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Introduction

Prostate cancer is the most
common malignancy detected in
men in the United States. The
worldwide incidence of this dis-
ease is also rising, mainly due to
demographic factors, such as the
increasingly elderly population
and, more importantly, the increas-
ing number of cases identified fol-
lowing prostate-specific antigen
(PSA) testing.

Adenocarcinoma of the pros-
tate gland presents with a wide
variety of clinical findings, ranging
from asymptomatic, relatively latent
tumors to highly aggressive, metas-
tasizing cancers. Tumors predomi-
nantly arise from epithelial cells in
the peripheral zone of the gland.
Tumors that progress, if untreated,
will extend into the prostatic cap-
sule and seminal vesicles, and will
ultimately metastasize to regional
and distant sites such as lymph
nodes and bone. Metastatic hor-
mone-refractory disease is the most
important cause of morbidity, treat-
ment failure, and subsequent mor-
tality from prostate cancer. The two
main issues for clinicians and
pathologists involved in prostate
cancer are early detection of the
cancer and identification of the
prognostic factors that predict out-
come in individual patients.1

Although an understanding of
some of the cellular and molecular
defects in prostate cancer has
recently begun to emerge, several
unanswered questions remain
regarding issues such as predispo-
sition, disease expression, and pro-
gression of this cancer. For exam-

ple, how can indolent tumors be
differentiated from aggressive,
lethal ones?  What is the cellular
mechanism involved in predisposi-
tion and eventual progression of
prostate cancers?

Recognition of cellular fea-
tures, which accurately predict the
behavior of prostate cancer occur-
ring within a specific patient, is a
major challenge facing contempo-
rary urologic pathologists and clini-
cians.2,3 Anatomically localized pro-
static adenocarcinomas frequently
behave in a malignant fashion.
Although progression may be slow
for the many patients who choose
follow-up by “watchful waiting,”
many will die of the disease until
biologically appropriate therapeu-
tic approaches are developed to
curb the otherwise inevitable
malignant behavior. Once the dis-
ease has spread beyond the sur-
rounding fibrous capsular region of
the gland, treatment is often unsuc-
cessful. Adding to the diagnostic
challenge is the fact that a relatively
large subset of prostate tumors
advance slowly and are rarely the
cause of death. Early detection of
prostate cancer, preferably in the
preinvasive phase (in lesions such
as high-grade prostatic intraepithe-
lial neoplasia), is important if a
treatment can be found that will
arrest development of the cancer.

Much research effort has also
focused on developing prognostic
factors that can predict outcome in
individual patients with prostate
cancer.2,3 The goal is to adapt the
therapeutic approach to the clini-
cal, morphological, and molecular
features of each patient. Many of



the clinically important predictive
factors in prostate cancer are still
derived from a pathologist’s exami-
nation of tissue specimens using
light microscopy. However, in the
future, molecular markers will pro-
vide supplemental information and
the challenge will be to assemble
the information into a useable form
to aid in the diagnosis, staging, and
treatment of prostate cancer.

In this review article, we sum-
marize current literature on accept-
ed pathological and promising mol-
ecular markers that have relevance
to the development and progres-
sion of prostate cancer. Additional-
ly, many of the pathways discussed
provide a fertile area for the devel-
opment of new cancer treatments.

Development of 
Prostate Cancer

Despite the introduction of
widespread PSA testing, approxi-
mately 20% of patients with
prostate cancer will have extracap-
sular disease that is incurable with
current treatments.4,5 The identifi-
cation of risk factors for the devel-
opment of prostate cancer and pre-
cancerous change within the
prostate allow for not only earlier
detection of prostate cancer, but
also the introduction of lifestyle
and chemopreventive strategies.

