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Seznam pouzitych zkratek

3.LF UK 3. lékarska fakulta Univerzity Karlovy v Praze

BPH benigni prostaticka hyperplazie
CI interval spolehlivosti

CMV cytomegalovirus

COoX cyklooxygenaza

CT pocitacova tomografie

DNA deoxyribonukleova kyselina
EBV virus Epsteina-Barrové

FNKV Fakultni nemocnice Kralovské Vinohrady
GS Gleasonovo skore

HHV-8 lidsky herpesvirus typ 8

HPV lidsky papillomavirus

HSV herpes simplex virus

IGAMZ CR Interni grantovd agentura Ministerstva zdravomictvi Ceské

republiky
KP karcinom prostaty
LHRH hormon uvolnujici luteinizacni hormon
LPS lipopolysacharid
NF-xB nuklearni faktor kappa-B
OR podil Sanci
PIA proliferativni zanétliva atrofie
PIN prostaticka intraepitelialni neoplace
PSA prostaticky specificky antigen
RNA ribonukleova kyselina
RRP radikalni retropubicka prostatektomie
UHKT Ustav hematologie a krevni transfiize
XMRV xenotropni virus pribuzny viru mysi leukémie



1. Uvod

Disertacni prace ma formu souhrnu C¢tyt publikaci (tii piivodnich praci
a jednoho prehledového Cclanku) zabyvajicich se souvislosti infek¢énich
onemocnéni urogenitilniho traktu a rizika vzniku karcinomu prostaty (KP).

V publikaci ¢. 1 podavdme souhrnny pohled na problematiku formou
systematického  prehledového  clanku, ktery  mapuje  dosavadni
védeckovyzkumné aktivity na tomto poli.

Publikace ¢. 2 zkouma na nasem souboru pacientli s KP a s benigni
hyperplazii prostaty (BPH) rozdil ve vyskytu a vysce titrti sérovych protilatek
vlci vybranym infekénim agens urogenitalniho traktu.

V publikaci ¢. 3 se na vlasmim souboru pacienti zabyvame
etiopatogenetickou roli lidského papillomaviru (HPV) pti vzniku KP.
Pritomnost HPV jsme prokazovali pomoci tkanovych analyz a sérologie a
patrali také po mozZném rezervoaru HPV v muzZském organismu.

Publikace ¢. 4 sérologickymi metodami ovéfuje na stejném souboru
pacientii jako publikace €. 2 hypotézu, Ze KP ovliviiuje biologické chovani jiz

vzniklého KP.

Disertacni prace je vysledkem spoluprace téchto pracovist:
= Urologické kliniky 3. lékarské fakulty Univerzity Karlovy (3. LF UK) a
Fakultni nemocnice Kralovské Vinohrady (FNKV)
= Oddéleni experimentilni virologie Ustavu hematologie a krevni
transfize (UHKT)
= Ustavu patologie 3. LF UK a FNKV
= Ustavu informatiky Akademie véd CR, 0ddéleni nelinearniho

modelovani.
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3. Prostata

Predstojna zZlaza je neparovy organ muzského pohlavniho systému
(obr. 1). Nachazi se v malé panvi pod mocovym méchyrem, ktery na ni
kranialné tésné naléha, kaudalné spociva na svalech panevniho dna - m. levator
ani a jeho Casti zvané m. levator prostatae. Klasicka popisna anatomie na zlaze
rozliSuje bazi priléhajici k mocovému méchyri, apex smérujici kaudalné,
kapsulu obalujici Zlazu, pravy a levy lalok prostaty a vazivovy isthmus vpredu.
Ve stromatu prostaty se nachaz{ 30-50 tuboalveolarnich zlazek (Cihak, 2002, s.
322-3).

V klinické urologické praxi se prostata déli na tri okrsky se zZlazami a
predni fibromuskularni stroma, které je bez Zlazek. Tzv. periferni zéna (70%
objemu Zlaznaté Casti prostaty) obsahuje zlazy a dukty rozbihajici se od
prostatické uretry lateralné a distalné od kolikulu. Pfechodna zéna obkruzuje
prostatickou uretru proximalné od kolikulu, neobsahuje dukty, nybrz pouze

zlazky. Centralni zona (25%) naléha zezadu na prechodnou zdénu a uretru,

Obrazek 1: Prostata @a jeji  anatomické  umisténi. Upraveno z:

http://www.yourcancertoday.com/Cancers/Prostate-Cancer/78
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zaujima do sebe ductus ejaculatorii v jejich priibéhu prostatou, nez vyust
lateralné od kolikulu do prostatické ¢asti uretry. V periferni zoné vznika vétsSina
karcinomii prostaty, zatimco prechodnd zéna je zodpovédna za zbytméni
predstojné zlazy pri BPH (McNeal, 1981).

Cévni zasobeni prostaty zajistuji vétve z a. rectalis media, a. vesicalis
inferior a a. pudenda interna. Zilni krev se sbira v pleteni prostatického plexu
na povrchu zlazy, propojeném s plexus venosus vesicalis a odtéka cestou vv.
vesicales do v. iliaca interna (Cihék, 2002, s. 324).

Po bocnich sténach prostaty, zejména posterolateralné probihaji
nervové-cévni svazky zajiStujici inervaci a krevni zasobeni penisu. Klinicky
vyznam topografického usporadani jmenovanych struktur spociva v tzv. nervy

Setrici radikalni prostatektomii provadéné pro KP (Salonia et al, 2012).
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4. Karcinom prostaty

Epidemiologie

Podle poslednich dostupnych udajii byla v roce 2009 incidence KP v
Ceské republice 119,3 a mortalita 28,5 ptipadd na 100.000 muzi (obr. 2).
Diagnostikovani byli tedy 6154 pacienti, 1472 osoby na KP zemfely. Incidence
je stile na vzestupu, mortalita stagnuje - v poslednich letech jsme dokonce
zaznamenali mirny pokles a v r. 2009 byla umrtost na KP stejna jako v roce
1992 (Dusek et al, 2012).

Ve Spojenych stitech americkych, kde je incidence KP na 100.000
obyvatel velmi podobna CR, se pocet novych piipadii v r. 2012 odhadoval na
241.740, coZz je 29% ze vSech zhoubnych nador u muzi s vyjimkou
bazaliomd, dlaZzdicobuné¢nych kozZnich nadord a karcinomi in situ (kromé
mocového méchyre). Mortalita ma ve stejném roce byt 28.170 osob (Siegel et
al, 2012).

Analogické uidaje pro 27 statli Evropské unie v roce 2008 jsou 338.730
novych pripadii (25% vSech novych zhoubnych nadort) a 70.820 umrti
(Ferlay et al, 2010).

Obrazek 2: Vyvoj incidence a mortality KP v CR, 1977-2009. Pievzato z: Dusek et al,

2012, www.svod.cz.
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Etiologie

Prokazanymi rizikovymi faktory pro vznik KP jsou vék, rasa a pozitivni
rodinnd anamnéza. Vyskyt KP u muze mladSiho 50 let je zridkavy, s
narlstajicim vékem obzvlasté od 60 let pravdépodobnost onemocnéni KP
stoupd. U Afroamericant zijicich v USA je incidence KP vyss$i nez v bilé
populaci. U muzi, ktefi maji mezi pribuznymi prvni linie pacienta s KP, je
riziko 2,5-4,6nasobné. Negativni vliv obezity, zapadniho typu stravy a dalSich
potencidlnich rizikovych faktort nebyl zatim potvrzen (Kirby a Patel, 2009, s.
7-12).

Priznaky

Karcinom prostay probiha dlouhou dobu bez jakychkoli subjektivnich
piiznakd. V pozdéjsich fazich se mize manifestovat obstruk¢nimi symptomy
dolnich mocovych cest, hematurii i akutmi mocovou retenci. U lokalné
pokrociltho onemocnéni se lze setkat kromé vyse uvedeného s obstrukci
hornich mocovych cest a hydronefrézou (pfi proristini nadoru do oblasti
trigona a ureterdlnich usti. Obstrukce ductus ejaculatorius muze zpusobit
hemospermii nebo sniZeny objem ejakulatu (Kawaciuk, 2009, s. 398). Per
continuitatem se nador Sifif na corpora cavernosa penis a corpus spongiosum,
do periprostatické tukové tkané, cévnich a nervovych pleteni a mize se fixovat
ke kosténé panvi. Sifeni na rektum je vzhledem k relativné pevné
Denonvilliersové fascii méné Casté.

Disseminace nadoru probiha nejprve lymfatickou cestou do vnitfnich a
vnéjSich ilickych wuzlin, obturatorovych a spole¢nych ilickych uzlin.
Predilek¢nim mistem pro metastazy je osovy skelet - Zebra a pater, dale
panevni a dlouhé kosti. Pozdéji nachazime vzdalena loziska v plicich, jatrech a

mozku.
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Diagnostika

Dosud nejvétSim prelomem v diagnostice KP bylo zavedeni
screeningového testovani prostatického specifického antigenu (PSA) u muzi
starSich 50 let v prvni poloviné 90. let minulého stoleti. PSA je glykoprotein s
proteazovou aktivitou tvoreny epitelidlnimi bunikami prostaty. Ve vysokych
koncentracich pronika do spermatu, ktery zkapalnuje; jeho hladiny v séru jsou
nizké (Kawaciuk, 2009, s. 395). Obr. 3 ukazuje, k jak strmému narlstu
incidence doSlo pred 20 lety v USA. Nejedna se pochopitelné o nahly vzestup
absolutniho poctu piipadli KP, nybrz o efekt testovani PSA a biopsii pacienti s
hodnotou prevysujici normalni meze. Za konven¢ni hranici normy se povazuje
koncentrace 4,0 ng/ml], avSak hodnota je vékové zavisla a cela problematika
(ab)normalnich hodnot PSA svou komplexitou presahuje ramec této prace.

Presto, Ze nékteré nazory cely koncept
Obrazek 3: Graf incidence KP v USA.

screeningu  zaloZzeného na PSA
Vrchol krivky v poloviné 90. let

zpochybniuji  (Moyer, 2012), je v odpovida efektu zavedeni screeningu
soucasnosti zakladnim predpokladem  pomoci PSA. Blizsi vysvétleni v textu.
pro uspésnou lé¢bu KP. Prevzato z: Siegel et al,, 2012.

V dobé pred uvedenim PSA do

klinické praxe mélo zasadni vyznam v 70 Bakc

zachytu KP vySetreni per rectum, jez je
soucasti fyzikalniho vySetreni pacienta
ve vSech zakladnich medicinskych
oborech. Za suspektni povazujeme
pohmatovy nalez tvrdé, hrbolaté,

asymetrické nebo lateralné

Rate per 100,000 Population

neohranicené prostaty a v takovych

pripadech indikujeme biopsii k

vylouceni pritomnosti KP. .

Punk¢ni jehlova biopsie

prostaty dnes predstavuje jedinou

prikaznou metodu stanoveni Year of Diagnosis
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diagnozy KP pred zahajenim terapie. Provadi se tru-cut jehlou standardné
transrektdlné pod ultrazvukovou kontrolou (tzv. TRUS-biopsie prostaty) a
pocet odebiranych vzorkid postupem c¢asu narostl ze Sesti na soucasnych 10-
12. Nelze-li transrektilni biopsii provést, je moZné volit transperinealni
pristup.

Jiné metody detekce KP se bud’ ukazaly jako nepouZitelné (samostatné
provadéna transrektdlni ultrasonografie, CT), anebo jsou ve stadiu vyzkumi
(markery PCA-3, pro-PSA, nuklearni magneticka rezonance).

Scintigrafie skeletu se u pacientl s Gleasonovym skére (GS) > 7 nebo
PSA > 10 ng/ml pouziva k detekci kostnich metastaz, soucasti stagingu pred

operaci je rentgenovy snimek hrudniku.

Tabulka 1: Aktualni TNM Klasifikace KP (upraveno dle Heidenreich et al,, 2012, s. 11).

T primarni nador

TX | rozsah nadoru nelze hodnotit

TO | nador neprokazan

T1 | klinicky nebo pomoci vySetieni neprokazatelny nador

nahodny histologicky nalez nadoru v méné nez 5 % resekované

Tlal  ane

ndhodny histologicky nalez nadoru ve vice nez 5 % resekované

Tib eane

Tlc nador identifikovany biopsii (napf. pri zvySeni hodnoty PSA)

T2 | nador ohraniceny na prostatu

T2a nador postihujici polovinu jednoho laloku nebo méné

nador postihujici vice neZ polovinu jednoho laloku, ale ne oba

T2bl Lioky

T2c nador postihujici oba laloky

T3|nador presahujici pouzdro prostaty

T3a extrakapsularni Sifeni (unilateralni nebo bilateralni)

T3b invaze tumoru do jednoho ¢i obou semennych vacki

T4 | nador proriista do prilehlych struktur (rekta, pAnevniho dna, atp.)

N regionalni lymfatické uzliny

NX | regionalni lymfatické uzliny nelze hodnotit

15



NO bez metastaz v regionalnich lymfatickych uzlinach

N1 metastazy v regionalnich lymfatickych uzlinach pritomny

M vzdalené metastazy

MX vzdalené metastazy nelze hodnotit

MO | vzdalené metastazy nejsou pritomny

M1 | pritomnost vzdalenych metastaz

M1la v lymfatickych uzlinach jinych nez regionalnich

M1b v kostech

Mlc v jinych lokalizacich

Lécba

V terapii KP maji misto vSechny souCasné metody protinadorové lécby:
operacni pristupy, radioterapie, chemoterapie i hormonalni 1é¢ba v zavislosti
na klinickém stadiu onemocnéni (tab. 1). MozZnosti novych pristupl jsou
predmétem intenzivniho vyzkumu (biologicka lécba, autovakciny). Stile Castéji
se v posledni dobé diskutuje konzervativni pristup jako tzv. watchful waiting
anebo active surveillance. Prvni metodou rozumime sledovani priibéhu
onemocnéni a paliativni lé¢ebné postupy pri jeho progresi. Druha znaci
peclivé sledovani véemé kontrol PSA i opakovanych biopsii se zahajenim

kurativni lécby v okamzZiku progrese choroby (Heidenreich et al, 2012, s. 36).

Chirurgickd lécba KP

Chirurgicka lécba KP spociva v provedeni radikalni prostatektomie,
zpravidla retropubickym pristupem (RRP), kdy operatér odstrani celou
predstojnou zlazu i sjeji kapsulou a semennymi vacky. Pak provede
anastomézu hrdla mocového méchyre s mocovou trubici (Kawaciuk, 2009, s.
400-2). Kromé oteviené RRP se dnes standardné provadi laparoskopicka
operace a ¢im dale ¢astéji také roboticky asistovana laparoskopicka RRP.

Typickou indikaci pro RRP je lokalizované onemocnéni (stddia T1-T2),

GS 2-7 s koncentraci PSA < 20 ng/ml u pacienta s oCekavanou délkou Zivota
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alespon 10 let. Tzv. nervy Setrici vykon lze provést u muzii s predoperacné
zachovalou erektilni funkci u nddort T1c, GS < 7 a PSA < 10 ng/ml.

RRP miZeme také doporucit vybranym pacientiim s vysoce rizikovym
KP (tj. stddiem T3a nebo GS 8-10 nebo PSA>20 ng/ml) a uzké skupiné muzi s
nadorem velmi vysokého rizika, tj. cT3b-T4 NO ¢i N1 v ramci multimodalni
lécby. U pacientli s metastatickym postizenim se RRP neprovadi (Heidenreich

etal, 2012, s.44-51). Tab. 2 uvadi hlavni komplikace RRP.

Tabulka 2: Nejcastéjsi komplikace a neZadouci nasledky RRP a jejich vysktyt
v procentech. Upraveno dle Heidenreich et al, 2012, s. 52

Erektilni dysfunkce 29-100%
Mirna stresova inkontinence 4-50%
Zavazna stresova inkontinence 0-15%
Pistél, unik moci 0-15%
Striktura anastomoézy 1-15%

V indikovanych pripadech doprovazi RRP panevni lymfadenektomie.
Podle soucasnych doporuceni neni nutna u KP stddia T1a-T2a, GS 2-6 a PSA <
10 ng/ml. Vyznam lymfadenektomie je stagingovy s dopadem na rozhodnuti o
piipadné adjuvantni lé¢bé a milize byt i kurativni, pokud vede k odstranéni
uzlinovych (mikro)metastdz. Odstranuji se lymfatické uzliny okolo a. et v. iliaca
externa, ve fossa obturatoria a medidlné a lateralné od a. iliaca interna

(Heidenreich et al, 2012, s. 50).

Lécba zarenim

Radioterapie je alternativou k RRP v kurativni 1é¢bé KP. Pouziva se
linearniho urychlovace a tzv. brzdného zareni. U¢inna davka ma rozmezi 70-
80 Gy a podava se ve formé 3-dimeziondlni konformni radioterapie
prizplisobené tvaru prostaty. Cilem je minimalizace ozateni prilehlych tkani
pri maximalnim ucinku na cilovy organ. Radioterapie modulovanou intenzitou

paprsku (intensity modulated radiotherapy - IMRT) vyuZiva pokrocily
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software k naplanovani écby a rizeni intenzity paprsku béhem ozarovani. K
zevnimu ozarenti je alternativni nebo komplementarni metodou brachyterapie

izotopem 192[r (Kawaciuk, 2009, s. 402-3).

Hormondlni terapie

KP se povazuje za hormonalné podminény nador, ackoliv presné
mechanismy u¢inku androgenti na bunky karcinomu a vztah mezi muzskymi
pohlavnimi hormony a karcinogenezi v prostaté ziistivaji dodnes neobjasnény.

Jednou z léCebnych modalit je proto androgenni deprivace na riznych
urovnich plisobeni pohlavnich hormont. Ma bud’ formu chirurgické kastrace,
ktera okamzité a definitivné pripravi organismus o vétSinu androgent, nebo
farmakologické kastrace, ktera snizi hodnoty cirkulujiciho testosteronu na
minimum. Dnes se hojné vyuZzivaji analoga hormonu uvolnujiciho luteiniza¢ni
hormon (LHRH) zptisobujici down-regulaci receptori LHRH v hypofyze a
pokles sérového testosteronu za 2-4 tydny. Depotni injek¢ni formy se aplikuji
po 1, 2, 3 nebo 6 mésicich. Dalsi varianty androgenni suprese zahrnuji
podavani steroidnich ¢i nesteroidnich antiandrogenii anebo estrogeni.
Antiandrogeny blokuji vazbu endogennich androgenti na jejich receptory,
steroidni antiandrogeny navic inhibuji sekreci gonadotropinli v hypofyze.
Estrogeny snizuji zpétnou vazbou produkci LHRH a luteiniza¢niho hormonu,

ale vzhledem k nezadoucim ucinkiim se pouZzivaji minimalné (Kawaciuk, 2009,

5. 405-6).

Chemoterapie

K chemoterapii KP se dnes pouZzivaji derivaty alkaloidli, predevsim
docetaxel. U pacientii s generalizaci karcinomu prostaty prodluZuje preziti o
cca 7 mésicl (Kawaciuk, 2009, s. 406). Pii relapsu onemocnéni po lécbé
docetaxelem se podava cabazitaxel nebo abirateron (Heidenreich et al, 2012, s.
151). Vyzkum IécCiv kastracné rezistentniho KP prodélava bourlivy rozvoj; rada

klinickych studii pravé probiha.
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Paliativni lécba

Do této skupiny léCebnych postupii fadime dezobstrukéni operacni
vykony - transuretralni resekce prostaty nebo zajisténi derivace hornich
mocovych cest. Patfi sem pochopitelné také 1écba bolesti od nesteroidnich
analgetik pres opiaty, analgetické ozareni kostnich metastiz az po aplikaci
radionuklidi samaria. K ochrané kosti a prevenci kostnich piihod se podavaji

bisfosfonaty (Babjuk et al, 2009, s. 41).

Zjednodusené zdsady lécby KP dle klinického stdadia
Lécba lokalizovaného KP (T1-2 NO M0)

» radikalni prostatektomie
* radioterapie

= watchful waiting

Léc¢ba lokalné pokrocilého KP (T3-4 NO-1 M0)

= watchful waiting
* radioterapie (+/- hormonalni suprese)
» radikalni prostatektomie

* androgenni deprivace jako moneterapie (orchiektomie/analoga LHRH)

Lécba metastatického KP (T1-4 NO-1 M1)

* antiandrogenni hormonalni lé¢ba primarné jako moneterapie
» sekundarni hormonalni manipulace po selhani primarni léCby

= chemoterapie

(upraveno dle Babjuk et al, 2009, s. 39-41)
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5. Infekce a karcinogeneze

Odhaduje se, ze z celkového poctu 12,7 milionu zhoubnych nadori
diagnostikovanych v roce 2008 jich 16,1% bylo primo zpiisobeno infekci. V
tomto zastoupeni existuji geografické rozdily: v subsaharské Africe ¢inil podil
malignit zptsobenych infekci 32,7%, v Evropé a Severni Americe 7%, resp.
4% (de Martel et al,, 2012). Zna¢nému poctu zhoubnych nadort by se tedy dalo
predejit, pokud bychom uméli lécCit a léc¢ili jejich infekéni plivodce.

Jsou znamy tii hlavni mechanismy, kterymi infek¢ni agens pisobi pri
iniciaci a wudrzovani karcinogeneze: chronickym zanétem, bunécnou
transformaci a potlaCenim imunitniho systému (Dalton-Griffin a Kellam,
2009).

Chronicky zanét vznika jako odpovéd imunitmiho systému na
perzistujici infekci. Prikladem je virus hepatitidy C, ktery svou pritomnosti a
trvalou replikaci v jatrech podporuje zanétlivou reakci, zvySenou proliferaci s
rizikem onkogenni transformace a v disledku vede ke vzniku
hepatocelularniho karcinomu. Na podobném principu ptisobi chronicky zanét
Helicobacter pylori nebo Schistosoma haematobium.

Virovy genom miiZe v hostitelské burice zptisobit jeji nekontrolované
déleni (jako napft. virus Epsteina-Barrové (EBV) u B-lymfocytii), anebo se
integrovat do bunécného genomu jako HPV, piivodce karcinomu déloZniho
hrdla. Onkogenni viry vedou k nadorové transformaci bunikky dvéma cestami
podle svého ptivodu. DNA viry koduji specifické proteiny, které interaguji s
bunéénymi proteiny véeté antionkogenti pRb, p53 aj. Takto ptsobi EBV u
nazofaryngealniho karcinomu, HPV u karcinomu cervixu a virus hepatitidy B
u hepatocelularniho karcinomu. RNA viry naproti tomu nejdrive prepisi svou
virovou RNA do jednovlaknové DNA pomoci enzymu reverzni transkriptazy.
Plisobenim DNA polymerazy se zdvoji a jako dvojvldknova DNA integruje do
hostitelského genomu. (Klener, 2002, s. 44-46).

Imunosupresivni Uc¢inek nékterych virl (napf. viru lidské imunitni

nedostatecnosti - HIV) nevede ke zhoubnému bujeni pfimo, ale oslabenim
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imunitntho systému. Pri setkani skarcinogennim Ccinitelem neni pak

organismus schopen ucinné obrany (Dalton-Griffin a Kellam, 2009).
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6. Vztah zanétu a karcinogeneze v prostaté

Nékteré prace v minulosti spojovaly vznik KP s prostatickym zanétem.
V meta-analyze z roku 2002 méli pacienti s prostatitidou v anamnéze vyssi
pravdépodobnost rozvoje KP (podil Sanci - odds ratio (OR) 1,6; 95% interval
spolehlivosti (CI) 1,0-2,4) (Dennis et al, 2002). Priifezova studie 5821 muzl
nad 65 let zr. 2004 udava u prostatitidy v osobni anamnéze OR pro KP 5,4
(95% CI 4,4-6,6) (Daniels et al, 2005). Jina rozsahla popula¢ni studie pripadt
a kontrol vSak tento zavér nepotvrdila (Sutcliffe et al, 2006). Vzhledem k
predpokladané uzké spojitosti infekce se zanétlivou odpovédi organismu

predkladame stru¢ny prehled soucasnych znalosti z této oblasti.

Spoustéce zanétu

Bez ohledu na sviij plivod zplisobuje zanétlivy pochod karcinogenezi
poskozenim bunky a jeji genetické informace a vytvorenim tkanového
mikroprostiedi bohatého na cytokiny a riistové faktory. Ty zvySuji bunécnou
replikaci, angiogenezi a vyvolavaji pochody vedouci kopravé poskozené
tkané.

Spoustécem zanétu prostaty mohou byt rtizné inzulty. Na prvnim misté
stoji infekce, dalSim je chemické a fyzikalni posSkozeni se zvlast vyznamnou
roli mocového refluxu. V nékolika studiich byla zvysena frekvence ejakulaci
oznacena za faktor snizujici incidenci KP, snad diky odstratiovani Skodlivych
Ciniteli zorganu a sniZovani doby kontaktu mezi nimi a tkdni. Vliv na
karcinogenezi maji dietni zvyklosti: expozice laboratornich potkanti
heterocyklickym amintim vede ke vzniku zhoubného bujeni, mj. i v prostaté.
Svou roli mize sehrdt i imunitni systém: rada prostatickych antigeni se
exprimuje aZ po puberté. PosSkozeni prostatické buniky miize vést k uvolnéni
dosud skrytych antigenli do obéhu a zahgjit tak imunitni reakci proti vlastni
tkani (De Marzo et al, 2007).
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Mechanismy zdnétu

Zanét je komplexni proces zahrnujici humoralni (cytokiny aj.) a
bunécné (leukocyty) komponenty. Predpoklada se, Ze iCelem zanétu je vytvorit
tkanové prostredi, které podpori rozeznani a opravu poskozenych bunék a
eradikaci cizich castic, infikovanych a nevratmé poSkozenych bunék. Primarni
mediatory nespecifické imunity jsou volné radikaly: hydroxylovy radikal (OH"),2
peroxynitritovy anion (ONOO-) a nitroxidovy radikal (NO-).ETytolcastice
alteruji strukturu bilkovin, vedou k peroxidaci lipidii a zménam genomu
somatickych bunék. Volné radikaly mohou posttranslacné modifikovat klicové
bilkoviny vCetné téch, které se podileji na opravach DNA, apoptdze, bunécné
signalizaci a dtlezitych enzymatickych pochodech. Peroxidace lipid spousti
drahu syntézy prostaglandinii aktivaci cyklooxygenazy-2 (COX-2). V nékolika
studiich byla zjiSténa zvySena exprese COX-2 v oblastech proliferativni
zanétlivé atrofie (PIA) a KP ve srovnani s normalni tkani. Navic mohou reakce
s COX-2 samy zpuisobit dalsi bunécné a genetické poskozeni (Palapattu et al,
2004).

Mikroskopicky obraz zanétu prostaty

Fokalni atrofie je béZnym histologickym nalezem v prostaté u starSich
muzi. V radé pripadi je spojena s akutnim nebo chronickym zanétem a jsou
v ni pritomny proliferujici epitelialni buriky. Nachazi se obvykle v periferni
zOoné prostaty, kde predevsim se vyskytuji karcinomy (Palapattu et al, 2004).
Kviili vyskytu proliferujicich bunék a ¢astému spojeni se zanétem se pro ni
zacal pouzivat nazev PIA (De Marzo et al, 2007). PIA zahrnuje Siroké
spektrum  morfologickych obrazi a vsoucasnosti je predmétem
mezinarodniho klasifika¢niho projektu.

Existuji diikazy o roli PIA jako prekurzoru nadorového bujeni. PIA
pravdépodobné vznika jako nasledek poskozeni epitelu ischémii, infekci nebo
expozici exo- ¢i endogennim toxiniim s naslednou regeneraci a zanétem. Zanét

miize sam vést koxidativnimu poskozeni epitelidlnich bunék. Bunky
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v mistech PIA maji vyskokou miru exprese GSTP1, GSTA1 a COX-2, coz svédci
pro bunécny stres (Palapattu et al,, 2004).

Ne vSechny PIA jsou spojeny s karcinomem a ne vSechny nadory se
vyskytuji v blizkosti PIA. Soucasna predstava je takova, Ze PIA je odpovédi
tkané na stres mikroprostredi. Loziska PIA, ktera se nejsou schopna efektivné
branit oxidativnimu poSkozeni genetické informace, mohou casem
progredovat do prostatické intraepitelialni neoplazie (PIN) ¢i karcinomu.
Predpoklada se, Ze high-grade PIN se mize vyvinout z PIA, PIA mize ptejit
primo do karcinomu bez mezistupné PIN, nékteré karcinomy vznikaji z PIN
bez PIA a konecné existuji nadory beze stopy po prekurzorovém procesu

v blizkém okoli (Palapatu et al,, 2004).

Vztah prostatitidy, infekce a karcinomu prostaty

VétSina studii zabyvajicich se vztahem prostatitidy a karcinomu
prostaty vychazi ze subjektivnich informaci ziskanych od pacienta. Zkoumaji
tedy vesmés vztah prostatitidy typu I-1II dle soucasné klasifikace (Kawaciuk,
2009, s. 217-9) (I - akutmni bakterialni prostatitida, II - chronicka bakterialni
prostatitida, III - chronickd abakterialni prostatitida/syndrom chronické
panevni bolesti, IV - asymptomaticka prostatitida zjiSténa histologickym
vySetfenim vzorku tkané) a karcinomem. Subjektivné podavané informace
vSak mohou byt zkreslené, laik nemusi byt schopen odliSit prostatitidu od
uretritidy Ci cystitidy, infekce urogenitalniho traktu mohou i nemuseji byt
pohlavné pfenosné; pro priikaz kauzality zanétu a karcinogeneze nejsou tyto
pristupy dostatecné validni.

