
Abstract. – Genetic factors and their inter-
actions with environmental conditions and inter-
nal microenvironment influence the prostate
cancer (PC) development, so that gene expres-
sion couldn’t strictly occur on the basis of re-
ductionist determinisms of DNA causality but
should also conform to multifactorial and sto-
chastic events, moreover, considering the pre-
RNA alternative splicing-mediated multi-protein
assemblying mechanisms. Nevertheless, after
age and ethnic background, the strongest epi-
demiological risk factor for PC is a positive fami-
ly history. However, apart from RNaseL-, ElaC2-,
MSR1-genes, there are not other identified high-
risk genetic variants which might be considered
responsible for hereditary PC, moreover sug-
gesting that familial PC is a genetically hetero-
geneous disease, many gene loci rather than a
specific major susceptibility gene predisposing
to it. Gene-environment interactions play a cru-
cial role in cancer development especially when
low penetrance genes, such as in case of genet-
ic polymorphisms, are the major players. Several
epidemiological studies show, in some families,
a possible, either syncronous or metachronous,
association of other tumors (breast, brain, gas-
trointestinal tumors, lymphomas) with PC, thus
suggesting a common genetic background. As
far as the role of androgen metabolism and an-
drogen receptor (AR)-related genes in the devel-
opment of familial PC is concerned, a small
number of either guanine-guanine-cytosine (<16)
or cytosine-adenine-guanine (<18) repeats ap-
pears to increase the AR activity, resulting in a
raising PC risk. Regarding the expression of
both androgen and estrogen receptor-related
genes in sporadic and hereditary PC, the im-
munohistochemistry findings show that the per-
centage of AR-positive cancer cells is higher in
hereditary PC than in sporadic forms, whereas
the mean number of estrogen-α-receptor-posi-
tive stromal cells is higher in sporadic PC rather
than in that hereditary. As for 5-α-steroid-reduc-
tase-2 gene, the dinucleotide thymine-adenine
repeated 18 times on the last exon, confers an
increased PC predisposition, as it is mainly
shown in African-American populations. Also
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VDR gene, that is a component of ligand
(steroid)-dependent nuclear transcription factor
superfamily, shows various polymorphisms
which appear to be associated with PC risk. Ex-
cept an earlier age of onset, no anatomo-clinical
and tumor progression peculiarities between
hereditary and sporadic PC have been generally
identified. Indeed, tumor progression and metas-
tasis, both in hereditary and sporadic PC, are
mainly influenced by a variety of biochemical
and immune-mediated tumor microenvironmen-
tal conditions rather than by the hereditary ge-
netic factors, thus gene expression associated
with invasive ability representing a newly ac-
quired genetic variant rather than a selection of
pre-existent gene abnormalities in PC cells. It’s
questionable whether genetic testing of unaf-
fected men of hereditary PC families might be
actually useful. Nevertheless a suitable coun-
selling must be proposed. Family history and/or
gene profiling-guided preventive strategies for
men at high risk of familial PC, range from di-
etary to drug measures. Cancer chemopreven-
tive approaches may include 5-α-reductase in-
hibitors, histone deacetylase inhibitors, antioxi-
dans, non-steroidal anti-inflammatory drugs,
cholesterol-lowering statins, vitamin D ana-
logues.
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Introduction

In the developed Western countries, prostate
carcinoma (PC) is the most frequently diagnosed
malignancy in men and the third most common
cause of cancer-related mortality in North Amer-
ica1. Its incidence and mortality vary consider-
ably among different ethnic groups, with high
prevalence in African-American men1,2.
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predispose to it, likely interacting not only reci-
procally but also with environmental conditions,
that, however, affect more strongly the sporadic
PC initiation4,9.

Hereditary transmission may be autosomal
dominant – through the mother or the father –
and even X-linked – through the mother to her
sons who will not transmit the susceptibility to
their own sons –, and by the last way the disease
jumping regularly one generation with subse-
quent its under-estimation. Autosomal dominant
high-penetrant gene-related transmission is usu-
ally associated with disease onset at younger age
while that recessive chromosome X-linked is
characterized by late-onset disease4,8-10.

The first chromosome locus associated with
hereditary PC was 1q24-25 and its putative gene
was named HPC1 (hereditary prostate carcinoma
1), which, in turn, was identified with RNaseL
gene (Table IA), involved in interferon-activated
apoptosis for virus-infected cells. Indeed, recent
studies show that RNaseL gene mutations are re-
sponsible for PC particularly in men with γ-retro-
virus-mediated prostate infections, among which
especially the xenotropic murine leukemia virus-
related γ-retrovirus (XMRV). Actually, forty per-
cent of hereditary PC patients homozigous for a
mutation in RNaseL are positive for XMRV
whereas this virus is rarely detected in sporadic
PC specimens, such finding meaning as a true
breakthrough in the pathogenesis of PC. Poly-
morphic variants within RNaseL gene are associ-
ated with raised risk of hereditary PC4,8,10-12.

Other strong candidate susceptibility genes
are ElaC2/HPC2 (locus 17p11.2) and MSR1
(macrophage scavenger receptor 1) (Table IA).
Also a mutation in a gene on 8q24 locus should
appear to increase the risk of PC by 60%, but it
is more relevant to pathogenesis of familial and
sporadic PC. An indeterminate number of weak
candidate susceptibility loci have been suggest-
ed to be involved in hereditary PC (Table IB).
However, PC high risk alleles, that are able to
drive a lifetime penetrance of at least 66%, have
a frequency unlikely above 2-3% of the cases,
whereas PC low risk alleles may have a more
frequent impact on sporadic PC. With regard to
PC susceptibility locus 1q42.2-43 (PCAP,
prostate cancer predisposing), the prostate carci-
noma tumor antigen-1 (PCTA-1), that is located
within such chromosomal region, is not a PC
high risk gene while it could make one’s low
risk contribution to sporadic PC, but it must be
throughly explored5,8,9,13.