Histopathologic Markers

Prostatic Intraepithelial 
Neoplasia

Prostatic intraepithelial neopla-
sia (PIN) refers to morphological
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appearances within a spectrum
extending between histologically
“normal” and “frankly malignant”
prostatic epithelium.5,6 PIN is
thought to arise in pre-existing
ducts rather than through the for-
mation of new acinar epithelium.
This premise is based on histo-
pathologic observation in which
cell groups consistently exhibit
cytologic abnormalities that charac-
terize PIN growing adjacent to
benign epithelium. PIN is charac-
terized by a series of well-defined
architectural and cytological criteria
including progressive loss of the
epithelial bicellular layers, with
eventual disappearance of basal
cells. PIN is divided into two
grades, low and high (which
replaces the previous categories of
PIN1 (low grade), PIN2, and PIN3
(high grade).7,8 To assist in distin-
guishing high-grade PIN from in situ
or invasive cancer, the presence of
basal cells may be confirmed
immunohistochemically using anti-
bodies AE1/AE3 or 34b-E12, which
recognize high-molecular-weight
cytokeratins. The importance of
diagnosing PIN is that high-grade
PIN is associated with the presence
of synchronous prostate cancer in
greater than 35% of cases.7

Atypical Small Acinar 
Proliferation

In approximately 5% of prostate
biopsies, small foci of atypical glands
that are suspicious for but not diag-
nostic of carcinoma are identified.
Most pathologists are reluctant to
diagnose prostate cancer when
fewer than three glands demonstrate
frank cytological atypia. Atypical
small acinar proliferation is a distinct

pathological condition from high-
grade PIN and is associated with the
diagnosis of prostate cancer on sub-
sequent biopsy in approximately
45% of cases (even more frequently
than high-grade PIN).9,10 Whether
atypical small acinar proliferation is
a true premalignant condition or just
a consequence of prostate biopsy
sampling and fixation techniques 
is uncertain. Nevertheless, the fre-
quent association with frank pros-
tate cancer warrants rebiopsy and
careful follow-up.

Molecular Markers 

Family history is a major risk
factor for the development of
prostate cancer. Several large epi-
demiological studies have demon-
strated familial clustering,suggesting
that approximately 9% of prostate
cancer may be due to an autosomal
dominant inherited gene.11 Using
linkage analysis, loss of an area on
chromosome 1 (1q24-25) has been
identified that greatly increases the
risk of developing prostate cancer.
The chromosomal changes have
been confirmed on independent
analysis, and the area has been des-
ignated HPC1 (human prostate can-
cer 1). A second area on the X chro-
mosome (Xq27-28) has also been
identified and designates HPCX
(human prostate cancer X). Two
additional areas on chromosome 1
(1p36 and 1q42-43) have been iden-
tified as having potential links to
prostate cancer development.
Unfortunately, the causative genes in
each of these areas have not yet
been conclusively identified.12

From a clinical standpoint,
familial prostate cancer occurs at a
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younger patient age than sporadic
cancers. There is some suggestion
that cancers associated with the
HPC1 gene are more biologically
aggressive. However, several stud-
ies have shown little survival differ-
ence between inherited and spo-
radic prostate cancer. The identifi-
cation of the genes involved in the
development of prostate cancer not
only will allow the development of
blood tests to establish risk,but also
will provide a window on the mol-
ecular events involved in prostate
carcinogenesis.

Mechanisms of Prostate
Cancer Progression

Pathological Markers

Prostate cancer is unusual in
that it can be broadly categorized
into two clinical presentations: (1)
a latent form that is found at autop-
sy in approximately 30% of men
over 50 years of age and in 60%-
70% of men over age 80 and (2) a
clinically evident form that is diag-
nosed in approximately 9% of men
and is lethal in about 3% of men.
Clearly, this is an oversimplification
as there is considerable hetero-

geneity in prostate cancer in terms
of prognosis and response to thera-
py. The recognition of cellular fea-
tures that accurately predict the
behavior of prostate cancer occur-
ring within a specific patient is a
major challenge facing contempo-
rary urologic pathology. Thus, the
interest in pursuing molecular
markers of prostate cancer pro-
gression has expanded. The hope
is that by dissecting the molecular
pathways of prostate cancer pro-
gression, prognostic markers and
therapeutic opportunities will be
identified. In this section, well-
known pathological predictors are
summarized and newer molecular
markers of prostate cancer pro-
gression are discussed (Table 1).

