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Abstract Despite its high incidence and mortality ratéatic involvement, and 25% have bone metastases [101].
the molecular mechanisms underlying the oncogenesisreover, it is currently impossible to determine the ex-
and progression of prostate cancer are still unclear. Tieission of the cancer accurately preoperatively, and ad-
review, based on recently published data, surveys tlamced-stage prostate carcinomas are often undetectable.
current state of knowledge of human prostate oncogehlmaging modalities such as radionuclide bone scan, com-
sis, dealing with genetic predisposition in familial cluputed tomography and magnetic resonance imaging are
ters of prostate cancer, providing new information on thet sufficiently sensitive to detect microscopic extension
somatic genetic alterations, which have been approacbéthe tumour beyond the prostatic capsule; indeed, 30%
in four ways (measurement of DNA content, cytogenet€ patients with clinically localized disease at the time of
analysis, in situ hybridization, and molecular analysisurgery will have tumour recurrences caused by occult
and investigating the problems of androgen indepenicrometastatic dissemination. Histological grade,
dence and intratumour heterogeneity in prostate tumouyoathological stage, and tumour extent are the most dis-
Lastly, the potential clinical applications of the genetiariminatory prognosticators at present, but these markers
alterations, which may become important in the near fonly indicate the likely outcome and major efforts must

ture, are addressed. be made to develop additional prognostic indicators for
prostatic carcinoma.
Key words Prostate cancer - Oncogenes - Tumour Androgen ablation is the treatment of choice for pa-

suppressor gene - Loss of heterozygosity - Fluorescendients with locally advanced and/or metastatic disease.
in situ hybridization - Comparative genomic hybridiza:iodowever, approximately 20% of men receiving hormon-
al manipulation fail to respond. Futhermore, most pa-
tients who show an initial therapeutic response relapse
Introduction within 3 years, with an androgen-independent carcinoma
that is rapidly fatal. Understanding the mechanisms by
Prostatic carcinoma is one of the most common malbich a hormone-sensitive tumour escapes hormonal
cancers, and its incidence is increasing alarmingly. It eontrol is a challenge for clinicians and scientists alike.
hibits a wide variety of biological behaviour, arising The recent discovery of “cancer genes” and the appli-
from a complex aetiology that involves both exogenounation of recombinant DNA techniques have helped to
(including socio-economic situation, diet, geographsefine tumour characterization. Modern biology is re-
etc.) and endogenous (hormonal imbalance, epithekaling the molecular bases of numerous diseases, with
um/stroma interactions, family history) factors. the most striking results in hereditary diseases and neo-
The prognosis depends on the stage of disease apliisms. Tumour initiation and progression result, at least
agnosis: only localized prostate cancer can be curedibyart, from the successive accumulation in a given cell
radical treatment. However, despite attempts at early dé<onstitutional and somatic genetic events that convert
tection, a large proportion of patients have advanced gisato-oncogenes into activated oncogenes, or inactivate
ease at diagnosis: about 28% of patients have extraptosiour-suppressor genes.
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Detection of the most common somatic genetic alteseerved in men with affected brothers in comparison with
tions will enhance our understanding of the moleculdrose with affected fathers is consistent with an X-linked
mechanisms of prostate oncogenesis and should leadchtalel of inheritance [152], and the androgen receptor
the discovery of new prognostic variables to guide the(&R) gene is an interesting candidate [36]. The transacti-
peutic options. vation activity of AR is encoded by exon 1, which con-
tains polymorphic CAG and GGC repeats; a smaller size
of these repeats is associated with a higher level of re-
Constitutional mutations: genetic predisposition ceptor transactivation function, resulting in a higher risk

of prostate cancer [72]. However, genetic variation in the
The notion of genetic predisposition to cancer is undandrogen receptor does not seem to be involved in pros-
pinned by the recent discovery of genes conferring stete cancer susceptibility [197].
ceptibility to certain cancers or to syndromes associatedThere are striking differences in prostate cancer inci-
with cancers YHL, APC, RET, WT1, RB1 TP53 NF1, dence rates among racial and ethnic groups, with Afri-
NF2, BRCAJ [113]. It is generally believed that mostan-American men having the highest incidence and Jap-
adult human tumours arise following an accumulation afiese and Chinese men the lowest. These differences
mutations targeting multiple growth-regulating genemight be determined by different levels of testosterone,
Persons who inherit one of these mutations are at amd particularly its intraprostatic metabolite dihydrotes-
creased risk of developing specific cancers at an eddgterone (DHT). Genetic variants of tB®RD5A2gene,
age. This model also implies that every cell in the rel@hich encodes the type Il isoenzyme of stercidré-
vant tissues of genetically susceptible individuals is diictase, may explain the molecular genetic basis of the
increased risk of neoplastic transformation, in contrastdebstantial racial/ethnic variability in risk. A specific
the situation with sporadic cancer. Predictably, many hgslymorphism ofSRD5AZs observed in high-risk popu-
reditary cancers have multifocal precursor lesions andations [176]; indeed, thesenSeductase enzyme vari-
tendency towards multifocal tumours. Through the useafts may result in an elevation of the enzyme activity, re-
genotypic markers (restriction fragment length polymasulting in an increased prostatic level of DHT. High lev-
phisms, microsatellite polymorphisms), segregation anels of this hormone would then increase the risk of de-
ysis in high-risk families now offers the possibility of developing prostate cancer.
tecting predisposing genes involved in different heredi- Prostate cancer mortality rates correlate well with am-
tary cancers. bient levels of UV radiation, giving rise to the hypothesis

Numerous studies have provided evidence of familihlat low UV exposure may be a risk factor for prostate
clustering of prostate cancer in about 20% of cases ¢éncer. Most of the body’s supply of vitamin D is syn-
108]. Segregation analysis of familial prostate candbesized in the skin in response to UV radiation, and a
suggests the existence of at least one dominastent study showed that the vitamin D receptor (VDR)
susceptibility locus [32]. Linkage analysis is the cornegenotype is an important determinant of the risk of pros-
stone of efforts to map inherited prostate cancer genase cancer [202].
and many groups are now carrying out a genome-wideAs genes predisposing to breast cancer also increased
search in selected prostate cancer families. National #oe risk of prostate cancer [7, 209], tBRCA2gene,
vertising, media events, and mail shots directed at swgch is responsible for inherited breast cancer, is an in-
port groups and urologists are used to recruit families teresting candidate [231].
to such studies. The families are selected on the basis of
the number of first-degree relatives diagnosed with pros-
tate cancer, early onset of disease, and the number ofSomatic genetic alterations
ing affected members from whom samples can be ob-
tained for typing. The contemporary view of cancer is that a detectable tu-