Prostate carcinoma is a multifactorial disease
whose etiology ranges from genetic factors to
environmental conditions and internal microen-
vironment (“milieu intérieur”)3. Nevertheless,
after age and ethnic background, the strongest
epidemiological risk factor for PC is a positive
family history, several aggregation analyses and
linkage investigations showing that, on the one
hand, some alleles, with high penetrance, may
confer a dominant inheritance susceptibility to
PC with rise in cases of the disease within indi-
vidual families (hereditary PC), and, on the oth-
er hand, many polymorphisms, with low pene-
trance, may influence, by integrating environ-
mental conditions, the frequency of both familial
and sporadic disease2,4-6. In this regard, a distinc-
tion must be made between hereditary and fa-
milial forms, considering that hereditary trans-
mission, compatible with Mendelian inheritance
criteria, is demonstrated only in 5% of the cases
with PC family history whereas familial PC ac-
counts about 13-25% of cases. Indeed, families
with hereditary PC may be identified by having
three or more affected first-degree relatives (fa-
ther, son, brother) within the nuclear family or,
differently, a frequency of PC in three successive
generations, or, at least, two affected relatives
before the age of 55 years4,6,7, given that genetic
susceptibility is proportionally more shown in
young patients rather than in old. Familial aggre-
gation of PC which don’t fulfill such criteria are
defined as familial forms, that, more properly,
are characterized by at least two affected first-
degree relatives. Anyway, the risk of PC is about
two-fold in the first-degree relatives of diseased
men, it increasing proportionally to number of
diseased relatives and their decrease in age at the
diagnosis, so that the risk of developing a PC is
assessed 8.5 for men with both first- and second-
degree affected relatives4,6,8.

Hereditary Form

The definition of hereditary PC is mainly
based on the family history (pedigree). Despite
a strong support for a significant role of inherit-
ed genetic variants in PC etiopathogenesis,
however few indisputable high-risk genetic ab-
normalities have been shown in cases fulfilling
the hereditary PC epidemiological criteria, thus
suggesting that even the hereditary PC could be
a genetically heterogeneous disease. Many gene
loci rather than any major susceptibility gene
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Table I. Genes involved in hereditary PC.

Gene Locus Encoding function Encoded protein

A) Strong candidate susceptibility genes involved in hereditary prostate cancer

• RNase L 1q24-25 Encodes RNaseL – RNaseL, endoribonuclease located
(Ribonuclease L) HPC1 in cytoplasm and mithocondria.

– Interferon-activated, it plays an
antiviral and proapoptotic role

• ElaC2 17p11.2 Encodes a zinc – Zinc phosphodiesterase, located
HPC2 phosphodiesterase in the nucleus.

(ElaC protein 2) – Displays tRNA 3’-processing
endonuclease activity (removal of a 
3’ trailer from precursor tRNA), 
thus inducing tRNA maturation

• MSR1 (macrophage 8p22-23 Encodes membrane – Glycoprotein membrane, macrophage
scavenger receptor) PG1 glycoproteins scavenger receptor type-I and -II

– Involved in the arterial wall
deposition of cholesterol during 
atherogenesis and in endocytosis of 
low density lipoproteins

B) Weak candidate susceptibility genes (low risk alleles)

1p35-36 (CAPB), 1q42-43 (PCAP), 16q23, 17q22, 20q13 (HPC 20), Xq27-28 (HPCX)
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PC risk, providing evidence that SNPS play a sig-
nificant role in such PC form. Particularly, 8q24
chromosomal band, where maps c-MYC gene
regulating cell proliferation and apoptosis, is
commonly gained in PC. Variability at 8q24, es-
pecially at rs6983267, is associated with high
risk of aggressiveness potential patterns at diag-
nosis, besides the familial status, but not with a
family history of mammary cancer or other ma-
lignancies16,17.

As well as 8q24, seven novel PC predisposi-
tion loci – genetic variants on chromosomes 3, 6,
7, 10, 11, 19 and X – have been just confirmed
by an international genome-wide association
study (Practical consortium) since explaining 16
percent of the PC familial risk18.

Further genome-wide analyses lead to the
identification of other potential candidate chro-
mosomal loci, such as 22q12.1 (CHEK2 gene)
and 12p13.1 (CDKN1B gene), thus confirming
the genetic heterogeneity of the susceptibility to
PC in its different ethno-geographic-dependent
familial forms. Particularly, the CHEK2 gene
significance consists in enconding for cell-cycle-
checkpoint kinase 2, a mediator of either DNA
repair- or apoptosis-mediated cell response to
DNA damage4,17.

Even germline sequence variants of LZTS1
suppressor gene (8p22-23) may be associated
with PC familial risk19.

Although hMMR (human mis-match repair)
gene alterations should predispose to urogenital
and gastrointestinal inherited cancer in the field
of a malignancy susceptibility syndrome named
Lynch syndrome or hereditary non-poliposis col-
orectal carcinoma (HNPCC), specific inherited
susceptibility to PC does not exist in such syn-
drome, whereas hMMR gene changes (inactivat-
ing mutations of hMLH1 and LMSH2) often oc-
cur in sporadic PC14.

Apart from younger age at diagnosis – the on-
set of hereditary PC is on average six years earli-
er than sporadic form – there are not other phe-
notype characteristics that might be associated
with hereditary cases, the clinical course being
otherwise no different in comparison with spo-
radic forms4,5,15.

Familial Form

The familial PC reflects, much more than
hereditary form, the confluence of genetic pre-
disposition with environmental risk factors (diet,
pollution, smoking behaviour, ionizing and non-
ionizing radiations, etc) in the field of stochastic
events.

Single nucleotide polymorphisms (SMPS)
within three adiacent regions at 8q24 have been
recently identified to be connected with familial
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Familial Clustering of Prostate Cancer
Associated with Other Tumors

Several epidemiological analyses show, in
some families, a possible, either synchronous or
metachronous, association of different tumors –
breast, brain, gastrointestinal tumors, lymphomas
– with prostate carcinoma, thus suggesting a
common genetic background that can cause a PC
risk rise in men with first- or second-degree rela-
tives suffering from other malignancies. In fami-
lies with PC, diagnosed before the age of 55
years, and breast carcinoma, changes of BRCA2
gene (breast carcinoma 2 gene, locus 13q12-13)
have been identified, particularly at exon 11 lev-
el, which coincides with region involved in the
risk of association with ovarian carcinoma. The
PC risk increases 1.4 times if a man is first- or
second-degree relative from a woman with a
breast carcinoma4-6.

A possible association of PC with brain tu-
mors is borne out by the localization, at locus
1p36, of a CAPB (prostate and brain cancer)
common susceptibility gene.

A significant rise in gastric carcinoma risk has
been shown in pedigree from PC patients with di-
agnosis of the disease before the age of 55 years;
nevertheless, in such patients, no association is
found between PC and germline mutations of E-
cadherin gene, wich predisposes to particular
forms of familial gastric carcinoma4,20.

Some PC families have a co-occurrence of
pancreas adenocarcinoma, three chromosomal
regions – 2q, 16q, 17q – harboring common po-
tential susceptibility genes21.