Gleason Score

Gleason score is one of the
most useful prostate cancer grading
systems and is universally accepted
as a pathological indicator of bio-
logical behavior, correlating with
stage and metastatic potential. The
Gleason system for histologic grad-
ing of prostate tumors is based sole-
ly on morphology (Fig 1). Low-
power microscopic examination of

biopsy specimens usually reveals
tumor patterns ranging from small,
well-differentiated glands to poorly
differentiated sheets or cords of
malignant cells. Five distinct glan-
dular patterns are graded progres-
sively from most to least differenti-
ated. The grades of the two pre-
dominant patterns present in a sur-
gical specimen are added to yield
the final Gleason score. Patients
with well-differentiated lesions
(Gleason scores 2-4) usually have
early-stage disease and a good prog-
nosis. Gleason scores 8-10, howev-
er, are associated with a poor prog-
nosis. Gleason score correlates well
with other known prognostic fac-
tors such as tumor size, presence of
pelvic lymph-node metastasis, and
PSA level. Reports in the literature
on the prognostic importance of
Gleason score are extensive and will
not be discussed further here.13-16

Perineural Invasion

The growth of tumor cells
along the nerve sheaths is a com-
mon finding in radical prostatecto-
my specimens and is termed “per-
ineural invasion.” Perineural inva-
sion has been identified in up to

Fig 1. — Prostatic adenocarcinoma, well differentiated.  (A) Simple glands formed by cells with mild
nuclear anaplasia.  Regular glandular growth with minimal stromal tissue between glands, Gleason
score 3.  (B) Normal prostatic tissue (hematoxylin-eosin, × 100).

Gleason score 
WHO nuclear grade
Pathological stage
Surgical margins
Perineural invasion
Vascular or lymphatic invasion
Tumor volume
Histological type 
DNA ploidy and proliferation index
Neuroendocrine differentiation 

Table 1. — Predictive Pathological Factors in
Prostate Cancer
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38% of prostate biopsy specimens.17

Considerable controversy exists as
to the significance of perineural
invasion. Some studies suggest that
this finding is associated with extra-
capsular disease in up to 95% of
cases (of considerable importance
when deciding whether to resect
the neurovascular bundle control-
ling potency at the time of radical
prostatectomy).18 However, other
investigators found that perineural
invasion was of no predictive value
when other prognostic factors such
as Gleason score and PSA level were
accounted for by multivariate analy-
sis.19 The finding is noted on needle
biopsy pathology reports but is
rarely used to make clinical or oper-
ative decisions.

Vascular or Lymphatic 
Invasion

Microvascular invasion is the
finding of tumor cells within an
endothelial lined space. Vascular
invasion reflects the fact that the
tumor has acquired the ability to
invade blood vessels,which is one of
the early steps in the metastatic
process. The prognostic value of vas-
cular invasion has been established
in multiple tumor types, most
notably in testicular cancer where
its presence changes tumor stage
from T1 to T2 and has significant
clinical importance in deciding ther-
apy.20 Vascular invasion is found in
approximately 38% of radical prosta-
tectomy specimens and is associated
with increasing tumor stage, grade,
and nodal metastases. However, sim-
ilar to perineural invasion, it falls out
as a marker when other standard
predictors of progression are includ-
ed in multivariant analysis.21
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Neuroendocrine Differentiation

Prostate cancer may show
divergent differentiation toward a
neuroendocrine phenotype in the
form of neuroendocrine small 
cell carcinoma or carcinoid-like
tumors. More common, however,
is focal neuroendocrine differentia-
tion in prostate cancer, which may
be pronounced in approximately
10% of carcinomas. The prognostic
importance of focal neuroen-
docrine differentiation in prostate
cancer is controversial. However,
current evidence suggests that it
has an influence on prognosis in
hormone-resistant tumors or a role
in the conversion to a hormone-
resistant phenotype and has an
influence on prognosis in this
patient group.3,22 Chromogranin A
appears to be the best overall tis-
sue and serum marker of neuroen-
docrine differentiation, and thus
serum chromogranin A concentra-
tions may be useful in assessing the
emergence or progression of hor-
mone-resistant cancer.4

