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W e have a thriving biotechnology industry in
the United States. There are over 1,450
biotechnology companies developing diag-

nostic and treatment technologies in medicine, creat-
ing more nutritional foods, and innovating new indus-
trial processes.1 Yet this $28.5 billion sector of the
economy is not without controversy.2 The “bio” in
biotechnology comes from living, biological entities –
people, plants, animals, and even bacteria. In the realm
of biobanking, people are the source of the raw mate-
rial for the discovery of genes for research, diagnosis,
and therapy, raising a host of issues about rights and re-
sponsibilities, fiduciary duties and societal obligations.

When I was growing up, it was said that the chemi-
cals in the body were worth 89 cents. Today, though, like
a bullish stock market, the price tags on body parts
have soared. The value of a human egg can be tens of
thousands of dollars. A single cadaver can be mined for
medical and research uses – its skin worth $36,522, its
bones $80,000, its tendons $21,400, and so forth. The
value of a particularly interesting human gene – or even
snippets of human genetic material – can be billions. 

New uses for human tissue are constantly being dis-
covered. Researchers funded by the biotech company
Geron used leftover embryos that had been created by
in vitro fertilization (IVF) patients to create the most
coveted of human cells: embryonic stem cells, which are
primitive cells that can grow into every type of body tis-
sue, including nerves, bones, and muscles.3 In the fu-
ture, biotech companies could use stem cells to produce
marketable treatments – such as new heart cells to in-
ject into an ailing heart, which would then repair itself.

And it is not just the medical sector that finds human
tissue useful. Tissue such as blood, hair, and DNA – and
even human corpses – are used as a medium by artists.
In the United States, artist Marc Quinn created Self, a
sculpted model of his head using nine liters of his own
frozen, congealed blood.4 In Great Britain, Canadian
artist Richard Gibson was fined for outraging public de-
cency when he sculpted a head of a woman and then
used actual aborted human fetuses as earrings.5 Ger-
man pathologist Gunther von Hagens has outraged and
entertained people around the world with his contro-
versial Korperwelten exhibit featuring real human
corpses in artistic displays, often in familiar poses such
as running, sitting, gesturing, and playing chess.6

Due to its multiple uses in the biotechnology age,
human tissue is being gathered and stored in reposito-
ries known as biobanks. Some biobanks have been cre-
ated indirectly, when, for example, the pathology de-
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partment of a hospital stores biopsy samples from can-
cer patients or the criminal justice system keeps blood
samples collected from felons for DNA databases. Oth-
ers have been created directly, such as ones owned by
entrepreneurs who solicit hospitals for access to their
tissue samples or by families of patients with particu-
lar diseases who want to encourage research into their
disorder. 

The range of human tissue sources available to re-
searchers and biotech companies is extraordinary.
There are brain tissue banks, breast tissue banks, blood
banks, umbilical cord banks, sperm banks, and tissue
repositories for studying AIDS, Alzheimer’s, other men-
tal illnesses, and aging. Over 282 million archived and
identifiable pathological specimens from more than
176 million individuals are being stored in United States
repositories.7 At least 20 million new specimens are
added each year. Some specimens are anonymized or
coded and not identified with specific individuals; oth-
ers carry patient names or codes that allow personal
identification.8 Between these pathology samples,
forensic samples, public health samples, and samples
collected on people associated with the military, virtu-
ally everyone has his or her tissue “on file.”

Expanding markets have increased the value of this
tissue. Hospitals, research laboratories, and the state
and federal repositories that store tissue samples find
they possess a capital resource. In October 2001, I
spoke to the national meeting of the College of Ameri-
can Pathologists and learned that health care institu-
tions were routinely selling their patients’ tissue to
biotechnology companies, often without consent of the
patients involved. Some pathologists in the audience
said that adequate diagnosis was being impeded by
these sales. Pathologists would attempt to undertake an
autopsy, but find that the bones and other tissue had al-
ready been removed for sale, preventing them from
correctly assessing the medical condition of the indi-
vidual. One forensic coroner said that he had to put his
foot down and require that sales be made after his au-
topsy because the practice was impeding his ability to
investigate crimes. Other attendees suggested that
these sales were the death knell for non-commercial re-
search. A geneticist indicated that he had attempted to
do a study on leftover placentas in his hospital, but was
told that the Obstetrics and Gynecology Department
had sold them all to a biotech company.