Souvislost mezi prostatitidou a vznikem KP zatim prokazana nebyla. Ve
dvou rozsahlych klinickych studiich zanét statisticky vyznamné souvisel

pouze s vékem subjektli a objemem prostaty (Robert et al, 2009).
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7. Infekce a karcinom prostaty

Jako prvni vyslovil domnénku o moZné kauzalni spojitosti KP a
pohlavné prenosné infekce Ravich (1950). Nasledovala rada vylucné
retrospektivnich studii, které se zabyvaly KP v souvislosti s pohlavné
prenosnymi chorobami v osobni anamnéze nebo s rizikovym chovanim jako
nepouZzivanim kondomu a styky s prostitutkami. Studie publikované do 90. let
minulého stoleti naznacovaly sice hrani¢ni asociaci mezi rizikovym chovanim
nebo kapavkou a prijici v anamnéze a zvySenym rizikem vzniku KP (Hayes et
al, 2000), ale jejich zavéry zdaleka nevyznivaly jednoznalné. Meta-analyza
publikaci z let 1966-2004 citajici 6.022 pacientli s KP a 7.320 kontrol udavala
mirné zvysené riziko KP u muzi s jakoukoli pohlavné prenosnou nemoci v
anamnéze (OR 1,6; 95% CI 1,26-1,73) (Taylor et al, 2005), ale nedavna
rozsahla prospektivni studie zadné konkrétni sexualné prenosné onemocnéni,
jeZ by bylo spojeno s rizikem KP, neidentifikovala (Huang et al, 2008).

Vyuzivani anamnestickych tdaji v patrdni po etiologii KP je
nespolehlivé z nékolika diivodli: 1) pacienti mohou zapominat; 2) nemuseji
byt ochotni priznat probéhlou pohlavné pienosnou nemoc z divodu
spoleCenské stigmatizace; 3) infekce mohla probéhnout bezpiiznakové
(Sutcliffe et al, 2007). Proto je laboratorni priikaz piitomnosti patogenu nebo
protilatek objektivné spolehlivéjSim méritkem.

Nasledujici podkapitoly uvadéji teoretické predpoklady onkogenniho
plisobeni vybranych infek¢nich ciniteli na prostatické buiiky. Jedna se o
patogeny, po nichZ jsme patrali v naSem vlastnim vyzkumném projektu; z néj

také vychdazeji nase ptivodni prace komentované nize.

Lidsky papillomavirus

HPV je epiteliotropni virus prenasSeny primym kontaktem, nejcastéji
pohlavnim stykem vCemé non-penetracnich aktivit (Shew, 2005). Typickym
mistem vstupu je locus minoris resistentiae - koZni mikrotrauma, vlasovy

folikul nebo hranice cylindrického a dlaZzdicového epitelu délozniho hrdla ¢i
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analniho kanalu (Doorbar, 2007). Po vstupu do bazalnich bunék epitelové
vrstvy preziva virus v hostitelské burice v episomalni formé. S vyvojem burky
a jejim postupem vzhiiru epitelovou vrstvou se replikuje. AZ v nejvyssich
vrstvach zacina exprimovat geny L1 a L2 pro maly a velky kapsidovy protein,
jeZ autoagreguji do pentamernich kapsomer a vznikaji z nich kapsidy (Pagliusi
a Garland, 2009). Hlavnimi onkogennimi geny HPV jsou E6 a E7. Gen E6 kdduje
protein o 160 aminokyselinach, ktery svoji vazbou inhibuje protein p53 a
urychluje jeho degradaci ubikvitin-dependentni proteolyzou (ubikvitiny
oznackuji proteiny urcené k likvidaci). Tak se poloCas p53 sniZi z nékolika
hodin na 20 minut (Miinger a Howley, 2002). Genovy produkt E7 se vaze na
aktivni (hypofosforylovanou) formu tumorsupresorového proteinu pRb.
Vazba vyznamné sniZuje jeho aktivitu a wusnadni degradaci pRb v
proteasomech, znamenajici naprostou ztratu jeho funkce (Miinger a Howley,
2002). Imortalizace bunék a destabilizace genomu jsou tedy hlavnimi
mechanismy onkogenniho ptisobeni HPV na epitelialni hostitelskou buriku.

V ramci vice nez 100 dnes znamych genotypti HPV odliSujeme nizce
rizikové (low-risk: HPV 6, 11, 40, 42, 43, 44, ...) a vysoce rizikové (high-risk:
HPV 16, 18, 31, 33, 35, ..) typy viru. Infekce high-risk HPV je jednoznacné
spjata s karcinomy déloZzniho hrdla: HPV 16 se spojuje s dlazdicobunéc¢nymi
karcinomy i adenokarcinomy, HPV 18 predevsim s adenokarcinomy cervixu
(Brink et al, 2007). U anogenitilnich tumorl ptevazuje detekce HPV 16 nad
HPV 18. S HPV je spojeno 85% dlaZzdicobunécného karcinomu anu a 50%
karcinomii penisu (Giuliano et al, 2008). Pro vznik nadoru je nutma
dlouhodoba pritomnost viru v tkani. Pokud infekce v organismu pretrva,
vyvijeji se v tkani prekancerdzy - cervikalni intraepitelialni neoplazie [, I a III -
a nasledné karcinom (Doorbar, 2007).

V experimentech in vitro vedla infekce bunék prostatického karcinomu
HPV 18 k jejich imortalizaci (Naghashfar et al, 1996; Weijerman et al,, 1994).
Nenadorové bunky dospélé lidské prostaty infikované genomem HPV 18
ztratily schopnost apoptézy (Rhim et al, 1994).
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Cytomegalovirus (CMV)

Na rozdil od viru Epsteina-Barrové nebo lidského herpesviru-8 (HHV-
8) nebyl tento zastupce skupiny herpesvirli zatim kauzalné spojen s zadnym
lidskym malignim nadorem. Ve Spojenych statech je séroprevalence tohoto
pohlavné prenosného patogenu v populaci 60-90% (Staras et al,, 2006).

In vitro infikuje CMV 30% exponovanych bunék Ilaboratorni
karcinomové prostatické bunécné linie PC-3 (na rozdil od 5% buneék linie
LNCaP a <1% linie DU-145) a vyznamné zvySuje jejich adhezivitu k endotelu a
proteiniim extracelularni matrix kolagenu, lamininu a fibronektinu. Indukuje
také expresi povrchového integrinu 1, integrinové kinazy (ILK) a fokalni
adhezni kinazy (FAK) (Blaheta et al, 2006). Rada studif prokazala dal$i u¢inky
CMV, spojované s karcinogenezi, na rtizné typy bunék. CMV chrani fibroblasty
pred apoptdézou indukovanou adenovirovym proteinem E1A. Bunky
neuroblastomu infikované CMV vykazuji vysS$si mobilitu a adhezivitu k
lidskému cévnimu endotelu. Infekce endotelidlnich bunék CMV ma
proangiogenni ucinek zprostredkovany integriny (31, 3 a receptorem
epidermdlniho rtstového faktoru (EGFR). Cytomegalové proteiny US2, US3,
US6 a US11 snizuji expresi hlavnich histokompatibilnich komplexti (MHC) I a
[I, ¢imZ napadena burika hostitele unika imunitnimu dohledu. Infikované buriky
produkuji imunosupresivni cytokiny obdobné endogennimu interleukinu IL-
10. CMV zpisobuje chromosomalni poskozeni a nestabilitu genomu

(Michaelis et al,, 2009).

Herpes simplex virus

HSV1 je rozsifenym plvodcem orolabidlnich infekci a prendsi se
nepohlavni cestou. HSV2 zpilisobuje anogenitilni infekce a prenasi se hlavné
sexudlnim stykem. Prilezitosmé mohou oba subtypy plisobit oba druhy
postiZeni (Xu et al, 2002).

Stejné jako u cytomegaloviry, ani u viru herpes simplex (HSV) zatim
nebyl podan dtikaz o jeho spojitosti s nddorovym bujenim. Zajem vyzkumnika
o HSV vrcholil v této souvislosti v 70. a na pocatku 80. let minulého stoleti, kdy
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byl virus mylné spojovan s karcinomem délozniho hrdla (Sabin a Tarro, 1973).
Od té doby setrvale klesa.

Nuklearni faktor kappa-B (NF-kB) je proteinovym komplexem ridicim
transkripci DNA. Reaguje na rtzné stimuly véemé mikrobidlnich antigent;
jeho porusena funkce se spojuje s patologickymi procesy v organismu vcetné
Soku, autoimunitnich chorob a nadorovych procest. Kundu v experimentu in
vitro vystavil nativni nenadorové prostatické epitelidlni bunky, stejné jako
laboratorné pouzivanou bunécénou linii RWPE-1 ptlisobeni (1)
lipopolysacharidu (LPS) Gram-negativnich bakterii a (2) sekvenci DNA (tzv.
CpG) analogickych DNA virt HPV a HSV. Oba antigeny, které se in vivo
vyskytuji v muZském urogenitdlnim systému béZné, vedly bunky k
proliferativni reakci. LPS i CpG dale zvysily 3-5x aktivitu NF-xB a mély
antiapoptotické ucinky (Kundu et al, 2008). Autori studie vyvozuji, Ze
strukturalni soucasti mikrobialnich agens véetné HPV a HSV mohou vychylit

rovnovahu bunécnych déjii ve prospéch nekontrolované proliferace.

Chlamydia trachomatis

V  soucasnosti rozeznavame Ctyfi druhy téchto obligatmé
intracelularnich patogentli; prokdzanymi lidskymi patogeny jsou jen C.
pneumoniae a C. trachomatis. Chlamydiové infekce patfi mezi nejcastéjsi
sexualné prenosné nemoci. MnoZeni bakterie je provazeno zanikem
hostitelské bunky s uvolnénim infekénich elementarnich télisek na povrch
sliznice s naslednou zanétlivou reakci, buné¢nou proliferaci a jizvenim tkané -
kone¢nymi disledky chlamydiové infekce (Wagenlehner et al,, 2006).

Existuji zpravy o souvislosti C. psittaci s onimi lymfomy ze slizni¢ni
lymfatické tkané (tzv. MALT-lymfomy) (Velasquez et al, 2011) a C.
pneumoniae s karcinomem plic (Zhan et al, 2011).

Mechanismus, kterym by chlamydie mohly alesponn potencialné
spoustét karcinogenezi v prostatické burice, neni dosud popsan. V uvahu

prichazi iniciace nadoru cestou chronického zanétu, avSak zatim neexistuje
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prikaz ani spojitosti chlamydiové infekce se zanétem prostaty, ani prostatitidy

se vznikem karcinomu.

Mycoplasma a ureaplasma

Mykoplazmata jsou nejmensi organismy schopné samostamého
rozmnoZzovani. Ziji na povrchu eukaryoti buiiky nebo uvnitf ni a nemaji
vlastni bunécnou sténu. Dodnes bylo popsdno 16 druhii mykoplazmat,
nejprozkoumanéjsimi jsou Mycoplasma pneumoniae, M. hominis a
Ureaplasma urealyticum (Ketcham et al, 2005).

PC-3 a DU-145 jsou klasickymi bunécnymi liniemi KP pouzivanymi v
laboratorni praxi. Protein p37 je produktem genu p37 nalezeného u M.
hyorhinis, mykoplazmata infikujiciho vepre, a dle nékterych pozorovani ma
vztah k nadorové invazivité. Aplikace rekombinantmiho proteinu p37 na burnky
PC-3 a DU-145 zvysila jejich invazivitu tmérné pouzité davce. U¢inek aplikace
zcela blokovala monoklonalni protilatka proti p37 (Ketcham et al, 2005). V
jiném pokusu kultivace bunécnych linii za pritomnosti proteinu p37 vedla k
vyssi proliferaci bunék DU-145; na mnoZeni bunék PC-3 vliv neméla
(Goodison et al, 2007). Namiki zkoumal vliv mykoplazmat na benigni linii
prostatickych bunék BPH-1 in vitro a in vivo. Infekce prostatickych bunék M.
hyorhinis a M. genitalium zvySovala jejich schopnost migrace, invaze, riistu a
tvorby kolonii v agaru. Vedla ke zménam Kkaryotypu bunék, zejména
chromozomalni polysomii a dalSim aberacim. Inokulace bunék BPH-1
infikovanych uvedenymi mykoplazmaty do podkoZzi laboratornich mysi vedla v
nékterych pripadech k nadorovému ristu s mikroskopicky prokazatelnou
mitotickou aktivitou, jadernymi atypiemi a invazi mezi bunky pricné
pruhované svaloviny. Zaznamenana byla i dlaZdicobunécna diferenciace.
Zadny z pokust provedenych s neinfikovanymi buiikami BPH-1 k

tumorigenezi nevedl (Namiki et al, 2009).
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Neisseria gonorrhoeae a Treponema pallidum

N. gonorrhoeae je plivodcem ,klasické” sexudlné prenosné infekce -
kapavky. Gram pozitivni diplokok se prenasi vyhradné sexualnim kontaktem,
nikoli vSak pouze vaginalnim pohlavnim stykem. Po kontaktu s burnkami
hostitele se bakterie vazi na epitelialni buniky svymi fimbriemi. MnoZi se ve
slizni¢nich bunikach i fagosomech leukocyti (Pors et al, s. 113-4).

T. pallidum je etiologickym agens syfilis a sexualni styk je hlavnim
zplisobem pirenosu. Po infekci spirocheta sice unikd ¢asné imunitni reakci
organismu diky své antigenni strukture a povrchové slizové vrstvé, ale brzy
zaplavi obéh antigeny z rozpadlych bunék a rozvine se protilatkova a bunécna
imunitni odpovéd. V postizenych tkanich prokazujeme poskozeni kapilar,
patologické zmény zprostredkované imunokomplexy a pozdéji rozsahlé
tkanové destrukce (Pors et al, s. 118).

Potencidlni onkogenni pisobeni N. gonorrhoeae a T. pallidum by tedy

mohlo byt zprostfedkovano rozvojem a udrZzovanim chronické zanétlivé

odpovédi v infikovanych tkanich.
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8. Cile prace

V publikaci €. 1 jsme se zabyvali drive publikovanymi pracemi, které se
zabyvaly souvislosti KP a riiznych infekci urogenitilniho traktu. Publikace ma
formu tzv. systematického prehledového clanku, do néjz jsme zahrnuli 74 praci
z let 1980-2011, které splnovaly predem definovana kritéria.

Cilem prace bylo podat uceleny prehled o védeckovyzkumneé cinnosti na

poli urogenitalnich infekénich onemocnéni a KP.

V publikaci ¢. 2 jsme na vlasmim souboru pacientili zjiStovali vyskyt a
vysku hladin protilatek proti vybranym infekénim agens.
Cilem prace bylo porovnat séroprevalenci a primérnou vysku titri

protilatek ve skupiné pacientii s KP a ve skupiné muzi s BPH.

V publikaci ¢. 3 jsme na vlastnim souboru pacientli zkoumali rozdily v
séroprevalenci a pritomnosti DNA HPV v prostatické tkani u pacienti s KP
versus u muzi s BPH. Ddle jsme patrali v riznych tkanich urogenitilniho
systému po pripadnych rezervoarech HPV.

Cilem prace bylo porovnat séroprevalenci a tkanovy vyskyt HPV mezi

skupinou pacientti s KP a s BPH.

V publikaci €. 4 jsme se na stejném souboru pacientti jako v publikaci €.
2 porovnavali primérnou sérovou koncentraci PSA a agresivitu nadoru
vyjadienou GS mezi séropozitivnimi a séronegativnimi pacienty s KP. Dale
jsme srovnavali vyskyt protilitek u pacienti s lokalizovanym a s lokalné
pokrocilym onemocnénim.

Cilem prace bylo zjistit, zda se biologické vlastnosti KP lisi v zavislosti na

prodélané infekci urogenitalniho traktu.
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Pracovni hypotézy:

Hypotéza 1: Pacienti s KP maji castéji protilatky anebo vyssi titry
protilatek proti sledovanym infek¢nim agens nez pacienti s BPH.
Hypotéza 2: Markery infek¢nich agens jsou detekovany v prostatich

pacientii s KP Castéji nez v prostatich pacientii s BPH.
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9. Publikace ¢. 1:

Tiicet let vyzkumu na poli infekce a karcinomu prostaty: diikaz o

spojitosti chybi. Systematicky prehledovy ¢lanek.

Uvod a cile studie

Pripadna uloha infekce urogenitilniho traktu v etiopatogenezi KP je
predmétem zajmu vyzkumnikd jiz pres 30 let. K patrani po jejich vzajemném
vztahu se vyuZzivaji dva zakladni pristupy: vySetrovani tkani (polymerazova
retézova reakce, imunohistochemie, hybridizace in situ) a sérologické metody
(enzymoimunoanalyza - ELISA, imunofluorescence, atp.). Prehledovy clanek
hleda odpovéd na otdzku, zda miize infekce muzského urogenitilniho ustroji

pri¢inné souviset s rozvojem KP.

Material a metoda

Provedli jsme systematicky vybér a kritické zhodnoceni publikovanych
praci evidovanych v bibliografické databazi MEDLINE/PubMed do prosince
2011 vceté. Jako vyhledavaci hesla jsme pouzili tyto vyrazy: ,karcinom
prostaty”, ,infekce” a konkrétmi jména jednotlivych infek¢nich agens. Dalsi
clanky jsme nalezli v seznamech literatury. Do vybéru jsme zahrnuli celkem 74
publikaci pokryvajicich tyto infekéni Cinitele: HPV, CMV, HSV, EBV, lidsky
herpesvirus, BK virus, JC virus, C. trachomatis, mykoplazmata, ureaplazmata, T.
vaginalis, N. gonorrhoeae, T. pallidum, Propionibacterium acnes, xenotropni

virus pribuzny viru mysi leukémie a Candida albicans.

Vysledky
Pres rozlicné metodické pristupy a ritzné konstrukce hodnocenych
studii jejich zavéry nevypovidaji o tom, Ze by nékteré ze zkoumanych

patogenti souvisely se vznikem KP.
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Diskuse

NejcastéjSim infekénim agens, na néz se zamérovaly vyzkumy
uplynulych desetileti, byl HPV. Divodem je jeho prokazana spojitost s
karcinomem déloZzniho hrdla. Jako prvni detekovali DNA HPV v prostatické
tkani McNicol a Dodd (1990), ¢imz odstartovali bouflivy rozvoj na tomto poli.
Hlavni charakteristikou vSech studii tykajicich se vztahu HPV a KP je jejich
metodologickd a velikostni rozriznénost. Tyka se predevSim velikosti
zkoumané populace (17-300 subjektti), spektra vySetfovanych typt HPV,
laboratornich metod, zptisobu odbéru vzorki a jejich dalSiho zpracovani. Z
tohoto diivodu je obtiZné porovnavat jednotlivé prace mezi sebou.

Stru¢né vzato, statisticky vyznamny rozdil ve vyskytu HPV mezi
pacienty s KP a kontrolni skupinou (nejcastéji Slo o prostaty s BPH, vyjimecné
o prostaty ,zdravé”) zaznamenaly jen 4 prace z 35 hodnocenych.

S ptimou detekci patogenii v tkanovych vzorcich jsou spojeny nékteré
potencialni problémy (Sutcliffe a Platz, 2007): a) patogen zodpovédny za
nadorové bujeni nemusi byt v tkani v okamziku testu pritomen, b) poclty
vzorkl byvaji nizké, c) existuje mozZnost vybérového zkresleni (tzv. selection
bias), d) neni jasna Casova souslednost pritomnosti patogenu a nadorového
bujeni, e) vysledek zavisi na detekovanych sekvencich DNA, f) vysledek miize
byt ovlivnén koncentraci patogenu a jeho lokalizaci v tkani, g) mize dojit ke
kontaminaci vzorku béhem jeho zpracovani.

Obdobna uskali maji i sérologické metody: a) zkriZenou reaktivitu
protilatek, b) moZnost jejich vymizeni v Case a nedostatecné znalosti o dobé
jejich pretrvavani, c) ani zde neni jasna c¢asova souslednost infekce a vzniku
nadorového bujeni (Sutcliffe a Platz, 2007).

Z herpesvirl byly predmétem zkoumani CMV, HSV, EBV a HHV-8.

Identifikovali jsme 7 tkanovych a 2 sérologické studie, které se zabyvaly
vztahem CMV a KP. Jeho detekce v tkani byla nizka (22 z 478 individualnich
piipadii) a ani z pritomnosti protilitek neni ziejmé, Ze by virus hral
etiologickou roli v patogenezi KP.

Baker et al. (1981) zaznamenali u pacientt s KP vyssi vyskyt protilatek

proti HSV i vyssi GspésSnost imunofluorescen¢ni detekce HSV nez u muzi s
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BPH. Nasledujici prace vsak prinesly jak rozporuplné, tak i primo negativni
vysledky. Tti ze Ctyt sérologickych praci nedoloZily vztah mezi infekci HSV a
vysSim rizikem KP.

HHV-8 je prokazatelné spjat se vznikem Kaposiho sarkomu. Moniniho
et al. (1996) nalez HHV-8 v prostaté vedl dalsim vyzkumim, ale virus byl
prokdzan i v prostatich muzi bez KP. Ukazalo se, Ze jeho pritomnost v
prostaté je spise disledkem jeho pritomnosti v téle pacientii s Kaposiho
sarkomem nez pri¢inou KP. Ani sérologické studie nehovofti pro kauzalni vztah
HHV-8 a KP.

Jako prvni publikovali nalez EBV v bunikkach KP Grinstein et al. (2002).
Studif zamérenych timto smérem je relativné malo a jako celek nepodporuji
hypotézu o propojeni KP s infekci EBV.

Onkogenni potencidl polyomaviri (BK virus a JC virus) je stile
predmétem diskusi. VétSina promotrené populace se s infekci setka jiz v
détstvi. Primoinfekce miize probéhnout asymptomaticky, poté virus pretrvava
v latentni formé, predilekéné v organech urogenitalniho traktu. V okamziku
oslabeni imunity je mozZna reaktivace (Zambrano et al, 2002). Onkogenni
ucinky polyomavirti zprostiedkovava jejich tzv. antigen T, ktery blokuje funkci
tumorsupresorovych proteini pRb a p53. Zajimavé jsou zpravy o ptitomnosti
antigenu T v loziscich PIA, ale nikoli ve zdravém prostatickém epitelu (Das et
al, 2008). Celkové vzato se vSak ani u polyomaviri nepodarilo prokazat
souvislost s KP.

Casté sexudlné prenosné infekce C. trachomatis a T. vaginalis se
vzhledem k vysoké prevalenci také staly predmétem zajmu vyzkumnikd. Dle
valné vétSiny praci vSak dnes nejsou spojovany s vyssim rizikem KP.

Zajimavou praci tykajici se mykoplazmat publikovali Barykova et al
(2011). Ribosomalni 16S rRNA mykoplazmat detekovali u 25-55% prostat s
karcinomem, avSak u Zadné kontroly s BPH. Rozdil v séropozitivité byl
statisticky signifikantni s vy$$im vyskytem u pacientti s KP. Koncentrace DNA
mykoplazmat ve vzorcich mérena kvantitativni PCR stoupala v sekvenci BPH-

PIN-KP (Barykova et al, 2011)! Pripadnou souvislost infekce mykoplazmaty s
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onemocnénim prostaty, at jiZ malignim ¢i benignim, je vSak tfeba v budoucnu
dale ovérit.

V prostaté bylo v minulosti popsano vice mikroorganismi, presnou
totoZnost nékterych z nich se vSak nepodarilo prokazat. Jejich pritomnost
dokumentuje nalez ribosomalni bakterialni 16S rDNA ve fagosomech
makrofagli. Cem&jsi zminky v literatufe se vak tykaji prakticky jen mikroba
Propionibacterium acnes (Fassi-Fehri et al, 2011).

V roce 2006 byl popsan novy y-retrovirus, tzv. xenotropni virus
piibuzny viru mysi leukémie (XMRV). Nalezen byl v prostatich pacienti
homozygotnich v genu pro ribonukleazu L (R462Q), ktery koduje enzym s
nizsi aktivitou (Urisman et al, 2006). Podle poslednich zprav je vSak za novym
virem ve skutecnosti laboratorni kontaminace (Hué et al, 2010, Cohen a
Enserink, 2011). Zda je XMRV skute¢né patogenem schopnym plisobit na

Clovéka, zOstiva zatim otevienou otazkou.

Zavér
Ulohu infekce v etiopatogenezi KP se nepodatilo objasnit ptes usili
trvajici 30 let. Identifikace infekéniho agens zodpovédného za vznik KP by

pritom byla objevem zasadni dilezitosti.
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10. Publikace ¢. 2:

Sérové protilatky vici infekénim agens urogenitilniho ustroji u pacienti
s karcinomem prostaty a s benigni hyperplazii prostaty: studie pripadi a
kontrol

Uvod a cile studie

Infekce hraje svou roli pti vzniku fady lidskych malignich nadord. Zda
mezi né nalezi i KP - vyznamny zdravotni problém pro stirnouci muzskou
populaci v zapadnich statech - je predmétem vyzkumu od 70. let minulého
stoleti.

Pritomnost sérovych protilaitek je znakem probihajici nebo minulé
infekce. Cilem studie bylo porovnat sérové protilitky vaci riznym
urogenitidlnim infekénim Cinitelim mezi pacienty s KP a s BPH. Predpokladali
jsme, Ze vyssi hladiny nebo vyssi prevalence protilatek u pacientii s KP by
podporovaly pri¢innou souvislost mezi urogenitdlni infekci v osobni
anamnéze a vySSim rizikem KP.

Prace vznikla za finan¢ni podpory Interni grantové agentury
Ministerstva zdravotnictvi Ceské republiky (IGA MZ CR) NS9984. Je vysledkem
spoluprace 4 instituci: Urologické kliniky 3. LF UK a FNKV, Oddéleni
experimentilni virologie UHKT, Ustavu patologie 3. LF UK a FNKV a Ustavu

informatiky Akademie véd CR, Oddéleni nelinearniho modelovani.

Material a metody

Do studie jsme zahrnuli 434 muzi, ktefi na Urologické klinice 3. LF a
FNKV podstoupili v letech 2004-2010 otevienou operaci prostaty: 329
pacientii s KP a 105 kontrol s BPH. Séra muZzl zarazenych do studie jsme
vySetrovali enzymoimunoanalyzou, komplement-fixacnim testem a neptrimou
imunofluorescenci. Hledali jsme protilatky proti béZznym infekcim
urogenitalnitho systému: HPV 6, 11, 16, 18, 31, 33, HSV 1 a 2, CMV, C.
trachomatis, M. hominis, U. urealyticum, N. gonorrhoeae a T. pallidum.

Porovnavali jsme séroprevalence a vysky hladin protilaitek mezi pacienty s
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karcinomem a kontrolami. Hledali jsme souvislost mezi gradingem a stagingem

nadoru a sérologickymi nalezy.

Vysledky

U pacienti s KP jsme zaznamenali vyssi vyskyt protilatek proti U.
urealyticum (OR 2,06; 95% CI 1,08-4,28). Naopak muzi s BPH méli Castéji
protilatky vici HPV 18 (OR 0,23; 95% CI 0,09-0,61) a C. trachomatis (OR 0,45;
95% CI 0,21-0,99) a také vyssi hladiny protilatek proti CMV (p=0,0004). V
podskupiné pacientti s KP byla séropozitivita proti HPV 6 spojena s vyssim GS
(p=0,0305).

Diskuse

Jedinym zptlisobem, jak spolehlivé potvrdit ¢i vyloucit pritomnost KP je
histopatologické vySetireni preparatu z oteviené prostatektomie. V tom také
spociva jedineCnost nasi studie (v kontextu celého dosavadniho pisemnictvi),
nebot takto strikini pristup k definici karcinomové a kontrolni skupiny dosud
nikdo nepouzil

VétSina populacnich studii tézila kontroly ze zdravotnich registrii a
spokojila se s absenci diagnézy KP jako dostatecnym kvalifikacnim kritériem
pro zarazeni do kontrolni skupiny. KP se vSak subklinicky vyviji roky, moZna
desetileti a vClenéni muZe s latentnim KP do kontrolni skupiny mohlo vychylit
konecnou statistiku ve prospéch nulové hypotézy.

Vylucné pouziti preparatii z otevienych vykond umoznilo také
korelovat sérologicka data s lokalnim stagingem onemocnénti a jeho biologickou
agresivitou (gradingem). Ani z takového uhlu pohledu se zatim Zadna studie
touto problematikou nezabyvala. Zde jsme zaznamenali rozdil v pripadé HPV 6
- séropozitivni pacienti méli v priméru vyssi GS nez séronegativni
podskupina (viz. Diskuse u Publikace ¢. 4).

Muzi s BPH méli Castéji protilatky proti HPV 18 a C. trachomatis. Z
drive publikovanych studii pouze jedna dospéla k obdobnému vysledku u
chlamydii (Antilla et al, 2005). V pripadé HPV naopak jedina z publikovanych
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praci nalezla vyssi prevalenci protilatek viici HPV 18 u pacientti s KP (OR 4,0;
95% CI 1,17-5,75) (Dillner et al, 1998).

