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Biobanking is not a new concept, but its
prevalence is increasing in all countries. This
is for three main reasons: the growth of bio-
medical research has increased the number
of people who might benefit from biobanks;
the growing size of the collections increases
their scientific value; and the range of appli-
cations of databanks has grown, especially in
genomics and in population genomics1,4–6. As
a consequence, and in line with present trends
in science and society relations, the recog-
nized status of biobanks is changing. From
being clinical or academic research tools that
were largely ignored by the general public,
they have become a subject of societal debate.
They have acquired the status of national
resources; the term ‘biological resource cen-
tre’, as used in the OECD (Organisation for
Economic Co-operation and Development),
is representative of this trend6. Specific funds
are allocated to biobanking in clinical or
research settings, where it had gone unno-
ticed for years. In addition, the ‘biobank
manager’ is emerging as a new profession,
and new scientific societies such as the ISBER
(International Society for Biological and
Environmental Repositories) are being cre-
ated. Some politicians concerned with bio-
technology development regard biobanking
as an important economic development, and
large private investments are being intro-
duced, sometimes in conjunction with public
or private non-profit funding5.

The situation in the United States is differ-
ent from that in Europe, where there are fewer
commercial biobanks and a less liberal atti-
tude towards the use of tissues and cells of
human origin3,7. Nevertheless, biobanking in
all countries has raised similar ethical issues8,9.
The first is the tension that exists between the
rights of individuals or groups and the routes
towards research progress. The second con-
cerns the need to provide adequate informa-
tion to individuals before giving consent to
deposit their samples as well as raising aware-
ness of the unforeseen research studies that
could be carried out using the samples or their
associated data. The third is the difficulty of
reconciling the non-commercial use of human
body parts with the growing role of commer-
cial biobanks. Finally, a debate continues over
how best to ensure the optimal and transpar-
ent use of biobanks while defining the rights
of priority of researchers and companies
over samples and data. Regulatory bodies
have generated an avalanche of guidelines and
regulations related to biobanks3,10–16; entire
conferences are dedicated to this field and
many reports and opinions have been pub-
lished. Therefore it is interesting to analyse
the ethical developments that have been
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Abstract | Biobanking — the organized
collection of biological samples and
associated data — ranges in scope from
small collections of samples in academic or
hospital settings to large-scale national
repositories. Biobanks raise many ethical
concerns, to which authorities are
responding by introducing specific
regulations. Genomics research, which
thrives on the sharing of samples and
information, is affected by two prominent
ethical questions: do ethical principles
prevent or promote the sharing of stored
biological resources? How does the advent
of large-scale biobanking alter the way in
which ethical issues are addressed?

The term biobank refers to organized collec-
tions of biological samples and the data

associated with them. Biobanks come in
many different forms, according to the type
of samples that are stored and the domain in
which they are collected1–4 (BOX 1; TABLES 1,2;
online supplementary information S1,S2,S3

(tables)). For example, samples might derive
from a clinical setting, from research pro-
jects or from the judiciary domain. The data
might relate to a given individual (clinical
data), to a family (genealogy information or
ethnic origin) or to a group (geographical
location of a population, or its language).
Such data might be collected at the time of
sampling or can be added to the database at
a later date. The collected samples do not
need to be physical, as in the case of muta-
tion databases, which contain only the data
plus information on the sample origin and
its geographical provenance.
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with smaller, more targeted ones is ques-
tioned. I argue that large population biobanks
are indeed useful tools not only as a reposi-
tory of genomic knowledge but also as a
means of measuring non-genetic environ-
mental factors. As such, they give epidemiolo-
gists and geneticists a new tool to explore
complex gene–gene and gene–environment
interactions at the population level. The trend
towards larger biobanks also raises concerns
about how to ensure the ethical use of
human samples and the associated informa-
tion. Most researchers agree on the great
potential of biobanks, but realize that the
principal obstacle to their success depends
on their acceptance by the public. Even law-
makers are hesitant to proceed as long as the
ethical environment and public acceptance
remain unclear. On the one hand, large pop-
ulation-based biobanks raise new ethical
challenges4,18, and on the other hand, soci-
etal issues influence the way projects are
constructed and presented, as is analysed in
the following sections.