The location of the first prostate cancer susceptibilitgour arises from cell transformation, loss of contact in-
gene was recently determined by Isaacs’s group, who l@gition and acquisition of invasive capacity as the result
tablished genetic linkage to 1g24-25 in families with af successive mutations. A cell that acquires a specific
increased incidence of prostate cancer [190]. IRE1 genetic alteration may develop a proliferative advantage.
(hereditary prostate cancer 1) gene has not been cloi@dnal expansion of this cell, driven by successive muta-
and its functions are unknown. Candidate genes in ttians, can lead to tumour progression. Molecular studies
region include theésKI, ABL2, andTRK oncogenes, andstrongly support the idea that multiple genetic changes
alsoLAMC2, which encodes an isoform subunit of lamiare required for oncogenesis. The coordinated action of
nin. Smith et al. estimate that the gene they are hombah classes of gene (proto-oncogenes and tumour-sup-
in on is involved in about a third of hereditary prostapgessor genes) seems to be required for tumour develop-
cancers. As not all prostate cancer-prone families ament. An archetypal example is the genetic model of co-
linked toHPC1[149], studies are in progress to identifjorectal tumourigenesis proposed by Vogelstein, which
other potential prostate cancer susceptibility genes. requires genetic alterations on several chromosomes [57].

Another investigational approach exploits information Somatic genetic anomalies have been studied in three
on known genes. The excess risk of prostate cancer whys:
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Cytogenetic analysis, which identifies karyotypthough cytogenetic analysis reveals only gross abnormal-
anomalies (loss and/or gain of chromosomes, structutis, these provides important indicators for molecular
anomalies). studies.

In situ hybridization techniques, which identify chro-
mosomal anomalies. Comparative genomic hybridization
(CGH) and fluorescence in situ hybridization (FISH situ hybridization
have refined the analysis of chromosomal anomalies
through the use of molecular probes. The difference in resolution between cytogenetic analy-

Molecular biology techniques, which detect molecsis and molecular analysis is narrowing with the develop-
lar anomalies and mutations of oncogenes or tumonrent of new in situ hybridization techniques (FISH and
suppressor genes. CGH). These techniques also avoid the main drawback

of cytogenetics: the need for cell culture, which is a
source of a selection bias towards tumour cells with a
Cytogenetic analysis high mitotic index.
FISH can be used to detect, locate and quantify spe-
Solid tumours are more difficult to analyse and interpreific nucleotide sequences (DNA or RNA) in tissue sec-
cytogenetically than are leukaemias. At first sighiipns, isolated cells or chromosome preparations. Recent
karyotyping of a solid tumour reveals a complicated s®tperiments using double labelling show that FISH reso-
of chromosomal anomalies, which appear to reflect ndations of better than 5 kb should be feasible in the near
specific alterations. However, some of these anomalfature. FISH data are in agreement with previous cytoge-
seem to recur in certain types of cancer, thus providingtic studies regarding abnormalities of chromosomes 7,
valuable information on the location of pathogenetical8; 10 and Y [2, 26, 173, 218], but also show frequent
important genes. losses of chromosome arms 17q and 18q [24, 102]. FISH

Initial studies focused on established cell lines dstudies show few simple monosomic tumours but fre-
rived from prostate tumours (see references in [8]) in guent partial chromosome losses in DNA polysomic tu-
der to identify consistent chromosome changes. Lat@Qurs, in keeping with the cytogenetic evolution concept
fresh tumours or paraffin-embedded material were usgfdShackney et al. [184]. The significance of chromo-
for cytogenetic evaluation. However, fewer than 350 pgeme 7 aneusomy, which is one of the most frequent
mary tumours and metastases have been examined agtents observed in high-stage prostate cancer [9, 199]
genetically. Although cytogenetic analysis of prostate tand might be a marker of poor prognosis [1], is still un-
mour cells often reveals complex karyotypes, the mastar; trisomy 7 may be due to the presence of tumour
common changes observed are nonrandom loss of climélirating lymphocytes [100].
mosome Y and gain of chromosome 7 [23, 151]. Gain of CGH analyses, which are designed to reveal regions
chromosome 7 is one of the most frequently recurrehat are amplified or lost in a genome [106], confirm that
structural aberrations, but chromosome arm 7q deletiamsomosome deletions are more frequent than chromo-
are also frequent [8, 141]. Other consistent findings seMe gains in prostatic tumours. Although most of the
clude losses of chromosomal material from 8p and 1@dpnormalities observed by means of CGH had previously
with structural aberrations at bands 8p22 and 10¢2den detected by cytogenetic methods or FISH, CGH has
[141], structural rearrangements of chromosome 1, dddntified some new alterations, including deletions on
gain of 8q [8]. Other abnormalities have also been @romosome arms 6q, 9p and 22q [33, 104, 219] and a
ported, mostly in complex karyotypes, indicating thaiew amplified region at 8924 [215], pointing to the pres-
they are secondary in nature. The most conspicuous swe of genes involved in prostate carcinogenesis.
ondary changes include gains of chromosomes 12, 14However, in view of the currently poor precision of
17, 18, 20, 22 and monosomies 2, 4, 5, and 19 [8, 1#fis new technique, it should be coupled with FISH to
151]. confirm and quantify the observed genetic alterations.

Double minutes and homogeneously staining regions,
two cytogenetic phenomena associated with oncogene
amplification in neoplastic cells, have rarely been oMolecular analysis
served in prostate tumour cells [136, 141]. Later studies
using CGH showed amplified regions in which amplifie@ihe first molecular studies focused on oncogene activa-
oncogenes had not been identified by molecular studietson (MYC, ERBB2, RAS growth factors and their re-

