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Molecular medicine encompas-
ses several research and clini-

cal disciplines. Here we briefly ad-
dress 4 important areas that are
topical and relevant to surgeons as
well as to molecular scientists: pri-
vacy of information; stem cells; gene
therapy; and conflict of interest in
biomedical research. Each can be
generalized to all surgeons, and each
presents us with great scientific and
ethical challenges. For the interes-
ted reader, Table 1 highlights issues
related to the first 3 topics, with a

special focus on the ethical princi-
ples they contain.

The role of bioethical issues in
surgical practice continues to grow.
This brief review on ethical issues in
molecular medicine was written to
encourage consideration of the ethi-
cal dimensions of surgical work.

Privacy of information: 
databases, tissue banks
and genetic information

Important developments have re-

cently come together to make priva-
cy of information one of the most
hotly debated issues in modern bio-
medical research, particularly in the
field of genetics and genomics.1–9 Of
specific interest to the surgeon and
the molecular investigator is the use
of banked or fresh tissue for research
purposes.10,11

The rapidity of scientific advances,
for example the sequencing of the
human genome, has put enormous
power in the hands of researchers.
Information technology, including
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The technology associated with the care of surgical patients and the level of sophistication of biomedical
research accompanying it are evolving at a rapid pace. Both new and old bioethical issues are assuming
increasing levels of prominence and importance, particularly in this age of molecular medicine. The au-
thors explore bioethical issues pertinent and relevant to surgeons. Four specific areas that are exemplary
by presenting both major scientific and ethical challenges are briefly addressed: privacy of information,
stem cells, gene therapy, and conflict of interest in biomedical research. All of these can be generalized
to all surgeons. As bioethical issues today play a greater role in surgical practice than they did even a
decade ago, it is hoped that this brief review on ethical issues in molecular medicine will help stimulate
present and future generations of surgeons in thinking about the ethical dimensions of their work.

La technologie associée aux soins des patients en chirurgie et le degré de perfectionnement de la recherche
biomédicale connexe évoluent rapidement. Les enjeux anciens et nouveaux de la bioéthique deviennent
donc de plus en plus importants et évidents, particulièrement à l’ère de la médecine moléculaire. Les au-
teurs examinent les enjeux de la bioéthique pertinents aux chirurgiens. Quatre domaines en particulier sont
exemplaires parce qu’ils posent des défis scientifiques et éthiques. Ils sont considérés brièvement : la confi-
dentialité des renseignements, les cellules souches, la génothérapie et les conflits d’intérêts en recherche
biomédicale. Tous peuvent être généralisés à tous les chirurgiens. Les enjeux de la bioéthique ont aujour-
d’hui une plus grande importance dans la pratique chirurgicale qu’il y une décennie à peine. Espérons que
ce bref examen des enjeux de la bioéthique en médecine moléculaire aidera à stimuler la réflexion des
générations actuelle et future de chirurgiens sur les dimensions éthiques de leur travail.
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Table 1

Ethical issues in molecular medicine

Ethical issue Justifying principles Problems

Patenting of
human genetic
material (or
animal life of
any sort)

Provides biomedical industry with the opportunity
to recoup research and development costs and
make profits.

Places control over genetic material in the hands
of an identifiable entity or person who is then
responsible for quality control (efficacy of tests)
and the ethical use of the genetic material.

Justified by principles of justice and responsible
treatment of finite resources.

Bioprospecting, biopiracy, biocolonialism.

Profit incentive results in premature implementation and
inappropriate use of genetic testing.

Possible decreased availability of tests and their benefit
to the public.2,4,5

Regulation of hu-
man body parts
and products
(problems with
creating tissue
and DNA data
banks)

Facilitates research on gene function and inter-
actions.

Large collections would make genetic epidemiol-
ogy studies possible.

Some conflict between principles of public
beneficence and autonomy of contributors.

Rigorous consent requirement reduces the number
of entries; resolved to some extent by using opt-out
mechanisms and anonymization.

Security, control of and access to genetic information,
especially when linked to patient records.

Informed consent not possible for future (unforeseen)
use of tissue.

