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Diagnostic and prognostic markers for prostatic
cancer (PCa) include conventional protein markers
(e.g., PAFP, PSA, PSMA, PIP, OA-519, Ki-67, PCNA,
TE collagenase, and TIMP 1), angiogenesis indicator
(e.g., factor VIII), neuroendocrine differentiation
status, adhesion molecules (E-cadherin, integrin),
bone matrix degrading products (e.g., ICPT), as well
as molecular markers (e.g., PSA, PSMA, p53, 12-
LOX, and MSI). Currently, only PSA is used clinical-
ly for early diagnosis and monitoring of PCa. The
histological differential diagnosis of prostatic
adenocarcinoma includes normal tissues such as
Cowper’'s gland, paraganglion tissue and seminal
vesicle or ejaculatory duct as well as pathological
conditions such as atypical adenomatous hyper-
plasia, atrophy, basal cell hyperplasia and sclerosing
adenosis. A common PCa is characterized by a re-
markable heterogeneity in terms of its differenti-
ation, microscopic growth patterns and biological
aggressiveness. Most PCa are multifocal with signi

ficant variations in tumor grade between anatomical-
ly separated tumor foci. The Gleason grading system
which recognizes five major grades defined by pat-
terns of neoplastic growth has gained almost uni-
form acceptance. In predicting the biologic behavior
of PCa clinical and pathological stages are used as
the major prognostic indicators. Among the cell
proliferation and death regulators androgens are
critical survival factors for normal prostate epithelial
cells as well as for the androgen-dependent human
prostatic cancer cells. The androgen ablation has
been shown to increase the apoptotic index in pros-
tatic cancer patients and castration also promotes
apoptotic death of human prostate carcinoma grown
in mice. The progression of PCa, similarly to other
malignancies, is a multistep process, accompanied
by genetic and epigenetic changes, involving phe-
nomenons as adhesion, invasion and angiogenesis
(without prostate specific features). (Pathology Onco-
logy Research Vol 2, No3, 191-211, 1996)
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4, Markers
4. 1. Diagnostic Markers
4.1.1. Prostatic Acid Phosphatase (PAP)

Human PAP is a non-specific phosphomonoesterase.
synthesized and secreted into scminal plasma under
androgen control.' This glycoprotein has a molecular we-
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ight of 100 kDa consisting of two identical subunits of
approximately 50 kDa. The full length PAP cDNA
encodes a predicted protein of 386 residues with a 32
amino acid signal peptide.” PAP is only a small portion
(10-25%) of the total acid phosphatase in the serum of the
normal adult man. To differentiate PAP trom acid phos-
phatases from extraprostatic cell types, several methods
were introduced, which include using substrates with
higher specificity (sodium tymlphthalein, I-naphthylphos-
phate), specific inhibitors [L(+)-tartarte] and the more
reliable radioimmunoassays for PAP.!' Despite the
aforementioned alterations in PAP assays and substrates.
difficulties remained with this marker. These disadvan-
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tages includes cross reactivity with serum acid phospha-
tases of non-prostatic origins, diurnal variations in serum
PAP levels. transient elevations after prostatic examin-
ation and manipulution (e.g.. digital rectal examination),
and the instability of the enzyme which requires special
specimen  handling.’ In  addition. prostatic  acid
phosphatase is not prostate-specitic. It is also synthesized
by granulocytes. spleen, and pancreas.’ These difficulties
lead to high false negative and false positive rates. despite
advancements in detection technology. For PCa detection,
the sensitivity and specificity of the serum PAP determina-
tion has a reported range of 31-61% and 78-99%, respect-
ively.® However. when the receiver operator characteristic
(ROC) curves for PAP and a newer prostatc marker, pros-
tate specitic antigen (PSA) in the diagnosis of PCa were
compared. it was found that PSA is a superior test because

it has higher sensitivity and specificity for all cutof?

values.” Morcover. several studies have demonstrated that
PAP is normal in 57-73% of patients with localized PCa.
This limited ability to detect early PCa, together with that
tuct that many patients with elevated levels of PAP already
have advanced discase. limits the applicability of screen-
ing and diagnosis of PCa using this twmor marker. Cur-
rently, PSA has already replaced PAP us the most useful
prostate diagnostic marker in practice.

4.1.2. Prostate-Spectfic Aniigen (PSA)

PSA is a single chain glycoprotein with 240 amino
acids, having a molecular weight of approximately 34
kDa.™ It is a member of the serine protease family and has
trypsin-like and chymotrypsin-like activity.” PSA is syn-
thesized by the epithelial cells of the prostatic acini and
ducts and secreted as a normal constituent of seminal
ffuid. [t has been shown to be present in the serum of men
with both benign and malignant prostatic diseases. Since
its discovery and the development ol detection methods.
PSA has been widely used as a tumor marker for screen-
ing. dingnosis and monitoring of PCa.'"

It was originally thought thut PSA s exclusively pro-
duced by the prostate. However. accumulating evidence
suggest that other body Gissues and cancer of non-prostatic
origins may also synthesize PSA. PSA hus been demon-
strated in urine." periurethral glands.”” perianal gland,”
saliva.’ amniotic fluid."” milk of lactating women.'! and

serum of normal women."” Recently. PSA protein and/or
16

IMKNA nas been demotsiiated 1 {uimcs of the skin,
salivary glands,” kidney.,” ! and bre-
ast.' " as well as myeloid leukemia™ and non-Hodgkin
lymphoma.”’ Therefore, PSA is no longer considered
prostate-specilic.

The quantitation of PSA levels in serum is achieved by
using commercially availuble immunoassay Kits that atilized
monoclonal antibodics o identify epitopes on the PSA

molecule.™ The most common assays used m US are the

L

W, 102 (&
ovary, lung.

Tandem-R PSA and Tandem-E PSA assays (Hybritech Inc..
San Dicgo. CA) and the IMx PSA uassay (Abbott Labora-
tories. Abbott Park. IL). For ail assays mentioned. the age-
specitic reference ranges (cutofts) are applicable.’

The role of PSA in the screening and carly diagnosis of
PCa has been well established.”™ Early cxperience has
demonstrated that PSA  testing  detects  pathologically
organ-confined PCa in a large proportion of cases and that
radical prostatectomy nearly always completely eradicates
pathologically localized disease.”’ The overall detection
rate of PCa in screening populations has a reported range
ol 2.2.5.7%.7 As predicied, the combination of serum
PSA and digital rectal examination was found to be
superior to either modality alone in the diagnosis of PCa.
However, us other tumor marker, PSA has some common
shortcomings. First. PSA is not disease-specific. Elevated
PSA levels could be found in a small proportion of normal
males and approximately 25-86% of paticnts with benign
prostatic hyperplasia (BPH) and prostatitis.” Recent data
suggest that PSA is not prostate-specific (see above for
details). Despite the fact that PSA iy by no means a perfect
marker. when the ROC curves Tor PSAL PAP, and a num-
ber of other tumor markers and diagnostic procedures
were constructed and compared. PSA has been proven 1o
have higher sensitivity and specificity than any other
marker at any cutolfs.” Currently. PSA  testing  has
replaced PAP as a tumor marker for screening and curly
diagnosis of PCa.

Recently, PSA density,™ PSA slope.” PSA doubling
time,™ and free PSA™ have been measured and calcu-
lated trying to improve the sensitivity and spectlicity of
PSA testing. They. to w certain extent, provide an imp-
rovement.’

4.1.3. Prosiaie Specific Membrane Antigen (PSMA)

PSMA, a relatively new diagnostic marker. is a trans-
membrane glycoprotein with a moleculiar weight ot app-
roximately 100 kDa. Antibody studies have demonstrated
that PSMA expression is highly restricted 1o prostate
tissues and it is highly expressed in most ol the normal
intraepithelial ncoplasia. and the primary and metastatic
PCa specimens ™
ing PMSA and its role as o PCa marker have been carried
out. 9 The open reading frame (ORE) of the PSMA
¢DNA is 2.25 kb in length encoding for a protein ol 750
amino acide with o predicted protein molecular weight ol
84 kDa. excluding carbohydrate.™ The fuct that PSMA 15
an integrul membrane protein suggests that this molecule
may serve as a target for diagnostic imaging and thera-

Recently. excellent work characteriz-

i

peutic targeting modalities. ™

The restriction of PSMA expression to the prostate is
not absolute. Israeli ¢t al demonstrated that the PSMA
gene is highly expressed in prostate tissue,™ however. it is
also expressed at a detectable level in brain. salivary gland
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and small mtestine tssue. They further demonstrated that
{opatient with renal cell carcinoma tested  positive for
circulating PSMA producing cells. ™

4 Prostatic Inhibin Pepiide (PLP)
PIP is an abundant 94 amino acid protein secreted by

prostatic epithelial cells, it s detectuble tn serum. urine as
well as coltured PCa cells.” In contrast to PSA and PAP.

