human—animal chimeras for
study and whether they may be likely to be implanted in patients. Participants
should also be informed other potential uses of their materials, e.g., to study basic
biological mechanisms, to obtain broad genomic data, or test chemicals for toxicity
(International Society for Stem Cell Research 2006; National Academy of Sciences
2005; Isasi et al. 2011).
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A third approach to informing participants about how their materials will be used
is known as tiered approach. The tiered approach gives participants a menu of
choices, e.g., check boxes, for how their samples will be used. Participants may
grant permission for their samples to be used only in specific types of studies
described in the consent document. The advantage of the tiered consent approach is
that it promotes autonomy without requiring that participants be recontacted each
time that samples are used or shared. A disadvantage of this approach is that it can
be difficult for investigators to keep track of and honor the different choices that
participants have made, but this problem can be overcome with good record-keeping
practices (Salvaterra et al. 2008).

For example, adult stem cell donors might be willing to allow their cells to be
used to study basic biological mechanisms and processes or to conduct research on
a specific disease, but they might not wish to allow their cells to be used to create
chimeras or test toxic chemicals. They might also refuse to allow their cells to be
used for organ/tissue transplantation. Embryo donors might refuse to allow their
embryos to be used in cloning or in procedures that involve the production of a
child. Participants may also want to have the right to decide whether to permit inves-
tigators to use samples for commercial purposes or share samples with other
researchers (Salvaterra et al. 2008). Participants should also be assured that their
materials will not be used in human reproductive cloning. Although the tiered
approaches allow investigators to include a check box granting general permission
for the use of materials, this option is inadvisable when investigators are procuring
embryos for research, due to all the potentially controversial uses of embryos.

7.2.3 Sources of Materials

Turning to issues related to the sources of biological materials, no special ethical
concerns arise if a competent individual provides adult stem cells. Researchers can
obtain consent from that individual. If stem cells are harvested from an aborted
fetus, the umbilical cord, or the placenta, then the woman can provide consent. In
some instances it is useful to obtain stem cell from children. For example, if a child
has leukemia, it may be useful to harvest bone marrow stem cells from the child to
study this disease. If a child is a source of the stem cells, consent must be obtained
from a parent or guardian. If the stem cells will be kept until the child reaches adult-
hood (or longer), then the child should be recontacted when he (or she) reaches the
age of majority and given an opportunity to decide whether he (or she) wants to
continue participating in the research. Investigators should discuss the research with
the individual, give him (or her) an opportunity to ask questions, and provide
him (or her) with a new consent form to sign. Investigators should explain to the
individual how to withdraw samples if he (or she) no longer wishes to participate.
As noted above, withdrawing data may not be possible if the data have been used in
research, but samples may still be withdrawn. Investigators should not share samples
obtained from a minor who has not re-consented upon reaching the age of majority
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(Resnik 2009). Although recontacting children who reach the age of majority may
present practical difficulties for investigators, it is important to do in order to respect
autonomy.

Similar issues concerning consent arise if stem cell or materials are procured
from an incompetent adult, such as a person with a mental disability that under-
mines decision-making. If the person cannot provide valid consent, then consent
should be obtained from their legal representative. If the person is expected to be
temporarily incompetent, then consent may be obtained from their legal representa-
tive and the person should be given an opportunity to decide whether to continue
participating in the study if they regain decision-making abilities. If they decide to
stop participating in the study, they should be allowed withdraw their samples.

If researchers plan to acquire human embryos, they should obtain consent from
both biological parents, unless one is deceased or no longer able to make decisions,
to respect their autonomy. If one parent wants to donate embryos for research but
the other objects, researchers should not use those embryos. It is important to obtain
consent from both parents because they are both impacted by decisions made con-
cerning the use of their embryos (Cohen 2009).

7.2.4 Undue Influence

Another issue related to consent is coercion or undue influence. Coercion involves a
threat of harm to a person, while undue influence involves conditions in which the
person’s ability to make sound decisions may be compromised by financial incen-
tives, social expectations, or other factors (Wertheimer 2010). Research regulations
and ethical guidelines require that consent be obtained under conditions that mini-
mize the potential for coercion or undue influence so that participants can make a free
(autonomous) choice (Capron 2008). To minimize the potential for coercion or undue
influence in the procurement of embryos, many commentators recommend that the
decision to create embryos for in vitro fertilization be separated from the decision to
donate embryos for research. Couples should be asked to donate leftover embryos
only after they have created the embryos for in vitro fertilization and are deciding
what to do with the ones they do not use (National Institutes of Health 2009). The
NIH guidelines stipulate that the decision to create embryos for in vitro procedures
must be separated from the decision to donate embryos for research. This separation
helps to ensure that federal funds will not be used to create embryos for research
(National Institutes of Health 2009). The individuals who are involved in fertility and
reproductive procedures or assist in reproduction and those who request donation of
embryos for research should be distinct. The fertility specialist who helps the couples
create embryos should not be the same person who procures them for research.
This recommendation helps to protect couples from undue influence or coercion
from their physician (Cohen 2009). It is important to note, however, that none of
these restrictions are necessary if embryos are being intentionally created for research.
However, as noted above, the NIH does not fund this type of research.
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Procedures to protect individuals from coercion or undue influence can also be
implemented in the procurement of adult stem cells from tissues, aborted fetuses,
the umbilical cord, or placenta. The individual who treats a patient for a disease or
pregnancy and individual who requests a biological sample for research should be
distinct, so that the patient will not experience undue influence or coercion from
their attending physician. The decision to abort a fetus should be kept separate from
the decision to donate fetal tissue for research (Cohen 2007).

Financial incentives to participate in research may constitute an undue influence
if they are so high that they interfere with the person’s ability to make a sound
choice. Some people may so swayed by money that they fail to adequately consider
the benefits and risks of participation or weigh their options carefully. They may
even lie to investigators in order to qualify for a study (Grady 2005). While many
commentators agree that excessive payments for participation may constitute undue
influence, establishing an appropriate level of remuneration can be difficult, because
many different factors are relevant to compensating participants for their contribu-
tions to research, including the degree of pain or discomfort, the amount of time
spent participating in a study, and the risks involved. Underpayment can also be
problematic because it treats participants unfairly and does not properly acknowl-
edge the value of their contributions (Grady 2005).

The NIH (2009) and many other organizations do not allow researchers to pro-
vide payments for embryos, given their special moral status. If one regards the
embryo as a human being, then it is unethical to pay for embryos, because human
beings have inherent moral worth and should not be treated as commodities. Even
if one does not regard the embryo as a full-fledged human being, one could argue
that it should still not be treated as a commodity, given its potential to become
human (National Academy of Sciences 2005).

Paying research participants for gametes has been controversial. While the sell-
ing of sperm is widely accepted due to the negligible risks of this procedure, many
are concerned about the selling of ova due to the potential for harm and exploitation
(Resnik 2001; Steinbock 2004; Cohen 2007). Egg donation is an invasive and mod-
erately risky procedure that requires the donor to take drugs to stimulate ovulation,
which can lead to ovarian hyperstimulation syndrome, a condition marked by
abdominal pain and inflammation (Dickenson 2009). Poor women who sell their
eggs for money may be especially susceptible to undue inducement and exploitation
(Cohen 2007). The National Academy of Sciences (2005) recommends that egg
donors receive no payment beyond what is needed to compensate them for their time
and inconvenience, and the International Society for Stem Cell Research (2006)
recommends that payment not be so high as to constitute undue inducement.

Paying research participants for adult stem cells does not raise the same sorts of
ethical concerns as payment for embryos or ova. Most agree that it is acceptable to
pay participants for adult stem cells, provided that the payments are not so high as
to constitute undue inducement. To decide the appropriate level of payment for
participation in a study involving the procurement of adult stem cells, it is important
to consider the amount of time required of participants as well as the pain and incon-
venience related to study procedures, such as biopsies, blood draws, physical exams,
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or questionnaires. Physiologic studies involving blood draws, biopsies, physical
exams, questionnaires, and other interventions typically pay participants between
$50 and $200, though some pay as much as $500 (Grady et al. 2005).