Ethical and social issues
The general ethical principles of autonomy,
beneficence/non-maleficence and justice
are usually translated into actions through
informed consent, protection of confidential-
ity and private life, and non-discrimination
measures. Regulation is expressed by interna-
tional declarations or conventions, professional
guidelines or by national legislation13,16,23.
‘Large-scale biobanking’ or ‘biobank-omics’4,8

has had to adapt the ethical frameworks that
were developed for smaller biobanks, while
retaining the ethical principles themselves.
Given that a large-scale biobank might
include information on all or a good propor-
tion of a population, new societal dimensions
also need to be considered.

What are the relevant ethical and societal
issues? The amount of information that can
be extracted from a sample has grown expo-
nentially: are individuals aware of such
progress? Genetic testing can use samples that
were not collected initially for genetic studies.
This raises the issue of secondary non-planned
uses. Which criteria should be considered in
such decisions, who should be consulted and
who should decide? Population biobanks
that were previously used in epidemiology or
in anthropology in an academic context are
now of utmost interest to industry for phar-
macogenetic applications4. Similarly, collec-
tions of tissue biopsies that were of no other
use than for individual diagnosis or clinical
follow-up are now the source of new infor-
mation for gene expression studies9. How
should relationship between public and private

raised by biobanking, particularly as they
apply to large-scale biobanks, and how
biobank managers are responding to the
explosion of regulations. Societal issues have
such a large role in the construction of pro-
jects that they themselves become a driving
force in this field.

In this article I describe the aforemen-
tioned driving forces and how they affect the
main stakeholders. I limit my discussion to
biobanks that contain human samples and
data used for genetic and genomic studies. I
also only consider repositories that offer
some degree of accessibility, that are available
for various research purposes and that per-
mit the exchange of materials among users.
Biobanks that are used only in diagnostic,
therapeutic, forensic or judiciary settings are
not considered.

Post-genomic and large-scale biobanks
Several factors have contributed to the recent
shift from small, local biological repositories to
large population-based collections5,17,18. These
include technical and computational advances
(such as high-throughput genomics tech-
niques), new systematic approaches (including
large-scale SNP genotyping to characterize
genomic variation), and the growing level
of exchange of biological material and
information among researchers.

It is generally assumed that large samples
will help to explore the genetic basis of com-
mon multifactorial diseases and the contri-
bution of gene–environment interactions to
disease19. The trend is therefore towards
forming large population collections on the
basis of the models of biological databases
that have been set up in Iceland, Estonia,
Latvia, Sweden and the United Kingdom, as
well as other countries18,19,20 (see TABLES 1,2 and
online supplementary information S2,S3

(tables)).
Although large population-based collec-

tions represent only one type of biobank1,3,
these have caught the attention of the public
and of the media. This has been the case par-
ticularly for the Icelandic DeCode initiative,
which was the first of its kind (see TABLE 1,
online supplementary information S2 (table)
and Online links box).

Some existing biobanks have been created
in response to a scientific need. For example,
gathering many samples from individuals with
a rare disease or from families with multiple
cases of the same disease might be necessary to
reach an appropriate sample size and to permit
adequate statistical analysis. However, the use-
fulness of new large biobanks has been ques-
tioned by ethicists5,17–21 and by scientists22. The
accuracy and use (in terms of statistical
power) of large, costly biobanks compared
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Box 1 | The variety of biobanks

Biobanks vary in size, degree of access, the status of the institution(s) in charge of their
constitution and/or management (public, private companies, private non-for-profit
organizations), the range of possible uses and the extent to which samples can be traced back to
their donor1,3,7,41. TABLES 1,2 list some examples of large biobanks and their main features (see also
online supplementary information S1,S2,S3 (tables) for more examples).

Biobanks also vary according to the scientific sector in which the samples were collected:
Medical and academic research. Medical genetic studies of disease (especially if rare) 

have motivated collections that usually consist of small case- or family-based repositories.
Population-based collections have long existed in the fields of genetic anthropology and
history of world populations, although these are also usually small and have been used for
academic research. Some large epidemiological studies have also involved the collection of a
large number of samples.

Clinical studies. There are large collections of samples in hospitals, where they are
primarily used for informing diagnosis, and for clinical or therapeutic follow up. Pathology
departments, in particular, have collected huge numbers of tissue sections over the years.
Transplantations using cells, tissues or organs from unrelated donors have also led to the
development of tissue and cell banks for therapeutic use. The treatment of infertility has
motivated collections of sperm and eggs. The development of this clinical sector results in
collections of frozen embryos that in some cases are no longer required for their intended
use. Their possible destruction or their alternative research use have been the matter of
extensive discussions in many countries.