Role of Adrogen Metabolism and
Androgen Receptor-Related Genes 
in the Development of 
Familial Prostate Carcinoma

In the prostate tissue, testosterone (T) is me-
tabolized, by the 5-α-steroid-reductase-2 (srd5α-
2), into dihydrotestosterone (DHT), that is 2.5
times more active than T on the nuclear mem-
brane androgen receptors (AR). As far as srd5α-
2 gene (locus 2p22-23) polymorphisms are con-
cerned, the dinucleotide thymine-adenine (TA)
repeated 18 times on the last exon (TA18 alleles),
confers an increased PC predisposition, as it is
found in the African-American populations. A
variant of exon 1 – valine (val) to leucine (leu)
replacement at codon 89 – confers to val-val ho-
mozygous individuals, mainly represented in
African-American populations, an increased PC
susceptibility risk, whereas the genotype leu-leu,

that is more frequent in Asian populations, ap-
pears to have protective effects4,22,23.

The androgen activity is primarly mediated
through nuclear membrane AR that also acts as a
ligand-activated transcription-factor, inducing the
expression of target genes which control both
proliferation and differentiation of prostate cells.
Indeed, upon androgen binding, the AR dimer-
izes and translocates into the nucleus, where it
binds specific DNA sequences of target genes, to
initiate the transcription24. The transcriptional do-
main of AR protein-N-terminal region is encoded
by AR gene exon 1 that contains certain GGC
(guanine-guanine-cytosine) and CAG (cytosine-
adenine-guanine) repeats. A small number of ei-
ther GGC (<16) or CAG (<18) repeats (shorter
repeats) appears to increase the AR activity, re-
sulting in a raising PC risk4,25.

The implication of chromosome Y in PC is
well shown, considering that the loss of chromo-
somal Y segment is the most common chromo-
some alteration which might be identified in PC
tissue. As far as chromosome Y-specific gene
changes are concerned, SRY – sex-related gene
on chromosome Y – is down-regulated in PC and,
because SRY-gene acts as negative regulator of
ARS, the loss of chromosome Y results in in-
crease in PC growth. Nevertheless, the findings
of recent studies are against the role of Y chro-
mosome in the initiation or outcome of PC26.

By analysing the expression of both androgen
and estrogen receptor-related genes in sporadic
and hereditary PC, the immunohistochemistry
findings show that the percentage of AR-positive
cancer cells is higher in hereditary PC than in
sporadic form, whereas the mean number of es-
trogen-α-receptor-positive stromal cells is higher
in sporadic versus hereditary PC, thus suggesting
that a typical pattern of steroid hormone recep-
tors is associated with hereditary susceptibility to
PC. Otherwise, the role of estrogens during the
prostate tumorigenesis is still unclear4,9.

Sporadic Form

Although multiple genes might influence spo-
radic PC risk, most current attemps to identify
the related gene-variants are based on single-
gene approaches.

Three single nucleotide polymorphisms (SNPS)
at 8q24 and two at 17 q (17 q12, 17q24.3) have
been associated with sporadic PC. Nevertheless, a
cumulative association of these five SNPS plus
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family history is part of familial PC. Each SNP
indipendently can increase PC risk 1.1 to 1.65, so
men with four or five of these SNPS are exposed
to a PC risk 4÷5 times higher than subjects with-
out them27. If a positive family history is added,
as a sixth high risk factor, to such SNPS, the risk
ratio for PC increases about 10 times, however
this last dramatic condition involving only 1.4%
of the cases27-29.

Among the SNPS contributing to sporadic PC,
particularly vitamin D receptor (VDR) gene poly-
morphisms appear to play a significant role in its
development30. VDR gene (locus 12q12), that is a
component of ligand (steroid)-dependent nuclear
transcription factors superfamily, shows various
polymorphisms which appear to be associated
with PC risk. In prostate cells, 1,25-(OH)2 vita-
min D binds to nuclear VDR, thus forming a
complex that, on the one hand, regulates the tran-
scription of several genes involved in cell differ-
entiation and growth, particularly by promoting
the expression of IGFBP-3 (insulin-growth factor
binding protein-3) that inhibits proteins involved
as a risk factors for PC and, on the other hand,
modulates the androgen metabolizing genes. Nev-
ertheless, some metaanalyses on the most studied
VDR-SNPS have shown that such variants unlike-
ly can bring about the susceptibility to PC, at
most impacting on the cancer progression and on
the risk of recurrence4,31,32.

Even an adenine to guanine substitution
(rs925013) in the promoter of PSA (prostate spe-
cific antigen) gene has been found to be associat-
ed with sporadic PC risk33.

About the polymorphisms concerning genes
involved in carcinogens metabolism, the ho-
mozygous genotypes for null-allele of glu-
tathion-S-transferase-theta 1 (GSTT1) gene, lo-
cus 22q11.23, by causing a decrease in detoxica-
tion of arylamines and aromatic hydrocarbons,
can influence the risk of PC development as well
as an higher expression of the NAT-2, N-acetyl-
transferase-2 gene, locus 8p22, NAT-2 enzyme
activity inducing a slow acetylation of ni-
trosamines and aromatic amines in comparison
with NAT-1 gene, that, instead, characterizes the
rapid acetylator phenotype4,34.

HPC2/ElaC2 gene, besides to be recognized as
hereditary PC susceptibility gene, may present
some polymorphisms that are associated with
sporadic PC. PC risk-related gene polymor-
phisms are much more common in the popula-
tion rather than it might be high-penetrance can-
cer susceptibility gene; particularly, threonine

(thr) allele at level 541 in HPC2/ElaC2 plays a
significant role in the sporadic PC predisposition
in Japanese populations35.

Gene activity profiling studies show that gene
expression differs between the peripheral zone
(PZ) and transitional zone (TZ), thus influencing
the growth and differentiation of prostate tissue.
PZ genes, such as GDF 15 (growth differentia-
tion factor 15), strongly influenced by p53, and
TARP (T-cell receptor gamma chain alternate
reading frame protein) result overexpressed in
PC, while TZ genes, such as Wnt, Wingless-type,
and forkhead family-related genes (FOXF1,
FOXF2), the last with antimitotic/proapoptotic
properties, are highly expressed in benign prosta-
tic hyperplasia36.

Pathological Outcomes and
Clinical Features of Hereditary/Familial
Prostate Cancer

There are conflicting points of view regarding
whether hereditary PC might have different
pathological outcomes and clinical features in
comparison with sporadic form, but considering
various key-data – PSA at diagnosis, biopsy
findings, biochemical progression, age at
surgery, free survival rates – the difference is not
statistically significant37. Actually, except an ear-
lier age of onset (on average, 5 to 8 years sooner
for the hereditary forms), no anatomo-clinical
and cancer progression peculiarities between
hereditary and sporadic PC are usually identi-
fied, even the prognosis and post-operative clini-
cal features resulting entirely similar in both
forms. Only a study focused on HPC 1 locus
(1q24-25, RNaseL gene)-related hereditary form
shows a prevalence of less differentiated and ad-
vanced tumors with bad prognosis compared to
sporadic forms4,38. Recent research indicates that
men with a PC affected relative have well differ-
entiated PC in comparison with subjects without
affected relatives but that appears to be caused
by earlier and more pursuing screening in men
with family history, hence a detection of PC in
early stage and, consequently, with more favor-
able characteristics39,40. Even the clinicopatholog-
ical features and long-term oncological outcomes
are equivalent after radical prostatectomy in both
hereditary and sporadic PC patients41.