DNA Ploidy and Cell 
Proliferation

An assessment of the propor-
tion of proliferating cells reflects
tumor growth and may predict the
likelihood of tumor progression.
Studies using flow cytometry, mitot-
ic index, and Ki-67 immunohisto-
chemistry have suggested that pro-
liferative indices may have prognos-
tic importance in prostatic cancer.
Flow cytometry,which measures the
proportion of the cell population in
different phases of the cell cycle,
indicates that a high S-phase fraction
and a high ratio of cells in S and G2,

when compared with the M phase,
correlate with a rapid tumor pro-
gression and short cancer-specific
survival.23 Immunochemical stain-
ing for Ki-67 reacts with an intranu-
clear antigen whose presence is
detectable only in proliferating
cells.24 Expression of Ki-67 protein
is required throughout the cell
cycle,since abrogation of expression
inhibits cell proliferation.24 A highly
significant correlation between Ki-
67 expression and the degree of
malignancy has been reported in
many tumor types.24 A correlation
between the Ki-67 labeling index
and prognosis in prostate cancer has
been reported in several studies.
Diaz et al24 found no association
between Ki-67 labeling index and
histopathologic phenotype. Howev-
er, a low levels of Ki-67 expression
was independently associated with
an improved prognosis. Prolifera-
tion index correlated with clinical
stage and pathological grade, and all
three discriminated between tumors
confined to the prostate and those
that had extended to seminal vesi-
cles, lymph nodes, or bone.23-27

Molecular Markers 

The molecular mechanisms
underlying prostate cancer progres-
sion to metastatic disease and the
hormone refractory state are poorly
understood. No single event identi-
fied at the molecular level has been
shown to correlate with the devel-
opment and/or progression of
human prostate cancer (Table 2).
The biochemical and molecular
mechanisms that control cellular
interaction during prostate organo-
genesis, morphogenesis, and func-
tional differentiation remain unde-
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termined. The inter- and intra-cellu-
lar signaling pathways that govern
androgen receptor-mediated gene
transcription and communicate
with other signal transduction
pathways remain largely uncharac-
terized. The importance of under-
standing stromal-epithelial interac-
tions is underscored by the strong
propensity of prostate cancer to
metastasize to the bone and the
subsequent unique osteoblastic
response observed in patients with
metastatic disease. This section
focuses on some of the more com-
mon molecular abnormalities
found in tumors and discuss their
significance in the progression of
prostate cancer.

Oncogenes

Oncogenes are altered normal
genes that confer the malignant
phenotype primarily by dysregulat-
ing the normal cellular mecha-

nisms of growth control. Onco-
genes have important roles in
malignant progression in many
tumor types, most obviously chron-
ic myelogenous leukemia, where
the bcr-abl oncogene is a result of
the chromosomal translocation t
(9:22) (Philadelphia chromosome).
In human prostate cancer, studies
of oncogene activation and expres-
sion have been singularly unsatis-
factory. Information from several
sources indicates that presently no
known oncogenes are specifically
or consistently activated in either
human or rodent prostate can-
cer.22,28-30 Additionally, no recog-
nized oncogene markers provide
insight into the pathogenesis or
progression of prostate cancer.

Tumor Suppressor Genes

Tumor suppressor genes code
for proteins that regulate negative
cell growth. Loss of or diminished

expression of a tumor suppressor
gene can lead to uncontrolled
growth through a number of mech-
anisms including interference with
the cell cycle, apoptosis, DNA
repair, or cell adhesion.

The retinoblastoma (Rb)
tumor suppressor gene was the
first tumor suppressor gene to be
identified. Loss of Rb function
leads to uncontrolled growth due
to the failure of the mutant pro-
teins to bind and sequester the E2F
transcription factors. Mutational
inactivation of Rb is found in
defined subsets of most human
epithelial neoplasms, in addition to
all retinoblastomas.31,32 One study
has confirmed the presence of Rb
mutations in a subpopulation of
human prostate cancer and sup-
ports the probability that mutation
of the Rb gene might be an impor-
tant step in the genesis of at least
some prostate cancers.33,34 Of
interest, gene transfers of exoge-
nous copies of wild-type Rb sup-
press tumorigenicity in several dif-
ferent tumor cell lines known to
have pre-existing endogenous Rb
mutations.

Loss of heterozygosity (LOH)
for Rb has been shown in up to
60% of informative patients with
prostate cancer. Loss of Rb
expression occurred with similar
frequencies in both early-stage and
low-grade cancers, as well as
advanced cancers.35 However, a
lack of correlation of LOH at 13q
(location of Rb) with absent pRb
expression suggests that the exis-
tence of another tumor suppressor
gene in this region is important in
prostate cancer.