Cytogenetic data show that the karyotype is normaldaptors, and the androgen receptor. However, as already
approximately 50% of tumours and that clonal abn@uggested by in situ hybridization studies, the most fre-
malities represent 30% of alterations. Numerical chrguently observed genetic anomalies in prostate cancer
mosomal aberrations in prostate cancer coincide wite deletions affecting several chromosome arms, which
disease progression, aggressive tumour behaviour, unfigght inactivate tumour-suppressor genes. Microsatellite
vourable outcome and shorter survival [8, 82, 83, 14ifstability, which has recently been demonstrated in tu-
whereas clonal karyotypic abnormalities are rarely ofmours of subjects with hereditary nonpolyposis colorec-
served in locally confined prostate tumours [23]. Atal cancer (HNPCC) and in sporadic colorectal and other
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cancers (endometrium, stomach and pancreas), is deBéiSgenes result in constitutive signalling to downstream
ed in prostate cancer. elements and are frequent in a wide variety of tumours.
Although the specificity of the primary antibody used
in these studies (RAP-5) has been challenged, immuno-
Proto-oncogenes in prostate cancer histochemical assays indicate a high level ofR§21n
prostate tumours [196, 216]. Pg¥F overexpression
The MYC proto-oncogendMYC (located at 8g24) andseems to correlate with prostate cancer progression [78]
the MYCL1 and MYCN genes form theMYC family. and could be associated with the emergence of bone me-
MYC is commonly amplified in solid tumours (breadlastases [56]. However, immunostaining for P&l
cancer, small-cell lung carcinoma, cervical carcinomsg¢ems to have little value in the diagnosis or grading of
and is rearranged in haematological malignancies (Bprestate cancer [27]. Results of molecular studies of
kitt's lymphoma, T cell acute lymphocytic leukaemiapoint mutations irRASgenes, leading to constitutive ac-
The gene encodes a 59- to 62-kDa nuclear protein imation, are controversial [4, 76, 116, 156] as discrepan-
volved in the control of normal growth, differentiatiorties could be due to ethnic differences [118, 225].
and apoptosis, and its expression is regulated by a com-
plex mechanism involvingis- andtrans-activators. Myc Other amplified genedhe 11913 band is amplified in a
protein appears to act as a transcription factor and cade variety of human tumours, and there are several
tains the helix—loop—helix and leucine zipper domaingenes of importance in this regionNT2/FGF3
which are involved in the formation of DNA-bindingHST/FGF4, CCND1EMSYJ. Molecular studies, using
protein complexes. The transcriptional activity of MytINT2/FGF3 as a marker of the amplification unit in
requires binding to Max protein and may be regulated b¥q13, suggest that amplification of this band is infre-
two newly identified proteins, Mad and Mxil, whickquent in prostate cancer [60, 127].
compete with Myc for Max [73]. ThePTI-1gene, which contains a sequence analogous
Significantly high rates ofMYC expression have beerto the human elongation factor EB;1might be a mem-
reported in prostatic adenocarcinomas [30, 9@¥C ber of a class of oncogenes that could contribute to the
amplifications andVYC rearrangements have been oldlevelopment of human prostate carcinoma [185].
served in prostatic cancer cell lines [65, 159], but these
alterations could arise as an adaptive change in culture,
as they have not been confirmed by molecular studiesHuman papillomavirus
prostate cancer tissues [60, 127]; this suggestsviiat
activation is due to mechanisms other than amplificatiofihe human papillomavirus (HPV) family is made up of
approximately 65 different types. An aetiological role for
Proto-oncogene ERB-BZThe ERB-B2 proto-oncogene some high-risk HPVs (for example HPV16 and 18) has
belongs to th&RB-Bfamily, the first identified member been suggested, especially in anogenital cancer. More
of which ERB-BJ encodes the EGF (epidermal growtthan 70% of uterine cervical cancers contain integrated
factor) receptor. Overexpression in human tumours ¢tPV16 and HPV18 DNA in genomic DNA. Experimen-
curs either through gene amplification or through tratal observations that HVP E6 and E7 oncoproteins can
scriptional or post-transcriptional deregulation. Two othind to cellular tumour-suppressor proteins p53 and pRb
er genes of thERB-Bfamily have been identified by se{48, 228] clearly indicate the importance of endogenous
guence homologyERB-B3[121] and ERB-B4 [170]. events that might arise from HPV infection.
This multigene family encodes transmembrane receptorsThe role of HPV in prostate cancer is controversial
with tyrosine kinase activity. [50, 150, 157, 182]. The observed HPV viral sequences
Higher levels of ERB-B2 oncoprotein were observed prostate tumours could be due to contamination by
in prostatic tumours than in normal tissues [62, 123irethral cells, which form a reservoir for HPV [229].
However, molecular studies show tHaRB-B2amplifi-
cation is infrequent in prostate tumours [60, 127, 142,
235], suggesting that ERB-B2 activation is not due Rwlypeptide growth factors and their receptors
gene amplification. The value &RB-B2expression as a
prognostic indicator in prostate cancer is controversRéptide growth factors with common structural proper-
[62, 123]. ties and functions have been grouped into superfamilies.
This review will focus on four major families of peptide
RAS Proto-oncogene familfhe RASgene family, con- growth factor: epidermal growth factor (EGF), fibroblast
sisting ofHRAS KRASandNRAS encodes highly relat- growth factor (FGF), insulin-like growth factor (IGF),
ed G (for GTP-binding) proteins with molecular weightsnd transforming growth fact@{TGF3), and their role
of approximately 21,000 (p22S). RASgenes are essenin normal and malignant prostate tissue. Polypeptide
tial for the transduction of extracellular signals that igrowth factors may use either autocrine or paracrine
duce proliferation and differentiation. g€ is a mem- pathways to signal cells in the microenvironment. The
brane-located guanine nucleotide-binding protein thatride of growth factors in prostatic adenocarcinoma has
active in the GTP-bound state. Activating mutations been reviewed by Steiner [195].
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Epidermal growth factor family of peptides and recepn autocrine stimulation loop that maintains uncontrolled
tors. A family of epidermal growth factor-like peptideproliferation. Bi-allelic expression of th&GFIl gene,
growth factors currently includes EGF, T@&Famph- which normally demonstrates imprinting, has been ob-
iregulin, heparin-biding EGF andripto. All of these served in prostate carcinoma, suggesting that the loss of
molecules signal through the same transmembrane ghgprinting may be linked to the development of abnor-
coprotein receptor and tyrosine kinase; EGF recepinal growth states in prostate tissue [98].