Apart from the genetic abnormality-related ini-
tiation phase (carcinogenesis), also in hereditary
PC, as well as in sporadic form, tumor progression
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and metastasis are mainly influenced by a variety
of biochemo-physical and immune-mediated tu-
mor microenvironmental conditions rather than by
the hereditary genetic factors, thus turning-out to
be similar in both forms. Various growth factors
and cytokines, that are produced and secreted by
microenvironmental stromal cells, are able to pro-
mote some genetic impairments that induce non-
invasive prostate cancer cells to acquire an aggres-
sive phenotype, thus gene expression associated
with prostate cancer invasive ability representing a
newly acquired genetic variant (particularly, mu-
tant-p53 and defective p63) due to interactions be-
tween tumor cells and surrounding microenviron-
ment rather than a selection of pre-existent gene
alterations in PC cells.

An increased expression of FOXP3 transcrip-
tion factor in both the tumor infiltranting Tregs
(immune suppressive T regulatory cells) and tu-
mor cells themselves has been recently found in
different invasive-metastatic malignancies.
Therefore metastatic PC is molecularly, in some
ways, distinct from the primary tumor as well as
progression from hormone-sensitive to hormone-
indipendent PC growth involves some additional
genetic and epigenetic alterations. Otherwise,
during tumor progression, prostate cancer cells
may regain pluripotent stem cell-like behavior
through a dedifferentiation process or may them-
selves be malignant stem cell clones, anyway they
needing sustaining influences from the micromi-
lieu to display their stem-ability patterns42-44. An
exciting field of research, regarding a long-term
success of cancer treatment strategy, includes
some current trials of cancer stem cell eradicat-
ing therapy.

However, some chromosome 8q24 regions, be-
sides their recent identified association with fa-
milial PC risk, play also an important role in in-
fluencing PC advanced disease. In fact, the fre-
quency of overexpression of the 8q24 locus, in
fluorescence in situ hybridization analyses, raises
from PIN, prostatic intraepithelial neoplasia, to
PC aggressive phase45. The translocation of ETS
(E26 transcription specific) factor (ERG/ETV1)
to TMPRS-2 (transmembrane protease serine-2,
locus 21q22), androgen-responsive promoter re-
gion – thus constituting the TMPRS-2/ERG ge-
netic rearrangement with androgen-dysregulated
expression of ERG – appears to represent a PC
progression genetic alteration rather than a car-
cinogenesis initiation event46.

Even transcript level of miRNA (microinter-
fering RNA) targets becomes lower in adrogen-

refractory PC than in adrogen-dependent PC,
miRNA-gene abnormalities, such as deletion and
downregulation of microgenes miR15 and miR16
(locus 13q14), affecting the post-transcriptional
machinery of “gene silencing” (post-transcrip-
tional gene knock-out) with following increase in
oncogene expression47-49.

Because no anatomo-clinical differences are
actually identified between hereditary and spo-
radic PC, it follows that the management of in-
herited forms must conform to current guidelines
for PC2,4,5,15,50.

Concluding Remarks

Genetic factors and their interactions with en-
vironmental conditions (occupational, carcinogen
pollution, ionizing and non-ionizing radiations,
infections, diet, lifestyle) and internal microenvi-
ronment (Claude Bernard’s concept of “milieu
intérieur“), influence the PC etiopathogenesis, so
the gene expression couldn’t strictly occur on the
basis of reductionist determinisms of DNA
causality but should also conform to multifactori-
al and stochastic events (DNA stochastic exten-
sion), moreover considering the intriguing role of
pre-mRNA alternative splicing to produce a vari-
ety of proteins from the same gene’s expression
as adaptive response to several chemical and
physical stressing agents3,51,52. Particularly, gene-
environment interactions play a crucial role in
cancer development especially where low-pene-
trance genes, such as some genetic polymor-
phisms, are the mayor players53. The consider-
able difference in frequency of PC between men
in western developed countries and Asian popu-
lations has been attributed to remarkable differ-
ences in lifestyle. So, the western type diet rich
in saturated fatty acids rather than in vegetables,
has been considered to play a potentially signifi-
cant role in the incidence of PC in migration
studies, many Asian ethnic group that are trans-
migrated in developed western countries leaving
behind their traditional lifestyle to adopt the
western style2,4,5.

Whereas the aggregation of PC in some fami-
lies suggests the involvement of susceptibility
genes (monogenic inheritance in hereditary PC),
in both familial and sporadic forms, instead, the
genetic factors should be polygenic, chiefly poly-
morphism-dependent4,54. Apart from RNaseL-,
ElaC2-, MSR 1 genes, there are no other identi-
fied high-risk genetic changes which indis-
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putably might be responsible for hereditary PC
(table 1A), epidemiological analyses indicating
that highly penetrant susceptibility genes cause
about 5-8% of all cases of PC and up to 40% of
PC early-onset15,34,55.

In the clinical field, a thorough family hystory is
the most important tool of analysis to assess the
hereditary familial risk of PC. A family history is
particularly useful when managing men with PSA
level range of 1.5-10 ng/mL56. Family history must
concern how many and which male relatives have
been affected by PC and at what age and stage the
disease has been identified as well as how many
relatives have suffered from other tumors (espe-
cially, from breast, ovary, brain neoplasias and, less
significantly, from Lynch syndrome yet regarding
NSM2 gene only)5,14,57.

For men at high risk of hereditary PC, PSA-,
EPCA (early prostate cancer antigen)-, PCA3
(prostate cancer antigen 3/DD3 gene)-testing
should be considered 5 years before the earliest
age at diagnosis in relatives or, at least, one
decade before the age at that a metastatic PC has
appeared in the family or, anyway, no later than
at age 50 years or, as suggested from American
Cancer Society, at the age of 40 years or earlier,
with subsequent proper check timing (Table II).
Sarcosine (N-methyl derivative of the aminoacid
glycine) plays a critical role for PC invasive pro-
gression and disease aggressiveness, certainly not
for early detection of PC5,8,58-63.