Biobanks vary in whether the biobank owner is will-
ing to allow access by outside researchers to the tissue
samples. In some instances, any researcher can order
cell lines of particular types of patients through a cata-
logue. The entries in American Tissue Culture Cata-
logue9 and its foreign counterparts,10 for example, de-
scribe in telegraphic style the people whose tissue is for
sale. CRL 5867 – a 49-year-old black female with can-
cer of the lymph node. JCR B0068 – a 14-week-old
Japanese fetus who died of cytomegalovirus. SK-HEP-
1 – a 52-year-old German man with liver cancer. Thou-
sands of individuals are listed, but it is doubtful that
more than a handful of them or their families realize
that they are part of this elite market.11

The more recent trend, however, is for most research
biobanks to hoard tissue samples, rather than to share
them with other researchers. When Jonathan Shestack
wanted to fund research on the genetics of autism, each
university researcher he visited told him that they did
not have enough tissue samples from families with
autism to identify the gene responsible for the disease.12

When Shestack asked why they did not share samples
with researchers at other institutions, the researchers
described their commercial motives. They each said
they wanted to be the one to discover the autism gene
and patent it.

Biobanks can be established without oversight, even
without the knowledge of people whose tissues are
used. Yet the practice of biobanking raises profound
ethical and legal questions about the circumstances
under which such banks are established and how the
benefits of the banks are harnessed. While the concept
of battery protects living people from physical inter-
ventions, and the Uniform Anatomical Gift Act gives
them control over what happens to their body parts
after they die, there is no overriding legal concept to
govern the relationship between the tissue source and
the biobank. Indeed, the principle most commonly ap-
plied seems to be that of “finders keepers” where pathol-
ogists, physicians, and researchers who have access to
patient tissue feel no qualms about keeping it for their
own use, beyond the purposes for which the tissue was
collected.13

Biobanking raises a series of questions, which this
issue of the journal seeks to address, such as:

What type of information, if any, should the source
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of the tissue be given before tissue is entered into 
a biobank?

What cultural and personal values might it violate
for person’s tissue to be used without his or her 
informed consent?

What should be done with genetic information
gleaned from a biobank?

Under what circumstances is commercialization 
of biobank samples and information appropriate?

How should the fruits of biobanking be distributed?

How can people protect themselves from unautho-
rized and unwanted use of, or commercialization 
of, their tissue samples?

What new institutional policies and legal regula-
tions might be necessary to govern the emerging
biobank economy?

Informed Consent and the Sensibilities 
of the Tissue Source
A basic tenet of research law and ethics is that research
should not be undertaken without the subject’s con-
sent.14 The research goals of advancing scientific un-
derstanding and curing diseases are laudable, but re-
search is not a matter of conscription. People can refuse
to participate in research, even if it involves no risk to
them and enormous potential benefit to the commu-
nity. Thus, they could readily refuse to give blood to a
biobank in the first place. With respect to federally-
funded research, the protections of human subjects,
including the right to refuse to participate in research,
are codified in federal regulations.15 But what about re-
search that involves not an intervention on the person,
but on a snippet of their tissue in a biobank – or in a fa-
cility that proposes to sell the tissue to the biobank?

Some researchers argue that the federal regulations
requiring informed consent for human research do not
apply to previously-collected tissue samples, such as
those in hospital pathology labs. Indeed, 45 C.F.R. §
46.101 of the federal regulations governing human re-
search states that:

(b) Unless otherwise required by department or
agency heads, research activities in which the only
involvement of human subjects will be in one or
more of the following categories are exempt from
this policy:…

(4) Research, involving the collection or study
of existing data, documents, records, pathologi-

cal specimens, or diagnostic specimens, if these
sources are publicly available or if the informa-
tion is recorded by the investigator in such a
manner that subjects cannot be identified, di-
rectly or through identifiers linked to the sub-
jects.