(EGFR) encodes by theRB-Blgene. EGF and TGF

are virtually identical in their ability to bind EGFR andransforming growth factor family of peptides and re-
have similar biological properties. ceptors.The TGH family consists of five isoforms, but

The paracrine interaction of EGF and T&GBn the only types 1-3 have been detected in mammals.fTGF
EGFR has been implicated in prostate cancer cell growthy be a stimulator or inhibitor of cell growth, depend-
and proliferation [35, 61, 210]. Moreover, there may lieg on the cell type and state of differentiation. PGF
an autocrine relationship between EGFR, GG&nd also acts as a regulator of cell cycle kinetics; it inhibits
EGF and the potential for autocrine stimulation in propRb phosphorylation andY Ctranscription [3], and reg-
tate cancer cell lines [137, 145], primary tumours [3d]lates CDI (cyclin-dependent kinase inhibitor) activity,
and androgen-independent metastatic tumours [183]. &épecially p15INK4AB/MTS2 and p27Kipl (79, 171).
though the expression pattern and functional analysisTgpe I, 1l and Ill receptors are the best-characterized
EGFR and its ligands suggest that EGFR is involveddmong the eight polypeptides known to be linked to
several cell functions [205], particularly the regulation GfGFp.
epithelial proliferation and differentiation [186], EGFR TGHJ is a potent inhibitor of the proliferation of nor-
expression in prostatic diseases is still controversial [88al prostate epithelial cells. Prostate tumours frequently
144, 210]. lose the expression of TGRype | and/or Il receptors,

which would lead them to escape the growth-inhibiting
Fibroblast growth factor family of peptides and recepffect of TGHB and thereby acquire a more malignant
tors. The FGF family (also known as the heparin-bindinghenotype [109]. TGFL might affect mobility, even in
growth factor family) has at least nine members, includivo, and contribute to tumour aggressiveness [153].
ing acidic and basic FGF (FGF1 and FGF2), INToreover, the plasma T@& concentration is a potential
(FGF3), HST (FGF4), keratinocyte growth factor (KGHew tumour marker attributed to the presence of invasive
FGF7), androgen-induced growth factor (AIGF; FGF&glls, that may also be used in the prognostic analysis of
and GAF (FGF-9). The biological effects of FGFs apgostate cancer [97]. High-level T@Fexpression has
tranduced through four specific high-affinity cell surfadeeen observed, both in vivo and in vitro, in tumour cells
area receptors with tyrosine kinase activity, includirexposed to drugs, suggesting that PGRight also play
FGFR1 (FLG) and FGFR2 (BEK). a role in apoptosis [125]. Loss of T@Etype | and Il re-

To date only FGF1, 2, 3, 7 and 8 have been detecteptor expression correlates with tumour grade, provid-
in prostate tissue. FGF family members have biologidafy a potential mechanism for prostate cancer cells to es-
properties that could contribute to the transformed ploape the growth-inhibiting effect of TGF110].
notype, but their exact role in prostate cancer is unclear.

Prostatic stromal cells are the exclusive source of FGBther growth factorsHGF (hepatocyte growth factor)
and the major FGF mRNA expressed in the human prasd its receptor, encoded by the proto-oncogdid,
tate [232]. FGF7 may act in a paracrine fashion in hare upregulated in prostate cancer (especially lymph
man prostate cancer, and significant up-regulation rafde and bone metastases) and its expression seems to
FGF7 expression is observed in hormone-refractdsg associated with tumours that progress to androgen-in-
prostate carcinomas [134]. Over-expression of FGF8 ltependent growth [87, 169].
been observed in prostate tumours, and the level of itPDGF (platelet-derived growth factor) consists of two
expression was related to grade [133]. polypeptide chains (PDGF-A and PDGF-B) linked by di-
sulfide bonds. PDGF-A and its receptor are upregulated
Insulin-like growth factor family of peptides and recepn prostate adenocarcinomas [64]. The PDGF-B poly-
tors. The insulin-like growth factor (IGF) family is madepeptide chain, encoded by the proto-oncog&h® is
up of insulin growth factors | and Il, and relaxin. IGFalso over-expressed in androgen-independent prostate
are thought to be involved in various functions, includirgancer cell lines [189] and poorly differentiated tumours
cell growth and cell division, and apoptosis [103]. IGR.66]. However, further studies are required to assess the
may signal via the insulin-like growth factor | and Il rerole of PDGF in prostate oncogenesis.
ceptors, and it is interesting that the IGFNRh-6-P NGF (nerve growth factor) belongs to the neurotro-
gene functions as a tumour-suppressor gene in hurpam family, which includes brain-derived neutrophic
liver carcinogenesis [45]. factor (BDNF) and neutrophins 3, 4 and 5 (NT 3, NT 4

IGF-II has an important role in the adult prostate, asaad NT 5). The glycoprotein gp¥®Ris the low-affinity
paracrine and an autocrine regulator of cell proliferatioNGF receptor and Tykhe high-affinity receptor. NGF
It appears that androgen-insensitive prostate cancer aatl NGF receptors have been detected in human prostate
lines secrete IGF-1l and over-express IGF-IR, setting agncer and normal tissues by molecular biology methods
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[147]. A negative correlation between PSR expres- tification of the first tumour-suppressor geR&1 [63,

sion and the progression of human prostate cancer had3)]. Later, multiple losses of genetic material were de-

been observed [165]. NGF-R is involved in apoptosis &xribed in other cancers, suggesting that several tumour-

neural cells, and the observed mutations ofN§7%® in suppressor genes are involved in tumour development

prostate cancer cell lines [163] might prevent\$FsR  [57].

from inducing apoptosis.

Lastly, the haematopoeitic factor interleukin 6 (IL-6Prostate cancer allelotyping for LOH descriptidhnow

is of particular interest. IL-6 is a pleiotropic cytokinseems that the most consistent genetic alterations in ade-

produced in substantial amounts in semen. IL-6 receptocarcinoma of the prostate are LOH involving certain

has been detected in prostate carcinoma and prostegions corresponding to chromosomal arms 7q, 8p, 10q,

cancer cell lines, most of which also secrete IL-6 [18¥3q, 16q, 17, and 18q (Table 1). Moreover, the arms of

188]. IL-6 is a candidate mediator of human prostdifee most frequently deleted chromosomes have recently

cancer morbidity [211]. been studied by using numerous, regularly spaced poly-
morphic probes. Several deleted regions on a single arm
have been identified in this way, thus further complicat-

Inactivation of tumour suppressor genes ing the identification of tumour-suppressor genes in
prostate cancer. For example, three deleted regions have

In recent years another class of “cancer gene”, the lb@en found on chromosome arm 8p. Most of the altered

mour-suppressor genes (TSGs), has been added toregéns are common to prostate and other cancers [179].

oncogenes. These are negative regulators of cell growtlis suggests that a single suppressor gene may play a

that appear to act in recessive manner; that is to say tpast in the genesis of different cancers, but possibly at

are only inactivated when both alleles are altered. Twifferent stages of tumour progression, or that there are

successive steps are therefore necessary. The first eseweral genes in a given region, each with a particular

may be somatic (sporadic cancer) or germinal (hereflinction in one type of cancer. Indeed, certain deleted re-

tary cancer). As tumour-suppressor genes are affected)ions in prostate cancer are located in known suppressor

recessive damage, an indirect strategy based on theggses RB1, CDH1, DCC, etc.), although the involve-

tection of allelic losses (or LOH) is used to locate amgent of these genes in this cancer has not been demon-

identify them. The size of a chromosomal deletigirated.