Tumor Suppressor Genes: Rb
Wild p53
KAI1

Growth Factors and Cytokines: Acidic fibroblast growth factor (aFGF)
Basic fibroblast growth factor (bFGF)
Platelet-derived growth factor (PDGF) 
Epidermal growth factor
HER-2/neu (c-erbB-2) and c-erbB-3 oncogenes
Interleukin-6
Interleukin-11

Angiogenesis: VEGF

Apoptosis: Bcl-2
Bcl-XL

Protein Kinase C

Osteopontin

Telomerase

Genes for Adhesion Molecules: CD44

STAT: Stat3

Table 2. — Molecular Events Studied in Prostate Adenocarcinoma



The p53 tumor suppressor
gene is the most frequently mutat-
ed gene in human tumors. The p53
gene plays an important role in reg-
ulating entry and progression
through the cell cycle and/or induc-
ing apoptosis in the presence of
DNA damage. Loss of p53 function
is relatively easy to identify with
immunohistochemistry. Abnormal
p53 expression has been found in
many tumor types and in general
predicts a poor prognosis.26,36-38

Approximately 16% of newly diag-
nosed primary prostatic carcino-
mas in the United States have
abnormal p53 protein expres-
sion.34,39 Little correlation has been
found with tumor stage and grade,a
finding strongly suggesting that
inactivation of this tumor suppres-
sor gene is unlikely to be either a
consistent or even an important
event during the initiation phase of
most human prostate cancers.8,26,36

However, as prostate cancer pro-
gresses to the hormone refractory
phenotype, the incidence increases
to approximately 50%, suggesting
that p53 may have a role in prostate
tumor progression. Altered p53 in
these circumstances is associated
with a poorer prognosis.

KAI1 tumor suppressor
gene is located at human chromo-
some 11p11.35 Evolutionarily con-
served and distributed widely in
human normal tissues, KAI1
encodes one member of a struc-
turally distinct family of leukocyte
surface glycoproteins. All members
of this family characteristically con-
tain four transmembrane domains
and a large extracellular N-glycosy-
lation domain. Although the pre-
cise functions of these proteins are
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unconfirmed, their membrane
localization and extensive glycosy-
lation suggest that they function in
cell-cell interactions and cell-extra-
cellular matrix interactions40 and
that they are important in invasion
and metastasis. N-glycosylation of
these molecules is consistent with
their presumed role in metastasis
suppression because the associa-
tion between processing of N-
linked oligosaccharides and meta-
static phenotype is well document-
ed.40 The protein product of the
gene is reported to be reduced in
human cell lines derived from
metastatic prostate cancers.

PTEN encodes a lipid phos-
phatase that leads to a decreased
sensitivity to cell death. PTEN is
located on 10q23, a region that is
commonly lost in prostate cancer.41

PTEN knock-out mice appear to
develop prostatic hypertrophy and
dysplasia. Although there is some
disagreement about the frequency
of PTEN mutations, decreased
expression of the protein is com-
monly found in prostate cancer.
For these reasons PTEN may be
important in the initiation of
prostate cancer.41,42

P27 is a cyclin-dependent
kinase inhibitor that prevents pro-
gression of the cell cycle at the G1-
S phase transition. Decreased p27
expression, unlike loss of function
of p53, is rarely due to gene muta-
tion but rather to decreased pro-
tein production or, more common-
ly, to an increased rate of destruc-
tion by mechanisms such as pro-
tein phosphorylation and ubiquiti-
nation. Decreased p27 expression
is an important step in expression

of the malignant phenotype and
has been found to be an indepen-
dent prognostic factor in breast
and colon cancer. Several studies
have demonstrated that decreased
p27 expression is relatively com-
mon in prostate cancer and corre-
lates with increasing tumor
grade.43 Additionally, target disrup-
tion of the p27 gene in mice leads
to hypertrophy of several tissue
types including the prostate.44

Growth Factors and Growth
Factor Receptors

Growth factors regulate mito-
genesis and differentiation of cells
by binding to specific cell surface
receptors. Over the last few years,
many growth factors and their
receptors have been identified and
grouped into several families based
on their structural and functional
properties. Although the exact
mechanism of action of each of
these is not fully understood, it fol-
lows the following general path-
way: AA ligand (growth factor)
binds to its cognate receptor
(growth factor receptor), activating
a tyrosine kinase (which is part of
the receptor’s intracellular domain),
and this in turn initiates a cascade of
events controlling a number of
processes including cell prolifera-
tion, differentiation, and apoptosis.
While these processes are common
to a diverse array of tissues, there is
also evidence that growth factors
promote the tumor cell motility and
invasion that are associated with
the metastatic phenotype. Progres-
sion of prostate cancer, in common
with other solid tumors, is accom-
panied by modifications in the
expression of a number of these