This provision was adopted long before the advent of
widespread genotyping and genetic sequencing, and
before the troubling commercialization that now dom-
inates health care institutions and academic research.16

“The thirty years since the establishment of the Na-
tional Commission for the Protection of Human Sub-
jects (NCPHS) have seen changes in the world and in
research, both swift and sweeping. The moral land-
scape and the horizon are no longer recognizable,” note
Charles MacKay and Gerald S. Schatz. Among these
changes are “(t)he expanded commercialization of the
research enterprise.”17 Consequently, it is inappropriate
to use § 46.101(b)(4) to allow research on previously-
collected samples, such as those in biobanks, without
the specific informed consent of the tissue source. In
some instances, the regulation on its face will not apply;
for example, the provision does not provide an excep-
tion to the requirements of informed consent for sam-
ples that are collected initially in situations that do not
involve diagnosis or pathology. It does not cover, for ex-
ample, samples collected initially for research purposes
or law enforcement uses. But, more importantly, the ex-
emption only applies to research on samples without
identifiers. Now that DNA typing is available which
can identify individuals, samples cannot ever be truly
anonymized.

Moreover, even if a sample could be anonymized, re-
search on it without consent may still disturb the tissue
source. Such research may conflict with the personal
preferences or religious beliefs of the tissue source. Al-
bert Einstein said he wanted to be cremated, yet his
brain was kept by a young pathologist after Einstein’s
death without his previous consent, even though the
pathologist had many opportunities to talk to Einstein
across the months as he drew his blood to monitor his
health.18

Anonymous research on biobank samples might also
lead to discrimination against the tissue source, not be-
cause his or her individual identity was revealed, vio-
lating traditional notions of privacy, but because of
some characteristic revealed about him or her as a
member of a group. If research on samples in a biobank
shows that a particular ethnic group has a higher inci-
dence of a certain illness or a genetic predisposition to
a disfavored behavior, individuals from that ethnic
group may face stigmatization and discrimination. 

Research on tissue from people from certain ethnic
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who adds his own research interest to this balance may
be tempted to order a scientifically useful procedure or
test that offers marginal, or no, benefits to the patient.”27 

Because of the increasing recognition that unautho-
rized use of previously-collected tissue samples might
violate the values of the tissue source, social norms are
evolving to recognize that the tissue source should have
greater control over the subsequent use of his or her
samples. In Florida, for example, a person’s genetic ma-
terial may not be tested without consent, even for im-
portant research purposes.28 Today, various professional
organizations, and even some biotechnology compa-
nies, require that, when the tissue is first extracted from
people, they be given information about potential re-
search and commercial uses on their tissue and a
chance to refuse to allow the use of their tissue for such
purposes.29 The American Medical Association’s Code
of Ethics provides that “[p]otential commercial appli-
cations must be disclosed to the patient before a profit
is realized on products developed from biological ma-
terials” and “[h]uman tissue and its products may not
be used for commercial purposes without the informed
consent of the patient who provided the original cellu-
lar material.”30

Just as professional guidelines have evolved to evince
concern about the wishes of the tissue sources, so have
the protocols of particular projects. NUGENE, the
biobank established by Northwestern University School
of Medicine, has established extensive guidelines for in-
formed consent.31 The biotechnology company Ardais,
which has deals in place with Harvard and Duke to un-
dertake genetic research on their hospital patients’ tis-
sue, also requires informed consent.32

Yet none of the professional guidelines, university
consent materials, or consents used by biotechnology
companies establishing biobanks provide information
that could be key to a true informed consent: informa-
tion about how the research on the patient’s tissue or its
subsequent commercialization is likely to impact access
to diagnostics and treatment technologies and how
commercialization might influence the research enter-
prise overall. 