7.3 Confidentiality and Anonymity

7.3.1 Confidentiality

Regulations and ethical guidelines require that investigators protect the confidentiality
of human research participants (Department of Health and Human Services 2009;
World Medical Association 2008; Hodge and Gostin 2008). Protecting confidentiality
in research is important for three reasons. First, participants can be harmed if private
information collected during research is disclosed. Participants often provide sensi-
tive information concerning infectious diseases, cancer, substance abuse, or mental
illness. A participant could lose his or her job or have difficulty obtaining health insur-
ance if this information is not kept confidential. A participant may also suffer from
embarrassment, stigma, or shame. Second, mentally competent participants have a
right to control access to their private information, and breaches of confidentiality
violate this right. Third, confidentiality protections help to promote participants’ trust
in researchers and the scientific enterprise (Hodge and Gostin 2008).

As noted above, researchers should inform participants about the steps they are
taking to protect confidentiality during the consent process. Researchers can help to
protect confidentiality by restricting access to data and samples. Only authorized
individuals, such as study staff or collaborators, should have access to data or sam-
ples. Data and samples should also be kept in a secure place, such as a locked filing
cabinet or refrigerator. Electronic data should be encrypted to enhance security
(Hodge and Gostin 2008). Some researchers also apply for a Certificate of
Confidentiality (COC) from the Department of Health and Human Services to
enhance confidentiality. A COC allows researchers to refuse legal demands to share
data, such as requests made in civil litigation. However, COCs may not provide
absolute protection against requests to share data, because COCs have not been
well-tested in the courts. A court might rule that a COC does not allow investigators
to refuse to disclose information necessary for criminal proceedings or national
security purposes, for example (Beskow et al. 2008).

The sharing of materials and data in regenerative medicine research raises
important confidentiality issues. There are two main ways that regenerative medi-
cine researchers can protect confidentiality when sharing data or materials related
to human participants. First, researchers can use data use agreements (DUAs) or
material transfer agreements (MTAs) to protect confidentiality. These agreements
usually require that recipients not disclose private information about human par-
ticipants or share it without permission. They also state that researchers may use
data or materials only for specified purposes and that they must obtain approval
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(or an exemption, as may be appropriate) from an IRB or other oversight committee
for research conducted with the data or materials. These agreements may also
require that recipients not attempt to identify individuals, if they have not been
provided with this information (Resnik 2010).

7.3.2 Anonymity

Second, researchers can remove information that personally identifies participants
(such as a name, address, and social security number) from data or materials when
they share it. Removal of identifiers can help protect confidentiality and ensure ano-
nymity of the data. Anonymity is distinct from confidentiality because it may still
be possible to identify participants in confidential datasets if identifying information
is not removed. There are two types of de-identified data/materials: coded and anon-
ymous. In coded data/materials, researchers assign an alphanumeric code to each
participant, but they do not share the key to decipher the code with recipients. The
researchers can determine the identity of individuals but recipients cannot. In anon-
ymous data, researchers remove all personal identifiers and do not code it. No one
can readily identify individual participants when data and materials are anonymized.
To maximize data sharing, some researchers have placed de-identified data on pub-
licly accessible websites, so that scientists can access data readily (Resnik 2010).

These different approaches each have their advantages and disadvantages.
Requiring recipients to sign a DUA or MTA maximizes confidentiality protections,
but it can also impede research, because it mandates that recipients sign a contract
before they can receive data or samples, which takes time and requires legal or
administrative support, and may include provisions that limit the use of data or
materials. Due to legal liability concerns and intellectual property issues, most insti-
tutions require recipients to sign an MTA prior to receiving research materials.
Institutions may or may not require recipients to sign a DUA in order to receive data
(Shamoo and Resnik 2009).

Removing personal identifiers can help protect confidentiality, but it is not a fail-
safe method, since it may still be possible to identify participants. It is often possible
to use demographic information, such as zip code, date of birth, and gender, to
identify individual participants in de-identified datasets, especially in studies involv-
ing small populations (El Emam et al. 2011). Though removal of demographic
information can help protect confidentiality, it can also undermine the value of the
data and materials, because demographic information is often important for under-
standing relationships among environmental, social, and racial/ethnic risk factors
and disease (Resnik 2010). Bioinformatics methods developed for forensic DNA
purposes have made it possible to reidentify de-identified individuals in genomic
datasets (McGuire and Gibbs 2006). If one has access to some genetic information
that uniquely identifies an individual, then it is possible to find that individual in a
database that contains the individual’s de-identified genomic information (Homer
et al. 2008). Reidentification can also occur when materials are shared, if recipients
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conduct genetic tests on the materials and attempt to match those results to identified
genetic sequences (McGuire and Gibbs 2006). Though some regard the risk of
reidentification as remote, others are not willing to take that risk. In response to
growing concerns about reidentification, the NIH decided it would no longer place
de-identified genomic data from its genome-wide association (GWAS) studies on its
public database. Access to GWAS data will only be granted to investigators who
sign a DUA (National Institutes of Health 2010, see also Ossorio this volume).

Of special concern to regenerative medicine researchers is traceability, i.e., the
ability to identify the donors of specific biospecimens, such as embryos or adult
stem cells. Traceability is important for several reasons. First, it is essential to veri-
fying that cell lines meet ethical and legal requirements for informed consent. As
noted above, some older HESC lines used in research have not met current consent
requirements. Second, traceability is important in case it is necessary to recontact
donors to obtain additional clinical or demographic information. Third, traceability
gives participants the opportunity to withdraw their samples if they decide to stop
participating in research (Isasi et al. 2011).

Since anonymization of samples maximizes confidentiality but undermines
traceability, there is a potential conflict between ensuring traceability and safe-
guarding confidentiality. One could argue, however, that confidentiality can be ade-
quately protected by coding samples, so anonymization is not necessary. Coded
samples may be shared, with the investigator retaining the key. If questions arise
concerning consent or other issues, then the investigator can be contacted to provide
the necessary information.

Because confidentiality is a complex, evolving topic, a case-by-case approach
may be the best way of dealing with issues concerning the sharing of data and mate-
rials in regenerative medicine. Decisions concerning which type of approach to use
should take into account the facts and circumstances. As noted above, most institu-
tions will use MTAs when sharing research materials, but deciding whether to use a
DUA for sharing data is an open question. DUAs are appropriate when researchers
plan to share identified data or de-identified data in which the risk of reidentification
is a significant concern.

7.4 Conclusion

The procurement of human biological materials in regenerative medicine research
raises numerous ethical issues, such as informed consent and confidentiality.
Though these issues also arise in other types of biomedical research, regenerative
medicine investigators face some unique challenges, due to the nature of their sub-
ject matter. Since the ethical questions and problems related to procurement of
human biological materials are likely to change in response to advances in science
and technology, it is important for regenerative medicine researchers to stay abreast
of current policies and ethical guidance and to think critically about the dilemmas
they face.
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Chapter 8
Early-Stage Research: Issues in Design
and Ethics

Nancy M.P. King

8.1 Introduction

Most regenerative medicine research is still in the earliest stages; few interventions
have as yet moved from laboratory and animal studies into humans. It could be
argued, then, that human research ethics considerations are largely premature in
regenerative medicine. However, the importance of ethical reflection to translational
research is highlighted by a growing literature and lively scholarly discussion of
“first-in-human” or “bench-to-bedside” clinical trials. It is therefore not too early to
consider both the science and the ethics of translational research in complex and
promising novel biotechnologies like regenerative medicine.

This chapter examines ethical issues in “early-stage” regenerative medicine
research. Early-stage research is an imprecise term that includes not only classic
phase I and phase II studies but also novel and hybrid study designs, all correspond-
ing roughly to research that precedes the large studies that are designed to defini-
tively demonstrate the clinical utility of a treatment candidate. Specific attention to
the ethical and policy issues arising in early-stage research is particularly important
in regenerative medicine. This broad and promising field of interdisciplinary sci-
ence is having a profound effect on how bench-to-bedside research is understood
and conducted, both because it combines research perspectives from diverse fields
and because it is one of the novel biotechnologies that are helping to shape a more
dynamic understanding of bench-to-bedside translation.

