
Perspective: Prostate Cancer Susceptibility Genes
Summary

In many developed countries, prostate cancer is the most
frequently diagnosed malignancy in men. The extent to
which the marked racial/ethnic difference in its incidence
rate is attributable to screening methods, environmental, hor-
monal, and/or genetic factors remains unknown. A positive
family history is among the strongest epidemiological risk
factors for prostate cancer. It is now well recognized that
association of candidate genetic markers to this multifacto-
rial malignancy is more difficult than the identification of
susceptibility genes for some common cancers such as breast,
ovary, and colon cancer. Several reasons may explain such a
difficulty: 1) prostate cancer is diagnosed at a late age, thus
often making it impossible to obtain DNA samples from
living affected men for more than one generation; 2) the
presence within high-risk pedigrees of phenocopies, associ-
ated with the lack of distinguishing features between hered-
itary and sporadic forms; and 3) the genetic heterogeneity of
this complex disease along with the accompanying difficulty
of developing appropriate statistical transmission models
taking into account simultaneously multiple susceptibility
genes, frequently showing moderate or low penetrance. De-
spite the localization of seven susceptibility loci, there has
been limited confirmatory evidence of linkage for currently
known candidate genes. Nonetheless, the discovery of the
first prostate cancer susceptibility gene characterized by po-
sitional cloning, ELAC2 was achieved taking advantage of
the Utah Family Resource. Moreover, common missense mu-
tations in the ELAC2 gene were found to be significantly
associated with an increased risk of diagnosis of prostate
cancer in some studies. More recently, recombination map-
ping and candidate gene analysis were used to map several
genes, including the 2�-5�-oligoadenylate-dependent ribonu-
clease L (RNASEL) gene, to the critical region of HPC1. Two
deleterious mutations in RNASEL segregate independently
with the disease in two of the eight HPC1-linked families.
Additional studies using larger cohorts are needed to fully
evaluate the role of these two susceptibility genes in prostate
cancer risk. Although a number of rare highly penetrant loci
contribute to the Mendelian inheritance of prostate cancer,
some of the familial risks may be due to shared environment
and more specifically to common low-penetrance genetic
variants. In this regard, it is not surprising that analyses of
genes encoding key proteins involved in androgen biosyn-
thesis and action, led to the observation of a significant as-
sociation between a susceptibility to prostate cancer and
common genetic variants, such as those found in 5�-reduc-
tase type 2 and AR genes.

Introduction

Prostate cancer is the most frequently diagnosed noncu-
taneous malignancy among men in industrialized countries.
In the United States, one in eight men will develop prostate
cancer during his life. The incidence of prostate cancer varies
markedly throughout the world, with United States, Canada,
Sweden, Australia, and France having the highest rates
(ranging from 48.1 to 137.0 cases per 100,000 person-years as
estimated between the 1988–1992 period), whereas most Eu-
ropean countries have intermediate rates (23.9 to 31.0 cases
per 100,000 person-years). The lowest prevalence is observed
in Asian populations (2.3 to 9.8 cases per 100,000 person-
years) (1). The extent to which this racial/ethnic difference is
attributable to screening methods, environmental, hormonal
and/or genetic factors is unknown. Although early detection
using prostate-specific antigen and improved treatment have
emerged as the most critical strategies to decrease prostate-
cancer mortality (2), the potential of early detection through
genetic indicators is also particularly relevant. Nevertheless,
scientists involved in cancer genomics acknowledge that ob-
vious heterogeneity exits, making the association of candidate
genetic markers to this multifactorial malignancy more difficult
than the identification of susceptibility genes for some common
cancers such as breast, ovary, and colon cancer.

A positive family history is among the strongest epide-
miological risk factors for prostate cancer. Familial clustering
of prostate cancer was first reported by Morganti et al. (3).
Thereafter, various case-control and cohort studies have in-
vestigated the role of family history as a risk factor for pros-
tate cancer (see for recent reviews Refs. 4–7). Much evidence
comes from the study of pedigrees having a large number of
cases, as those observed in the Utah population (8, 9). The
relative risk of prostate cancer increases markedly when the
age of the index case decreases or when the number of af-
fected individuals in a cluster increases, which is evidence
that this increased risk has a genetic component. For exam-
ple, the brother of a proband diagnosed at age 50 has a
1.9-fold relative risk of developing prostate cancer compared
with the brother of a case diagnosed at age 70 (10). Moreover,
having one, two, or three affected first-degree relatives in-
creases the relative risk by 2.2-, 4.9-, and 10.9-fold, respec-
tively (11). It should be noted that family studies offer the
opportunity to estimate risks of siblings and parent-offspring
pairs but cannot distinguish between genetic and nongenetic
causes of familial aggregations of cancer. In contrast, com-
parisons of the concordance of cancer between monozygotic
and dizygotic pairs of twins provide valuable information on
whether the familial clustering is due to hereditary or envi-
ronmental influences. Thus, the importance of inherited pre-
disposition to prostate cancer is also supported by the find-
ing that monozygotic twins have a 4-fold increased
concordance rate of prostate cancer compared with dizygotic
twins (10). In support of this latter observation, it has recently

Abbreviations: DHT, Dihydrotestosterone; HPC, hereditary prostate
cancer; HSD, hydroxysteroid dehydrogenase; NMM, no evidence of
male-to-male; RNAse, ribonuclease; RNASEL, RNAse L gene.
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