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Diagnostic and prognostic markers  for prostatic 
cancer (PCa) include conventional protein markers  
(e.g., PAP, PSA, PSMA, PIP, OA-519, Ki-67, PCNA, 
TF, 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). Curren t ly  only PSA is used clinical- 
ly for early diagnosis and moni tor ing of PCa. The 
histological  d i f ferent ia l  d iagnosis  of prostatic 
adenocarcinoma includes normal  tissues such as 
Cowper ' s  gland, paragangl ion 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  heterogenei ty in terms of its differenti- 
ation, microscopic growth patterns and biological 
aggressiveness.  Most  PCa are mult i focal  wi th  signi 

ficant variations in tumor  grade be tween 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 predict ing 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  h u m a n  
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 mult is tep 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. I. Prostatic Acid Pho~whatase ( PA P) 

Human PAP is a non-specific phosph(~monne~terasc 
synthesized and secreted into seminal 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 pcptide. ~ PAP is only a small portion 
(10-25%) of tile total acid phosphatase in the serum of the 
normal adult man. To differentiate PAP from acid phos- 
phatases flom extraprostatic cell types, several mett:ods 
were introduced, which include using substrates with 
higher specificity (sodium tymlphthalcin, l-naphthylphos- 
phatc), specific inhibitors [L(+)-tartarte] and the more 
reliable radioimmunoassays for PAR ~ Despite the 
aforementioned alterations in PAP assays and substrates, 
difficulties remained with this marker. These disadvan- 
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las ts  inch|des cross react ivi ty wilh seruul acid phospha- 
rases of non-prostatic origins, diurnal variations in serum 
PAP levels, transient elevations after prostatic examin- 
ation and manipulation (e.g, digital tectal examination) 
alid lilt" instabilit 5 of  the eil/:ylile which requires special 
specimen handl ing.  ~ In add i t ion,  prostat ic  acid 
phosphatase is not prostate-specific. It is also synthesized 
by granuh)cytes, spleen, and pancreas. ~ These dilficuhics 
lead tn high false negative and false positive rates, dcspiie 
advancell~ents in detection technology. For Pea  detection, 
the sensitivity and specificity of the serum PAP delermina- 
tion has a reported range of 31-61V~ and 78-99{/<, respecl- 
ivcly)  However. when the receiver operator characteristic 
(ROC) ctilvcs for PAP and a newer prostate marker, pros- 
talc specific antigen (PSA) in the diaonosis of PCa were 
cornpared, il was found that PSA is a superior tesl because 
it has higher scnsiLivhy and specificity For all cuLt,|l 
"vr<~I[t[CS, I~ Morc~wer. several sit|dies have dcn]onstralcd thai 
PAP is normal in 57-735/< - of patients with localized PCa. 
This limited ability to deiec~ earl 2 PCa, tog01hcr w{th that 
facl that n~any patients with elevated levels of PAP already 
llavc advanced disease, limits the applicability of screen- 
ins and diagnosis of PCa tlSill~ lilts tumor niarker. Cur 
renlly, PSA has ahe-idy rephiced PAP as the |nest use|u] 
prosl:.lte diagnostic 111:.il-kcr in praclicc. 

4.1.2. Pm.~tole-31Juc~tec A,tig~',  ( P3L4 7 

PSA is :i single chain glycoprolcin wilh 241) an~hlo 
acids, having a molecular weight of approxinlaicly 34 
k[)a. * h is a melllher of the ,,el-hie t-iiolt:ase famil 5 ~ll'ld has 
Irypsin-l ike and chyn~otr_vl)sin-likc activity. ̀ j Pg:& is syn- 
lhesixcd by lhe cpithclhil cells of  the proslaiic 4cini and 
ducts and secrcled as ;i norn~al consli luenl of seminal 
i]uid, h has bccn showii {o bc preseiil h/ the scrtlili of iilt.'li 
with both benign and malignanl, prostatic diseases. Since 
its discovery aild the' developmcnl o1 cteicction inethods. 
PSA has bccil \\id01',, used as a ttllTlOr marker R ,  screen- 
ine, cliaenosis and n~onitorino of PCa. I'' 

It \'~as oziginall 3 though! that P%A is exchlsivelv pro- 
dl_lccd by the pi-ostatc. Ho~\c'ver. acctlllltlttl[il/,~ cvidcnce 
suggest that other body liSStlCS ai~d cailcer of  [lOFt proslatic 
Oi'igillS nla 5 illso S},l/ihesi/:c PSA. PSA has bccll dcnqoll 
slraled in urine, ~ periurethral elands, P perianal gland, ~ 
sali,,'a. ~ amniotic flulct, ~ milk of hlclath~g yeomen, ~ and 
serum of iiOrlllal woli/eli, i" Recemly. PSA prolcin and/or 
I I I K N / \  i las {)CL'II dc. ' l l i tJ l i>i idiLcl l i t  iciiii~);;', C;i" '<he 5L iq .  ir 

salivary glands, ~' kidney, at" ovar\,, a'':" lung. ~" and bre- 
ast, I'-~'> its w e l l  as myeloid lctikcnlia ~" and ilOl~-lfodgkh~ 
lyn]phoma. -~] Therefore, PSi\ is no longer consicicred 
proslale-spec i liu. 

The quanti(atkm of PSA levels in serum is ;ichieved by 
tisilig comnlercially avaiklblc iininunoassay kits ttlat utilized 
monoclonal andbodics to ideuiifv epitope,, on the PSA. 
molecule. "-~ Thc illosl co11/111oi1 assays used hi [.iS arc lhc 

Tandem-R PSA and Tandem-E PSA assays (Hybrilcch ]nc., 
San Diego, CA) and ihe 1Mx PSA assay (Ahboit 1.abora- 
tortes, Abbotl Park. ILl. For all assays mentioned, lhe age- 
specific reference ranges (cl_ltulTs) are applicable. :-:; 

The role of PSA in the screening arid early diagnosis of 
PCa has been well established. ' '4 Early cxpcricncc has 
demonstrated ll l: l l PSA testin~ dclecls pathologically 
organ confined PCa in a large proporlion of cases and lhal 
radical prostatectomy nearly always completely eradicates 
pathologically localized disease. ~' The o~ciall dctcctium 
rate of Pea in screening populations has a reported railge 
oF 2.2-5.75f. "4 As predicted, the conibination of scruill 
PSA and digilal rectal e• was found Io I-)c 
superior to ci~l~er nlodali ty alone in Etle diagnosis of Pea. 
l t o w c v c r ,  as o the r  ltlll]Ol i l larkcl ,  P ~ A  h~.i> st)ill,,_' co111tllOll 

shortcomings. First, PSA is not disease-specific. Elevated 
PSA levels could bc found in a sinall proportion c)l norlnal 
|halos and approximately 25 gf~{;f of palicnls wi ih benign 
prostatic hypcrphlsia <BPH) aled proMaHti~. ?~ IT, cecil( dalP< 
suggest that PSA is ilol prostale-specii-'ic (see aho\'e for 
details). Despite the fact thai PSA is by l-ill iBc;.illS a perfect 
lilarker, when the ROC ctlYvc~, I'or P8A. PAP, and ;~i ilUill 
bCl of oil ier lt ln]or Inarkers ;_lnd diag, noslic procedures 
were construclcd and compared. PS,,\ I~as been plo'~cn Io 
have higher sensiliviLv arid spccifichy tllall ally oltler 
ill,.Jr\or al ally Ctltolfs/' Curreilt ly. PSA lestin 7 has 
replaced PAP as a tt l i l lor Iliarker lt)r screcnh~g aud carly 
diagnosis of Pea. 

Recently, PSi \  dcn,,iiy, :<' PSA slnl)C, "~ PSA douhling 
lilllc, es ~iilcl flcc PS,,~, >' have been Fncasllrcd al~d calctH 
kited trying to improve the scnsiti \ ' i ty ;.iilcl spccilicily o f  

PSA leMiilg. They. to ~t ccrtail] exi t | I t ,  pro\ idc all i l/ ip- 
i - o ve l l l t ' i / L  

�9 4./..7. Pro,~zme Spec'iliu Mem/>r~uw Anti k, en ~P,Sel./A ) 

PSMA, a relatively new diagnoslic nlai-keF, is ~i trails- 
inelllbrallC 71_ycopn~Ic n whh a n/olcci ihu wci7ht el app- 
roximalely II)0 kl)a. Ant ibody sttlclies l/ave delnonstraled 
thai PSMA expression is highly rcstricled to pi-oslatc 
tissues and it is hi,ehiy cxpl'cSscd hi ino~l of lhc llOrillal 
inlracpithelial ncoplasia, and ll}e t~iim,:iry and mela~lalic 
P C a  spoc i l l l e l lS .  ; j~ j  P, ccenilv, excellent W'olk characieriz- 
hlg PMS,<\ ai-ld its role as a P('~i i11aiker have heel1 c:~llried 
{)tii.~/~_ ' ~.~4 ~-The opcn ieadillg Ira|lie (t)RF) of the PSMA 
cDNA is 2.25 kb in lcngfll encodin.g for a prolein nf 75() 
:mH~,, ~!<-htc whh ;i predicted protein molecular weight o1 
84 kOa. excludh]g carbohydrale. "+ The lact that PSMA is 
/in integral lncmbrane protein sti~.~csis lhal this molecule 
ilia}, serve ci,> a largci For diagnoslic imaging and Ihera- 

l~och lit es. petllic targeting " " ~' 
The restriction of PSMA exprcssi(m to the prostate is 

i lot absolul.c. Israeli ct al dctnonstrcllcd that the PSMA 
gone is highly cxprcsscd in proslalc tissue, ~a howe\el ,  it is 
al,,o expressed :it a detectable level in brain, sa[i \aly ghmd 
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4rid >,inall Jlttc>,tinc tis,41c. The \  lu t thcr  dci~t)nstr'<itcd dim 
4 p',lticilt \.t+ith icn~+il cel l  c4rcinunta Ic>,tcd po~itivc [(ir 
circuhttin.~ PSM, \  i~rt)chicitl o ccll~. ~ 

4. f.4. t'~w~m~fi" f~fltit~in PupliUc (P i th  

PIP i~ an at~undanl 94 ainino acid pr(qci l l  ~ccrctcd b\ 
pi+~)stalic cpi lhcl i : i i  coiN. it is dctccta|qr in scrtu-il, urine ~t~ 
\ \ e l l  u~ cLihLil'cct P( 'U c c l I ~ .  [11 cl!ilti'n,q h) PSA ~iild PAl >. 
thc c',p:c, , - , i tm t>l I'I1' hu, I:~, ci, \iio?~ ii h> 13c iiiclc_i-,ci~d~_i'il c,l 
Hiidr()~cn. ,.\ grcl\\ ing h<,d3 ,)f r idcncc indic; l tc th:tl dctcc- 
li~m ()I+ the PIP lcxcls in tl',,,uc ,q)cciim_'iis. ,,crull/. <uid \if in\_' 
iil:-t 5 hell) di~tinb'ui~hing BPt l  lr(>ni P('si.: ~" PIP he.is bc.'en 
delnon~trutcd to be ~tblc io >upprcs <, D N / \  ~\.i+,the~is anti 
gR)~\lh td  the plOShltC cells in \ i t r o  lind in ", ire. > >  l)lP 
'also can induce apoptosi~ ()i PCa cells in animal mudcl 