RS TN oy oof L E R N R FUT RTINS "
the o pression o PIP Bas Bocn shown o be Hidcpchadiil on

androgen. A vrowing body of evidence indicate that detec-
tion ol the PIP Tevels in tssue specimens, serum. and urine
may help distinguishing BPH from PCu.” ™ PIP has been
demonstrated to be able 1o suppress DNA syithesis and
arowth of the prostate cells in vimro and in vivo. "™ PIP
also can induce apoptosts of PCa cells in ammal model
system ™ Al above mentioned evidence suggest that PP
may have therupeutic potential, However, the prostatic
specilicity of PIP has been recently guestioned. A recently
identified alternatively spliced form off PIP. PSP37. was
detectable not only in the prostate but also in the Kidney

and bladder.”

4.2. Prognostic Markery

421 PAP

Foti et al first demonstrated a correlation between
PAP elevation und PCa. -
serum PAP levels also have been found to be associ-
ated  with - PCa showing  poorly  dilferentiated
histological patterns and advanced stage. but not the
metastatic state and the twmor volume.™ A correlation
between PAP distribution and ditferentiation status also
was observed.™ However, these await o he
contirmed. The value of PAP oy a means to adentily
metastasis remains a point ol controversy. Sixly 1o
clahty-tive percent and 22-28% of padients with pelvic
fymiph node involvement showed clevated and normal
PAP depending  on different
methods of assays. Investigation conducted by Qester-
himg et al demonstrated that all patients with an elevated
serum PAP level had either extracapsular discase or
lvmph node metastasis.” However, in another serie, no

serum extent of Lilevated

results

levels,  respectively,

statistically — significant  correlation  was  observed
between PAP and the presence of positive regional
lymph nodes.' Since PAP testing has been found to
add very little unique information to the diagnosis and
prognosis of PCa in addition to other markers (e.g..
PSA) and conventional procedures (e.g.. pathologic
staging, bone scan, and digital rectal examination}),”’
together with drawbucks of the PAP testing per se (sce
above). many investigators believe scrum PAP testing
is not routinely necessary and many institutions no
longer recommend this test in the staging of PCa.

Vol 2, No3, 1990

A direct relatonship has been demonstrated between
serum PSA and twimor burden.™ The fact that serum PSA
levels overlap between stages has resulted in PSA™s inabil-
iy o predict exact pathological stuge. Howeser, anuimber
ol studies have shown that local clinical stage and tumor
arade significantly enhance the predictive power ol PSA
o determine pathological stage.™ A role for PSA as a
picaicion of outcorne i PCa has been suggested by severai
myvestigators.™ As wogeneral rule. as PCa progresses il
produces more PSA. However. some undifferentiated PCa
cells become androgen-unresponsive and unable o pro-
duce PSAT I was suggested that undilferentiated cells
may acquitre the ability 1 espress a0 PSA-suppressing
activity. Such a factor may be seereted into the stroma and
mltuence the PSA expression of other celis.” This may
partially explain that the Tack of increase i serum PSA
levels observed o proportion ol paticuts with hormone-
resistant PCa.

Recently., RT-PCR assay has been developed o detect
circulating PSA mRNA producing cancer cells for mol-
ccular staging. = Since blood cell PSA RT-PCR assay
is detecting mRNA produced by the cireulating malignant
cells. o positive RT-PCR assay tmplicates hematogenous
micrometastasis ot PCa. RT-PCR assay for detecting
PSA mRNA producing PCa cells wus first described by
Gomella et al™ It was found that 50% (#8) of DI-3
patients and none ol the DO PCa patients. BPH patients or
femate PSA/RT-PCR
results.™ Such a PSA/RT-PCR assay has also been used o
deteet PSA mRNA producing cells in Ivmph nodes.™ A
more sensitive enhanced PSA/RT-PCR assay employing
digoxigenin-moditicd nucleotides has been developed 1o
detect one PSA mRNA producing cell in 100,000 non-
PSA producing lymphocytes.™ They found that no speci-
niens [rom control females and males without cancer was
positive tor enhanced PSA/RT-PCR
T7.8% (1) of 18 metastatic PCa patients {as judged by
positive bone scany were positive.™ In addition, 38.5%
(25) of 63 patients with T1-2b (clinically loculized) dis-
eiase were found o be positive for this assay and the
PSA/RT-PCR  posttivity in surgical-candidate  patients
correlated  significantly  with capsular penetration and
surgical margin positivity.” However, due to the lact that
the PSA genc is not exclusively expressed in prostate
cells, interpretation of a positive result should be very
cantious."” Morcover, the clinical significance of the pres-
ence of u single tumor cell in the circulation is unknown.

10,5152

normal controls  had  posttive

assay. however,

4.2.3. PSMA

Data accumulated to date does not conclusively define a
role for PSMA as a prognostic marker for PCa. In a series
where 165 primary PCa. 79 lymph node metastases, 7
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bone metastases. 27 BPH. 21 prostatic intraepithelial
neoplasia (PIN), and 12 normal prostale Gissuc specimens
were examined, expression of PSMA was found to corre-
late positively with pathologic grade. but not with clinical
stage. The PSMA expression level is high in poorly differ-
entiated and metastatic PCa. however, expression level in
primary PCa does not correlate with nodal status, extra-
capsular penetration, or seminal vesicle positivity.” An
alternatively spliced variant (PSMA’) of PSMA mRNA
has been recently identified and the ratio of cxpression of
PSMA/PSMA™ has been found to be a potential index for
measuring PCa progression.” Nevertheless, a large series
of PCa patients with defined pathological stages will be
needed to further evaluate the potential of PSMA/PSMA®
ratio as a useful prognostic indication.

A blood RT-PCR assay of PSMA, like that of PSA, has
been recently developed for molecular staging of
PCa.** Cama et al*’ used RT-PCR assay to detect circu-
lating PSMA and/or PSA mRNA producing cells. They
found that the sensitivity of the PSA test is higher than
that of the PSMA test. Sixteen (80%) and 10 (50%) of 20
metastatic PCa patients had positive PSA and PSMA
assay in blood samples, respectively. Twenty-seven and
19 of 80 patients with clinically localized PCa had posi-
tive PSA and PSMA test, respectively. The positivity of
the PSA RT-PCR assay, but not that of the PSMA RT-
PCR assay, correlates with pathological srage of PCa.
However, when a nested RT-PCR assay was developed
to detect PSMA and/or PSA producing cells, the sensi-
tivity of the PSMA assay was found to be much higher
that of the PSA assay.” In this study, the authors
detected micrometastases in 2 BPH patients by the
PSMA assay, suggesting the false positive rate for the
PSMA test may be higher than that of the PSA test. Ne-
vertheless, PSMA RT-PCR assay requires further study.

4.2.4 12-Lipoxvgenase (12-LOX)

12(S)-hydroxyeicosatetracnoic  acid  [12(S)-HETE]. «
metabolite of arachidonic acid by 12-LOX. hus been shown
to play a pivotal role in invasion and metastasis. Recently,
12(S)-HETE has been shown 1o enhance PCa cell invasion™
and the ability of prostate tumor cells 1o generate endoge-
nous 12(S)-HETE has been correlated positively with their
metastatic potential > Al these results suggest that the
enzyme responsible for 12(S)-HETE production (1.e.. 12-
LOX protein or mRNA levels) may be prognostic markers
for the aggressiveness of this cancer. The 12-LOX mRNA
expression levels i 122 matched prostate normal and can-
cer tissues were measured by quantitative RT-PCR and in
situ hybridization (ISH). ISH demonstrated weak expression
of 12-1.OX mRNA in basal cclls of normal secretory glands.
12-LOX mRNA levels were elevated in PCu cells and the
expression correlated with the ditferentiation status and
invasiveness. In RI-PCR, overall. 46 (38%) of 122 evalu-

able patients showed cievated level of 12-1.OX mRNA in
PCa tissues compared to the matched normal tissues. A
statistically  significanly greater number of cases were
found to have an clevated level of 12-LOX among T3. high
arade. and surgical margin positive than T2, intermediate
grade, and surgical margin prostatic
adenocarcinomas. This data suggest that 12-LOX may serve
as a correlative marker for a more aggressive phenotype of
human PCa and hence for poor prognosis. This enzyme also
may be a novel target for the development of anti-invasive
and anti-metastatic agents.™

ncgative

4.2.5. Tumor Suppressor Gene — p53

Wild-type p33 has been shown to be a suppressor of cell
growth and transformation, causing a G, block in cell
cycle progression and in certain cell types precipitating
apoptosis. Mutations in the p53 gene have been demon-
strated to be the most common genetic alterations in
human cancers. Functional inactivation may result trom
genetic aberrations within the p53 gene, most frequently
missense mutations, or inactivation by interacting with
viral and cellular oncoproteins. Loss of wild-type p53
function leads to deregulation of the cell cycle checkpoint
and DNA replication, defective or inefficient DNA repair,
selective growth advantage and, as a result, tumor forma-
tion and progression.”’

