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Even though modern laboratory techniques have
represented a giant step in our understanding of
genetics, which is probably best symbolized by
t h e
recent completion of the sequencing of the hu-
man genome, only an adequate interpretation of
this information will make that vast amount of
knowledge useful. In the field of Oncology, a lar-
ge number of genetic alterations which increase
the risk of cancer have been described. An impor-
tant number of them have been detected through
the study of individuals either affected by multi-
ple tumor syndromes, and/or with a known in-
creased familial risk of developing cancer. Some
well known examples are p53 germ 
line mutations in patients with the Li-Fraumeni
syndrome

1
, inactivation of both copies of the re-

tinoblastoma tumor-suppressor gene in patients
with hereditary retinoblastoma

2,3
—as was wisely

predicted by Knudson—
4
or mutations in BRCA-1, a

gene which was identified in families with early-
onset breast cancer

5
.

It is, however, surprising that the opposite stra-
tegy has not been pursued: to search for potential
protective genetic alterations or host factors in
patients with an unusually low rate of developing
cancer. This issue has probably not been carefully
evaluated in oncology, despite the fact that it has
been described in other diseases. Two interesting
examples can be used to illustrate successful
strategies to identify protective
mutations. Possibly the most interesting yet dif-
ficult one, is to study the genotype of subjects
with an unique, very characteristic phenotype.
Perhaps the most outstanding example is the iden-
tification of a deletion in the gene encoding the
chemokine coreceptor CCR-5, which confers to
homozygotic individuals complete protection
against infection by certain strains of the human

inmunodeficiency virus (HIV)
6,7
. At least one other

heterozygotic CCR-5 mutation, when associated
with the mentioned deletion in the other allele,
has been shown to produce the same effect

8
. Since

the CCR-5 mutations had not been associated with
any abnormalities, an astute observation of the
fact that some individuals highly exposed to HIV
never developed the infection was required to
identify them

9
. Secondary to this observation,

CCR-5 has become a relevant target in the inves-
tigation of HIV infection. A second strategy for
identifying protective mutations is to study the
expression of gene polymorphisms which are sup-
posed to be related with the incidence of a disease
in cases and controls studies. A recent example is
the relation of certain factor VII genotypes with
the risk of myocardial infarction

10
. High plasma

levels of coagulation factor VII have been sugges-
ted to be related to risk of death due to coronary
artery disease, and polymorphisms in the factor
VII gene are associated with variations in levels
of factor VII. Therefore, such polymorphisms we-
re studied in 311 individuals with severe, angio-
graphically documented coronary atherosclerosis,
of whom 175 had a history of previous myocar-
dial infarction, and the rest did not. Among pa-
tients with no history of previous myocardial in-
farction, there was a significantly superior
number of patients with determined genotypes,
than among patients with myocardial infarction,
wich suggests a protective action for such ge-
notypes. These 
types of studies must be interpreted with a criti-
cal mind, because they are subject to a poten-
tially high risk of bias, as reviewed by Gambaro
et al

11
. Nonetheless, this example is particularly

interesting, since the controls were asymptoma-
tic subjects with no history of myocardial infarc-
tion despite having a strong risk factor for such
an event (documented coronary atherosclerosis),
rather than being just normal healthy subjects
(although the study did include an additio-nal con-
trol group composed of healthy subjects). There-
fore, there was a greater chance of finding true
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protective factors, rather than just absence of
disease, as could be expected from a control
group formed by individuals with a normal popula-
tion risk. The bottom line of both examples is that
through the study of subjects with a lower than
normal risk of developing a disease, protective
host factors for that disease might be identified,
just as the study of subjects with increased risk
of developing cancer leads to the discovery of
cancer related genetic alterations.
Since the risk of developing cancer is not uni-
form, it is possible to hypothesize that, just as
some individuals present an increased risk, other
subjects may have lower risk than would be ex-
pected for their environment and habits. These
subjects would represent the left tail of a Gaus-
sian distribution showing the risk of developing
cancer. If so, the identification and the study of
these subjects could disclose genetic alterations
or other intrinsic host factors, such as a special
immune response, conferring a partial, or per-
haps even a total protection against certain neo-
plastic disorders. The detection of these altera-
tions would not only increase our knowledge of
cancer but could also yield potentially useful tar-
gets against it. Furthermore, we must observe
that cancer is a frequent and ancient disease (pro-
bably, inherent to life itself), and it is therefore
possible that such mutations may have developed
during evolution. The search for relevant protecti-
ve factors is especially appealing in the field of On-
cology, because once a tumor develops, rather
than expressing one single abnormality, it seems to
undergo a large number of further genetic altera-
tions which will ultimately make it resistant to any
kind of treatment. Therefore, the identification of
factors which could avoid the development of the
tumor in the first place seems particularly inte-
resting.
A considerable number of polymorphisms which
supposedly confer some degree of protection
against cancer have been identified. Some poly-
morphisms in the methylenetetrahydrofolate re-
ductase gene have been associated with a decrea-
sed risk of developing acute lymphocytic
leukemia