',\ ' ,lent. ~'' All abo \ e  mcmiuned c\idem_c ,,uggusl that PIP 

may hst:e therapeutic polcutial, l h ~ c \ c r ,  the prostatic 

",l)ccificit,, of PIP has bccn rcccml':, quc-qi(mcd. A lcccntl 5 
Mcntificd ultcrtmtively spliced form ,it PIP. PSP57. \~as 

dctechlhle il()l truly in the prt~shilc bti l  :/l,>t)in the kidney 
~ind bladder. ~l 

4.2. t'rogno.vlic Markers" 

4.2.1. P4P 

bot i  el al f irst den~otl,, l fatcd a c(wrelatJon I~ctween 
,,oiuNi P./~P e levat ion and exlent  o [  PCti.. :~ l ' . le' ,atcd 
<+cri.lin PAP levels also ha\.e been [O/.lnd It) be: associ 
sited w i th  PCa sl+lowing poo r l y  di ffclcl+ltiSltcd 
Ifistologicul pal lc ins +uld ad'+anccd stage, but not the 
inetasl+itic stale and tl~e tl.ll-ii()t volul l lC. ++ A Col-rchiiiOl] 
bcl.ween I)/\P d is t r ibu t ion  and d i l feren l ia l io i+  st;+iltiS also 
'+,<'as observed.  4u Ht+vv'e\ci +, these results a\,vait to be 

coiqfirn+od. The value ()t PAl-' cls a means to idcntily 
tnctastasi <, reinains ;.i point of  controversy.  Sixty to 

eigitty fixe percent and 22-28% of  pi.tticnts with pelvic 
lymph uodc involvcntent  showed clew\ted and i~oimal 

PAP !cvcls, rcspcc l ivc ly ,  depending on d i f l c rcn t  
ineihods o f  ~.l~,S;t.'r's+ l n ;es t i ga t ion  conducted I-) 5, ()e,, ler- 
l ing el al del l l tmsl ip,  tod that all pcitients w i th  an elevsltcd 
,<erunl PAP level had either extr4capstliar disease or 
lymph node metas tas i s . "  However ,  in stntitl"ict- serie :, no 

statistically signilic~.tnt corrc h.ltiou was obser,.,cd 
between PAP and the presence of  posi t ive regional 

lymph riodes, u' Since PAP testing has been found Io 
add very little unique inforritatiorl to the diagnosis  and 
prognosis  of  PCa in addition to other  markers (e.gi, 

PSA) and convent ional  procedures (e.g., pathoh)gic 

staging, bone scan, ~.tnd digital rectal exu ln inat ion) ,  ~ 
together  with dra~<vb;.tcks of  the PAP testing pet + se (see 
above),  many invest igators  bel ieve serum PAP testing 

is not routiriely necessary and marly institutions rio 
longer  r ecommend  this test in the staging e l  P e a .  

3 +) -1 . . . . .  1'5+ t 

A dircct nckttion<dfip hus hccn detnoustJatcd holy, con 
serum P.%:\ suid ttHllOr httrdcit. +' The l:_l,..'t [h4t '4CI'IHI'I ]-)SA 
It \  el-, ux erlap I+et\\ con '.,ta<~,_e> has rcs(thcd in P.";A', iriulfi I- 

i15 to prcdicl c\~,ct l+)iHh,.dt>gic~il <+,t;.i~c. HII\\c~ or. a nL, inbct 

t)l >,ttldicts h',lxe '-,he\\ n that h)c_u] clini,..'al ',,t;.IEC ;.Itld It.II1X)F 
~r;idc" si+-tlifh:~lr, t[ 5 ellh;ttlCC Ihc prcdk ' l i \c  po\' ,er o1 PS;\  
it) dclc>ll/iinc ixttllc, h){2Jczil hc:.ier i'+ : \  i d e  lt>l I)S,+\ u>, st 
i , , ,d ic i< ,  tJ [ t / l_ l iv tV i l lC '  i l l  P( . ' t t  ii~t> i lCCl i  <+, t . l~C>tcd i ! \  ",c\ c.'r~ii 
l t l \c ' , t ieator ' , . " '  A +, ~t ucnclal  rule. Js IX",i progrr it 
t)r()ducu ,, Illt)l'C I'SA. l lo,<kc\cr, some undilfcrcntialcd I)('a 
cc]l'~ bect)lne '<itldrogen-uilrcsl)onsi'+c ii l lt i i.illlibie t() pf~)- 
d u c t  PS.:\ ~l It ,aax sugge',tr th;+li undi f ferent iated t_t_'ll~+ 

i1111\ m_-qtiitc the abil i ty to C",t)fc>,> zt PNA-'-ti l)pic>',i l t 7 
act ix i t } .  Such :.i lslctor In\iv bc secreted into the slronta ~ilRl 
infhicncc the l)S,\  c.,,pie~,~,i<)n o f  othc'r cell>+. ~- Thi~ lllSl 5 
p;uli'<ill 5 c• i i lai the lack t) l  met-case ill ~.eftln/ PS~A 
Ic,,cl~, d>,cr, ,cd ii i tl I-Utipc)rtic)n of  i),llic.'ll{,, v~ith ht)ltiiOliC_'- 
re,,i,,t ant P('a. 

l,>.ccently. R'ILP(eR a~,s~.iy ha>, been developed to detect 
c i rcu lat ing PSi \  m R N A  producin 7 cancer cells for e e l  
r staeiil~. ' :~  ' Since blood cell PSi\  I-4T-PCR Lts<-;:.ly 
is detect ing mP, NA produced b 5 the c i rcu la t ing inal ignant 
cells. ;i r l ( )s t v e  RT-PCR kisser 5' inlpJh_:aies hel l l~ . i logt211(}u!  +, 

n-iicrtim0ta<,i:tsis o f  PCa. iu si >. RT-P(eR assay for  dciectinb, 
PSA inl,~NA proclucing P e a  celts wus firsl dcscril-)cd by' 
(kmielht  ct al. ~: It \,,'sis found that 50% (-4-/b;I of  DI l 

puticnts ;.uM none of  the D0 P( 'a  patients. BP[ |  r)aticnt~, ur 
llolmal Iclnale control,, had posit ive PSA/I('I-P('Ir 
Icsults. ~e Such a PSAtRrI'-PCR ttsssiy has also been u~,cd t,o 

ttclccl PSA m R N A  proclucing cells in l}lnph iiodcs. ~' A 
nl()iIC sensi l i \e  cnhli i /ccd P S A t R I : P C R  :.iSs;.ty en/p loy ing 

digoxigenin-mc~dif ied nuclcot ides has bcclt devch>pcd to 
detect one PSA InRNA prodtlcil!o~ cel l  in 100,00() ilOl]- 
PSA ]3rt)ducing lylnphocyies. 5~ They [ourld thai no spcci 

ItlCID, i'1"OI1/ c o n t r o l  l c n J u l e s  ~tlld i n t t i o s  ", ,vilhotll  C'AltCeF \v{ls 

positixe for enhanced PSAtRT-PCI~ assst5,', hov,'ever. 

77+W/c I 1-!-)of IS melustafic P e a  patients (sis judged 'c,y 
, . .) 

pusiti,,c bone .,,c;.ln) were posit \.e. In addition, 38.5','~ 

(25) oft%5 patients with TI -2h  (c nicsl}, localized) dis 
ease wet-e found to bc positive for this assay Ltlld the 
PSAIP, T-PCR poshivity in SUlgical-candidate patients 
correlated signil+icantly wi th  c~tpsuhir penetrat ion and 
surgical inargin posi i ivhy.  ': However,  due to the fact lh~+it 
Irhe PSA gelle is not exchls ivel  3, expressed in prostate 
cells, intcrpretat ior i  o f  a posh i \e  result shol.ild be very 
cautiou.<,. ~<j Moreover.  the c l in ical  s igni f icance o f  the pros 
ence of  a sit igle [u inof  cell  in the circuhtt ion is Ll i lknown. 

4.2. 7. PSMA 

Data accumulated to date does not conclusi\ ,ely define a 
role for PSMA as a prognostic marker for Pea .  In a series 

,a.here 165 prinmry PCa. 79 lymph nodc mctaslases, 7 
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bone metastases. 27 BPH, 21 prostatic intraepithelial 
neoplasia (PIN), and 12 normal prostate tissue specinlens 
were examined, expression of PSMA was found to corre- 
late positively with pathologic grade, htll not with clinical 
stage. The PSMA expression level is high in poorly differ- 
eniiated and metastatic PCa, however, expression level in 
primary PCa does not corrclatc with nodal status, extra- 
capsular penetration, or seminal vesicle positivity. ~ An 
alternatively spliced variant (PSMA') of PSMA mRNA 
has been recently identified and the ratk) of cxpression of 
PSMA/PSMA" has been found to be a potential index for 
measuring POa progression. ~-' Nevertheless, a large series 
of PCa patients with defined pathological stages will be 
needed to further evahlate 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. ~-~~j Cama et al > uscd RT-PCR assay to detect circu- 
lating PSMA and/or PSA mRNA producing cells. They 
found that the sensitivity of the PSA tcst is higher than 
thai 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 positiviiy of 
the PSA RT-PCR assay, but not that of the PSMA RT 
PCR assay, correlates with pathological stage 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 
thai of the PSA assay. > In this study, tire authors 
detected rnicrornetastases 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-Lipo.O,~,em~.se (12-LOX)  

12(S)-hydroxyeicosatctraenoic acid [12(S)-HETE], a 
metaboliie of arachidonic acid by 12-LOX. has been shown 
to play a pivotal role in inwlsion and metastasis. Rccently, 
12(S)-HETE has been shown lo enhance PCa cell invasion :~ 
and the ability of prostate tumor cells to generate endoge- 
nous 12(Si-HETE has been correlated positively with their 
met'lstatic potential. > All  these results suggest that the 
enzyme responsible for I2(S)-HETE production (i.e.. 12 
LOX protein or mRNA levels) may bc prognostic marker< 
for the aggressiveness ol  this cancer. The 12-1,OX mRNA 
expression levels m 122 matched prostate normal and can- 
cer tissues werc measured by quantitative RT-PCR and in 
situ hybridization (ISH). ISH demonstrated weak expression 
o! 12-1~OX mRNA in basal cells of normal secreiory glands. 
12-1,OX mRNA levels were elevated in PCa cells and the 
expression correlated with the differentiation status and 
invasiveness. In R'FPCR, overall. 46 (38%) of 122 evalu- 

able patients showed eievated level of 12-LOX mRNA in 
PCa tissues compared to the matched normal tissues. A 
statistically significantly greater number of cases were 
found to have an clevatcd level of 12 LOX aniong T3. high 
grade, and surgical margin positive than T2, intermediate 
grade,  and surgica l  marg in  nega t ive  pros ta t ic  
adenocarcinomas. This data suggest that 12-LOX may serve 
as a correlative marker Ibr a nlore aggressive pheuotype of 
human PCa aud hence lot poor prognosis. This enzyme also 
may be a novel target lor the de\.elopnicnt of anti-in,~asive 
and anti-metastatic agents, st' 