This chapter addresses several of the issues most relevant for regenerative medi-
cine research. It begins with the term “regenerative medicine” itself and acknowl-
edges the breadth and complexity of the field. Next it considers the ethical and
policy implications of the timing of the translational trajectory and the difficult
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balance between learning and treating; how should regenerative medicine research-
ers determine when to move into humans? Finally it examines how the therapeutic
misconception, that is, misunderstanding research as treatment, can affect potential
subjects, researchers, oversight bodies, and media reporting in regenerative medi-
cine research.

8.2 ‘“Regenerative Medicine:”” A Field and Its Terms

The term “regenerative medicine” describes an extraordinarily broad and diverse
realm of research, unified by the scientific quest to understand the basic mecha-
nisms of generation, or the growth and development of living organisms (King et al.
2010). The development and application of that understanding takes a wide range of
forms, ranging from in situ cell-based interventions to ex vivo organogenesis using
novel combinations of tissue engineering and biomaterials (Atala et al. 2010; King
et al. 2010). It is worth noting, however, that the umbrella term “regenerative medi-
cine,” as useful as it is, may be perceived very differently by the general public from
the way it is perceived by the scientific community. A similar concern arises with
the terminology used for subfields within regenerative medicine, such as “organ
regeneration” and “cell therapies.” Each of these terms is intended to describe
research interventions but also carries the implicit connotation of standard, approved,
successful treatment, and thus presents at least some risk of inducing or exacerbat-
ing confusion. The therapeutic misconception is discussed in greater depth later in
this chapter; for the present, two observations can be made. First, the history of gene
transfer research, called “gene therapy” from the time of the first human study in
1990, provides a clear parallel. Even now, just a handful of early-stage gene transfer
trials have shown promise; yet therapeutic terminology has been applied to the field
since its beginnings and has influenced both media discussions and public percep-
tions about the current state and promise of that research (Churchill et al. 1998).
Second, although “cell therapy” has become the standard term to describe that large
part of regenerative medicine research that studies and makes use of human embry-
onic stem cells, hematopoetic stem cells, induced pluripotent stem cells, and various
other categories of multipotent and pluripotent stem cells, there is an alternative and
better term. Dr. Jeremy Sugarman’s “cell-based interventions” avoids unnecessary
and misleading therapeutic connotations and focuses properly on the cells them-
selves, by using the neutral term “intervention.”

8.3 Moving From Bench to Bedside

Every investigator doing preclinical research in an area of translational science has
reason to think long and hard about the research trajectory. Even though accurate
prediction of where a new line of scientific inquiry may lead is difficult, even
impossible, it is nonetheless essential to consider carefully and revisit repeatedly
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questions like: What is the long-term goal of this line of research? What will it take
to get there, and what data will be needed to demonstrate whether we have arrived?
The design of preclinical translational research in regenerative medicine is com-
plex, situation-specific, and governed by regulatory requirements that are often
challenging to follow, but guidance improves as progress is made (see, e.g., Frey-
Vasconcells et al. 2012). Most pertinent for this chapter: When is the right time to
move from laboratory and animal studies into humans?

This last and profoundly important question of design and ethics requires a com-
plicated balancing between the perspectives of basic science and clinical medicine:
“Basic scientists want to know; clinicians want it to work” (King and Cohen-
Haguenauer 2008 at 433). When the potential to decrease human suffering is on the
horizon, the desire to move safely but rapidly into humans is understandably strong.
Moreover, pressures for commercialization and product development may also
increase the expected speed of bench to bedside translation. Each experimental step
in any research trajectory must of course be designed so that the data gathered are
likely to reduce the uncertainties associated with the intervention under study; it is
only in this way that a line of research moves forward. However, the move from
preclinical to clinical trials is scientifically and ethically sound only when three
additional conditions are met:

1. No more can reasonably be learned without delivering the experimental inter-
vention to human research subjects.

2. The risks of harm and amount of uncertainty have been reduced as far as
feasible.

3. The remaining risks of harm and uncertainties are not excessive under the
circumstances.

Note that the operative terms here are imprecise: reasonable, feasible, not exces-
sive. Precision with regard to these evaluative terms is unobtainable; instead, the
proper goal is thoughtful and productive examination and discussion of their appli-
cability to the unique circumstances of a particular line of research.

How should regenerative medicine researchers go about deciding whether an
intervention in the preclinical stages is ready for the “prime time” of human subjects
research? The evaluative criteria listed above will apply differently to every line of
research, but the Geron Corporation trial of a human embryonic stem cell-derived
intervention for subacute thoracic spinal cord injury may provide a helpful example.

Early in 2009, the Food and Drug Administration (FDA) approved Geron’s trial
for spinal cord injury, which was the very first clinical trial using human embryonic
stem cell-derived tissues (Bretzner et al. 2011). This phase I study, like all phase I
studies, was focused first and foremost on determining safety. However, as is the
case with many phase I trials, only patients were to be enrolled as subjects, in part
because the safety profile would be different in healthy volunteers and in part
because if any preliminary efficacy signals could be seen, they would of course only
be seen in patient-subjects. These subjects were patients who had experienced very
serious spinal injury very recently, making them different from many patient-
subjects in phase I studies, who most often are those for whom all other treatments
have failed (King et al. 2009 at 225 and note 51).



190 N.M.P. King

Research ethics questions arose about the trial’s design because preclinical studies
were apparently limited to small animal models, and because the first subjects were
those with a very serious, very recent injury and a small post-injury enrollment
window, leading to concerns about the amount and quality of information available
for informed decisionmaking in a short time (Bretzner et al. 2011). The study was
placed on clinical hold in August 2009, after ongoing review of preclinical animal
data raised the possibility of tumorigenesis and thus the need for additional purifica-
tion of the cell lines used (Bretzner et al. 2011). The clinical hold was lifted a year
later, and the trial resumed. However, in November of 2011, after four of the planned
8-10 patient-subjects had begun trial participation, Geron announced that it was
ending the trial and shifting its business emphasis away from embryonic stem cell
research to focus on pharmaceuticals farther along in the trial pipeline (Ichim et al.
2011; Frantz 2012). Geron’s decision suggests the possibility that the company may
have moved prematurely into its phase I clinical trial and underestimated the time
and expense necessary to complete the research trajectory (Ichim et al. 2011).

8.4 Validity in Regenerative Medicine Research

Once the decision has been made to begin human trials, ethical issues emerge more
clearly alongside scientific questions in research design and conduct. One important
issue immediately arises regarding the trajectory of translational research: How
should the human research trajectory be designed and understood?

The classic phases of research with human subjects (phases I, II, and III) are
clearly defined and specified by regulatory and oversight bodies and a great deal of
scholarly literature and scientific guidance. However, the reality of clinical research
has always been far more fluid than these phase designations, which were developed
originally for pharmaceutical research. In particular, when experimental interven-
tions moved from pharmaceuticals to biotechnologies, and when surgery began to be
widely and systematically viewed as subject to the requirements of research, these
phase designations began to be recognized as often fitting poorly with the realities
of research design and subject selection. Regardless, every clinical trial must meet
the basic requirements of value and validity (Emanuel et al. 2000): Every trial must
ask a scientifically and socially meaningful question and must be designed so that
the data gathered have the capacity to answer that question, whether positively or
negatively. Perhaps most significantly, the answer to the question must be able to
point to the appropriate next step in the research trajectory. In classic phase design,
the results of a phase I study should facilitate the move to a phase II study or signal
the need for a return to preclinical research or a differently designed phase I study.
Even when the clarity of phase designations has been blurred by novel designs and
trajectories, every trial should produce results that are valid—that is, able to guide
researchers in designing the next study, whatever it may be (Kimmelman 2009).

