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Abstrakt

Geneticky polymorfizmus biotransformacnich enzymii a riziko vzniku karcinomu pankreatu
v Ceské republice

Uvod: Karcinom pankreatu patii diky své progndze k jednomu z nejvétsich problémd
soucasné¢ onkologie. Postihuje nejcastéji pacienty v Sesté a vysSi dekddé a diky minimalnim
priznakim v casnych stadiich je diagnostikovan vétSinou ve fazi lokdln¢ pokrocilého C¢i
metastatického onemocnéni. Jedinou modalitou ptedstavujici pro pacienta Sanci na dlouhodobé
prezivani je radikalni chirurgicka resekce. Chemoterapie i mozna cilena 1é¢ba ma pouze paliativni
charakter. Vzhledem k tomuto by bylo nanejvys uzite¢né identifikovat takové genetické faktory,
predisponujici ke vzniku karcinomu pankreatu a vytvofit jakysi skriningovy program s cilem
zachytu Casnych stadii. V naSi praci jsme se zaméfili na polymorfizmy v biotransformacnich
enzymech, které ovliviiuji metabolismus karcinogenii a prokarcinogenti a mohly piedstavovat
riziko karcinomu pankreatu.

Metodika: Do nasi studie bylo zarazeno 278 pacientli s karcinomem pankreatu. Jako
kontrolni skupinu jsme pouzili skupinu zdravych dobrovolnikli z ambulanci praktickych 1ékait a
transfuznich stanic. Zaméfili jsme se na studium polymorfizml biotransformacénich enzymi
CYPIBI1, EPHX, NQOIl GSTP1, GSTT1, GSTMI1. DNA byla amplifikovana PCR, nasledné
Stepena restrikénimi  enzymy a velikost restrikénich produktd stanovena horizontalni
elektroforézou na agar6zovém gelu. Statisticka analyza byla zpracovana pomoci statistického
softwaru CRAN 2.4.0. Celkové pieZivani danych skupin a podskupin bylo stanoveno pomoci
Kaplan-Maierovy distribu¢ni funkce. Pro hodnoceni rozdilu prezivani mezi jednotlivymi
studovanymi skupinami byl pouzit log-rank test. Odds ratio (odhad relativniho rizika) a
konfiden¢ni intervaly pro stanoveni vztahu mezi polymorfizmy a rizikem karcinomu pankreatu
byly stanoveny logistickou regresi.

Vysledky: Hodnoceni distribuce alel mezi ptfipady a kontrolami ukazalo, ze nosici
genotypu Val/Val v kodonu 432 genu CYP 1B1 maji niz$i riziko nez nosici divoké alely (OR 0,59,
95%CI 36-0,96, p=0,035). Heterozygoti m¢li rovnéz riziko niz§i (OR 0,69, 95%CI 0,49-0,97,
p=0,033). V piipad¢ analyzy histologicky verifikovanych ptipadd byl nalezen jesté signifikantné;si
vztah. Variantni alela v GSTP1 kodonu 105 byla spojena se zvySenym rizikem vzniku karcinomu
pankreatu (OR 1,38, 95%CI 0,96-1,97), stejn¢ tak delece v GSTT1 piedstavovala zvysené riziko
(OR 1,56, 95%CI 0,93-2,61), kombinace null genotypu v GSTT1 a variantni alely v kodonu 105
GSTP1 dale riziko zvySovalo (OR 2,5, 95% CI 1,20-5,20). V ostatnich polymorfizmech nebyl
nalezen statisticky signifikantni vztah. Stejné tak nebyl nalezen signifikantni vztah studovanych
polymorfizmii a délkou piezivani pacientii s karcinomem pankreatu.

Zavér: Nase studie byla prvni takovou studii v Ceské republice, je tieba dalsich dat a
vetsich soubort pacientii k potvrzeni nalezenych asociaci polymorfizm v biotransformacnich
enzymech a rizikem karcinomu pankreatu.



Abstract

Genetic polymorphism of biotransforming enzymes and risk of pancreatic cancer
development in Czech Republic

Objective: Pancreatic cancer represents one of the biggest challenges of present-day
oncology. It effects mainly effects patients in sixth or higher decade of life and due to minimal
symptoms in early stages, it is usually diagnosed in locally advanced or metastatic stage of the
disease. The only modality which represents a possible chance for long term survival is radical
surgical resection. Chemotherapy and possible targeted therapy have only a palliative role. Due to
the above mentioned facts, it would be highly useful to identify genetic factors, which could play a
role in pancreatic cancer development and create specific screening program which could identify
early stages of the disease. We have focused our study on gene polymorphisms in biotransforming
enzymes, which modify carcinogen and procarcinogen metabolism and may represent risk factors
for pancreatic cancer.