Informed consent not possible or practicable for use of
large institutional archival tissue.10,36,39,40,50

Studies of genet-
ically defined
(homogeneous)
populations or
patients with
rare diseases

Rare opportunities for studies of genetic linkages.

Opportunities to exploit tissues or their products
commercially, e.g., the creation of unique cell lines.

Some conflict between principles of societal
benefit versus patient autonomy and justice.

Do patients or subjects of these studies have property
rights and thus, rights to profits that accrue from these
studies?

Charges of deceit or, at best, conflict of interest could
be made against clinicians and scientists working in
such studies.5,69,73

Proliferation of
commercial
genetic testing,
especially during
the antenatal
period or as part
of (marriage)
counselling

Medical imperative: the burden of the disease and
the desperation of afflicted patients mandates the
development of techniques for early detection of
disease or carriers.

Some conflict between patients’ right to know
(particularly when effective therapeutic measures
can be instituted) and relatives’ right not to know.

Responsibility of physicians to be aware of the existence
of tests, their efficacy and availability. Failure to do this
could result in liability for wrongful-birth or wrongful-life
claims based on negligence or lack of informed consent.

Lack of consensus on indications for testing asymptoma-
tic patients with adult-onset, genetically heterogeneous
disorders.

Potential adverse psychological effect on patients or
relatives, or genetic discrimination in employment or
insurance, particularly when effective treatment of
disorders is not yet available, e.g., Huntington’s and
Alzheimer’s diseases.2,32,33,55

Neuronal cell
transplantation

Medical imperative: desperation of patients after
failed treatment.

Justified by principles of beneficence and non-
maleficence.

Diffuse conditions such as Alzheimer’s disease are less
amenable to transplant therapy than focal conditions
such as spinal-cord trauma or stroke.

Modifications of the host’s brain by cell grafting and
rewiring raises issues about alteration of personhood.

Current lively debate about stem-cell supply; new
sources of neuronal stem cells such as clonal expansion
from mature tissue of the host could be exploited.5,20,40,57

Gene therapy Medical imperative: used for conditions with a
grave prognosis despite optimal conventional
treatment, such as malignant glioma.

Hazards of somatic gene therapy are not limited
to the host being treated; e.g., germ-line gene
therapy is considered unacceptable because of
its unknown effect on future generations.

Justified by principles of beneficence: possible erad-
ication of serious inheritable and other disorders.

Limitation of the technique: gene-delivery problems are
still prohibitive.5,20,40,57



the emerging field of bio-informat-
ics, makes it much easier to gather,
store, analyze and disseminate infor-
mation such as genomic and comple-
mentary DNA sequences and ex-
pressed sequence tags (ESTs), and to
apply to patent such material.12

The mounting commercialization
and private-venture capital-based
funding of research puts increasing
pressure on researchers to behave
within boundaries of ethical accep-
tability. Meanwhile the tension
between ethical guidelines, well-
established common law and emerg-
ing health information legislation
makes it increasingly difficult and
confusing for researchers to define
and navigate the boundaries of ac-
ceptable behaviour. The growing
number of research projects puts
enormous pressure on institutional
review boards, which are often un-
prepared to deal thoroughly with
many of the applications due to inad-
equate knowledge or available time.13

Genetic information

Ethicists have argued whether gen-
etic information is any different from
any other type of medical informa-
tion. In public surveys in Canada,
the vast majority of people polled re-
sponded that genetic information is
different and that access to it should
be more strict than, say, information
about diseases and their treatments.14

Focus groups have revealed a deep
conviction that genetic information
is fundamentally personal and pri-
vate.14 How can we best protect per-
sonal and public interest while ob-
taining maximal research utility from
genetic databases?

Since Hippocrates, medical infor-
mation has been considered private
and meant to be treated confiden-
tially. The power of genetic informa-
tion, its emerging sensitivity and po-
tential misuse in employment and
insurance, and its implications for ge-
netic relatives makes the discussion
of privacy and confidentiality particu-
larly sensitive.15,16 The basic ethical

requirement on use of such informa-
tion is the need to obtain informed
consent, which is based fundamen-
tally on respect for autonomy, indi-
vidual self-determination and human
dignity.16–21

Consent is an ongoing process
and not just a matter of signing a
form. It has 3 elements; the first is
disclosure and comprehension. The
physician caring for a patient, or re-
searcher interacting with research
subjects, is obligated to disclose all
material information, especially that
concerning potential health risks.
The information must be compre-
hensible and imparted in appropriate
language. The physician or research-
er must ensure that the patient or
study subject has understood the
benefits of and risks associated with
the procedure and the gathering and
sharing of the data that derive from
the study.