Biotechnology domain. Collections of reference cell lines that are well characterized 
for several relevant characteristics (such as cancer cell lines or antibody-producing cell 
lines), and stem cell lines of various origin, are mainly used in biotechnology research 
and development.

Judiciary domain. This sector hosts huge collections of different sources of biological
material, data and DNA fingerprints, which have very restricted uses.

©  2004 Nature  Publishing Group
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Table 1 | Human post-genomic biobanks in Europe

Biobank Iceland DeCode Estonian Genome UK Biobank GenomEUtwin*
properties Biobank Project* (Finland)

Institution DeCode Genetics Estonian Genome Project UK Biobank Limited (charitable National Public Health
(private company) Foundation (non-profit) company limited under guarantee, Institute and University

under a joint venture agreement) of Helsinki

Type National. Population National. Population based; National. Population based; aged International. Population-
based. Private license three-quarters of the between 45 and 69 yrs old based twin cohorts in six EU

country’s population countries and Australia

Aims Identify genetic Genetic research; public Mainly gene–environment Influence of genetic and
component of common health surveillance involving interactions in complex diseases non-genetic factors on five
diseases genetic components to be complex traits: obesity,

developed stature, coronary heart 
diseases, stroke and longevity

Notable The first of the large The largest project The first project of its kind in an EU A large multinational twin
features population-based national envisaged so far country with a population size over study building on existing

studies to obtain genealogy, 50 million. An experience in registries
health data and DNA samples. population consultation
Most studied and debated

Total number 270,000 1,065 million 500,000 aged between 80,000
of individuals 45 and 69 yrs old

Budget NS; US$800,000 granted NS GB£61 million NS
annually to Icelandic (US$109 million)
government by DeCode‡

Year started 1998 (Act on biobanks in 1999 (In 2000, the Human Plans started 1999; pilot 2002 (>4 yrs)
(stopped or May 2000) Genes Research Act was study planned 2004;
planned passed; project is planned recruitment from 2005 
completion) over 10 yrs) (planned for 10 yrs)

Follow-up of Yes, through Yes Partial, through medical Yes
individuals health database records; re-contact for a 
(prospective) sub-group

Current >80,000 samples Pilot project of 10,000 in Pilot study planned for 2004 Standardization of methods. First 
progress obtained 3 counties done; more phase: genotype of 10,000 

recruitment undergone samples with genome-wide 
markers and specific tag SNPs

Further Three linked databases: Includes public health No individual results provided to The data and sample base 
description genealogical, health and development; public subjects/doctors; open to scientific (biobank) are only part of the 

DNA foundation and private community (protocols might vary). study. The project mostly uses 
companies (Egeen Inc. No DNA sent abroad. P3G existing samples and acquires 
agreement). membership envisaged new ones for part of the study

Commercial Yes, major; 12 yrs Plans are to market products Yes, but not precisely described. None
aspects exclusive rights and access to information No exclusive rights will be 

through Egeen to granted
pharmaceutical companies

Ethical Opt out for health and Ad hoc specific ethics Ethics and governance protocol Major component. Protocol
governance, genealogical data; committee. Volunteer publicly available in 2003, under of governance under 
informed informed specific consent (opt in) participation, with revision in 2004. Ethics and development; education in 
consent and for biological samples; a restricted opt out option, Governance Council appointed ethics for scientists included 
confidentiality complex structure for coded and encrypted data; (2004). Extensive information: in protocol; new consent 

protection of data; genetic results to be written consent for many uses; required in case of existing 
supervision by national provided to participants re-consent if other uses; samples. Coded information; 
ethics committee and/or their doctor possibility to withdraw; coded no link with any identifying 

data (link accessible to a few information in the database
people); different kinds of data
in different unconnected 
machines

Public debate Not initially, which has Yes. Press coverage Yes. Public consultation in 2002, No
organized been a problem. industry consultation in 2003; 

Yes (secondarily) documents available on the 
internet (also ethics-governance)

Group Yes (>20,000 people Not strong. Discussions Some: questions on scientific No; existing accepted cohorts 
opposition opted out). Strong debate about priorities in public validity; on security of data; are used

around consent, true health various points underlined at 
anonymity, children being public consultation
involved, exclusive rights 
and commercial issues