It’s questionable whether genetic testing of un-
affected members of hereditary PC families
might be actually useful, just considering the
wide genetic heterogeneousness of hereditary PC
without as yet any indisputable high-risk allele.
Nevertheless towards unaffected first- and sec-
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ond-degree male relatives, a suitable counselling
must be proposed5,15.

Family history- and/or gene profiling-guided
preventive strategies for men at high-risk of fa-
milial PC range from dietary to drug measures
(Table III). Cancer chemopreventive approaches,
particularly at epigenetic level, could be by now
available. Histone deacetylase (HDAC) inhibitors
are able to induce an increased histone acetyla-
tion and Sp3 transcription factor that binds to the
promoter region of P21WAF1 gene, thus result-
ing in elevated p21 protein expression with cell
cycle regulating modulation. Dietary con-
stituents, such as isothiocyanates (e.g., sul-
foraphane, found in broccoli sprouts/ cruciferous
vegetables) and allyl-organosulfur compounds,
present in garlic, are metabolized to mercaptan
derivatives acting as HDAC inhibitors in prostate
tissue as well as in other organs64,65.

As far as preventive treatment with finasteride
is concerned, a decrease in PC incidence, by ap-

Table II. PSA check timing for men at high risk of heredi-
tary prostate cancer.

PSA range Check timing

• <1 ng/mL – Biennal as long as PSA 
levels remain below

• 1-2 ng/mL – Annual and, in addition,
digital rectal exploration

• >2 ng/mL – Quickly sequential checking
together with testing
PSA-density, – velocity
and – free/total ratio. In
problematic cases, prompt
resort to PCA3 testing and,
if need be, to the biopsy

• Steroid hormone – 5-α-reductase inhibitors (finasteride, dutasteride)
– Phyto-estrogens (soy products)

• Oxidative DNA damage – Antioxidants: thiocyanates, isoflavonoids, polyphenoles, lycopene,  
(ROS, reactive oxygen species) – Trace-elements (selenium, zinc), vitamin E

– Nutraceutics from curcuma, papaya, pineapple, soy, tomato
• Cell proliferation/apoptosis – Nonsteroidal anti-inflammatory drugs (acetylsalicyl acid, COX2 inhibitors)

– Colesterol-lowering statins
– Vitamin D analogues

• Epigene – Histone-deacetylase inhibitors (vorinostat)
– DNA-methyltransferase inhibitors, against hypermetilation of tumor 

suppressor genes (azacitidine, decitabine)
• Gene – Looking to the future, corrective replacement of tumor suppressor genes

(in gametes ex vivo) and/or post-transcriptional oncogene silencing by
miRNAS

Table III. Candidate targets for preventive measures for men at high-risk of hereditary prostate cancer.
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proximately 25%, among treated men, has been
shown, however without reduction of the risk for
high-grade carcinoma. Moreover, it has been sup-
posed that 5-α-reductase inhibitors might sup-
press hormone-dependent cancer cells whereas
poorly differentiated hormone-refractory cell
clones may develop, although at low PSA levels,
after a longer trial than 7 years that such research
was running5,66. Nevertheless, more recent updates
of PCPT, Prostate Cancer Prevention Trial, ap-
pear to suggest a reduction of the risk of clinically
significant PC even including high-grade tumors,
together with proposing the hypothesis that 5-α-
reductase inhibitors might improve detection of
high-grade PC, due to decreased prostate volume,
with possible resorting to transrectal ultrasound-
elastography, a technique that allows to measure
the elastic properties of the prostate gland67,68. In-
terestingly, also from REDUCE (Reduction by
Dutasteride of prostate Cancer Events) trial are
emerging hopeful prospects for an effective dutas-
teride-induced PC prevention. Otherwise, no spe-
cific studies on protective effects of such com-
pounds towards men with family PC risk appear to
be so far available5,15. Several adverse effects of
long-term preventive use of these drugs, such as
decreased libido and ejaculatory dysfuction, must
be weighed up69.

Non-steroidal anti-inflammatory drugs (acetyl-
salicylic acid, COX2-inhibitors) and cholesterol-
lowering statins, such as simvastatin, inhibit
prostate epithelial cell growth, thus suggesting
their chemopreventive potential towards PC
high-risk70-73.

Looking to the future, oncopreventive ap-
proaches could straigth concern the hereditary
genetic abnormalities, either by corrective re-
placement of defective genes in gametes ex vivo
or by post-transcriptional gene expression inhi-
bition resorting to micro-interfering RNAS or,
even, by oncogene inactivation through anti-
sense oligonucleotides. On this subject, much
intriguing work is as of now under way in the
field of gene therapy for PC. In addition to the
large variety of gene delivery vehicles – either
viral or non-viral vectors such as liposomes,
polymers, nanoparticles – gene oncotherapy in-
cludes, on the one hand, some antiproliferative
strategies, rancing from both prodrug suicide-
and antisense-gene therapy to immunotherapeu-
tic gene technologies (delivery of genes encod-
ing for specific cytokines) and, on the other
hand, the corrective replacement of tumor sup-
pressive genes74.

References

1) JEMAL A, SIEGEL R, WARD E, HAO Y, XU J, THUN M.
Cancer Statistics, 2009. Ca Cancer J Clin 2009;
59: 225-249.

2) DAMLER J-E, AUS G. Prostate cancer. Lancet (Semi-
nar) 2008; 371: 1710-1721.

3) NOBLE D. Claude Bernard, the first system biolo-
gist, and the future of physiology. Exp Physiol
2008; 93: 16-26.

4) CANCEL-TASSIN G, CUSSENOT O. Prostate cancer ge-
netics. Minerva Urol Nephrol 2005; 57: 289-300.

5) BRATT O. What should a urologist know about
hereditary predisposition to prostate cancer? BJU
Internat 2006; 99: 743-748.

6) WAKEFIELD CE, MEISER B, GAFF CL, BARRATT A, PATEL I,
SUSTERS G, LOBB EA, RAMSAY J, MANN GJ. Issue
faced by unaffected men with a family history of
prostate cancer: a multidisciplinary overview. J
Urol 2008; 180: 38-46.

7) SIMARD J, DUMONT M, SOUCY P, LABRIE F. Perspective:
prostate cancer susceptibility genes. Endocrinolo-
gy 2002; 143: 2029-2040.

8) SCHLEUTKER J. Hereditary prostate cancer. Atlas
Genet Cytogenet Oncol Haematol, 2008.

9) FROMONT G, YACOUB M, VALERI A, MANGIN P, VALLACI-
EN G, CANCEL-TASSIN G, CUSSENOT O. Differential ex-
pression of genes related to androgen and estro-
gen metabolism in hereditary versus sporadic
prostate cancer. Cancer Epidemiol Biomarkers
Prev 2008; 17: 1505-1509.