Second is capacity: the subject
must have the capacity to compre-
hend fully. If not, then either the
subject is unfit to participate, or the
prevailing law may allow for proxy
consent, which must be obtained
with the same provisos of disclosure
and comprehension.

Third is voluntariness: the subject
must come to the decision freely,
without coercion or manipulation.20

Ultimately, the physician or research-
er must act at all times in the best in-
terests of the subject.

What do we do when the future
nature of the research is not known?
An emerging issue is the inadequacy
of the informed-consent model with
respect to the future use of informa-
tion databases or banks of biological
materials. The consent obtained can-
not a priori be fully informed be-
cause all risks and benefits are not as
yet known and therefore unknow-
able at the outset. One proposal has
been to use broad or blanket con-
sent, which would empower the re-
searchers or keepers of the data or
tissues to use the material in any way
they see fit with no conditions ap-
plied.22 However, most legal and eth-

ical experts would likely contend that
such a blanket consent would not
stand up to scrutiny in a court of law
or in the court of public opinion, not
only because of the undefined and
general nature of the provisions but
also because of the asymmetry of
power between the clinician/resear-
cher and the patient/subject.22

Others have advocated a form of
layered or tiered consent. The na-
tional Heart, Lung and Blood Insti-
tute,23 for example, has advocated a
3-tiered consent in which an individ-
ual is offered the option of consent-
ing to the current study (first level), a
study with goals broadly related to
the area of the original study (second
level), and/or a study with goals un-
related to the area of the original
study (third level). Tiered consent
has also been adopted by investiga-
tors conducting various genetic re-
search studies.24,25

We believe, however, that any
form of consent as currently under-
stood may be inadequate. Instead,
we favour an authorization model for
future indescribable uses of DNA
data collected in the context of pop-
ulation genetic databases.26 In this
model, participants in genetic data-
bases are able to exercise some con-
trol over future uses of genetic ma-
terial by giving permission and
discretion to researchers; this pre-
serves their autonomy but promotes
research.26

Why are such safeguards neces-
sary? Let us illustrate with an exam-
ple relevant to orthopedic surgery.
There is interesting research showing
that the severity of certain types of
arthritis can be predicted by genetic
analysis of serum.27 What if a person
whose future career depends on hea-
vy physical work volunteers his/her
blood for a research study and these
genetic predictors are found? Be-
cause the individual’s probable future
health problems are now known, this
information in the hands of a pros-
pective employer might become an
obstacle to the person’s being hired.

It is possible to overcome the con-
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fidentiality issue by using mechanisms
that de-link personal identifiers from
the information in databases. This
can be done either by coding (e.g.,
the name, age, sex, hospital number)
or, more drastically, by anonymiza-
tion — by completely removing the
identifiers. Common sense holds that
the utility of the information will
diminish in direct proportion to the
extent of de-linking. Furthermore,
anonymization would make it diffi-
cult or impossible to identify the
subject to offer life-enhancing or life-
saving advice based on information
from the research, or where approp-
riate to share the information with
genetic relatives at risk. A neurosur-
gical example was the discovery that
a germline mutation in the hSNF5
gene on chromososme 22 predispo-
ses offspring to malignant posterior-
fossa tumours of infancy.28 An impor-
tant example in general surgery and
oncology is the relationship between
the presence of the BRCA1 and
BRCA2 genes and the incidence of
breast cancer in relatives.29

Further careful thinking, research
and public engagement is required to
formulate the policies that are ethi-
cally most appropriate. Ultimately,
fundamental ethical requirements to
respect the subject’s dignity, autono-
my and self-determination must be
observed.

