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than the other.

Mendelian disease (due to disruption of a single
gene) will be dealt with first as it accounts for a con-
siderable proportion of endocrine disorders, repre-
sents the simplest and best understood instance of the
contribution of genetics to endocrinology, and has giv-
en rise to routine diagnostics already available to cli-
nicians. Complex disorders, depending on the inter-
action of environmental factors with a multitude of
genetic loci, however, account for the bulk of the mor-
bidity and mortality the endocrinologist has to deal
with (obesity, diabetes, hyperlipidemias, autoimmune
thyroid disease, most endocrine tumors, most disor-
ders of growth and puberty). The molecular contribu-
tion to these disorders is less deterministic and com-
plex and is only now beginning to be elucidated with
the use of novel concepts and technologies. Before
getting into specifics, a general overview of the hu-
man genome and its relationship to function will be
given.

THE HUMAN GENOME

The term refers to the entirety of genetic material
in a human cell, which is comprised of approximately
3.5 billion nucleotides of chromosomal DNA in the
nucleus and the 15 kb of mitochondrial DNA1. Only a
small fraction (<2%) encodes protein2. The remain-
der is found in:

1. Introns: sequences interspersed between protein-
coding exons and spliced out after transcription of
DNA to RNA.

2. Sequences encoding the untranslated part of mR-
NAs, which are involved in mRNA stability3 and

INTRODUCTION

For the past several decades, the standard diag-
nostic and clinical research tool in endocrinology has
been the hormone assay. The enormous surge in the
development and use of molecular and cell biology
technologies in the past two decades has advanced our
understanding of hormone synthesis, secretion, regu-
lation and action at the cellular level but had a rela-
tively modest impact on the exploration of hormonal
physiology and pathology in the intact human subject.
This is rapidly changing with the emergence of en-
larged and deepened understanding of the molecular
underpinnings of endocrine function and the availabil-
ity of new diagnostic and research technologies. In-
creasingly, molecular diagnostics is entering the daily
practice of endocrinology and endocrine research on
human subjects routinely employs molecular genetics
methods. With the completion of the sequencing phase
of the human genome1, genomic concepts and ap-
proaches have added a new dimension whereby the
contribution of individual genes to endocrine phenom-
ena is not examined in isolation but rather by looking
at the whole complement of genes (or a substantial
fraction thereof). This review will attempt to give an
overview of these contributions to clinical endocrinol-
ogy. No distinction will be made between clinical prac-
tice and human-subject research, although it will be-
come obvious that some aspects apply more to one
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in establishing contact with the ribosomes for ini-
tiation of translation into protein4.

3. Regulatory DNA elements (enhancers, promoters)
involved in determining when, in which tissue, how
much, and in response to which stimuli the gene
will be expressed.

4. Structural elements of the chromosome (cen-
tromeres and telomeres5, matrix attachment ele-
ments6). Each chromosome consists of one long
DNA molecule associated with proteins such as
histones and transcription factors.

5. The majority of DNA sequence is found outside
and in-between genes and has no apparent func-
tion, as large deletions have no obvious impact on
the individual.

The estimated number of human genes is not much
more than 30,0007. This is the same number as in the
mouse and only 50% more than the worm Caenorab-
tidis Elegans. Of these genes, more than half are the-
oretical predictions based on computer analysis of the
human genome sequence and have not been studied
experimentally8. A large number of genes have been
identified as responsible for human disease, includ-
ing endocrine disease, through DNA mutations that
disrupt the function or expression of the protein prod-
uct. Because the disease is due to disruption of a sin-
gle gene, its inheritance follows the simple patterns
described by Mendel, hence the term Mendelian. An
alternative term is monogenic disease.

MONOGENIC ENDOCRINE DISEASES

A significant number of endocrine disorders fol-
low a simple Mendelian pattern in their inheritance
and the single gene involved has been identified in most
cases (Table 1). Before elaborating on the use of gene
studies in diagnosis of those disorders, an overview of
the methods used to identify them is of interest.

Traditionally two approaches have been used. In
the candidate gene approach there is sufficient knowl-
edge of the pathophysiology of the disease to suggest
an obvious gene whose protein product is at fault. As
an example, the clinical finding of androgen insensi-
tivity (AIS) suggested a problem with the androgen
receptor (AR), supported by ligand-binding studies9,
and this was eventually confirmed when the gene was
cloned through the detection of mutations10. The bio-

chemical pathology of the various forms of congenital
adrenal hyperplasia (CAH) suggested deficiency of
specific adrenal enzymes which were biochemically pu-
rified, leading to the cloning of the corresponding gene
based on the protein sequence, followed by mutation
detection11. LH mutations in testotoxicosis12 mutations
in the genes encoding growth hormone13, its receptor
(Laron syndrome14) or pituitary transcription factors
in certain forms of hypopituitarism15-17 are some other
cases where the discovery of the gene involved was
guided by known disease pathophysiology.