10) FISHER N, HELLWINKEL O, SCHULZ C, CHUN FK, HULAND

H, AEPFELBACHER M, SCHLOMM T. Prevalence of hu-
man gammaretrovirus XMRV in sporadic prostate
cancer. J Clin Virol 2008; 43: 277-283.

11) KIM S, KIM N, DONG B, BOREN D, SEE SA, DAS GUPTA

J, GAUGHAN C, KLEIN EA, LEE C, SILVERMAN RH, CHOW

SA. Integration site preference of xenotropic
murine leukemia virus-related virus, a new human
retrovirus associated with prostate cancer. J Virol
2008; 82: 9964-9977.

12) AZZOUZI A-R. Editorial comment. On: Bratt O. What
should a urologist know about hereditary predis-
position to prostate cancer? BJU Internat 2006;
99: 743-748.

13) MAIER C, RÖSCH K, HERKOMMER K, BOCHUM S, CANCEL-
TASSIN G, CUSSENOT O, HÄUSSLER J, ASSUM G, VOGEL

W, PAISS T. A candidate gene approach within the
susceptibility region PCaP on 1q42.2-43 excludes
deleterious mutations of the PCTA-1 gene to be
responsible for hereditary prostate cancer. Eur
Urol 2002; 42: 301-307.

14) KRÜGER S, SILBER AS, ENGEL C, GÖRGENS H, MANGOLD E,
PAGENSTECHER C, HOLINSKI-FEDER E, VON KNEBEL DOE-
BERITZ M, MOESLEIN G, DIETMAIER W, STEMMLER S, FRIEDL

W, RÜSCHOFF J, SCHACKERT HK; GERMAN HEREDITARY

NON-POLYPOSIS COLORECTAL CANCER CONSORTIUM.

C. Alberti



“Arg462Gln sequence variation in the prostate-can-
cer-susceptibility gene RNaseL and age of onset of
hereditary non-polyposis colorectal cancer: a case-
control study”. Lancet Oncol 2005; 6: 566-572. 

15) BRATT O, DAMBER J-E, EMANUELSSON M, GRÖNBERG H.
Hereditary prostate cancer. Clinical characteris-
tics and survival. J Urol 2002; 167: 2423-2426.

16) SUN J, LANGE EM, ISAACS SD, LIU W, WILEY KE, LANGE

L, GRONBERG H, DUGGAN D, CARPTEN JD, WALSH PC,
XU J, CHANG BL, ISAACS WB, ZHENG SL. Chromo-
some 8q24 risk variants in hereditary and non-
hereditary prostate cancer patients. Prostate
2008; 68: 489-497.

17) CUSSENOT O, AZZOUZI A-R, BANTSIMBA-MALANDA G,
GAFFORY C, MANGIN PH, CORNIER L, FOURNIER G, VA-
LERI A, JOUFFE L, ROUPRET M, FROMONT G, SIBONY M,
COMPERAT E, CANCEL-TASSIN G. Effect of genetic vari-
ability within 8q24 on aggressiveness patterns at
diagnosis and familial status of prostate cancer.
Clin Cancer Res 2008; 14: 5635-5639.

18) KOTE-JARAI Z, EASTON DF, STANFORD JL, OSTRANDER

EA, SCHLEUTKER J, INGLES SA, SCHAID D, THIBODEAU S,
DÖRK T, NEAL D, COX A, MAIER C, VOGEL W, GUY M,
MUIR K, LOPHATANANON A, KEDDA MA, SPURDLE A, STE-
GINGA S, JOHN EM, GILES G, HOPPER J, CAPPUIS O,
HUTTER P, FOULKES WD, HAMEL N, SALINAS CA, KOOP-
MEINERS JS, KARYADI DM, JOHANNESON B, WAHLFORS T,
TAMMELA TL, STERN MC, CORRAL R, MCDONNELL SK,
SCHÜRMANN P, MEYER A, KUEFER R, LEONGAMORNLERT

DA, TYMRAKIEWICZ M, LIU JF, O’MARA T, GARDINER RA,
AITKEN J, JOSHI AD, SEVERI G, ENGLISH DR, SOUTHEY

M, EDWARDS SM, AL OLAMA AA; PRACTICAL CONSOR-
TIUM, EELES RA. Multiple novel prostate cancer pre-
disposition loci confirmed by an international
study: the PRACTICAL Consortium. Cancer Epi-
demiol Biomarkers Prev 2008; 17: 2052-2061.

19) HAWKINS GA, MYCHALECKYJ JC, ZHENG S, FAITH DA,
KELLY B, ISAAKS SD, WILEY KE, CHANG B-L, EWING CH

M, BUJNOVSZKY P, BLEECKER ER, WALSH PC, MEYERS

DA, ISAACS WB, XU J. Germline sequence variants
of the LZTS1 gene are associated with prostate
cancer risk. Cancer Genet Cytogenet 2002; 137:
1-7.

20) JONSSON BA, BERGH A, STATTIN P, EMMANUELSSON M,
GRONBERG H. Germline mutations in E-cadherin do
not explain association of hereditary prostate
cancer, gastric cancer and breast cancer. Int J
Cancer 2002; 98: 838-843.

21) PIERCE BL, FRIEDRICHSEN-KARYADI DM, MCINTOSH L,
DEUTSCH K, HOOD L, OSTRANDER EA, AUSTIN MA,
STANFORD JL. Genomic scan of twelve hereditary
prostate cancer families having an occurrence of
pancreas cancer. Prostate 2007; 67: 410-415.

22) BOSLAND MC. The role of steroid hormones in
prostate carcinogenesis. J Natl Cancer Inst
Monogr 2000; 15: 39-66.

23) NTAIS C, POLYCARPOU A, IOANNIDIS JP. SRD5α2 gene
polymorphisms and the risk of prostate cancer: a
metanalysis. Cancer Epidemiol Biomarkers Prev
2003; 12: 618-624.

24) BAGCHI G, WU J, FRENCH J, KIM J, MONIRI JK, DAAKA

Y. Androgens transduce the Gαs-mediated activa-
tion of protein-kinase A in prostate cells. Cancer
Res 2008; 68: 3225-3231.

25) ZEEGERS MP, KIEMENEY LA, NIEDER AM, OSTRER H. How
strong is the association between CAG and GGC
repeat lenght polymorphism in the androgen recep-
tor gene and prostate cancer risk? Cancer Epi-
demiol Biomarkers Prev 2004; 13: 1765-1761.

26) LINDSTRÖM S, ADANI H-O, ADOLFSSON J, WIKLUND F. Y
chromosome haplotypes and prostate cancer
Sweden. Clin Cancer Res 2008; 14: 6712-6716.