November/December 2001, Vol.8, No.6 Cancer Control 557

growth factors and their receptors
as well as changes from paracrine to
autocrine growth. In the case of
prostate cancer, a significant body
of work has examined the role of
growth factors in epithelial-stromal
interactions. Evidence from tissue
recombination experiments sug-
gests that aberrant growth factor
signaling from the stromal compo-
nent has an important role in can-
cer progression.45,46 Particular
attention has been paid to the inter-
action between bone-derived mes-
enchymal cells and prostatic epithe-
lial cells because of the propensity
of prostate cancer to metastasize to
the bone and cause osteoblastic
type metastasis.

At least four families of growth
factors appear to influence prostate
cancer progression through a num-
ber of autocrine and paracrine
loops: (1) transforming growth fac-
tor-beta, (2) fibroblast growth fac-
tor, (3) epidermal growth factor,
and (4) insulin-like growth factor.
Unfortunately, elevated growth fac-
tor production, increased growth
factor receptor expression, and/or
abnormalities of growth factor sig-
naling have not been found to con-
sistently correlate with stage,grade,
or progression of prostate cancer to
a sufficient extent to allow for their
use as  clinical predictors. The role
of each of these families in the
development and progression of
prostate cancer is discussed in pre-
vious reviews.45,47

Androgen Receptor Signaling

Androgens are required for
normal prostate development and
growth. Androgen withdrawal in

prostate cancer leads to significant
initial apoptosis; however, there 
is inevitable outgrowth of a
hormone-refractory clone that will
eventually lead to death. For these
reasons, tremendous scientific
effort has focused on the role of
the androgen receptor and the
pathways it regulates. Androgens
(primarily dihydrotestosterone)
bind to the androgen receptor in
the cytoplasm. The complex is
then translocated to the nucleus
where it binds to specific areas of
DNA known as androgen response
elements, causing activation of
androgen-regulated gene expres-
sion.48 In hormone-refractory
prostate cancer, direct androgen
receptor signaling is not necessary
since, in the majority of cases,
downstream signaling takes over
for the lack of androgen-mediated
signals. In more advanced prostate
cancer, receptor gene amplifica-
tion, mutation, and/or polymor-
phism may play a role in tumor
progression, but in general, other
pathways are more important.49

Angiogenesis

Angiogenesis is the growth of
new blood vessels from existing
blood vessels. It is required for
many physiological processes such
as wound healing, and it involves
several pathways including the
secretion of angiogenic substances,
activation of endothelial cells,
degradation of capillary mem-
branes, and endothelial cell migra-
tion. Oxygen and nutrient diffu-
sion alone are insufficient to sup-
port tumor growth greater than 2-3
mm3 without the development of
new blood vessels. Tumors that

have the capacity to readily induce
angiogenesis tend to be of higher
grade and have a worse prognosis.
Evaluation of angiogenesis in the
prostate by looking at microvessel
density has shown an association
between an increasing number and
level of disorganization of blood
vessels as the progression from
normal prostate to benign prostatic
hyperplasia to malignancy occurs.
Microvessel density varies from
area to area within a tumor, thus
potentially limiting the utility of
vessel counts in biopsies to consis-
tently predict prognosis in either
organ-confined or more advanced
prostatic cancer.50 However, other
studies have suggested that the
overall density of microvessels is
relatively uniform throughout the
tumor.51,52

The most studied angiogenic
factors in prostate cancer are basic
fibroblast growth factor (bFGF)
and vascular endothelial growth
factor (VEGF).53 Conflicting results
exist for both of these growth fac-
tors, with higher urinary levels
being reported in benign prostatic
hyperplasia compared to prostate
cancer, and higher serum levels in
patients with prostatic tumors
compared to patients with benign
prostatic conditions. Significant tis-
sue levels of VEGF are present in
prostate cancer and in PIN lesions,
the expression being highest in
association with neuroendocrine
cells and correlated with an altered
pattern of vascularization.54 The
VEGF expression is down-regulat-
ed by hormonal manipulation,
except in the population of neu-
roendocrine cells. All this indicates
that VEGF may contribute to the



establishment, progression, and
regression of prostate neoplasia.53

Clearly, tumor-induced angiogene-
sis is an essential step in the pro-
gression of malignant neoplasms
and the development of metas-
tases.55 The therapeutic potential
of angiogenesis inhibitors is under
active investigation.54