Methods: We have included 278 pancreatic cancer patients into this study. As a control
group we have chosen healthy volunteers from general practicioner clinics and healthy blood
donors. We have focused on gene polymorphisms in biotransforming enzymes CYP1BI1, EPHX,
NQOI1 GSTPI1, GSTT1, GSTM1. DNA was amplified by PCR, consequently split by restriction
enzymes and the restriction fragment size was identified by horizontal electrophoresis.
Statistical analyses were processed by the statistical software CRAN 2.4.0. The overall survival of
given groups was determined using Kaplan-Meier’s survival distribution functions. The Log-rank
test was used for evaluation of different survivals among investigated groups and subgroups. Odds
ratios (OR) and confidence intervals for examining the association between genetic factors and
cancer risk were estimated by logistic regression.

Results: Allele dictibution assessment between cases and controls showed, that Val/Val
genotype carriers in codon 432 CYP1B1 have lower risk of pancreatic cancer development then
wild type carriers (OR 0,59, 95%CI 36-0,96, p=0,035). Heterozygotes have also lower risk (OR
0,69, 95%CI 0,49-0,97, p=0,033). There was an even more signficant relation in the case of
histologicaly verified patients. Variant allele in ~ GSTP1 codone 105 was associated with higher
pancreatic cancer risk (OR 1,38, 95%CI 0,96-1,97), the same was found for GSTTldeletion
(OR 1,56, 95%CI 0,93-2,61). The combination of GSTT1 and GSTP1 had a multiplicative effect
on the risk for pancreatic cancer (OR 2,5, 95% CI 1,20-5,20). There was no statisticaly significant
relation in other gene polymorphisms. Also there was no association found between studied gene
polymorphisms and pancreatic cancer survival.

Conclusion: Our study was the first of its kind in The Czech Republic and further research
is needed to confirm the above mentioned gene polymorphisms associations with pancreatic cancer
risk and survival.
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Seznam pouzitych zkratek

CI195% 95% interval spolehlivosti

CYP cytochromy P450

cDDP cisplatina

CDKN inhibitor cyklin-dependentnich kinaz (t¢z p16)

dNTP deoxynukleosidtrifostaty

EPHX1 mikrozomalni epoxidhydrolaza 1

GST glutathion-S-transferaza

HNPCC hereditarni nepolypdzni kolorektalni karcinom

MQ ultracista voda ptipravena pristrojem Biocel A10 od firmy Millipore Corp.

(Billerica, MA, USA)

TP53 tumor supresorovy gen kodujici protein p53

NQOI1 NAD(P)H: chinonoxidoreduktaza 1

PCR polymerazova fetézova reakce (,,polymerase chain reaction®)

RFLP restrikéni analyza délky fragmentt (,,restriction fragment lenght polymorphism®)
SDS laurylsulfat sodny

STKI11 serin/threonin kinaza

5-FU 5-fluorouracil



1 TEORETICKY UVOD

1.1 Karcinom pankreatu
Karcinom pankreatu predstavuje diky své prognoze jeden z nejvétSich problémi soucasné
onkologie. A¢koliv incidence tohoto onemocnéni v Ceské republice kontinualné roste (graf 1.),
je znamo velice malo o rizikovych faktorech predisponujicich pro vznik karcinomu pankreatu,
stejn¢ tak o faktorech ovliviwgjicich prognoézu tohoto onemocnéni. Dle udaji Narodniho
onkologického registru &inila incidence karcinomu pankreatu v Ceské republice v roce 1980

6,6 na 100 000 obyvatel, avsak v roce 2005 jiz 9,6 na 100 000 [1].
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Graf 1: Vyvoj incidence a mortality karcinomu pankreatu v ¢ase v Ceské republice

Po nadorech plic a tlustého stfeva je karcinom pankreatu tfetim v pfi¢indch imrti na nadorova
onemocnéni muzd mezi 35 az 54 roky. Postihuje nejcastéji generaci paté a vyssi dekady.
Jedinou terapeutickou moznosti, ktera pacientovi pifinasi Sanci na dlouhodobé preziti je
radikalni chirurgicka resekce, ktera vSak jiz Casto neni moznd, jelikoz vétSina pacientll je
diagnostikovana v lokaln¢ pokrocilém ¢i metastatickém stadiu onemocnéni (tabulka 1., graf

2.). V neresekabilnim stadiu je moznosti paliativni chemoterapie (nejcastéji se pouziva
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gemcitabin, S-fluorouracil, cisplatina, kapecitabin). Primérna doba pieziti u pacienta
s resekabilnim stddiem onemocnéni je pouze Sest mesicti. Vzhledem k lokalizaci karcinomu u
75% nemocnych v hlavé pankreatu je nejCastéjsi prvni manifestaci onemocnéni obstrukéni
ikterus, dalSimi pfiznaky jsou vahovy ubytek, bolesti v oblasti epigastria nebo migrujici

tromboflebitida [2], [3].