NaSe zjisténi nepodporuji hypotézu o souvislosti infekci s
etiopatogenezi KP. Neptimo vSak podporuji tvrzeni nékterych autort o tom,
Zze BPH miize byt mimo jiné vysledkem imunitmich zanétlivych procest
(Kramer et al, 2007).

Dosud Zadna prace se nezabyvala potencialni souvislosti KP s
mykoplazmovou infekci. Dle naseho nejlepSiho védomi a svédomi jako prvni
prinasSime zpravu o vyssim vyskytu protilatek proti U. urealyticum ve skupiné
pacientii s KP oproti kontroldam s BPH (OR 2,06; 95% CI 1,08-4,28).

Vyskyt protilatek proti N. gonorrhoeae a T. pallidum byl v obou
srovnavanych skupinach obdobny. Nizka ¢etmost vyskytu téchto chorob vsak

limituje moZnosti statistiky, i kdyby séroprevalence byla vyznamné odliSna.

Zavér

Pritomnost protilaitek vic¢i zkoumanym infekénim agens nebyla
v naSem souboru spojena s vySSim rizikem vzniku KP. Pouze v pripadé U.
urealyticum jsme nalezli protilatky castéji u pacientti s KP nez u muzii s BPH.
Vyssi séroprevalenci protilatek viic¢i U. urealyticum u pacientii s KP referujeme
jako prvni v celosvétovém kontextu.

Vyssi hladiny sérovych protilaitek nemaji v naSem souboru spojitost s
rizikem KP.

Pritomnost nebo nepritomnost protilatek nebyla prediktorem stadia

onemocneéni.
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11. Publikace ¢. 3:

Prritomnost HPV v organismu a jeho role v onkogenezi nadorti prostaty.

Uvod a cile studie

HPV piisobi karcinogenné v nékolika anatomickych lokalizacich u
muzi i Zen. Zda pfritomnost HPV v mocCopohlavnim uUstroji muzi predstavuje
vyssi riziko vzniku KP, se zkouma jiZ delSi dobu a zavéry stile nejsou
jednoznacné. Stejné tak nepanuje dosud shoda na tom, jaké misto v organismu
je rezervoarem HPV.

Studie si klade za cil zkoumat vztah KP a infekce HPV vyjadrené
pritomnosti protilatek v séru nebo DNA HPV v prostatické tkani. Druhym
cilem je prispét k nalezeni rezervoaru HPV v muzském organismu.

Prace vznikla za finanéni podpory IGA MZ CR NS9984 a NS10656-3. Je
vysledkem spoluprace 3 instituci: Oddéleni experimentilni virologie UHKT,

Urologické kliniky 3. LF UK a FNKV a Ustavu patologie 3. LF UK a FNKV.

Material a metody

Pomoci polymerazové retézové reakce jsme vySetrovali tkanové
vzorky 146 pacientii s KP (n=51) a s BPH (n=95) na pfitomnost DNA HPV a u
pozitivnich vzorkd jsme dale urcovali jeho genotyp. U vSech pacientli jsme
patrali po pritomnosti HPV v mocové trubici formou uretralniho vytéru v den
operace. Séra vSech pacientli a 172 zdravych kontrol (registrovanych darct
krve) byla podrobena enzymoimunoanalyze. Dale jsme vySetrili nenadorovou
tkan 256 bioptickych vzorka ziskanych pri otevienych operacich z riiznych

anatomickych lokalizaci.

Vysledky
Rozborem tkani jsme nezjistili Zadny rozdil v pritomnosti HPV u
histopatologickych vzorkid KP a BPH (v obou pripadech 2%). Hladiny sérovych

protilatek se také vyznamné neliSily s vyjimkou protilatek proti HPV 6, které
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se Castéji vyskytovaly u pacientli s karcinomem (p=0,018). Rozdil jsme
nezaznamenali v piitomnosti protilatek proti onkoproteintim E6/E7 HPV 16.
Ze 146 uretralnich vytéri se amplifikace PCR nezdatila u 10%. Nalezli
jsme celkem 17 riiznych genotypl HPV, nejcastéjsi byl vyskyt HPV 16. Vyssi
miru detekce jsme zaznamenali u muzt s BPH (p=0,040).
HPV jsme detekovali ve 4% z 256 bioptickych vzorkil z riznych tkani,

nejcastéji v prepuciu.

Diskuse

Ucelem studie bylo zkoumat potencialni spojitost mezi KP a infekci HPV
souCasnym pouzitim epidemiologickych, molekularné biologickych a
imunologickych metod. Vyhodnocovali jsme pritomnost DNA HPV v
prostatické tkani, v uretie operovanych pacientti a pritomnost protilatek proti
riznym typtim HPV. Pacienti vypliiovali dotaznik tykajici se rizikovych faktort
infekce HPV (koureni, vék pfi zahajeni pohlavniho Zivota) a potencialnich
rizikovych faktori nadorového onemocnéni (pozitivni rodinnd anamnéza,
predchozi protinadorova lécba atd.).

V Zadném z rizikovych faktorli obsaZenych v dotazniku jsme mezi
skupinou s KP a s BPH nezaznamenali vyznamny rozdil, véemé udaje o
zanétlivych onemocnénich urogenitalni soustavy v osobni anamnéze.

Snazili jsme se vyhnout nedostatkiim drive publikovanych studii, které
by mohly mit vliv na validitu vysledki. Ke zvyseni senzitivity a specificity jsme
k detekci HPV v tkani pouzivali tzv. vimezerenou (nested) PCR, ktera vyuZziva k
detekci DNA dvou setli primerd - degenerovaného MY09/11 a obecného
GP5+/6+. U vySetiovani uretralnich stért nasledovala reverzni hybridizace na
membrané, ktera dokaze odlisit az 37 rliznych typ HPV a zjistit i multiplicitni
infekci. Korelace tkanovych a uretrdlnich ndlezi méla slouzit k vylouceni
mozné kontaminace prostatické tkané HPV usidlenymi v mocové trubici.

Detekce DNA v tkani byla shodné 2% u pacienttt s KP i s BPH; rozdil
nezaznamenala ani vétSina predchazejicich praci. Z nedavné meta-analyzy

vyplynulo, Ze pacienti s KP méli v prostaté castéji DNA HPV 16 neZ kontroly
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(OR 1,6; 95% CI 1,07-2,20) (Lin et al, 2011). Vzhledem k rozdilnosti studijnich
schémat a dalSim faktorim (diskutovanym v Publikaci ¢. 1) je vSak validita
jakékoli meta-analyzy diskutabilni.

Vyssi detekce HPV DNA v mocové trubici naSich pacientli oproti
predchozim pracem (Giuliano et al, 2007) mize byt zplsobena odliSnou
metodikou, kterou jsme pouzili (zahrnujici koncentraci ziskané DNA) nebo
geografickymi rozdily.

V prevalenci protilatek vii¢i riznym typim HPV jsme nenalezli
HPV 6: protilatky se vyskytovaly Castéji pacientli s KP nez u kontrolni skupiny
zdravych osob. K podobnému zavéru zatim Zadna jina studie nedospéla;
musime tedy brat v idvahu moznost, Ze se jedna o nahodu.

Protilatky proti onkoproteinim HPV E6/E7 se bézné vyskytuji u
pacientii s malignitami, jeZ jsou etiologicky spojeny s HPV. U zdravych osob je
prakticky nenalézame. Ani v tomto pripadé jsme nezaznamenali statisticky
vyznamny rozdil mezi skupinou pacientti s BPH a s KP.

V ramci patrani po rezervoaru HPV v muZském organismu nalezly
drive publikované prace HPV na prepuciu, na glandu i na kizi skrota. Jiné
patraly po HPV ve spermiich versus semindlni plasmé (Lai et al, 1996).
Prevalence udavané v riznych studiich se lisi predevsim podle pouzivanych
systémi pro detekci HPV. V nasi studii jsme nejvyssi vyskyt DNA HPV
zaznamenali na prepuciu (14,8%) a nejcastéjSim detekovanym subtypem byl

HPV 16.

Zavér
Vysledky nasSi studie podporuji dosavadni publikovana data, ktera
nenaznacuji souvislost HPV s etiopatogenezi KP. Rada lokalizaci muZského

pohlavniho systému se vSak mize uplatiiovat jako rezervoar HPV.

42



12. Publikace ¢. 4:

Infek¢ni onemocnéni urogenitilniho traktu v anamnéze nemaji vliv na

biologické chovani a prognézu karcinomu prostaty

Uvod a cile studie

Souvislost mezi infek¢nim onemocnénim urogenitilniho traktu a KP se
ani po 30 letech vyzkumii na tomto poli nepodarilo prokazat. Zatim se vsak
nikdo nezabyval otdzkou, zda infekce mtiZe ovlivnit vlastnosti a pribéh tohoto
maligniho onemocnéni. Pritomnost specifickych sérovych protilatek je
znakem prodélané infekce: hledali jsme moZnou spojitost mezi pritomnosti
sérovych protilatek proti rozlicnym pohlavné prenosnym infek¢nim ¢initelim
a biologickym chovanim KP.

Prace vznikla za finan¢ni podpory IGA NS9984. Je vysledkem
spoluprace 4 instituci: Urologické kliniky 3. LF UK a FNKV, Oddéleni
experimentilni virologie UHKT, Ustavu patologie 3. LF UK a FNKV a Ustavu

informatiky Akademie véd CR, Oddéleni nelinearniho modelovani.

Material a metody

Do nasi studie pripadd a kontrol jsme zahrnuli 317 pacientti, ktefi
podstoupili RRP pro klinicky lokalizovany KP. Zkoumali jsme tyto sexualné
prenosné uropatogeny: CMV, HSV 1 a 2, HPV 6, 11, 16, 18, 31 a 33, C.
trachomatis, M. pneumoniae, U. urealyticum, N. gonorrhoeae a T. pallidum.
Pritomnost a titry specifickych protilaitek jsme vyhodnotili ve vztahu
k histopatologickym charakteristikdim tumoru: klokalnimu rozsahu, GS a

hladiné PSA.

Vysledky

Primérny véku pacientli byl 63 (39-81) let, priimérna koncentrace PSA
9,1 ng/ml. V definitivnich histopatologickych preparatech byly stejnou mérou
zastoupeny lokalizované a lokalné pokrocilé formy onemocnéni. Polovina

pacienti méla GS < 6, 11% nadort mélo GS 8-10.
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Nezaznamenali jsme statisticky vyznamny rozdil mezi séropozitivnimi
a séronegativnimi pacienty ani ve vySce PSA, ani GS s vyjimkou HPV 6. Nebyl
rozdil ve vySce titrii protilitek u pacientli s lokalizovanym vs. lokalné

pokrocilym onemocnénim.

Diskuse

Navzdory velikosti zkoumaného souboru a zahrnuti rady
uropatogennich mikroorganismi do statistickych rozborli se nAm nepodartilo
prokazat, Ze by prodélana urogenitalni infekce ovliviiovala biologické chovani
KP. Jedinym statisticky signifikantnim zjisténim byl rozdil v primérné vysce
GS mezi pacienty s protilatkami proti HPV 6 a jejich séronegativnimi
protéjsky. Ackoli statisticky vyznamna, z klinického pohledu se tato odliSnost
primérné hodnoty GS 6,45 v séronegativni a 6,75 v séropozitivni skupiné
nejevi jako podstatna. Jednak predstavuje rozdil 0,3 na Skale GS od 2 do 10
priblizné 4 procentni body, jednak se stile pohybujeme v pasmu GS 2-7, pro
néZ (pri splnéni dalSich kritérii) aktuadlni guidelines Evropské urologické
spoleCnosti doporucuji jako hlavni modalitu lé¢cby RRP (Heidenreich et al,
2012,s.53).

HPV 6 a 11 jsou spojovany s benignimi koZnimi ézemi typu Spicatych
kondylomat. Zajimavou je v této souvislosti informace o moZné souvislosti
HPV 6/11 s maligni transformaci benigniho onemocnéni dychaciho systému -
rekurentni respirani papilomatézy (Jeong et al,, 2009).

Pokud je ndm znamo, nikdo - a to ani ve svétové literature - se dosud
nezabyval problematikou infekce a KP z takového uhlu pohledu jako naSe
studie. K provedenym analyzam (stanoveni rozsahu nadoru a definitivniho GS)
je totiZ treba vySetrit celou prostatu, tzn. preparat z oteviené prostatektomie,

coZ je technicky a organizacné narocné.

Zavér
V nasem souboru jsme neprokazali vztah mezi biologickym chovanim
KP (tedy jeho prognézou) a infekCnim onemocnénim urogenitilniho traktu

v anamnéze pacientd.
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13. Zavér

Cilem této disertani prace bylo prispét k objasnéni vztahu mezi
prodélanou infekci urogenitilniho traktu a pozdé€jsSim vznikem KP. Zahrnuje 4
publikované prace, které se touto problematikou zabyvaji.

V publikaci ¢. 1 jsme podali uceleny prehled dosavadnich vysledki
védeckovyzkumné cCinnosti na tomto poli. Formou systematického
piehledového c¢lanku jsme kriticky zhodnotili 74 relevantmich ptivodnich praci.
Z rozboru plnych textd publikaci vyplynulo, Ze naprostd vétSina dosud
shromazdénych dat nepodporuje hypotézu o etiologické roli zkoumanych
infekcnich cinitel v patogenezi KP. K ojedinéle se vyskytujicim pracem, které
prinasSeji zpravy o pozitivni asociaci KP s nékterou infekci, je treba
pristupovat kriticky a vyckat vicenasobného potvrzeni takovych nalezi v
pribéhu casu.

V publikaci ¢. 2 jsme na vlastnim souboru pacienti sérologickymi
metodami ovérovali hypotézu, Ze pacienti s KP maji vyssi séroprevalenci nebo
vyssi hladiny sérovych protilatek neZ muzi s BPH. To by naznacovalo tlohu
infekce v rozvoji KP. Zjistili jsme statisticky vyznamné vyssi vyskyt protilatek
proti U. urealyticum ve skupiné pacientli s karcinomem oproti kontrolni
skupiné muz s BPH. Naopak statisticky vyznamné nizsi byla prevalence
protilatek proti HPV 18 a C. trachomatis a také priimérny titr protilatek proti
CMV. Nejsme si védomi, Ze by kdokoli pred nami zkoumal vztah mezi
mykoplazmaty a KP. Data udavajici vyssi vyskyt protilatek proti U. urealyticum
u pacientt s KP jsou prvni svého druhu na svéteé.

V publikaci ¢. 3 jsme na naSem souboru pacientli zkoumali vztah mezi
HPV a rizikem vzniku KP a patrali po rezervoaru HPV v muzZském organismu.
Neprokazali jsme Zadny rozdil ve vyskytu DNA HPV v prostatické tkani
pacientii s KP versus s BPH. Nelisil se ani vyskyt sérovych protilatek proti HPV
s vyjimkou genotypu HPV 6: vyssi prevalenci jsme nalezli u pacientli s
karcinomem. NejcastéjSim mistem detekce HPV byla predkozka.

V publikaci €. 4 jsme na stejném souboru pacientii jako v publikaci ¢. 2

ovérovali moZnost, Ze by prodélana infekce urogenitilnitho traktu mohla
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ovlivnit histopatologické charakteristiky a biologické chovani jiZ vzniklého KP.
Porovnavali jsme hladinu PSA a GS nadoru u séropozitivnich versus
séronegativnich pacienti a také primeérnou vysku titri protilitek mezi
pacienty s lokalizovanymi a lokalné pokrocilymi nadory. Nezjistili jsme
vyznamné rozdily v Zddném z porovnani s vyjimkou priameérného GS, které
bylo vyssi u pacientii séropozitivnich vii¢i HPV 6 nez u pacientii bez protilatek
proti HPV 6. Z klinického hlediska vSak rozdil za vyznamny nepovaZujeme.
NaSe vysledky ziskané v tomto vyzkumném projektu potvrzuji
negativni vyznéni vétSiny dosud publikovanych praci. Originalni prinos
spoCiva v drive neaplikované metodice =zaloZené vyhradné na
histopatologickych rozborech celych prostat ziskanych otevienou operaci.
Jako prvni jsme zkoumali vztah mezi infekci mykoplazmaty a rizikem KP a
pfinesli zpravu o vys$Sim vyskytu protilatek viic¢i U. urealyticum u pacienti s
KP. I zde plati, Ze toto dosud izolované pozorovani musi potvrdit dalsi studie,

nez bude mozné z néj vyvodit jakékoli diisledky:.
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14. Souhrn

MozZnou existenci kauzalniho vztahu mezi infekénimi onemocnénimi
urogenitalniho traktu a vyssim rizikem vzniku KP se od 80. let minulého stoleti
zabyvala rada studii. Nalezeni infek¢éniho agens etiopatogeneticky spjatého
s KP by umoZnilo prevenci tohoto castého onemocnéni a cilené zaméreny
screening v exponovanych populacich.

V nasem védeckém projektu jsme hledali protilaitky proti vybranym
uropatogeniim ve skupiné pacientli s histologicky potvrzenym KP a v
kontrolni skupiné muzi s BPH. Ovérovali jsme hypotézu, Ze subjekty s KP
budou mit Castéji protilaitky proti nékterym mikrobidlnim cinitelim, coz by
hovorilo ve prospéch teorii o pricinné souvislosti KP s predchozi expozici
infek¢nimu agens. V pripadé HPV jsme také provedli tkanové analyzy ve snaze
detekovat DNA viru v prostatické tkani.

Jako prvni v celosvétovém meéritku jsme hledali moZny vztah mezi KP a
infekci M. hominis a U. urealyticum a nalezli vyznamné vysSi prevalenci
protilatek proti U. urealyticum u pacientii s KP. Zatim také nikdo nezkoumal,
zda prodélana infekce miize ménit biologické vlastnosti jiz vzniklého KP. Nase
subanalyza k takovému zavéru nedospéla. Dalsi ziskana data potvrzuji vétSinu
dosud publikovanych vysledki, které nesvéd¢i o kauzalni roli infekce pri
vzniku KP.

Originalni prinos prace spociva v dosud nepouZzité metodice zaloZené
na exakinim histopatologickém rozboru preparatii vyhradné z otevienych
prostatektomii, coZz ndm umoznilo jednoznacné zatazeni subjektli mezi
pripady, nebo kontroly.

Kauzalni vztah mezi KP a infekci urogenitilniho traktu v anamnéze
jsme v nasem souboru pacientii nepotvrdili. Otizka z{istiva nicméné oteviena,

stejné jako celd problematika etiopatogeneze KP, a jisté bude predmétem

dalSiho badani.
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15. Summary

A number of studies have addressed the role of genitourinary infections
in prostate cancer (PC) pathogenesis since 1980’s. Identification of an
infectious agent responsible for prostatic carcinogenesis would make it
possible to screen for and prevent the disease in exposed populations.

In our project, we investigated the prevalence of antibodies to selected
genitourinary pathogens in patients with histopathological evidence of PC and
in men with benign prostatic hyperplasia. We were testing the hypothesis that
PC patients would be more likely to harbor antibodies than controls. This
would favor the infectious theory of PC initiation. In case of human
papillomavirus (HPV), tissue analyses were performed aimed at the detection
of HPV DNA in prostatic tissue samples.

To our knowledge, we were the first to look for a potential association
between PC and Mycoplasma hominis/Ureaplasma urealyticum infection. Men
with PC were more likely to have U. urealyticum antibodies. We analyzed the
subset of PC patients to find whether infection may change PC biological
behavior, with a null result. Other data obtained in our study support the
negative findings from the majority of previously published studies.

Besides the abovementioned results, an original contribution of this
work lies in the methodology used. Open prostate surgery specimens only
were used for exact histopathological assessment which allowed for a definite
allocation of a subject either to PC or control group.

A link between genitourinary infections and the risk of developing PC
was not identified in our patient sample. However, the question remains
unresolved as well as the whole issue of PC etiopathogenesis. Further

research in the field is therefore warranted.
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Abstract

Background: The potential role of genitourinary infection in the etiology of prostate cancer (CaP) has been extensively investigated for
30 years. Two basic approaches have been used: tissue-based methods (polymerase chain reaction, immunohistochemistry, and in situ
hybridization) and serologic assays (enzyme-linked immunosorbent assay, immunofluorescence, etc.). The objective of this review was to
answer the question of whether infection of the male genitourinary tract may have a role in the etiology of CaP.

Materials and methods: We have carried out a systematic review of the evidence that was published in the MEDLINE/PubMed
database until December 2011. The search terms included “prostate cancer,” “infection,” and the explicit names of the various infectious
agents. Additional studies were identified using a reference search. A total of 74 papers were included in the review, which cover the
following infectious agents: human papillomavirus, cytomegalovirus, herpes simplex virus, Epstein-Barr virus, human herpesvirus, BK
virus, JC virus, chlamydia, mycoplasma, ureaplasma, trichomonas, neisseria, treponema, Propionibacterium acnes, xenotropic murine
leukemia virus-related virus and Candida albicans.

Results: Despite the variable study designs and methodological approaches that were used, most of the pathogens that were studied were
unlikely to be directly involved in prostate carcinogenesis.

Conclusions: The role of infection in the etiology of CaP has yet to be determined despite 30 years of research efforts. A discovery of
an infectious agent that is associated with CaP would be of great medical importance; however, such a link would have to be firmly
established before impacting on patient care. © 2012 Elsevier Inc. All rights reserved.

Keywords: Prostate cancer; Infection; Etiology; Sexually transmitted diseases; Serology

1. Introduction Small foci of CaP are harbored by the prostates in 80%
of men over 80 years old [3] and many die from other
causes without knowing they suffer from CaP. Clinically
significant CaP generally affects men in their sixties but is
probably initiated years or decades earlier; therefore, it is
difficult to establish the primary insult that triggers prostate
carcinogenesis. Causative factors have been found in other
genitourinary malignancies, which can be targeted (e.g.,
smoking in cases of bladder cancer or the human papillo-

Prostate cancer (CaP) is one of the most common ma-
lignancies in the Western world. In the USA, a total of
240,890 new cases were estimated to occur in 2011 (29% of
all new cancer cases in men except for basal and squamous
cell skin carcinomas) and 32,720 men were expected to die
from CaP (11% of all cancer-related deaths) [1]. In 2008, the
number of new cases in the 27 countries of the European
Union was 338,730 (25% of all new cancers) and the number

of deaths reached 70,820 (10% of deaths from cancer) [2]. mavirus in cases of cervical cancer). However, the principal
risk factors in CaP are not modifiable: being African-Amer-

o o ican or having CaP in the family history [4]. After the

" This work was funded by the Internal Grant Agency of the Ministry initiation of prostatic specific antigen (PSA) screening in the
of Health of the Czech Republic, grant Number NS9984 o . .

* Corresponding author. Tel.: +420267162609; fax: +42026172999. early 1990s, CaP incidence has drastically increased along

E-mail address: heracekj@seznam.cz (J. Heracek). with a shift to earlier stages among newly diagnosed cases
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[4]. Even if CaP is successfully managed, which is the usual
outcome in localized disease, treatment may be accompa-
nied by functional consequences (erectile dysfunction, in-
continence, etc.) and impair the patient’s quality of life. In
addition, there are limited therapeutic options available for
advanced CaP, and metastatic disease remains incurable.
Finally, the management of CaP within a large population of
elderly men imposes an economic burden on health care
systems, particularly in the gradually aging Western popu-
lations. Finding a potentially modifiable (or preventable)
risk factor in CaP, such as infection of the genitourinary
tract, would be of great medical importance.

It has been suggested that CaP is associated with inflam-
mation, the source of which may be prostatic infection and
other mechanisms. Patients with a history of prostatitis were
more likely to develop CaP according to a meta-analysis
from 2002 [odds ratios (OR) 1.6; confidence interval (CI)
1.0-2.4] [5]. Nevertheless, a large population-based case-
control study did not repeat this finding [6]. In summary, the
roles inflammation and proliferative inflammatory atrophy
have in the development of prostatic intra-epithelial neopla-
sia (PIN) and subsequent CaP is not yet clear. Further
elaboration on this issue goes beyond the scope of this
article but 2 excellent reviews are available [7,8].

We have conducted a systematic review of the literature
from 1980 through December 2011 to summarize the cur-
rent data of the potential relationship between CaP and
genitourinary infections. This article discusses the potential
link between several infections and CaP, and it presents the
published evidence for each pathogen.

2. Materials and methods

To retrieve publications relevant for this review, we
searched the Medline/PubMed database using a broad spec-
trum query “CaP AND infection” as of December 31, 2011.
We limited the original number of 1,509 entries by includ-
ing studies on humans written in English. We obtained
1,126 results, including 152 review articles. The selection
was further reduced by excluding papers on CaP or infec-
tious disease therapy, which resulted in 476 publications.
Relevant studies were selected based on abstract review
(Fig. 1). Study eligibility criteria were serologic case-con-
trol studies that evaluated antibodies and tissue-based stud-
ies that investigated the presence of various microorganisms
in CaP tissue with or without a control group of healthy
subjects or patients with benign disease. Case reports, case
series, and studies based on self-reported medical histories
were excluded to focus on evidence-based publications
only. To ensure that no pertinent papers were omitted, we
reran the search using the syntax “CaP AND xxx NOT ther-
apy” where xxx was replaced with the following terms: HPV,
human papillomavirus, CMV, cytomegalovirus, HSV, herpes
simplex virus, EBV, Epstein-Barr virus, HHV-8, human her-
pesvirus, BKV, BK virus, JCV, JC virus, chlamydia, Myco-

prostate cancer
AND infection
1,509 entries

search limits:
| studies on HUMANS
written in ENGLISH

1,126 entries
including
152 review articles

exclusion of publications
concerned with infectious
diseases or cancer therapy

prostate cancer AND
infection NOT therapy
476 entries

- 6 papers from before 1980
1 - 3 duplicate publications
- 384 papers not eligible

8 articles identified

by refer;:nce " (case reports, reviews,
searches methodology papers etc.)
- 17 articles about XMRV
Y

74 full-text articles
meeting criteria for
inclusion

Fig. 1. Flow-diagram representing the selection of publications relevant for
the review.

plasma, Ureaplasma, Trichomonas, trichomonosis, Neisseria,
gonorrhea, Treponema, syphilis, P. acnes, Propionibacterium,
XMRYV, and xenotropic murine leukemia virus-related virus.
When a relevant article was referenced, its content was
verified and the article was included in the review if appro-
priate.

The following information was extracted from all the
papers reviewed by author team members: author of the
study; year of publication; scope of infectious agents inves-
tigated; number of cases (and controls if applicable) and the
proportion of study subjects with a positive assay result;
type of assay used and its characteristics; summary mea-
sures, such as odds ratios, 95% confidence intervals, X2 test
results, etc.; and the details on tissue sample handling for
tissue-based studies. When a statistical formulation of the
results was missing, Fisher’s exact test was used to compute
the P value by one of the authors (J. Hr.) using statistical
software Statistica, ver. 8.0 (StatSoft, Inc., Tulsa, OK). When
a controversy arose over a particular problem, the paper was
studied and a consensus was reached collectively.

3. Results and discussion

The first person who suggested that CaP could be caused
by an infectious agent was Ravich in the early 1950s [9].
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Since then, a large number of studies have addressed the
potential relationship between infection and CaP. These
papers were mainly case-control studies with a retrospective
design that was based on the self-reported history of sexu-
ally transmitted diseases (STDs) and the surrogates of prior
risky sexual behavior and lifestyle practices. Before 1990,
most studies suggested a link between STDs and CaP risk,
but the marginal strength of association and other limita-
tions made these studies inconclusive [10]. Indirect evi-
dence that suggests an infectious cause of CaP has been
reported, e.g., encounters with prostitutes or less frequent
condom use. Self-reported histories of gonorrhea or syphilis
were associated with a greater CaP risk [11]. According to
a meta-analysis of the literature from 1966 to 2004 by
Taylor et al., which comprised 6,022 unique CaP patients
and 7,320 controls, a history of any STD was associated
with a slightly increased CaP risk (OR 1.6; 95% CI 1.26—
1.73)] [12]. However, a recent large prospective study by
Huang et al. did not find an association between CaP and a
specific STD, but it found a borderline association with
having had any STD vs. no STD [13]. The difficulties that
are inherent to the self-reporting of medical history include
poor recall; an unwillingness to report a stigmatized condi-
tion, such as an STD; a lack of awareness of subclinical
infections and a lack of awareness of specific diagnoses,
e.g., nongonococcal urethritis [14].

After the exclusion of 3 duplicate publications, a total of
74 selected full-text articles that were published between
1980 and 2011 on the potential role of infection in CaP
carcinogenesis were systematically reviewed (Figs. 1 and
2). No studies from the pre-1980 period that used the data
from self-reported questionnaires and patient interviews are
listed. In addition, we omitted several laboratory-based
studies from the 1970s that are summarized in Supplemen-
tary Data 1.

3.1. Human papillomavirus

HPV has been the most extensively investigated patho-
gen in studies to determine an infectious cause of CaP
because it has been established as the main etiologic factor
in cervical carcinoma and several other anogenital malig-
nancies [15]. McNicol and Dodd were the first to detect
HPV DNA in prostatic tissue using polymerase chain reac-
tion (PCR) but they did not demonstrate a significant dif-
ference between CaP patients and a group of patients with
benign prostate hyperplasia (BPH) and healthy controls
[16]. The promising yields of HPV detection and the am-
bivalent conclusion of the study encouraged other research-
ers to conduct more research. We have identified 28 tissue-
based studies from 1980 to December 2011, 21 of which are
case-control studies, whereas the remaining 7 papers only
analyzed CaP samples.