*Belongs to P3G (Public Population Project in Genomics, http://www.p3gconsortium.org) — a consortium in which four human genome research database initiatives
collaborate for the creation of a public accessible database (CARTaGENE, Estonian Genome Project, UK biobank and GenomeEUtwin). In 2003, the possibility of
collaboration between COGENE, a project funded by the European Union (EU) to coordinate National Genome Initiatives at EU level and the P3G consortium was
envisaged. ‡See ref. 51. NS, not specified; yrs, years. A more comprehensive version of this table is available online (supplementary information S2 (table)).
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rounding the proposed Human Genome
Diversity Project (see Online links box) led to
an ethical framework35 that took into account
not only individual rights but also the cultural
differences among communities or groups, as
well as their identity, autonomy, opinion and
rights. As a result, the group or community
consent concept was put forward36. This now
classical, ethical framework for population
genetics has recently been deepened30 and for-
malized37, and has been adapted to large pop-
ulation-genetic studies involving large-scale
biobanking21,28. Collective consent is used in
small communities but is not adapted to large
heterogeneous groups. Instead, a collective
debate is held before a project begins and
before individual consents are pursued: a per-
son can then take a decision that remains at
the individual level, but takes into account the
dimensions underlined through this collective
debate. Some bioethics committees now rec-
ommend, rather than merely advise, this kind
of debate11,16,38. Organizing such debates or
population consultations is challenging11 and
can influence the research protocol itself by
taking into account the views of individuals
or groups that are consulted. For example, the
involvement of new considerations such as 
a fair sharing of data for a common good and a
new form of solidarity have been put forward
following debates on large biobanks11,17,28.

Secondary or extended uses: under which
conditions? Secondary uses for stored human
samples are nearly always possible even
though they are usually not foreseeable at the
time of sampling2,11,13,20,30,38,39. The main ethi-
cal issues relate to the level of completeness of
the information given, the necessity or not of
obtaining a new individual consent for each
use, and who is going to decide on the issue.
Several views have been expressed, ranging
from denying any use, other than that initially

sectors, which traditionally only involved acad-
emics or clinicians, be organized7? Bioinfor-
matics allows large-scale data storage and
management in a refined way; is this a dan-
ger for personal data protection or a help in
protecting such data24?

The methodological, technical and concep-
tual developments in genetics and genomics
therefore generate concerns, although several
of them are not restricted to genetics4,17. These
can be addressed by improving the means of
communication and debate among scientists,
regulatory bodies and the public, and by
increasing societal control over the economical
exploitation of biobanks, their content and
their use. How public concerns about ethical
and societal issues can be integrated with those
of the scientific community is discussed for
each issue in the following sections.

Informed consent. Protecting autonomy
through a consent procedure is extremely
important as it shows respect for the individ-
ual. Although the principle of informed con-
sent14,25 is recognized by all, its translation into
practice encounters difficulties in the case of
large-scale biobanks, long-term use of sam-
ples or data, or numerous exchanges11,13,26.
Although it does not in itself protect an indi-
vidual, informed consent allows individuals
to exercise their fundamental right to decide
whether and how their body, its parts and the
associated data will be used in research27.
Some policies for the use of biobanks, such as
a presumed consent to all possible future uses
of samples and/or data, limit this right, espe-
cially when applied to already stored samples.
Given the importance of individual auton-
omy, these limits cannot be declared purely
for practical reasons. Instead, they need to rely
on other principles — these include solidarity
or the recognition that individuals might have
to relinquish some control over the use of
their own samples and data if it is for the
common good.

New ethical frameworks have been cre-
ated on the basis of such proposals9,17,28,29.
Consent increasingly includes several alter-
native modalities of involvement for the sam-
ple donor. True ‘informed consent’ is strictly
defined as specific consent given for well-
defined uses; the donor is given transparent
information, the possibility of dialogue with
a professional, and time to think about the
implications before a decision is taken11,20,26,27.
Other forms of consent or modalities of
involvement have been used including
enlarged consent, consent with several
options for research use, presumed consent
and blanket consent (although these last two
can hardly be considered consent at all)13,19,30.

However, informed consent is far from
being a magical solution to ethical preoccupa-
tions, as the level of perceived information is
variable20 and the limitations of this process
are well known, as described next11,16.

Depending on how samples are stored (see
BOX 2) individuals might be able to find out
how their samples have been or will be used,
with the possibility of selectively or defini-
tively opting out of further use of samples or
data. However, the more sophisticated the
encoding or encryption system, and the more
exchanges of data and samples occur, the
more difficult it becomes to destroy samples
and generated data. In addition, it is some-
times necessary to keep data for further 
follow-up, and to use the original sample as a
control. In such cases, it is important to make
clear to the person at the time of consent that
withdrawal at a given date will ensure that no
new results will be generated and that the
remaining sample is destroyed, even though
this does not guarantee the destruction of
existing data. This is a matter of controversy. I
believe that when scientific data have been pro-
duced with the consent of a person, this person
should not have the right to ask for their
destruction, but only for their anonymization.
Such a view is shared by many scientists, but
not by all ethics committees.