For complex and varied fields like regenerative medicine, the requirement of valid-
ity may have some unfamiliar implications. Regenerative medicine research may be
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complex and multidisciplinary, involving surgical innovation, tissue engineering,
and cell-based interventions. An expectation of benefit may be incorporated into
even a first-in-human trial. Moreover, the risks of harm arising from failure may be
potentially catastrophic, in particular because it may not be possible to “undo” a
complex biological intervention in the same way that a drug can be discontinued in
a pharmaceutical trial.

A complicated regenerative medicine intervention may take considerable time,
and follow-up can easily be lifelong. Phase designations may not make logical sense
for this type of research, especially because the surgeons and scientists who perform
it are far more likely to employ revised, refined, and improved processes, materials,
and techniques for every enrolled patient-subject at the next stage of an ongoing
procedure, or to refine their techniques with later-enrolling patient-subjects if the
intervention is more limited. Those who enroll early may not be in a position to
benefit from all later-developed improvements. Thus, the realities of regenerative
medicine research may be far more fluid than is commonly seen in many transla-
tional trajectories.

8.5 Ethical Issues in Early-Stage Research: Two Examples

Two examples drawn from the many types of regenerative medicine research may
help to illustrate some of the principal ethical issues arising in early-stage regenera-
tive medicine research. The first example is current and real; the second represents
an important area of research concentration that has not yet moved beyond the basic
laboratory stages. The two examples are set forth below, so that readers can bear
them in mind as key ethical issues in early-stage regenerative medicine are dis-
cussed. The examples are then revisited at the end of the chapter and linked to the
ethical issues that have been examined.

8.5.1 Bladder Augmentation (The Real Example)

Dr. Tony Atala’s groundbreaking research uses determined (or “adult”) stem cells
from the bladders of patient-subjects with meningomyelocele to grow a larger seg-
ment of that hollow organ. The new segment is then surgically attached to the
existing organ, in order to increase bladder capacity in patients whose condition
has prevented ordinary bladder growth. The goal of bladder augmentation for
patients with meningomyelocele is to make it possible for them to self-catheterize
less frequently, thus improving quality of life and reducing the likelihood of kidney
damage from urinary back-pressure, but bladder augmentation cannot alter the
absence of contractility resulting from the spinal lesion. Bladder augmentation
using segments of intestine has been surgically tried and has become standard of care,
but it is not always successful and entails considerable postoperative morbidity.
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In Atala’s study, autologous determined urothelial and smooth muscle stem cells
were harvested from pediatric patient-subjects, cultured in vitro, grown on decel-
lularized scaffolds, and then surgically implanted. Patient-subjects in this small
study were followed for approximately 5 years before the investigators were confi-
dent that this first-in-humans intervention could be deemed successful and its results
published (Atala et al. 2006).

8.5.2 Limb Regeneration (An Imagined Future Example)

The “human salamander” represents a Holy Grail of sorts for regenerative medicine.
The ability to regenerate entire limbs exists in the animal kingdom, and the desire to
unlock the secrets of total regeneration is closely linked to the recognition that this
knowledge could provide important basic understanding of the mechanisms of both
aging and cancer. More immediately, limb regeneration research seeks the means to
ameliorate traumatic injuries, especially those suffered in combat by soldiers and
civilians. Some research has demonstrated regeneration of minor injuries (e.g., the
tip of a finger), but regeneration of a complete extremity is as yet a distant hope.
Imagine, however, that regeneration of a forearm amputated below the elbow is
thought to be a realistic possibility, based on laboratory studies of in vitro limb cul-
turing and bioreactor development (much like the work that has been done with
ears) and on a limited number of animal studies (perhaps mice receiving research
amputations of forelimbs, and a small study of several nonhuman primates with
accidental injuries, or birth deformities such as amniotic band syndrome).

8.6 Subject Selection

Once a line of research is considered ready to take into human trials, a key decision
must be made: Who should be the first research subjects? At every stage of clinical
research, the choice of subjects must balance two criteria that may be at odds: First,
subjects must be those who can provide the best data; that is, data that will enable
determination of the appropriate next research step, whether forward, back to gather
additional data, or sideways to pursue a different path (Kimmelman 2009; King and
Cohen-Haguenauer 2008). Second, at the same time, subjects must also be at the
least risk of harm to themselves from research participation. Harm here includes
both harm arising directly from receiving the research intervention and the harm
that may arise if any standard interventions must be detrimentally forgone or post-
poned in order to participate in the research (Kimmelman 2005; King and Cohen-
Haguenauer 2008).

Many first-in-human safety trials of pharmaceuticals have conventionally
enrolled healthy volunteers, but it has become common, in many areas of research,
to enroll as first subjects patients who have the disease or condition of interest.
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Healthy volunteers may not always provide the best data under the circumstances,
as they are often poor models for the disease states under study. In addition, many
interventions (e.g., chemotherapy, surgery, and novel biotechnological interventions
like gene transfer) may pose significant risks of harm to subjects, and it is widely
regarded as unethical to ask healthy volunteers to submit to invasive research inter-
ventions bearing significant risks of harm. Thus it is often reasonable to turn first to
patients as research subjects.

An unintended consequence may unfortunately result: the mistaken belief that, if
healthy volunteers are not enrolled, it is because they cannot benefit, but because
patients will be enrolled, they stand at least some chance to benefit, almost by defi-
nition, even in early-stage research. This belief is one manifestation of the therapeu-
tic misconception, discussed later in the chapter.

Even after patients are chosen as subjects, investigators must consider which
among them should be first. Patients who are younger and/or whose disease has not
progressed very far often represent a very different population from older patients.
The same is true of so-called treatment-naive patients in comparison with those who
(as in most oncology research) have tried many treatments and can derive no further
benefit from standard therapies.

8.7 Harms and Benefits, Uncertainties and Unknowns

8.7.1 Balancing Risks of Harm and Potential Benefits

Investigators and research oversight bodies face a difficult but essential challenge in
determining whether a first-in-humans trial may justifiably move forward: They
must agree that the potential benefits to society from the likely results of the trial
and the potential benefits to individual patient-subjects in the trial—if any are pos-
sible, of course—outweigh the risks of harm to patient-subjects in the trial (King
and Churchill 2008). The assessment and balancing of benefits and harms is espe-
cially challenging in the context of early-stage clinical research, when what is
uncertain and what is unknown loom particularly large. This balancing should be
the subject of genuine conversation between investigators and oversight bodies, and
it must precede determination of what information should be provided to potential
subjects in the consent form and process. Yet asking the question “How should this
research be described to potential subjects?” can fruitfully inform that logically
prior discussion, clarifying precisely what risks of harm and potential benefits are at
issue, and helping to determine whether offering research participation to potential
subjects is justifiable under the circumstances.

Because early-stage research in regenerative medicine comprises such a broad
category of research types, from stem cell-based interventions to complex tissue
engineering experiments, it is extraordinarily difficult to generalize about risks of
harm, about the scope of potentially relevant uncertainties and unknowns, about
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benefits reasonably to be expected in a given study, and even about how harms
and benefits should be identified and measured. The following brief discussions
represent only the tip of the translational iceberg; our two examples provide some
additional food for thought; but the ultimate goal of this chapter is to equip readers
to apply and extend these points to consider when planning and carrying out specific
translational studies.

8.7.2 Risks of Harm

Disclosure and description of the risks of harm—from receipt of the experimental
intervention, from research procedures employed adjunctively for monitoring and
follow-up, and, in some studies, from forgoing available alternatives—is a well-
rehearsed area of research ethics (Kimmelman 2004) that will not be exhaustively
detailed here. Just a few points are especially relevant and important in early-stage
regenerative medicine research.

As in all early-stage research, all anticipated risks of harm must be described
thoroughly and clearly, enumerating what is known or expected about their nature,
magnitude (size/intensity and duration), and likelihood. Then, in addition to describ-
ing and discussing the risks of harm from the experimental intervention itself, it is
also important to inform potential subjects that whenever alternatives exist (such as
standard treatments, however imperfect), harm could result from forgoing or delay-
ing standard treatment. Finally, open acknowledgment of the possibility of unknown
effects is essential.