The role of p53 in human PCa is still unclear and
remains controversial. While a number of groups demon-
strated a high p53 mutation and/or protein accumulation
rate in PCa.™™ others reported rare mutations.”*'** Such
frequency differences of the p53 mutation in PCa among
various groups could partially be due to the geographic or
demographic factors as well as methods used for detecting
p53 abnormalities (see above).™

The value of using pS3 mutation as a prognostic marker
for PCa is still in debate. The correlation between p53 ab-
normalities and PCa progression have been reported in a
number of studies. % Bookstein et al® reported that
23%. of stage 11T or IV wmors and 4% of stage 0-11 tumors
had ahnormal nuclear p53 accumulation and that 20-25% ol
advanced cancers. but none of early PCa had mutations of
the p33 gene. In another sertes of 92 patients, all tumors
with p53 protein accumulation and/or mutations were meta-
static (stage D), poorly differentiated. and androgen inde-
pendent.”” However. two studies suggested that p53 abnor-
malities may be an carly event in PCa progression.™ Such
controversy could only be resolved by investigation of
larger number of patients. Chen et al indicate that p53 ab-
normalities (allelic deletion, low expression, MDM2 over-
expression and mutation) occur at a high rate during PCa
development and that the lrequency of p33 alterations
appears to correlate with tumor grade/stuge. Most recently.
Kubota et al*” screened PCu specimens for p33 gene muta-
tions in exons 1-11 and found that 9% of well and moderate-

PATHOLOGY ONCOLOGY RESEARCH



Prostate Cancer [ Part H| 195

Iy ditferentinted and 30% of poorly dilferentiated PCa hud
P33 mutations. This result also supports that pS3 mutation is
adate eventin the development of PCa.

4.2.6. Microsatellite Instability (MSH)

MST (ulso known as replication  errors  or mutator
phenotype). has been demonstrated in hereditary nonpoly-
posis colorectal cancer (HNPCC) svndrome. and a number
of sporadic cancers.”™ The human HNPCC genes (e the
hMSEHZ, hMLHL hPMSTL and hPMS2 genes) have been
cloned recently and found 1o be mutator genes.™™7"" Gao et
al™ screened 57 patients with prostatic adenocarcinoma for
possible MSLat 18 microsatellite marker Ioci on 12 chromo-
sontes. Thirty-seven of them showed positive MSIin at least
one of the I8 microsatellite loci. A significant mcrease in
frequency of MSI was found in invasive and high grade
groups at loci on chromosome 6p. 8p. 10y, [lp. [3¢g. and
[ 7p. but not on 3p. 5q. 7p. 16q. 18q. and Xqg. Overall. more
positive cases were found among invasive (70% ) compared
to noninvasive (58%). and among the high grade (87%)
compared o low grade (57%) prostatic carcinoma. In six
cuses with positive Ivmph nodes (N, or N, five (83% )
paticnts showed positive MSL The correlation between MSI
and high grade in PCa suggests that MSI may have the
potential value as a prognostic marker for PCa. In another
study by Uchida et al, 63% of poorly differentiated and 469
of stage D cuncers were {ound to be positive for MSIL Statis-
tically significant ditference in well to moderately differenti-
ated and poorly differentiated cancer was demonstrated.™

427 Oncoantigen SI9(A-519: Farry Acid Synthase)

OA-519 is 2 270 kDa protein found in the cytosol of
breast and prostate carcinomas. ™ 1t has been recently shown
1o he a fatty acid synthase.™ The potential prognostic value
of OA-519 in PCua has recently been evaluated. Shurbaji o
al” analyzed 42 PCa specimens for OA-519 expression. 1t
wias found that the proportion of positively stained cases
increased with advancing clinmeal stage. with 25% of stage
A cases expressing OA-519. and 46%. 67% . and 64% of
stage B. C. and D. respectively. expressing OA-319. In
another series. OA-519 has been demonstrated to be a pre-
dictor of pathologic stage independent of Gleason score in
PCa.™ In this study., OA-319 staining of the primary PCa
was shown 1o be highly predictive 10 separating cases with
orean-confined disease or capsular penctration Vi, case

with seminal vesicle invasion or lymph node metastases.

428 Protiferation Marker:

Ki-67 is a marker tor cell proliferation. The Ki-67 stain-
ing index has been shown recently to correlate with the 5-
bromodeoxyuridine (BrdUrdi labeling index.” in a series.
Ki-67 staining score has been demonstrated to correlate in
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a statistically significandy manner with poor different-
ation. Iymph node metastases. and poor survival.”” Mixed
results were generated regarding the prognostic value of
another proliferation marker. proliferating cell nuclear
antigen (PCNA). in PCu. Carroll et al ™ showed that PCNA
correlates with clinical stage and metastases. but not tumor
arade. In another series. Harper et al™ failed to demon-
strate stgnificant correlation between PCNA score and
metastatic status, However, Hite table analysis indicated
that the patients with the lower PONA score survived
significantly longer than those with the higher PCNA
scores. Certainly. the potential prognostic value of PCNA
in PCa remains to be examined further.

4.2.9. Epithelial Cadherin (E-cadherin

E-cadherin is a calcium-dependent cell adhesion mol-
ceule which has been shown 1o play an important role in
maintaining  the epithelial phenotype. Mutational
inactivation of E-cadherin has been demonstrated in a
number of carcinomas and downregulation of L-cadherin
has been shown 1o have a close relationship with invusion
and metastases.™ E-cadherin has now heen recognized as a
new imvasion/metastasis-suppressor gene.™ The first line
of evidence suggesting E-cadherin involvement in PCa
came trom studies of rat Dunning PCa model. It was dem-
onstrated that while E-cadherin wus expressed in normal
rat prostale and the well- or moderately differentiated.
noninvasive Dunning twmors. E-cadherin in invasive
sublines was undetectable at either protein or mRNA
tevels.™ Subsequently, Umbas ct al™ showed that approxi-
mately 50% of human PCa specimens had reduced or
abscnt levels ot E-cadherin protein and that E-cadherin
expression inversely correlated with tumor grade, suggest-
ing E-cadherin may have prognostic value. When a larger
serics was followed-up. a statstically significam inverse
correlation was found between E-cadherin expression and
grade. stage, and more unportantly, overall survival.
Although not an independent predictor of prognosts. Li-
cadherin expression certainly warrants further study as a
potential prognostic marker for PCa progression.

4.2.10. Factor VIIT

It has been well established thut angiogenesis s required
for wmor growth and  metastasis.  Immunostaining
cidotheital celis in PCa tissue using antibodies against
factor VIIL has been employed recently o measure micro-
vessel density. In a series of 74 PCa tissues. the mean
microvessel count withm carcinomas from patients with-
out metastasts were significantty lower than that within
carcinomas from patients with metastasis.™ An increase m
microvessel density in poorly dificrentiated tumors also
was observed. This assay within inviasive tumors may be
valuable in choosing therapeutic options in carly PCa.
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4.2.11. Newroendocrine Differentiation

Neuroendocrine cells are a recognized component of
prostatic ducts and acini.™ Plasma levels of chromogranin-
A, a marker for neurocndocrine carcinoma, were found to
be elevated in stage D2 PCa.™ Neuroendocrine differenti-
ation has been demonstrated to correlate with high Gle-
ason score and poor overall survival.” There is some
evidence to suggest that prostatic cancer cells with ncuro-
endocrine differentiation are resistant to hormonal therapy
and eutopic and ectopic hormone production may have
potential screening and monitoring value for PCa.™

4.2.12. Tissue Fuactor (TF)

Tissue factor is a membrane-associated protein respon-
sible lor activating the extrinsic pathway of blood coagu-
lation. It potentiates factor VII and initiates the most im-
portant pathway of blood coagulation in vive.™ TF ex-
pression has been demonstrated to be higher in a variety
of cancers (e.g., gastric, colorectal. ovarian, and renal
cancers) than in their benign counterparts.™ In one
series, urinary TF (UTF) levels were measured in 53
patients with PCa as well as 3 conirol groups. It was
found that UTF levels were higher in paticnts with PCa
when compared to healthy controls (not age-matched).
those undergoing endoscopic surveillance for superficial
transitional cell carcinoma ol bladder. and men with
histologically proven BPH.™ In patients with PCa, bone
scan positive patients had higher levels of UTI® than
bone scan negative patients. However, an overall corre-
lation hetween UTF and PSA levels may indicate that
UTF may relate to disease bulk, instead of the aggress-
iveness of the disease. Supportive evidence of associ-
ation between tissue factor and tumor progression came
from investigation of experimental PCa.” Using a rat

Figure 1. Prostate adviocaicinoma, Gleason pattern 3, illus-
trating diagnostic feafires of malignancy (relatively uniform
glands, single cell Inyer and prominent iicleoli). HE staining;
inedinnn poteer viec.

PCa model. it was suggesied that procougulant activity
reflects the malignant phenotype and may serve as a
marker for human PCa.