4.2.5. 7)tmor Stq~ptv.vvor Gene  - p53  

Wild type p53 has becn shown to be a suppressor of cell 
growth and lranslormation, causing a G~ block in cell 
cycle progression and in certain cell types precipitating 
apoptosis. Mutations in the p53 gene have been demon- 
strafed to be the mosI common genetic alterations in 
human cancers. Functional inactivation may result from 
genetic aberrations within the p53 gcne. most frequcntly 
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 flmna- 

�9 r  lion and progresston�9 
The role of p53 in human PCa is still unclear and 

remains controversiah While a number of groups demon- 
strated a high p53 mutation and/or protein acculnulalion 
rate in PCa, s~s~ others reported rare nlutationsfl ~{>Le~2 Such 
fi-equcncy differences of the p53 mutation in PCa among 
various groups could partially be due to the geographic or 
demographic factors as well as methods uscd for detecting 
I)53 abnormalities (see above I. ~3 

The value of using p53 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. ~''< ~>~<,5<,~> Bookstein el a[ ~'4 reported that 
23~Y~ of stage I11 or IV tumors and 491 of stage 0-I1 tumors 
had abnormal nuclear p53 accumulation and that 2i)-259t of 
advanced cancers, but none of early PCa had mutations of 
the p53 gent. In another series of 92 patients, all ltn/lol~, 
with p53 protein accuinulation and/or rnulations were meta- 
static (stage D), poorly dillerentiated, and androgen inde- 
pendent. ''c' Howcver. two studies suggested that p53 abnor- 
malities may he an carlv event in PCa progression. "s Such 
comroversy could onl? be resolved by investigation of 
larger munber of patients. Chert el al indicate that p53 ab- 
norumlilies (allelic delellon, low expression, MI)M2 ovel- 
expression and mutation) occul at a high rate during PCa 
development and thai the Irequency of p53 alterations 
appears to correlate with minor gradc/stagc/'r~ Most recently. 
Kubota el aF 7 screened PCa specimens lor p53 gent lnuta 
tions in exons 1-11 and found that 99~ of well anti moderate 
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1], di i lerentiated aim 3()</~ o1 poorly cliflL'renliaieci PCa held 
p53 IP, t/t4tiOl>,. Ti~is re,,uh also stlpporl <, tiler p53 nnilal]on i', 
a late c\ elll in lhe de\elo lmlent  o f  PCu. 

4.2.6. ,4ti~ ro~:Ic[/i/c h:.~/ol;i[i: v ~ ,~15/) 

MSI false known as replication ClTOlS or lntitalt)r 
l)henoiypc), has been deil~on~>trclted in hereditary nonpoly- 
posis colorectal cancer (HNPCC) svndrolne, alld a ntlll/ber 
el  spoiadic cailcel-s.'" The hLil!lan HNP('C genes (i.e.. the 
hMSfl2, hMLI t l ,  hPMSI,  and hPMS2 gene, , )have been 
chined recently and found 1o be nlulator genes. <''~<'7~ Gee el 
al ('~ screened 57 patients with prostatic adellt)carchlonltl for 
possible MSI ai 18 microsalellitc nlarker loci on 12 chromo 
seines. Tldrly-seven of lhem showed positive MSI in at least 
one of tile IN microsatellile loci. A sigilit'icanl increase in 
frequency of MSI was found in invasive and higl~ grade 
.groups ;.it loci on chronlosonle 6p. 8p. 10q. l ip .  13q. aiKI 
17p, bul not on 3p. 5q. 7p. 16q. lgq. and Xq. Overall. more 
positi,~e cases were fonnd anlong invasivc (709;;) coY, ipared 
Io iloninva..;ive (58~,/;). and aillOllg lhe high grade ({'47+:'7) 
compared to lov~ grade (575~) proslatic careilloma. In six 
case> v<ith positive lymph Ilodes (N I or N,). five (83{2;) 
palienls showcd posilive MSI. The correlation belween MSI 
and high grade in PCa suggest> tllat MSI may have lhe 
poteritial \'altte as a proonoslic nlarker tor Pea. In anothei- 
sitidy by Uchida el el. 63<4 of  poorly dif lerentialcd and 4(~;{ 
of stage D eel/eels were [{)tnld to be positi,,e for MS[. Statis- 
tically significant difference m well to nloderately difiErenti- 
atcd and poorly di l lorenl ia ied cancer wits demonstrated, ve 

4.2. ;'. ()moanlic?<,s~ 51 ? (A 51 ? F:lttv A~ id  5 v/,tha.sc ; 

()A-519 is a 270 kl)a protein fl~und in tile cylosol of 
hieLl>,{ ;.lilt.] pl-Ost;_lte c;-i ichloll l 'As. 73 it h:./s been recently s;howll  

Io be a fatty acid syllthtlsC. :4 The potential progno>lic ','ahic 
el  ()'J,-519 in Pea has rcccntI'~ bceu evaluated. Shurbgtii e! 
at"  analyzed 42 PCa specln~cns for OA-519 expression, h 
was ik)und Ih:lt tile proportion of posi! ivcly stained cases 
illerease(i with adva l l t ' } l l  7 clinical sl;ige, w, iih 25q of MaoC 

. ' \  C;.iSt.'S ex]t) leSsi l lg  ()I~.-5]c) .  a l ld  4(~<,,~ (tee;', . allot ()4 <] e l  

stage B. C. and I). respr expressing OA-519. In 
another seric>,. OA 519 has been deinonstrated to b c a  pre 
dieter of pai imlogic stage indepcl-ldent o f  (]least)ll sC,qle ill 
P(ia."" In tills study, OA-519 slaii l ir lg o f  the prilnar~ P(ea 
was shown 1o be ~ g l  3 prcdict l \e m separaling cases \vi l l i  
or.,~ao.-<'r,ffh~ed di,.ea<:e o: cap':uhlr pencP"4i(w, ',:~. ,.,.,,... 
with seminal vesicle invasion or lymph node metastases. 

4,2. & P,'~-d(i,:'rati,,z Mark,u,,: 

Ki-67 is a i'narke! t\t7 cell proliferation. The Ki 67 state- 
in,, index has been shown recentl 3 to correlate wilh tile 5- 
bromodeoxyuridine (te~rdUrdi labeling inciex, v~, in a series. 
Ki-67 staining score has been demonslrated to correlale in 

a statistically significantly l l la l l i ler  with poor differenli 
ali,.m, lymph nocte IlleHIM~lscs. and poor >ul\i ' ,al.  :7 Mixed 
rcsu]ls were generaled regardinL.2_, the prognoslic \'adUe of 
anolher prol i ferati t) l l  i/1Llrker, prolifel-atin,,4 cell i luclear 
antigeri (PCNA). in P(';-I. (L:.uroll el al :s sl'im~ ed that P( 'NA 
correhitcs with cl inical stage and inetastases, but not tuuior 
gr;./de. In al-iolher series. Harper el ,:il'" fai led ~o. deinon- 
sitale signif icant correla l io i l  between PCNA score and 
metastatic Maltls. t~]oveever, l i fe !~/ble ~m~tlysi~ indicated 
lh'<il lhe ptliient,, with the lower PCNA score sn r \ i \ ed  
si~enifcalt y longer lhan those ~\ith the higher PCNA 
>,COI'eN. Certainly. the potential pl-o.~noMie \;.lltle of PCNA 
in PCa relnail-is [o he examined further. 

4.2.9. F.l.qlhclio[ C<'utherin (F.-c,~,.thes.i,,i) 

E-cadherin is a calcium dependent cell adhcsian reel 
eculc which has been shown to play an hllportant role in 
m a i n l a i n i n g  lhe ep i the l ia l  pllerlolype.  Mnta l iona l  
inaclivation of E-cadherin has been demonstraled in a 
ntmlber of  carcinomas and dovenregtdation of E-cadherin 
has been shown Io have a close relationship with invasion 
a u d  nlelas t ; - | scs , .  ~'l E-cadhcrin h,:,ts IlOw hcen recognized as a 

�9 �9 ~ { J  new invasion/rnetaslasis-suppressor gone. The firsl line 
o f  evidence suggesiing E-cadherin invoh 'ement  in Pea  
came fret11 studies of rat Dunning P ea  model. It was den> 
(mslrated that while E-cadherin wits expressed in normal 
rai prostate and the well oi moderately difl;4rcntiated. 
noninvasive l)unr6ng tumors. E cadheriri in invasi'<c 
suhlines we<; undetectable at either protein or mP, NA 
levels, st Subsequently. L!mbas ct al s-~ sho\ .u that approxi- 
mately 5(V{- of human Pea  specimens had reduced or 
abscnt levcls of E-cadherin protein and that E-cadherin 
expression inversely correlated with tumor grade, suggest- 
ing E cadhcrin lil:.lv have prognostic value. V~illen a larger 
series was follox~.cd-up, a !,tatistically signit]canl inverse 
correhlliOn \va-; lound bel,aeen E-c'4dhcrin expression and 
eltitle, slage, and l l lO le  roll)errantly, ,<)velali stnviv:41. :<~ 

Althougi i  in.)[ ;.Ill h~clcpendent predic',or o f  prognosis, l-- 
cadherin expression cert;-linl 3 ~AdlT;.IIII> l ' l .n [ i le l  MULi\  LI,~ {i 

polential prognostic IllttFkeF loF Pea  progression. 