The studies were not homogenous. The diversity of the
respective study designs included the sample size (ranging
from 17 subjects to over 300); definition of controls (BPH

40

30

20 17

1981-1990 1991-2000 2001-2010

W Tissue-based O Serology

Fig. 2. Studies on prostate cancer and infection. The number of studies that
investigated the potential link between prostate cancer and infection in-
creased substantially over the past 2 decades. (Color version of figure is
available online.)

or healthy subjects); scope of HPV types detected (usually
16 and 18, often many more); detection methods (mostly
PCR); primers used (aiming at L1 or E6/E7 or other gene
sequences); sample harvesting (open surgery vs. transure-
thral and transrectal approaches); and processing and stor-
age conditions (formalin-fixed, paraffin-embedded [FFPE]
vs. frozen samples). This makes every comparison or meta-
analysis difficult. In a recent meta-analysis, higher detection
of HPV 16 DNA was observed in CaP cases in a stratified
analysis of HPV DNA-based studies only (OR 1.54; CI
1.07-2.20) after the exclusion of studies with zero detection
of HPV in both cases and controls; no association between
HPV infection and CaP was evident in the pooled OR for
HPV 16 (OR 1.09; CI1 0.97-1.23) and HPV 18 (OR 1.05; CI
0.89-1.24) [17].

Statistically significant differences between CaP patients
and a control group have been demonstrated in 4 publica-
tions. In 1 of the early studies, HPV DNA of different HPV
types was detected in the prostates of 28 out of 68 Japanese
CaP patients, whereas all the BPH controls were HPV-free.
The detection rate correlated with the disease stage and
Gleason score [18]. A group in Germany used competitive
quantitative PCR to detect HPV 16/E6 DNA sequences.
One to 2 copies of viral DNA were detected in most of the
benign and malignant frozen samples that were obtained via
radical retropubic prostatectomy (RRP). Thus, some degree
of positivity was observed in most of the samples. With a
cut-off value of 300 copies, 21% of the CaP samples were
HPV 16 positive (P = 0.02) vs. 3% of the BPH controls
[19]. A group in Argentina detected different HPV types in
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42% of CaP transrectal biopsy samples, whereas all the
BPH specimens were negative (P < 0.0001) [20]. It is
interesting to note that both studies employed surgical mi-
crodissection to maximize the number of tumor cells in the
sample. In contrast, several other trials yielded null results
using the microdissection technique [21-23]. CaP patients
from Northwestern Mexico were 4 times more likely to
harbor HPV DNA in their prostates than their BPH coun-
terparts (P = 0.027) [24]. Nevertheless, none of the remain-
ing 24 studies from other countries demonstrated any dif-
ferences in the presence of HPV DNA between CaP patients
and noncancerous controls (Table 1).

The following potential limitations of laboratory studies
that are based on the direct detection of pathogens in pros-
tatic tissue have been formulated by Sutcliffe: (1) they are
restricted to hypotheses that involve persistent prostatic
infections; therefore, if a pathogen interacts with the tissue
using a hit-and-run mechanism, it may not be detected at the
time of analysis; (2) they are usually small in size; (3) they
are prone to selection bias; (4) they do not allow for the
assessment of temporal relationships between infection and
cancer; (5) the results vary depending on the specific genetic
sequences being investigated; (6) the results may vary de-
pending on the amount and location of the tissue sampled,
including the possibility of missing a focal infection; and (7)
specimens may be contaminated during collection and pro-
cessing [14]. For specific drawbacks of the PCR methodol-
ogy in the detection of HPV, see Supplementary Data 2.

Thirteen studies have evaluated serum antibodies against
different HPV types to determine whether there was a dif-
ference in the presence of specific antibodies between CaP
patients and CaP-free controls. Anti-HPV 33 seropositivity
was marginally associated with a higher CaP risk (OR 1.6;
CI 1.0-2.7) in 1 study [25]. In another study, patients with
CaP were more likely to harbor antibodies to HPV 18,
which is associated with cervical adenocarcinoma (relative
risk (RR) 2.6; CI 1.17-5.75) [26]. This finding was in
contrast to a similarly sized study in which HPV 18 sero-
positivity was associated with a lower CaP risk (OR 0.23;
CI0.09-0.61) [27]. Although the study by Dillner et al. has
a stronger nested design with subject matching, there were
11 seroepidemiologic studies that did not find any correla-
tion between HPV infection and CaP risk (Table 2). A
serologic study that investigated the possible impact of HPV
infection on CaP biological behavior and prognosis failed to
demonstrate any influence by the virus (and several other
genitourinary pathogens) [28].

Serologic testing has the following limitations: (1) anti-
body cross-reactivity; (2) waning antibody levels over time
and poorly documented “antibody lifetime” for certain
pathogens; and (3) difficulties in establishing a temporal
relationship between infection and cancer [14]. One specific
drawback of large epidemiologic studies of CaP is (4) the
definition of the control group. The latent existence of
clinically unapparent lesions is an inherent characteristic of
CaP. If controls are only defined as “cancer-free” or “CaP-

free,” men with subclinical undiagnosed lesions may be
included in the control group, which would shift the statis-
tics towards the null. Fortunately, recent large nested studies
have minimized this possibility using regular digital rectal
examination and prostate-specific antigen testing of the sub-
jects [29].

3.2. Herpesviruses

3.2.1. Cytomegalovirus

Among the known herpesviruses, several viruses have
been investigated for potential involvement in CaP carcino-
genesis. Human CMV is a sexually transmitted agent that
persistently infects 60%—90% of the US population [30].
CMYV has multiple oncogenic properties in vitro: it enhances
mutagenesis, cell cycle progression, angiogenesis and cell
invasion [31]. In contrast to other herpesviruses (Epstein-
Barr virus [EBV], human herpesvirus 8 [HHV-8]), CMV
has not been associated with any human malignancy. A total
of 7 tissue-based and 2 serologic studies have focused on a
possible link between CMV and CaP risk. Of the 7 papers,
4 studies allowed a comparison between CaP and nonma-
lignant tissue samples. None of the studies demonstrated a
positive association between CMV and CaP risk, detecting
40% vs. 23% [32], 0% vs. 0% [33,34] and 0% vs. 8% [24]
in CaP and control samples, respectively. Samanta investi-
gated the presence of CMV in 20 CaP patients and 5
controls with PIN using immunohistochemistry (IHC) and
in situ hybridization (ISH). CMV detection was 100% using
either method or both [31]. Because PIN is a precursor
lesion of CaP [7], patients with this condition cannot be
considered true controls. In the remaining 2 studies, no
control group was used and no CMV gene sequences were
detected in CaP tissue specimens using PCR [35,36]. A
large nested seroepidemiological study [13] and a smaller
hospital-based case-control study [27] found no differences
in the CMV seroprevalence rates between CaP patients and
controls; however, men with BPH had slightly higher CMV
serum antibody levels (P = 0.0004) in the latter study. In
conclusion, the use of different laboratory methods resulted
in a low detection of CMV in CaP tissue (22 out of 478
individual patients) and the serologic findings do not sup-
port the potential involvement of CMV in CaP pathogene-
sis.

3.2.2. Herpes simplex virus

Herpes simplex virus 1 (HSV-1) causes orolabial infec-
tions and is usually acquired via nonsexual routes. HSV-2 is
typically associated with anogenital infections and sexual
transmission. Occasionally, both virus types can cause both
kinds of infection. Two-thirds of the US population is in-
fected with HSV-1, and 20% of individuals harbor antibod-
ies against HSV-2 [37]. The interest of researchers in HSV
peaked in the late 1970s and early 1980s when the virus was
mistakenly associated with cervical cancer pathogenesis. In
a small hospital-based study, Baker, et al found a signifi-



Table 1

Tissue-based studies of the possible association between prostate cancer and infection from 1980 to 2011

Author Year  Pathogen examined No. of CaP % positive No. of controls % positive Statistics Method: target sequence or Bp Sample fixation Source?
cases PCR primer
McNicol [76] 1991  HPV 16, 18 27 52% HPV16, 4% 56 BPH 63% HPV16, 5% chi® NS PCR: HPV16 E6 126 Frozen —70°C TURP, open surgery
HPVI18 HPV18
5 normal 20% HPV16 PCR: HPVI18 E6 160
Masood [77] 1991  HPV 6, 11, 16, 18, 31, 20 0% 20 BPH 0% NS NR - FFPE TURP, nedle biopsy
33,35
Anwar [18] 1992 HPV 16, 18, 33 68 41% total: 16% HPV16, 10 BPH and normal 0% Fisher! p= NR - FFPE TURP, autopsy
25% HPV18, 7% samples 0.0115
HPV33
Effert [78] 1992 HPV 16, 18 30 0% 0 NA NA PCR: HPV16 E6 99 FFPE Open surgery
PCR: HPV18 E6 88
Serfling [79] 1992 HPV 6, 11, 16, 18, 33 30 total 0% 0 NA NA PCR: HPVI16 L1 451 Frozen —80°C Surgery
PCR: HPVI8 L1 454
Rotola [80] 1992 HPV 6/11, 16 8 75% HPV 16, 50% 17 BPH 82% HPV16, 65%  Fisher test NS PCR: HPV6/11 E6 120 Frozen —70°C NR
HPV6/11 HPV6/11 PCR: HPV16 E6 ORF 323
Ibrahim [81] 1992 HPV 6, 11, 16, 18, 31, 17 18% HPV16 12 BPH 0% NS p = 0.343 PCR: L1 450 FFPE Open surgery, TURP,
33, 35, 39, 45 17 normal 12% HPV16 biopsy
23 13% HPV16 Frozen, gelatin
embedded
—70°C
Dodd [82] 1993  HPV 16 7 43% 10 BPH 50% Fisher test NS PCR: HPV 16 E7 321 Fresh Open surgery
PCR: HPV 16 E6 204
Sarkar [83] 1993 HPV 6b/11, 16, 18 23 13% HPV16 0 NA NA PCR: HPV 6b/11 E6-E7 157 FFPE Open surgery
PCR: HPV 16 E6-E7 98
PCR: HPV 18 E6-E7 80
Tu [84] 1994 HPV 16, 18 43 prostates 2% HPV16 1 normal 0% NA PCR: L1 450 FFPE Open surgery
17 lymph 5% HPV18 frozen —80°C
Moyret-Lalle 1995  HPV 16, 18 17 53% HPV16 22 BPH 32% HPV16 NS PCR: HPV16 E6 HI6L1, NR Frozen Open surgery
[85] HI6R3
PCR: HPV18 E6 HI8LI, NR
HI8R4
Suzuki [86] 1996  HPV 6, 11, 16, 18, 31, 51 prostates 16% HPV16 51 non-cancerous tissues 0% NA PCR: L1 consensus primer NR Frozen —80°C Open surgery, autopsy
33,42, 52,58 22 soft tissue 0% including prostate
Wideroff [87] 1996  HPV 6, 11, 16, 18,31, 56 13% 42 BPH 10% chi® NS; OR 1.66, PCR: L1 450 FFPE Open surgery, biopsy
33,45 CI 0.33-8.37 PCR: E6 240-250 (cancer); TURP
(controls)
Anderson [88] 1997 HPV 16 14 0% HPV16, 71% E1 10 BPH 0% HPV16, 50% NS PCR: E1 general HPV primer 400 Frozen —70°C TURP
El PCR: HPV 16 E2 NR
PCR: HPV16 E6 353 bp
Noda [89] 1998  HPV 16, 18, 31, 33, 38 0% 71 BPH 4% HPV 16 chi®> NS PCR: E7 238 FFPE Open surgery (cancer);
35,52, 58 TURP, open
surgery (BPH)
Strickler [90] 1998 HPV 11, 16, 18, 51,56 63 0% 61 BPH 0% NS PCR: MY09/MY11 450 Frozen —80°C TURP, open surgery,
PCR: GP5+/GP6+ 150 biopsy
PCR-WD66, 67, 154/WD 72, 240
76 of E6
Saad [91] 1999  HPV 16, 18, 31 40 0% 0 NA NA PCR: MY09/MY11 450 Fresh Open surgery
Serth [19] 1999  HPV 16 47 21% 37 BPH 3% Fisher p = 0.02 PCR: HPV16 E6 95 Frozen —80°C Open surgery
Zambrano [23] 2002 HPV 16, 18, 33, 58 8 50% any HPV 11 noncancerous 36% Fisher' NS PCR: MY09/MY11 450 Frozen —70°C Open surgery
PCR: GP5+/GP6+ 150
Leskinen [35] 2003  HPV 16, 18, 31, 33, 20 0% 0 NA NA PCR: MY09/MY 11 450 Frozen —70°C Open surgery
35, 39, 45, 51, 52,
54, 56, 58
Carozzi [92] 2004 HPV 6, 11, 16, 18,31, 26 65% 25 BPH 48% chi® NS PCR: MY09/MY11 450 10% formalin Biopsy
33, 35, 45, 52, 58 PCR: Pu IM 450 solution
PCR: Pu 2R 233-268
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Table 1
Continued
Author Year  Pathogen examined No. of CaP % positive No. of controls % positive Statistics Method: target sequence or Bp Sample fixation Source?
cases PCR primer
Leiros [20] 2005 HPV 6, 11, 16, 18 41 42% 30 BPH 0% Fisher test p < PCR: type-specific L1 and ES NR FFPE Biopsy
0.0001 primers for HPV 6, 11,
16, 18
PCR: MY09/MY11 450
Bergh [34] 2006 HPV 171 0% 181 BPH 0% NS NR - FFPE TURP
Balis [93] 2007 HPV 11, 16, 18, 33 42 5% 0 NA NA PCR: GP5+/GP6+ 150 FFPE and frozen Surgery
Sfanos [36] 2007 HPV 200 0% 0 NA NA PCR: GP5+/GP6+ 146 Frozen —80°C Open surgery
Gazzaz [94] 2008 HPV 6, 11, 16, 18, 31, 6 0% 50 BPH 0% NS chemiluminiscent detection of ~ NR Frozen —20°C TURP, biopsy
33, 35, 39, 42, 43, viral DNA by Hybrid
44, 45, 51, 52, 56, Capture 2
58,59
Silvestre [95] 2009  HPV 6, 11, 16, 18, 26, 65 3% HPV16, HPV84 6 BPH 0% NS PCR: PGMY09/11 450 NR Open surgery (cancer);
31, 33, 35, 39, 40, TURP (BPH)
42, 45,51, 52, 54,
55,58, 59, 61, 62,
64, 66-73, 81, 82,
83, 84, 1839,
CP6108
Martinez-Fierro 2010 HPV 16, 18, 33, 44, 55 20% HPV different 75 CaP-free tissue 5% p = 0.027; OR PCR: MY09/MY 11 450 NR TURP, biopsy
[24] 45, 52, 58, 66, 68, types 398, CI1.17-  PCR: GP5+/GP6+ 150
81, 83, CP6108 13.56
Aghakhani [96] 2011  HPV 6, 11, 16, 18 104 13% 104 BPH 8% NS PCR: MY09/MY11 450 FFPE Open surgery, TURP
PCR: GP5+/GP6+ 150
Boldogh [32] 1983 CMV 10 40% 22 BPH and normal 23% Fisher' NS ISH and IF: viral nucleic - Fresh and frozen Surgery
prostates acids and proteins
Eizuru [33] 1983 CMV 5 0% 12 BPH and normal 0% NS ISH: viral RNA - Frozen NR
prostates
Leskinen [35] 2003 CMV 20 0% 0 - NA PCR: major immediate early NR frozen —70°C Open surgery
gene
Samanta [31] 2003  CMV 17 100% 5 PIN 100% NS IH(%: mAb IEI, pp65; ISH: - FFPE NR
21 bp CMV early gene
RNA
Bergh [34] 2007  HSV 171 0% 181 BPH 0% NS nested PCR NR FFPE TURP
Sfanos [36] 2007 CMV 200 0.5% 0 - NA PCR: pp65 188 Frozen —80°C Open surgery
Martinez-Fierro 2010  CMV 55 0% 75 BPH 8% Fisher' p = PCR: UL3 gene 420/188 NR TURP, biopsy
[24] 0.0386*
Baker [97] 1981 HSV 2 50 8% 159 BPH 4% Fisher! NS Indirect IF - Fresh frozen TURP
=70°C
Boldogh [32] 1983 HSV 2 10 20% 22 BPH and ISH and 5% Fisher' NS ISH and IF: viral nucleic - Fresh and frozen Surgery
normal prostates acids and proteins
Eizuru [33] 1983  HSV 5 0% 12 BPH and normal 0% NS ISH: viral RNA - Frozen NR
prostates
Haid [98] 1984  HSV 2 27 26% 33 BPH 24% chi® NS IF - FFPE Surgery, autopsy
Leskinen [35] 2003 HSV 1,2 20 0% 0 - NA PCR: glycoprotein D gene NR Frozen —70°C Open surgery
Bergh [34] 2007 HSV 1,2 171 0% 181 BPH 0% NS nested PCR NR FFPE TURP
Monini [41] 1996 HHV 8 8 25% 8 BPH 63% Fisher! NS Nested PCR: KS1, KS2 NR NR Biopsy
Tasaka [99] 1997 HHV 8 32 0% 20 BPH 0% NS nested PCR 160 FFPE and frozen NR
Lebbé [100] 1997  HHV 8 6 0% 16 BPH + normal 0% NS nested PCR: ORF 26 gene 233 NR NR
Rubin [42] 1998 HHV 8 45 0% 0 - NA PCR: thymidin kinase, and NR Frozen Open surgery
major capsid protein
regions
Grinstein [48] 2002 EBV 19 37% 10 normal 0% Fisher' NS IHC: mAb 2B4 to EBNA-1 - FFPE NR
Bergh [34] 2007 EBV 159 9% 159 BPH 9% NS Nested PCR NR FFPE TURP
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Author Year  Pathogen examined No. of CaP % positive No. of controls % positive Statistics Method: target sequence or Bp Sample fixation Source?
cases PCR primer
Sfanos [36] 2007 EBV 200 8% 0 - NA PCR: EBER 106 Frozen —80°C Open surgery
Monini [51] 1995  BKV 7 57% 19 BPH 58% Fisher! NS PCR: BKV TAg gene, 181 NR Surgery
primers BKRRLTI,
BKRRLT4 + nested PCR:
BKNCR2b, BKRRLTS]
Zambrano (23] 2002  BKV 8 25% 11 normal 9% Fisher! NS PCR: BKYV large-T antigen 353 Frozen Open surgery
sequences
Das [52] 2004 BKV 21 43-71% 0 - NA PCR: early region; PCR: 577/452; 379  FFPE Open surgery
BKRRLT1 and
BKRRLT6; ISH:
digoxigenin labeled probe
BKV2; IHC: mAb
PAb416 anti-TAg
Balis [93] 2007 BKV 42 19% 0 - NA PCR: VPI1 gene; IF: mAb 95 FFPE and fresh Surgery
antiTAg frozen
Bergh [34] 2007 BKV 171 0% 181 BPH 0% NS nested PCR 192/114 FFPE TURP
Lau [101] 2007  BKV 30 7% 30 normal 13% Fisher! NS ISH: mAb PAb416 to TAg; - FFPE Open surgery
THC: DIG-labeled 45 bp
probe to early region
Sfanos [36] 2007  BKV 200 0.5% 0 - NA PCR 577 Frozen —80°C Open surgery
Das [53] 2008  BKV 14 79% 15 normal 27% Fisher p = 0.007 ISH: DIG-labeled probe 45 - FFPE Open surgery, autopsy
b,
28 46% 29 normal 14% Fisher p = 0.008 IHC:pmAb PADb416 anti-TAg - FFPE Open surgery, autopsy
Russo [54] 2008 BKV 26 77 % by THC 85% by 12 BPH 0% by THC 0% by  Fisher' p = IHC: mAb PAb416 anti-TAg;  NR FFPE and fresh Open surgery (CaP)
qPCR qPCR 0.0001 qPCR: large TAg gene controls NR
sequences
Martinez-Fierro 2010  BKV 55 0% 75 BPH 0% Fisher! NS PCR: BKV TAg 355 NR TURP, biopsy
[24]
Akgiil [103] 2011 BKV 85 1% 0 - NA quantitative PCR NR FFPE Open surgery
Monini [102] 1996 ICV 7 0% 19 BPH 21% Fisher' NS PCR: JCV TAg and 178 NR Surgery
regulatory region
sequences
Zambrano (23] 2002 JCV 8 38% 11 normal 36% NS PCR: JCV large-T antigen 189 Frozen Open surgery
sequences; ISH: TAg
Balis [93] 2007 JCV 42 0% 0 - NA PCR: VP1 gene 95 FFPE and frozen Surgery
Bergh [34] 2007 JCV 159 2% 159 BPH 4% Fisher! NS nested PCR 259/167 FFPE TURP
Martinez-Fierro 2010 JCV 55 0% 75 BPH 0% Fisher! NS PCR: JCV TAg 189 NR TURP, biopsy
[24]
Sfanos [36] 2007  C. trachomatis 200 0.5% 0 - NA PCR: MOMP 144 Frozen —80°C Open surgery
Sfanos [36] 2007  T. vaginalis 200 0% 0 - NA PCR: BTUB9 112 Frozen —80°C Open surgery
Barykova [64] 2011 M. hominis 58 25% 27 healthy prostates 0% chi? p = 0.0073 PCR: 16S RNA; RNA qRT- NR Fresh and frozen Biopsy
PCR: 16S RNA
Alexeyev [66] 2006  P. acnes 159 8% 159 BPH 4% Fisher! NS PCR: 16S RNA 310 FFPE TURP
Sfanos [36] 2007  P. acnes 200 4% 0 - NA PCR 587 Frozen —80°C Open surgery
Fassi Fehri [68] 2011  P. acnes 59 78% 29 BPH and normal 10% Fisher' p< ISTF - NR Laparoscopic radical
0.0001 prostatectomy
Bergh [34] 2007  C. albicans 115 0% 115 BPH 2% Fisher! NS nested PCR 82 FFPE TURP

HPV = human papillomavirus; CMV = cytomegalovirus; HSV = herpes simplex virus; HHV = human herpesvirus; EBV = Epstein-Barr virus, BKV = BK virus; JCV = JC virus; CaP = prostate cancer;
BPH = benign prostatic hyperplasia; PCR = polymerase chain reaction; ISH = in situ hybridization; IHC = immunohistochemistry;= mAb monoclonal antibody; IF = immunofluorescence; ISIF = in situ
immunofluorescence; FFPE = formalin-fixed, paraffin-embedded; Bp = base pairs (length of PCR product); TURP = transurethral resection of the prostate; NA = not applicable; NS = not significant; NR =
not reported.

!Statistics (Fisher’s exact test) were computed by J. Hr. using Statistica, ver. 8.0 (StatSoft, Inc., Tulsa, OK).

“Biopsies were usually performed via the transrectal approach. Where “surgery” is left unspecified, it was not possible to imply from the text whether an open or endoscopic procedure had been used. “Open
surgery” stands for either radical retropubic prostatectomy or open simple prostatectomy.

* Inverse association.
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Table 2
Serologic studies of the possible association between prostate cancer and infection from 1980 to 2011
Author Year  Pathogen studied No. of subjects % No. of CaP- % RR/OR/ 95% CI Evidence of  Study type!  Method
with CaP positive free controls positive  HR association
Dillner [26] 1998  HPV 16 165 4.0 290 2.0 RR 2.4 0.75-7.58 no n, m, p ELISA
HPV 18 165 10.0 290 4.0 RR 2.6 1.17-5.75 yes ELISA
HPV 33 164 4.0 289 6.0 RR 0.7 0.26-1.66 no ELISA
Strickler [90] 1998  HPV 16 63 1.6 144 4.9 NR NR no h, (m) ELISA
Hayes [11] 2000  HPV 16 276 6.9 295 5.1 OR 1.4 0.7-2.8 no p ELISA
Hisada [104] 2000 HPV 16 48 42.0 63 30.0 OR 2.7 0.9-7.9 no n, m, p ELISA
Adami [25] 2003  HPV 16 238 13.0 210 15.0 OR 0.7 04-1.3 no p.m ELISA
HPV 18 238 12.0 210 12.0 OR 0.9 0.5-1.9 no ELISA
HPV 33 238 29.0 210 23.0 OR 1.6 1.0-2.7 yes ELISA
Rosenblatt [105] 2003  HPV 16 642 9.2 570 8.8 OR 1.06  0.71-1.57 no p. m ELISA
HPV 18 642 34 570 25 OR 1.36  0.69-2.69 no ELISA
Korodi [106] 2005  HPV 16 799 6.0 2596 6.0 OR 0.9 0.64-1.26 no n, m, p ELISA
HPV 18 799 3.0 2595 4.0 OR 0.79  0.49-1.26 no ELISA
HPV 33 800 9.0 2596 7.0 OR 0.99  0.72-1.38 no ELISA
Sitas [107] 2007  HPV 16 205 68.0 673 58.0 OR 1.33 0.86-2.07 no h, m ELISA
Sutcliffe [108] 2007  HPV 16 691 75 691 8.8 OR 0.83 0.57-1.23 no n, m, p ELISA
HPV 18 691 6.1 691 58 OR 1.04  0.66-1.64 no ELISA
HPV 33 691 72 691 6.4 OR 1.14  0.76-1.72 no ELISA
Huang® [13] 2008  HPV 16 765 10.1 915 10.6 OR 0.9 0.7-1.3 no n, m, p ELISA
103 485 367 475 OR 1.0 0.7-1.6 no ELISA
HPV 18 765 9.4 915 8.1 OR 1.2 0.8-1.7 no n, m, p ELISA
103 41.8 367 432 OR 0.9 0.6-1.5 no ELISA
Dennis [39] 2009  HPV 16/18 267 18.7 267 16.9 OR 1.13 0.73-1.75 no n, m ELISA
Sutcliffe [109] 2010  HPV 16 616 14.5 616 13.7 OR 1.07 0.77-1.48 no n, m, p ELISA
HPV 18 616 33 616 3.7 OR 0.87 0.47-1.63 no ELISA
HPV 31 616 12.3 616 10.8 OR 1.15 0.8-1.64 no ELISA
Hrbacek [27] 2011 HPV 6 329 24.1 105 20.8 OR 1.21 0.71-2.12 no h ELISA
HPV 11 329 12.5 105 14.9 OR 0.82  0.44-1.60 no ELISA
HPV 16 329 5.0 105 9.9 OR 0.48 0.21-1.13 no ELISA
HPV 18 329 25 105 9.9 OR 0.23 0.09-0.61 yes* ELISA
HPV 31 329 59 105 7.9 OR0.73  0.32-1.83 no ELISA
HPV 33 329 22 105 5.0 OR 0.43  0.13-1.48 no ELISA
Mandel® [110] 1987 CMV 250 NR 226 NR OR 1.33 0.56-3.16 no h, m NR
240 NR OR 1.14  041-3.15 no NR
Huang® [13] 2008 CMV 765 70.3 915 68.4 OR 1.1 0.9-1.3 no n, m, p ELISA
103 87.4 367 89.4 OR 0.9 0.4-1.7 no ELISA
Hrbacek [27] 2011 CMV 329 80.2 105 86.7 OR 0.62  0.32-1.14 no h ELISA
Baker [38] 1981 HSV 2 50 68.0 159 51.0 NR NR p<<0.05 h Indirect hemagglutination
inhibition test
Mandel® [110] 1987  HSV 2 250 NR 226 NR OR 0.27 0.08-0.98 yes* h, m NR
240 NR OR 046  0.18-1.21 no
Korodi [106] 2005  HSV 2 163 72 288 75 OR 0.93 0.44-1.96 no n, m, p ELISA
Huang® [13] 2008 HSV 2 765 9.2 915 9.7 OR 0.9 0.7-1.3 no n, m, p Enzymatic immunodot
assay
103 53.4 367 49.1 OR 1.3 0.8-2.0 no
Dennis [39] 2009  HSV 2 267 28.5 267 20.6 OR 1.6 1.05-2.44 yes n, m ELISA
Hrbacek [27] 2011 HSV 1 329 95.1 105 94.3 OR 1.19  0.42-2.97 no h ELISA
HSV 2 329 12.8 105 133 OR 095  0.51-1.88 no ELISA
Sitas [107] 1999  HHV 8 202 33.0 309 20.0 NR NR no p indirect IF
Hoffman® [46] 2004 HHV 8 100 20.0 177 5.1 OR 4.67 1.91-11.65 yes h indirect IF + ELISA
138 39.9 140 229 OR 2.24 1.29-3.90 yes p. m Indirect IF + ELISA
Korodi [106] 2005 HHV 8 163 3.7 288 49 OR 0.74  0.23-2.12 no n, m, p ELISA
Jenkinsd [111] 2007 HHV 8 10 20.0 34 235 OR 0.81 0.17-4.21 no h ELISA, IF
41 7.3 98 19.4 OR 033 0.10-1.11 no h
199 2.5 155 3.9 OR 0.64  0.20-2.02 no p
Sutcliffe [108] 2007 HHV 8 691 13.5 691 18.0 OR 0.70  0.52-0.95 yes*® n, m, p IF
Huang® [13] 2008 HHV 8 765 13.5 915 113 OR 1.3 0.9-1.7 no n, m, p ELISA
103 1.9 367 6.0 OR 0.3 0.1-1.4 no
McDonald [112] 2011 HHV 8 96 17.7 415 11.1 HR 0.88 0.46-1.69 no p Indirect IF
Mandel® [110] 1987 EBV 250 NR 226 NR OR 0.50 0.13-2.00 no h, m NR
NR 240 NR OR 0.86  0.29-2.55 no
Gonziles [49] 2006  HSV 1, HSV 2, VZV, 66 NR 66 NR NR NR no h, m ELISA
EBV, CMV, HHV 6
Newton [55] 2005  BKV 31 94.0 45 91.0 OR 0.9 0.6-1.2 no n, m, p ELISA
Dillner [26] 1998 C. trachomatis 165 10.9 290 10.7 RR 1.04 0.54-2.00 no n, m, p Microimmunofluorescence
Antilla [57] 2005  C. trachomatis 738 75 2271 10.5 OR 0.69  0.51-0.94 yes* p. m Microimmunofluorescence
Sutcliffe [108] 2007  C. trachomatis 691 4.0 691 3.5 OR 1.13 0.65-1.96 no n, m, p ELISA
Huang® [13] 2008  C. trachomatis 765 11.2 915 9.7 OR 1.2 0.9-1.6 no n, m ELISA
103 359 367 35.7 OR 1.1 0.7-1.7 no
Dennis [39] 2009 C. trachomatis 267 14.6 267 11.6 OR 1.35 0.79-2.31 no n, m Microimmunofluorescence
Hrbacek [27] 2011 C. trachomatis 329 55 105 11.4 OR 045  0.21-0.99 yes* h ELISA
Sutcliffe [60] 2006  T. vaginalis 691 12.6 691 9.4 OR 1.43 1.00-2.03 no n, m, p ELISA
Sutcliffe [29] 2009  T. vaginalis 616 21.5 616 24.8 OR 0.83 0.63-1.09 no n, m, p ELISA
Stark [113] 2009  T. vaginalis 673 24.5 673 21.4 OR 1.23 0.94-1.61 no n, m, p ELISA
Hrbacek [27] 2011 M. hominis 329 18.2 105 143 OR 1.34  0.74-2.55 no h Indirect IF
Hrbacek [27] 2011 U. urealyticum 329 19.5 105 10.5 OR 2.06 1.08-4.28 yes h Indirect IF
Barykova [64] 2011 M. hominis 37 44.8 52 19.0 NR NR p=0.03 h ELISA
Urbanek [63] 2011 M. hyorhinis 105 52.0 114 36.0 NR NR p=0.014 h, m Indirect ELISA
Hayes [11] 2000  T. pallidum 276 N/A 295 N/A OR 1.8 1.0-3.5 yes P Microhemagglutination

assay (MHA-TP)
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Table 2
Continued
Author Year  Pathogen studied No. of subjects % No. of CaP-free % RR/OR 95% CI Evidence of  Study type!  Method
with CaP positive  controls positive association
Hrbacek [27] 2011 T. pallidum 329 0.3 105 0.0 NA NA no h ELISA
Hrbacek [27] 2011 N. gonorrhoeae 329 6.1 105 5.7 OR 1.07  0.44-2.99 no Complement fixation test
Severi [69] 2010  P. acnes 809 50.3 584 56.8 OR 0.73  0.58-0.91 yes* n, m, p ELISA

HPV = human papillomavirus; CMV = cytomegalovirus; HSV = herpes simplex virus; HHV = human herpesvirus; EBV = Epstein-Barr virus; VZV =
varicella-zoster virus; BKV = BK virus; CaP = prostate cancer; BPH = benign prostatic hyperplasia; RR = relative risk; OR = odds ratio; HR = hazard
ratio; CI = 95% confidence interval; ELISA = enzyme-linked immunosorbent assay; IF = immunofluorescence; NA = not applicable; NR = not reported.