4.2.13. Type [ Collagen Degradation Product

Type | collagen is the major structural protein in bone
accounting for approximately 90% of the organic mutrix of
bone.”! Thercfore, bone metastasis could be studied by
following the metabolism of type I collagen. Kylimala et al”
investigated 17 PCa patients with mixed sclerotic and lytic
{S+L) metastases and 23 patients with predominantly scler-
otic (S) metastases. It was found that the serum crosslinked
carboxy-terminal telopeptide ol type [ collagen (ICTP) level
in S+L. group was significantly higher than that in S group.
Serum ICPT level was found to inversely correlate with
overall survival. Urinary levels of collagen cross-link
melabolites. pyridinoline and deoxypyridinoline, measured
by high pressure liquid chromatography (HPLC) had also
been demonstrated 1o correlate with PCa progression.

4.2.14. Serum Metalloproteinases and Their Inhibitors

Tumor progression is in part the result of the activity of
proteinases that facilitate invasion and metastasis by deg-
rading the extracellular matrix.”" A mctalloproteinase,
interstitial collagenase, and tissue inhibitor of metallopro-
teinases 1 and 2 (TIMPs 1 and 2) had been studied for their
potential prognostic value in PCa.” It was found that
patients with PCa had higher levels of collagenase and
TIMP-1, but lower levels of TIMP-2, than contols as
detected by cnzyme-linked immunoassays  (ELISAs).
Collagenase levels were statistically higher in patients
with metastases thun those without metastatic discase.™ It
seems promising that matrix-degrading cnzymes may
proven to be useful markers for the aggressiveness of PCa.

5. Pathology and Staging of Prostate Cancer
5.1. Diagnostic Criteria

The vast majority of primary carcinomas of the prostate
are gland forming (i.e. adenocarcinoma). Considering the
large number of needle biopsies being pertormed in the
US, the issue of distinguishing cancer from its mimics is
of major importance. Strict application of diagnostic cri-
teria to these small tissne samples s essential in prevent-
ing misdiagnosis. Important in this regard are the minimal
criteria - applied by Gieason for the diagnosis of
adenocarcinoma (Gleason grades 1 and 2) which are (i) a
relatively uniform proliferation of (ii) small glands (iii)
lined by a single layered epithelium (iv) with at least some
cells containing prominent nucleoli (Fig./).*" These cri-
teria have subsequently been adhered to and advocated by

most authorities.”"™%
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Of these criteria, the requirement for the presence of at
least some "prominent nucleoli" has been challenged.™ In a
study of atypical small gland lesions, the nucleolus was one
of the most important featurcs used by a pancl of expert
pathologists to distinguish between atypical adenomatous
hyperplasia (adenosis) and low-grade adenocarcinoma thus
highlighting its practical importance™ In contrast, Kramer
and Epstein measured nucleolar size in 113 foci of Gleason
grade 1 in 82 carcinomas and compared these with 18
examples of adenosis. They concluded that while nucleoli
remain an important diagnostic feature, somc cases of
carcinoma (8%) contained no prominent nucleoli (defined
as being larger than 1.6 microns) and many examples of
atypical adenomatous hyperplasia (28%) had occasional or
frequent prominent nucleoli.™ In a similar study, Kelemen
and colleagues found the ratio of nuclei with nucleoli larger
than 3 miicrons to all nuclei to be most useful in separating
benign from malignant lesions.'™

in limited biopsy material, one often encounters only a
few arcas of an infiltrative adenocarcinoma which dem-
onstrate good gland formation (Gleason grade 3). In
these cases the few or even single malignant glands. may
be present amongst benign glands. In such cases the fea-
tures most useful in reaching a correct interpretation of
adenocarcinoma are the enlarged nuclei when compared
with adjacent benign clements, prominent nucleoli, pink
acellular or basophilic mucin secretions, amphophilic
cytoplasm. prostatic crystallotds and absence of basal
cells (£77g.2)."

5.2. Ancillary Diagnostic Features

Several additional features are of assistance in recogniz-
ing adenocarcinoma. The identification ol acidic mucin
(wispy basophilic material on HE)., has been suggested as
a marker of malignancy in the prostate gland." Several

Figure 2. Limited adenocarcinoma on needle biopsy. There is a
uniform proliferation of small ¢lands, note the presence of
crystalloids in two of the glands. HE staiining; mediuw power
view.
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studies have shown that luminal acid mucin is frequently
present in adenocarcinoma and as such can aid in the
diagnosis.” "™ Tt is also clear that this finding is not speci-
fic to carcinoma but can also occur in atrophy, mucinous
metaplasia, basal cell hyperplasia, atypical adenomatous
hyperplasia and sclerosing adenosis.”'"™'"” This finding
should signal the possibility of carcinoma however the
usual histological criteria must still be met to muke the
diagnosis.

Prostatic crystalloids were tirst described in association
with well differentiated adenocarcinoma.' Crystalloids
are intensely eosinophilic with a glassy appearance and
sharp angulated cdges giving a false impression of biref-
ringence. Several studies have confirmed a strong associ-
ation between the presence of crystalloids and carci-
noma,” ' but also have shown that they may be found in
benign glands which are most often PIN and atypical
adenomatous hyperplasia.”™'""”

Immunohistochemical  staining  for high molecular
welght cytokeratin has become a valuable tool in the diag-
nosis of adenocarcinoma. The most commonly used anti-
body is clone 34BE12 which has frequently (and perhaps
inappropriately) been referred to by its commercial cata-
logue number (CK903). These antibodies are useful
becausc they specifically label basal cells and not secreto-
ry cells. Benign mimics of adenocarcinoma are invariably
positive with this antibody reflecting the presence of basal
cells.' #1910 Although negative staining is typical of
adenocarcinoma, it is dangerous to base a diugnosis on a
negative immunoreaction and so the positive diagnosis of
carcinoma should still depend on histological criteria.

5.3. Differential Diagnosis

The differential diagnosis of prostatic adenocarcinoma
includes normal tissues such as Cowper's gland, para-
ganglion tissue and seminal vesicle or ejaculatory duct as
well as puthological conditions such as atypical adenorma-
tous hyperplasia, atrophy, basal cell hyperplasia and
sclerosing adenosis. Cowper’s glands are paired structures
located near the prostatic apex. The acini are closcly
packed. arranged in lobules and lined by a mucin secreting
epithelium. Mucinous metaplasia is seen in a variety of
prostatic lesions but is not a feature of well differentiated
adenocarcinoma. Paraganglion tissue is not rare in the
periprostatic connective tissue but is distinetly uncommon
in the prostate stromit. Closely packed small cells with
clear cytoplusm are arranged in small nests in intimate
association with small nerves and blood vessels. The
cylology is inconsistent with a high grade prostate
adenocarcinoma which might have this architecture. Semi-
nal vesicle or gjaculatory duct epithelium produces diftti-
culty because of the small gland pattern and large bizarre
"monster” hyperchromatic nuclei. The latter is in fact an
important fcature for exclusion of carcinoma which for
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practical purposes never contains nuclei of this type. The
presence of abundant lipofuscin pigment supports a
benign diagnosis.

Atypical adenomatous hyperplasia (adenosis) is a Iesion
characterized by the proliferation of small acinar struc-
tures at the periphery of hyperplastic nodules ™"
Although it has frequently been discussed as a possible
precursor lesion of transition zone adenocarcinoma, there
is little evidence for this possibility other than a similarity
of morphology.''""'"* Featurcs helpful in distinguishing
atypical adenomatous hyperplasia from cancer are its
association with benign glands, pale cytoplasm, absence
of basophilic mucin, lack of prominent nucleoli and pres-
ence of a partial basal cell layer.”™"?

Prostatic atrophy begins Lo appear in the prostate at a
relatively early age.'” It is onc of the morc frequent
lesions resulting in diagnostic problems in needle biopsy
specimens. Prostatic atrophy can be divided into three
major types: simple lobular, sclerotic and postatrophic
hyperplasia.” Important clues to its recognition arc a
lobular arrangement, ectatic central duct, periductal scler-
osis and small shrunken epithelial cells. The basal cells
may be difficult to identify but can be highlighted by
staining for high-molecular weight cytokeratin.''’

Basal cell hyperplasia usually develops in the transition
zone as part of nodular prostatic hyperplasia. It causes
confusion in diagnosis because of its "blue" appearance
and the presence of nuclear atypia. Important diagnostic
features are its arrangement in nodules, the filling of glan-
dular lumina with multiple layers of cells, scant cyto-
plasm, angulated hyperchromatic nuclei with inconspicu-
ous nucleoli.'™'*

Sclerosing adenosis is a recently described lesion which
is usually found in radical prostatectomy or (ransurethral
resection specimens, """ Characteristic fcatures of this
lesion are relative circumscription, a mixture of small and
large glands, cellular spindle cell stroma, a thick basement
membrane around tubules and the presence of myoepi-
thelial differentiation (S-100 protein and muscle-specific
actin immunorcactivity).'”

5.4. Histological Grading

Adenocarcinoma of the prostate is characterized by a
remarkable heterogeneity in terms of its histological dif-
ferentiation, microscopic growth patterns and biological
aggressivencss. Most PCa are multifocal and there are sig-
nificant variations in tumor grade between anatomically
separate tumor foci. Microscopic examination often reveals
neoplastic components representing opposite extremes of
differentiation in close proximity. These properties of PCa
have the potential of exaggerating sampling errors when
diagnosis is made on limited tissue specimens.