Apoptosis

Much attention is currently
being focused on molecular con-
trol of programmed cell death
(apoptosis) and methods to alter
the balance toward enhancing
tumor cell death in cancer therapy.
Rates of apoptosis become altered
during initiation, progression, and
metastasis of human prostate can-
cers. Androgen deprivation first
produces a reduction in tumor
bulk, with androgen-dependent
cells undergoing apoptotic cell
death. However, there is continued
proliferation of androgen-indepen-
dent cells resulting in a cancer that
is no longer responsive to antian-
drogen therapy.35

The oncogenic protein Bcl-2
and its family of related gene prod-
ucts occupy a central role in the
regulation of apoptosis.56-58 Bcl-2,
Bcl-XL,Bcl-w,and Mcl-1 appear to be
death antagonists, while Bax, Bak,
Bcl-XS, Bad, and Bik are death ago-
nists.1,22,48,56,58 We have shown by
immunohistochemical analysis of
normal prostate that Bcl-2 expres-
sion is found primarily in the andro-
gen-independent basal cells adja-
cent to the basement membrane
and not in the differentiated lumi-
nal secretory cells. The luminal
cells are androgen dependent and
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undergo apoptosis after withdrawal
of testosterone. An elevated level 
of Bcl-2 is a poor prognostic marker
in early prostate cancer57 and is
associated with poor histological
differentiation, a high proliferation
rate, and an attenuated lymphocytic
infiltrate.30,36,37 Strong expression of
Bcl-2 protein is frequently associat-
ed with metastatic disease and is
often seen in advanced hormone-
refractory tumors.30,57

Telomerase

The life span of a cell is deter-
mined by two controls: (1) regula-
tions of the cell cycle and (2) the so-
called mitotic clock, which is deter-
mined by the length of the telom-
ere. The progressive shortening of
the telomere at the time of each cell
division eventually results in expo-
sure of the tips of the chromosome
to a variety of degrading enzymes,
leading ultimately to activation of
apoptotic pathways. Telomerase is
a ribonucleoprotein enzyme that
stabilizes telomere length by adding
hexameric (TTAGGG) repeats to
the telomeric ends of the chromo-
somes, thus compensating for the
continued erosion of telomerase
that occurs in its absence. The
enzyme is expressed in embryonic
cells and adult male germline cells,
but it is undetectable in normal
somatic cells except for prolifera-
tive cells of renewal tissues. In con-
trast to normal cells, tumor cells
show no net loss of average telom-
ere length with cell division, sug-
gesting that telomere stability may
be required for cells to escape from
replicative senescence and prolifer-
ate indefinitely. The incidence of
telomerase activation in prostate

cancer is between 47%-92% in vari-
ous studies, although most show
telomerase activity in approximate-
ly 90% of prostate adenocarcinoma
cases.59 The results of various tech-
niques for sample collection
(surgery or needle biopsy) provide
similar data in terms of the inci-
dence of telomerase positive sam-
ples, whereas major heterogeneity
was reported in tissue samples col-
lected in tissues adjacent to can-
cers, isolated prostatic intraepithe-
lial neoplasia, or benign prostatic
hyperplasia samples. Further fol-
low-up of patients in whom
increased telomerase activity is
found in prostatic tissues but who
demonstrate no evidence of cancer
would clarify whether this marker
may predict the development of
prostate cancer. Because of the sig-
nificant stromal inflitrate in
prostate cancers, estimates of
telomerase activity may be low as
the surrounding normal cells will
have little or no activity.59

Cell Adhesion Molecules

Many studies have shown
altered expression, particularly loss,
of adhesion molecules during pro-
gression from normal prostatic
epithelium to invasive prostate can-
cer. CD44 is a ubiquitous family of
cell-surface glycoproteins that exist
in multiple variant isoforms and
serve as extracellular receptors for
hyaluronic acid, collagen, and
fibronectin, thus mediating cell-cell
and cell-matrix interaction.28 CD44v
is variably expressed by epithelial
cells and has attracted considerable
attention because it is involved in
tumor progression and appears to
be specifically associated with the
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development of the metastatic phe-
notype. In most studies examining
tumor cell aggressiveness, CD44s or
CD44v expression is increased.
Transfection of the CD44v6 gene
and its expression in cell lines is able
to confer metastatic potential.28,29,60