It has also been reported that an individual
who is frequently asked for consent to carry
out detailed uses develops ‘consent fatigue’21,
and that some individuals do not wish to
receive extensive information31. Furthermore,
although the consent process and the whole
ethical approval procedure protects both the
researchers and the research subjects, the lat-
ter sometimes perceive the consent to be a
contract devised to protect the professionals32.

Issues that relate to group consent have
arisen particularly in population genetics.
More than 10 years ago, the debate33,34 sur-
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Box 2 | Degree of possible identification of a sample donor

The possibility of tracing the person from whom sample and data were derived varies according
to how the samples are linked to their donor identity in the database. Samples and associated
information can be:
Identifiable. The identity (or personal and unique social security number) of individuals is
directly attached or linked to the samples or data.
Traceable or coded. A code is attached to them and the correspondence between code and
identity is physically separated from sample and data. A limited number of people can connect
the code to the identity.
Encrypted. There is a further level of protection through encryption (that is, the 
code is transformed into several characters that are linked to the code with the intervention
of a third party). This third party intervention will then be required to trace individual
identity.
Anonymized. The link has been irreversibly cut between sample/data and the individual identity.
Anonymous. There has never been any possibility to link the sample and the attached data to a
given person.
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Table 2 | Human post-genomic biobanks outside of Europe

Biobank Biobank Japan CARTaGENE* Personalized Medicine GRAD§ (USA)
properties (Québec, Canada) Research Project

Institution University of Tokyo RMGA (Network of Applied Marshfield Medical Howard University National
Genetic Medicine), planned Research Foundation Human Genome Center
creation of an Institute for (a private, non-profit 
Populations and Genetics institution, in partnership 
(non-profit) with First Genetic Trust)

Type National. Hospital-patient Regional. Population based Regional. Patient based, Ethnicity based: African 
based (1.5% of Québec population) recruitment among patients diaspora biobank

attending Marshfield clinic 
centres

Aims Forty diseases targeted. Québec population genetic Study of the effect of Study of common genes
Mainly pharmacogenetics variation of medical relevance, genetic variation on specific associated with diseases 
research and towards its genetic mechanism of diseases diseases and medication prevalent in the African 
clinical application and genomic research towards diaspora

clinical applications

Notable Example of hospital- Detailed protocol; strategy of A regional US project based African diaspora targeted
features based recruitment communication and public on one clinical centre

consultation refined

Total number 300,000 60,000–65,000 individuals 400,000 over 18 yrs old 25,000 individuals of African
of individuals aged between 24 and 75 yrs old descent (planned overseas 

recruitment evoked)

Budget US$218 million for 5 yrs NS. Still searching for funding US$4 million US$18 million

Year started 2004 Protocol development started in 2002 (2005) 2004 (planned for 5 yrs)
(stopped or 1999. When the budget is
planned secure, recruitment will be
completion) over 4 yrs

Follow-up of NS Semi-longitudinal study No No
individuals
(prospective)

Current Protocol completed, Protocol almost completed 10,000 individuals already Fund raising. Ethics protocol 
progress research started after several workshops and recruited (September 2003) is being finalized

consultations

Further Launched with press Study population will be Homogeneous population Assumes that genetic
description conference in 2003, planned randomly selected from the mainly from central and susceptibility can be 

as a resource for several social security registry northern German-European explained by ethnic 
projects/users. Part of origin genetic factors
several large-scale projects
to come under the MoE

Commercial Yes No private ownership — All profits will go back to None so far
aspects possible access for private the Foundation

sector under specific contracts

Ethical Specific framework, individual Detailed; available and Consent asked for Project included in 
governance, explicit consent, coded data, discussed through open participation. Genetic results competency of newly 
informed restricted access to code workshops. Informed consent not included in patient created GenEthics core of 
consent and and multi-layer options. medical record, for Howard University. 
confidentiality Double-coded information. confidentiality reasons and Ethics is made a priority 

Specific ethics committee because they are considered in this ‘sensitive issues’ 
as research results. Coded project
information. Medical data in
the database not connected
to any other database or
internet