Although numerous grading systems have been proposed
and applied in the past, the Gleason grading system present-
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ly has gained almost uniform acceptance.”* " It is the most
widely used by physicians treating PCa and its utility in
predicting tumor behavior has been repeatedly demon-
strated."™!" Tt also has been demonstrated that Gleason
score in needle biopsy specimens is an important parameter
in predicting pathological stage of prostatic adenocarci-
noma, including regional lymph node metastasis, ™"+

Gleason’s grading scheme recognizes five major grades
defined by patterns of neoplastic growth. These grades are
based on both the degree and architecture of glandular
formation and. to a lesser extent, the growth pattern of the
periphery of the tumor nodule relevant to the surrounding
stroma. This system "quantitates” the neoplastic compo-
nents acknowledging the most prominent and the second
most prominent tumor grades and then adding them
together to produce a Gleason’s score that ranges between
2 and 10 out of 10.

The reliability of Gleason grading on needle biopsy
specimens has been evaluated. Catalona et al'™” correlated
the histological tumor grade in the needle biopsy and the
subsequent radical prostatectomy specimen in 66 consecu-
tive patients and found that the biopsies were given a
lower, a correct and a higher grade in 33, 59 and 8% res-
pectively. Other studies have reported similar rates of
discrepancy'™'* Contemporary series based on ultra-
sound guided sextant biopsies are limited but suggest a
better correlation than found in early reports.'®

5.5. Staging

Clinical and pathologic stage are accepted as major prog-
nostic indicators in predicting the biologic behavior of
PCa.!"™!"™ " Although a variety of staging systems have
been used, the American Joint Commission of Can-
cer/Union International Control Cancer Tumor Nodes
Metastasis (AJCC/UICC TNM) system has recently gained
general acceptance.™ Limitations of clinical staging have
been well recognized, in particular the lack of accuracy in
predicting the final pathologic stage.'*"* In addition there
is not presently a pathologic staging system (pT) based on
the UICC/AJCC TNM clinical staging categories.'”

5.5.1. Categories Tlaand T1b

Tlaand T1b (Al and A2) refer to PCa diagnosed in the
transurethrally resected prostate tissue of patients not
suspected of having PCa. The distinction of category Tla
from T1b is based on the estimated total percent involve-
ment of the resected tissue by cancer. Tumors with less
than or equal to 5% involvement are Tla and with greater
than 5% arc T1b. With the advent of PSA, this group of
tumors is decreasing in frequency as most patients with
T1b tumors will have an elevated serum PSA level. There
is no pathologic correlate to these categories in the radical
prostatectomy specimen.
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5.5.2. Category Tle

This category was created to accommodate those patients
with prostate carcinoma diagnosed on needle biopsy in
which no palpable or visible lesion (by transrectal
ultrasonography) is present. The majority of these patients
are diagnosed following detection of an elevated serum
PSA. Recent studies have highlighted the wide spectrum of
pathologic categories represented in this group.™' The use
of needle biopsies 1o "stage” such patients has been the
subject of many recent reports.””'**!** Although different
methods have been used, results have been consistent in that
some quantification of tumor amount and distribution (as
well as serum PSA and Gleason score) predict for final
pathologic category. There is no pathologic cquivalent to
category Tlc¢ in the radical prostatectomy specimen.

5.5.3. Categories T2a, T2b and T2¢

This category includes both palpable and ultrasonographi-
cally visible lesions which are clinically judged to be confin-
ed to the prostate gland. The subcategories are defined by the
degree of involvement of the 2 lobes of the gland. Although
the concept of lobes has some utility clinically when evaluat-
ing a lesion by digital rectal examination, these are not defin-
able either on gross or histological examination of the resect-
ed prostate.""' Subcategorization by lobes is thercfore not
practical pathologically. Consideration could be given to
defining subcategories of T2 by size or volume. Size cannot
be determined accurately as many PCa do not form detinable
masses.'> Multifocality further complicates histological
evaluation in determining a measurement of size.'™"*

Volume of cancer has been of reported o be a valuable
predictor of stage and therefore prognosis. It could be applied
to subcategorize this T-category.'** Methods applied for
determining volume include morphometry, grid estimates
and surface area estimates, all of which require complete
embedding of the gland. This is probably not generally prac-
tical outside of academic institutions with specific interest in
PCa. What should be included in volume mecasurement is
also problematic i.e. should all foci, only the index lesion,
only the lesion which appears to be most biologically signifi-
cant or some combination be measured? The latter may not
necessarily be the largest or the "index" tumor nodule."** "/

Once a tumor is confirmed to be pathologically con-
fined to the prostate gland, it may not be necessary to
subdivide these any further. Gleason score provides
significant prognostic information and the rate ol failure

in this group is low, 1313

5.5.4. Categories T3a and T3b

These categories refer to unilateral and bilateral extra-
capsular extension of tumor respectively. Terminology
such as capsular invasion, capsular transgression, capsular
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penetration. capsular effraction. extracapsular extension
and extraprostatic extension has been used to describe
invasion of cancer through the capsule of the prostate
gland and into the fibrofatty tissue which surrounds the
gland '*' The anatomy and histology of the prostate gland
complicate the determination of whether or not extrapros-
tatic spread has occurred as there are no consistent
histological landmarks found in the apical region or the
anterior surface to define a "capsule."™ In mosl cases it is
not practical to diagnose extraprostatic extension in these
sites. Some groups have equated a positive surgical mar-
gin at these locations with T3 disease while others have
considered these to be T2 with positive margins. an
approach we have favored.”™ Uniform application of one
of these alternatives is critical in comparing differcnt
institutional series,

The prognostic significance of distinguishing unilateral
from bilateral extraprostatic extension is unclear. In most
reports these two calegories are combined. Ol greater
interest appears to be quantifying the amount of tumor
spread beyond the capsule. The utility of this was demon-
strated by Epstein et al, in their "focal" and "established”
categories."” Unfortunately the criteria used by these
authors are dilficult to apply and a more reproducible
definition needs to be accepted and tested to confirm the
significance of this distinction.

5.5.5. Category 13¢

Invasion of the muscular wall of the seminal vesicle
represents an important negative prognostic indicator in
the cvaluation of the radical prostatectomy specimen
(Fig.3). Ohari et al'"™ " subdivided involvement of the
seminal vesicle into 3 types based on the apparent route
the tumor followed to get into the seminal vesicle and
ascribed to these different prognostic significance. The use
ol directed needle biopsices to identify seminal vesicle
involvement prior to treatment may be a significant devel-
opment in the staging of PCa patients.'™

5.5.6. Category 14

This category refers 1o gross invelvement of adjucent
structures (urinary bladder, rectum, pelvic side wall) by
prostate carcinoma.

5.6. Surgical Margins

Involvement of the surgical resection margins is
known to be an important predictor of therapeutic fail-
ure and reduced survival in patients treated by radical
prostatectomy.''®!**" Recent studies have indicated
that quantification of the amount of involvement may be
prognostically important;''® in order for this parameter
to be tested, a reproducible method of quantification
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neceds to be agreed upon. The pattern of involvement in
relation to predicting tumor biology also nced to be
explored. Categories such as surgically induced (inci-
sion of the gland), bulging positive margins and tumor
cxtending to the limit of the surgical resection have
been suggested." Finally the concept of positive mar-
gins in organ confined (T2) tumors has been accepted
by some groups. The validity of this category nceds
further clarification."*""

6. BIOLOGICAL ASPECTS OF PROSTATE
CANCER

6.1. Apoptosis and Prostate Cancer

Apoplosis. or programmed cell death. is characterized
by distinct morphological and biochemical features. It has
been proposed to be involved in multiple biological and
pathological processes.” '™ ' Although apoptosis is
generally considered a genetically regulated process us
seen in physiological events, it can be triggered by physi-
cal and toxic exposures, cellular cilects of hormones.
growth factors. and cytokines, viral infection, and immu-
nologic mechanisms.'* Numerous factors have been
implicated in regulating/modulating  apoptosis, which
include: oncogenes/tumor suppressor genes: hormones,
cytokines and growth flactor/growth factor receptors;
intracetiular signal transducers: cell cycle regulators;
reactive oxygen species or other free radicals: extracellular
matrix regulators/cell adhesion molecules; and specific
endonucleases,'* 'L Many of these  apoptosis
reguliators have been associated with various human ma-
lignancies. For example, studies on human tumors have
demonstrated an overall positive correlation  between
increased expression of Bel-2 (or Bel-X, ) or decreased
expression of Bax and uncontrolled tumor cell growth,
and, in some cases, with tumor progression and a poor
prognosis of cancer patients,”™'"> Another example is
p33. a phosphoprotein known to modulate gene transcrip-
ton, police cell cycle checkpoints. control DNA repli-
cation and repair. and maintain genomic stability. Wild
type p53 also positively regulates apoptosis. pS3 gene
mutations have been linked to attenuated apoptosis in
multiple cancers represented by Wilms™ tumor, colon
cancer, cervical carcinoma and breast cancer.”™" Since

apoptosis  plays a critical role in muitple steps of

lumorigenesis. many chemoprevention and therapeutic
regimens attempting to manipulate apoplotic process have
been proposed to aid in the clinical trcatment of cancer
patienls‘]()H.I()].](:l