(which may be infra-cytogenetic) can be determined by

studying the LOH of several neighbouring loci on a giv-

en chromosome. Efforts are being made to detect déléwomosome arm 13q losses &1

tions in many types of cancers, first to discover links be-

tween a given type of tumour and a specific loss of gghromosome 13q is often deleted in prostate cancer [22,

netic material, and second to identify candidate tumod67], and the retinoblastoma susceptibility geRBY is

suppressor genes in this genomic region. This approacbandidate suppressor gene at this rediBi encodes

has proved extremely fruitful in the case of retinoblasta-nuclear phosphoprotein which plays an important role

ma, in which evidence of LOH in 1314 led to the idein the negative regulation of cell proliferation [227]. In-

Table 1 Loss of heterozygosi-

ty (LOH) in human prostate Average Range References Number ~ Common Candidate genes
cancer and candidate genes. LOH (%) of tumors  deleted
Most references concerning (%) studied  regions
each chromosome alteration ar€
||Sted’ all references not cited 5q 24 10-43 [21, 42, 130, 212] 101 5q21 APC, CTNNA1
specifically here are citedin 69 28 33 (39, 42] 107 6913—q22 ?
[42] 79 32 0-75 [31, 42, 124, 129] 199 7g31 ?
8p 66 10-90 [41, 42, 54, 95, 105, 800 8p22, 8p21.8I133, NKX3.1
124, 130, 148, 222] 8p12
10p 20 0-57 [42, 95, 115, 124, 212 10pl11.2 ?
126, 208]
10g 33 0-62 [31, 42, 95, 115, 336 10923.3 PTEN /MMAC1
124, 126, 130, 208] 10924 MXI1
139 26 10-67 [22, 31, 40, 42, 96, 301 13g14.1 RB1
124, 130, 167, 207]
16 42 14-53 [31, 42, 53, 93, 348 16022.1 CDH1
124, 131, 198] 16923.2—q24.CDH13, BCAR1
16q924.3-qter BBC
17p 16 5-38 [21, 42,93, 95, 212] 206 17p13.1  TP53
17 15 4-52 [42, 95, 130, 230] 198 17921 BRCAL1,
NME1, NME2
18q 29 17-43 [21, 31, 41, 42, 67, 179 18021.3-q2BCC, MADR2,

124, 128] DPC4
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activation of the growth-inhibitory functions of pI#3, hypothesis formulated by Knudson [113]. The alterations
by phosphorylation in late G1, is accompanied by the fe-TP53are the most commonly observed genetic anoma-
lease of certain bound transcription factors prerequidigein human cancers, be they hereditary or sporadic [75].
for the activation of S-phase genes, notably the E2F fadtation of TP530ften increases the half-life of p53 pro-
ily. Phosphorylation of plF®! appears to be mediatedein, rendering it detectable by immunohistochemistry.
by the kinase activities of CDK4/6-cyclin D. In prostate cancer both molecular and immunohisto-

The observation of a homozygous deletion within tliaemical assays indicate th&P53 alteration is a late
RB1promoter region in a prostatic carcinoma [16], arevent.p53 abnormalities seem to be associated with the
the phenotypic reversion of the human carcinoma cpibgression of prostate tumours [18, 51] and loss of dif-
line DU145 when normaRB1expression is restored byferentiation [80]. They are also associated with metastat-
retrovirus-mediated gene transfer [17], suggest &t ic tumours, andlrP53 ought to be viewed as a putative
inactivation could play a significant role in prostate omnti-metastasis gene in prostate cancer [193]. Moreover,
cogenesis. Mutations [122] and frequent LOHs of tlecumulation of mutated p53 is associated with hor-
RB1gene were observed in later studies [22, 167]. Homone-refractory tumours [5, 80], active cell proliferation
ever, some data indicate no correlation betweenf#t10and poor outcome in terms of progression and survival
nuclear staining and LOH at tHeB1 locus [40, 207], [204, 217].
and the role oRBLlin prostate cancer thus remains to be
determined.

Chromosome arm 18q losses and&C gene

Chromosome arm 16q losses €&idH1 The DCC (deleted in colorectal carcinomas) tumour-sup-
pressor gene, which suppresses the malignant phenotype
One of the most frequently recurrent aberrations in prag-transformed human epithelial cells [112], is frequently
tate tumours involves chromosome arm 16q [31, 13@]Jtered in colorectal cancer [57]. In prostate cancer,
The CDH1 gene, which encodes the epithelial cell adhe©OHs on chromosome arm 18q have often been ob-
sion E-cadherin, might be the target of the observeerved [124], especially in thBCC region [128]. The
LOH on this chromosome arm. TH@DH1 gene is of target gene of the observed 18q LOHs seems to be in-
particular interest, because it can function as an invasigalved in prostate cancer progression [13DEC is a
suppressor gene [221]. Initial data on ®BH1 gene good candidate gene, as loss of expression (86%) and
showed that loss oEDH1 correlates in vivo with inva- loss of heterozygosity (45%) have often been observed in
sive behaviour and/or metastatic capacity [29]. The feiman prostate carcinomas [67].
duced expression of E-cadherin in high-grade prostate
tumours was subsequently confirmed [213] and may be a
phenomenon associated with a poor prognosis and a I@ther chromosomal regions undergoing losses
er survival rate in patients with prostate cancer [177,
214]. The recent positional cloning @DH1 [14] will Deleted regions have been described in chromosomal re-
allow more detailed study of this gene, which can also §iens not containing putative tumour-suppressor genes
silenced by DNA hypermethylation [74]. Chromosom@able 1). While the target gene of these deletion is un-
arm 16g might harbour other TSGs involved in prostdteown, the smallest commonly deleted regions have been
carcinogenesis, as recent reports have pointed to ottefined on the more frequently affected chromosome
novel sites of deletion on 16q [131, 198]. arms, including 7q, 8p, and 10q [115, 129, 148]. Al-
though the first molecular studies provided valuable data
on the location of suppressor genes potentially involved
Chromosome arm 17p losses areb3inactivation in prostate oncogenesis, the results are in no way defini-
tive. There may be much smaller deletions detectable on-
LOH at theTP53locus, and physical deletions of 17ply by more refined and thorough molecular techniques
have been observed in only a few prostate tumours [26Rn those currently available. Numerous deleted regions
However, TP53is the most thoroughly studied gene o(and therefore potential suppressor genes) clearly remain
this chromosome arm in prostate cancerJRS3altera- to be described in prostate and other cancers. It seems in-
tions are some of the most common genetic changesr@asingly clear that most suppressor genes are not spe-
solid tumoursTP53encodes a 53-kDa nuclear phosphgific to a single cancer but are relatively common [179],
protein whose principal physiological role seems to bad studies of other tumours should therefore provide in-
the regulation of the cell cycle, contributing to the maisight into the molecular analysis of prostate cancer. In the
tenance of DNA integrity [75]. If DNA is damaged, p53ame way, it would be useful to analyse chromosomes or
levels increase and the cell cycle is arrested in G1 todlfomosome segments involved in the suppression of
low for repairs. Several studies have shown THi3can phenotypic characteristics of tumour cells (oncogenicity,
induce apoptosis [233]TP53is regarded as a tumourdinvasiveness, metastatic activity and immortalization) by
suppressor gene. In numerous human tumours, two cogdt fusion analysis (Table 2). This approach has proved
ies of TP53are inactivated successively, in line with thextremely fruitful in the case ¢fAll (see below).
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Table 2 Chromosome segments and chromosomes involved in #tatic potential of prostate cancer [10], being up-regulat-
suppression of different phenotypic characteristics of prostate 8 in human prostate cancer with increasing Gleason
mour cells by cell fusion analy:is grades and metastatic potential.