* Inverse association.

! Case-control study specification: p-population based, h-hospital based, n-nested, and m-matched.

“ Black patients listed separately in the original paper.

® Two types of controls were used in the original study: hospital controls and neighborhood controls.
¢ Two patient cohorts were investigated: one from the USA and one from Tobago.
9 Three differently assembled cohorts were assessed by 3 different laboratory assays (only the K8.1 ELISA results are shown here): no result reached

statistical significance.

cantly higher HSV-2 seroprevalence (68% vs. 51%, P <
0.05) in CaP patients than in men with BPH. However, the
prevalence of HSV-2 in tissue as detected by indirect im-
munofluorescence was much lower: 8% and 4.4% in CaP
cases and controls, respectively [38]. Two small-sized in
situ hybridization studies from 1983 yielded contradictory
results [32,33] and a recent study in Finland failed to detect
any HSV-1 or -2 sequences using PCR on frozen CaP
samples [35]. No HSV gene sequences were detected by
Bergh in 352 CaP and BPH patient samples using nested
PCR [34]. In a study conducted among USA military per-
sonnel, HSV-2 seropositivity was associated with a moder-
ately increased CaP risk (OR 1.6; CI 1.05-2.44) [39]. Three
other seroepidemiological studies failed to demonstrate any
association between HSV infection and CaP [13,27,40].

3.2.3. Human herpes virus type 8

The long-established association between HHV-8 and
Kaposi’s sarcoma and the detection of HHV-8 in prostate
tissue by Monini [41] prompted other groups to investigate
the potential role of HHV-8 in prostate carcinogenesis.
However, studies on healthy individuals failed to detect
HHV-8 in both cancerous and benign prostate samples (Ta-
ble 2); assay sensitivity could have caused the disparity
[42]. Conversely, HHV-8 was detected in the noncancerous
prostates of 5 men with Kaposi’s sarcoma, all of whom were
seropositive for HHV-8 [43]. This finding was not an iso-
lated observation [44]. Infected infiltrating lymphocytes
may have accounted for the PCR-positive signal in the
prostate tissue [45]. A middle-sized serologic study sug-
gested that HHV-8 seropositivity was associated with a
higher CaP risk (P = 0.003 for a Trinidad and Tobago
cohort and P < 0.0001 for a US cohort), but the results in
the U.S. cohort lost statistical significance when patients
with various cancers were used as controls instead of
healthy blood donors, which is a highly selected group that
does not represent the general population [46]. All the other
research groups failed to detect a positive association. In
a large study by Sutcliffe, subjects with CaP were even

less likely to have HHV-8 antibodies (OR 0.7; CI 0.52—
0.95) [47].

3.2.4. Epstein-Barr virus

Grinstein was the first to detect EBV, the etiologic agent
of Burkitt’s lymphoma and lymphoepithelioma-like carci-
nomas, in CaP cells using IHC [48]. Significantly smaller
detection rates were reported by Sfanos [36] and Bergh who
did not find a difference between BPH patients and those
who developed CaP in a retrospective study [34]. No sig-
nificant differences in antibody levels to various herpesvi-
ruses, including EBV, were observed in a hospital-based
case-control study of 66-CaP patients and matched controls
with other cancers and cardiovascular diseases [49].

3.3. Polyomaviruses

The oncological potential of the human polyomaviruses
BK (BKV) and JC (JCV) is still debatable. Most of the
infected individuals acquire the virus in early childhood.
Primary infection is usually unapparent. During viremia, the
virus spreads into various organs, and the urinary tract is the
principal site of latency. Reactivation may occur upon im-
munosuppression, which leads to hemorrhagic cystitis
(BKV) or rare progressive multifocal leukoencephalopathy
(JCV) [23]. In animal cell models, the viruses exhibit on-
cogenic properties via the large T antigen (TAg) which can
bind and block the p53 and pRb tumor suppressor proteins
[50]. Because of the long-term latency, genitourinary tro-
pism and potential oncogenicity that are associated with
these viruses, several papers have investigated their possible
link to CaP. Monini et al. detected the presence of BKV in
approximately 60% of cancerous and healthy prostates [51],
whereas Das and Russo found similar detection rates in CaP
cases but a significantly lower prevalence in controls [52—
54]. Interestingly, BKV TAg expression was detected in
PIA lesions but not in the normal epithelium [52,53]. The
only serologic study of BKV in CaP patients that was
published to date did not find a difference in BKV sero-
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prevalence between CaP patients and their matched con-
trols [55].

3.4. Chlamydia trachomatis

Genital Chlamydia trachomatis (C. trachomatis) infec-
tions belong to the most common STDs. Up to 50% of
infected men do not experience any symptoms; however,
the bacteria is capable of eliciting and maintaining chronic
inflammation and persistent infection [56]. Interestingly,
serologic investigations failed to demonstrate an association
between chlamydial seropositivity and CaP risk. In addition,
2 studies, including a large population-based study with
more than 3,000 subjects, concluded that men with CaP
were less likely to have circulating chlamydial antibodies
(OR 0.69; CI 0.51-0.94) [57]. One tissue-oriented study
detected the chlamydial major outer membrane protein
(MOMP) gene sequence in 1 out of 200 subjects with CaP
[36]. Corradi et al. assessed the presence of C. trachomatis
in 64 BPH samples and reported a 14% prevalence rate [58].
No CaP subjects were included in the analysis; therefore,
comparisons were not possible.

3.5. Trichomonas vaginalis

Another STD whose significance should not be underes-
timated is the protozoan infection caused by Trichomonas
vaginalis (T. vaginalis). A total of 174 million new cases
occur each year worldwide (compared with 92 million
caused by C. trachomatis), such as urethritis, epididymitis,
and prostatitis in men, which manifest as vaginal discharge
in women [59]. Out of 4 studies that addressed trichomono-
sis and CaP, only 1 study demonstrated a greater CaP risk in
seropositive men than in controls (OR 1.43; CI 1.00-2.03)
[60]. No subsequent studies confirmed the finding and a 0%
detection rate of Trichomonas was found in 200 frozen
radical prostatectomy specimens using PCR [36].

3.6. Mycoplasma and ureaplasma

Although mycoplasma does not belong to the “classical”
STDs, these bacteria have become an object of increased
scientific interest over the last few years. The mycoplasma
p37 protein has been demonstrated to increase the invasive
potential of the CaP cell lines CaP-3 and DU-145 in a
dose-dependent manner, whereas treatment with monoclo-
nal antibodies against p37 neutralized the effect [61]. The
BPH-1 benign prostate cell line underwent karyotypical
changes that led to a malignant transformation upon infec-
tion by M. hyorhinis and M. genitalium [62]. Inoculation of
infected cells in male nude mice initiated tumor growth
[62]. Only recently, 3 hospital-based serologic case-control
studies have explored the relationship between mycoplasma
and CaP risk. Antibodies against the M. hyorhinis p37
protein and Ureaplasma urealyticum were found to be as-
sociated with a higher CaP risk [27,63]. Barykova et al.

detected mycoplasma 16S rRNA in 25% and 55% of CaP
patients using PCR and quantitative real-time PCR (qRT-
PCR), respectively, whereas all the controls were devoid of
mycoplasma according to both methods. The difference in
the mycoplasma antibody seroprevalence between 37-CaP
cases and 52 BPH controls was statistically significant (P =
0.03). Moreover, the mycoplasma DNA concentration in the
samples using qRT-PCR increased in the sequence BPH —
high-grade PIN — CaP, and the correlation between serol-
ogy and the PCR results was 75% [64]. Whether these
findings were due to chance or reflect a real association
between mycoplasma infections and (not necessarily malig-
nant) prostate disease needs to be clarified, including the
possible synergistic effect of low virulence viruses and
mycoplasma that has been proposed by some authors [62].

3.7. Other bacterial microorganisms

The prostate has been reported to harbor a wide variety
of microorganisms as evidenced by the presence of bacterial
16S rDNA (ribosomal) [23,65]. The failure to subsequently
identify specific infectious agents or the presence of rare
microorganisms can be explained by clinical or laboratory
contamination of samples or by residual DNA from phago-
cytized bacteria in macrophages [36]. Alexeyev detected
16S rDNA sequences in 27% of prostatic tissue specimens
using PCR, and most of the sequences belonged to Propi-
onibacterium acnes. P. acnes prevalence was not signifi-
cantly different in patients who developed CaP compared
with BPH controls in this retrospective study (OR 2.17; CI
0.77-6.95) [66]. The intracellular location of the bacteria
suggested infection rather than prostatic ducts colonization
[67]. Sfanos reported a similar low P. acnes detection rate in
CaP samples (4% in 200 individuals) [36]. A higher P.
acnes detection rate was reported in CaP tissue samples than
in normal and BPH specimens in a recent study in Germany
[68]. The authors did not report the total number of patients,
which makes the assessment of the clinical significance of
the findings difficult. In an in vitro study, P. acnes infection
of the RWPEI1 benign prostate cell line led to the overex-
pression of genes that regulated cellular growth and prolif-
eration, which included genes involved in cancer [68]. In
the only serologic study to date on P. acnes infection and
CaP risk, men without CaP were more likely to be P.
acnes-seropositive than CaP patients. The authors specu-
lated on a protective antitumor effect of the increased cell-
mediated (Th-1) immunity that was induced by P. acnes
infection [69].

3.8. Xenotropic murine leukemia virus-related virus

In 2006, a novel y-retrovirus was described in CaP tissue
samples mainly from patients that were homozygous for a
reduced-activity variant (R462Q) of the ribonuclease L gene
[70]. RNaseL is a nuclease involved in innate immunity that
controls viral pathogens. Upon its activation via the 2-5 A
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Table 3
Studies on xenotropic murine leukemia virus-related virus
Author Year CaP % positive Controls % positive Method
cases
Urisman [70] 2006 86 10,5 0 0 PCR
Sfanos [36] 2007 200 0 0 0 PCR
Fischer [114] 2008 105 1 70 1.4 PCR
Hohn [115] 2009 589 0 5 0 PCR/ELISA
Schlaberg [116] 2009 233 6.2 101 2 PCR
23 4 IHC
Aloia [117] 2010 596 0 452 0 IHC
161 0 0 0 PCR
Arnold [118] 2010 40 27.5 0 0 serology
Danielson [119] 2010 144 22 0 0 PCR
Martinez-Fierro [24] 2010 55 0 75 0 PCR
Akgiil [103] 2011 85 0 0 0 PCR
Arredondo [120] 2011 69 1.4 246 0 serology
Furuta [121] 2011 67 3.0 500 1.5 immunoblot
Sakuma [122] 2011 110 4.5 40 2.5 IHC
159 0 201 0 ELISA
Sabunciyan*® [123] 2011 200 NR 200 NR ELISA
Stieler [124] 2011 92 0 7 0 cultivation of blood cells + PCR
100 0 50 2 tissue microarray
20 0 0 0 IHC
Switzer [125] 2011 162 1.9 0 0 PCR
0 0 serology
Verhaegh [126] 2011 74 4 0 0 PCR

CaP = prostate cancer, PCR = polymerase chain reaction, ELISA = enzyme-linked immunosorbent assay, IHC = immunohistochemistry, NR = not

reported.
* Results were not statistically significant.

pathway, the enzyme cleaves viral RNA, which limits its
propagation before the development of a full immune re-
sponse [71]. Mapping of the hereditary CaP gene (HPC) to
the RNaseL. gene (RNaseL) led to the speculation that
RNaseL mutations could be implicated in sporadic CaP,
which was confirmed in some reports and disputed in others
[72]. Further DNA hybridization microarray studies that
included various conserved viral DNA sequences identified
a novel retrovirus and linked its effects to the R462Q allele
of RNaseL [70].

The virus was called the xenotropic murine leukemia
virus-related virus (XMRV) and subsequently detected by
some researchers, whereas other groups failed to find the
virus in CaP samples. According to the most recent publi-
cations, laboratory contamination [73] may be responsible
for the controversial results of the studies that have been
avidly published over the past 5 years. With the exception of
HPV, no other pathogen that has been covered in this review
gained such popularity (by number of publications over a
period). Whether XMRYV is a genuine human pathogen
remains unresolved. Until the controversy settles [74], we
prefer to briefly summarize the relevant studies in Table 3.

3.9. Limitations of the present review

Spurious relationships caused by confounding factors
favor positive results in the research. Whether the authors of

the original papers listed in this review accounted for con-
founding factors is not significant because the conclusion of
this review found generally no links between infection and
CaP risk. Acquisition of infection at a younger age could
have a different impact on CaP risk than at 50 years of age.
Serology is usually not able to determine the time when a
pathogen infected its host and the effect of infection on
carcinogenesis could be different if a time-dependence ex-
isted.

In addition, several sources of bias [5] that may have
distorted this review need to be considered. Recall bias (i.e.,
patients may have remembered more about previous expo-
sures than controls) and interviewer bias (interviewers may
have asked questions in a nonobjective way that affected the
outcome of the interview) were avoided by the inclusion of
publications that were only based on laboratory assays that
documented previous exposure. Detection bias (i.e., men
who were previously treated for an STD may have received
more urologic care, which could have led to an overdiag-
nosis of CaP in this patient subpopulation) that may have
been present in several studies could not be eliminated in
the review. However, if such a bias existed, it would have
strengthened the association between CaP and genitourinary
infection. We have made every effort to find all the relevant
publications. If publication bias existed (we cannot rule out
the possibility of a study having a negative result that was
not published or a study that was published in a minor or
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non-English language journal), it would again favor a pos-
itive association between CaP and infection. In contrast, it
seems unlikely that a well-designed and reasonably sized
study that supported the association between CaP and in-
fection would not have been published or was not indexed
in a leading medical research public database, such as
MEDLINE. Therefore, none of these biases should make
the conclusions of this review questionable.

4. Conclusions

The search to determine an infectious cause of CaP has
lasted over 30 years. Both serologic and tissue-based studies
have been done. After performing a critical appraisal of the
published evidence, we conclude that the association be-
tween CaP and infections caused by most pathogens that
have been studied to date is not supported.

HPYV has been the most extensively investigated patho-
gen, and its direct involvement in CaP carcinogenesis was
not observed. Research that has been conducted on other
infectious agents discussed in this review, whether viral
(herpesviruses, polyomaviruses) or bacterial in nature (Ch.
trachomatis, T. vaginalis, mycoplasma, ureaplasma, and
others), has produced mostly negative results. The case of
xenotropic murine leukemia virus-related virus (XMRYV),
which is the most recently investigated pathogen, illustrates
that the scientific journey is a place for both surprise and
disappointment.

Further research in the field of CaP and infections may
bring new insights into the matter, especially if novel lab-
oratory techniques are used. Nonetheless, regarding the
promising results of many previous studies, caution and
skepticism are warranted. A discovery of an infectious agent
that is directly associated with CaP could have significant
therapeutic implications; however, the disease may repre-
sent 80% of human malignancies that have a noninfectious
etiology [75].

Supplementary data

Supplementary data associated with this article can be
found in the online version, at doi:10.1016/j.u-
rolonc.2012.01.013.
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Abstract

Background: Infection plays a role in the pathogenesis of many human malignancies. Whether prostate cancer
(PCa) - an important health issue in the aging male population in the Western world - belongs to these conditions
has been a matter of research since the 1970 s. Persistent serum antibodies are a proof of present or past
infection. The aim of this study was to compare serum antibodies against genitourinary infectious agents between
PCa patients and controls with benign prostate hyperplasia (BPH). We hypothesized that elevated serum antibody
levels or higher seroprevalence in PCa patients would suggest an association of genitourinary infection in patient
history and elevated PCa risk.

Methods: A total of 434 males who had undergone open prostate surgery in a single institution were included in
the study: 329 PCa patients and 105 controls with BPH. The subjects’ serum samples were analysed by means of
enzyme-linked immunosorbent assay, complement fixation test and indirect immunofluorescence for the presence
of antibodies against common genitourinary infectious agents: human papillomavirus (HPV) 6, 11, 16, 18, 31 and
33, herpes simplex virus (HSV) 1 and 2, human cytomegalovirus (CMV), Chlamydia trachomatis, Mycoplasma
hominis, Ureaplasma urealyticum, Neisseria gonorrhoeae and Treponema pallidum. Antibody seroprevalence and
mean serum antibody levels were compared between cases and controls. Tumour grade and stage were correlated
with serological findings.

Results: PCa patients were more likely to harbour antibodies against Ureaplasma urealyticum (odds ratio (OR) 2.06;
95% confidence interval (Cl) 1.08-4.28). Men with BPH were more often seropositive for HPV 18 and Chlamydia
trachomatis (OR 0.23; 95% Cl 0.09-0.61 and OR 045; 95% Cl 0.21-0.99, respectively) and had higher mean serum
CMV antibody levels than PCa patients (p = 0.0004). Among PCa patients, antibodies against HPV 6 were
associated with a higher Gleason score (p = 0.0305).

Conclusions: Antibody seropositivity against the analyzed pathogens with the exception of Ureaplasma does not
seem to be a risk factor for PCa pathogenesis. The presence or higher levels of serum antibodies against the
genitourinary pathogens studied were not consistently associated with PCa. Serostatus was not a predictor of
disease stage in the studied population.

Background

Prostate cancer (PCa) is one of the most important
health issues in the aging male population, especially in
the industrialized Western world. In the EU in 2006, it
accounted for approximately 20% of all noncutaneous
cancers [1]. In the United States, 217.730 new cases
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were estimated to occur in 2010 (28% of all new cancer
cases in men except for basal and squamous cell skin
carcinomas) and 32.050 men were expected to die from
PCa (11% of all cancer-related deaths) [2].

Research on the etiology of human cancer has found
evidence for 15-20% of them being caused by an infec-
tious agent. Whether PCa or at least a subgroup of PCa
cases are associated with infection has been a matter of
debate since the 1970 s. With the widespread use of
sophisticated serological assays and molecular biology

© 2011 Hrbacek et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.


mailto:heracekj@seznam.cz
http://creativecommons.org/licenses/by/2.0

Hrbacek et al. BMC Cancer 2011, 11:53
http://www.biomedcentral.com/1471-2407/11/53

methods for the detection of infectious agents in tissue,
several studies have been published in the past two dec-
ades giving a better insight into the matter. Many of
them have focused on a single pathogen only [3-9].

We have conducted an epidemiological study of sev-
eral most common genitourinary pathogens among PCa
and benign prostate hyperplasia (BPH) patients. The
aim of the study was to elucidate whether the preva-
lence of antibody seropositivity and/or antibody levels
differ between these two groups of patients. We
hypothesized that elevated serum antibody levels or
higher seroprevalence in PCa patients would suggest an
association of genitourinary infection in patient history
and elevated PCa risk.

Methods

Study population

This is a hospital-based case-control study. The study
population consisted of a total of 434 Caucasian males
who had been treated with open prostate surgery in the
Department of Urology of the 3™ Faculty of Medicine,
Charles University in Prague in the period 2004-2010.
The institution is a public hospital with a non-selective
admission policy based on a defined catchment area.
Patients underwent open radical retropubic prostatect-
omy (RRP) modified by Reiner and Walsh [10,11] for
clinically localized PCa or simple transvesical prostatect-
omy (SP) as described by Fuller and Culp [12,13] for
BPH. No transurethral resection of the prostate (TURP)
or needle-biopsy specimens were used in the study as
both methods only deliver so little tissue that small foci
of PCa can be missed. In 5 cases, percutaneous cysto-
lithotripsy was performed along with SP. All patients
were free of urinary tract infection symptoms and had a
negative urine culture at the time of surgery. Those with
untreatable bacteriuria (eg. for bladder stones and/or an
indwelling catheter) were treated with antibiotics in the
perioperative period.

Study population characteristics are summarized in
Table 1. See patient flow diagram (Figure 1) for recruit-
ment and pre-enrolment phase details.

A written informed consent, approved by the Internal
Grant Agency of the Ministry of Health of the Czech
Republic and by the Ethical Committee of the 3"
Faculty of Medicine, Charles University in Prague (an
IRB-like body which also approved the study), was
obtained from all patients.

Tissue sample handling

Immediately after removal from the anatomical location,
the specimens were referred to the Department of
Pathology for examination: radical prostatectomy speci-
mens were processed according to the scheme described
by Montironi [14]: the external surface of the prostate
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Table 1 The study population characteristics

Patient group

PCa BPH
Total number of patients 329 patients 105 patients
Mean age (years) 64 (39-81) 72 (54-87)
<60 76 (23.1%) 7 (6.7%)
60-69 191 (58.1%) 33 (31.4%)
70-79 61 (18.5%) 43 (41.0%)
>79 1 (0.3%) 22 (21.0%)
Mean PSA (ng/mL) 9.0 (0.8-354) 7.5 (0.9-39.0)
0-4.0 37 (11.5%) 25 (33.8%)
4.1-100 176 (54.8%) 35 (47.3%)
10.1-20.0 94 (29.3%) 9 (12.2%)
>20.0 14 (4.4%) 5 (6.7%)

Overall demographic and clinical characteristics of the studied population.
PCa prostate cancer, BPH benign prostate hyperplasia, PSA prostate specific
antigen.

was painted with ink to indicate surgical margins, semi-
nal vesicles were amputated and embedded. Then the
apical and bladder neck margins were removed and sec-
tioned parallel to the urethra and submitted for the
examination of margins. The rest of the prostate was
sliced at 5 mm intervals perpendicularly to the urethra
and examined. Tissue specimens obtained from transve-
sical prostatectomy were sectioned in 5 mm slices and
representative sections from each lobe (a minimum of

Total eligible patients:
498

44 Refusal by surgeon: 35 ‘
44 Refusal by patient: 13 ‘

Unavailability of serum
sample: 15

A,

Total recruited: 435

319 RRP \ ] 116 SP

1 excluded: no l 11 incidental PCa findings (pTX) l

cancer tissue |[€¢——
found (pTO)

329 PCa \ ] 105 BPH

Figure 1 Patient flow diagram. A scheme of the patient
recruitment process. RRP radical retropubic prostatectomy, SP
simple transvesical prostatectomy, PCa prostate cancer, BPH benign
prostate hyperplasia.
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three sections from each lobe, or one section per 10 g of
tissue) were examined [15]. Tissue specimens were rou-
tinely fixed with 4% buffered formalin and embedded in
paraffin. Microscopic slides were stained with hematoxy-
lin and eosin and evaluated by optical microscopy.
A single pathologist experienced in urogenital pathology
performed microscopic evaluation of the slides. The
morphological parameters were recorded as follows: his-
tological type of cancer, if present (based on WHO clas-
sification [16]); Gleason score (GS) with primary,
secondary and tertiary, if appropriate, grades (according
to 2005 ISUP Consensus Conference [17]); pathological
stage [18]; evaluation of tumour extension, local inva-
sion into periprostatic tissue or seminal vesicles, peri-
neural spread, venous and/or lymphatic vessel invasion
and surgical margin status [19]. PCa was present in 329
surgical specimens, 105 were classified as BPH without
any malignant structures. Table 2 summarizes GS and
staging information for the PCa group. Fasting periph-
eral venous blood samples were drawn between 6 and
8 a.m. on the day of surgery and centrifuged at 2000
rpm for 20 minutes. The aliquots were kept frozen at
-80°C until analysis.

Laboratory analyses

The presence of antibodies to Chlamydia trachomatis
(C. trachomatis), herpes simplex virus (HSV) 1 and 2,
human cytomegalovirus (CMV), Neisseria gonorrhoeae
(N. gonorrhoeae), Treponema pallidum (T. pallidum),
Mycoplasma hominis (M. hominis) and Ureaplasma
urealyticum (U. urealyticum) were detected by means of
enzyme-linked immunoanalysis (ELISA), complement
fixation test (CFT) or indirect immunofluorescence (IF)
using commercially available, CE marked kits according
to the manufacturers’ recommendations. Table 3 gives a
detailed description of the kits. Specific antibodies to
HPV were detected by means of an in-house method

Table 2 Gleason score and tumour stage in prostate
cancer cases

Tumour grading

Median Gleason score 6
2-6 169 (51.4%)
7 124 (37.7%)
8-10 36 (10.9%)
Tumour pathological stage

<pT2a 18 (5.5%)

pT2b 5 (1.5%)
pT2c 134 (40.7%)
pT3a 98 (29.8%)
>pT3b 63 (19.1%)
pTX 11 (3.4%)
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using virus-like particles (prepared in a recombinant
baculovirus/insect cells system) as antigens [20]. Labora-
tory personnel were blinded to case/control status of the
samples.

Preparation of virus-like particles (VLPs)

Insect cells Sf9 were grown in suspension cultures in
TNM-FH insect medium (Sigma). About 4 x 10° of
cells were infected by recombinant baculovirus at MOI
10 PFU per cell. Various recombinant baculoviruses car-
ried the genetic information for L1 capsid protein of
specific HPV types. Seventy-two hours after infection,
the cells were harvested, washed with phosphate-buf-
fered saline (PBS) and stored at -20°C. Cell pellets were
resuspended in 40 ml of extraction buffer (10 mmol/l
MgCL,, 50 mmol/l CaCl,, 150 mmol/l NaCl, 0.01% Tri-
ton X-100, 20 mmol/l HEPES, pH 7.4) and sonicated
3x30 minutes on ice, the suspension was pelleted, the
pellet was resuspended in 40 ml of extraction buffer and
sonication was repeated. Cesium chloride was added to
combined supernatants to the final concentration of
30% and ultra-centrifuged for 22 hours at 45,000 rpm at
18°C. The upper band was then separated by ultra cen-
trifugation on CsCl step gradient (36%-30.5%-16%) for
4 hours at 35,000 rev/min. at 18°C. The band was
removed and subjected to SDS PAGE to determine pro-
tein concentration and Western blotting, and ELISA
with corresponding VLP-specific monoclonal antibodies
to prove the presence of the respective antigen.