12
or colorectal cancer,

13,14
in certain po-

pulation subsets. Polymorphisms of enzymes like
microsomal epoxide hydrolase

15
,

myeloperoxidase
16-19

or NAD(P)H:quinone reducta-
se

20
, which are involved in the metabolism of de-

termined carcinogens have also been related to
some degree of protection against developing lung
cancer or colorectal cancer

21
in some population

subsets and/or ethnic groups, even though other
studies, such as that of microsomal epoxide hy-
drolase, have shown no association

22
, or even an

inverse relationship
23
. Determined genotypes of

some cytochrome P450 enzymes, such as
CYP1A1 or CYP2D6, have also been correlated
with a decreased risk of lung cancer, although
meta-analyses have failed to confirm this obser-
vation

24,25
or have just described a small protecti-

ve effect with a non-
appreciable relationship to individual susceptibi-
lity

26
. Two common polymorphisms of the

p21WAF1/Cip1 gene have been correlated with a
potential protective role against ovarian cancer

27
.

Certain genotypes of the glutathione S-transfera-
se M1 have also been related with the risk of lung
cancer and other aerodigestive tract cancers, but
again a meta-analyses has failed to confirm such
results

28
. Finally, some HLA alleles have been lin-

ked in cases and controls studies with a decreased
susceptibility to renal cell carcinoma

29
, melanoma

30

or lung cancer
31
, and even homozygotic women for

determined polymorphic alleles of the BRCA-1 ge-
ne, have been associated with a decreased risk of
breast cancer

32
.

The ambiguous and clinically not very relevant
results of these studies may be explained by
methodological flaws, as detailed elsewhere

11
,

but may also be related to the poor selection of
the study popu-lations. In contrast with the
studies previously mentioned, in which the in-
dividuals were selected by a very characteris-
tic phenotype (a definite protection against de-
veloping HIV or myocardial infarction) the
latter studies used as control groups normal
subjects. In these subjects, the risk of develo-
ping cancer was probably neither increased,
nor decreased (with perhaps the only exception
being that some groups were formed by smo-
kers) and
it was therefore unlikely that clinically rele-
v a n t
information would be discovered. Instead, the
approach should be to study subjects with a
markedly reduced familial or individual risk of
developing cancer.
Families with a very low or ideally null incidence
of cancer over several generations, perhaps des-
pite crossing with high risk families, could be said
to have a reduced familiar risk. Subjects that do
not develop cancer despite important exposure to
well-known extrinsic risk factors (such as heavy
exposure to radiation) or intrinsic ones (such as a
potential subject with familiar adenomatous poly-
posis developing cancer significantly later than
would be expected or not developing it at all)
would have a reduced individual risk. A different,
yet perhaps valid approach, could be to study sub-
jects who are unexplained long-term survivors of
neoplasms which are supposed to be incurable, such
as advanced non-small cell lung cancer. Combina-
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tions of these strategies or different ones could al-
so be pursued, realizing that the chance of yielding
positive results will be directly related to the dis-
crepancy between the risk of developing cancer
and the actual phenotype. If such families or indi-
viduals are found, it would be naive to attribute
their particular phenotype to chance, at least un-
til other causes have been ruled out.
In summary, while cancer research is mainly fo-
cused on the investigation of cancer itself (th-
rough the study of neoplastic cells, or of indivi-
duals with cancer or with an increased risk of
developing the disease) another valid strategy
could be to try to identify subjects with a lower
than expected incidence of cancer which could be
attributed to intrinsic factors, and to study the
causes of this decreased incidence. This stra- tegy
could provide a useful interpretation of the infor-
mation that the sequencing of the human genome is
yielding, and could help to increase our current
knowledge of cancer and to discover new thera-
peutic strategies against this disease. Even though
this strategy can be as difficult to perform as
finding a needle in a haystack, such task is not
impossible, if an adequate methodology is used,
and as long as the needle is really there.
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