Commercialization of Biobanks 
Much of the current activity of biobanks focuses on the
identification – and subsequent patenting – of genes
and segments of DNA that might be useful in diagnos-
tic testing, gene therapy, and drug development. With
gene patents potentially worth over a billion dollars a
year to the patent holder,33 it is no wonder that compa-
nies are willing to pay sums such as $200 million for ac-
cess to biobank research on particular disorders.34 Yet
gene patenting poses potential harms to the tissue
source, the health care system, and the research enter-

or religious groups may disturb other members of that
group, including relatives of the people whose tissues
were used for research. In the Orthodox Jewish com-
munity, unauthorized use of body tissue violates reli-
gious beliefs because the religion requires that the body
be buried whole.19 If a person’s leg is amputated dur-
ing his or her life, arrangements are made to store that
body part for burial with the individual after death.20

Rabbis apparently asked the pathologist for Einstein’s
brain so that it could be buried, allowing the scientist
to rest in peace.21 Similar issues are raised by research
on Native Americans, when graves of their ancestors
were disturbed to acquire bones for research. Accord-
ing to James Riding In, “Many Indians assert that dis-
interment stops the spiritual journey of the dead, caus-
ing the affected spirits to wander aimlessly in limbo.
These affected spirits can wreak havoc among the liv-
ing, bringing sickness, emotional distress, and even
death.”22 

Changes in the culture of research since the adoption
of the federal regulations also prompt concerns that
were not envisioned at the time the informed consent
exemption in § 45 C.F.R. 46.101(b)(4) was enacted.
The federal human research regulations were adopted
at a time when pathologists used existing tissue samples
for non-commercial purposes, such as to attempt to
improve a test to diagnose a certain disorder. They were
adopted before the enactment of the federal technology
transfer laws that allowed university researchers and
federal researchers using federal funds to personally
benefit financially from the research, such as by patent-
ing a gene they identified in a patient’s tissue.23

Now, however, any tissue sample on the shelf any-
where is potentially in the pipeline toward commercial
research. Yet some individuals object to their tissue
being patented24 or their body being used by a for-profit
enterprise. In 1951, a 31-year-old African-American
woman, Henrietta Lacks, died of ovarian cancer. With-
out the knowledge or consent of Lacks or her family, her
tissue was taken and made into a cell line that has been
extremely valuable for research and is still sold today.
In an interview in 1994, her husband said, “As far as
them selling my wife’s cells without my knowledge and
making a profit – I do not like that at all. They are ex-
ploiting both of us.”25

For people whose tissue is used without consent,
there are concerns that their doctors will view them as
“treasure troves” and order unnecessary interventions.
This was underscored in the case of Moore v. Regents of
the University of California26 when the court recog-
nized that physician/researchers have a fiduciary duty
to their patients to disclose their intent to use patient
tissue samples for research or commercial purposes.
The California Supreme Court pointed out, “A physician
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prise. These problems are sufficiently troubling that
the American Society of Human Genetics and the Col-
lege of American Pathologists oppose gene patents as
threatening medical advances and patient care.35 Con-
sequently, tissue sources should be informed – in ad-
vance of any research on their tissue – about whether
or not genes discovered in their tissues (or related prod-
ucts created based on this genetic information) will be
patented, how the patent will be licensed, and what the
impact of the patent is likely to be on health care and
research. 

This is material information because when a gene is
discovered in a biobank tissue sample and patented, the
gene patent holder can charge whatever it wants for a
diagnostic test for mutations in that gene (or any other
use of the gene). The patent holder can prohibit anyone
else from performing a diagnostic test for the gene, and
instead require all doctors to send the patient’s sample
for testing to the patent holder’s own lab, which may be
in another state or even another country. In fact, the tis-
sue source whose gene was patented could find that he
cannot afford the test or treatment created with his
own gene or that he cannot get access to a genetic di-
agnostic test for family members because the gene
patent holder is restricting who may perform the test. 