The development of genome maps over the last
10-15 years18 has permitted an alternative way of iden-
tifying disease genes that does not require disease
understanding advanced enough to lead to a specific
protein. Positional cloning identifies disease genes
based not on their function but on their precise posi-
tion in the genome19. The position is defined by fol-
lowing the co-inheritance (co-segregation) of the phe-
notypic trait (disease) with polymorphic markers on
the DNA within families. The polymorphisms used
have no functional significance by themselves but they
are used to determine which half of each parental
genome an affected child has inherited. If a marker
and the disease gene are on a different chromosome,
they have a 50% probability of being inherited togeth-
er. If the marker is very close on the chromosome of
the disease gene, they will be almost always inherited
together. Values in-between indicate decreasing dis-
tance on the chromosome. By statistically combining
such observations for a large number of meioses in
families of affected individuals, the logarithm-of-odds
(LOD) score can be calculated. It represents the base
10 logarithm of the ratio of the likelihood of the ob-
served inheritance pattern if marker and disease lo-
cus are close together, over the likelihood of the same
pattern if they are not. This procedure may allow lo-
calisation of a Mendelian disease to a chromosomal
sequence of a million base pairs (Mb) or even less.

Positional identification of a disease-causing lo-
cus may sometimes be much more rapidly accom-
plished if it involves a chromosomal deletion or other
form of rearrangement visible on the caryotype. The
ability to mark chromosomal regions with DNA probes
specific for the known sequence of a chromosomal
locus (fluorescent in situ hybridization, or FISH) has
extended this to the identification of microdeletions
too small to be seen on an ordinary caryotype but too
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large to be easily detected by molecular means. The
Prader-Willi and DiGeorge syndromes were mapped
to chromosomes 12 and 22, respectively, on this basis.

Once the disease locus has been mapped, the cor-
responding sequence is then searched for genes ex-
pressed in relevant tissues, and for mutations therein.
In this way, multiple endocrine neoplasia type 1
(MEN1) was narrowed down to 2 Mb region on 11q13
where, among 33 genes found there20, menin, a previ-
ously unknown gene whose function is still being de-
fined, was detected to be mutated in several different
families with MEN121. MEN2 was similarly mapped
to a region on 10q11.2, containing the already known
RET protoongogene which turned out to be the gene
mutated22. Five of the six genes responsible for sub-
types of maturity-onset diabetes of the young
(MODY) were discovered by similar approaches22.
Some of them (glucokinase) were obvious functional
candidates while others (hepatocyte nuclear factors)
were not.

GENETIC TESTING IN THE DIAGNOSIS OF
ENDOCRINE DISEASES

In most monogenic diseases of endocrine interest,
the gene involved is known and mutation identifica-
tion is available. The usefulness of molecular diagno-
sis in these disorders varies from essential, to confir-
matory, to relevant only for research (Table 1). In
MEN2, for example, preventive thyroidectomy is a life-
saving measure against the extremely high risk of
medullary thyroid carcinoma23. Molecular identifica-
tion of mutation carriers for this purpose, prior to any
clinical or biochemical signs, has replaced the cum-
bersome and unreliable pentagastrin stimulation test
for calcitonin as an essential part of clinical care. In
MEN1, there is no equivalent preventive measure but
molecular diagnosis is still helpful in identifying indi-
viduals who are not carrying the mutation, to spare
them unnecessary screening for the various malignan-
cies. Prediction even without prevention may still be
sought by at-risk family members who wish to know,
raising a number of ethical and social questions (ad-
dressed later in this article). In 21-hydroxylase defi-
ciency, the most common cause of CAH, biochemical
diagnosis is rapid, easily available, more reliable and
(in cases of partial deficiency) more meaningful for
case management than mutation identification, as well
as incurring minimal cost. However, if the family opts