Apoptosis is closely involved in the initiation, prog-
ression and metastasis of human PCa. Prostate as an organ
is very similar to the breast of females in that both organs
depend on circulating hormones for their growth. There-
fore. androgens play a paramount role in regulating the

Figure 3. Example of a T3¢ prostatic adenocarcinoma with
tranor glands (left) invading the muscular wall of the seminal
vesicle (right). HE staining, wiediun power vtew.

growth of normal as well as malignant prostate eptthelial
cells.'" Early work done in John Issacs’s lab and many
other labs with castrated rats has revealed a very important
relationship between androgens and growth ol prostate
elandular epithelial cells. Ablation ol androgen results in:
1) a rapid increase in the transcription of multiple genes
normally repressed by testosterone in intaclt prostate.
These include testosterone repressed message 2 (TRMP-
2), immediate early response genes exemplilied by c-
Fos and c¢-Myc. HSP70, TGFB. and glutathione S-
transferase; 1917 2) 4 rapid and sustained elevation in
the [Ca™i], leading to the activation of a Ca™/Mg™*-depen-
dent endonuclease'™ and subsequent DNA fragmentation,
which are observed within day | after castration;'® 3) all
of the above changes continue to persist and appear to
maximize by day 4. Simultaneously, all of the morphol-
ogical characteristics (chromatin margination and conden-
sation, membrane blebbing. nuclear disintegration and
tormation of apoptotic bodies) of apoptosis can be
observed by day 2 and become progressively more promi-
nent with time. By day 21 after castration. all androgen-
dependent epithelial cells have died and apoptotic cells
and bodics have been cleared:'™'® and 4) androgen
ablation-induced apoptosis is independent of cell proliter-
ation and occurs at the interphase.'™ Subsequent experi-
ments with in vitro organ cultures recapitulated some of
the results described above, e.g.. the role of Ca™ in the
induction of apoptosis.'” These observations clearly indi-
cate that androgens are critical survival factors for normal
prostate epithelial cells. The same notion also holds true
for the androgen-dependent human prostatic cancer cells.
For example, androgen-dependent PC-82 human prostate
carcinoma xenografted into nude mice rapidly involutes
following castration.'”

Unfortunately, PCa in patients, at the time of clinical
diagnosis. mostly present themselves as heterogeneous
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entitics, i.e., mixtures of androgen-dependent and -inde-
pendent tumor cells. Therefore, as can be expected, the
approach of androgen ablation will not be uble to eradi-
cate those androgen-independent cells  (see
below). To make it worse. cells initially dependent on
androgens for their growth and survival may evolve to
become androgen-independent. So the key to the cure of
PCa appears to lie in the elimination of androgen-depen-
dent cancers by hormonal ablation, ecradication of
androgen-independent cancer cells with very ctfective
chemotherapeutic drugs or radiotherapy, and prevention
of transition of androgen-dependent cells to androgen-
independent cells (see below). The difficulty in achiev-
ing these end points results from our lack of appropriate
therapeutic strategies to eradicate androgen-independent
cells. There is still hope, though. since androgen-inde-
pendent PCa cells, unresponsive to androgens, still
retain the apoptotic muchinery which can be activated
under certain circumstances. For example. androgen-
independent Rat Dunning AT-3 prostatic cancer cells
undergo apoptosis when treated with thymidine analogs
5-FU or trifluorothymidine.'”" Also, increasing intra-
cellular Ca™ concentrations by ionophore can induce the
apoptotic death of AT3 cclls even when the latter are not
proliferating.'™

These observations, in conjunction with previous dis-
cussions on various regulators of apoptosis, suggest that
it is possible to manipulate these individual signal
transduction pathways in order to enhance cell killing by
inducing apoptosis of prostatic cancer cells since it has
been observed that apoptotic indices appear to parallel
the biologic activity of PIN (prostate intraepithelial

7

cancer

3

neoplasia) and malignant prostatic tissue.'”

6,11 Androgen ablation by custration or biochentical
AnIagonists

This represents the most frequently adopted (or stan-
dard) clinical procedure for PCa patients due to the well-
documented eftects of androgens in promoting PCa cell
survival. Indeed, androgen ablation has been shown to
increase the apopiotic index in prostatic cancer patients'”
and castration also promotes apoptotic death of humun
prostate carcinoma grown in mice.'”"'"” Recent studies
also have demonstrated that castration therapy may induce
apoptosis as well as decrease cell proliferation. although
these may be ohserved in different patients.'” The mol-
ecular mechanism(s) for androgen ablation-induced glan-
dular epithelial cell death are not very clear, but cell prolif-
cration. DNA repair, and the p53 [unction do not appear to
be involved.'” It may involve, instead, a TGFB1-depend-
ent mechanism since, as described earlier, the TGFBI
gene expression is rapidly induced following castration'
and TGFBl can induce apoptosis of multiple tumor
cells'™"™ including prostate epithelial cells."™ Hormonal
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ablation can rarely cure the patients due to the presence
and constant gencration of androgen-independent cancer
cells, which may evade apoptosis induction due to some
defects in their autocrine production of and/or their
response to TGFBI1.'" Very recent experimental results
from Kim et al'™ have provided strong evidence for this
possibility. These authors observed that although TGFRI
dose-dependently inhibits the proliferation of PC-3 and
Duld5 cells, another human PCa cell line isolated from
metastatic loci (ILNCaP) has completely lost its response
to this cytokine. Further examinations reveal that LNCaP
cells have a genetic change in their type | TGIB receptor
(TBR-1),"" an absolutely required component for the
TGFBI1 binding and signaling. This observation also has
provided an important clue to the previously observed
paradox that TGEB1 in general is growth inhibitory for
tumor cells, however, a variety of tumor cells have been
found to overexpress TGEB1. Some new therapeutic
protocols such as combination therapy of castration with
administration  of estrogens™*'™' or chemotherapeutic
drugs" have been proposed to target androgen-indepen-
dent prostatic cancer cells.

6.1.2. Apoptosis induction by chemotherapeutic drugs or
other natural/syntheric chemicals

Although androgen-independent prostatic cancer cells
are refractory to apoptosis induction by androgen
ablation. they stll may respond to other apoptotic
inducers since the apoptotic machinery in these cells
appears to be functional. it not intact. This hypothesis
has gained support trom recent obscrvations that PC3
cells, a p53-negative. androgen-independent human PCa
cell line, are triggered to undergo notable apoptosis upon
treatinent with several conventional chemotherapeutic
drugs including cisplatin,  camptothecin,  tenoposide.
vincristine and lovastatin.' The apoptosis induced by
these drugs does not appear to depend on macromole-
cular synthesis. Similarly, "thymineless” death of hor-
mone-independent human PCa cells has been observed
with cylotoxic drugs such as 5-FU."™" Since human pros-
tatic  cancer cells (including  androgen-independent,
metastatic cells) have an extremely low proliferation
rate."” it can be predicted that patients with androgen-
independent. metastatic prostatic cancer cells will not
respond very well to most of those chemotherapeutic
drugs currently available in clinical use. Thus new che-
micals or natural products have to be developed which
do not depend on cancer cell proliferation for their apop-
tosis-inducing  effects. Linomide, a reported angi-
ogenesis inhibitor with a quinoline-3-carboxamide struc-
ture. has recently been shown to inhibit the angi-
ogenesis in TSU and PC-3 androgen-independent
human prostate carcinoma xcnotransplanted into SCID
mice."™ The hypoxia due 10 blocked blood vessel forma-
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tion also induces dramatic apoptotic death of trans-
planted tumor cells.™ b-lapachone (3,4-dihydro-2.2-
dimethyl-2H-naphthol{ 1 ,2-/] pyran-5.6-dionc). a simple
plant product isolated from Tubebuia avellanedue and a
novel inhibitor of topoisomerase I, has recently been
shown Lo strongly induce apoptosis of androgen-inde-
pendent human PCa cells (PC-3, Dul45 and
LNCaP)."""" These observations suggest that functional
apoptotic machinery does exist in androgen-indepen-
dent, metastatic human PCa cells. Therelore, it is poss-
ible to induce their apoptotic death by new chemi-
cals/natural products of novel mechanisms of action.