Chromosome  Phenotype suppression The putative protein tyrosine phosphatase gene
arms and (PTENor MMACY)) recently mapped at 10923 [135, 194]
chromosomes is a strong candidate tumour suppressor gene for prostate
- cancer
1 KREV (inhibition of cell growth) [28 ) . . .
58 5q21,éTNNAl(tumoriggnicity))[E35]] HIC-1 (hypermethylated in cancer), a new zinc-finger
7q 7931 (tumorigenicity) [234] transcription factor gene at 17p13.3, and a potential
8 Chromosome 8 (metastatic activity) [90] downstream target of p53, is a candidate tumour suppres-
8p21-p12 (metastatic activity) [160] sor gene for prostate cancer [223]. Indeed, silenced gene
10 Chromosome 10 (tumorigenicity) [92] L . . .
10q (metastatic activity) [161] transcription associated with hypermethylation has been
10pter-q11PAC (tumorigenicity; apoptosis) [181] put forward as one mechanism for TSG inactivation, and
11p 11p11.2-p13 (metastatic activity) [89] HIC-1 span a region which is aberrantly hypermethylat-
[1711Fil31 CD44 (tumorigenicity, metastatic activity) ed in certain types of human cancer [94, 168], including
12 12pter-g13 (tumorigenici prostate cancer [155].
13q RBﬁ(tugoriéenicityﬁ’ [1'7C]'ty) [13] The CTNNAlgene at 5931, which encodescatenin
17 Chromosome 17 (tumorigenicity) [19] protein, is of particular interesti-Catenin, a cytoplas-
17pter-q23 (metastatic activity) [178] mic protein, acts inside the cell to couple the E-cadherin

17q12-q22 (umorigenicity) [158] molecule to the microfilament cytoskeleton, and homo-