for prenatal diagnosis and in utero treatment to avoid
masculinisation of a female fetus, molecular diagno-
sis allows earlier (by chorionic villous biopsy rather
than amniocentesis) and more reliable identification
of affected fetuses24, so that potentially harmful glu-
cocorticoid treatment of the mother can be discontin-
ued as early as possible in the 7 of 8 fetuses that do
not need it (4 males and 3 unaffected females). What
allows for rapid molecular diagnosis in these cases is
that there is a previously affected sibling whose DNA
will have already been studied, and the mutation iden-
tified. In fact in 21 hydroxylase deficiency, a disease
where the clinical/biochemical diagnosis can be made
with a high degree of certainty, mutation identifica-
tion is not even necessary for prediction in siblings.
With the availability of high-density single-nucleotide
polymorphism (SNP) maps, all one needs is to define
the two SNP haplotypes (a haplotype is a series of
two or more alleles in loci that are in close proximity
to each other) that correspond to the two mutation-
carrying parental chromosomes. Even though the
SNPs involved are not causative, they are reliable
markers, as the probability of recombination over a
few kilobases in four meioses is infinitestimally small.

Despite all advances in molecular diagnosis, mu-
tation search in the first affected individual in a ped-
igree is still a tedious, expensive and time-consuming
process for most genetic diseases. Prior to embarking
on a thorough search for point mutations, large dele-
tions or insertions that disrupt the architecture of the
gene must be ruled out by FISH and Southern blot.
Most mutations, however, are point mutations.

A mutation can be anywhere in a gene. The typi-
cal length of the mRNA sequence of a gene is 2 kb
(some genes are much longer), but it does not occur
all in one place in genomic DNA, as short protein-
coding exons (hundreds of bp) are interrupted by long
introns (several kb or tens of kb). Typically, each exon
(a gene may have dozens of exons) must first be am-
plified by PCR to separate it from the 3.5 billion bp of
the rest of the genome, then sequenced. If the gene is
expressed in an easily accessible tissue, such as blood
cells or fibroblasts, it is sometimes preferable to am-
plify RNA after reverse transcription (RT-PCR), an
approach that avoids the tedious exon-by-exon am-
plification, as the introns have been spliced out of the
RNA. An additional advantage of this approach is that
it will detect mutations in introns that might affect
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Table 1. Some endocrine disorders for which genetic testing is available

Disease Locus Gene involved Conventional diagnosis Utility of molecular Dx

CAH 6p21 21-hydroxylase Available, reliable Useful for in utero
treatment

Androgen insensitivity Xq11 Androgen receptor By exclusion, fairly reliable Important to confirm
in partial cases

MEN1 11q13 Menin Only after tumors develop Surveillance for tumors
in mutation carriers

MEN2 & Familial 10q11.2 RET oncogene Calcitonin levels, unreliable Life-saving preventive
medullary thyroid Ca for prediction thyroidectomy

Pseudohypoparathyroidism 20q13 GNAS Available, reliable Types 1a and 1b can
be distinguished

Autoimmune 21q22.3 AIRE Usually clear Research only
polyendocrinopathy
type 1

Testotoxicosis 2p21 LH receptor Usually clear Research only

Hypopituitarism Various Various Clear if deficiency is complete Research only

Hyperinsulinemic 11p13 SUR & KIR6.2 Distinction between focal Distinction of focal vs.
hypoglycemia of and diffuse form diffuse may help therapy
infancy, recessive often problematic (surgery vs. conservative)

Hyperinsulinemic 10q23.3 Glutamate Hyperamonemia allows Research only
hypoglycemia of infancy, dehydrogenase specific diagnosis
dominant

Transient neonatal diabetes 6q24 Probably ZAC Clinical course characteristic Research only

MODY1 20q12 HNF4a Does not distinguish sub-types Research only

MODY2 7p15 GCK Does not distinguish sub-types Research only

MODY3 12q24 HNF1a Does not distinguish sub-types Research only

MODY4 13q21 IPF1 (PDX1) Does not distinguish sub-types Research only

MODY5 17q21.3 TCF2 Does not distinguish sub-types Renal prognosis

MODY6 2q32 NEUROD1 Does not distinguish sub-types Research only

Prader-Willi 15q12 SNRPN Based on morphological phenotype Prognosis and life planning

splicing by skipping exons or introducing aberrant
exons that disrupt the protein sequence. Another type
of mutation that may be missed by the conventional
approach is a promoter mutation that interferes with
expression. These, however, are exceptions, most
mutations causing monogenic disease being in the
protein-coding sequence.