8.7.3 Potential for Benefit

Determining whether any potential benefits may reasonably be expected from the
experimental intervention, and therefore should be disclosed and described to
potential subjects, is a pervasive and significant challenge, both for research over-
sight and for informed consent in human subjects research. This determination is
extremely important and especially difficult in early-stage research, where direct
benefit is often unlikely or impossible (King 2000). Clarity about potential benefit
can easily be outweighed by excessive expectations, especially under circumstances
that are increasingly common in early-stage research involving complex biotech-
nologies like regenerative medicine. In early-stage research, available information
about potential benefit is limited at best; the goal of the line of research is to dem-
onstrate clinical benefit; and the potential subjects in early-stage trials are patients
with the disease or condition that the experimental intervention is ultimately
intended to treat. Thus, excessive expectations may affect not only potential sub-
jects, but even more importantly, clinical investigators, members of research over-
sight bodies, and even study sponsors may also have high hopes that affect how
information about an early-phase clinical trial is shaped and shared.
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Unfortunately, the discussion of potential benefit in research consent forms—
particularly consent forms in early-stage research—is frequently vague, stereotypi-
cal, uninformative at best, and misleading at worst (King et al. 2005). Careful
attention to describing and discussing potential benefits, and their limits, can be
especially challenging for researchers, because they often receive little help from
funders and research oversight bodies. The model consent forms and guidance pro-
vided may even exacerbate the difficulty. Defining and describing potential benefit
well is a problem that merits more attention in early-stage research and should be
addressed by funders and oversight bodies as well as by researchers.

In every clinical trial, and thus in all regenerative medicine research, the potential
for direct benefit is intervention-specific. The potential benefits of different types of
regenerative medicine interventions may be quite different in nature, magnitude,
and likelihood, even though the effects of at least some interventions may be perva-
sive or permanent. And it is undeniable that some effects of regenerative medicine
interventions are unanticipated and unknown (Kimmelman and London 2011).

Anticipated benefits for a particular early-phase clinical trial should be thor-
oughly and clearly described, and the basis for any expectations should be explained.
The potential for benefit may in some instances be nonexistent; expectations of
benefit may be theoretical only; or benefit may be possible but unlikely, based on
preclinical evidence from laboratory and animal models, or analogized from similar
but not identical research. Thus, it is important to emphasize the limits on what may
be anticipated in a given trial.

Several components of the discussion of potential benefit are particularly impor-
tant in early-stage research, including regenerative medicine research. First, it is
essential to distinguish direct, inclusion, and societal benefits. Direct benefits are
those arising from the experimental intervention. These benefits are likely to be of
greatest significance for patient-subjects. Inclusion benefits arise from simply par-
ticipating in the research, whether or not one receives the experimental intervention
or is benefited by it. Inclusion benefits are provided to all subjects and are some-
times conceptualized or described as inducements to participate. Examples include
a free physical examination, medical testing and monitoring beyond what is required
by the research, and other nonmonetary benefits. Sometimes, the additional testing
and monitoring required by the research is described as beneficial: “Patients do bet-
ter on study because we monitor them so closely.” It is worthy of note that close
monitoring and additional testing may just as easily pose risks of harm, as when
research-related testing gives a “false positive” result that produces anxiety and
requires additional testing at the patient-subject’s expense. Finally, societal benefits
stem not from research participation but from the outcomes of the line of research
(King 2000; King et al. 2005).

Thus, both in consent forms and in discussion with research oversight bodies, it
is necessary to use language about potential benefit very carefully and deliberately.
To give a simple example: “You may benefit from being in this study” is different
from “You may benefit from getting the experimental intervention.” The former
refers to inclusion benefits, and the latter to direct benefits. Similarly, “The purpose
of this study is to find out whether or not subjects can benefit from getting the
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experimental intervention” is different from “The purpose of this research is to
develop a new treatment for X disease.” The former is specific to the study at hand,
while the latter confuses the line of research with the study at hand and may suggest
that treatment benefits are anticipated for patient-subjects (King 2000; National
Institutes of Health nd).

Second, discussion of the potential for direct benefit must be more specific and
detailed than the all-too-common boilerplate statement, ““You may or may not bene-
fit.” Direct benefit can and should be described in terms that resemble the more famil-
iar description of risks of harm: the nature of the benefit, its magnitude (i.e., its size
and duration—a change in laboratory values, which may or may not be linkable to
clinical benefit? a reduction of symptoms? a cure? a temporary or permanent effect?),
and its likelihood. In early-stage research, especially research with levels of uncer-
tainty as high as in most regenerative medicine research, these dimensions of direct
benefit may be exceedingly difficult to quantify; nonetheless, addressing them, even
when precision is impossible, at least signals to potential subjects that there is more
to the potential for benefit than “Either I will benefit or I won’t” (King et al. 2005).

One of the challenges in discussing potential benefit, which is especially acute in
all early-stage research, is avoiding overdisclosure in the consent form and process.
Clear and thorough description may become so detailed that not only potential sub-
jects but also oversight bodies and investigators can fall prey to “information seduc-
tion”—whereby the sheer amount of information provides a false assurance that
clinical benefit will materialize. Underdisclosure is not a solution to this problem; it
merely perpetuates uninformative “boilerplate.” Instead, open acknowledgment of
uncertainty should be coupled with the promise to minimize risks of harm, whether
or not potential benefit is anticipated, disclosed, and described.

8.7.4 Uncertainties and Unknowns

Early-stage trials present far more uncertainty than later-phase studies. A primary
reason is that the translation from preclinical to clinical research represents a very
large step. Good animal models are not always available, and available models are
always imperfect. Thus, early-stage trials often begin with high levels of uncertainty
about the effects of the intervention in humans. The wide variety of experimental
interventions in regenerative medicine—cell infusions of many types, surgical
implantation of cell-based materials from wafers to organs, in situ regeneration, and
more—all carry many (and many different) uncertainties and all can change as rap-
idly as the science develops.

This lack of knowledge poses challenges for informed consent, particularly with
regard to how best to describe and discuss what is uncertain and what is unknown.
This is a problem of disclosure, to be sure; but it also is a key factor in the consider-
ation of whether a study is ready to move from preclinical to clinical trials (King
and Cohen-Haguenauer 2008). How best to determine this critical readiness remains
underaddressed, especially for novel biotechnologies like regenerative medicine
interventions (Frey-Vasconcells et al. 2012).
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8.7.5 Long-Term Follow-up

Understanding the role of patient-subject includes understanding why long-term
follow-up is sought—both to gather optimal study data and to properly protect the
welfare and interests of patient-subjects. But when subjects are lost to follow-up,
most of the problem may not lie with the consent form and process. Instead, the
design, funding, and infrastructure needed for good long-term follow-up may be
inadequate to sustain it. Thus, investigators need to design good long-term follow-
up and incorporate it into their protocols, and funding agencies need to support
recommended follow-up. Investigators also need to address the practicalities of
long-term follow-up. Making it easier for patient-subjects helps underscore its
importance and their role in knowledge production.

Determining what follow-up is necessary, appropriate, and practical is a study-
specific exercise, based on the nature of the regenerative medicine intervention
being studied and the information being sought. Long-term follow-up in regenera-
tive medicine research may be necessary over many years simply in order to deter-
mine whether an experimental intervention is a success or a failure. Cell-based
interventions may need long-term follow-up so that investigators can learn about
patterns of bioaccumulation and their potential effects, such as insertional mutagen-
esis, as has been seen in some gene transfer research, or other tumorigenic effects,
as may be seen when embryonic or induced pluripotent stem cells are used. Long-
term follow-up is also likely to be extensive in any study involving the implantation
of organs or tissues regenerated ex vivo, to ensure that success or failure can be
determined in functional terms.