Stem cells

Few areas of public discourse in bio-
medical research have been as con-
troversial in recent times as the use of
stem cells, particularly embryonic
stem cells.30,31

Some of the debate has conflated
several different issues, including
those relevant to abortion and clon-
ing. Often, delicate but important
nuances that are so crucial to deter-
mining what constitutes ethical be-
haviour in such complex areas have
been ignored in the debate. This di-
lemma is important to resolve, as
stem cell research has potential major
implications for the treatment of seri-

ous disorders such as neurosurgical
(examples include spinal cord injury32

and Parkinson’s disease33), general
surgical (liver failure),34 cardiac (is-
chemic heart disease),35 urologic and
plastic surgical (urologic organ re-
generation),36 orthopedic (bone and
cartilage repair)37 and many other de-
generative conditions.

There are essentially 2 classes of
stem cells: adult and embryonic.
There is little controversy associated
with the former.

Embryonic stem cells are derived
from early embryos at about the 5–7-
day blastocyst stage.30 They have the
potential to replicate in culture indef-
initely, but also (with appropriate sig-
nals) to differentiate into many differ-
ent cell types and tissues.38 They are
thus considered to be pluripotent.
The controversy surrounding them is
heated mainly because the blastocysts
must be destroyed in order to harvest
the stem cells. The main issue of con-
tention here relates to when human
life begins. If it begins at conception
(in other words, at fertilization), then
destroying a blastocyst is terminating
a human life.39 However, not all peo-
ple agree that life begins at fertiliza-
tion; within the world’s great reli-
gions there are notable differences in
the definition of when life begins.39–42

Members of the public are also likely
to have diverse opinions in this mat-
ter, irrespective of religion.

In the United States, a debate has
centred around the issue of using
federal funds for research using em-
bryonic stem cells. President George
W. Bush has decreed that federal
funding cannot be used for embry-
onic stem cell research except when
using cells already in existence on
August 9, 2001 (when the declara-
tion was made), and only those cell
lines whose derivation adhered to
strict requirements of informed con-
sent.43 However, the USA has a
strong private sector doing advanced
molecular biological research, and at
present the presidential ruling affects
neither private-sector work with em-
bryonic stem cells nor research fun-

ded at state levels.44 Attempts by the
US Congress to pass laws that would
apply to all researchers have so far, as
of this writing, failed.45

Others have focused instead on
the source of the embryo. They ar-
gue that when the source is excess
embryos, as often occurs following in
vitro fertilization, it is ethically justifi-
able to use them to derive embryonic
stem cells because these embryos
would be destroyed anyway.

Various jurisdictions are contem-
plating legislation that would regu-
late the use of embryonic stem cells,
but so far, no country has enacted
legislation as permissive as that in the
United Kingdom.46,47 In Canadian
draft law on reproductive technolo-
gies, using excess embryos to derive
embryonic stem cells would be al-
lowed, but not the creation of new
embryos specifically for research or
for therapeutic purposes.48

Therapeutic cloning
(somatic-cell nuclear transfer)

One of the most exciting develop-
ments in molecular medicine is the
application of embryonic stem cell
and other technologies in what is
becoming known as regenerative
medicine. This entails, among other
things, bioengineering to repair, re-
place or regenerate failing organs and
tissues.32–37,49 It is theoretically possible
to generate such tissues from stem
cells that are genetically identical to
the patient in need, thus obviating
the problem of rejection of tissues
transplanted from allogeneic donors.
It would involve the insertion of the
patient’s nuclear DNA from differ-
entiated adult (somatic) cells into an
enucleated ovum, which then begins
to divide. Any stem cells removed
from this blastocyst, and therefore
any subsequent tissue or organs de-
rived from it, would be genetically
identical to the patient and would
not, therefore, be rejected.