Sometimes the search for mutations is facilitated
by the fact that the same mutation recurs in unrelated
families or that mutations cluster in a particular exon.
For example, an A-to-G transition that results in a
substitution of glycine for aspartate at position 578
(Asp578Gly in standard terminology) in the sixth
transmembrane helix of the LH receptor, constitutive-
ly activates it and accounts for testotoxicosis in a large

proportion of affected, non-related families12. There-
fore, an assay targeted to this mutation, or to the sur-
rounding 6th transmembrane helix, would be an effi-
cient first step in screening new families. Similarly, a
large proportion of all gain-of-function mutations of
glutamate dehydrogenase that cause the dominant
form of neonatal hyperinsulinemia25 are found on ex-
ons 6 or 7, so it makes sense to start the search there
(hot spots).

On the other hand, most monogenic diseases are
caused by loss of function rather than gain of function
mutations and there are many more different ways of
destroying a gene other than enhancing it. In most
other diseases, each family has its own private muta-
tion that can be anywhere in the gene. In that case, in
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0.1% that differs (one difference every 1,000 nucle-
otides on average) most changes are common poly-
morphisms and most of the polymorphisms are with-
out functional significance. Genetically defined char-
acteristics, including but not limited to predisposition
to disease such as obesity, diabetes, hyperlipidemia,
autoimmune thyroid disease etc., are determined by
variation in a yet unknown but likely small number of
genes. Discovering which polymorphisms play this role
for specific diseases of endocrine interest has proven
to be an immensely more difficult task than discover-
ing monogenic disease mutations but it is even more
important, given the much higher incidence of mor-
bidity and mortality attributable to common complex
disorders. The concerted international effort towards
this goal is just beginning. Diabetes, both type 1 and
type 2 (T1D and T2D), will be discussed as the best
examples.

The classical linkage approach has been tried in
both types of diabetes, mostly in the form of sib-pair
analysis, where genotyping for a few hundred mark-
ers across the genome is used to detect areas shared
by siblings who are both diabetic more often than the
expected 50%. In type 1 diabetes, several loci were
thus identified, in addition to the known 6p21 locus
containing HLA, most of which were not confirmed
on testing larger numbers27 and none of which has re-
sulted in the discovery of a susceptibility gene. In T2D,
many large studies have achieved so far the identifi-
cation of a single previously unsuspected candidate.
Calpain10, on 2q37.3 encodes a proteolytic enzyme
that seems to be related to insulin action10. Above all,
these studies have demonstrated the low power of clas-
sical linkage to detect complex disease genes confer-
ring a small amount of risk. A much more powerful
method examines association of specific alleles by
comparing allele frequencies at polymorphisms on
relevant genes. The higher power, and the additional
advantage that this does not require more than one
affected member in the family, comes at a price: the
marker must be in close proximity to the disease-caus-
ing polymorphism (kilobases or, at most, tens of kb as
compared to 10 Mb for sib-pair analysis). This neces-
sitates marker densities three orders of magnitude
higher than conventional linkage: depending on the
haplotype structure of the human genome, which is
just beginning to be defined29, from 100,000 to
1,000,000 markers need to be tested on thousands of
individuals, creating the need for potentially billions

the absence of previously examined, affected family
members, the only way to detect a new mutation is
sequencing of all the exons and, if nothing is found
there, promoter regions and introns. This is a labori-
ous and time-consuming approach which can be made
more efficient by first screening sequence segments
for heteroduplex DNA. For this purpose, denaturing
high-performance liquid chromatography (dHPLC)
has emerged as the ideal method26. It detects short
segments of DNA in a PCR amplification product
where the two strands are not entirely complementa-
ry to each other but differ by as little as one nucle-
otide.

Once detected, a mutation may have obvious func-
tional consequences, such as introduction of a stop
codon that truncates the protein, or a deletion/inser-
tion whose length is not a multiple of 3 and therefore
alters the reading frame, producing from that point
on a totally different protein sequence (nonsense
mutations). The single most common type of muta-
tion, however, is a base substitution that alters one
aminoacid (missense mutation). This may have dras-
tic deleterious consequences on the function of the
protein, but it may also be perfectly compatible with
normal function. Such disease mutations can be easi-
ly distinguished from common polymorphisms by fail-
ure to find the same alteration in a large number (50-
100) of unrelated normal controls. However, rare poly-
morphisms may also be quite harmless. Ultimately,
confirming that a missense mutation causes a disease
can be achieved by finding the same mutation in an
unrelated family or by functional studies of the altered
protein.