27) ZHENG SL, SUN J, SMITH W, STATTIN P, LI G, ADAMI O,
HSU FC, ZHU Y, BALTER K, KADER AK, TURNER AR, LIU

W, BLEEKER ER, MEYERS DA, DUGGAN D, CARPTEN JD,
CHANG BL, ISAACS WB, XU J, GRONBERG H. Cumula-
tive association of five genetic variants with
prostate cancer. J Urol 2008; 180: 168-175.

28) WALSH PC. Editorial comment. On: Zheng SL, et al.
(as above no. 27) J Urol 2008; 180: 168-175.

29) GELMANN EP. Complexities of prostate-cancer risk.
N Engl J Med 2008; 358: 961-962.

30) ONEN IH, EKMEKCI A, EROGLU M, KONAC E, YESIL S,
BIRI H. Association of genetic polymorphisms in vi-
tamin D receptor gene and susceptibility to spo-
radic prostate cancer. Exp Biol Med 2008; 233:
1608-1614.

31) NTAIS C, POLYCARPOU A, IOANNIDIS JP. Vitamin D re-
ceptor gene polymorphisms and risk of prostate
cancer: a meta-analysis. Cancer Epidemiol Bio-
markers Prev 2003; 12: 1395-1402.

32) WILLIAMS H, POWELL IJ, LAND SJ, SAKR WA, HUGHES

MR, PATEL NP, HEILBRUM LK, EVERSON RB. Vitamin D
receptor gene polymorphisms and disease. Free
survival after radical prostatectomy. Prostate
2004; 61: 267-275.

33) SEVERI G, HAYES VM, NEUFING P, PADILLA EJ, TILLEY

WD, EGGLETON SA, MORRIS HA, ENGLISH DR, SOUTHEY

MC, HOPPER JL, SUTHERLAND RL, BOYLE P, GILES GG.
Variants in the prostate-specific antigen (PSA)
gene and prostate cancer risk, survival and circu-
lating PSA. Cancer Epidemiol Biomarkers Prev
2006; 15: 1142-1147.

34) CUSSENOT O, VALERI A. Heterogeneity in genetic
susceptibility to prostate cancer. Eur J Intern Med
2001; 12: 11-16.

35) YOKOMIZO A, KOGA H, KINUKAWA N, TSUKAMOTO T, HI-
RAO Y, AKAZA H, MORI M, NAITO S. HPC2/ELAC2
polymorphisms associated with Japanese sporadic
prostate cancer. Prostate 2004; 61: 248-252.

36) VAN DER HEUL-NIEUWENHUIJSEN L, HENDRIKSEN PJM,
VAN DER KWAST TH, JENSTER G. Gene expression
profiling of the human prostate zones. BJU Inter-
nat 2006; 98: 886-897.

37) ROEHL KA, LOEB S, ANTENOR JA, CORBIN N, CATALONA

WJ. Characteristics of patients with familial versus
sporadic prostate cancer. J Urol 2006; 176: 2438-
2442.

39

Hereditary/familial versus sporadic prostate cancer



40

38) GOODE EL, STANFORD JL, PETERS MA, JANER M, GIBBS M,
KOLB S. Clinical characteristics of prostate cancer in
an analysis of linkage to four putative susceptibility
loci. Clin Cancer Res 2001; 7: 2739-2749.

39) KOTSIS SV, SPENCER SL, PEYSER PA, MONTIC JE, COONE

KA. Early onset prostate cancer: predictors of clin-
ical grade. J Urol 2002; 167: 1659-1663.

40) CATALONA WJ. Editorial comment. On: Kotsis SV, et
al. (as above no. 39) J Urol 2002; 167: 1659-1663.

41) SIDDIQUI SA, SENGUPTA S, SLEZAK JM, BERGSTRALH EJ,
ZINCKE H, BLUTE ML. Impact of familial and heredi-
tary prostate cancer on cancer specific survival
after radical retropubic prostatectomy. J Urol
2006; 176: 1118-1121.

42) CHUNG LW, BASEMAN A, ASSIKIS V, ZHAU HE. Molecu-
lar insight into prostatic cancer progression: the
missing link of tumor microenvironment. J Urol
2005; 173: 10-20.

43) LU H. FOX P3 expression and prognosis: role of
both the tumor and Tcells. J Clin Oncol 2009; 27:
1735-1736

44) ADORNO M, CORDENONSI M, MONTAGNER M, DUPONT

S, WONG C, HANN B, SOLARI A, BOBISSE S, RONDINA

MB, GUZZARDO V, PARENTI AR, ROSATO A, BICCIATO S,
BALMAIN A, PICCOLO S. A mutant-p53/Smad com-
plex opposes p63 to empower TGF-β-induced
metastasis. Cell 2009; 137: 87-98.

45) CHENG I, PLUMMER SJ, JORGENSON E, LIU X, RYBICKI

BA, CASEY G, WITTE JS. 8q24 and prostate cancer:
association with advanced disease and meta-
analysis. Eur J Hum Genet 2008; 16: 496-505.

46) CARVER BS, TRAN I, CHEN Z, CARRACEDO-PEREZ A, AL-
IMONTI A, NARDELLA C, GOPALAN A, SCARDINO PT, COR-
DON-CARDO C, GERALD W, PANDOLFI PP. ETS re-
arrangements and prostate cancer initiation. Na-
ture 2009; 12: 457.

47) SUN R, FU X, LI Y, MAO Y. Global gene expression
analysis reveals reduced abundance of putative
microRNA targets in human prostate tumors.
BMC Genomics 2009; 10: 93-94.

48) AHMED FE. Role of miRNA in carcinogenesis and
biomarker selection: a methodological view. Ex-
pert Rev Mol Diagn 2007; 7: 569-603.

49) BARTELS CL, TSONGALIS GJ. MicroRNAS: novel bio-
markers for human cancer. Clin Chem 2009; 55:
623-631.

50) FITZGERALD LM, PATTERSON B, THOMSON R, POLANOWSKI

A, QUINN S, BROHEDE J, THORNTON T, CHALLIS D,
MACKEY DA, DWYER T, FOOTE S, HANNAN GN,
STANKOVICH J, MCKAY JD, DICKINSON JL. Identification
of a prostate cancer susceptibility gene on chro-
mosome 5p13-q12 associated with risk of both fa-
milial and sporadic disease. Eur J Hum Genet
2009; 17: 368-377.

51) NOBLE D. Genes and causation. Philos Transact A
Math Phys Sci 2008; 366: 3001-3015.