Public debate Press releases; information of Yes. Central to the project: Focus groups on the Press releases, debate on 
organized Japanese public and Japanese protocol modified to follow subject influence the possible discrimination; 

industry in 2003; information public perceptions and protocol (for example, active ethics core and 
available through Asian suggestions by switching publication policy) experienced University in 
technology information from anonymization to African diaspora studies 
programme; little debate double-coded information contributes to building trust;

but no plan of structured
public consultation 
available. Several 
procedures evoked

Group None at this stage None. Discussion favoured. No None so far
opposition Acceptance by the Québec 

population is one of the 
conditions of the project

*Belongs to P3G (Public Population Project in Genomics, http://www.p3gconsortium.org). ‡Wisconsin, USA. §Genomic research in the African diaspora. MoE, Ministry of
Education; NIH, National Institutes of Health; NS, not specified; yrs, years. A more comprehensive version of this table is available online (supplementary information S3
(table)).
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possible danger to a person’s rights; today,
sophisticated IT tools are (ironically) one of
the best ways to protect confidentiality24.
Indeed, one argument for setting up larger
biobanks is the greater ease with which one
can access and develop sophisticated IT tools
in such a context, which might be too difficult
or too expensive to set up for small biobanks.

Nearly all biobanks can be used for genetic
studies, primarily or secondarily. Genetic data
are often considered as being particularly sen-
sitive. In the recent ‘UNESCO Declaration on
Human Genetic Data’ (adopted 16 Oct
2003)16 one finds:“Human genetic data have
a special status because: (i) they can be predic-
tive of genetic predispositions concerning
individuals; (ii) they may have a significant
impact on the family, including offspring,
extending over generations, and in some
instances on the whole group to which the
person concerned belongs; (iii) they may con-
tain information the significance of which is
not necessarily known at the time of the col-
lection of the biological samples; (iv) they
may have cultural significance for persons or
groups. Due consideration should be given,
and where appropriate special protection
should be afforded to human genetic data and
to the biological samples.” The belief that
genetic tests are unique and therefore justify
special consideration with regard to informed
consent and privacy is known as ‘genetic
exceptionalism’43,44. But not all genetic data
have the same potential consequences for the
person or its family (for example, tests for
multifactorial diseases with low predictive
value). There is therefore an ongoing debate
about whether it is necessary to develop spe-
cific legislation for genetic data or for
biobanks used in genetics, or, as I believe
should be the case, whether both biobanks and
genetic data should be regulated by existing or
more general legislation.

stated, to more flexible attitudes. The latter
take into account the traceability or not of the
individual identity, the kind of further uses
that are envisaged in relation to the original
one, the implications of the research for the
individual (so-called ‘minimal risk’ research
being more easily allowed), how precisely the
use was described at the time of sampling
and, finally, the kind of consent that was orig-
inally granted, as described in the previous
section. A common feature of all recommen-
dations and regulations on this issue is that
any unplanned use requires an authoriza-
tion, with or without a new consent, follow-
ing the consultation of an independent
research ethics committee or institutional
review board11,14,23,25,38. This body can itself
make authoritative decisions, or can be only
consultative with another administrative
authority being in charge of the final decision.

Despite the unprecedented number of rec-
ommendations, bounding regulations and
new laws on biobanks and genetic databases,
new voices and new views are adding to the
debate about existing and further uses40.
Indeed, sharing or at least exchanging views
in a large forum of stakeholders is one of the
characteristics of the debate on the legiti-
mate uses of biobanks (see also BOX 3). The
public or the patients themselves have been
consulted29,39, and debates have involved the
direct intervention of individuals or associa-
tions of patients rather than only ethical
bodies and medical/scientific professionals.
There has also been an increasing involve-
ment of industrial interest in establishing and
developing biobanks19, in establishing com-
mercial biobanks7 and in promoting the use of
biobanks for a range of applications rather
than as part of a defined project1,41.A sample is
now viewed as an evolving concept: when does

a sample become a product and when does a
sample become data, especially in the world of
genetics5?