Once the mutation(s) in a family is (are) known, it
is a simple matter to devise a diagnostic test to screen
family members. PCR-RFLP is the most popular
method, if the mutation changes a restriction endo-
nuclease site, so that the PCR fragment correspond-
ing to the mutant has a different length after diges-
tion with that enzyme. If no restriction site is altered,
single-nucleotide primer extension with allele-specif-
ic oligonucleotides probes can be used, as illustrated
in Figure 1.

GENOME VARIATION AND COMPLEX
ENDOCRINE DISEASES

Between any two given individuals approximately
99.9% of the genome sequence is identical. Of the
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Figure 1. Genotyping twelve G/T polymorphisms in 384 DNA samples simultaneously using the Orchid SNPstream microarray system. Thus
up to 4,608 DNA assays can be performed in a single run. (A) Each of the 12 polymorphisms is genotyped by allele-specific extension of a
primer probe, with the PCR product serving as a template. The DNA polymerase adds a single nucleotide complementary to the template
which can be either an A or a C, each labeled with a different fluorochrome. The 12 different polymorphisms examined together must all
involve the same nucleotide substitution. (B) Detection of the incorporation of either or both fluorochromes into the probe is done in a 384
well plate format, containing DNA samples from four 96-well plates. At the bottom of each well there is a 4x4 array of elements, each of which
has a �tag� sequence immobilized on its surface. A tag is an arbitrary sequence, the complementary of which is added to the 5� end of the probe
so that the  probe corresponding to each of the 12 genes being examined is immobilized on an unique element of the array. The plate is then
imaged with filters corresponding to each of the two fluorochromes. Such a picture of one of the 384 wells is illustrated. The individual whose
DNA is in the well is heterozygous for those genes where the corresponding element is positive in both photographs, or homozygous if it is
only in one. In the vast majority of elements the presence or absence of fluorescence is unequivocal. Computer-assisted calling of the genotypes
is done in the 4 x 4 grid. Four of the 16 elements (one in each corner) are used for controls, allowing testing for 12 polymorphisms. Upper left
corner (a1) heterozygous control; upper right (d1) C homozygote; lower left (a4) A homozygote, lower right (d4) negative control. Neither
fluorochrome hybridized to element c1 (failed test).
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of assays. Conventional technology obviously is too
slow and expensive for this task. Novel, microarray-
based technologies, an example of which is given in
Figure 1, are being developed for this purpose.

Discovering all (or most) genetic loci predispos-
ing to either type of diabetes has much more than
theoretical importance. Although there is currently
no effective prevention for T1D, one is actively sought
and likely to be available in the not too distant future,
likely aided by the insights to be gained from identi-
fying susceptibility genes. This will necessitate identi-
fying individuals at risk who can benefit. Risk predic-
tion on the basis of autoantibodies is an acceptable
tool for secondary (after the onset of autoimmunity)
prevention in first-degree relatives of T1DM patients.
But most diabetics do not have an affected close rela-
tive and antibody screening (and re-screening of neg-
atives yearly) is totally impractical in the general pop-
ulation. It is, of course, useless for primary preven-
tion. Genetic screening would overcome both of these
serious shortcomings. It is currently not an option as
HLA and insulin genotypes alone are insufficient.
Sophisticated algorithms taking into account all IDDM
loci (no matter how small each individual effect is)
will theoretically allow risk prediction close to that
derived from being the twin of a diabetic, allowing
prevention to focus on ~1% of the population. A pan-
el of DNA genotypes, performed on a drop of blood
at birth, will identify those few individuals who should
be followed with antibodies or subjected to early pri-
mary prevention, as the case may be. One can also
envisage a scenario where different preventive ap-
proaches may be available and the possibility to choose
the one best suited for the individual subject based on
genotype. For T2D, effective lifestyle and pharmaco-
logical prevention is already available but requires a
very substantial effort on the part of the health-care
team who can be much better focused if the highest-
risk individuals are known before they develop hyper-
glycemia, when their beta cells may have been irre-
pairably damaged by gluco- and lipo-toxicity.

EXPRESSION MICROARRAYS (�DNA CHIPS�)

A discussion of modern genetic methods would be
incomplete without mention of expression microar-
rays. An account of the enormous surge in basic cellu-
lar and molecular research based on this methodolo-
gy in the past 3 years is beyond the scope of this re-

view. The technology will be reviewed briefly for its
importance in gaining endocrine insights in research
involving patients and for its potential clinical appli-
cations.