4.2.10. F,.~ctr,,,, W I f  

It has been well established that angiogenesis  I,> required 
l<~l' fUl l /Or g l ' o w t h  ;-l.,q ~ l l /e [ ~IM;.l~,i x. I l l l i l l u n o s t a i n i n g  

~iidt:,t[it;iiai !-e]iy, in P(_~a IiSStle LIS]I'I~ dllLiboc|lC>, aL2aiilS! 
factor VIII has been employed recently lo ]neasnrr micro 
vessel densi|}. In a series of 74 PCa l),>sues the rneap. 
micro,,essel counl within Ca,cii-iOll~lHS !ix)hi patients with- 
oul metastas~s were significantl} lower than lhat within 
Cal'cit]c,1]];-i ~, l [ lon] patients with I]ICtLLM~tSiS "+ +D-.I] increase in  

microvessei densily in poorly diflL'rentiated turner,-, also 
was observed. This assay within it]vasivc tumors may he 
\ aitu.i.ble in choosing therapeutic options in early P(5~. 
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4.2.11. Neztroemlocrine D!~/~,rentialion 

Neuroendocrine cells are a recognized component of 
. . 8 <  prostatic ducts and acmL Plasma levels of chromogranin- 

A, a marker for neurocndocrinc carcinoma, were found to 
be elevated in stage D2 PCa. s~' Neuroendocrine differenti- 
ation has been demonstrated to correlate with high Gle 
ason score and poor overall survival.": There is some 
e',idence to suggest that prostatic cancer cells with ncum- 
endocrine differentiation are resistant to hormonal therapy 
and eutopic and ectopic hornaone production may have 
potential screening trod monitoring value for PCa. s5 

4.2.12. 17svtw l,~,'tor (TF) 

Tissue factor is a membrane-associated protein respon- 
sible for activating the extrinsic pathway of blood coagu- 
lation. It potentiates factor VII and initiates the most im- 
portant pathway of blood coagulation in rico. ss 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, s9 Ill one 
series, urinary TF (UTF) levels were measured in 53 
patients with Pea  as well as 3 control 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 of bladder, and men with 
histologically proven BPH. s'' In patients with PCa, bone 
scan positive patients had higher levels of UTF than 
bone scan negative patients. Howcvcr, an overall corre- 
lation between UTF and PSA levels may indicate that 
UTF may rehtte 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 

% 

Fi,~llre 1. l~ro~tlTte adgllOCtuciHOltta (_~lt'asoll 2~attertI 3 ([llls- 
trat,t~, diayHostic r o( maliemmctl (relatiz,chl ttm Cnrtn 
,qlamls, sm,Xqc cell lmwr mt,I ~ronti~c,tt tmch'oli). HE qtotltiu%; 
tll('s ~07ucr ?~[r 

Pea  model, it was suggested that procoagulant activity 
reflects the maligrmnt phenotype and nlay serve as a 
marker for human PCa. 

4.2.13. Type 1 ('Mlagen Degradation Prmlm't 

Type 1 colhlgen is the major structural protein in bone 
accounting for approximately 9()fie of the organic matrix of 
bone. ~'~ ThercR)rc, bone metastasis could be studied by 
following the metabolism ot type I collagen. Kyhnala ct al ')e 
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-tcrminal telopeptide of type [ collagen (ICTP) level 
m S+L group was significantly highcr than that in S group. 
Serum ICPT level was found to inversely correlate with 
overall survival. Urinary levels of collagen cross-link 
metabolites, pyridiuoline and deoxypyridinolme, measured 
by high pressure liquid chromatography (HPLC) had also 
been demonstraled to tonelate with PCa progression. 

4.2. I4. Sertml Melal/olnoleina.s'es and Their lnhibitors' 

Tumor progression ix in part the result of the activity of 
protcinascs 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 wdue in Pea.  ~4 It was found that 
patients with Pea  had higher levels of collagenase and 
TIMP 1, but lower levels of TIMP-2, than controls as 
detected by cn• ilnmunoassays (ELISAs). 
Collagcnase levels w, ere statistically higher in patients 
with metastases than those without inctastatic disease) 'a It 
seems promising that matrix degrading enzymes 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 t'onning (i.e. adenocarcinoma). Considering the 
large number of needle biopsies being pertormed in the 
US, the issue of distinguishing cancer fi'om its mimics is 
of major importance. Strict application of diagnostic cri- 
teria ,,; the~e sm~{1 tNsne samples is essential in prevent- 
in K misdiagnosis. Important in tiffs regard are the minimal 
criteria applied by Gleason for the diagnosis of 
adenocarcinoma (Gleason grades 1 and 2) v~,hich are (i) a 
relatively unitbrm proliferation of (ii) small glands (iii) 
lined by a single layered epithelium {iv) with at least some 
cells containing prominent nuclcoli (Fig.I). ~'5 Thcse cri- 
teria have subsequently been adhered to and advocated by 
nlost aathori l  ies.'J<"~vua 
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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 nucleohis was one 
of the most important features used by a panel of expert 
pathologists to distinguish between atypical adenomatous 
hyperplasia (adenosis) and low-grade adenocarcinoma thus 
highlighting its practical icnportance 9~ In contrast, Kramer 
and Epstein measured mlcleolar size ira I I 3 loci of Gleason 
grade 1 m 82 carcinomas acid 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) acid many examples of 
atypical adenomatous hyD_'rplasia (28%) had occasional or 
fl-equcnt prominent nucleoli, i,)r in a similar study, Kclemeti 
and colleagues found the ratio of nuclei with nucleoli larger 
than 3 microns to all nuclei to be illost useful in separating 
benign from malignant lesions."~s 

in limited biopsy material, one often encounters only a 
iEw areas of an infiltrative adenocarcinoma which dem- 
onstrate good gland fornlation (Glcason grade 3). In 
these cases tile 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 elements, prominent nucleoli, pink 
acellular or basophilic mucin secretions, amphophilic 
cytoplasm, prostatic crystalloids and absence of basal 
cells (Fig.2). '~: 

5.2. Ancillao, Diagnostic Features 

Several additional IEatures are of  assistance in recogniz- 
ing adenocarcinoma. Thc identification of acidic mucin 
{wispy basophilic material on HE), has been suggested as 
a nlarker of malignancy in the prostate ~lalld. t~5 Several 

Figure 2. Limited adcm~carciJioma opt m'edle biopsy. There is a 
unifi~rm prolfferatiocc of small glands, llote the presence qf 
c(ystalloids iH two qfi the glands. HE stainiHg; medillm t~,ower 
[?IL'~U. 

studies have shown that lurninal acid mucin is frequently 
present in adenocarcinoma and as such can aid in the 

" �9 97 1l)4 dtagnosts. It is also clear that this finding is not speci- 
fic to carcinorna 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 make the 
diagnosis. 

Prostatic crystalloids were first 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- 
ringcnce. Several studies have confirmed a strong associ- 
ation between the presence of crystalloids and carci 
nOlTla, '7"t~ but also have shown that they nlay be found in 
benign glands which are most often PIN and atypical 
adenomatous hyperplasia. ~' >r 

hnmunohistochemical staining tot high molecular 
weight cytokcratin has become a valuable tool in the diag- 
nosis of adenocarcinoma. The most comnlonly used anti- 
body is clone 3413E12 which has frequently (and perhaps 
inappropriately) been referred to by its commercial cata- 
logue number (CK903). These antibodies arc useful 
because they specifically label basal cells and not secreto- 
ry cells. Benign minlics of adenocarcinoma are invariably 
positive with this antibody reflecting the presence of  basal 
cells, j~s"~'U"~ Although negative staining is typical of 
adenocarcinoma, it is dilngerous to base a diagnosis 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 adenocarcinorna 
inchides normal tissues such as Cowper 's  gland, para- 
ganglion tissue and seminal vesicle or ejaculatory duct as 
well as pathological conditions such as atypical adenoma- 
tous hyperplasia, atrophy, basal cell hyperplasia and 
sclerosing adenosis. Cowpcr 's  glands are paired structures 
lncalcd near the prostatic apex. Thc acini are closcly 
packed, arranged in lohules 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. Paragangliou tissue is not rare in the 
periprostatic connective tissue but is distinctly uncomiuon 
in the proslatc stroma. Closed  packed small cells wilh 
clear cytoplasm are arranged in small nests in intimate 
associalion with small nerves and blood vessels. The 
cytology is inconsistent with a high grade prostate 
adenocarcinoma which might have this architecture. Semi- 
hal vesicle or ejaculatory duct epithelium produces diffi- 
culty because of the small gland pattern and large bizarre 
"monster" hyperchromatic nuclei. The latter is in fact an 
important feature for exclusion of carcinoma which for 
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practical purposes never contains nuclei of this type. The 
presencc of abundant lipofuscin pigment supports a 
benign diagnosis. 

Atypical adenomatous hypcrplasia (adcnosis) is a lesion 
characterized by the proliferation of small acinar struc- 
tures at the periphery of hyperplastic nodules. ')~'e' 
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) ~'~-' Features helpful in distinguishing 
atypical adenomatous hyperplasia fl-om cancer are its 
association with benign glands, pale cytoplasm, absence 
of basophilic mucin, lack of prominent nucleoli and pres- 
ence o l a  partial basal cell layer. '>: ~ 

Prostatic atrophy begins to appear in the prostate at a 
relatively early age. ~L4 It is one of the more 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/s Important clues to its recognition are a 
lobular arrangement, ectatic central duct, periductal scler- 
osis and small shrunken epithelial cells. The basal cells 
may he difficult to identify' but can be highlighted by 
staining for high-molecular weight cytokeratin. ~H~ 

Basal cell hyperplasia usually develops in the transition 
zone as part of nodular prostatic hypcrplasia. It causes 
confusion in diagnosis because of its "blue" appearance 
and the presence of nuclear atypia, hnportant 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 nuclcoli. >a.~.5 

Sclerosing adenosis is a recently described lesion which 
is usually found in radical prostatectomy or transurethral 
resection specimens. ~~ Characteristic fcaturcs of this 
lesion are relative circumscription, a mixture of small and 
large glands, celhflar spindle cell stroma, a thick basement 
membrane around tubules and the presence of myoepi- 
thelial differentiation (S-100 protein and muscle-specific 
actin immunoreactivity), ros 

5.4. Histological Grading 

Adenocarcinoma of the prostate is characterized by a 
remarkable heterogeneity in terms of its histological dil L 
ferentiation, microscopic growth patterns and biological 
aggressiveness. Most PCa are multilocal and there are sig- 
nificant variations in tumor grade between anatomically 
separate tumor loci. 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- 

ly has gained ahnost uuifornl acceptance.~]~> ~" It is the n/ost 
widely used by physicians treating PCa and its utility in 
predicting tumor behavior has been repeatedly demon- 
strated) [st~y It also has been demonstrated that Gleason 
score in needle biopsy specimens is an important parameter 
in predicting pathological stage of prostatic adenocarci- 

l n c t  I s [  s ' s  N} p l  i ~ i ~ noma. including regional lymph node �9 ~. a, L. - . . . . .  
Glcason'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- 
ncnts 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 p: correlated 
the histological tumor grade in the needle biopsy and the 
subsequent radical prostatectomy specimen in 66 consecu- 
live 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 ~:4~e5 Contemporary series based on ultra- 
sound guided sextant biopsies are limited but suggest a 
better correlation than found in early reports. ~='~ 

5.5. Stagillg 

Clinical and pathologic stage arc accepted as major prog- 
nostic indicators in predicting the biologic behavior of 
PCa) >Ira'p: 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. I:~ Limitations of clinical staging have 
been well recognized, in particular the lack of accuracy in 
predicting thc final pathologic stage) >'~> In addition there 
is not presently a pathologic staging system (pT) based on 
the UICC/AJCC TNM clinical staging categories.~29 

5.5. I. Categories JTa and Tlb 

T l a  and T l b  (A1 and A2) refer to PCa diagnosed in the 
transurethrally resected prostate tissue of patients not 
suspected of having PCa. The distinction of category T la 
from T lb 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 T1 a and with greater 
than 5% arc Tlb .  With the advent of PSA, this group of 
minors ix decreasing in frequency as most patients with 
T lb 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. Categoo Tlc 

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 lollowing detection of an elevated serum 
PSA. Recent studies havc highlighled lhe wide spectrum of 
pathologic categories represented in this group. ~ < The use 
of needle biopsies to "slage" such patients has been thc 
subject of many recent reports. ~2k~2~~:3 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 Gleuson score} predict for final 
pathologic category. There is no pathologic cquivalent to 
category T I c in the radical prostatectorny specimen. 