This is ethically unacceptable to
those who believe that human life
begins at fertilization and who would
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also argue that although fertilization
is traditionally defined as the fusion
of an ovum with a sperm, nuclear
transfer is the same as fertilization or
conception. In somatic-cell nuclear
transfer (SCNT), the conditions are
very different and an argument can
be made that this is, in fact, not
strictly fertilization; some might even
argue that since an embryo is by defi-
nition derived from fertilization, that
the single cell entity from SCNT is
not, therefore, an embryo. Nomen-
clature is becoming crucial to the
whole debate surrounding the use of
embryonic stem cells. For others,
SCNT is more acceptable, especially
when one considers the potential to
heal large numbers of people with
conditions such as end-stage organ
failure (e.g., of the kidney, liver or
heart), Parkinson’s disease and Alz-
heimer’s disease.50

In Canadian surveys, the public is
supportive of embryo research.14 One
must not confuse therapeutic cloning
with reproductive cloning, which is
almost universally considered unethi-
cal.51 There is now a large body of lit-
erature on reproductive cloning and
the ethical issues surrounding it, and
it is important for the differences be-
tween reproductive cloning and ther-
apeutic cloning to be borne in mind
when discussing stem cells.

Adult versus embryonic stem cells

If adult stem cells were found to
have the same properties as embry-
onic stem cells, few people would
want to use embryonic stem cells for
research or therapeutic purposes. Re-
cent reports describing multi-potent
adult progenitor cells (MAPC),
which appear to have many but not
all the characteristics of embryonic
stem cells, have sharpened the de-
bate.52,53 However, this has yet to be
reproduced by other researchers, and
in fact other papers have appeared
that cast doubt on the versatility or
plasticity of adult embryonic stem
cells.54 In any case, MAPC will not
address the other major reason why

scientists wish to do research on em-
bryonic stem cells, namely to unravel
the mysteries of human developmen-
tal biology.

Gene therapy

Patients with inherited genetic disor-
ders and neoplastic conditions are
among those who would be expec-
ted to benefit the most from this
interesting new field.55 Other fasci-
nating and wide-ranging potential
applications of this technology in-
clude spinal fusion, presently in the
experimental stage.56

The main problem to date with
gene therapy has been the difficulty
with gene targeting and vectors for
gene delivery. In the 1990s, it ap-
peared as though successful gene
therapy for single gene defects would
be achievable. Indeed, the successful
treatment of a few children with se-
vere combined immune deficiency
did raise hopes.57 But despite consi-
derable research funding, there has
been little positive translation into
clinical results in the treatment of
cancer, including primary malignant
brain tumours, which are almost al-
ways fatal.58 The major stumbling
block is inadequate gene-delivery
vehicles, although improvement is
ongoing.59

The limited success of gene ther-
apy forces us to call into question the
ethics of any experimental treatment
having a low yield for potential bene-
fit. Herein lies a delicate tension be-
tween well-intentioned researchers
attempting to translate scientifically
sound and exciting concepts into cli-
nical trials for patients with incurable
conditions, and the reality that as yet,
a given technique may simply be un-
able to keep abreast of theory.

The other major ethical issue has
revolved around the regulatory en-
vironment: do commercial interests
and investigator conflicts of interest
(COIs) cause real harm to patients or
tarnish the scientific objectivity of the
research findings?60 The case of the
young man, born with an inherited

metabolic defect but leading a fairly
normal life, who was subjected to an
experimental gene therapy at the
University of Pennsylvania that killed
him, illustrates many of the issues
and pitfalls related to the effective
translation of gene therapy theory
into practice.61,62 This patient ulti-
mately died from an adverse immun-
ological reaction to the adenoviral
vector being used to try to overcome
his inborn error of metabolism. As a
consequence, and following Food
and Drug Administration (FDA) in-
spection, the Institute of Gene Ther-
apy at the University of Pennsylvania
was instructed to stop and not initi-
ate any more clinical trials, and at
present the future of gene therapy
trials is guarded.63

Conflict of interest in 
molecular medicine research

One of the most important changes
in research in the past decade has
been the increasing participation of
private interests in biomedical re-
search. Around 70% of all funds
spent on clinical drug trials in the
USA comes from industry rather
than from the National Institutes of
Health.64 Venture-capital money and
money from well-established multi-
national corporations alike is being
poured into research at all levels.65

Traditional funding agencies are
more frequently requiring matching
funds from private industry. At the
same time, clinician–scientists and
other researchers are increasingly in-
volved in establishing private compa-
nies, based often on the commercial
potential of the intellectual property
deriving from their research. Univer-
sities are setting up business develop-
ment departments to help commer-
cialize research and protect patents
and other intellectual property.