Detection of HPV-specific antibodies

The presence of antibodies to the antigens derived from
HPV-specific proteins was tested using the enzyme-
linked immunosorbent assay (ELISA). VLPs mimicking
HPV types 6, 11, 16, 18, 31 and 33 were used as anti-
gens. Briefly, wells of microtiter plates (Polysorp NUNC
immunoplate, Thermo Fisher Scientific, Denmark) were
coated with 50 pl of purified VLP (2 ug/ml) in PBS at
37°C for 2 hours and at +4°C overnight. All subsequent
incubations were performed at +37°C for 1 hour.
Unbound antigen was removed, nonspecific binding
sites were blocked by incubation with 1% bovine-serum
albumin (BSA) in PBS, and the wells were incubated in
duplicate with 100 pl of human sera diluted 1:25 in
washing buffer (PBS, 0.21 mol/l NaCl, 0.1% Triton X-
100) with 1% of BSA. Following incubation, the antibo-
dies bound were detected with donkey anti-human IgG
(H and L chain), covalently linked to horseradish peroxi-
dase (Jackson ImmunoResearch Laboratories, Inc, West
Grove, PA, USA), in the same buffer (1:7,500) and the
reaction was visualized by adding 100 pl of a substrate
buffer (50 mmol/l phosphate-citrate buffer, pH 5.0) con-
taining 0.04% o-phenylenediamine and 0.006% hydrogen
peroxide. The color reaction was stopped by 100 pl of
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Table 3 Commercially available kits used for the detection of antibodies

Pathogen Method Kit Manufacturer

Cytomegalovirus ELISA ETI-CYTOK-G DiaSorin Sp.A, Saluggia, Italy

Herpes simplex virus ELISA Captia™HSV 1 IgG Trinity Biotech plc, Bray, Ireland

type 1

Herpes simplex virus ELISA HerpeSelect(R) 2 ELISA 1gG FOCUS Diagnostics, Cypress, CA, USA

type 2

Chlamydia trachomatis ~ ELISA Chlamydia Trachomatis 1gG - NovaTec Immunodiagnostica GmbH, Dietzenbach,

ELISA

Germany

Indirect immunofluorescence
test (I9G)

Mycoplasma hominis

Anti-Mycoplasma Hominis IIFT

Eurolmmun, Lubeck, Germany

Indirect immunofluorescence
test (IgG)

Ureaplasma urealyticum

Anti-Ureaplasma Urealyticum IIFT

Eurolmmun, Lubeck, Germany

Neisseria gonorrhoeae Complement fixation test

Complement fixation test
Neisseria gonorrhoeae

Serion Immunodiagnostica GmbH, Wirzburg,
Germany

Treponema pallidum ELISA

Syphilis EIA Il (TA]

Newmarket Laboratories Ltd, Kentford, UK

2 mol/l H,SO, and optical densities at 492 and 630 nm
were read with an Infinite 200 microplate reader
(TECAN, Austria). Background reactivity was deter-
mined in wells without antigen. Their absorbances were
subtracted from the corresponding values obtained in
the presence of antigen. Control sera known to be posi-
tive or negative were tested on each plate. The cut-off
(CO) level, above which the optical density values were
considered positive, was represented by a mean absor-
bance plus 2 standard deviations (SD) after eliminating
the outliers - samples with absorbances higher than the
calculated cut-off value - and the calculation was
repeated until the absorbances of all remaining samples
were lower. The means and SDs were calculated for
each antigen/plate separately. All ELISA results are
represented as a ratio between the absorbance obtained
with the tested sample and the appropriate cut-off value
(OD index), which expresses the strength of antibody
response (antibody levels). To confirm the results, all
samples within 10% above the CO value as well as
about one quarter of all serum samples were retested.
Samples with OD index values < 1.0 were considered
not reactive.

Statistical analyses

Descriptive statistics was employed to assess demo-
graphic and clinical variables in all subjects. Local stage
and tumour aggressiveness by GS were calculated in
PCa patients.

We established seropositivity rates for each individual
pathogen in cases and in controls. Percentages of seropo-
sitive individuals were compared using Fisher’s exact test.

The mean serum antibody levels represented by OD
indexes were calculated and compared between the two
groups for HPV, HSV, CMV and C. trachomatis where
ELISA allows for quantitative assessment using Wilcox-
on’s (nonparametric) test.

We were looking for a possible association between
seropositivity and PSA level, seropositivity and tumour
GS, and seropositivity and localized vs. locally advanced
disease using appropriate logistic regression models.
Throughout the paper, 5% significance level is meant
whenever we mention statistical significance. All statisti-
cal analyses were computed using statistical software “R”
http://www.r-project.org/.

This paper’s contents were developed with regard to
current recommendations on reporting of observational
studies [21].

Results

In a total of 434 study subjects, there were 329 PCa
patients (mean age 64 years) and 105 controls with BPH
(mean age 72 years). PCa had been present in 11
patients out of 116 who underwent SP. These incidental
carcinomas were included in the PCa group for case vs.
control comparisons but were excluded from analyses
where exact local staging was required (see Figure 1).
The mean PSA levels were 9.0 and 7.5 ng/mL among
subjects and controls, respectively (Table 1). Among
PCa patients, 47.7% were diagnosed with localized dis-
ease and 52.3% had locally advanced cancer. One half of
the tumours (51.4%) were low-grade lesions GS 2-6,
while one tenth (10.9%) were high-grade lesions GS 8-
10 (Table 2).

The seropositivity rates and mean serum antibody
levels are summarized in Table 4. U. urealyticum anti-
bodies were significantly more common in PCa cases
than in controls (OR 2.06; 95% CI 1.08-4.28). Conver-
sely, the seropositivity rates for HPV 18 and C. tracho-
matis were significantly higher in BPH patients than in
the PCa group using Fisher’s exact test (OR 0.23; 95%
CI 0.09-0.61 and OR 0.45; 95% CI 0.21-0.99, respec-
tively). The mean serum antibody levels for CMV were
higher in the BPH than in the PCa group using
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Table 4 Antibody seropositivity rates and mean serum antibody levels
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Seroprevalence rate

Mean serum levels OD/CO

PCa BPH OR 95% Cl PCa BPH p
HPV 6 77 (24.1%) 21 (20.8%) 1.21 0.71-2.12 2.608 3.162 0.0964
HPV 11 40 (12.5%) 15 (14.9%) 0.82 0.44-1.60 2554 2.259 0.9698
HPV 16 16 (5.0%) 10 (9.9%) 048 021-1.13 3470 3.251 0.8743
HPV 18 8 (2.5%) 10 (9.9%) 023 0.09-0.61 1.496 1.365 0.9290
HPV 31 19 (5.9%) 8 (7.9%) 0.73 0.32-1.83 2616 3.640 0.1053
HPV 33 7 (2.2%) 5 (5.0%) 043 0.13-148 2.156 3.620 0.3434
cmv 264 (80.2%) 1 (86.7%) 062 0.32-1.14 3.839 4407 0.0004
HSV 1 313 (95.1%) 99 (94.3%) 1.19 042-297 3.760 3.832 0.9649
HSV 2 42 (12.8%) 14 (13.3%) 0.95 1-1.88 5362 4859 0.8056
Chlamydia trachomatis 8 (5.5%) 12 (11.4%) 045 0.21-0.99 1.281 1.210 0.6560
Mycoplasma hominis 0 (18.2%) 15 (14.3%) 134 0.74-2.55 NA NA -
Ureaplasma urealyticum 64 (19.5%) 1 (10.5%) 2.06 1.08-4.28 NA NA -
Neisseria gonorrhoeae 20 (6.1%) 6 (5.7%) 1.07 0.44-2.99 NA NA -
Treponema pallidum 1 (0.3%) 0 (0%) NA NA NA NA -

Antibody seropositivity rates for different genitourinary pathogens in cases and controls. Only reactive serum samples (OD/CO > 1.0) were considered for the
calculation of mean serum antibody levels. PCa prostate cancer, BPH benign prostate hyperplasia, OR odds ratio, Cl confidence interval, OD/CO optical density/
cut-off, HPV human papillomavirus, CMV human cytomegalovirus, HSV herpes simplex virus, NA not applicable.

Wilcoxon’s test (4.407 vs. 3.839; p = 0.0004; see
Table 4). For other pathogens, the differences in the
seroprevalence and mean serum antibody levels were
not statistically significant (Figure 2).

We then analyzed the PCa cases alone with regard to
serostatus and disease characteristics. Patients seroposi-
tive for HPV 6 were more likely to have higher GS than
men without antibodies to HPV 6 (mean GS 6.45 vs.
6.75; p = 0.0305); other differences in GS were not
demonstrated. No statistically significant difference was
noted in the mean PSA level between the seropositive
and seronegative (for each pathogen) individuals. The
mean serum antibody levels did not differ significantly
between the patients with localised disease (<pT2c) and
locally advanced PCa (>pT3a). These observations did
not change when age was taken as an additional variable
and linear/logistic regression models were employed
(data not shown).

Discussion

Clinically insignificant foci of PCa are harboured by
prostates of 80% of men over 80 years old [22]. The
only way to examine the prostate in its entirety and to
divide the subjects into the case and control groups is
the use of open surgery derived specimens. This
approach has not been used so far. No needle biopsy or
TURP which can only deliver a small portion of pro-
static tissue allows the clinician to rule out the possibi-
lity of cancer being present in the rest of the prostate
gland. Approximately 1/10 of allegedly benign prostates
scheduled by a surgeon for SP turned out as cancerous

in our study, which is in line with the 4-20% incidental
prostate cancer rate cited in the literature [23]. Most of
the previous studies identified cases in cancer registries
while controls were defined either by absence of PCa
diagnosis [7,24-27] or as “cancer free” at the time of
analysis [6,8,28]. This approach can be misleading,
because it is the nature of the disease to evolve as sub-
clinical lesions for years or even decades and inclusion
of these patients into the control group may have biased
the results towards the null. Only few authors assessed
the controls more deeply, i.e. by histopathologic exami-
nation of prostate tissue [3-5,29,30] obtained by open
surgery, TURP or prostate biopsy. Inherently, a needle
biopsy or TURP can only confirm but by no means
exclude the diagnosis of cancer. Some researchers gath-
ered details of tumour characteristics such as GS and
staging by TNM classification [5,8,26,28-32], but in
most cases they do not report these data.

The exclusive use of radical prostatectomy-derived
specimens allowed for the assessment of seropositivity
with regard to exact local staging of the disease. This is
the first study to our knowledge to look at the issue so
closely. Had there been an association between local dis-
ease stage and serostatus, it would have been demon-
strated. However, no statistically significant differences
were noted. Similarly, no differences were found in the
mean PSA levels and mean GS between the seropositive
and seronegative PCa patients (with the exception of
HPYV 6, as mentioned above and discussed later on in
this section). The picture remained the same when age
was taken as an additional variable.
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Figure 2 Mean serum antibody levels. Boxplots comparing serum antibody level medians (thick horizontal lines) of cases and controls. Upper
and lower horizontal box lines represent the 257 and 75™ percentiles. Outliers are marked as dots. CMV human cytomegalovirus, HSV herpes
simplex virus, HPV human papillomavirus, BPH benign prostate hyperplasia, PCa prostate cancer.

Since the 1950s when Ravich and Ravich [33]
hypothesized that PCa could be caused by an infectious
agent, research studies have been conducted in order to
confirm or rule out this possibility. Taylor et al.
reviewed the literature related to sexually transmitted
diseases (STDs) and PCa from 1966 to 2004 identifying
6022 unique PCa cases and 7320 controls and con-
cluded that having had any STD was associated with an
elevated PCa risk: odds ratio (OR) of 1.48, 95% confi-
dence interval (CI) 1.26-1.73 [34]. A large recent pro-
spective study by Huang et al., however, did not find an
association of PCa with a specific STD and a borderline
association with any vs. none [26]. Whereas C. tracho-
matis, HPV 16 and 18, HSV 2, CMV and human her-
pesvirus 8 were ascertained by serology in this study, a
history of syphilis and gonorrhoea was only self-
reported.

HPV is a sexually transmitted pathogen which has
been the most extensively investigated one because of
its association with cervical and a part of other anogen-
ital neoplasms [32]. We have identified 12 epidemiologi-
cal studies related to HPV and PCa, a vast majority of
them being case-control studies putting together over
4,700 PCa cases and 7,300 controls. No more than two
of them [24,29] found an association between PCa and
HPV 18 and 33, respectively, whereas the others did not

(see Table 5 for details). In our study population, HPV
18 antibodies were more common in men with BPH
than in PCa patients. Such an inverse association has
not been reported so far.

The seropositivity rates reported in our study were
5.0% and 2.5% in PCa patients for HPV 16 and 18,
respectively, and 9.9% for both antigens in the BPH
group (Table 4). This coincides well with the estimated
10.2% HPV 16 seroprevalence in the US male popula-
tion aged 50-59 years [35].

HPYV 6 is associated with benign skin lesions of the
genitourinary tract. This genotype was demonstrated in
up to 90% of genital warts [36]. To our knowledge, no
previous study investigated the association of HPV
6/11 and PCa nor suggested the virus’ potential to
induce a more malignant phenotype of PCa cells. How-
ever, these two serotypes have been associated with
malignant transformation of recurrent respiratory
papillomatosis [37]. Our finding of a higher mean GS,
i.e. increased aggressiveness of the prostate tumour in
the presence of HPV 6 antibodies, would require
further validation.

Infection with certain herpesviruses has been asso-
ciated with several human cancers. A link has been found
between HSV 1 and oral cancer, while HSV 2 seems to
be a cofactor to HPV in the etiology of invasive cervical
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Table 5 Overview of previously published case-control serologic studies of genitourinary pathogens with regard to
prostate cancer risk

Author Year Pathogen No. of % sero- No. of controls % sero- RR/ 95% Evidence of Method
studied subjects with positive  without PCa positive OR  ClI association
PCa
Sutcliffe 2010 HPV 16 616 145 616 137 OR 0.77- no ELISA
[30] 107 148
HPV 18 616 33 616 37 OR 047- no
087 163
HPV 31 616 123 616 108 OR 08 no
115 164
Dennis 2009 HPV 16/18 267 18.7 267 169 OR 0.73- no ELISA
[27] 113 1.75
Huang [26] 2008 HPV 16 765 10.1 915 106 OR 07- no ELISA
09 13
HPV 18 765 94 915 81 OR 08- no
12 17
Sitas [9] 2007 HPV 16 205 68.0 673 580 OR 086- no ELISA
133 207
Sutcliffe 2007 HPV 16 691 75 691 88 OR 057- no ELISA
[28] 083 123
HPV 18 691 6.1 691 58 OR 066- no
1.04 164
HPV 33 691 7.2 691 64 OR 0.76- no
114 172
Korodi [8] 2005 HPV 16 799 6.0 2596 60 OR 064- no ELISA
09 126
HPV 18 799 3.0 2595 40 OR 049- no
079 1.26
HPV 33 800 9.0 2596 70 OR 0.72- no
099 138
Adami [29] 2003 HPV 16 238 13.0 210 150 OR 04- no ELISA
0.7 13
HPV 18 238 120 210 120 OR  05- no
09 19
HPV 33 238 29.0 210 230 OR 10- yes
16 2.7
Rosenblatt 2003 HPV 16 642 9.2 570 88 OR 071- no ELISA
[32] 1.06 157
HPV 18 642 34 570 25 OR 069- no
136 269
Hayes [31] 2000 HPV 16 276 6.9 295 51 OR 07- no ELISA
14 2.8
Hisada [6] 2000 HPV 16 48 420 63 300 OR 09- no ELISA
2.7 79
Dillner [23] 1998 HPV 16 165 4.0 290 20 RR 0.75- no ELISA
24 758
HPV 18 165 10.0 290 40 RR 117 yes
26 575
HPV 33 164 40 289 60 RR 026 no
07 166
Strickler [5] 1998 HPV 16 63 16 144 49 NS NS no ELISA
Dennis 2009 Ch. 267 14.6 267 116 OR 0.79- no Microimmuno-
[26] trachomatis 135 231 fluorescence
Huang [25] 2008 Ch. 765 1.2 915 97 OR 09 no ELISA
trachomatis 1.2 16
Sutcliffe 2007 Ch. 691 4.0 691 35 OR 065- no ELISA
[27] trachomatis 113 196
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Table 5 Overview of previously published case-control serologic studies of genitourinary pathogens with regard to

prostate cancer risk (Continued)

Antilla [71 2005 Ch. 738 75 2271 105 OR 051- yes* Microimmuno-
trachomatis 069 094 fluorescence
Dillner [24] 1998 Ch. 165 109 290 107 RR  054- no Microimmuno-
trachomatis 1.04 200 fluorescence
Hayes [31] 2000 T. pallidum 271 10.7 286 63 OR 10- yes Microhemagglut-ination
1.8 35 assay (MHA-TP)
Dennis 2009 HSV 2 267 285 267 206 OR 1.05- yes ELISA
[27] 16 244
Huang [26] 2008 HSV 2 765 9.2 915 97 OR 07- no enzymatic immunodot
0.9 13 assay
Korodi [25] 2005 HSV 2 163 7.2 288 75 OR 044- no ELISA
093 196
Baker [4] 1981 HSV 2 50 68.0 159 510 NS NS yes indirect
hemagglutination
inhibition test
Herbert [3] 1976 HSV 2 28 714 29 655 NS NS no microcomplement
fixation test
Huang [26] 2008 CMV 765 703 915 684 OR 09- no ELISA
1.1 13

OR odds ratio, RR relative risk, Cl confidence interval, HPV human papillomavirus, HSV herpes simplex virus, CMV human cytomegalovirus, ELISA Enzyme-linked

Immunosorbent Assay, NS not specified, * inverse association.

cancer [38]. Sexual transmission of HSV 1 and 2 leading
to infection of the genitourinary tract is a commonplace.
HSV 2 is seldom completely cleared from the body. Anti-
body levels may fluctuate over time, especially after clini-
cal relapses, but the exact dynamics is not known [27]. In
the U.S., 51.0% of persons over 12 years were seropositive
for HSV 1, 5.3% for HSV 2 and in 16.6%, antibodies spe-
cific to both virus types were present [39]. The HSV 2
prevalence is highest in some African countries, reaching
80% in persons 235 years [40].

Sexual contact is a major route of CMV transmission
in adults. Increased CMYV rates are associated with
increased history of sexually transmitted diseases. Recent
data indicate that CMV has multiple oncogenic proper-
ties: it promotes mutagenesis, angiogenesis and cell
invasion [41]. The CMYV seroprevalence increases with
age, reaching approximately 91% among persons older
than 80 years [42]. Little is known about the relation-
ship between CMV and PCa risk. The only relevant
study we have identified did not show evidence of an
association of CMV seropositivity and PCa incidence
[26]. Our data suggest that PC cases have lower anti-
body levels against CMV than BPH patients.

C. trachomatis is one of the most common bacterial
STDs worldwide. It causes urethritis, epididymitis and
prostatitis in males. In up to 50% of infected men and
70-80% of infected women, the infection is clinically
inapparent [43]. In four recent epidemiological studies
of several hundred cases and controls each [24,26-28],
no association between chlamydial antibodies and PCa
was found. One large study [7], however, shows a

significant inverse association (OR 0.69, 95% CI 0.51-
0.94) between chlamydial antibodies and PCa and so do
our data. The seroprevalence we have established is con-
cordant with the data reported previously [44].

The increased antibody prevalence and higher serum
antibody levels we are reporting do not suggest the role
of infection in PCa pathogenesis. They do indirectly
support a concept of BPH being product of immune
inflammatory processes, an idea based on a growing
amount of evidence [45]. The trigger point for an
increased and possibly self-repeating, pathological
immune response would be infection of the genitourin-
ary tract by these pathogens [46].

A study of Takeyama suggested that M. hominis can
trigger inflammation in the prostate by inducing inter-
leukin-8 secretion [47]. Chronic infection by M. genita-
lium and M. hyorhinis of human prostate cells resulted
in alteration of karyotypes (notably increased polysomy)
and malignant transformation in vitro. Inoculated in
nude mice, these cell lines initiated tumour growth [48].
We have not identified any study concerned with the
clinical association between PCa and Mycoplasma and/
or Ureaplasma. To our knowledge, we are the first to
report an increased seroprevalence of U. urealyticum
antibodies in PCa patients compared to men with BPH.

Gonorrhoea and syphilis are historically most notorious
STD’s. In a large prospective cohort study of Sutcliffe
et al.,, gonorrhoea and syphilis were self-reported in 3%
and 0.2%, respectively, and no relationship with PCa was
observed [49]. Self-report of gonorrhoea and/or syphilis
was associated with PCa (OR 1.6, 95% CI 1.2-2.1) in a
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study of Hayes et al. Of note, however, serologic evidence
of T. pallidum infection was found in 9.9% vs. 2%
reported (in the black population) and 3.2% vs. 0.1%
reported (in whites) [31]. This fact illustrates how unreli-
able questionnaire and interview-based studies can be
whether for recall bias, unwillingness to report a socially
embarrassing disease such as STD or just by ignorance, i.
e. failing to classify a condition as STD.

Our seroprevalence data for T. pallidum and
N. gonorrhoeae are comparable for PCa and BPH
patients. However, the statistical power is low due to
the small number of patients to draw any reasonable
conclusions.

Every research paper has its limitations and so does
ours. Because blood samples were drawn after the diag-
nosis of PCa, we cannot state whether contact with the
pathogen preceded or followed the evolution of cancer.
Taking BPH patients as controls brings the risk of not
coming to a meaningful conclusion if both conditions
had the same (shared) etiology. On the other hand, vir-
tually no healthy prostates exist in the age group our
patients belong to.

Conclusions

This is the first study to our knowledge to demon-
strate a higher U. urealyticum seroprevalence rate in
PCa patients when compared to BPH controls. HPV
18 and C. trachomatis seropositivity was more com-
mon and the mean CMV antibody levels were higher
in the control (BPH) group than among PCa cases.
Unlike other research groups, we used open surgery-
derived specimens exclusively for all analyses. This
allowed us 1) to minimise the likelihood of misclassi-
fying a tissue sample as benign if cancer was present
and 2) to look for a correlation of PCa and infection
in subgroups of patients depending on local disease
stage. This novel type of analysis did not demonstrate
any differences.

Disregarding inconsistencies of results of the previous
studies, this one adds to the growing body of evidence
that the presence or higher levels of serum antibodies to
most of the genitourinary pathogens studied are not
associated with an elevated PCa risk and/or a more
malignant tumour behavior. Antibody seropositivity to
these infectious agents does not emerge as a risk factor
in screening or treatment decision making. Tissue ana-
lyses focused on viral or bacterial DNA presence could
be a track to run to cast light onto possible association
between PCa and infectious agents.
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HPV has carcinogenic effects at several anatom-
ical sites in women and men. Whether the pres-
ence of HPV in the genitourinary tract of men is
associated with a higher prostate cancer risk
has been a matter of research for a long-time
and the results are still not fully conclusive.
Similarly, the question of the reservoir of HPV
infection in men is not clearly resolved. HPV
DNA presence and types were evaluated by
means of polymerase chain reaction in the
tissue of 146 patients with benign prostate hy-
perplasia and prostate cancer. HPV-specific
antibodies were analyzed by enzyme-linked im-
munosorbent assay in the sera of all patients
and 172 controls. In addition, 256 biopsies tak-
en from non-tumorous tissues were analyzed.
No statistically significant differences were ob-
served in HPV DNA prevalence between
patients with benign prostate hyperplasia (2%)
and patients with prostatic cancer (2%;
P = 1.000). The seropositivity rates did not dif-
fer significantly between groups of subjects ex-
cept for antibodies against HPV 6 VLPs which
were found more often in prostate cancer
patients (adjusted P = 0.018). Similarly, no dif-
ference in the seroprevalence rates for HPV 16
E6 and/or E7 oncoproteins between groups of
patients and healthy controls was detected. The
overall HPV prevalence in 256 healthy tissue
samples was 4%. The results indicate that HPV
infection is not associated with prostate onco-
genesis in men. However, they imply that mul-
tiple tissues of the male genitourinary tract
may be important reservoirs for the transmis-
sion of some HPV types. J. Med. Virol. 84:
1636-1645, 2012. © 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Prostate cancer is the second most frequently diag-
nosed cancer of men with more than 900,000 new
cases and about 250,000 deaths every year worldwide.
In the industrialized countries where the majority of
cases are reported, prostate cancer is one of the most
important health issues in the aging male population
[Ferlay et al., 2010].

Human papillomaviruses (HPVs) have been estab-
lished as etiological agents of invasive cervical cancer
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[zur Hausen, 1996; Walboomers et al., 1999] and cur-
rently they are the most common viral sexually trans-
mitted infection worldwide. Besides cancer of cervix
uteri, HPV has carcinogenic effect at several other
anatomical sites in women and men [Gillison and
Shah, 2003]. The highest HPV prevalence in healthy
women is seen at the age of <25 and rapidly decreases
with age [Bruni et al., 2010]. The HPV prevalence
studies in men are scarce and vary widely in the ana-
tomic sites sampled, population studied and analytical
methods used for HPV detection. A recently published
large-scale study on healthy men revealed a 50% HPV
prevalence independent of age [Giuliano et al., 2011].
HPYV is detected most frequently on the penile shaft,
followed by the glans penis/coronal sulcus and scro-
tum while in the urethra and urine, its prevalence is
lower [Giuliano et al., 2007]. On the basis of HPV
DNA PCR findings, it was suggested that the genito-
urinary tract of men, including sperm cells, might act
as reservoir for HPV persistence and infection [Rotola
et al., 1992; Lai et al., 1996; Rintala et al., 2002; Svec
et al., 2003] but its exact localization has not been
conclusively established yet [Veldhuijzen et al., 2010].
Persistent infection with high-risk (HR) HPVs is nec-
essary for the development of premalignant lesions
and/or progression of the disease [Ho et al., 1995].
Whether the presence of HPV in the genitourinary
tract is associated with a higher prostate cancer risk
has been a matter of research for the past 20 years.
Both serological and tissue-based studies were under-
taken in order to elucidate possible differences be-
tween cancer patients and controls in the presence of
HPV antibodies or HPV DNA. Concerning seroepide-
miological studies, investigating the possible relation-
ship of prostate cancer and the presence of antibodies
to different types of HPV, except for isolated findings
of Dillner et al. [1998] and Adami et al. [2003] who
revealed correlation of seropositivity with increased
prostate cancer risk, no causal link has been demon-
strated. The results of studies on the presence of HPV
DNA in prostate tissue detected by PCR and hybrid-
ization methods were inconclusive, but only few of
them claimed a statistically significant difference in
HPYV detection between patients with prostatic cancer
and controls [Anwar et al., 1992; Serth et al., 1999;
Leiros et al., 2005; Martinez-Fierro et al., 2010]. In
prostate cancer-related studies, HPV 16 and HPV 18
were the most commonly detected HPV types, which
might be due to the fact that these are looked for in
the first place. However, enlarging the pool of HPV
types to search for usually did not increase HPV de-
tection yields [Noda et al., 1998; Leskinen et al., 2003;
Gazzaz and Mosli, 2009; Silvestre et al., 2009; Marti-
nez-Fierro et al., 2010].

The objective of this study was to look for an associ-
ation between HPV infection (the presence of antibod-
ies against various HPV-derived antigens and/or the
presence of HPV DNA in tissue sections) and prostate
cancer risk. Furthermore, a common reservoir of HPV
was sought within the genitourinary tract using
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biopsies from different locations of the genitourinary
system obtained from study subjects during open sur-
gical procedures.

METHODS
Patients

The subjects enrolled in study were recruited
among patients treated in the Department of Urology,
Kralovske Vinohrady University Hospital, Prague be-
tween 2000 and 2010. A total of 146 patients who
signed an informed consent approved by the Ethical
Committee of the 3rd Faculty of Medicine, Charles
University in Prague were included in the study. In
the benign prostate hyperplasia (BPH) group (mean
age 70 years, range 51-84), 11 patients underwent
open simple prostatectomy and 84 patients were
treated by endoscopic transurethral resection of pros-
tate. Seventy percent of the patients had a prostate-
specific antigen (PSA) level below 4.0 ng/ml (mean
PSA value 3.85 ng/ml). All of 51 patients with prostat-
ic cancer (mean age 63 years, range 50—73) underwent
open radical retropubic prostatectomy. The mean PSA
level was 10.4 ng/ml and, in contrast to the group
with benign prostate hyperplasia, only one-tenth of
patients had a PSA level below 4.0 ng/ml. Two-thirds
of the lesions were organ confined while one-third of
the patients had a locally advanced disease. Eighty
percent of the tumors were low-grade lesions (Gleason
score (GS) of 7 or less) and 20% were poorly differenti-
ated tumors with a more aggressive biological behav-
ior. In addition, biopsies from several other sites of
the genitourinary tract of 74 patients were taken dur-
ing open surgery to search for the HPV reservoir.

A pathologist experienced in urogenital pathology
performed histopathological examinations. All results
were assessed according to the 7th revision of the
TNM classification, 2010 [In Edge et al., 2010a,b].

Data regarding demographics, risk factors for geni-
tourinary tumors, and risks related to HPV exposure
were assessed by a patient questionnaire. A medical
report was completed for each patient at enrolment.
Out of 146 subjects, 8 (6%) refused to fill in the
questionnaire.