5.5.3. Ck;leA, ories 72a, 72b a,d T2c 

This category includes both palpable and ullrasonographi- 
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. ~+t Subcategorization by lobes is therefore 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 definable 
masses. ~;~ Multilk)cality further complicates histological 
evaluation in determining a measurement of size.~3x~3 

Volume of cancer has been of reported to be a valuable 
predictor of stage and therefore prognosis. It could be applied 
to subcategorize this T-category. >~1~5 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 acadcmic institutions with specific interest in 
PCa. What should be included in w)lume measurement is 
also problematic i.e. should all loci, 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. ~3~ ~ +' 

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 thc rate of failure 
in this group is low. Ih Ì138'139 

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 

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 ~:7 The anatomy and histology of the prostate ghmd 
complicate the determination of whether or not extrapros- 
tatic spread has occurred as there arc no consistent 
histological landmarks found in the apical region or the 
anterior surface to define a "capsule. ''~'~ In most 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 thcse to bc T2 with positivc margins, an 
approach we have favored, j> Uniform application of one 
of these alternatives is critical in comparing different 
institutional series. 

The prognostic significance of distinguishing unilateral 
from bilateral extraprostatic extension is unclear. In most 
reports these two catcgories arc combined. Of grcatcr 
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, r~s Unfortunately the criteria used by' these 
authors are difficult to apply and a more reproducible 
definition needs to bc accepted and tested to confirm the 
signi ficance of this distinction. 

5.5.5. Calegoo' 7'Jc 

Invasion of the muscular wall of the seminal vesicle 
represcnts an important negative prognostic indicator in 
the evaluation of the radical prostateclomy specimen 
(Fig.3). Ohari et al t~'~'l> 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 
of directed needle biopsies to identify seminal vesicle 
involvement prior to treatment may be a significant devcl- 
opmcnt in the staging of  PCa patients.J~~ 

5.5.6. Category T4 

This category refers to gross inw~lvement of adjacent 
structures (urinary bladdcr, 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, lts'Ltg't3a Recent studies have indicated 
that quantification of the amount of involvement may be 
prognostically important; ljs in order for this parameter 
to be tested, a reproducible method of  quantification 
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needs to be agreed upon. The pattern of involvement  in ", . . . . . .  : .  

relation to predicting tumor biology also nced to be . : " , :  :~-,: -.'" . ,_ 
�9 . " ~ * > X  explored. Categories such as surgically induced (inci- ~. . . . . . .  . #~.,~,-:, :'~?, 

sion or" the gland), bulging positive margins and tumor --,,~.i'20"~'. .... :-.:.,:~,'~ " " "'~ 
cxtendin~ to the limit of the surgical resection have .' :r: *~x.'.~,G~,ea* '.-'�9 ,-::~ ~ ,_.+:L+-;:'.- ++:),,~, "\- ""*'*' '  N 
been suggested. ~: Finally the concept of positive mar- :: . "..Y, i:-F :":~ "!'"+F :. -~ , ,~ ,  '(~',+,, . 
gins in organ confined (T2) tumors has been accepted .~ ,,-, - ,  .-:�9 . . . .  . . . .  �9 , , , . . .  ,,,-~-,,,, . . . .  ,+ z , , .  
by some groups. The validily of  this category needs ', ,: .- . . . .  - ,:.,:. .. .-- +_.r .... - ,e ~"~ - ,  "~-- " 
further clarification. ~-'t> . . . . .  ,;";" :'g:%: "" ~'~ "~ " ; : 

�9 , ;  r . ~ %  . " 

6. BIOLOGICAL ASPECTS OF PROSTATE 
CANCER 

6.1. Apoptosis and  Prostate Cancer  

Apoptosis, or programmed cell death, is characterized 
by distinct rnorphok)gical and biochemical l+catures. It has 
been proposed to be involved in muhiple biological and 
pathological processes. 1t3.14114D Although apoptosis is 

generally considered a genetically regulated process as 
seen in physMogical  events, it can be triggered by physi- 
cal and toxic exposures, cellular effects of hormones. 
growth factors, and cytokines, viral infection, and immu- 
nologic mechanisn]s. H~' Numerous factors have been 
implicated in regulating/modulating apoptosis, which 
include: oncogenes/ tumor suppressor genes: hormones. 
cytokines and growth factor/growth factor receptors: 
intracellular signal transducers: cell cycle regulators: 
reactive oxygen species or other free radicals: extracellular 
matrix regulators/cell adhesion molecules: and specific 
endonucleases.t,,7,~.+~).~,<~ ~,_'.t~ Many of these apoptosis 
regulators have been associated wilh various htn]lan ma- 
lignancies. For example, studies on human tumors have 
demonstrated an overall positive correlation between 
increased expression of  Bcl 2 (or BcI-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, ~'4t>5j>(' Another example is 
p53. a phosphoprotein known to modulate gene transcrip- 
tion, police cell cycle checkpoints, control DNA rcpli- 
calion and repair, and maintain gcnomic stability. Wild 
type p53 also posilively regulates apoptosis, p53 gene 
mutations have been linked to attenuated apoptosis in 
multiple cancers represented by Wihns" tumor, colon 
cancer, cervical carcinoma and breast cancer+ >7 +ssJS~ Since 
apoptosis plays a critical role in muhiplc steps of 
tumorigenesis, n 3 a n y  chcmoprevention and therapeutic 
regimens attempting to manipulate apoptolic process have 
been proposed to aid in the clinical treatment of cancer 
patients. ~r ~,H(,_+ 

Apoptosis is closely involved m 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- 
h)re, androgens play a paramount role in regulating the 

. :  . . . o . ~++ ,+~ . 

; ! J  L 
" ," " ; ' ~  ' ~  ' " " , + =  ' ~  * 

Figure 3. Example of a T3c prostatic ndetzocarcinoma with 
ttl,tor ~glmtds (h'fl) i**vadiHg the mtiscttlnr wall {~f the semilzal 
vesicle (right). HE stainiHg, medium power view. 

growth of nornlal as well as malignant  prostate epithelial 
cells. ~6~ Early work done in John Issacs's lab and many 
otiler labs with castrated rats has revealed a very important 
relationship between androgens and growth of prostate 
glandular epithelial cells. Ablation of androgen restlhs in: 
I) a rapid increase in the transcription of mulliple genes 
normally repressed by testosterone in intact prostate. 
These inchide testosterone repressed message 2 (TRMP- 
2),  1~'4 immediate early response genes exemplified by c- 
Fos and c-Myc, HSPT0, TGF~3, and glutathionc S 
transfcrase; ~'5 > ' ' ' 7  2) a rapid and sustained elewmon in 
tbe [Ca:+i], leading to the activation of a Ca-++/Mg'-+-depen - 
denl endonuclease ~'~ and subsequent DNA flagmentation,  
which are observed within day 1 after castration: ~'v 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 
formation of apoptotic bodies) o f  apoptosis can be 
observed by day 2 and become progressively more promi- 
nent with time. By day 21 atier castration, all androgen- 
dependent  epilhelial cells have died and apoptotic cells 
and bodies have been cleared; ~'~>~ and 4) androgen 
ablation-induced apoptosis is independent of cell prolifer- 
ation and occurs at the interphase. >3 Subsequent experi- 
ments with in vitro organ cultures recapitulated some ol 
the results described above, e.g., the role of  Ca ~' in the 
indtlction nf apoptosis. ~v~' These observations clearly indi- 
cate that androgens arc critical surviwd factors for normal 
prostate epithelial cells�9 The same notion also holds Irue 
for the androgen-dependent  human prostatic cancer cells. 
For example, androgen-dependent  PC-82 human prostate 
carcinoma xenografted into nt, de mice rapidly involute,s 
following castration.~V~ 

Unfortunately,  PCa in patients,  at the t ime of clinical 
diagnosis,  mostl> present themselves as heterogeneous 
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entities, i.e., niixtures of androgen-dependent and -inde- 
pendent tumor cells. Therefore. as can be expected, the 
approach of androgcn ablation will not be able to eradi- 
cate those androgen-independent cancer 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 elimimition of androgen-depen- 
dent cancers by hormonal ablation, eradication of 
androgen-independent cancer cells with very effective 
chemotherapeutic drugs or radiotherapy, and prevention 
of transition of androgen-dependent cells to androgen- 
hldependent cells (see below). The difficulty in achiev- 
ing these cad points results from our kick of appropriate 
therapeutic strategies to eradicate androgen indepcndent 
cells. There ix still hope, though, since androgen-inde- 
pendent PCa cells, unresponsive to androgens, still 
retain the apoptotic machinery which can be activated 
under certain circumstances. For example, androgen- 
independent Rat Dtlnning AT-3 prostatic cancer cells 
undergo apoptosis when treated with thymidine analogs 
5-FU or trifluorothymidine, iTt Also, increasing intra- 
celhllar Ca -'§ concentrations by ionophore can induce the 
apoptotic death of  AT3 cclls even when the latter are not 
proliferating, j~: 

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 
neopl asia) and mall gnant prostatic tissue. 173 

6.1.1. Amlroq, en ablati(m by caslrati<m or t~i()cl~cmica[ 
tlllltlgOlli,~L~ 

This rcpresents the most frcqucntly adoptcd tor stan- 
dard) clinical procedure for PCa patienls due to the well 
documented effects of androgens in promoting PCa cell 
survival, hldeed, androgen ablation has been shown to 
increase the apoptoiic index in prostatic cancer patients .7~ 
and castration also promotes apoptotic death of human 
prostate carcinoma grown in mice. ~:~'> Recent stxties 
also have demonstrated that castration therapy may induce 
apoptosis :is well as decrease cell i)roliferation, although 
these re'iv be observed in different patient,;. J:4 The mol- 
ecular mechanism(s) for androgen ablation-induced glan- 
dular epithelial cell death are not very clear, but cell prolif- 
eration. DNA repair, and the p53 function do not appear to 
be involved. ~:7 It may inw)lve, instead, a TGF[31-depend- 
ent mechanism since, as described earlier, the TGFI3I 
geue expression is rapidly induced following castration ~'~' 
and TGF[31 can induce apoptosis of nlultiple tamer 
cells ~:' ~7<) including prostate epithelial cells, ts~ ttormonal 

ablation can rarely cure the patients due to the presence 
and constant gcneration of androgen-independent cancer 
cells, which may evade apoptosis induction due to some 
defects in their autocrine production of and/or their 
response to "[GFI31. '+'' Very recent experimental results 
from Kim el al ~s~ have provided strong evidence for this 
possibility. These authors observed that although TGFI31 
dose dependently inhibits thc proliferation of PC-3 and 
Du145 cells, another human PCa cell line isolated flom 
metastatic loci (I,NCaP) has completely lost its response 
to this cytokme. Further examinations reveal that LNCaP 
cells have a genetic change in their type I TGF[3 receptor 
(TI3R-I)J sj an absolutely required component for the 
TGF~I binding and signaling. This observation also has 
provided an important clue io the previously observed 
paradox that TGF[31 in general is growth inhibitory lk~r 
tumor cells, however, a variety of tumor cells have been 
found to overexpress TGF]31. Some new therapeutic 
protocols such as combination therapy of castration with 
adn-finistration of estrogens ]se>* or chemotherapeutic 
drugs ~s4 have been proposed to target androgen-indepen- 
dent prostatic cancer cells. 