52) BIAMONTI G, CACERES JF. Cellular stress and RNA
splicing. Trends Biochem Sci 2009; 34: 146-153.

53) SHEN J. Evaluation of environmental and personal
susceptibility characteristics that modify genetic
risks. Methods Mol Biol 2009; 471: 163-177.

54) LANGE EM, BEEBE-DIMMER JL, RAY AM, ZUHLKE KA, EL-
LIS J, WANG Y, WALTERS S, COONEY KA. Genome-wide
linkage scan for prostate cancer susceptibility
from the University of Michigan prostate cancer
genetics project. Suggestive evidence for linkage
at 16q23. Prostate 2009; 69: 385-391.

55) HSU, LINDSTRÖM S, SUN J, WIKLUND F, CHEN SH, ADAMI

HO, TURNER AR, LIU W, BALTER K, KIM JW, STATTIN P,
CHANG BL, ISAAKS WB, XU J, GRÖNBERG H, ZHENG SL.
A multigenic approach to evaluating prostate can-
cer risk in a systematic replication study. Cancer
Genet Cytogenet 2008; 183: 94-98.

56) SCHRÖDER FH, ROOBOL MJ, ANDRIOLE GL, FLESHNER

N. Defining increased future risk for prostate can-
cer: evidence from a population based screening
cohort. J Urol 2009; 181: 69-74.

57) LEACH FS. Microsatellite instability and prostate
cancer: clinical and pathological implications. Curr
Opin Urol 2002; 12: 407-411.

58) BRADFORD TJ, TOMLISS SA, WANG X, CHINNAIYAN AM.
Molecular markers of prostate cancer. Urol Oncol
2006; 24: 538-551.

59) COUZIN J. Biomarkers. Metabolites in urine may
point to high risk prostate cancer. Science 2009;
323: 865.

60) CHUN FK, DE LA TAILLE A, VAN POPPEL H, MARBERGER M,
STENZL A, MULDERS PF, HULAND H, ABBOU CC, STILLE-
BROER AB, VAN GILS MP, SCHALKEN JA, FRADET Y, MARKS

LS, ELLIS W, PARTIN AW, HAESE A. Prostate cancer
gene 3 (PCA3): development and internal validation
of a novel biopsy nomogram. Eur Urol 2009;

61) CLARKE RA, ZHAO Z, GUO AY, ROPER K, TENG L, FANG

ZM, SAMARATUNGA H, LAVIN MF, GARDINER RA. New ge-
nomic structure for prostate cancer specific gene
PCA3 within BMCC1: implications for prostate can-
cer detection and progression. PLoS One 2009; 4:
e4995.

62) AGRAWAL S, PATIL KP, DUNSMUIR WD. Molecular
markers in prostate cancer. Asian J Androl 2009;
11: 22-27.

63) SREEKUMAR A, POISSON LM, RAJENDIRAN RM, KHAN AP,
CAO Q, YU J, LAXMAN B, MEHRA R, LONIGRO RJ, LI Y, NY-
ATI MK, AHSAN A, KALYANA-SUNDARAM S, HAN B, CAO X,
BYUN J, OMENN GS, GHOSH D, PENNATHUR S, ALEXANDER

DC, BERGER A, SHUSTER JR, WEI JT, VARAMBALLY S,
BEECHER C, CHINNAIYAN AM. Metabolomic profiles de-
lineate potential role for sarcosine in prostate can-
cer progression. Nature 2009; 12: 910-914.

64) ROSENBERG J, SMALL EJ. Prostate cancer update.
Curr Opin Oncol 2003; 15: 218-221.

65) NIAN H, DELAGE B, HO E, DASHWOOD RH. Modula-
tion of histone deacetylase activity by dietary
isothiocyanates and allyl sulfides: studies with
sulforaphane and garlic organosulfur compounds.
Environ Mol Mutagen 2009; 50: 213-231.

C. Alberti



66) THOMPSON IM, GOODMAN PJ, TANGEN CM, LUCIA S,
MILLER G, FORD L, LIEBER M, CESPEDES D, ATKINS J,
LIPPMAN S, CARLIN S, RYAN A, SZCZEPANEK C, CROWLEY

J, COLTMAN CA. The influence of finasteride on the
development of prostate cancer. N Engl J Med
2003; 349: 213-222.

67) REED AB, PARECK DJ. The utility of 5-α-reductase in-
hibitors in the prevention and diagnosis of prostate
cancer. Curr Opin Mol 2009; 19: 238-242.

68) BASS R, PERRY B, LANGENSTROER P, THRASHER B, DENNIS

KL, TAWFIK O, HOLZBEIERLEIN J. Effects of short-term
finasteride on apoptotic factors and androgen re-
ceptors in prostate cancer cells. J Urol 2009; 181:
615-620.

69) KRAMER BS, HAGERTY KL, JUNSTMAN S, SOMERFIELD MR,
ALBERTSEN PC, BLOT WJ, CARTER B, COSTANTINO JP, EP-
STEIN JI, GODLEY PA, HARRIS RP, WILT TJ, WITTES J, ZON

R, SCHELLHAMMER P. Use of 5-α-reductase inhibitors
for prostate cancer chemoprevention: American
Society of Clinical Oncology/American Urological
Association 2008 Clinical Practice Guidelines. J
Urol 2009; 181: 1642-1657

70) IRANI J, RAVERY V, PARIENTE JL, CHARTIER-KASTLER E,
LECHEVALLIER E, SOULIÉ M, CHAUTARD D, COLOBY P,
FONTAINE E, BLADOU F, DESGRANDCHAMPS F, HAILLOT O.
Effect of nonsteroidal anti-inflammatory agents
and finasteride on prostate cancer risk. J Urol
2002; 168: 1985-1988.

71) MURTOLA TJ, PENNANEN P, SYVÄLÄ H, BLÄUER M, YLIKO-
MI T, TAMMELA TL. Effects of simvastatin, acetylsali-
cylic acid and rosiglitazone on proliferation of nor-
mal and cancerous prostate epithelial cells at
therapeutic concentrations. Prostate 2009; 69:
1017-1023.

72) HATFIELD DL, GLADYSHEV VN. The Outcome of Se-
lenium and Vitamin E Cancer Prevention Trial
(SELECT) reveals the need for better understand-
ing of selenium biology. Mol Interv 2009; 9: 18-21.

73) NELSON WG. Prostate cancer prevention. Curr
Opin Urol 2007; 17: 157-167.

74) BANGMA CH, MONGIAT P, KRAAU R, SCHENK-BRAAT E.
Gene therapy in Urology: strategies to translate
theory into practice. BJU Int 2005; 96: 1163-1170.

41

Hereditary/familial versus sporadic prostate cancer