In the future, a person might want to get a scan of his
whole genome, all 30,000 genes. The technology to do
so is already technically available, but cannot be im-
plemented due to the financial and practical limita-
tions put in place by gene patent holders. Myriad Ge-
netics, which holds the patent on the BRCA1 gene,
charges $1500 for the test.36 Multiply that by the
30,000 genes in a person’s body and it is clear that a
whole genome scan would be unaffordable if every gene
was patented and access to it was priced in the Myriad
way. Already, one in four laboratories has stopped per-
forming certain genetic tests because of patent restric-
tions or excessive royalty costs.37 Half had not developed
a test for fear of running afoul of patent law.

People participate in health care research to further
the development of medical diagnostics and treat-
ments. Patenting genes discovered in biobank tissues
can thwart that goal, however. Some gene patent hold-
ers have used their monopoly power to actually prevent
other researchers from undertaking research on the

disease that their gene patent covers.38 The risks of gene
patents to health care are much greater than the risks
of granting a patent on a drug or medical device. Other
researchers can create alternatives to drugs and de-
vices. There are no alternatives to the patented human
genes in genetic diagnosis and gene therapy.

Companies now sequence disease-causing bacteria
and virus genes and gain patents on the genome of the
infectious disease. In fact, in one instance, a company
wants to introduce inexpensive, quick public health
testing for a common infectious disease – but the com-
pany holding the patent on the gene for the infectious
disease has forbidden it. Similarly, genetic tests are pos-
sible to determine if a drug will be effective on a par-
ticular patient. Most drugs only work on a percentage
of patients who use them. But what if the holder of the
genetic segment for the test also manufactures the
drug? There may be an incentive not to employ the test
in order to protect the market for the drug. For exam-
ple, one pharmaceutical company has filed for a patent
on a genetic test to determine the effectiveness of one
of its asthma drugs. But the company says it will not de-
velop the test – or let anyone else develop it.39 In trade-
mark law, the holder can lose the trademark if he does
not use it for three years40 and in some European na-
tions, a patent holder must “work” the patent.41 But in
the United States a patent holder can deny society ac-
cess to a genetic sequence for the term of the patent,
twenty years from the date of filing the application.

To the extent that people’s tissue is used without their
consent or people are asked to donate their tissue for 
research purposes without being told of the specific
problems created by commercialization of tissue via in-
tellectual property rights, tissue sources cannot ade-
quately protect themselves against the harms that gene
patents entail for access to health care and for appro-
priate medical research. For example, knowing of the
potential barriers that gene patents pose for accessible
health care and widespread research, an individual may
wish to donate his tissue to a biobank that will not
patent any gene segments discovered – or that will allow
access of other researchers and health care providers to
the gene.

The Moral and Legal Obligations 

People participate in health care research to further the development of 
medical diagnostics and treatments. Patenting genes discovered in biobank

tissues can thwart that goal, however. Some gene patent holders have used their
monopoly power to actually prevent other researchers from undertaking

research on the disease that their gene patent covers.
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to Tissue Sources
The people whose tissue is used by biobanks for re-
search and commercialization provide the raw material
for an important social enterprise. Usually when an en-
tity provides raw material for any business (including
health care enterprises), they are compensated. Yet this
is not the case with biobanking. The sources of tissue
are not only generally unable to reap commercial re-
wards from the use of their own tissue, they are not even
allowed to limit problematic commercial uses of their
tissue by others. This manifest unfairness has led pro-
fessional organizations42 and courts43 to question how
tissue sources might share in the financial benefits that
accrue from discoveries made through biobank re-
search.44

The Human Genome Organization (HUGO), an in-
ternational organization of genetics researchers, has
pioneered the discussion of benefit sharing. Yet its rec-
ommendations seem paradoxical. It recommends
against undue inducement through compensation for
individual participants, families, and populations. Al-
though HUGO recommends against financial com-
pensation, it suggests that the communities participat-
ing in research receive non-financial benefits through
“agreements with individuals, families, groups, com-
munities or populations that foresee technology trans-
fer, local training, joint ventures, provision of health
care or of information infrastructures, reimbursement
of costs, or the possible use of a percentage of any roy-
alties for humanitarian purposes.”45

Because HUGO is an international entity which
needs to be concerned about the values of many cul-
tures, perhaps it is understandable that it wants to pro-
tect potential research participants from the dangers
associated with money.46 HUGO would not want peo-
ple in certain indigenous cultures, for example, to run
roughshod over their cultural values for pay, particu-
larly when the decision to participate in such research
could disturb other members of the group. This could
be true, for example, of research on Native Americans
or indigenous populations around the world. 