6.1.2. Apopmsis induction by chemodzeral)eutic drugs or 
Ot/lgF #lOllll'dl/(VVllt/lr {'hf'llli('(tls 

Although androgen-independent prostatic cancer cells 
are refractory to apoptosis induction by androgen 
ablation, they still may respond to other apoplotic 
inducers since the apoptotic machinery in these cells 
appears to be functional, if not intact. This hypothesis 
has gained support from recent obserwitions that PC3 
cells, a p53-negative, androgen-independent human PCa 
cell line, are triggered to undergo notable apoptosis upon 
treatment with several conventional chemotherapeutic 
drugs including cisplatin, camptothecin, tcnoposide, 
vincristine and lovastatin, is5 The apoptosis induced by 
these druose, does not appear to depend on nlacromole- 
Clllar synthesis. Sinfilarly, "thymineless" death of hor- 
mone-independent hunian PCa cells has been observed 
with cytotoxic drngs such as 5 FU. ''*~' Since tlunlan pros- 

tatic o'mcer cells (including androgen-independent.  
metastatic cells) have an e• low proliferation 
rale, ~s: it can be predicted that patients with androgen- 
independent, metastatic prostatic cancer cells will not 
respond very well to most of those chenlotherapeutic 
drugs curren!ly available in c!inicn! use. Thus new the 
micals or nattual products have to bc developed which 
do not depend on cancer cell proliferation for their apop 
tosis-inducing effects, l , inomide, 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. ~*s The hypoxia due to blocked blood vessel forma- 
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lion also induces dramatic apoptotic death of trans- 
plantcd tumor cells.l*x b-lapachone (3,4-dihydro-2.2- 
dimeihyl-2H-naphthol[ 1,2-b] pyran-5.6-dioncL a simple 
plant product isolated from ~d~elmia avellanedae and a 
novel inhibitor of topoisomerase I, has recently been 
shown to strongly induce apoptosis of androgen-inde- 
penden t  human PCa ce l l s  (PC-3,  Du145 and 
LNCaP).ts<> >~ These observations suggest that functional 
apoptotic machinery does exist in androgcn-indcpen- 
dent, metastatic human PCa cells. Therefore, 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 mOnilmla/ 
in;, Ul~Olm~.~i,s-reloted om'ol)rowins 

As discussed before, in response to castration, a gene 
termed TRPM-2 is rapidly induced, r'4 TRPM-2, also 
known as sulfated glycoprotcin-2 (SGP-2) or clustcrin, is a 
ubiquitous protein with multiple biological functions. >~ 
Androgen ablation has consistently been shown to induce 
this gene ~'J~ and some apoptosis inducers such :_is a ribonu- 
cleotidc reductase inhibitor (MDL I01,731) also elevate 
TRPM levels, ]~'3 suggesting that TRPM-2 may bc associ 
ated with the induction of apoptosis. Indeed, subsequent 
work reveals that TRPM-2 gene is induced in many tumor 
cells undergoing apoptosis. ~J4 Therefore the induction of  
this gone expression has once been used as a marker tbr 
apoptosis. However, recent work has suggcstcd that the 
hypothesized role of TRPM-2 in apoptosis may be an 
oversimplification. Treatment of LNCaP cells with TNFcz 
induces an initial transient elevation of TRPM-2 lollowcd 
by the depletion of the protein which temporally precedes 
the initiation of  apoptos~s. 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 ex- 
pression vector carrying the TRPM-2 cDNA results in 
resistance to TNFaAnduced cytotoxicity. ~<~5 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 
resistance to apoptosis induction. Ahhough normal pros 
tatic secretory epithelial cells do not express Bcl-2, 
hunlan P e a  cells endogenously express wiriotls anlc, ulllS 
of Bcl-2, whose levels lurther increase as theae cauccJ 
cells become and~o<ge, n-independent and refractory to 

o + 9O androge >ablation. Also androgens have been shown 
to induce expression of Bcl-2 protein in hormone-sensi- 
tive IMCaP cells, t<~7 which may represent one of the 
mechanisms whereby hormone-dependent prostatic 
cancer cells evolve into androgen-independent cells. 
Indeed, enforced overexpression of Bcl-2 in LNCaP ceils 
make these cells highly resistant to androgen ablation as 

well as apoptosis induced by androgen ablation and 
many other stimuli such as serum deprivation and phor 
bol esters. ~'s LNCaP cells ovcrexpressing Bcl-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-translccted) that 
give rise to tumors when xenotransplantcd into castrated 
nude mice. >s These important experimental observations 
suggest thai Bcl-2 overcxpression also confers on 
androgen-dependent cells the ability to form hormone- 
refractory prostate (unlois i11 l,Jl,(s lUS On the other hand, 
downregulation of Bcl-2 expression with gene-specific 
antisensc oligos has been shown to abolish thc Bcl-2- 
conferred resistance to apoptosis induction as well as 
androgen-protecled apoptosis induction of LNCaP cells 
by etoposide, tV" The above observations, taken together, 
suggest that Bcl-2 can be a prime target lor our interfer- 
encc to prevent generation of androgen-refractory pros- 
tatic cancer cells. Blocking Bcl-2 expression with unmo- 
dified or phosphorothioate untisense oligonucleotides ~')u 
may also provide beneficial effects for combined hor- 
monal ablation and cytotoxic chemotherapy, a treatment 
regimen advocated by many prostate oncologists .  >c'~:~L 

p53 tumor suppressor gene is the most frequently 
mutated gene found in nluliiple hunlan malignant tumors 
inchlding PCa. -'<~: p53 mutations have been observed in a 
small percentage (10-20%) of advanced, high Gleason 
PCa patients. "~ The importance of p53 in PCa also may 
stcm fi-om the fact thai p53 regulates the gene expression 
of Bcl-2 and Bax]  "5 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 Inutations and early-stage 
PCa has been noticed. Since p53 has an important role in 
introducing the G,/G 1 check point, abrogation or attenu- 
ation of p53 activity after DNA damage has been hypothe- 
sized to be an early 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 el al "''~' in which they have observed thai primary cul- 
lures of human prostatic epithelial cells, in contrast to 
similarly prepared stromal cells, do not accurnulate p53 
as well as p21W~ ~ in response to irradiation. These obser- 
vations suggest that targeted introduction of p53 into 
prostate cells may help prevent transformation of normal 
prostate cpithelial cell.,:. Or~ the o!her trend, enforced 
expression of p53 targeted to prostate may induce apop 
retie cell death in advanced-stage prostate carcinomas. 
The validity of this rationale is supported by recent obser- 
vations that expression of p53 (transfected by replication- 
detect adenovirus) in a p53-defeclive, androgen-indepen- 
dent human PCa cell line (Tsu-prl)  results in the induc- 
tion of apoptosis and suppression of tumor formation in 
nude mice. 2r 
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In addition to Bcl 2 :.llld p53. other proto-ot]c~guncs 
known to be linked to apoptosis such as ras. c-ltivc and c-jan 
also iilay he involved it1 reguhiling apoptosis of huinaii PCa 
cells. Increased exl+Jres~,ion of these Ollcoprolehls have boon 
t>hser\cd in PC-3 variant cells re,,istant to chemotherapeutic 
dl'ti b' induced alx>ptosis such as hy VPI6 and cisplatin. ->~ 
Enforccd expression of ras has been shown It> confer on 
cells lhe ;indro.~en indel+'Jelldellct,>. "~<j Based on the',e obser\ a- 
tions, it is also! possible, at leasl from lhe theoretical point of 
\ i e \M  I~i I,ti l~el the,,e molecules [o inchtcc or enhance apop 
tosis of htilJl;.tn prostatic cancers. 

6.1.4. Moduh~ti(m qt' i,,mac,:,lhU.+~r .<,i<,,,mU t,,w,,.v,,ht,.cr.v t,; 
inUm'r a/)Ol)lOti(" cel l  +/earl# 

Calcium has been shown to play all essential role in acti- 
\.atillg endc, ilucleases alld cleaving iilterntlcleosonlai DNA 
and thus in apoptosis.~4~ Androgen ablation it]ducts a rapid 
elevation h+l the [Ca>ii  in aindrogen dependent cells, how- 
e\er, it fails to do so in -uldrogen indcpeildent prostatic 
cancer cells. >~ Therefore, nlanipulalioils aimed to increas- 
ing intracellular calcium concentration may induce apop- 
tests or enhance the cells" response to apolxotic inducers. 
Thapsigargin. a scsquitcrpene 7-1actone which selectively 
inhibits the Ca "+ dependent ATPasc pumps in sarcoplasmic 
and endoplasmic reticuhun, induces pronlirient apoptotic 
cell death of arldrogell-irldependent PCa cells. >s The apop 
tosis-inducing effect of thapsigargin does not depend on 
intracelhllar pH and does not require proliferation, but 
requires a sustained elevation in the intrucellular calcium. -+~'' 
TPA, a well-known diac'dglyccrol analog that activates 
protein kmasc C. has been shown to induce apoptosis of 
I+NCaP cells] -> This effect appears to bc dependent on 
PKC-mediated reduction of the early response transcription 
factors NGFI-A (nerve gis)wth factor induced gene A) and 
c fos. TM Also, the stcady state mRNA for c-jun and the 
orphan steroid receptor 1~'u,,77 also are rapidly induced 
fol lowing TPA treatment. -+~-+ h-i conmlst, andrngcl] induction 
+,If hUlTiatl kallikrein-I and c-i11yc lllRNA ix repressed by 
TPA. :j: 'lhe TPA induced apoptotic death of I+NCaP cells 
could be inhibited by staurosporine, a kno,an PKC 
inhibitor. -'~L-'p These restllts collectively suggest that PKC 
may be a negative growth regulator for htn/lau P('a ceil,,; due 
In its invoh,'ement in triggering apoptosis. 

Many other signal transducers such as protein kinases, 
phosphatases, eicosanoids and ceramide ~'~> have been 
demonstrated to regulate cell stuvival and death in many 
ruiner systems. However, their involvement in human l~ 
have not been explored. There is no question that, with out" 
increased understanding of the lnolecular lnechanisms 
regulating apoptosis, some novel mechanism-based+ apop- 
tosis-targeted treatment regimens may be developed. 
Already, gene therapy targeted to Bcl-2 and p53 in an 
attempt to induce or enhance apoptosis of human prostatic 
cancer cells has provided novel therapeutic approaches. 