Urethral Smears

The urethral smears were taken at the day of sur-
gery with sterile Cytobrush inserted into a sterile tube
with 2 ml of lysis buffer (50 mM Tris—HCl, pH 8;
5 mM EDTA, pH 8.0; 1% Tween 20), stored at +4°C for
up to 5 days before transport to the laboratory where
samples were kept at —20°C until further processed.
DNA extraction was performed with the QIAamp
DNA Blood Midi Kit (Qiagen, Hilden, Germany).
The extracted DNA was concentrated to 20 unl. HPV
DNA presence was evaluated in urethral smears of
95 patients with benign prostate hyperplasia and
51 patients with prostatic cancer. In 10% (14/146) of
urethral swabs, the amplification was unsuccessful.

J. Med. Virol. DOI 10.1002/jmv
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Tissue Specimens

Resection specimens removed in accordance with
usual surgical practice for the treatment of benign
prostatic hyperplasia and prostatic carcinoma and ex-
cisional biopsies of healthy tissue were submitted for
histological assessment. The specimens were fixed in
10% buffered formalin and cut up after 24-hr fixation
following a standard protocol. Tissue samples from the
anatomical sites specified below were routinely proc-
essed and embedded in paraffin blocks. The first and
the fourth histological sections were microscopically
reviewed to confirm the diagnosis and verify an arbi-
trary 10% minimum of neoplastic tissue per section or
the absence of pathological changes in healthy tissue.
Only the samples meeting these criteria were included
in the study. The second and the third 20 pum sections
were placed in a sterile microtube and referred for
HPV DNA detection by PCR. Control paraffin blocks
(blocks without tissue or with HPV-free tissue) were
inserted after every fifth studied block to monitor for
possible carryover contamination. The microtome
knife, other tools, and the working area were cleaned
with ethanol prior to cutting each paraffin block. DNA
extraction from paraffin blocks was carried out as
specified elsewhere [Greer et al., 1991]. Briefly, paraf-
fin sections were extracted with xylene, the tissue was
washed with absolute ethanol, and the cells were lysed
by incubation in lysis buffer (50 mM Tris—HCI, pH 8;
5 mM EDTA, pH 8.0; 1% Tween 20 and 200 mg/ml
proteinase K (Sigma, St Louis, MO)) at 55°C for 2 hr.
Proteinase K was inactivated at 95°C for 10 min. Sam-
ples were stored at —20°C. After every ninth sample,
one microtube that contained only lysis buffer was
inserted and processed simultaneously with other sam-
ples to monitor for possible carryover contamination.
Altogether, HPV DNA presence was evaluated in 210
samples of tissue from 95 patients with benign pros-
tate hyperplasia and 90 samples of 51 patients with
prostatic cancer. In addition, 256 biopsies taken from
non-tumorous tissues of 74 patients were analyzed: 27
foreskin samples, 80 prostate samples, 29 urinary
bladder samples, 77 seminal vesicle samples, 3 urethra
samples, and 40 ductus deferens samples.

Blood

Five milliliters of blood were drawn from each sub-
ject on the day of surgery. Serum was separated by
centrifugation aliquoted, and stored at —20°C.

The presence of HPV-specific antibodies was evalu-
ated in sera from 51 patients with prostatic cancer
and 95 patients with benign prostate hyperplasia. As
a control group, sera of 172 healthy male blood donors
(mean age 59 years, range 43-88 years) were
included.

HPV DNA Detection and Typing

One microliter of DNA extracted from tumor tissue
and/or urethral swabs of each sample was amplified

J. Med. Virol. DOI 10.1002/jmv
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in a thermocycler (MJ Research, Waltham, MA). After
amplification, 10 ul of the PCR product was analyzed
on a horizontal 3% agarose gel (NuSieve GTG 3:1 aga-
rose, FMC BioProducts, Rockland, ME).

At first, the amplification of a control gene was per-
formed. A 110-base pair (bp) fragment of the human
beta-globin gene was amplified with primers PC 03
(5'-ACACAACTGTGTTCACTAGC-3) and PC 04 (5'-
CAACTTCATCCACGTTCACC-3'). Thirty microliters
of the reaction mixture contained 1x concentrated re-
action buffer (Fermentas, Vilnius, Lithuania), 4.0 mM
magnesium chloride, 0.2 mM deoxynucleoside triphos-
phate (ANTPs; Fermentas), 10 nM of each primer (PC
03, PC 04; Invitrogen, Groningen, Netherlands), and
1.5 U Taqg-polymerase (Fermentas). After initial dena-
turation at 95°C for 5 min, each of the 40 cycles con-
sisted of denaturation at 95°C for 1 min, primer
annealing at 55°C for 2 min, and chain elongation at
72°C for 2 min. At the end, incubation at 72°C for
3 min was performed. Positive beta-globin amplifica-
tion proved that the sample contained a sufficient
amount of DNA and that no PCR inhibitors were
present.

HPV DNA presence and genotyping in urethral
swabs were determined using reverse line blot hybrid-
ization (RLB) [van den Brule et al., 2002]. This meth-
od permits the detection and genotyping of 37 HPV
types in a single assay. HPV amplification was per-
formed in a PTC 200 PCR thermocycler (MdJ Research,
Inc.) with GP5+ and 5'-end biotin-labeled GP6+ pri-
mers, which amplify a 150 bp fragment of the L1
gene. PCR was performed for 40 cycles. The biotiny-
lated PCR product was hybridized with HPV type-spe-
cific oligonucleotide probes labeled with an amino-
group at the 5-end and covalently linked to an acti-
vated negatively charged Biodyne C membrane. After
washing, the membrane was incubated at 42°C for
60 min with peroxidase-labeled streptavidin conju-
gate. For chemiluminescent detection of hybridizing
DNA, the membrane was incubated in ECL detection
liquid (Amersham Biosciences, Uppsala, Sweden) and
exposed to LumiFilm (Roche, Indianapolis, IN) for
5 min. Detection of HPV DNA extracted from paraffin
embedded tissue was performed by means of nested
PCR with degenerate primers MY 09 (5'-
CGTCCMARRGGAWACTGATC-3') and MY 11 (5-
GCMCAGGGWCATAAYAATGG-3') [Manos et al.,
1989], which amplify a 450-bp fragment in the L1
gene (CP-PCR L1), and nested general primers GP5+
(5-TTTGTTACTGTGGTAGATACTAC-3) and GP6+
(5'-GAAAAATAAACTGTAAATCATATTC-3') [de Roda
Husman et al., 1995], which amplify a 150-bp frag-
ment. Fifty microliters of the reaction mixture con-
tained 1x concentrated reaction buffer (Fermentas),
4 mM magnesium chloride, 0.2 mM dNTPs (Fermen-
tas), 100 nM of each of the primers (MY 09 and MY
11; Invitrogen), and 1.25 U Taq-polymerase (Fermen-
tas). After initial denaturation at 95°C for 5 min, each
of the 30 cycles consisted of denaturation at 95°C for
1 min, primer annealing at 55°C for 2 min, and chain
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elongation at 72°C for 2 min. The last cycle was fol-
lowed by incubation at 72°C for 3 min. Three micro-
liters of the PCR product of the first reaction was
taken for the PCR with nested GP5+/6+ primers. Fif-
ty microliters of the reaction mixture contained 1x
concentrated reaction buffer (Fermentas), 3 mM mag-
nesium chloride, 0.2 mM dNTPs (Fermentas), 1 mM
of each of the primers (GP5+/GP6+; Invitrogen), and
1.25 U Taqg-polymerase (Fermentas). Initial denatur-
ation at 94°C for 4 min was followed by 40 cycles.
Each of the cycles consisted of denaturation at 94°C
for 1 min, annealing at 40°C for 2 min, and chain
elongation at 72°C for 1.5 min. One cycle of chain
elongation at 72°C for 4 min was performed at the
end. Ten microliters of the PCR product was run on a
3% agarose gel (NuSieve 3:1 BMA, Rockland, ME),
stained with ethidium bromide (Sigma), and visual-
ized on the transilluminator (Ultraviolet Products,
Inc, San Gabriel, Calif). As a positive PCR control,
DNA isolated from SiHa cells was used and as a nega-
tive control, PCR mix without DNA was analyzed. As
a negative control for possible carryover contamina-
tion, PCR on DNA extracted from the paraffin blocks
with no tissue was performed.

Samples positive by nested (MY09/11, GP 5+/6+)
PCR, as well as those which did not hybridize on RLB
but revealed a clear band on an agarose gel, were
subjected to DNA nucleotide sequencing to determine
the exact HPV genotype. Forty microliters of the
PCR product were extracted from a 2% agarose gel
(NuSieve GTG agarose, BMA) with the use of the
Lego kit (Top-Bio, Prague, Czech Republic) and se-
quenced with the ABI PRISM BigDye Terminator
Primer Cycle Sequencing kit (PerkinElmer, Inc., Well-
esley, MA). The analysis was performed on the auto-
matic ABI PRISM 310 sequencing system
(PerkinElmer).

Serological Assays

The presence of IgG antibodies to antigens derived
from HPV-specific proteins was tested using enzyme-
linked immunosorbent assay (ELISA). The virus-spe-
cific antigens were L1 or L1/L2- assembled capsids
(VLPs) prepared in recombinant baculovirus/insect
cells system expressing capsid proteins of HPV types
6, 11, 16, 18, 31, and 33 and HPV16 E6 and E7 onco-
proteins overexpressed in bacteria as fusion proteins
containing glutathione-S-transferase (GST) at their
N-terminus and C-terminal undecapeptide of the
SV40 large T-antigen at their C-terminus as described
[Parker et al., 2006].

Control sera known to be positive and negative
were tested on each plate. The cut-off value was rep-
resented as the mean plus 2 standard deviations
(SDs; VLP ELISA) or 3 SDs (E6/E7 ELISA) after elim-
inating outliers; the mean and SD values were calcu-
lated for each antigen separately. Before the
calculation, the absorbance of control wells without
antigen (anti-VLP) or GST alone (anti-E6/E7) was
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subtracted. All samples that were 10% above the cut-
off value were tested twice more; those positive in all
three runs were considered positive. About 20% of
specimens selected at random were retested to con-
firm the results. The optical density (OD) of each well
was converted to the OD ratio by dividing it by the
corresponding cut-off value. An OD ratio above 1 was
defined as positive.

Statistical Analysis

The chi-square test and Fisher’s exact test were
used to compare categorical variables and the ¢-test
was used to compare mean values of continuous varia-
bles between groups. Odds ratios (ORs) with 95% con-
fidence intervals (CIs) and P values were calculated to
estimate the magnitude of association between cate-
gorical variables. For testing OR, the multiple com-
parison tests were used. Multiple logistic regression
was used to estimate the ORs of prostate cancer after
adjusting for age as continuous variables. ORs and
ClIs for variables with zero cells were generated using
the logit estimator where 0.5 is added as a correction
to the zero cells. Backward conditional stepwise and
ordinary logistic regression was used to determine the
variables that had the strongest association with case
control status. All tests were two-sided with a signifi-
cance level of o = 0.05. Statistics were generated
using the GraphPad InStat 3.00 (GraphPad Software,
San Diego, CA) and SPSS statistics v.19 (SPSS Inc.,
Chicago, IL).

RESULTS

Demographic Characteristics and
Risk Factor Assessment

A total of 146 male subjects were enrolled in the
study: 95 with benign prostate hyperplasia, and 51
with prostatic cancer (mean age 70 and 63, respective-
ly). Potential risk factors for malignancy and for HPV
infection were compared between men with benign
prostate hyperplasia and patients with prostatic can-
cer. None of the risk factors assessed in patient-com-
pleted questionnaires: smoking, age at first intercourse,
cryptorchidism, phimosis, a history of inflammatory
disease of the urogenital tract, previous treatment with
cytostatics and malignancy of the urogenital tract in
family history, achieved statistical significance
(Table I).

Prevalence of HPV DNA in Tissue Samples

HPV DNA was evaluated in 210 samples from 95
patients with benign prostate hyperplasia, and 90
samples from 51 patients with prostatic cancer. Two
of 95 (2%), and 1/51 (2%) of these patients, respective-
ly, were HPV DNA positive (Table I). The type-specific
presence of HPV in the tissue was compared with the
type of HPV present in the penile smear (see Materi-
als and Methods Section). In the tissue of one patient
with prostatic cancer, HPV 42 was detected, while

J. Med. Virol. DOI 10.1002/jmv
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TABLE 1. Demographic Characteristics and Risk Factors for Prostate Cancer
Prostate cancer
Men with benign patients versus men with

Study subjects prostate cancer (controls) benign prostate cancer

Characteristics and risk factors N =95 N =51 OR (95% CI) P-value

Tobacco
No 34 (39%) 27 (53%) 1.0 0.155
Yes 53 (61%) 24 (47%) 0.6 (0.3-1.1)

Age at first sexual intercourse
<17 years 10 (13%) 5(11%) 1.0 1.000
>17 years 69 (87%) 41 (89%) 0.8 (0.3-2.6.)

Cryptorchidism
No 79 (99%) 50 (100%) 1.0 1.000
Yes 1 (1%) 0 0.5 (0.02-13.1)

Phimosis
No 75 (94%) 48 (94%) 1.0 1.000
Yes 5 (6%) 3 (6%) 0.9 (0.2-4.1)

A history of inflammatory diseases®
No 82 (98%) 47 (92%) 1.0 0.199
Yes 2 (2%) 4 (8%) 3.5 (0.6-19.8)

Malignancy in family history®
No 74 (93%) 46 (90%) 1.0 0.750
Yes 6 (8%) 5 (10%) 1.3 (0.4-4.6)

Previous treatment with cytostatics
No 81 (99%) 49 (98%) 1.0 1.000
Yes 1 (1%) 1 (2%) 1.7 (0.1-27.1)

HPV DNA in urethral smear
Negative 59 (64%) 33 (83%) 1.0 0.040
Positive 33 (36%) 7 (18%) 0.5 (0.2-1.0)

HPV DNA in tissue sample
Negative 93 (98%) 47 (98%) 1.0 1.000
Positive 2 (2%) 1 (2%) 1.0 (0.1-11.2)

HPV 16 E6 and/or E7 antibodies
Negative 84 (88%) 50 (98%) 1.0 0.057
Positive 11 (12%) 1 (2%) 0.2 (0.02-1.2)

HPV 6/11 VLP
Negative 66 (70%) 40 (78%) 1.0 0.331
Positive 29 (31%) 11 (22%) 0.6 (0.3-1.4)

HPV 16 VLP
Negative 82 (86%) 47 (92%) 1.0 0.419
Positive 13 (14%) 4 (8%) 0.5 (0.2-1.7)

Any HR HPV VLP
Negative 67 (71%) 37 (73%) 1.0 0.850
Positive 28 (30%) 14 (28%) 0.9 (0.4-1.9)

VLP, virus-like particles; OR, odds ratio; CI, confidence interval; P, probability.

20f the urogenital tract.

HPV 39 was found in his penile smear; HPV 16 and
one unknown HPV type were present in the tissue of
two patients with benign prostatic hyperplasia, with
penile smears of these patients remaining HPV
negative.

Prevalence of HPV DNA in Urethral Smears

The amplification was unsuccessful in 10% (14/146)
of penile smears. The HPV prevalence rates were 36%

J. Med. Virol. DOI 10.1002/jmv

(33/92) in patients with benign prostate hyperplasia
and 18% (7/40) in patients with prostatic cancer
(Table I). Altogether 17 different HPV types were
detected in penile smears. The most prevalent was
HPV 16 present in 53% (21/40) of samples, followed
by HPV 56 in 13% (5/40), and HPV 18 and 35 in 8%
(3/40) of samples. In 23% (9/40) of HPV-positive sam-
ples, multiple infections were detected. The difference
in HPV DNA prevalence in urethral smears between
controls with benign prostate hyperplasia and
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TABLE II. Serological Markers of HPV Infection in Healthy Controls and Patients with Benign Prostate Hyperplasia and
Prostatic Cancer

Study subjects Controls Men with benign prostate hyperplasia Prostate cancer patients
Antibodies to N (%) N (%) Adjusted OR? (95% CI) N (%) Adjusted OR® (95% CI)
HPV 6 VLP
Negative 120 (70%) 73 (77%) 1.0 44 (86%) 1.0
Positive 52 (30%) 22 (23%) 0.63 (0.31-1.27) 7 (14%) 0.35 (0.14-0.84)
P =0.198 P =0.018
HPV 11 VLP
Negative 143 (83%) 79 (83%) 1.0 43 (84%) 1.0
Positive 29 (17%) 16 (17%) 1.23 (0.55-2.71) 8 (16%) 0.93 (0.39-2.21)
P =0.620 P =0.871
Any LR HPV VLP
Negative 113 (66%) 66 (70%) 1.0 40 (78%) 1.0
Positive 59 (34%) 29 (31%) 0.84 (0.44-1.63) 11 (22%) 0.52 (0.24-1.09)
P =0.661 P =0.083
HPV 16 VLP
Negative 156 (91%) 82 (86%) 1.0 47 (92%) 1.0
Positive 16 (9%) 13 (14%) 1.38 (0.49-3.85) 4 (8%) 0.89 (0.28-2.84)
P =0.537 P =0.842
HPV 18 VLP
Negative 159 (92%) 91 (96%) 1.0 48 (94%) 1.0
Positive 13 (8%) 4 (4%) 0.92 (0.25-3.34) 3 (6%) 0.86 (0.23-3.17)
P =10.893 P =10.816
HPV 31 VLP
Negative 152 (88%) 85 (90%) 1.0 47 (92%) 1.0
Positive 20 (12%) 10 (11%) 1.20 (0.47-3.06) 4 (8%) 0.68 (0.22-2.11)
P =0.707 P =0.681
HPV 33 VLP
Negative 160 (93%) 85 (89%) 1.0 45 (88%) 1.0
Positive 12 (7%) 10 (11%) 2.27 (0.76-6.77) 6 (12%) 1.89 (0.66-5.40)
P=0.144 P =0.238
Any HR HPV VLP
Negative 135 (78%) 67 (71%) 1.0 37 (73%) 1.0
Positive 37 (22%) 28 (30%) 1.96 (0.97-3.96) 14 (28%) 1.44 (0.69-2.97)
P =0.058 P =0.329
Any HPV VLP
Negative 91 (53%) 49 (52%) 1.0 30 (59%) 1.0
Positive 81 (47%) 46 (48%) 1.19 (0.65-2.20) 21 (41%) 0.79 (0.41-1.50)
P =0.570 P = 0.463
HPV 16 E6
Negative 164 (95%) 88 (93%) 1.0 50 (98%) 1.0
Positive 8 (5%) 7 (7%) 0.88 (0.25-3.03) 1 (2%) 0.21 (0.02-2.01)
P =10.833 P=0.177
HPV 16 E7
Negative 164 (95%) 90 (95%) 1.0 51 (100%) 1.0
Positive 8 (5%) 5 (5%) 0.78 (0.20-3.34) 0 (0%) 0.19 (0.01-3.31)
P=0.779 P =0.999
HPV 16 E6 or E7
Negative 160 (93%) 84 (88%) 1.0 50 (98%) 1.0
Positive 12 (7%) 11 (12%) 0.90 (0.32-2.53) 1 (2%) 0.16 (0.02-1.39)
P =0.895 P =0.096

VLP, virus-like particles; OR, odds ratio; CI, confidence interval; P, probability.

2Adjusted for age.

patients with prostatic cancer was statistically signifi-
cant (P = 0.0403; Table I).

Prevalence of HPV-Specific Antibodies

The prevalences of HPV-specific antibodies to six
various HPV-specific VLPs (HPV 6, 11, 16, 18, 31, and
33) were determined in normal healthy blood donors,
patients with benign prostate hyperplasia, and
patients with prostatic cancer (Table II). The seroposi-
tivity rates did not differ significantly between

healthy controls and patients with benign prostate hy-
perplasia. Neither were any consistent differences ob-
served between healthy controls and patients with
prostatic cancer, except for HPV 6 where prevalence
of antibodies was significantly lower in cases with
prostatic cancer (P = 0.018, adjusted OR = 0.35; 95%
CI = 0.14-0.84 (Table II). No differences in preva-
lence of antibodies to HPV 16 E6 and/or E7 antibodies
were found when patients with benign prostate hyper-
plasia (12%) or patients with prostatic cancer (2%)
were compared to healthy controls (Table II). The
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TABLE III. Prevalence of HPV in Healthy Tissue of Male Urogenital Tract
No. of patients No. of samples No. of HPV positive samples (%)
Foreskin 27 27 4 (14.8)?
Prostate 51 80 2 (2.5)°
Urinary bladder 15 29 0
Seminal vesicles 54 77 2 (2.6)°
Ductus deferens 27 40 2 (5.0¢
Ureter 3 3 0
Total 74 256 10 (3.9)

2HPV 16 in three samples, one sample positive for unknown type.
Two samples positive for unknown type.

°HPV 52, one sample positive for unknown type.

9HPV 16, one sample positive for unknown type.

difference in the observed prevalence of these antibod-
ies between patients with benign prostate hyperplasia
and prostatic cancer was statistically marginally sig-
nificant (P = 0.057; Table I).

HPV DNA Prevalence in Healthy Tissue of the
Male Genitourinary Tract

We screened different tissue samples obtained dur-
ing surgery for HPV DNA, looking for a possible res-
ervoir of HPV DNA in the male genitourinary tract.
The results are summarized in Table III. Altogether
256 tissue samples were analyzed. The overall HPV
prevalence was 4% (10/256). The highest HPV preva-
lence rate, 15% (4/27), was detected in the foreskin,
followed by the ductus deferens with 5% (2/40), pros-
tate with 3% (2/80) and seminal vesicles with 3% (2/
77). No HPV was detected in the healthy urinary
bladder and urethral tissue. In four samples, HPV 16
was detected. One sample was positive for HPV 52
and in five samples, an unknown HPV type was pres-
ent (see notes in Table III).

DISCUSSION

The present study adds to the accumulated amount
of evidence arguing against a direct involvement of
HPV in prostate cancer aetiology. No significant dif-
ference was found in the prevalence of HPV between
the tumor and healthy tissues from the prostate
(P = 1.000). Furthermore, a comparable HPV DNA
detection rate was also recorded in the tissue from be-
nign hyperplasia of the prostate (P = 1.000). In addi-
tion, no difference was observed in the prevalence of
HPV-specific antibodies between the patients with
tumors and healthy controls. The increased preva-
lence of HPV-specific antibodies to HPV 16 E6/E7 pro-
teins regularly reported in patients with HPV-
associated invasive carcinomas [Tachezy et al., 1999;
Reuschenbach et al., 2008; Tachezy et al., 2009; Smith
et al., 2010] was not detected in the study patients
with prostate cancer.

This study was aimed at evaluation of HPV aetiol-
ogy in prostate cancer. Many studies have been pub-
lished to date but most of them did not take a
multidisciplinary approach to proving the causal
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relationship between HPV and tumors in this loca-
tion. Epidemiological, molecular biological, and immu-
nological methods were used to gain a more
comprehensive insight into the aetiology of HPV in
prostate carcinoma. HPV DNA in tissue and urethral
smears and HPV-specific antibodies were analyzed.
Demographic and clinical data were collected from
subjects with benign and malignant diseases. In addi-
tion, the prevalence of HPV-specific antibodies was
also correlated with that of healthy controls.

Among the patient characteristics, none of the in-
vestigated factors including prostatic inflammation
was associated with prostate cancer. The role of in-
flammation in prostate carcinogenesis remains unre-
solved. In a meta-analysis of Dennis et al. [2002],
patients with a history of prostatitis were more likely
to develop prostate cancer (OR 1.6; CI 1.0-2.4). Never-
theless, a large prospective cohort study with 16.1% of
men reporting a history of prostatitis has not repro-
duced this finding [Sutcliffe et al., 2006] and neither
have two large clinical trials where intraprostatic in-
flammation was only associated with patient age and
prostate volume [Robert et al., 2009].

In the present study, meticulous care was taken to
avoid the limitations of the previous ones. To detect a
wide variety of HPV types in the tissue with a very
high sensitivity, the nested PCR was employed with a
set of degenerate and general primers which can de-
tect one HPV genome copy/cell [Evander et al., 1992;
de Roda Husman et al., 1995]. To prevent any possible
carryover contamination, each step of sample process-
ing and amplification was monitored. All samples
were obtained by open surgery (open radical prosta-
tectomy or cystoprostatectomy) excluding the possibil-
ity of contamination during the transurethral
approach. Urethral smears were taken to be analyzed
for HPV presence and type specificity and the HPV
types present in the tissue and urethra were com-
pared. Last but not least, all tumor sections were
reviewed by a pathologist and only those where tumor
cells had been revealed were analyzed for HPV DNA
presence.

HPV DNA was detected in 2% of patients with pros-
tatic cancer and patients with benign prostate hyper-
plasia alike. Tissue-based studies investigating
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possible association between HPV and prostate cancer
risk gave inconsistent results. In a recent meta-analy-
sis, higher HPV 16 DNA detection in patients with
prostatic cancer has been observed (OR 1.54; CI 1.07—
2.20) after exclusion of the studies which did not de-
tect HPV either in cases or in controls [Lin et al.,
2011]. Nevertheless, the heterogeneity of study
designs including size, detection methods, tissue han-
dling, and other parameters make the meta-analysis
validity debatable.

The HPV prevalence rates in urethral smears were
very high (36% in patients with benign prostate hy-
perplasia and 18% in patients with prostatic cancer)
despite the high mean age of study subjects (70 and
63 years, respectively). In a study by Giuliano et al.
[2007], the prevalence of HPV in urethral smears has
been lower (10%). The difference might be explained
by the modification of the protocol for DNA extraction
in the present study which includes the concentration
of the extracted DNA. Another possible explanation
might be the geographical differences in HPV
prevalence.

In the present study, no differences were observed
in the prevalence of antibodies specific for VLPs de-
rived from different HPV types except for HPV 6 and
patients with prostatic cancer were less likely to be
seropositive than control subjects. Likewise in case of
HPV DNA, studies investigating association between
HPV infection based on VLP serology and prostate
cancer risk gave no consistent results. In two studies,
the prevalence of antibodies to HPV 18 or HPV 33 has
been associated with a higher prostate cancer risk
[Dillner et al., 1998; Adami et al., 2003]. Conversely,
men with prostatic cancer have been less likely to
harbor antibodies to HPV 18 in a recent study [Hrba-
cek et al., 2011]. For an overview of the papers pub-
lished on the association of HPV with prostate cancer,
see Hrbacek et al. [2012].

Seropositivity to low-risk HPV types 6 and 11 in the
only study published to date has not been associated
with a higher or lower prostate cancer risk [Hrbacek
et al.,, 2011]. Therefore, our statistically significant
finding of a lower HPV 6 seroprevalence among
patients with prostatic cancer in this study is likely to
be due to chance rather than to reflect a true
relationship.

Antibodies to HR HPV oncoproteins E6 and E7 are
rarely present in healthy individuals but are very of-
ten detected in cancer cases etiologically linked to
HPV. In such cases, these antibodies are markers of
invasive tumor growth [Tachezy et al., 1999; Dennis
et al., 2002; Reuschenbach et al., 2008; Tachezy et al.,
2009; Smith et al., 2010]. In this study, no significant
difference was observed in the prevalence of HPV 16
E6/E7 antibodies between patients with prostatic can-
cer and controls with benign prostate hyperplasia (2%
vs. 12%). These results are comparable with recent
findings in a different larger group of patients with
prostatic cancer (329 subjects) and patients with be-
nign prostate hyperplasia (105 subjects; 9% vs. 13%)
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(unpublished data). Taken together, the serological
data are consistent with the negative PCR results and
suggest that HPV plays no role in the development of
prostate cancer.

In recent years, the research aimed at under-
standing the burden of HPV infection in men, mode
of HPV transmission to women, and anatomic site
within the male genitourinary tract which might
serve as a reservoir of HPV has been accelerated.
HPV DNA has been frequently detected on the pe-
nile shaft, glans penis/coronal sulcus, and scrotum.
Some studies have shown that male circumcision
decreases the risk of both penile cancer in men and
cervical cancer in their sexual partners [Backes
et al., 2011; Morris et al.,, 2011]. HPV DNA has
been found in a variable proportion of urine samples
[Hernandez et al., 2008; O’Leary et al., 2011]. Multi-
ple studies have addressed the detection of HPV in
the sperm and sperm cells. Some suggest that HPV
infection is located in the sperm cells rather than in
the plasma, but, in our opinion, neither of these
studies used methods for the separation of the cells
and plasma to ascertain the absence of infected des-
quamated epithelial cells from the urethra [Lai
et al., 1996; Hernandez et al., 2008]. In a previous
study, HPV has been found in the epididymis of
27% of patients with nontuberculous epididymitis
[Svec et al., 1999; Svec et al., 2003]. In the latter
study [Svec et al., 2003] as well as in that of Rintala
et al. [2002], HPV has also been detected in the duc-
tus deferens. Rotola et al. [1992] has reported HPV
infection in both neoplastic and non-neoplastic tis-
sues from different locations: bladder, kidney, ure-
thra, and prostate. However, the authors have not
specified the procedures used for obtaining the tis-
sue and for controlling carryover contamination dur-
ing DNA extraction [Rotola et al., 1992]. The
prevalence of HPV DNA has been determined in
healthy prostatic tissue and in tissue of benign pros-
tate hyperplasia as controls for the patients with
prostatic tumors. The prevalence rates vary between
the studies mostly with the primers used for DNA
amplification. Generally, the primers which target
the E6 region of HPV yield higher prevalence rates
than the general primers which target the L1 ORF
both for tumors and controls. Only four of 29 studies
evaluating HPV presence in the prostate cancer and
healthy prostate tissue have shown a statistically
significant difference in HPV prevalence. In studies
where HPV prevalence in prostate cancer was
higher also the prevalence rates in non-tumorous
prostatic tissues were higher and therefore likely to
result from false positivity [for review, see Hrbacek
et al., 2012].