a Microcell-mediated chromosome segment or chromosome traf¥g0us deletion o€ETNNALis one mechanism responsi-
fer into prostate cancer cells results in suppression of growth rétke for the loss of normal cell-cell adhesion in prostate
tumorigenicity, metastatic ability or induction of apoptosis of hycancer [154].
brid cells The RASrelated gen&REV at 1p13, which induces
partial suppression of the malignant phenotype of human
Molecular exploration of the genome of prostate caprostate cancer cell lines containing actiR8Sonco-
cer cells should be pursued with more informative magene [28], is a potential tumour-suppressor gene in pros-
ers (such as microsatellite polymorphisms) combintate oncogenesis.
with new in situ hybridization techniques (CGH and CDKN2 (also known asMTS1or INK4a), a gene that
high-resolution FISH). It is also important to re-examirgncodes the cell cycle-regulatory protein cyclin-depen-
the chromosome arms that did not initially show allelient kinase-4 inhibitor (p16INK4a) involved in a wide
losses when they were analysed at a single locus. Heariety of human cancers [107], is another candidate
ever, not all the deletions observed in prostate can¢&G for prostate cancer. Genetic alteration€BKN2
necessarily lead to the discovery of tumour-suppresbave been observed in the human prostate cancer cell
genes. It may be that certain deletions deregulate thelime DU145 [114].
pression of one or several neighbouring genes simply byAlthough CDKN2Amutations are infrequent in pros-
a gene dosage effect. tatic carcinomas [143, 164, 200], gene deletion and
methylation could combine to inactiva@DKN2Ain a
Other candidate tumour-suppressor genes in prostagbset of tumours [99]. The identification GDKN2A
cancer. Dong et al. [46] identified the metastasis-supvhich is involved in a wide variety of human cancers,
pressor gendAll on chromosome 11p11.2. TeAI1 shows how important it is to study proteins involved in
gene belongs to a family of membrane glycoproteins aihe cell cycle, where relations with cancer are increas-
is assumed to function in cell—cell interactions and posisigly evident.
bly cell migration.KAI1 expression is reduced in human NME1 and NME2 (also known asnm23-H1 and
cancer cell lines derived from metastatic prostate canean23-H3, coding for the A and B subunits of a human
but whether its down-regulation causes metastasis of hueleoside diphosphate kinase (NDPK), respectively, lie
man prostate cancer in vivo is unknown. Interestingly, tandem array 4 kb apart on chromosome 17¢, around
down-regulation ofKAI1l during the progression of hu-bands 21.3-22. Genetic alterationsNMEL are infre-
man prostate cancer rarely involves gene mutation orgikent in prostate cancer [21], and the involvement of
lele loss [47]. Nme-1 protein in the metastatic process is controversial
CD44 forms a group of transmembranous glycoprf®1, 117]. Decreased expression of Nme-2 protein, a
teins formed by alternative splicing of a single mRNAranscriptional activator oMYC [172], correlated with
Loss of expression of CD44 standard form (CD44s) camcreasing stage of prostate tumours [58], suggesting a
relates with a poor prognosis independent of stage aok in the metastatic phenotype.
grade and may serve as a useful marker for predicting-astly, WAFL at 6p22.1 is an interesting candidate, as
the metastatic ability of prostatic cancer cells [71, 162]somatic mutations of this gene have been observed in
Thymosinp15, a positive regulator of prostate cancg@rostate tumours [69]. Clearly, additional studies are re-
cell mobility in the Dunning rat tumour model, shoulduired to determine the role of these genes in prostate
provide the much-needed positive marker of the metacogenesis.
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Microsatellite instability due to inactivation zyme. The extension of telomeres by telomerase is re-
of DNA repair system genes quired to counter the normal shrinkage of chromosomes
that occurs after each round of DNA replication. The
Many findings point to genomic instability as critical ifength of a telomere is thus determined by the balance
the acquisition of multiple alterations during the multbetween the number of cell divisions and the activity of
stage process that characterizes prostate cancer and t#lanerase. Germline cells and most developing fetal
malignancies. Particular attention has been paid to miarells have high telomerase activity. In normal adult so-
satellite instability, which results in the replication erronatic cells, telomere shortening is thought to be the con-
phenotype (RER) originally described in hereditary notrelling factor, or mitotic clock, that determines senes-
polyposis colorectal families. Mutations (constitutionakence. In normal somatic cells, the activity of telomerase
and/or acquired) in th®ISH2 MLH1, PMS1and PMS2 seems to be below the detection limit, whereas malignant
genes, which are the human counterparts of genestimaours often contain measurable telomerase activity,
volved in repairing base mismatches in yeast and bactaesiich may immortalize cells and allow unlimited prolif-
DNA, may be responsible for widespread and multiple akation [44].
terations in microsatellites of tumour cells [139]. At pres- Both tissues and cell lines of prostate cancer exhibit
ent it seems that these genes are tumour-suppressor get@aerase activity, whereas normal prostate cell lines,
[81]. Alteration of the genes of the DNA repair systeBPH, and normal prostate tissues do not [111, 138, 192].
may constitute a new oncogenic mechanism responsitdomerase activity might therefore be a diagnostic
for a “mutator phenotype”, which is revealed by alterezarker for malignant prostate tissues [192] and an index
tions in microsatellites of the genome (repetitions of the malignant potential of prostate cancer (metastasis
mono-, di-, tri- and tetranucleotides) and which appearsatal outcome) [138]. It would be interesting to extend tel-
be responsible for the appearance of specific oncogeamterase activity studies to prostatic needle biopsies.
mutations. These microsatellite instabilities have also
been identified in sporadic colorectal and other cancers,
such as cancers of the endometrium, stomach and pani@ehnical problems related to intratumour heterogeneity
as (references in [139]). In sporadic colorectal cancers,
microsatellite instabilities are specific to proximal coloMolecular analyses remain difficult to interpret owing to
tumours, which have low LOH frequencies [140]. Micrdhe cellular heterogeneity of tissue specimens. In the
satellite instability, therefore, seems to be one alternainase of LOH, an allele is rarely completely lacking, not
to LOH in the genesis of certain types of cancer. only because of the frequent contamination by normal
Microsatellite instabilities have been observed in tloells but also because tissue specimens contain several
human prostate cancer cell line DU145 and coincidsdbpopulations of tumour cells. In prostate cancer, in ad-
with somatic mutations of DNA mismatch repair geneltion to dominant cancer nodules, separate smaller tu-
of the MLH1 and PMS2 categories [20]. RER data ommour foci often exhibit a different histological grade.
prostate cancer tissues have shown prevalences rangimg heterogeneity in prostate neoplasias is reflected at
from 5% to 70% [68, 203, 212]. Egawa et al. [52] pointhe molecular level, and LOH often differs considerably
ed out racial differences in genetic alterations during aamong morphologically defined areas of a given tumour
cogenesis in prostate glands with distinct variations [B4]. The alterations observed most probably arise from
the frequency of microsatellite instability. Regarding then ancestral cell already present in the tumour, which be-
overall evaluation of RER at the tumour level, there is same the founder of particular subclones identified by
international consensus as to when a tumour shouldnb@ecular tags. It is conceivable that alterations are un-
labelled RER or RER. It is important to distinguish be-derestimated in a significant number of cases, when the
tween tumours demonstrating a low frequency of alteggercentage of tumour cells bearing the genetic alteration
tions and those having instability at multiple loci [42]s small or when there are two clones bearing genetic al-
and an accepted definition is highly desirable for practerations that cancel each other out (such as monosomy
cal purposes. RER might be related to a growth advamd trisomy of the same chromosome).
tage phenotype in clinical postatate cancers [226] and bél'he second problem is that certain regions of the ge-
associated with high-grade [203] and poorly differentiatome previously identified as exhibiting allelic losses
ed tumours [52]. could, in fact, be the target of allelic gains. Such errors
of interpretation might focus attention on a chromosome
region that does not bear a tumour-suppressor gene. In-
Telomerase and telomere shortening deed, the distinction between allelic gain and loss re-
mains problematic, to the point that certain authors pre-
Telomeres are specialized structures at the ends of feu-to speak of allelic imbalance, without seeking to
karyotic chromosomes and are involved in the protectispecify gain or loss of genetic material.
and replication of chromosomes [15]. In humans they areln order to interpret molecular analyses with as little
composed of a sequence of six nucleotides (TTAGG&nbiguity as possible, it is necessary to distinguish be-
repeated from a few to a thousand times. These sequéneen normal and tumour cells and between subclones of
es are synthesized by telomerase, a ribonucleoproteintamour cells. In addition, it appears preferable to com-