Finally, some categories of regenerative medicine research, such as in situ regen-
eration of organs, digits, or limbs may present a special set of issues. In these types
of research, long-term follow-up may be especially extensive, for two reasons. First,
in situ regeneration is likely to take some time. Second, in early-stage research, it
will not be known right away how long successful regeneration will take, so that
long-term follow-up will help to determine both whether the experimental interven-
tion is “working” and how long monitoring should last before success or failure is
declared. Significant differences in follow-up may be anticipated, depending on the
intervention being monitored. In situ regeneration of a solid organ, such as a kidney
or pancreas, may, for instance, be determined successful when a minimum level of
organ function has been reached, so that dialysis or insulin is not necessary.
Measuring success in the regeneration of a finger or hand may take far longer, and
whether a partial regeneration can be deemed successful is far less clear.

For these reasons, it will be wise to ensure that patient-subjects are given ample
information about what to expect from any regenerative medicine intervention and
the anticipated challenges of long-term follow-up. In addition, it seems prudent to
discuss these matters from the particular perspectives of individual potential sub-
jects, as different individuals could reasonably hold very different views about
what counts as success or failure; moreover, those views could reasonably change
over the duration of study participation and follow-up. Periodic revisiting of
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discussion about research participation and long-term follow-up should ideally be
an integral part of an ongoing researcher—subject relationship (National Institutes
of Health nd).

8.8 The Therapeutic Misconception: Causes and Cures

The therapeutic misconception, widely identified and discussed in clinical research
enrolling patients as subjects, is the tendency to view research as treatment, to blur
the distinction between research and treatment, and/or to have unreasonably high
expectations of direct benefit from receiving the experimental intervention. First
identified by Paul Appelbaum and colleagues some 30 years ago (Appelbaum et al.
1982), the therapeutic misconception is most often attributed to patient-subjects, but
it is vital to recognize that it is also common in investigators and oversight bodies
(Dresser 2002). The therapeutic misconception is of concern because it may
adversely affect understanding about the nature of the research and the likelihood
that the experimental intervention will be beneficial for subjects. It thus might, but
does not necessarily, compromise decisionmaking by patient-subjects. More impor-
tantly, it might also influence how investigators describe the research to potential
subjects in the informed consent process, as well as how oversight bodies like insti-
tutional review boards (IRBs) view the research (Churchill et al. 2003; Henderson
et al. 2006; Miller 2000). A great deal of scholarly literature has dissected the con-
cept of the therapeutic misconception, but close examination of that literature is
beyond the scope of this chapter; the term “therapeutic misconception” is therefore
employed throughout as a well-recognized idea, even though more nuanced termi-
nology might appear in a more extended discussion.

Although the therapeutic misconception may influence decisionmaking in any
clinical trial enrolling patients as subjects, it may be more likely in early-stage
research, for several reasons. First, because in most early-stage trials, all patient-
subjects receive the experimental intervention, early-stage research designs may be
more likely to seem “treatment-like” to all concerned than do randomized, placebo-
controlled trials. Second, the patients approached for participation in early-stage
trials are often those with severe or advanced disease, for whom there are no good
treatment choices available, either because all standard treatments have failed or
because no good standard treatment exists (Dresser 2009). This is the approach to
subject selection that is most often employed in oncology research (King and
Cohen-Haguenauer 2008; King et al. 2005). In such cases, all involved—investiga-
tors and IRB members perhaps even more than patient-subjects—are hoping that a
new, untried intervention will offer some benefit that standard treatment cannot pro-
vide (Dresser 2002). Although this hope is understandable, the resulting therapeutic
misconception may have significant distorting effects on decisionmaking.

It is not yet clear how best to identify the therapeutic misconception and assess
its effects on decisionmaking in clinical research (Henderson et al. 2007). However,
the likelihood of the therapeutic misconception in patient-subjects enrolled in
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early-stage research can be considerably reduced if it is addressed and reduced in
investigators and IRB members, so that the consent form and process provide clear,
accurate, and realistic information about the potential for direct benefit (Henderson
et al. 2006; King et al. 2005). Second, the possibility of the therapeutic misconcep-
tion should never automatically disqualify patients as potential subjects, especially
when vague or misleading information about potential benefit has contributed to
their views. Hope for benefit is not always therapeutic misconception; it is accept-
able, even desirable to hope for benefit if you don’t expect it. Even a subject who
says, “I know that the likelihood that anyone in this trial will experience any mean-
ingful benefit is 1 in 100; but I'm confident that I will be that one!” may be express-
ing a degree of optimism that is unproblematic in context (Sulmasy et al. 2010;
Horng and Grady 2003).

Regenerative medicine research may, generally speaking, be especially vulnera-
ble to the therapeutic misconception for several reasons. First, public confusion
abounds about the different types of stem cells used in treatment and research (King
et al. 2011; Ichim et al. 2011). Because there are many therapeutic uses for deter-
mined (adult) stem cells, both autologous and allogeneic, it is not surprising that
these long-standing therapies might be confused with research uses of multipotent
and pluripotent stem cells. As noted earlier, the very term “cell therapy” invites such
confusion. Second, the burgeoning market for stem cell tourism involves use of
various types of stem cells in therapies that are offered without having first been
tested in research (Cohen and Cohen 2010a, b). Third, the development of for-profit
autologous banking of umbilical cord blood stem cells, amniotic fluid stem cells,
and even determined stem cells from body fat has helped convey the impression that
all cell therapies are truly therapeutic.

A fourth factor that puts other forms of regenerative medicine at risk for thera-
peutic misconception is that many interventions have a surgical component. Surgery,
like chemotherapy, is generally not practiced on healthy volunteers, and a surgical
intervention is difficult to limit to safety considerations in an early-stage trial (King
2003). (Moreover, randomized trials are unlikely to be feasible even at later stages
of regenerative medicine research, with the possible exception of some comparative
effectiveness trials.) Thus, hopes of benefit are likely to exist for all involved in
early-stage regenerative medicine research of many types. To reduce the therapeutic
misconception, those hopes must be acknowledged and directly addressed.

8.9 Two Examples: Following Up

8.9.1 Bladder Augmentation

This early-stage regenerative medicine trial enrolled children with meningomyelo-
cele, rather than adults, as the most appropriate patient-subjects because they had
not yet suffered irreversible kidney damage as a complication of their condition.
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These patient-subjects had exhausted all nonsurgical alternatives and were candidates
for other types of surgical augmentation of their bladders. The use of a segment of
intestine is the most common standard alternative, but it has had limited success.
Enrolling in the trial merely delayed but did not foreclose later use of standard sur-
gical alternatives.

Notably, the design of the study changed over time, so that even in a trial with a
small number of subjects, techniques evolved to increase effectiveness and were
tried in later subjects. This serves as a reminder of the degree of uncertainty that
accompanies research and of the goal of research: generalizable knowledge for the
benefit of future patients.

Continuing follow-up for 5 years before declaring the trial successful may seem
to some overly conservative, but Dr. Atala’s decision reflected consideration of the
many parameters that were followed and described in order to illustrate the criteria
for success. Interestingly, media coverage of organ regeneration research at the
Wake Forest Institute for Regenerative Medicine several years later demonstrated
the ease with which early-stage research can be mischaracterized and misunder-
stood by the media and the lay public, who are also susceptible to the therapeutic
misconception. In 2011, Dr. Atala gave a TED talk. He briefly described preliminary
work in organ regeneration, including the use of bioprinting devices to build colla-
gen scaffolds on which solid organs might be “seeded” using determined stem cells
derived from individual patient-subjects—much like what had been done in the
bladder augmentation study, but using as an example a bioprinted matrix shaped like
a miniature kidney. In addition to displaying the bioprinted kidney matrix, which he
described as a nonfunctioning model, Dr. Atala was reintroduced to one of the
patient-subjects from the bladder augmentation trial, now a young adult, who noted
that his kidneys would have failed if he had not participated in the trial (Atala 2011).