6.2. Pros ta te  C a n c e r  Me tas ta s i s  

Cancer mctastasis, like oncogcncsis, is an extremely 
complicated pathological proces<; that hl,.olve<, extensive 
[ t l l l ' l ( ) l ' -hosI hlteractions. "L~'t4 l;t)r ct l imls lol l i led cell to 

t+t)ti]l ti successful inetastatic colony, it nll, IM in gei]eral 
coulplcte till or most of the ,aell-dcfined step', that cent 
pii~e the "metastatic c/lsmade". ;'iL-+l~-'l~ The first stop is 
uncontrolled cell proliferation, characteristic of  both 
benign and malionailt ttimol- cells, hltlil+iSlC or acquired 
genetic instability, together wi lh various epigenetic fac- 
lots, ~cilei;.ttc tunlor cell varialllS whicl] acquire unique 
phcnotypic charactcristics which dissociate then] fronl the 
parent lanier population and till+iS al low these variailts to 
escape from the "social" coilsti-ahlts imposed by the host. 
This step confers on these "nmtated" tt lnlor cells invasive 
or metastatic capabilities alld is generally cot]sidered to be 
the first step leading to site specific metastasis, In the next 
step, tumor cells, in response t,a various chemoattractarlts 
and cytokines derived from thc host and/or tumor cells, 
migrale towards neighboring \asculalnre or intravasate 
into the vasetiltittire of the tcimor aild lhtls enter the heillti- 
ttlgenou:-, or lymphatic circulation. Subsequently, l tnl lor 
cells travel to and arrest in the capillary by specific adher- 
ence to the endothelial cells of the target olgarl.~~l ~ The - 
reafter, tun]or cells induce endothelial cell retraction, exit 
from circulation (extravasatinn), interact with the orgarl- 
specific exlracollular mtitrix, proliferate in response to 
local growlh factors, aild f inal ly fornl a metastatic coloily. 
Failure tit ally onc of these stcps generally w i l l  abort the 
metastatic process. Con/pletion of every step of  the meta- 
static cascade is subject to a mLiltitude of variahle inl ]u- 
ences, an apparent example heing the requirement of 
angiogenesis+ for the growth of both prhnary and second- 
ary ttlmors. ~ 10+71 i 

Multiple genetic and epigenetic factors have been 
implicated in the oncngcnesis of PCa although the co l  
cctilar meclaailisms tor the disease remain lalgcly 
unknown (see aboveL Metastasis of humall PCa occurs 
early and represents the major hurdle to a successful 
therapy. More than 100 biomarkers (diagnostic and 
prognostic) have been pro>posed (see above), +~s,~<j most 
of which+ unfortunately, arc useless in terms of the prac- 
tical clinical applications. Some of thcsc markers such as 
c-urf~B-2/nezr oncogene and HGF/c-met have been asso- 
cialed with the progression and metastasis of Pea. ->> The 
frustration in the clinical nmna~uement of PCa is derived 
not only from the fact that 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 play, s a pivotal role in mediating 
tumor cell-tumor cell, minor cell-platelet, tumor cell- 
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c l~dothr  ce l l .  xnd  lU l l lo r  c c l l - n l a t r i x  iulcr4ct i(ul '~.  \ \ h i d }  
arc c``senl ial  slops in thin "n/c las la l im casm~idr ~ ' ~ i  Vari  

()CIk adhmsi\c i n t c ruc t ions  arc tncd ia l cd  p i i nmr i l >  h\ I i \ c  

i ] .uni l ic~ o f  adJlcMon n~oloculc~,  i.c.. Cal l~uh\dr~i lcs.  in lcg-  

I111"~. cacthcrin<, i l l l l ! /Ul lO~l t tbut i l l%. ;.ll/d nclc'clhls. Mos(  (ll 

li~csc ;iclhc<on nIotCcLilcs i la \C hr ~uiplicatcd in ttl l/1Ol 

I~rngfc'.ssiol ~, and illClaMa~,)'~. [ : t t l  cxamp{,_', l ian tq t l l l l l c ' ( i  il l]t) 

i i i i l l i~ j i l { l i l {  ccl l~ lciic[ ic> I .~c U'~c <xSlSi i l l i c~ r in ,  a plc~h>l> 

pical F)bnm0cl i i~ r c m c p l l ) i . '  lii COilll;ihl. tr i l l /el- cel l \  m a \  

dC'll}Oll'q1~uu" cllh;lf lc.c(t c,,prc,,,q(m el M/1//C II]{C21"111 

rr StlCll ci~, (s'.41~Ji in l l i c t ; i qa { i r  i110]LillOilla c c l l ~ , '  ' 

(7.(~l~4 I11 nlehl`` la,dxinQ 31.1. cells. ~ al ld [$'~ i n l cc r i ns  Ill 

I1uI}lan ~mal l  ceil ItLI]~ Cal'CilloI11a CCII'~. "'~ [ ra l l>10c lh ) l l  el  

c i oucd  u.2 nubun i l  c l ) " , A  in io  ht l l /Ki i ]  rh: ihdom\~)s'<u-c(mla 

mcii. resuhcd  il l enhunccd  tu l / io i  cr atlhc.,,icul h~ c~dhi{zcn 

ax \kc l l  a~ inc reased cxpc r iu /cn laJ  a l id 'q)~)il lalieoti-, 

i l}ChlMii``ih ' -  S i i n i h u l \ .  a ',11(>117 corr0]a lh) l l  ira>> bCc'li 

o h x c l \ e d  tll/l()llb~ dmvr~ - reguh i l i on  o r  Is -c : tdhe i in  L'XI~r'C<,X - 

ioit Lind iLl i l l ( !r  i i)VLt'qon a im Il lOlilMilM``. I.()~,`` Ui cci l -celJ 

adhes ion  in carc'il l(Ul/~i ct_'l)',, l'la`` hm.u been h y p n l h c x i •  I~> 

pla> a role in the acqu i ` ` i l i ou  el  dli ill\;.iM~,.c, n i d a s h t t i c  

p] tenolypL '  l)(~Y<l}rcs [i cadht.u'iIl c'xprc~,>icul h.:ls 

no\~ b e e n  Slltl\Vli It) bc ilix, o l v c d  il l Ih is  h >  ~, e l  c c l } - c c l !  

Cnll tact ,  All  i l l \ e r x c  rl2]illh)l/``hip J)cl \vccrl  tL c a d h c r l i l  cx -  

pIC~>MOIi : l l ld d i l [c ICI I l iL I l l ( / l l  I c \ d  (~l I ] / i l i l \  C{ll't ' i l l()ll/{th h;.ls 

been n(t ted ' <' : :  ] rLi i lMCCl0d I : - c l i dhc i i n  Cotlht rL'siLriCl ()r 

lCVClSC the I l l \LIM\'C b c i l a \ i o i  o l  L 'p i lhe l ia l  Itltl lOY 

cells, :::~'-''' l'i~csc d lMInc i  plOl~crlics o i  t{ cadhcr l l l  i}l;.lkc i! 

a perfecl mchlxkN~- suppressor gem:. By anaJoe~ \,~llh 

( l l lCt/gel l iL [LllYi()r >,upprc'4<,or ~!r t e . ~ .  p53).  Ins`` e l  

i / lclLiStasin-supprt,,~``i \c ] :-cadhci- l i~ w i l l  racili iatm ILUli~lr 

cell dlSSOcJ;.llioiJ at/d M~t'tc0ctUelil cl lsso~l/i i lLi! i l l l i  ( L'lqalil 

I l l i l l l t t l l ( ;~ loDuh l l  ,qlpL'r-JjL'llC h l l } l i l \ '  a t lhes i (m illOJCCUIc5 

IIILL\ tl l~tt DC l n v o l \ ' c d  Ji] l.LllllOr cc, ii in\,a~ion ~.{11(.I CLII1COI" 

IIlCl;.iML~Si>>. I'W(; gcnc p roduc ls ,  ( ' [ ; A  t ca rc in (~cn}b rvon ic  

i l l l [ l~Cl / )  ~tl}d I ) ( 7 (  ( l ) c l e i o d  ill ( ' o lo l i  Cti l 'Ci l l ( ) l l l ; l j  ;tppcu~ h) 

I : t tncI iol l  i lx d( ) l l ] l i ] i i l l l  add I'CCOM->I\C lllt_'litM;!'>!'~-ICIL!lctd 

oilcO~CllC>. I'C``pCCt]VL'I.~ (71:.,\. a W I d C t t  Ilscct hui ih t l i  

lLiil/OI i}~al-[,;el II~Oth',ilL'~ (.'LI ' - i n d e p e n ( k ' n L  ilOll/~)[.Ypit 

Lt~glC~alit~il nt CLl l lurcd hul i r ,  l/l ct)](u! c.;llClllOlllcl ~, ailcl 

co lo l /  Ual't i l IOI/ikt mL'll ; idhcs ion  Lt) c~qM<__'cl. , h J, aixc~ loca l  

ixcd t,, c e l ] - c d i  r nitc_,> ##; wlu -'~ ,A, ( l i rec i  pos i l i v c  

cnrrciat iOl~ al,~o ilcls bCCI~ (U]s0r \e( i  bC lwecn <,ei-uiP, ( . ] : A  

Ic' ,ci~ Liilcl ( t i i l i t ) [ ' i~cu ic i i }  in I l t idc rillCC O! CXCi~tX.I ht l l i iaE 

cnlorec la l  carol ! ]c i l ia  o. ,11: , ,  7 .... HLliIILUi P(a cel l ,  CXl)lCSx 

i l l t i ] l l p l c  adllc>>icm FL'CCt'Jlor~; i i i c l u d i i l  7 l l l lLg i i l } : , .  
il]];1]'14n~'[,,9,ttl!!r: !',!!!',i!,~ '.]:?21!,t.'r : tKt(!h,2!}!!c ,m,~ ,"trh<~i',\, 

dra lc  )iULiliCl'~. ("otl!t)arcd 1o 1he II()I-l}lal I~l'i)MMlc c'p!lhtql~i} 

mcii~. Pt<i c:cii, dOI}lt)l]hlF~i{c "i \ u I i C I ~  (/J (!tl;i!ll~l~i/l~ C "ll}tt 

qL la lMa l i \ c  aJleral.ioi/ '~ \ t i l l l  rcspc'c', t(~ I I]c :tx!)rr 

s inrU iunc l l ( )n  ~/! t i le '< '  adhcs iun  mt)h_'cule`` ] , (u i n q a n c c .  

al l i lOLIgh I)Oll ] lal  pl()Si;.llC cn ] ! i l c l ia l  cel l ' -  express  ct2. (s.3. 