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pare the results obtained by means of classical moleclgading to transactivation of the receptor by other ste-
techniques with those yielded by other methods suchraigls such as oestrogen and progesterone [201]. Failure
FISH. The latter can distinguish unambiguously betweehconventional androgen-deprivation therapy in prostate
losses and gains of genetic material. As each nucleusascer may be caused by clonal expansion of tumour
analysed individually, this method overcomes the protells that are able to continue androgen-dependent
lems of sample heterogeneity. However, even FISH tgaswth despite the low serum concentrations of andro-
its limits. For example, if LOH at a given locus involvegens; and the increased expression ofARegene may
two alleles inherited from the same parent (mitotic rbave a key role in this process.
combination or deletion followed by reduplication of the The effect of androgen ablation results principally
remaining allele), the genetic alteration will only be rérom the induction of apoptosis in the tumour cells. An-
vealed by methods detecting allelic loss, and not bther explanation for the emergence of androgen-inde-
FISH. pendent prostate cancer is the selection of cells that fail
The different normal and tumour cell subpopulations activate the programmed cell death cascade in re-
can be distinguished morphologically or by means of lsponse to androgen withdrawal. The molecular basis for
ological techniques (DNA content, S-phase, or subpo@ndrogen independence could involve the expression of
lation-specific oncoprotein antigens). For example, tgenes such a8CL2 that override programmed cell
detection of allelic loss, using PCR-based microsatelldeath. Elevated expression of Bcl-2 has proved to be
polymorphisms, can be done on morphologically differighly protective against a wide variety of apoptotic
ent tissue microsamples from an archival tumour tissstémuli [175] and Bcl-2 oncoprotein could play a part in
section. In the same way, the separation of aneuploid &edmone-resistant human prostate cancer [38, 146].
diploid subpopulations by flow cytometry could reveal Bcl-2 is normally expressed in the basal cells of the
full allelic loss in the aneuploid subpopulation. prostatic glandular epithelium [85]. Over-expression of
Bcl-2 can protect human prostate cancer cells from apo
ptotic stimuli in vitro and might be a factor enabling
Androgen-independent prostate cancer cells to survive in an androgen-deprived environment in
vivo [174]. It is of interest that treatment of prostate can-
The predominant systemic treatment for patients witkr cell lines expressing Bcl-2 with taxol induces Bcl-2
metastatic disease is hormonal or androgen-ablative thresphorylation and programmed cell death [77]. How-
apy. Although an initial response to hormone therapyeaser,BCL2belongs to an expanding family of apoptosis-
observed in 70-80% of patients with advanced diseasgulating genes, anB8CLX-L and MCL1, which block
most tumours progress rapidly to androgen-independeell death, might be also involved in the progression of
growth and only 10—-20% of patients are alive 5 years pfostate cancers [120].
ter diagnosis. The failure of endocrine therapy is one of The proliferation of metastatic prostate cancer cells is
the most important problems in the management of prosmarkably slow, which explains the limited value of an-
tate cancer. ti-proliferative chemotherapy [11]; spermine, an endoge-
One of the most specific genetic changes detectednmys inhibitor which can repress prostatic carcinoma cell
means of CGH in hormone-refractory prostate carcingrowth in the prostate [191], could explain this slow
mas is the gain of 8q [34], and especially the 8g24-qtgowth.
region [215, 219]. One possible target gene at 8924 is the
MYC gene, whose high-level amplification is very rarely
seen in primary tumours. There may be other, currenrAlgenetic model of prostate oncogenesis
unknown, target genes at the distal 8q locus, whose in-
creased copy number is selected for during endocrisghere a particular order of alterations in prostate carci-
therapy. nogenesis, and how would such an order influence the
Another specific genetic alteration frequently observedostate tumour phenotype? Vogelsteigroup argues
in hormone-refractory tumours is the gain of Xq [2191hat it is the gradual accumulation of changes, rather
the target gene of amplification is likely to be the andrtran their order of occurrence, that is likely to be most
gen receptorAR) gene at Xql2; indeed, amplification ofmportant in colorectal tumorigenesis [57]. Nonetheless,
ARwas detected in 30% of recurrent tumours but in noihenay be that certain events occur more specifically in
of the primary tumours taken from the same patient pritie early or late stages of a given type of cancer. A se-
to therapy [220], in additiolAR amplification leads to in- quence of oncogenic stages has been proposed in colo-
creased mMRNA expression [119]. Finally, high-level exectal carcinoma [57], melanoma [224] and bladder can-
pression ofAR was observed in hormone-refractory tueer [43], but these are malignancies in which biopsy ma-
mours [84, 180, 201]. Mutation is another mechanism tmrial is easily obtained at different tumour stages. It is
which ARmay be involved in hormone resistance. not yet possible to envisage a specific sequence in pros-
Mutations of AR are rare in primary tumours and aréatic oncogenesis, but short sequences have been sug-
principally found in hormone-independent carcinomaested [93]. Figure 1 gives a summary of genetic altera-
[180]. Mutations are found either in the transactivations associated with progression of prostate cancer. In
domain [206], or in the hormone-binding domain [66fact, it is questionable whether there is a single genetic
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Fig. 1 Genetic alterations
associated with progression of Tumour suppressor
prostate canc:r gene inactivation
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model for prostate oncogenesis, given the biochemiddentification of a specific group of patients
histological, clinical and geographic heterogeneity of
this cancer. Prostate cancers are highly heterogeneous. The use of
Nevertheless, the different genetic alterations couttblecular markers to identify subgroups should open up
quickly be fitted into place in this hypothetical schema, new approach to the diagnosis of cancers considered
if it is correct, by applying the polymerase chain reactiatinically and histologically equivalent but whose out-
(PCR) technique to different morphological areas of paeme is different. Molecular markers should also prove
affin-embedded tumour sections. This would allow theseful in medical decision-making when histopathologi-
successive stages of prostatic tumourgenesis to be stadl-analysis is inconclusive at certain stages of tumour
ied [12]. The phenotype of each cell is the result of intgarogression (principally in the early stages of oncogene-
actions between its genetic potential and the envirais). When used in tandem with recognized pathological
ment, and genetic alterations are therefore necessary,cbaracteristics, these new biological markers should help
not sufficient, to account for the malignant phenotype iof screening for benign prostate lesions with a high risk
a cell. This is where the molecular model reaches its liof-malignant transformation. In the near future screening
its. for genetic alterations induced by unidentified specific
It is equally important to consider epigenetic phenomrostate carcinogens may allow the identification of sub-
ena in the development of cancer, as the state of nejgbpulations at risk and lead to preventive measures, such
bouring cells and the hormonal status of the patient aisavoidance of exposure to the carcinogen by subjects at
seem to be crucial in oncogenesis. The developmentisk.
the prostate is closely regulated by multiple hormones
and peptide growth factors, and the complex paracrine
interactions between the epithelial and stromal cells Rrognosis
volved are known to play a crucial role in the develop-
ment of prostatic adenocarcinoma. Prostate cancer exhibits a wide range of biological
behaviour. Histological grade and disease extension are
at present the most frequently used prognostic indica-
Genetic alterations and clinical applications tors. PSA related to tumour volume has a relative statis-
tical predictive value for histological stage, but PSA
Clinical applications are currently limited but may bealone cannot optimize the therapeutic choice. The prog-
come important in the near future. nostic variables used in prostate cancer cannot be used
to predict the outcome of individual patients, or to opti-
mize the treatment. Indeed, treatment depends mainly
Screening of subjects at risk on the stage of the disease at the time of diagnosis and
on potential for development, and new biological prog-
Identification of prostate cancer susceptibility genes wilbstic markers are needed to increase predictive
open up a new field of clinical applications, by allowingeliability. In recent years, several additional biological
early diagnosis in “high-risk” individuals and improvingumour markers have been linked to prostate tumour
the prognosis. prognosis. Potential prognostic variables have been
reviewed by Gao et al. [70], and a number warrant fur-
ther investigation. However, there is no general agree-
ment on the best combination of these prognostic fac-
tors.
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