In mainstream U.S. culture, however, there are al-
ready precedents for payment for tissue and no cul-
tural ban against it. The state laws that ban payment for
organs for transplant do not ban payment for replen-
ishable tissue, such as blood, which is the main tissue
collected by biobanks. In the United States the purvey-
ors of sperm or eggs usually receive compensation,
which can be quite extensive. (One man, for example,
markets his sperm over the internet for $4000 a vial.)
One way for the tissue source to capture some of the
value of his tissue from the biobank and to control how
that tissue is used is through contracts and joint ven-
tures that recognize the contributions from the source.47

Already, some patient groups are entering into agree-
ments through which they receive a portion of the roy-
alties attributable to the patent on their gene. 

Even when there has not been a specific agreement
establishing a joint venture between the tissue source
and the biobank, one court has suggested that the in-
dividuals who provided tissue to a researcher for the
discovery of a particular disease gene, as well as some
funding for the research, could maintain a claim of “un-
just enrichment” against the researcher and the hospi-
tal that patented the gene and charged a fee for use of
the genetic sequence in testing.48 In extreme instances,
the biobank that unjustly enriched itself might be re-
quired to disgorge all of its profits to the tissue sources.49

There is an inherent flaw in the three ways that the
problems in biobanking have been dealt with thus far
– the HUGO formulation for benefit sharing, the joint
venturing with patient groups, and the legal declaration
of unjust enrichment. None of these approaches pro-
vide protection against commercialization per se, or
the problems that can be caused by patents. In fact, the
court that recognized the claim for unjust enrichment
also held that the tissue sources had no right to be in-
formed about the potential commercialization of their
tissue before they provided tissue to the researcher.50

This could lead to the anomalous situation where a
person’s tissue could be used for commercial purposes
without his knowledge or consent in ways that violate
his personal or religious beliefs, and his only legal rem-
edy would be to get a cut of the action after the offend-
ing act takes place. Because of the limits of these three
current approaches, innovative new policies may be
necessary to assure that both the contributors to
biobanks and society at large are sufficiently protected.

Structuring Biobanks for the Good of Society 
Adequate regulation of biobanking requires a focus on
the unique aspects of this business: its raw material is
derived from people; its “product” is often the genetic
information derived from analysis of this raw material;
there are conflicts over the legal status of both the raw
materials51 and the product52; and the product has no
ready substitutes. 

For all these reasons, health care providers and re-
searchers establishing biobanks should be viewed as
having a fiduciary duty to tissue sources. If people’s
samples are entered into a biobank or research is un-
dertaken on samples already in a biobank, the biobank
should assure that participation by sources is informed
and voluntary. A general blanket consent to all future
research should not be considered sufficient to meet the
standards of informed consent.53 People whose tissue
samples are solicited or used should be given adequate
information upon which to base their decision, includ-
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to participate in a joint venture governing the use of
their tissue.

Such requirements will protect people against having
tissue used in an unauthorized way or in a way that vi-
olates their personal and religious beliefs. But those re-
quirements may not be sufficient to protect society as a
whole from the effects of biobank commercialization.
For that, more radical policies might be needed – such
as allowing health care providers and researchers to
use the genetic sequences discovered in the people’s
tissue in biobanks without having to pay a royalty in
order to protect access to health care and to encourage
research.54

Whatever policies we develop, we cannot lose sight of
the fact that the bio in biotechnology – the genes in the
gene patents – come from people. And the scientific en-
terprise must have the trust of those people in order to
get them to give up their tissue for research into diag-
nostics and cures. The raw material in the biotech in-
dustry is not widgets. It is pieces of my body, and your
body, and all of our bodies. The policies that are devel-
oped should assure that society harnesses the benefits
of biobanks for all of us.
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