A freelance reporter at the TED conference apparently misunderstood the pre-
sentation and stated on a web-based news site that Dr. Atala had bioprinted a func-
tional kidney. This incorrect and scientifically unverifiable account was widely
picked up and re-reported by other web-based news outlets. The error was cor-
rected, but only after much effort by Institute media staff. This example demon-
strates how easy it is to slip into the therapeutic misconception—and how our faith
in scientific progress makes everyone in society susceptible to it.

8.9.2 Limb Regeneration

Basic research into the mechanisms of limb regeneration has been underway for
some years, funded in part by the Department of Defense, with the goal of improv-
ing treatment for injuries suffered from improvised explosive devices by military
personnel and civilians. When research has progressed sufficiently, the determina-
tion must be made whether the harm-benefit balance supports moving to human
trials. Should mammalian models of limb regeneration be developed, or will it be
ethically and scientifically appropriate to move directly into human subjects? Can
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alternatives to animal models (computer modeling, in vitro and bioreactor work,
etc.) be substituted? The answers to these questions will no doubt give rise to a
number of different research trajectories, which could vary by many research dol-
lars and many years in length.

When the decision to move into humans has been made, the first patients likely
to be proposed as subjects for limb regeneration studies of many types—ranging
from partial regeneration to improve an artificial limb interface to complete regen-
eration—will be casualties of war and others who have been recently and traumati-
cally injured. Important questions will arise about the so-called decision-making
window—will potential subjects have to decide soon after sustaining a serious
injury whether they wish to become research subjects or to receive the standard
treatment (potential amputation and future fitting with artificial limbs)? Or will the
window be bigger? Will it be possible to seek standard treatment first, and enroll in
a limb regeneration trial later, if the artificial limb options are unsatisfactory? What
about choosing research participation first, and switching to standard treatment
later, if the research is not successful?

That is, will a choice between research and treatment be reasonably possible for
a person in the potential subject’s position? Will the timing and context of the deci-
sion require special attention to promote autonomous and informed choice by
potential subjects in stressful circumstances? When choices by potential subjects
are reasonably possible, will choosing between research and standard treatment
require divergence between two paths that cannot later reconverge?

Path divergence may indeed be likely for those who choose research participa-
tion first. Our example, regeneration of a forearm and hand, will probably be a
lengthy process. It may take years before it can fully be known whether the process
is complete enough for the regenerated limb to be sufficiently functional. Intensive
long-term follow-up is likely to be necessary in order to learn how best to promote
rapid regeneration without adverse effects (e.g., oncogenesis), and modifications in
the intervention are more likely to be effectively applied to later subjects than to
those from whom they are learned. Thus, the patient-subjects in this early-stage
research will be asked to make a considerable commitment to the research path,
without changing paths to pursue standard treatments if they get tired of waiting for
functional regeneration. They will have important roles in defining and refining
functionality. They cannot be precluded from dropping out of the research if they
are unsatisfied. But they may not get what they expect—or what they really want.

8.10 Conclusion

The examples of bladder augmentation and limb regeneration reflect only a very
small portion of the wide variety of regenerative medicine research. Nonetheless,
they help illustrate the most common ethical issues arising in the challenging realm
of early-stage regenerative medicine research: when to move to human trials, whom
to enroll first, how best to inform them, how best to protect them, and how to gather
the best data at the least human cost.
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Those who undertake early-stage regenerative medicine research should be
expected, by funding, review, and oversight bodies, potential subjects, and the pub-
lic, to explain and justify the scientific need for and ethical appropriateness of:

1. Moving from preclinical research to human subjects.

2. The group of subjects chosen for the particular study.

3. The design features chosen to minimize harms and lost opportunities for those
subjects and to maximize the value of the data collected in order best to deter-
mine the next steps in the translational research trajectory.

The task of the clinical researcher, in essence, is to make a fair offer of research
participation to potential subjects under conditions of uncertainty, where the goals
are twofold: to contribute to generalizable knowledge and to keep subjects as safe
as possible under the circumstances. In early-stage regenerative medicine research,
the combination of promise, complexity, and uncertainty makes research design and
conduct especially challenging.

The consent form and process help to make clear the scientific nature of research
goals and the provisional and iterative nature of research progress. The role of
informed consent in clinical research is twofold: to promote the autonomy of poten-
tial subjects and to encourage critical reflection by researchers and potential sub-
jects (Capron 1974). Yet the best-informed consent is not by itself sufficient to
ensure that early-stage research has adequately addressed the ethical issues that
accompany research design and conduct; only early, continual, and ongoing critical
reflection by researchers can accomplish what is needed to bring science and ethics
together in early-stage regenerative medicine research.
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Appendix A: Global Embryonic Stem Cell
Policies as of 2012

Allowing Prohibition of
Prohibition of procurement creation of human Allowing creation of
procurement of  of hESCs from embryos for human embryos for
hESCs from supernumerary research purposes, research purposes,
Country human embryos  human embryos  including cloning including cloning
EUROPE
Austria X X
Belgium X X
Denmark X X
Germany X X
Greece X X
Finland X X
France X X
Iceland X
Ireland X X
Italy X X
Netherlands X X
Norway X
Poland X
Portugal X
Spain X X
Sweden X
Switzerland X
UK X X
ASIA
China
India X X
Israel X X
Japan X X
Singapore X
South Korea X X
(continued)
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(continued)
Allowing Prohibition of
Prohibition of procurement creation of human Allowing creation of
procurement of  of hESCs from embryos for human embryos for
hESCs from supernumerary research purposes, research purposes,
Country human embryos  human embryos  including cloning including cloning
Taiwan X X
OTHER
Canada X X
USA
Mexico X




Appendix B: Proposed State Personhood
Laws (USA)

State Description Outcome

Alabama Senate Bill 205 (February 2013) defines persons  Heard in Senate, referred to
as “all human beings resulting from the Health Committee
union of the male sperm with the female egg
either from sexual intercourse or in the case
of in vitro fertilization, the fertilized egg or
eggs relied on by a physician for
implantation in the uterus”

Alaska Ballot initiative, I0NRTL, proposed (2010), Rejected by Lt Gov and Atty
defined persons as “all mankind from the General. State Supreme
beginning of development” Court deemed it

unconstitutional (2013)
when proponent sued to
put it on ballot

Arizona House Bill 2036 (2012): except in a medical Signed into law by governor
emergency, prohibits one from knowingly in April 2012; in May
performing or inducing an abortion on a 2013, Ninth Circuit Court
pregnant woman if the probable gestational of Appeals struck it down
age of her unborn child has been determined as unconstitutional
to be at least 20 weeks. “Gestational age”
means the age of the unborn child as
calculated from the first day of the last
menstrual period of the pregnant woman

Arkansas Act 1032 (February 2013) defines person to Passed state Senate and
include “offspring of human beings from House in March 2013.
conception until birth” Awaiting action from

Governor

California Ballot initiative efforts in 2012 to define persons  Sponsors failed to submit any
as: “all living human beings from the signatures by 2012 ballot
beginning of their biological development as deadline
human organisms ...”

(continued)
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(continued)

State Description Outcome

Colorado Colorado Fetal Personhood Amendment 62 2010 amendment defeated by
(2010) defined person as “every human being 70 % of voters. A similar
from the beginning of the biological 2012 ballot initiative was
development of that human being” not included on state’s

ballot

Florida Personhood amendment ballot initiative (2014) Failed to garner the requisite
defines person to include “children at every number of signatures to
stage of their development, regardless of the appear on 2012 ballot.
method of creation” Currently seeking

signatures for 2014 ballot

Georgia Amendment SR 420 (2013) defines person as: Did not pass floor vote, but
“all human beings as persons at any stage of can be resurrected within
development” next 2 years. Needs

legislative approval to be
added to 2014 ballot

Towa Senate Joint Resolution 10 filed April 2013 Amendment needs to pass
defines person as “every person at any both houses and the state
stage of development” Supreme Court to be

included on ballot. Similar
previous amendment in
2011 failed

Kansas House Concurrent Resolution 5029 (2012) Failed to make the 2012
defined person “from the beginning of the ballot when House
biological development of that human being, Judiciary Committee
including fertilization from beginning of elected not to have a
biological development” hearing

Maryland Personhood amendment HB 1078 introduced Did not advance further after
to the House (2010) included “every human an unfavorable report by
being from the beginning of the biological Health and Government
development of that human being, including Operations
fertilization”

Mississippi ~ Amendment 26 to define person “from the Balloted in 2011; defeated by
moment of fertilization, cloning, or 59 % of voters
equivalent thereof ...”