Normal human prostatic epithelium
expresses immunohistochemically
detectable levels of CD44H,and neo-
plastic prostatic epithelium has been
shown to contain CD44s protein as
well as CD44v6 mRNA.28,60 In con-
trast to nonmalignant epithelium,
most intense staining of prostatic
neoplasia occurs in luminal epitheli-
um. Abnormal expression of
CD44v6 occurs in more than 80% of
locally invasive and metastasizing
human prostate cancers. However,
of particular diagnostic importance
is the finding of high levels of
CD44v6 protein expression in signif-
icant numbers of morphologically
benign prostatic biopsies containing
atypical basal cell hyperplasia or of
both low- and high-grade PIN.22

Thus CD44v has the potential to act
as a marker for the progression of
PIN to cancer.

Signal Transducers and Activa-
tors of Transcription (STAT)

Constitutive activation of cer-
tain members of the signal trans-
ducers and activators of the tran-
scription (STAT) family, particularly
the Stat3 protein, has been associat-
ed with malignant cellular transfor-
mation in various leukemias, multi-
ple myeloma,and solid tumors such
as breast cancer, head and neck
cancer, and prostate cancer.61-65

Growth factor receptors with tyro-
sine kinase activity, cytokine recep-
tors (such as IL-6), and nonreceptor

tyrosine kinases have critical roles
in the activation of Stat3 signaling.
We have previously demonstrated
that constitutive activation of Stat3
occurs with high frequency in
human prostate cancer cell lines
and primary tumor specimens. Fur-
thermore, we have shown that
selective tyrosine kinase inhibitors
block the growth of prostate can-
cer cell lines in culture.65 Blocking
Stat3 signaling directly with domi-
nant-negative Stat3 protein or indi-
rectly with tyrosine kinase
inhibitors blocks growth of human
multiple myeloma, breast carcino-
ma, and head and neck cancer
cells.61,62 Thus, mounting evidence
indicates that constitutive activa-
tion of Stat3 by tyrosine kinase sig-
naling pathways contributes to
malignant progression. We demon-
strated in recent studies that block-
ing Stat3 signaling in human
prostate carcinoma cells with tyro-
sine kinase inhibitors or transfec-
tion with antisense Stat3 oligonu-

cleotides induces apoptosis. More-
over, we showed that increased
Stat3 DNA-binding activity by bio-
chemical assay in primary prostate
tumors, compared to adjacent non-
tumor tissues, correlated well with
immunohistochemical detection of
activated phospho-Stat3 in tumor
cells (Fig 2).65 Collectively, these
findings provide evidence that con-
stitutive activation of Stat3 occurs
frequently in human prostate carci-
noma and is important for growth
and survival of prostate cancer
cells. Current studies are directed
at evaluating Stat3 as a potential
diagnostic/ prognostic factor in
prostate cancer as well as a novel
molecular target for new therapeu-
tic approaches.

Conclusions

The molecular mechanisms of
prostate development and progres-
sion are complicated and likely

Fig 2. — Immunohistochemical staining of Stat3 in prostate cancer.  A representative sample of
matched prostate adenocarcinoma (T) and prostate normal tissue (N) at high magnification  (600×).
Detection of phospho-Stat3 by immunohistochemistry (red stain) correlates well with increased  Stat3
DNA-binding activity as detected by the molecular assay electrophoretic mobility shift assay (below).



involve the interaction of tumor
suppressor genes, oncogenes,
growth factors, adhesion mole-
cules, signal transduction proteins,
and angiogenesis. Moreover, the
biological potential of prostate can-
cer is highly variable and cannot be
satisfactorily predicted by histo-
pathologic criteria alone. Further
research is needed to better under-
stand these mechanisms and path-
ways and thus prevent or potential-
ly alter the diagnosis and treatment
of patients with prostate cancer.
The areas of cellular signaling, cell
surface receptor activity, and the
interactions of prostate cancer cells
with soluble and matrix-associated
molecules deserve significant
attention.
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