Protection of the person. In the context of
biobanks, protection of the person is practi-
cally synonymous with controlling access to
the data and use of such data. This operation
should ensure that individuals or groups are
not discriminated against and that medical
and personal information is not disclosed to
third parties (such as other family or commu-
nity members, colleagues, employer or insur-
ance companies). Absolute protection is a
central issue in ethical analyses related to
biobanks10,11,13,16,20,23,38,42 and is best achieved
through anonymized data3,11,13 (BOX 2); how-
ever, absolute control of use by the sample
donor is only possible when the link between
a sample and its donor is maintained and is
somewhat accessible. Those two aims are
mutually exclusive. Information technology
(IT) was once (rightly) seen as a source of
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Box 3 | The extent of biobank use, organization and quality

Are new uses a real possibility for most biobanks? In many cases, the quality and the practical
organization of the collections or their economical support make it difficult to envisage further use:
the quality and storage conditions of many samples might not allow their multiple use, and the way
in which the attached database is constructed might make it difficult to use the data. The insufficient
quality standards of many public health sector or traditional research biobanks are one of the
reasons that stimulated the creation of de novo commercial biobanks7. The OECD (Organisation for
Economic Co-operation and Development) has dedicated a task force to design recommendations
to regulate the quality and management standards of all kinds of biological resources centres6.

Whereas the occurrence of further possible uses has not always been predictable, it is now a
foreseeable event even if future uses cannot be defined in detail11. At the start of a new collection it
is wise to set a policy for future uses in the protocol; the policy should outline the consent process,
the necessary information to be given to participants and should address the issue systematically.
This should also be one of the assessment criteria of the ethical review committee. Not
mentioning this possibility at the time of first information and consent is deemed to constitute
lack of transparency. Protecting the possibility of long-term broader use, within a framework that
respects a subject’s rights and that is organized according to approved ethical standards, is an
important challenge for the ethical management of precious human samples and data.

Box 4 | Assessing the impact of collaborative biobanks

It is difficult to evaluate the economic and scientific impact of biobanks, as there is no
standardized tool for this purpose. One proposed tool involves setting up indexes such as a
Biobank Impact factor (BIF)49 that would take into account the citation index of a given resource
in literature and patent files (provided that a standardized way of citing the resources is set up)
as well as the activity index of sample/data access or access authorization when required.

In the long term, such an index could help to evaluate the actual use of a biobank and the
results derived from its uses. Such an index could help to recognize a biobank’s activity and
would encourage it to share its resources more widely. Although free access is often claimed to
occur in the academic world, sharing is not necessarily the rule outside a given professional
circle. A BIF would also provide ways of recognizing biobanking in evaluating researchers’
activity, which is not rationally done at the moment; scientific evaluators currently have only
empirical data to judge the scientific contribution of a given biobank. Resource sharing is not a
trivial task, as organizing the optimal and transparent sharing of biological resources in the
context of an economical development is one of the challenges of biotechnology.
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increased involvement of patients or entire
populations not only as donors but in the
process of defining the uses and management
of large biobanks. The consideration of ethical
issues in such contexts is of primary impor-
tance as it is related not only to individual
decisions or projects, but also to national
policies in the international context and to
the organization of the democratic debate
about the place of science in society.
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the European database legislation’. It is my
view that many restricted uses and opposition
to sharing bioresources are a result of intellec-
tual property rights or the control that scien-
tists want to exert on the biobanks they have
established with great effort, rather than ethi-
cal issues related to respect for the individual
rights of donors.

Some specific minorities or developing
countries have complained about the exploita-
tion of human genetic data and resources that
brings no return or benefit to the population.
Recommendations exist13,38,45 to regulate ben-
efit sharing, although these issues have not
been developed as extensively as the consent
process. One of the many reported views rec-
ommends that benefits be shared not on an
individual basis but at the population or
group level. This can be done in various ways:
a percentage of benefits could be contributed
to health sector organizations, or donated to
humanitarian or educational programmes;
alternatively, benefit could be gained by
obtaining free access to treatment developed
through biobanks46.

Although the principles of benefit sharing
have been extensively discussed, they have yet
to be translated into practical guidelines.
Besides economic benefits, the access to med-
ical or scientific results by participants is also
increasingly seen as an issue. The way in
which participants can access this informa-
tion and the level of details that need to be
provided are emerging questions in relation
to biobanking and, so far, they have not
received a harmonized response11,38.

Conclusion
Biobanks represent a lively and changing area
of scientific development that raises many
societal and ethical challenges. These will
need to be confronted through multidiscipli-
nary approaches that engage not only acade-
mic scientists, but also specialists in the social
and human sciences, the medical sector, the
economical sector and society at large.
Ethical issues need to balance resistance and
willingness to share biological resources, ben-
efits, views and concerns between stakehold-
ers. Ethics should be seen as promoting the
sharing of bioresources with increased trans-
parency (BOX 3). The growing involvement of
society is shaping not only the regulatory
framework but the scientific uses of biobanks
themselves. In future we will probably wit-
ness the development of international guide-
lines for managing human biobanks, a clarifi-
cation of ownership issues and detailed
conditions for use of biobank material (BOX 4).
We will also probably develop imaginative
ways of sharing benefits, and will see an