6.1.3. Induction of programmed cell death by manipulat-
ing apoptosis-related oncoproteins

As discussed before. in response to castration. a gene
termed TRPM-2 is rapidly induced.'™ TRPM-2. also
known as sulfated glycoprotein-2 (SGP-2) or clusterin. is a
ubiquitous protein with multiple hiological functions,"'
Androgen ablation has consistently been shown to induce
this gene'”” and some apoptosis inducers such as a ribonu-
cleotide reductase inhibitor (MDL 101.731) also elevate
TRPM levels.'” suggesting that TRPM-2 may be associ-
ated with the induction of apoptosis. Indecd, subsequent
work reveals that TRPM-2 gene is induced in many tumor
cells undergoing apoptosis.'”™ Therefore the induction of
this gene expression has once been used as a marker for
apoptlosis. However, recent work has suggested that the
hypothesized role of TRPM-2 in apoptosis may be un
oversimplification. Treatment of LNCaP cclls with TNFa
induces an initial transient clevation of TRPM-2 followed
by the depletion of the protein which temporally precedes
the initiation of apoptosis.'”™ More interestingly,
transfection of antisense oligo directed against TRPM-2 to
LNCaP cells significantly increased cell death while over-
expression of the protein by stable transfection of an ¢x-
pression vector carrying the TRPM-2 ¢cDNA results in
resistance to TNFa-induced cytotoxicity.'” These results
suggest that maybe the depletion of TRPM-2, rather than
its expression, is associated with cell death.

In contrast to TRPM-2, Bcl-2 has been unequivocally
linked to the development in prostatic cancer cells of
resistunce to apoptosis induction. Although normal pros-
tatic secretory epithelial cells do not cxpress Bel-2,
human PCa cells endogenously express various amounts
of Bel-2, whose levels turther increase as these caicel
cells become androgen-independent and refractory to
androgen-ablation."” Also androgens have been shown
to induce expression of Bel-2 protein in hormone-sensi-
tive LNCaP cells,'” which may represent one of the
mechanisms  whereby hormone-dependent  prostatic
cancer cells evolve into androgen-independent cells.
Indeed, entorced overexpression of Bel-2 in LNCaP cells
make these cells highly resistant to androgen ablation as

well as apoptosis induced by androgen ablation und
many other stimuli such as serum deprivation and phor-
bol esters."™ LNCaP cells overexpressing Bel-2 also
form earlier and bigger tumors when s.c inoculated into
male nude mice and they are the only cells (compared
with untransfected or control vector-transfected) that
give rise (o tumors when xenotransplanted into castrated
nude mice.”™ These important experimental observations
suggest that Bel-2  overcxpression confers on
androgen-dependent cells the ability to form hormone-
refractory prostate tumors in vivo."” On the other hand,
downregulation of Bel-2 expression with gene-specific
antisense oligos has been shown to abolish the Bel-2-
conferred resistance to apoptosis induction as well as
androgen-protected apoptosis induction ot LNCaP cells
by etoposide.””’” The above observations, taken together,
suggest that Bel-2 can be a prime target for our interfer-
ence to prevent generation of androgen-refractory pros-
tatic cancer cells. Blocking Bel-2 expression with unmo-
dified or phosphorothioate antisense oligonucleotides™”
may also provide beneficial effects for combined hor-
monal ablation and cytotoxic chemotherapy. a trealment
regimen advocated by many prostate oncologists.”™='

p53 tumor suppressor gene is the most frequently
mutated gene found in multiple human malignant tumors
including PCa.” p53 mutations have been observed in a
small percentage (10-20%) of advanced, high Gleason
PCa paticnts.”™ ™ The importance of p53 in PCa also may
stem from the fact that p53 rcgulates the gene expression
of Bel-2 and Bax,™ two critical proteins implicated in
apoptosis, and that wild type p53 mediates apoptosis
induced, e.g.. by irradiation and genotoxic drugs. In gen-
eral, no correlation between p53 mutations and early-stage
PCa has been noticed. Since p53 has an important role in
introducing the G /G, check point, abrogation or attenu-
ation of p53 activity alter DNA damage has been hypothe-
sized to be an carly event in prostate oncogenesis, leading
to increased probability of a cell accumulating the genetic
alterations necessary for transformation. This hypothesis
has gained partial support from the experiments by Girin-
sky et al™™ in which they have observed that primary cul-
tures of human prostatic epithelial cells, in contrast 1o
similarly prepared stromal cells. do not accumulate p53
as well as p2 1™ in response to irradiation. These obser-
vations suggest that targeted introduction of p53 into
prostate cells may help prevent transformation of normal
prostate cpithelial cells. On the other hand. enforced
expression of p53 targeted to prostate may induce apop-
totic cell death in advanced-stage prostate carcinomas.
The validity of this rationale 1s supported by recent obser-
vations that expression of pS3 (transfected by replication-
defect adenovirus) in a p53-defective. androgen-indepen-
dent human PCa cell line (Tsu-prl) results in the induc-
tion of apoptosis and suppression of tumor formation in
nude mice.™’

also
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In addition to Bel-2 und p53.
known to be linked to apoptosis such as ras. c-nmye and ¢-jun
also may be involved in regulating apoptosis of human PCa
cells. Increased expression of these oncoprofeins have been
observed in PC-3 variant cells resistant to chemotherapeutic

other proto-oncogencs

drug-induced apoptosis such as by VP16 and cisplatin.™®
Enforced expression of ras has been shown 1o conter on
cells the androgen independence.”™ Based on these observa-

fions. it is also possible. at least from the theoretical point of

view. 1o target these molecuies o induce or enhance apop-
tosis of human prostatic cancers,

6.1.4. Modulation of intracellilar signal rransducers 1o
induce apopiotic cell death

Calcium has been shown 1o play an essential role in acti-
vating endonucleases and cleaving internucleosomal DNA
and thus in apoptosis.™ Androgen ablation induces a rapid
clevation in the [Ca'i] in androgen-dependent cells. how-
ever, it fails to do so in androgen-independent prostatic
cancer cells.'™ Therefore, manipulations aimed to increas-
ing intracellular calcium concentration may induce apop-
tosis or enhance the cells’ response to apoptotic inducers.
Thapsigargin. a sesquiterpene y-lactone which selectively
inhibits the Ca™*-dependent ATPasc pumps in sarcoplasmic
and endoplasmic reticulum. induces prominent apoptotic
cell death ot androgen-independent PCa cells.™™ The apop-
tosis-inducing effect of thapsigargin does nol depend on
intracellular pH and does not require proliferation, but
requires a sustained elevation in the intracellular calcium. "
TPA, a well-known diacylglycerol analog that aclivates

protein Kinase C. has been shown to induce apoptosis of

LNCaP cells.”" This effect appears (o be dependent on
PKC-mediated induction of the early response transcription
factors NGIFI-A (nerve growth factor induced gene A) and
c-fos=" Also. the steady state mRNA for ¢-jun and the
orphan steroid receptor nur77 also are rupidly induced
following TPA treatment.”' In contrast, androgen induction
of human kallikrein-1 and c-myc mRNA is repressed by
TPA."'"* The TPA induced apoptotic death of LNCaP cells
could be inhibited by known PKC
inhibitor?"""* These results collectively suggest that PKC
may be u negative growth regulator for human PCa cells due
fo its involvement in triggering apoptosis.

Many other signal transducers such as protein kKinases.
phosphatases. eicosanoids and ceramide' "™ have been
demonstrated o regulate cell survival and death in many
tumor systems. However, their involvement in human PCa
have not been explored. There is no question that. with our
increased understanding of the molecular mechanisms
regulating apoptosis, some novel mechanism-based, apop-
tosis-targeted treatment regimens may be devcloped.
Already, gene therapy targeted to Bel-2 and p53 in an
attempl to induce or ¢nhance apoptosis of human prostatic
cancer cells has provided novel therapeutic approaches.
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6.2. Prostate Cancer Metastasis

Cuncer metastasis, like oncogenesis. is an extrenely
complicated pathological process that involves extensive
tumor-host nteractions.” = For a transformed cell
form a successful metastatic colony. 1t must in general
complete all or most ol the well-defined steps that com-
prise the "metastatic cascade” 7= The first step is
uncontrolled cell proliferation.  characteristic of both
benign and malignant tumor cells. Intrinsic or acquired
genetic instability, together with various epigenetic fac-
tors, generdte tumor cell variants which acquire unique
phenotypic characteristics which dissociate them from the
parent tumor population and thus allow these variants o
escape from the "soctal” constraints imposed by the host.
This step confers on these "mutated” tumor cetls invasive
or metastatic capabilities and is generally considered 1o be
the first step leading 1o site-specific metastasis. In the next
step. tamor cells. in response to varous chemoattractants
and cytokines derived from the host and/or tumor cells,
migrate towards neighboring vasculature or intravasate
into the vasculature of the tumor and thus enter the hema-
togenous or lymphatic circulation. Subsequently, tumor
cells travel to and arrest in the capillary by specific adher-
ence 1o the endothelial cells of the target organ.” " The-
reafter. tumor cells induce endothelial cell retraction. exit
from circulation (extravasation), interact with the organ-
specific extracellular matrix. proliterate in response to
local growth Tactors, and finally form a metastatic colony.
Failure at any once of these steps generally will abort the
metastatic process. Completion of every step of the meta-
static cascade is subject to a multitude of variable influ-
ences, an apparent example being the requirement of
angiogenesis for the growth of both primary and second-
ary tumors.*'%"

Multiple genetic and epigenetic factors have been
implicated in the oncogencesis ol PCa although the mol-
ccular mechanisms  for  the remain largely
unknown (see above). Metastasts of human PCa occurs
carly and represents the major hurdle to a successful
therapy. More than 100 biomarkers (diagnostic and
prognostic) have been proposed (see above).”™"” most
ol which. unfortunately, arc useless in terms of the prac-
tical clinical applications. Some of these markers such as
c-erbB-2/new oncogene and HGF/c-mer have been asso-
ciated with the progression and metastasis of PCa.” The
frustration in the clinical munagement of PCa is derived
not only [rom the fact thut no single gene or molecule
can serve as a reliable marker but also from the reality
that an effective therapeutic regimen is still lacking.
Vigorous search for diagnostic/prognostic markers and
development of novel mechanism-based therapeutic
protocols are therefore urgently needed.