Microarrays examine expression levels of a very
large number of genes simultaneously (up to the en-
tire set of 30,000) in an RNA sample, by hybridisa-
tion of the sample with an array of specific probes30.
A glass slide or silicone chip is divided into a grid,
each square of which is covered with different single
stranded probe of known sequence. Microarrays are
manufactured using robots that can affix nucleic ac-
ids to over 50,000 different spots on a 1.5 cm2 area. A
computerised sensor detects the presence of fluores-
cence in each square where the sample is hybridised.
Amplified sample RNA with one fluorescent label and
reference RNA with another fluorescent label are
mixed and incubated with the array. The level of tran-
scription of all genes in a cell or tissue at a single point
in time can be assessed by quantitating the amount of
fluorescence in each square. Differences in expres-
sion can be evaluated at sequential developmental
stages, in different cell types, or before and after treat-
ment with a hormone or a drug. Tens of thousands of
events can be assessed at once (Figure 2). Thus the
�transcriptome� of a particular cell or tissue, in a par-
ticular physiologic state, stimulated by a particular
hormone can be defined. The cluster of genes that
are thus identified to be upregulated or downregulat-
ed can be individually assessed for specific roles in
the pathway of interest. The most meaningfully infor-
mative expression array results come from experi-
ments where the test and reference RNA are identi-
cal except for the one factor being studied. Such ex-
periments were used to generate a global picture of
the transcriptional response of pancreatic b-cells to
glucose31,32 and various target tissues to hormones in-
cluding leptin33, growth hormone34, thyroid hormone35,
and androgens36,37. By examining tissues at various
embryonic stages, expression microarrays have been
used to evaluate the developmental program of tes-
tes38,39. Perhaps one of the most clinically relevant ap-
plications is in the diagnosis and prognosis of cancers.
Hoos et al. showed that histologically indistinguish-
able Hurthle cell cancers of the thyroid had heteroge-
neous microarray expression patterns and the patterns
had prognostic value40. Even without knowing the func-
tion of these differentially expressed genes, simply
observing the pattern can yield useful information that
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Figure 2. Expression microarrays allow the global evaluation of gene expression of all known genes. In the most informative implementation,
they compare RNA from two sources which differ only by the one feature being studied, such as the effect of a hormone in treated vs.
untreated cells (or, normal cells from a gland vs. a tumor derived from the gland). RNA from the two sources, each labeled with fluorochromes
of different color, is incubated with the microchip. The latter consists of thousands or tens of thousands of microscopic elements on the
surface of each of which DNA of a specific sequence, uniquely corresponding to a gene, is immobilised. Labeled RNA from specific genes,
expressed in each RNA sample, will quantitatively hybridise to each element. The ratio of the two fluorescence colors reveals whether the
hormone (or the malignant state, as the case may be) increases or decreases expression of each gene. The blow-up at the bottom shows three
elements, representing: 1. a gene to which mostly red-labeled sample hybridises, i.e. a gene whose expression is increased by the hormone;
2. a gene to which less red than green-labeled sample hybridises, whose expression is therefore deemed to be inhibited by the hormone; and
3. a gene to which both samples hybridise equally, therefore whose expression is unaffected by the hormone. Plotting fluorescent values for the
two samples allow statistical evaluation of the experimental variance and detection of differentially expressed genes as outliers.
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may help target more aggressive therapies at more
aggressive tumours.

ETHICAL ISSUES IN GENETIC TESTING

Because of the power and specific nature of mo-
lecular as compared to conventional medical diagnos-
tics, genetic testing has been generating issues for
which no precedent exists in conventional health-care
ethics. The following examples are only a sampling.

1. With the steady increase in the power of genetic
prediction of late-onset diseases for which no pre-
ventive treatment exists, certain questions arise:
Should it be offered to those who wish to know
anyway? Should parents make such a decision on
behalf of their minor children? Should insurers,
employers, courts, governments be allowed to make
such testing a requirement?

2. When genetic testing of an individual will reveal
health information relevant to biological relatives
of the person being tested, how does this affect
our notions of consent, privacy and confidentiality?

3. How does a health professional handle genetic test-
ing that was done for diagnostic purposes but re-
veals non-paternity? Non-maternity? (it has hap-
pened!)

4. There is strong evidence that many aspects of be-
havior are genetically determined. What does this
do to our conventional notions of free will and
moral responsibility? Is the individual exonerated
for criminal or other unacceptable acts if he/she
carries a specific allele at some behavioral locus?

With a view to addressing these and many other
questions, a significant effort has been built into the
Human Genome Project under the title Ethical, Le-
gal, and Social Issues (ELSI). Information about its
activities can be accessed at: http://www.ornl.gov/hg-
mis/elsi/elsi.html
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