(x4. (t.5. t'x(). (L\.  I~)l. ;.111(! ~4  I111C71"111 ~,UbUIili.~,. lhc CXi)I'e',, 

xwm el ['L!. ì  ̀con}plcle!y losi in carc'mcm~:~ ceil,." Mm,- 

iar ! \ .  I)( ;I COil <, \ e l \  I rcquc i ] t l  7 dc l l lO l l ; l l ; . i l c  dccre~l<,ud I.- 

cadhcr in  cx l l l r  ~ h i c h  ha,  bccn l i n ked  t~> 

tqlhcF I l l t l l ; / l ion~ i l l  (X-C~IICllill (21 c}1t)pl~tsI11ic l inker l~u 
cadhcrin and Ck:hr-,keJohul) ill- to [l} pcrn lc lh~  k l hon  il l |he 

5 icgh) l /  ~H i lk '  ~ . c n c .  "~ . . . .  , . \ l lo /hc l  I adhL'M~tn l l l d c c t l l c  

tel'filed (' (~AM. v~hh.'h aJs(~ Js a pCtlCZllJLI] I t l l inu" ;qq'q) 

I'CX``cd. JlLin LIlX() dClIlt)11'.>lI'LIIcd a qgl f i i i c :mU b hn, cJcd 
cxpru~q~>n in  PC',\ ' ~ . % i a l ~ J l . e ~ >  an l igcn ,  a c a r h ( ) h \ d i : m '  

ii.gLH-I{] !OF udhcxi~m m o l e c u l e s  sc l cc i i I > ,  h:!s been -h~*~ n n, 

bc s i~n i lw ' ,m lh  i I IclCw.,cd I l l  Jl:4 C \ I l lC>s iO l ]  II1 I//CILIhl[HIiW 

1~1.';4. MI.~CS[II I~ IIKU cei l  SLII I~LCC carJ t t t i l \d ru tc  LHl{j!2t_'ljs 

III:.Q' ilC imp, trI',uH for F'('a moll mcl',ish.isJ'> 17~ supp~rl Ui> 

hypothesis. 11 h',i', bccll sht',\~.II lh41 CXO~Cllt'ql> c_al'l',oh', 

dHIlC hgandn nuch a <, ~aic'cgll ls ~ich in g;U'ach>} ]  l-cslduc:. 

could iilhihil xp(xllancnu,, lllUtaM.;.is, i,. cd Fal M\T-I.\I u 

ploMalL' CLLICilICUII{I "lhcxc tll'InCl\'.Hl:~lln .-,ti~<<_'ent LJlaL l~,. 

IIIHBI[3LIIHIilI~ {he cxprcssi()til'ltLlICLinf~ oi :-.t)lll\. ()i Lht..':~c 

a d h c x i i m  Ino lccu lux .  il m i g h t  hc p~sqhlc  h~ I'Ci~H'ci the 

pl'('IcrcsxiltI1 ( t l  hti l l l~lrl ]~('a. ]I C;III aflli,L'ijtillCd. !or  C'-.IIIII!')Ic. 

lllilt IrLII]hlcclloli C,I lunLU~tnuJ J>c:;,dhciinn and ('-CAM 

e l ) N A n  urns q o \ \  clm,,n Uw di<,,sL't lt i l lal i inl t d  R/L'I~t>I;.tt)c 

PCa cclI~. 
] t l n l o r  CL'II in \ 'as ior i  ix m c d h l l e d  by ~ :uhm~ p l~ ) l c (dv Ik  

CIl/VIIIOh I'CIM'L'son{ucl I'~}' I l lOt;/i iOpli)lClf/aSOX ai ld I\ 'ht)',~ll l/ i l i  

plcl leaxo`` stlc'tl as calhep,dn,~, t iL i l l /an pr t )x la l0 t :alL' l l l (~l / /a, 

{l l ld I)l'(Ixl.kllt' i n t r a u p i t l l c h a i  l/L~tiplLi%id exl}rcs,,  l l i ;4 l r l l \ ,h lh 

gch i l i naxc  ,it i.tlld ~ .  i . lhhougl i  il t/p!~L!al'X I l iaI  e l } i \  tbc 1o! 

l l lCr 0xisi~ in lhc 4c[1vc I t l ! l } l  .,i M; . i l l i i \ ' , l l }  a lso cippcai> h) 

hu highi ? cxr) rosxcd i l l  pro,q; i l lC chlcl;~ 41td a l ror l i } ic  

gland``. " I 1 ,  nol  ki l t ) tAl l  '~.l ic' lhcr Ihr  c.'ll/iylllO', Hrc il~,t%i - 

t. ldlOd \v i t t i  P( n I~loDrc>~``hm ()11 lhm ~thc'r hunci. 

hva lu r ( in ida ' , c ,  ii rli;41rlx de;jradin<L ~ UIIZVIllL'. ha`` I)CC!i 

dcl l lOl l `` l r4(ct]  h) be cx i ) i csscd  al i i l i  c i c va i cd  leve l  t l l l t i  l -  
)()tl l i t l  l(t hc 'd``h()Clkllctkl \ \ l l h  P(. ' l  pl(t~rcs~41ol}.;' [)l'(}'qLt{L 

``pccl i lc  a l l l l~Cl l  is {~Cllc_'lail~, II}crca?,od in P( a. h~e,,cver 

PS/'~ ix a n n  de lec tab le  u; Ill,ill;.. I](/I} p ros l ; l l c  ccli>, ~!lci~ :l, 

bl't?~lM, o~.aliai:,  and itlii,.t cpl l l }c l ia l  crib,. : "  " : <  :~ Ru- 
ccn t l } ,  l)Tlt hLi ~, DCL'Ii sh(}~,~, il l(~ ItC 'd ~C'liliC I;)rolcLi'< > \~<Jilc'a 

a'._ti\alL'x slil~lt_' c l ia l l l  til~)klliLlsc" lyl)C DJa~ll/liltWgcl~ 

; tCl lCl l lor Lilld lhti,, h i c i l i l a tm,  P('~i moll I I l \UslOl~ ->'< i\~,,~ 

i } t l l l la l ]  r)r()Mah, Cj ICl l l t ) l l l { i  ce l l \  IlCiVC I')CCll obnc rxcd  to 

exprcsx  tlFtpkil}~isc-l~pc !~Iasil;liIOCOl~ { i c l l va lc~ i ; : "  IllCTw 

I(!lc Int}ib]h>rs I])r tit{;\ 1w.t\ l~lO\'c l() be LI``CiLII Jell IlICl,,- 

stalk" P( 'a  " 

AII~_.'IO~c~'HCM>. {llC Droc_c,,-, t)~ I/C()\'{ISt.'{IIkIFiLLIIit)ll. i', Li!'~s~t 

itltcl> r cquhcd  h)r the .71tt\~.lh t)l solid ttil l lOl>L Which ~_~cl 

Cl'ii!~\ kZIIII]()[ ~l'()t ~, Rl)(i\O ~ lllili Ill tllLllll(?lCl \vIIlR)Itt l,]It 

l ( ' l r l l lql l ! / l l  r heY, i'di'l(l~t \c', '~cls /X \LII'ICI\ ()~ {lll~l()!~Clllt" 

htc'lors i ]avc becl i  lt.'pOl'lL'ti ~lliO I}ILII!\ pl)tttntlcli Lll l~ltt~'t ' l l l t 

mhi i 'qlOl~ ha\ 'c ixtcu cil,c~wt_'it>'ci "It1\" Dl'l>wlh i.illtl pi~lb: 

IChhlt)ll t)l i l t l l l l ; t l l  P(.'t~ t1;1\'C IX'el I Lts>,r ~<\ hh Il lc CXk:ll{ 

itJ all~it)~'CilC'q,, l . i l l t / l l l ldC.  ;t re pt qh.'ti ;l l l~ lt~'2CllcM 

i nh i b i t o r  Wllh a qtll l lOJillC .4-C;JlbttX~illlitlu slFtlCIIlI'u, l i i i -  

ICCcillI\ bccll s t l n~n  ht i l /h ih i {  t i lu ;ill.~i~)7uI/C>l`` I n l ~ [  a:M 

P( '-i ;~ ailclro~oi~-indcpCl}dc'l~l I l t l l l /an i)r~)slak' caiciil<.U~la 

xt.'l l i l l!ail,.~piill l lOti l l l l ( i  SCII )  [IIICL ;++ ~ Plut,. lhc I!vn()X,;l 

pxV] t t ( ) IX ) (pY ( )NC( ) i  ( )(  "~ I~k%l~Ak([ '~ 
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duc to b locked  hh)od vessel  Iorlllal.ion also induces  dralllatic 

ap()plt)lic death o f  trai+lsphu+itcd turner cells. -++~ These obser 
ration<, Stlggest that anti-angiogenesis might i-cprescl+ll a 
rational apr~roach for the treainlenl of  P(_'a. 

Adhesion. invasion, alld angiogensis ai+e distinct hie- 
lo.~ical proccssc~, thai arc hflcrlii-lkcd by various signal 
transductioi~ pathways. Thus, adhesion i-espt~l-iSeS, via 
signaling functions, could tr igger l t lmor cell invasion and 

�9 " 2 "247 could also reguhlte ~ ]g oge ~es s. The cenlral hnporl-  
ante o f  cell signal ing in cotmecling all these steps el + the 
metastatic cascade ix besl i l lustrated, for example, by 
12(S) H E T E  1 1 2 ( S ) - h y d r o x y c i c o s a t e t r a e n o i c  acidl, un 

c i c o s a n o i d  de r ived  froFo |he  l i p o x y g e n a s c  m e t a b o l i s m  o f  

a r a c h i d o n i c  acid.  Th is  falty acid is b i o s y n t h e s i z e d  by a 

wide var iety c,f sol id ltttllOt-s, i n c l u d i n g  Dit)M:+llC 
carcinomas, hi l i la l iy cases the abil ity of {Ulllt)i+ cells to 
gCllClaic 12 (S ) -HETE has bccn  co r r e l a t ed  with their  ill((a- 

s tat ic  potent ia l .  :~=~'~ 12 (S ) -HETE ix a phys io log ica l  s igna-  

l ing molecule which, via acl ivat ing both proteh~ kinasc C 

and prote in  t y ros ine  k inases ,  :5~ m e d i a t e s  a w i d e - s p e c -  

t rum o f  b io log ica l  ac t iv i tes  such  as m o d u l a t i n g  a d h e s i o n  

m o l e c u l e  c x p r c s s i o n  in both  t u m o r  ce l l s  and vascu la r  

endo the l i a l  cel ls ,  indLicing a non des t ruc t ive  re t rac t ion  o f  

endo the l i a l  cel ls ,  r e o r g a n i z i n g  t u m o r  cell  c y t o s k e l e t o n  

leading to an enhanced spreading of  tumor (:ells on nlatr ix, 
fac i l i ta t ing the re lease  ()t p ro teo ly t i c  e n z y m e  ca theps in  B, 
p r o m o t i n g  t u m o r  cell  m i g r a t i o n  and invas ion ,  and posi  

t ivcly  r egu la t ing  a n ~ i o ~ c n c s i s .  >s>~>e Fur the rmorc .  12- 
l i p o x y g e n a s e ,  the e n z y m e  r e s p o n s i b l e  for lhe  c o n v e r s i o n  

o f  a rach idonic  acid to 12(S)-HETE,  has been  fotlnd to be 

c lew(ted at the m R N A  levels in hun~an PCa.  :~'~ These  obser -  

vat ions  sugges t  that b lock ing  the posi t ive  s ignal ing  trans 

duced  by molecu les  such us 12(S) -HETE ( lo t  example .  

us ing 12-1ipo-g.ygcnasc-spccilic inhibi tors)  may he lp  prevent  

the progrcssiol~ and metastasis of  hLnnan PCa. 
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