CONCLUSIONS

In conclusion, the results of this study indicate that
HPYV infection is not associated with prostate oncogen-
esis in men. However, they imply that multiple
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tissues of the male genitourinary tract may be impor-
tant reservoirs for the transmission of some HPV
types. No statistically significant differences were ob-
served in the prevalence of HPV DNA between the tis-
sues of prostate cancer, benign prostate hyperplasia,
and healthy prostate. Neither were found any differ-
ences in the seroprevalence rates for viral oncopro-
teins E6/E7 in patients and healthy controls.
However, in 4% of healthy tissue samples from the
male genitourinary tract, DNA of known and un-
known HPV types was detected.
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Souhrn
Hrbacek J, Urban M, Eis V, Hamsikova E,
Tachezy R, Brabec M, Heracek J. Infek¢ni

onemocnéni urogenitalniho traktu v ana-
mnéze nemaji vliv na biologické chovani
a progndzu karcinomu prostaty

Cil:

Souvislost mezi infek¢nim onemocnénim uro-
genitalniho traktu a karcinomem prostaty se
ani po 20 letech vyzkumu na tomto poli nepo-
dafilo prokazat. Zatim se vSak nikdo nezaby-
val otazkou, zda infekce nemuze ovlivnit vlast-
nosti a pribéh tohoto maligniho onemocnéni.

Material a metoda:

Moznou spojitost mezi pritomnosti sérovych
protilatek (znakem prodélané infekce) pro-
ti rozliénym pohlavné prenosnym infekénim
¢initelim a biologickym chovanim karcinomu
prostaty jsme hledali na souboru 317 pacien-
ta, ktefi podstoupili radikdlni prostatektomii
pro klinicky lokalizovany karcinom prostaty.
Do na$i studie pfipadti a kontrol jsme zahr-
nuli tyto sexudlné prenosné uropatogeny: lid-
sky cytomegalovirus, herpes simplex virus
1 a 2, lidsky papillomavirus 6, 11, 16, 18, 31
a 33, Chlamydia trachomatis, Mycoplasma
pneumoniae, Ureaplasma urealyticum, Neisserii
gonorrhoeae a Treponemu pallidum.



Vysledky:

Pritomnost a titry specifickych protilatek jsme
vyhodnotili ve vztahu k histopatologickym
charakteristikim tumoru: k lokdlnimu roz-
sahu, Gleasonovu skére a hladiné prostatic-
kého specifického antigenu. Zadné klinicky
vyznamné rozdily jsme nenalezli.

Zavér:

Neprokdzali jsme vztah mezi biologickym
chovanim karcinomu prostaty (tedy jeho pro-
gnozou) a prodélanym infek¢nim onemocné-
nim urogenitalniho traktu.

Kli¢ova slova:
infekce, karcinom prostaty, pohlavné pfenosné
nemoci, staging nadoru.

Summary

Hrbacek J, Urban M, Eis V, Hamsikova E,
Tachezy R, Brabec M, Heracek J. Genitou-
rinary tract infections in patient history
do not correlate with prostate cancer biolo-
gical behaviour and prognosis

Aim:

An association between genitourinary infection
and prostate cancer has not been clearly demon-
strated despite the past 20 years research efforts.
No research group has investigated, however,
the possible role infection could play in prostate
cancer behaviour and the disease course.

UvVOD

Incidence karcinomu prostaty (KP) v Ces-
ké republice vykazuje v poslednich 20 letech
setrvaly vzestup. V roce 2007 ¢inila 102,1/100
tisic muzd, coz odpovidd poctu 50,0 novych
ptipadt na 100 000 obyvatel obou pohlavi
(1). V Evropské unii predstavoval v roce 2006
KP 20 % vsech zhoubnych nadori s vyjimkou
koznich malignit (2) a ve Spojenych stitech
americkych v roce 2010 dokonce 28 %. To zna-
mend 217 730 novych pripadii a 32 050 umrti,

Material and methods:

In our case-control study, we have evaluated
317 patients who had undergone radical retro-
pubic prostatectomy for a clinically localized
prostate cancer; we were looking for a possible
correlation between the presence of antibodies
(surrogate marker of past infection) to various
genitourinary pathogens and the tumour bio-
logical behaviour. These sexually transmitted
agents were included in the study: human
cytomegalovirus, herpes simplex virus 1 and
2, human papillomavirus 6, 11, 16, 18, 31 and
33, Chlamydia trachomatis, Mycoplasma pne-
umoniae, Ureaplasma urealyticum, Neisseria
gonorrhoeae and Treponema pallidum.

Results:

We have correlated antibody presence and serum
antibody levels with the tumour clinical and
pathological characteristics: local staging, Glea-
son score and prostatic specific antigen level. No
clinically significant differences were found.

Conclusion:

No association has been found between pro-
state cancer biological behaviour - i.e. its pro-
gnosis — and genitourinary infectious diseases
in patient history.

Key words:
infection, prostatic neoplasms, sexually trans-
mitted diseases, cancer staging.

neboli 11 % ze véech umrti na zhoubné nadory
v USA (3).

Vyborné vysledky 1é¢by lokalizovaného
onemocnéni dnes kontrastuji s neuspokojivou
progndzou pacientil, u nichz nador presdhl
hranice organu. Urceni rizikovych faktori pro
agresivnéj$i chovani KP, jeho rychlejsi lokalni
$ifeni a posléze i metastazovani by umoznilo
rozdélit pacienty z hlediska prognézy a pri-
padné upravit strategii 1é¢by.
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Za poslednich 20 let vzniklo pfes 50 studii,
jez se metodami sérologie a tkanové detekce
nukleovych kyselin snazily prokazat ptipad-
nou spojitost mezi infekei urogenitalnimi
patogeny Sifenymi predev$im pohlavni ces-
tou a vznikem KP. Mezi nejcastéji studovand
agens patfili jednak klasi¢ti pavodci sexual-
né prenosnych chorob Neisseria gonorrhoeae
a Treponema pallidum, jednak bézné uro-
genitalni patogeny dnes$ni doby: Chlamydia
trachomatis, lidsky papillomavirus (HPV),
herpes simplex virus (HSV) a dalsi. Pres riz-
norodou metodologii vybéru pacientt definici
kontrolni skupiny i pouzitych laboratornich
metod neprokézaly publikované prace zadnou
konzistentni spojitost mezi urogenitalni infek-
ci a rizikem vzniku KP (4).

Pokud je ndm zndmo, nezabyvala se zatim
zadna studie otazkou, zda infekce urogeni-
talnimi infekénimi agens neptispiva k agre-
sivnéj§imu chovani nddoru. Tato hypotéza je
ospravedlnitelnd vzhledem k tomu, Ze néktera
agens jsou prokazatelné onkogenni a u jinych
se o této vlastnosti spekuluje. Jeji ovéreni
pochopitelné vyzaduje exaktni histopatologic-
ky rozbor chirurgem odstranéné tkdné, nejlé-
pe z radikalni prostatektomie.

V nas$i studii jsme sérologickymi metodami
zjistovali pritomnost protildtek proti nejbéz-
néj$im urogenitdlnim infek¢nim ¢initeltm.
Vysledky jsme vyhodnotili ve vztahu k lokal-
ni pokrodilosti nadoru dle stadii klasifikace
TNM, k jeho agresivité vyjadiené Gleasono-
vym skére (GS) a k predopera¢ni hodnoté
plazmatické koncentrace prostatického speci-
fického antigenu (PSA).

METODA

Do studie jsme zafadili 317 pacientd, kteti
v letech 2004-2010 podstoupili na Urologické
klinice 3. 1ékarské fakulty Univerzity Karlovy
a Fakultni nemocnice Kralovské Vinohrady
otevienou radikélni retropubickou prostatek-
tomii (RRP) pro klinicky lokalizovany KP (5,
6). Demografické charakteristiky souboru shr-
nuje tabulka 1. Schéma néboru pacientd pre-
hledné osvétluje obrazek 1. VSichni Gcastnici
studie podepsali informovany souhlas schvéle-
ny Etickou komisi 3. LF UK a Interni grantové
agentury Ministerstva zdravotnictvi CR.

Tab. 1. Demografické a klinicko-patologické cha-
rakteristiky studovaného souboru

Table 1. Demographic, clinical and pathological
characteristics of the study population

Pocet pacientt 317
Pramérny vék (let) 63 (39-81)
<60 75 (23,7 %)
60-69 188 (59,3 %)
70-79 53 (16,7 %)
>80 1(0,3 %)
Primérna koncentrace PSA (ng/ml) | 9,1(0,8-35,4)
0-4,0 33 (10,4 %)
4,1-100 171 (53,9 %)
10,1-20,0 93 (29,3 %)
>20,0 14 (4,4 %)
Staging

pl2a 18 (5,7 %)
pl2b 5(1,5%)
pl2c 134 (42,3 %)
pl3a 98 (30,9 %)
pT3b 56 (17,7 %)
pT4 6(1,9%)
Median Gleasonova skére 7

2-6 158 (49,9 %)
7 124 (39,1 %)
8-10 35(11,0 %)

Zpracovani tkanovych vzorka
Bezprostfedné po odbéru tkané jsme reseka-
ty dopravili do Ustavu patologie k daldimu
zpracovani. Vzorky z radikalni prostatektomie
jsme kompletné zpracovali podle schématu
popsaného Montironim (7). Preparit jsme
zméfili, povrch oznacili tusi, semenné vacky
amputovali a zpracovali zvlast. Odrizli jsme
apex a bazi prostaty v Sifce 10mm - tyto dvé
casti se krajely kolmo k povrchu paralelné
s priubéhem uretry. Zbylou tkan prostaty jsme
krajeli v tenkych lameldch (3-4mm) kolmo
k prabéhu uretry a vse zalili do bloc¢kd.
Vzorky tkané jsme fixovali v 10% pufrova-
ném formalinu a zalili do parafinu. Mikrosko-
pické fezy $itky 5 um jsme barvili hematoxy-
linem a eosinem a hodnotili pomoci svételné
mikroskopie. Definitivni popis zahrnoval
histologicky typ nadoru dle klasifikace WHO
(8), GS s primarnim, sekundarnim a pfipadné
terciarnim stupném (9), staging nadoru (10),
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k RRP: 337

odmitlo ucast: 8
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Obr. 1.

Schéma ndbéru pacientt do studie
Fig. 1.

Patient flow diagram

procentudlni zhodnoceni rozsahu ndadoru,
rozsah lokalni invaze do periprostatickych
meékkych tkani ¢i do semennych vacku, posou-
zeni perineuralniho $ifeni, vyjadreni k angio-
invazi a posouzeni chirurgického okraje rese-
katu (11). Jako pozitivni chirurgicky okraj byla
hodnocena pritomnost nadorovych bunék pri-
mo v okraji resekatu oznaceném tusi.

Sérologicka vysetreni

Kazdému pacientovi jsme v den opera¢niho
vykonu mezi 6. a 8. hodinou ranni odebra-
li vzorek periferni Zilni krve. Po 20minutové
centrifugaci rychlosti 2000 otd¢ek/min. jsme
odebrali alikvoty séra a zmrazili je pfi teploté
-80 °C az do dalsiho zpracovani.

Detekce protilatek

Pritomnost protilatek proti Ch. trachomatis,
HSV 1 a 2, lidskému cytomegaloviru (CMV),
N. gonorrhoeae, T. pallidum, M. hominis a U.
urealyticum jsme prokazovali metodou ELI-
SA (Enzyme-Linked ImmunoSorbent Assay),
testem vazby komplementu a testem nepri-

(pTO)

>pT3an=160

mé imunofluorescence s vyuzitim komer¢né
dostupnych diagnostickych souprav. Vsech-
ny testy jsme provadéli dle pokynii vyrobcd.
Protilatky proti HPV jsme detekovali pfimym
testem ELISA, jako antigeny jsme pouzili tzv.
viram podobné ¢astice (virus-like particles,
VLP).

Detekce specifickych protilatek
proti HPV

Priprava viru podobnych castic

Hmyzi buniky Sf9 jsme namnozili v suspenzi
v TNM-FH hmyzim médiu (SIGMA) s 10 %
fetalniho teleciho séra. Ptiblizné 4 x 10 bunék
pti multiplicité infekce 10 PFU/bunku jsme
infikovali rekombinantnim  bakulovirem,
nesoucim gen pro kapsidovy protein HPV L1.
Sedmdesat dvé hodiny po infekci byly bunky
sklizeny, proplachnuty pufrovanym fyziolo-
gickym roztokem (PBS) a zmrazeny pii teplo-
té -20 °C. Bunécny pelet jsme resuspendovali
ve 40 ml extrak¢niho pufru (10 mmol/1 MgCl,
50 mmol/l CaCl,, 150 mmol/l NaCl, 0,01% Tri-
ton X-100, 20 mmol/l HEPES, pH 7,4) a bun-
ky rozbijeli ultrazvukem 3 x 30 sekund pii
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0 °C. Sedimentovany pelet jsme znovu resus-
pendovali ve 40 ml extrak¢niho pufru a celou
proceduru zopakovali. Spojené supernatanty
jsme nasytili chloridem cesnym do 30% kon-
centrace a centrifugovali 22 hodin pti 45 000
otackdch/min. a 18 °C. Horni prouzek jsme
rozdélili na ,step” gradientu chloridu cesné-
ho (36,0-30,5-16,0%) 4 hodiny pfi 35 000
otackach/min. a 18 °C. Pfitomnost kapsid
v odpovidajicim prouzku jsme zjistovali SDS-
-polyakrylamidovou elektroforézou (koncent-
race proteini), Western blottingovou analyzou
a testem ELISA se specifickymi monoklonalni-
mi protilatkami.

Detekce protilatek

Pro zjiténi pritomnosti specifickych proti-
litek v sérech jsme pouzili metodu ELISA,
antigeny byly VLP odpovidajici HPV nizce
rizikovych typt 6 a 11 a vysoce rizikovych
typt 16, 18, 31 a 33. Na povrch jamek mikro-
titra¢nich destic¢ek (Polysorp NUNC immuno-
plate, Thermo Fisher Scientific, Dansko) jsme
navazali VLP v 50 pl PBS v koncentraci 2 pg/
ml dvé hodiny pfi teploté 37 °C a pres noc pri
4 °C. U v8ech dalsich jednohodinovych inku-
baci pri 37 °C vzdy nasledovalo pétinasobné
promyti jamek promyvacim roztokem A (PBS,
0,21 mol/1 NaCl, 0,1% Triton X-100). Poten-
cidlné volnd vazebna mista jamek se vysytila
1% roztokem BSA v PBS a poté jsme k jam-
kam ptidavali v paralelach séra redéna 1 : 25
v roztoku A s 1% BSA. Navéazané protilatky
jsme oznacili oslim imunoglobulinem proti
lidskému IgG (H a L fetézec), konjugovanym
s ktenovou peroxiddzou (Jackson ImmunoRe-
search Laboratories, Inc, West Grove, PA,
USA), fedénym 1 : 7500 v roztoku A s 1%
BSA a barevna reakce byla vyvoldna 0,04%
roztokem o-fenylendiaminu v substratovém
pufru (50 mmol/l fosfatovy-citratovy pufr, pH
5,0) s 0,006% peroxidu vodiku. Reakci jsme
zastavili pfidanim 2 mol/l roztokem kyseliny
sirové a vyhodnotili spektrofotometricky jako
optickou denzitu (OD) s referen¢ni vlnovou
délkou 492 a 630 nm (Infinite 200 micropla-
te reader, TECAN, Rakousko). Pro zjisténi
reaktivity pozadi jsme stejna séra vySetfovali
na mikrotitra¢ni desti¢ce bez antigenu (pouze
BSA). Na kazdou desti¢ku se vzdy zafazovala
standardni pozitivni a negativni kontrola proti
danému antigenu. Od hodnoty OD séra, ziska-
né na mikrotitra¢ni desti¢ce s VLP, byla ode-
¢tena hodnota OD stejného séra na desti¢ce
kontrolni. Pro kazdy antigen a desticku jsme

vypoditali hrani¢ni hodnotu (cut-off, CO) jako
aritmeticky primér rozdiltt OD plus dvé smé-
rodatné odchylky; séra s rozdilem OD vy$$im
nez hodnota vypoctena jsme vyloud¢ili a pro-
ceduru opakovali tak dlouho, dokud hodnota
rozdilu OD zadného ze zbyvajicich sér neby-
la vys$si. VSechny vysledky testt ELISA jsme
vyjadrili jako tzv. OD index (podil mezi roz-
dilem OD daného séra a hodnotou CO), ktery
do ur¢ité miry ukazuje silu protilatkové odpo-
védi. Testovand séra s OD indexem vy$$im nez
1 jsme oznacili jako pozitivni. Pro konfirmaci
vysledku jsme v§echny vzorky s OD indexem
do 10 % nad hodnotou CO znovu dvakrat tes-
tovali a jako pozitivni oznacili ty, které byly
pozitivni opakované. Pro kontrolu jsme opa-
kované testovali také ¢tvrtinu vzorkd z celého
souboru (12).

Statisticky rozbor

Metodami popisné statistiky jsme vyhodnotili
demograficka a klinickd data pacientl véetné
zastoupeni jednotlivych stadii lokalniho Sifeni
nadoru a jeho agresivity dle GS (tab. 1). U vSech
subjektt jsme kvalitativné a pfipadné i kvanti-
tativné vySetfili vzorky sér na pritomnost pro-
tilatek proti zkoumanych infek¢nim ¢initelim.

Pomoci Wilcoxonova neparametrického
testu jsme hledali moZnou spojitost mezi séro-
pozitivitou a vy$i plazmatické hladiny PSA,
mezi séropozitivitou a vyskou kombinovaného
GS a kone¢né mezi vyskou titr sérovych pro-
tilatek a lokdlni pokrocilosti nddoru. Vsech-
ny testy byly vyhodnoceny na 5% hladiné
vyznamnosti za pouZiti statistického software
»R (http//www.r-project.org). Pfi zpracovani
¢lanku jsme se fidili soucasnymi mezinarod-
nimi doporu¢enimi pro publikaci vysledka
observacnich studii (13).

VYSLEDKY

Do studie jsme zaradili celkem 317 pacientt
pramérného véku 63 (39-81) let, s primérnou
sérovou koncentraci PSA 9,1 ng/ml. Vice nez
polovina operovanych méla PSA v ,,$edé zoné*
4,1-10,0 ng/ml. V definitivnich histopatolo-
gickych nalezech byly stejnou mérou zastou-
peny lokalizované (49,5 %) a lokalné pokrocilé
(50,5%) formy onemocnéni. Polovina pacien-
t (49,8 %) méla GS < 6; 11 % nadort spadalo
mezi agresivni typy s GS 8-10.



Tab. 2. Srovndni priimérnych hladin prostatického specifického antigenu (ng/ml) u séronegativnich a séropo-

zitivnich pacientt

Table 2. Mean prostate specific antigen levels (ng/ml) in seronegative and seropositive subjects

Patogen Séronegativni Séropozitivni p-hodnota Wilcoxontiv test
HPV6 9,11 8381 05878
HPV11 9,03 9,12 09710
HPV16 911 711 0,1090
HPV18 9,03 9,36 0,5646
HPV31 9,07 851 06794
HPV33 9,08 7,01 0,3266
MV 9,98 8,78 0,1493
HSV1 947 9,00 05250
HSV2 9,09 8,54 0,8662
Chlamydia trachomatis 9,04 8,59 0,7020
Mycoplasma hominis 8,94 9,36 0,2623
Ureaplasma urealyticum 9,09 8,72 0,7482
Neisseria gonorrhoeae 9,02 9,06 0,3625
Treponema pallidum - - -

V pramérné vysce hladiny PSA (tab. 2)
jsme nezaznamenali Zadny  statisticky
vyznamny rozdil mezi pacienty s protilatka-
mi proti jednotlivym infekénim Cinitelim
a séronegativnimi jedinci. Porovnanim pra-
mért GS mezi témito skupinami (tab. 3) jsme
zjistili jediny statisticky signifikantni rozdil
v ptipadé protilatek proti HPV 6. Séropo-
zitivni pacienti méli vy$$i primérnou hod-
notu GS nez muzi bez prikazu protilatek

v séru (6,75 vs. 6,45, p = 0,0305). Ve vysce
titrti sérovych protilatek jsme nenalezli Zadny
statisticky vyznamny rozdil mezi skupinou
s lokalizovanym a lokdlné pokroéilym one-
mocnénim (tab. 4).

Prevalenci protilatek specifickych pro jed-
notliva infekéni agens v nasem studovaném
souboru jsme porovnali s daty o prevalenci
protilatek v obecné populaci ziskanymi z lite-
ratury (obr. 2).

Tab. 3. Priimérné hodnoty Gleasonova skore u séronegativnich a séropozitivnich pacient
Table 3. Mean Gleason score in seronegative and seropositive patients

Patogen Séronegativni Séropozitivni p-hodnota Wilcoxontiv test
HPV6 6,45 6,75 0,0305
HPV11 6,49 6,75 02134
HPV16 6,51 6,88 0,3433
HPV18 6,52 6,88 01719
HPV31 6,51 6,84 05207
HPV33 6,53 6,14 0,1841
@Y\ 6,57 6,51 04093
HSV1 6,44 6,52 07572
HSV2 6,50 6,67 0,5592
Chlamydia trachomatis 6,55 6,06 0,0881
Mycoplasma hominis 6,53 6,48 0,6508
Ureaplasma urealyticum 6,51 6,56 0,7487
Neisseria gonorrhoeae 6,51 6,65 0,7540
Treponema pallidum - - 04582
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This figure compares our study population’s seroprevalence rates with those found in the literature
Vertical axis: percentages of seroprevalence; fair columns: our data; dark columns: data published elsewhere

*(personal communication, Eva Hamsikovd, Prague 2011)

DISKUSE

Navzdory velikosti zkoumaného souboru
a zahrnuti fady uropatogennich mikroorga-
nismi do statistickych rozbort se ndm nepo-
datilo prokézat, Ze by prodélana urogenitdlni
infekce ovliviiovala biologické chovani kar-
cinomu prostaty. Jedinym statisticky signifi-
kantnim zjisténim byl rozdil v primérné vysce
GS mezi pacienty s protilatkami proti HPV
6 a jejich séronegativnimi protéjsky. Ackoliv
statisticky vyznamnd, z klinického pohledu
se tato odliSnost pramérné hodnoty GS 6,45
v séronegativni a 6,75 v séropozitivni skupi-
né nejevi jako podstatnd. Jednak predstavuje
rozdil 0,3 na Skale GS od 2 do 10 pfiblizné
4% body, jednak - a to je podstatné - se sta-
le pohybujeme v pasmu GS 2-7, pro néz (pri
splnéni dalsich kritérii) aktudlni guidelines
Evropské urologické spole¢nosti doporucuji
jako hlavni modalitu 1é¢by RRP (14).

V patologii lidského urogenitilniho traktu
jsou sérotypy HPV 6 a 11 spojovany s benig-
nimi slizni¢nimi a koznimi lézemi - jejich
DNA nalézame v 90 % $picatych kondylomat
(15). V souvislosti s HPV je zajimavé zminit
postizeni jiného organového systému. Je jim
nezhoubné onemocnéni dychaciho traktu -

recidivujici respira¢ni papilomatdza, u které
dochazi asi v 1% ptipadt k malignimu zvra-
tu. Dle publikovanych praci byly v bunkach
malignizovanych forem této vzacné choro-
by detekovany nukleové kyseliny HPV 11,
v men$im poctu pripadd i typu HPV 6 (16).
V nékterych pripadech byla zjisténa integrace
HPV do genomu hostitelské bunky ¢i zmény
v genomu vir(, které mohly byt pfi¢inou jejich
zvyseného onkogenniho potencialu (17).

V minulosti si fada studii kladla otazku, zda
prodélana infekéni onemocnéni urogenitalni-
ho traktu zvysuji riziko pozdéjsiho vzniku KP.
Vétsinou se jednalo o rozsdhlé epidemiolo-
gické vyzkumy, kde k zatazeni do skupiny pa-
cientll postacoval pozitivni vysledek punkéni
biopsie prostaty nebo diagndza incidentalniho
karcinomu pfi transuretralni resekci prosta-
ty ¢i oteviené prostatektomii indikované pro
zujici vlastnosti nadoru se zaznamenavaly jen
ztidka a prakticky nikdy nebyvaly publiko-
vany.

Pokud je ndm znamo, nikdo - a to ani ve své-
tové literatute - se dosud nezabyval problema-
tikou infekce a karcinomu prostaty z takového
uhlu pohledu jako nase studie. Divodem je
nejspise to, Ze k provedenym analyzdm (sta-



Tab. 4. Podminéné primérné (tj. vypocitané pouze
z reaktivnich sér) hladiny titrG sérovych protildtek
proti jednotlivym patogenim v OD/CO (optickd
denzita/hodnota cut-off) u pacientt s lokalizova-
nym a pokrocilym onemocnénim

Table 4. Serum antibody levels for different geni-
tourinary pathogens in patients with localized and
locally advanced disease. Only reactive serum sam-
ples (OD/CO > 1.0) were considered for the calculati-
on of mean values

p-hodnota
Patogen <pT2c | 2pT3a Wilcoxoniiv test
HPVe 2417 2,776 06124
HPV11 3,008 2,268 0,3570
HPV16 4403 2910 0,5622
HPV18 1,520 1,482 0,7857
HPV31 2,845 2,409 08702
HPV33 - - -
[@Y)\% 3,695 3933 0,2062
HSV1 3,765 3,749 0,6058
HSV2 5,853 4,857 0,3427
Chiamydia 1201 | 1,358 0,3356
trachomatis
Mycoplasma B B B
hominis
Ureaplasma B B B
urealyticum
Neisseria B B ~
gonorrhoeae
Treponema B B ~
pallidum

noveni rozsahu nadoru a definitivniho GS) je
tteba vysetfit celou prostatu - tedy preparat
z RRP, coz je technicky a organiza¢né naro¢né
a pro tisicové soubory popisované epidemio-
logy nevhodné. Nase vysledky nenaznacuji, ze
by existoval klinicky vyznamny rozdil v preva-
lenci protilatek proti studovanym patogenim
v zavislosti na gradingu a stagingu KP.

Dosud se také zadnd studie nezabyvala kli-
nickym vztahem infekce mykoplazmaty a urea-
plazmaty a KP. Bézné tyto patogeny piisobi
negonokokové uretritidy, epididymitidy a dle
nékterych praci také chronickou prostatitidu
(18). Posledni zminéna kategorie je zajima-
va zejména ve svétle recentni studie z USA,

ve které benigni prostatické bunky infikované
mykoplazmaty in vitro kumulovaly mutace
genomu. Po inokulaci téchto bunék labora-
tornim mysim doslo in vivo ke vzniku inva-
zivnich nadort (19). Ani v ptipadé ureaplaz-
mat a mykoplazmat jsme na nasem souboru
nezjistili vyznamné odli$nosti mezi skupinou
s prokdzanymi sérovymi protilatkami a séro-
negativnimi kontrolami.

Na zavér nasi studie jsme porovnali preva-
lence protilatek proti studovanym patogentim
u pacienttl s KP zji$téné v nasi studii s udaji
uvadénymi pro obecnou populaci (viz obr. 1).
Zjisténé hodnoty séroprevalence jsou v zdsa-
dé srovnatelné, drobné odchylky pripisuje-
me odliSnym charakteristikim referen¢nich
populaci véetné geografickych rozdilti v pro-
mofenosti jednotlivymi patogeny.

Za hlavni moznd duskali na$i studie
povazujeme ne zcela prozkoumanou dynami-
ku vyse sérovych protilatek proti nékterym ze
studovanych patogenti a také relativné malou
velikost souboru. Prvni zminény problém je
zptsoben nedostatkem publikovanych praci,
které by se touto otazkou zabyvaly, druhy je
dan technickymi a finan¢nimi omezenimi.

ZAVER

Cetnymi sérologickymi studiemi ani moleku-
larné biologickymi analyzami nddorové tka-
né se dosud nikomu nepodatilo prokazat vliv
infekce urogenitalniho traktu na etiopatoge-
nezi KP. Nase vysledky potvrzuji tato pozoro-
$imi, dfive nezkoumanymi patogeny. Ptitom-
nost sérovych protilitek proti studovanym
infekénim agens neni spojena s agresivnéj$im
chovanim, a tedy horsi prognézou karcinomu
prostaty. Prodélana infekce mocopohlavniho
ustroji zkoumanymi patogeny neni riziko-
vym faktorem pro klinicky zavaznéjsi pri-
béh tohoto ¢astého nddorového onemocnéni.
To plati i presto, Ze nékteti infekéni Cinitelé
prenaseni pohlavni cestou jsou prokazatelné
onkogenni a u dalsich se o této vlastnosti spe-
kuluje.
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