Public–private collaborations and benefit
sharing. Biobanks have created a host of new
professions (such as the ‘biobanker’) and
expertise, which need to be regulated by spe-
cific normative frameworks. New expertise is
required to ensure high quality and highly
organized biobanks, to manage the cost of
banking activities, to be aware of the eco-
nomical value of collections even in academic
settings, and to manage the interest of phar-
maceutical companies in collections intended
for academic research1,19. On the one hand,
commercial biobanks are being set up7,
whereas on the other hand, companies need
to negotiate access to samples and data col-
lected in the public research or health sectors
for their assays.

Ownership, benefit sharing and return of
results have been the subject of debates and
proposals13,45,46. The non-commercial use of
human body elements is respected in many
countries, but the way in which the principle
is applied varies; for example, there is gener-
ous compensation for using parts of the body
in some countries but not in others, and
countries vary in the degree of in vitro manip-
ulation that is required to transform a human
body sample into a manufactured product47.
This non-proprietary treatment of body parts
is underlined in a recent European Union
Directive on setting standards for quality and
safety for the donation, procurement, testing,
processing, preservation, storage and distrib-
ution of human tissues and cells that are
intended for human application12. However,
this directive only applies to in vivo therapeu-
tic use12. The legal frameworks that regulate
samples, products and data are different
because body parts, personal data and manu-
factured products of human origin are under
different directives or laws5,15; a unified status
that encompasses samples and data would
simplify practical implementation for
biobanks.

The ownership of samples, data and data-
bases is a complex matter and source of ten-
sion. There is a conflict between the need for
open exchange and intellectual property
rights over the content of the databank48.
The European Union Database Protection
Directive of October 1995, which regulates
data ownership, could lead to difficult situa-
tions owing to the complexity of biological
databases. This might result in considerably
slower access to data, which could discourage
their use. This is such a pressing issue that a
commission set up by the OECD, Health
Canada and the Japanese Association of Legal
Medicine conducted a survey in 2003 on
‘Human genetic research databases: links with
commercial organisations and the impact of
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The differences that previously seemed to exist
between embryonic and adult stem cells were
reduced to the point that it is questionable
whether they exist at all.

The presence of multipotent stem cells in
the adult might open up new therapeutic
opportunities on the basis of tissue and organ
replacement. Therefore, the exact definition
of stem cells and the ability to isolate them are
matters of supreme importance. However,
despite the efforts of many investigators who
strive to determine their nature, a definitive
stem-cell ‘portrait’ is lacking. In recent years,
two independent studies2–4 claimed to have
identified a stem-cell-specific group of genes
that form a ‘stem-cell signature’. In fact, these
studies have defined two different and unre-
lated groups of genes; the conclusion that
these signatures characterize stem cells is
therefore premature. Experimental and/or
technical reasons might explain the disparity
of the results from these independent studies,
and alternative approaches that might lead to
identification of the ‘correct’ gene-expression
profile of stem cells were suggested5,6. But
should one expect to find a stem-cell-specific
signature using an approach based on the
analysis of gene expression? Below, I argue
that the opposite is expected. In as much as
stem cells that originate from various tissues
and organs are alike, this resemblance relates
to their proliferation and differentiation

Abstract | Stem cells are endowed with self-
renewal and multipotential differentiation
capacities. Contrary to the expectation that
stem cells would selectively express specific
genes, these cells have a highly
promiscuous gene-expression pattern.
Here, I suggest that the transient stem cell
state, termed the ‘stem state’, may be
assumed by any cell and that the search for
specific genes expressed by all stem cells,
which would characterize the stem cell as a
cell type, might be futile.

Stem cells are defined by their ability to give
rise to various mature progeny while main-
taining the capacity to self-renew. The devel-
opment of organs during embryogenesis
depends on these cells and, in the adult, fre-
quent cell loss is compensated for by the
activity of stem cells. Stem cells are therefore
indispensable for the integrity of complex
and long-lived organisms.

Although embryonic stem (ES) cells were
known to give rise to the complete range of
cells in the organism, adult stem cells were
initially thought to have a differentiation
potential restricted to their tissue of origin.
Recent studies have revealed that adult stem
cells are unexpectedly common and indicate
that they might be more plastic in their ablil-
ity to differentiate into cell types of all the
three germ layers than previously appreciated1.

The nature of stem cells: state 
rather than entity
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