Missouri Ballot initiative 2010-068 to define person “from  Did not appear on ballot
beginning of biological development” (2010) following court challenge

Montana Constitutional Initiative 108 (2012) defined Failed to get the necessary
person as “all human beings at every stage number of signatures to
of development, including the stage of be included on the 2012
fertilization or conception ...” ballot

Nevada Constitutional amendment proposed for 2012 Failed (2012 and 2010) to
ballot defining person as “every human obtain the necessary
being” number of signatures for

inclusion on ballot

North Senate Concurrent Resolution 4009 (2013) Amendment passed in both

Dakota expands its definition of person to encompass House and Senate in

“every human being at any stage of
development ...”

March 2013; will appear
on the state’s 2014 ballot

(continued)
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State

Description

Outcome

Ohio

Oklahoma

Virginia

Wisconsin

Personhood constitutional initiative (2013)
defines persons as every “human being at
every stage of biological development,
including fertilization”

Initiative Petition 395 (2012) defined person as
“any human being from the beginning of the
biological development of that human being
to natural death”

House Bill 1 introduced (2012) defining person
to include “unborn children at every stage of
development ...”

Joint Resolution 77 introduced (2011) defining
person as “every human being at any stage
of development”

Pending--Supporters must
collect requisite number
of signatures by July 2013
for the amendment to be
on the 2013 ballot

Bill passed in state Senate,
subsequently invalidated
by state Supreme Court;
U.S. Supreme Court
declined to hear the case

Passed in House, defeated in
Senate. Carried over to
next session

Fails to get out of committee
but reintroduced in 2013.
Both state Legislatures
must pass the bill for it to
appear on ballot in 2014




Appendix C: Resources

Research Ethics Guidelines

U.S. NIH Research ethics principles: http://clinicalcenter.nih.gov/recruit/ethics.html

U.S. NIH Responsible conduct of research: http://bioethics.od.nih.gov/research-
ethics.html

U.S. Office of Research Integrity: http://ori.dhhs.gov/education/products/RCRintro/

Guidelines Specific to Stem Cell Research

U.S. National Academies of Science Stem Cell guidelines: http://www.nap.edu/
openbook.php?record_id=4917

California Institute for Regenerative Medicine guidelines: http://cirm.ca.gov/our-
funding/stem-cell-regulations-governing-cirm-grants

Canada: http://www.cihr-irsc.gc.ca/e/34460.html

China: http://www.mhlw.go.jp/english/policy/health-medical/medical-care/dl/
guidelines.pdf see also http://www.stemcellschina.net/index.php?option=com_
content&view=article&id=229%3 Achina-regulation-aligns-with-international-
standard&catid=13%3Achina-iotech&Itemid=18&lang=en

European Union (by country): http://www.eurostemcell.org/stem-cell-regulations

France: http://www.loc.gov/lawweb/servlet/lloc_news?disp3_1205402748_text

India: http://www.jipmer.edu/stem_cell_guidelines.pdf

ISSCR guidelines for clinical research: http://www.isscr.org/home/publications/
ClinTransGuide
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General Information Regarding Regenerative Medicine
Projections of Market Size and Demand

The Pattison Report (UK): http://www.york.ac.uk/res/sci/events/FinalConfPres/
Connolly.pdf

Japan WIPO patent law (in Japanese): http://www.wipo.int/clea/docs_new/pdf/
en/jp/jp006en.pdf.


http://www.york.ac.uk/res/sci/events/FinalConfPres/Connolly.pdf
http://www.york.ac.uk/res/sci/events/FinalConfPres/Connolly.pdf
http://www.wipo.int/clea/docs_new/pdf/en/jp/jp006en.pdf
http://www.wipo.int/clea/docs_new/pdf/en/jp/jp006en.pdf

Appendix D: Glossary

AABB American Association of Blood Banks

ACLU American Civil Liberties Union

ALLEA All European Academies

ARM Alliance for Regenerative Medicine

ASRM American Society for Reproductive Medicine

AUTM Association of University Technology Managers

CCD Charge-coupled device

cGMP compliant with Good Manufacturing Practice

CIHR Canadian Institutes of Health Research

CIRM California Institute for Regenerative Medicine

COC Certificate of confidentiality

COI Conflict of interest

CRO Contract Research Organization

dbGaP Database of genotypes and phenotypes

dbSNP Single nucleotide polymorphism database

DHHS U.S. Department of Health and Human Services

DNA Deoxyribonucleic acid

DUA Data use agreement

ECJ European Court of Justice

EGA European Genome-Phenome Archive

ES (ESC) cell Embryonic stem cell, hRESC: human embryonic stem cell

ESCRO Embryonic stem cell research oversight

ESF European Science Foundation

FACS Fluorescent antibody cell sorting

FCOI Financial conflict of interest

FDA Food and Drug Administration

FTCR Foundation for Taxpayer and Consumer Rights (now known as
Consumer Watchdog)

GATT General ggreement on tariffs and trade

GEO Gene expression omnibus
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GINA
GLP
GSK
GWAS
hESCreg
HESC
HFEA
HGP
HHS
HIPAA
HIPSCI
HPCs
hPSC
HSCI
IACUCs
IMI
IOM

P

IPRs
iPS cell (iPSC)
IRB
ISCBI
ISCR
ISCT
ISSCR
IVF
JAX
MOU
MRC
MTA
NAS
NHLBI
NIH
NSERC
NMR
NPRM
NSCB

OECD
OLAW
ORI
PACT
PCT
PHS
PPPs

Appendix D: Glossary

Genetic Information Nondiscrimination Act
Good laboratory practices

GlaxoSmithKline

Genome-wide association study

European Human Embryonic Stem Cell Registry
Human embryonic stem cell

Human Fertilization and Embryology Authority
Human genome project

(US Department of) Health and Human Services
Health Insurance Portability and Accountability Act of 1996
Human induced pluripotent stem cell initiative
Hematopoietic progenitor cells

Human pluripotent stem cell

Harvard Stem Cell Institute

Animal Care and Use Committees

Innovative medicines initiative

Institute of Medicine

Intellectual property

Intellectual property rights

Induced pluripotent stem cell

Institutional Review Board

International Stem Cell Banking Initiative
International Stem Cell Registry

International Society for Cell Therapy
International Society for Stem Cell Research
In-vitro fertilization

Jackson Laboratory

Memorandum of understanding

Medical Research Council

Material transfer agreement

National Academy of Sciences

National Heart, Lung and Blood Institute
National Institutes of Health

Natural Sciences and Engineering Research Council
Nuclear Magnetic Resonance

Notice of Proposed Rule-Making

National Stem Cell Bank (Former U.S. NIH-funded stem cell
repository)

Organization for Economic Co-operation and Development
Office of Laboratory Animal Welfare

Office of Research Integrity

Production Assistance for Cellular Therapies
Patent Cooperation Treaty

Public Health Service

Public private partnerships
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PubPat
RCR
R&D
RNA
SCLD
SCNT
SFI
SGC
SNP
SRA
TRIPS
TTO
UBMTA
UKSCB
UniProt
USPTO (PTO)
WARF

Public Patent Foundation

Responsible conduct of research

Research and development

Ribonucleic acid

Stem cell lineage database

Somatic cell nuclear transfer

Significant financial interests

Structural Genomics Consortium
Single-nucleotide polymorphism

Sequence read archive

Agreement on trade related aspects of intellectual property rights
Technology transfer office

Uniform biological material transfer agreement
United Kingdom Stem Cell Bank

Universal Protein Resource

United States Patent and Trademark Office
Wisconsin Alumni Research Foundation
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