Adhesion process plays a pivotal role in mediating
tumor cell-tumor cell, tumor cell-platelet, tumor cell-

diseasc
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endothelial cell and tamor cell-matrix interactions. which
are essential steps i the "mietastatic cascade” " Vari-
ous adhesive mnteracuons are mediated primarily by five
families of adhesion molecules. te. carbohydrates. integ-
rins. cadherins. immunoglobubins, and selecting. Most of
these adheston molecules have been mplicated in tumor
progression and metastasts. For example. transtformed and
nadignant cells wond to lose the GSPT mtegrin. a prototy
pical fibronectin receptor 7 hir contrast, tumor cells nay
demonstrate enhanced  expression ol some ntegrin
receptors such as g1 in metastatic melanoma cells,”
aOf4 in metastasizing 3LE cells. and P2 inteerins
human small cell ung carcinoma celts.”™ Transfection of
cloned a2 subunit ¢cDNA into human rhabdomyosarcoma
celis resulted in enhanced tumior cell adhesion o collagen
asowell as

increased  experimental and - spontancous

metastasis 7 Simtlarly. a strong correlation has been
obscrved among down-regutation of L-cadherin express-
ion and tumor invasion and metastasis. oss ol cell-cell
adheston i carcmomua cells has Tong been hypothesized to
plav @ role in the acquision of an mvasive, metastutic
phenotype E-cadherm expression has
now been shown o be mvolved o this Toss or cell-cel!

Downregulated

contact. An onverse relatonship between E-cadherin ex-
pression and difterentiation level of many carcimomas bas
been noted ™ Transfected E-cadherin could restrict or
reverse  the  mvasive  behavior ol Lunior
cells 7 These distinet properties of E-cadherim make 1t
By anaiogy wih

epitheliul

a perfect metastasis sappressor genc.
ONCOECIIC WMOE sUPPressor genes (e.g.. pidy Toss ol
metastasis-suppressive  b-cadhenn will factlitite tumor
celi dissociation and subseqguent dissemination. Certamn
iiunoglobuhn super-gene tamily adheston nolecules
may alse be mvolved n tumor cell invasion and cancer
metastasis, Twe gene products. CEA (carcinoembryvonic
antigeny and DCC (Deleted i Colon Carcinomay) appear to
recessive metastases-related

function as domnant and

oncogenes. respectvely. ChAL @ widely used hunian
wmor marker. nediates Co'-independent. bomotypic

aggregation of cultured human colon carcimomas and
colon carcinoma cell adhesion w collagen. [ also focat

ized w celi-cell contact sites st = A direct positive

correlation also has been observed between serum OB A
levels and tumorigemcity in nude mice of excised hutan
colorectd carcinoma cells™™ Human PCua cells expross
multipie mcluding  ntegrin..

adhesion  receptors

immusoslobule famihy members eadherine sud carhaie
drare hgands. Compared 1o the normal prostate epitheli
cefis. PCua celis demonstrate oovariety ol guaninaunye and
gualitative  alterations  with

respect 1o the  expres

sionffunction of these adhesion molecules oy mstance.
atthougn normal prostate epithelial cells express a2, o,
od. o o0, o BLoand B4 omtegrnn subumits. the expres-
ston of B4 s completehy Tosi in carcinoms cells” Stm-
farlv. PCacelis very trequently demonstrate decreased |-

cadherin expression/function. which has been linked o
cither mutations 0 o-catenin Ge evtoplasmie linker for
cadherin and cytoskeletony or to hypermethylanon i the
37 region of the gene” T Another adhesion molecule
termed C-CAM. which also is a potentiad tumer supp-
ressor. has also demonstrated o significandy Towered
expression i PCas 7 Sialyvl Fewis™ antigen. a carbohy dinie
Higund tor adhesion molecules selectins. hus been <showi e
be signilicantly increased m s expresston mometastatie
Plas
ny be important for PCa cell metastasis To support this
hypothesis, 1t has heen shown that exogenous carbohy

suggesting that cell surtace carbohydrate anteens

drate hgands such as galectns rich in gadactosyi residues
could wnhibit spontancous metastasis of rat MAT-Eavl g
prostate carcinoma. ‘These obseryations suggese thate by
manipuliting e eapression/function of some ol these
adhesion molecules. 16 might be possible o retard the
progression of human PCa. Tecan anticipated. tor example.
that ranstecuon of tunctiondi B-cadherins and C-OAM
CDNAS may slow down the dissemimation of mictastatic
PCuccells,

Tumor cell invaston s mediated by various profeolviic
enzymes represented by metatloprotemases and bvsosonial
proteases such as cathepsins. Humun prostate carcinomas
and prostate itracpitheliad neoplusia express matrlvsie,
gelatinase A and Bo although o appears that ondy the tor
mer exists in the active form ™ Matriivsin also appears (0
be highly capressed in prostatie ducts and  atrophie
alands. ™ IOs not known whether these enzymies are asso-
with  PCa hand.
hyaluronidase. a matns-degrading  enzyvie, has been

crated progression. On the  other
demonstrated 1o be expressed at an clevated level and i~
found to be associated with PCa progression. Prosiai
spectiic antigen s generally increased in PCa however
PSA 15 also defectable 13 many non-prostate celis such as

R

centlv, PSA has been shown e be o serine protease whien

breast. ovartar. and lune epithebal cells.
activates nlia~nunoger
achivitor and thus lacilitates PCa el mvasion ™ Al
human prostiate carcinomea cells have been observed o

stngle-chiin urokmase-type

expross drokinase-type plasinmogen activator™ there
fore mhabrtors For uPA may prove o be usetus for mety-
statie PCa

Angrogenesis. the process of peovascuarization. is abse
futely required tor the growth o1 solid twmors. whicly gen
cratly cannct grow above I nmoan diameter without the
tormatton of new hlood vessels A vanely ob angiosenic
factors have been reported ana mahy POLeni dngiogeni
mhtbrtors fave been decovered e growth aid prog
ression of human PCa have beenr assoctaied withy the oxten:
ol anglogenesis, Linonae.

l'L‘PU]‘lL‘U ARZTOLCNCSE

inhibitor with a gumoline-3-carboganide  stracture. has
recently been shown 1o mhioit e angiopenesis m TSEand
PC-2 0 androgen-independent human

xenotransplanted into SCHD maee 71!
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due o blocked blood vessel Tormation also induces dramatic
apoptotic death of transplanted wmor cells.™ These obser-
vations suggest that anti-angiogenesis might represent i
rational approach for the treatment of PCa.

Adhesion. invasion. and angiogensis are distinet bio-
logical processes that are interlinked by various signal
transduction  pathways. Thus. adhesion responses, via
signaling functions, could trigger tumor cell invasion and
could also regulate angiogenesis.” " The central import-
ance of cell signaling in connecting all these steps ol the
metastatic cascade is best illustrated. for example. by
12(S)-HETE [12(S)-hydroxyeicosatetracnoic  acid]. an
cicosanoid derived from the lipoxygenase metabolism of
arachidonic acid. This fatty acid is hiosynthesized by a
wide  variety  of tumors prostate
carcinomas. In many cases the ability of wmor cells
generate 12(S)-HETE has been correlated with their meta-
static potential 7%+ 12(8)-HETE is a physiological signa-
ling molecule which, via activating both protein kinase C
and protein tyrosine kinases, ™' mediates a wide-spec-
trum of biological activites such as modulating adhesion
molecule expression in both tumor cells and vascular
cndothelial cells. inducing a non-destructive retraction of
endothelial cells. reorganizing tumor cell cytoskeleton
leading to an enhanced spreading of tumaor cells on matrix.
facilitating the release of proteolytic enzyme cathepsin B,
promoting tumor cell migration and invasion, and posi-
tively regulating angiogenesis. ™ Furthermore. 12-
lipoxygenase, the enzyme responsible for the conversion
of arachidonic acid to 12(S)-HETE, has been found to be
elevated at the mRNA levels in human PCa.* These obser-
vations suggest that blocking the positive signaling trans-
duced by molecules such as 12(S)-HETE (for exumple.
using 12-lipoxygenase-specitic inhibitors) may help prevent
the progression and metastasis of human PCa.

solid including
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