The reduction in university fund-
ing from traditional sources such as
governments has meant that many
universities must now attract more
private funding to function in a very
competitive environment. Research-
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ers move easily from academia to in-
dustry and back. In the US, one of
the key developments was the pas-
sage in 1980 of the Bayh–Dole Act,
which transferred intellectual prop-
erty rights to researchers funded by
federal research monies.66

Is all this good for research? There
are concerns that the direction and
prioritization of types of research
may be affected, away from basic sci-
ence toward more applied research,
and publication of findings may be
withheld for longer than was the
norm in the past. However, very
good research is coming out of pri-
vate industry laboratories, and there
is some evidence that the Bayh–Dole
Act has increased innovation in the
United States.67 In any case, it seems
that this particular change is in-
evitable and perhaps unstoppable.
We therefore must find ways of deal-
ing with the potential COIs for both
institutions68–72 and individual investi-
gators. Personal COIs for clinicians
performing research are complex, in-
volving nonfinancial benefit as well
as monetary interest, and constitute a
constant source of ethical tension
that all clinician investigators must
confront honestly.18,73–77

Some commentators believe that
if the potential financial rewards to
the institution are of consequence,
there is a strong case to be made that
such COIs should be avoided in the
first place; even a pilot trial should
not be conducted in an institution
that has a salient financial interest in
the outcome.69 Full disclosure of the
COI is a minimum and essential re-
quirement, and recusal from the trial
would seem appropriate if the COI
looks unmanageable.69 (The most ex-
treme step, recusal, may not be nec-
essary if the financial interest is mod-
est, in other words, is deemed
unlikely to have an influence on deci-
sions about patient care or research;
but there is no standard for what
constitutes a minimal financial inter-
est, and any such judgement may be
subjective.)69 Full disclosure means
that 

a. All patients must be informed of
the COI, and this information
must be included in the consent
form.

b. The financial interest/COI must
be disclosed to the institutional
review board.

c. The same must be done for all
those who have supported the re-
search, including all collabora-
tors, co-investigators, institutions
and other persons.

d. All publications, including oral
presentations and abstracts, must
also disclose the institutional fi-
nancial interest.

e. Every safeguard that has been put
into place to deal with the COI
must be disclosed.69

The best safeguard might be to es-
tablish an external committee to
monitor the COI.69 This is cumber-
some, and there may be resistance to
it, especially as it is not yet common
practice. If an institution establishes
such a committee, it should ensure
that its members are knowledgeable
enough to review the research. At
the outset, the external committee
should review the research design;
later, it should review the data gen-
erated and have the power to require
modifications or stop the trial. Its
members should not have any finan-
cial interest, direct or indirect, in the
outcome(s) of the trial. They should
not be paid beyond reasonable com-
pensation for expenses incurred. The
members might include a biomedi-
cal researcher, a lawyer and a bio-
ethicist.69

We believe that apart from consti-
tuting the ethically correct way to
proceed, the safeguards recommen-
ded, especially the appointment of an
external monitoring committee, will
in the long run work to the institu-
tion’s advantage. There is a risk that,
as more accountability is required of
institutions, regulatory agencies may
come to insist that data from trials
conducted at institutions having fi-
nancial COIs be inadmissible as evi-
dence for drug and device approval.69

This would be “strong medicine,”

but would ultimately set a high ethi-
cal and scientific standard that would
upgrade the quality of research and
therefore benefit institutions and, of
course, patients.

Summary

As we move further into the age of
molecular medicine, surgical patients
with diseases such as breast cancer,
myocardial ischemia and osteoarthri-
tis (to name a few) stand to benefit
enormously from recent advances in
molecular biology such as genetic
testing, stem cell research/manipula-
tion and gene therapy. Whereas pre-
vious eras in surgical patient care
have been characterized by drug de-
velopment, restoration of physiologi-
cal parameters and technical advances
in surgical instrumentation, the
epoch of molecular medicine will be
marked by unique advances and at
the same time challenges that stimu-
late all of us to contemplate impor-
tant questions about the origins of
life and the use of biologicals from
other patients. In this review, we
have tried to articulate some of the
bioethical questions related to mol-
ecular medicine, especially as they re-
late to surgeons.
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