Tabulka 1.: Stadia onemocnéni karcinomu pankreatu dle TNM klasifikace [4] :

Tis NO MO Stadium 0

T1 NO MO Stadium IA

T2 NO MO Stadium IB

T3 NO MO Stadium IIA
T1,2,3 N1 MO Stadium [IB
T4 Jakékoliv N MO Stadium 111
Jakékoliv T |Jakékoliv N M1 Stadium IV

T klasifikace

Tis | karcinom in situ

T1

nador omezen na pankreas, 2cm nebo méné v nejvét§im rozméru

T2

nador omezen na pankreas, vét$i nez 2 cm v nejvetsim rozméru

T3

nador se §ifi mimo pankreas, nepostihuje vSak truncus coeliacus nebo a. mesenterica superior

T4

nador postihuje truncus coeliacus nebo a. mesenterica superior

N Kklasifikace

NO | v regiondlnich miznich uzlindch nejsou metastazy

N1 | metastazy v regiondlnich miznich uzlinach

M Kklasifikace

MO | nejsou vzdélené metastizy

M1 | vzdalené metastazy piitomny
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Graf 2: Vyvoj zastoupeni klinickych stadii v ¢ase [1]

Jednim z dulezitych problémi karcinomu pankreatu je skutecnost, Ze neexistuji markery ¢asného
zachytu onemocnéni. Tumorové markery jsou znac¢né nespecifické a klinicky se vyuzivaji spiSe pii
hodnoceni 1é¢ebné odpovedi na chemoterapii (CA 19-9). Proto jsme se soustiedili na moznost najit
takové genetické polymorfizmy, které by mohly souviset se vznikem karcinomu pankreatu a
eventualné predikovat odpovéd’ na 1écbu. Prvni skupina novych molekularnich marker by tak
mohla byt vyuzita k definovani skupiny osob vhodné pro sekundarni preventivni programy, druha

pak k individualizaci 1é¢ebnych postupti.

1.2 Standardni terapie karcinomu pankreatu [5]

Jedinou 1é¢bou, kterou lze dosahnout dlouhodobé piezivani pacienta je radikalni resekce tumoru,
ta je mozna v L. a II. stddiu onemocnéni, kdy je tumor omezen na pankreas. Zakladnim opera¢nim
vykonem je Whippleova operace (hemipankreatikoduodenectomie) s resekci nebo bez resekce
vena mesenterica superior. U nadord postihujici télo pankreatu je provadéna totdlni

pankreatektomie a v ptipad¢€ postizeni kaudy pankreatu distalni pankreatektomie. Po radikalni
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resekci obvykle nésleduje adjuvantni chemoterapie s 5-fluorouracilem. U inoperabilnich nadort
prichdzi v uvahu paliativni chemoradioterapies 5-fluorouracilem nebo paliativni chemoterapie
s gemcitabinem. Paliativni chemoterapie gemcitabinem je standardni 1écbou u generalizovaného
onemocnéni obvykle po zajisténi drendze zluCovych cest (tabulka 2.). Nové se do 1é¢by dostava

cilené 1é¢ba erlotinibem.

Tabulka 2.: Zékladni chemoterapeutické rezimy pouZzivané v 1¢¢bé€ karcinomu pankreatu

davka zpusob den podéni opakovani
(mg/m?) podani P cyklu
adjuvantni chemoterapie
leukovorin 25 1.v. bolus 1.-5. a4 tydny , 6%
5-FU 425 1.v. bolus 1.-5. a4 tydny , 6%
gemcitabin 1000 | iv.30min | 1815 | AT
chemoradioterapie
5-FU 400 mg 1.v. bolus ld.;lf.oazalfz;;l?i'
nebo celkova davka
5-FU 225 kont. inf, | Kazdy ozafovac
den
paliativni chemoterapie 1.
linie 1000 |30 mininfuze| 1. 8., 15. a4 tydny
gemcitabin
do progrese
gemcitabin 1000 30 min infuze| 1.,8.,15.,22. N
a 4 tydny
+ erlotinib 100 per os denné 1x do progrese

1.3 Molekulirni zmény u karcinomu pankreatu

Ptiblizn€ u 4-16 % nemocnych je pozorovan rodinny vyskyt karcinomu slinivky btisni. Geneticka
predispozice je dana mutaci protoonkogent, tumorsupresorovych gent nebo gent podilejicich se
na opravé poskozené DNA. K prvni skupin€ patfi rodina protoonkogenti K-ras (Kirsten rat
sarcoma 2 viral oncogene homolog), lokalizovand na chromosomu 12, ktera koduje protein

s GTPazovou aktivitou , ktery se podili na pfenosu informace v buiice z plazmatické membrany
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(EGFR receptoru) do bunécného jadra, kde reguluje transkripci DNA. Mutace zptsobi trvalou

aktivaci proteinu a tim trvalou stimulaci bunééné transkripce (obr.1) [6].

& EOQF

& TGP

Anti-apoptesis
. % Angioggnosis
| \ : P! Survival

3 J-._‘-L“ ; b it
W NK “"*‘ ™y g | % Metastasis
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Mygie— g ‘h' *"J

" LRK

Obr.1: ptenos signalu zprosttedkovany K-ras proteinem

Aktivujici mutace K-ras onkogenu kodonu 12 patii k nejcastéj$im mutacim, které je mozné
prokdzat u karcinomu pankreatu stejné¢ jako u duktalni hyperplazie, ktera je povaZovdna za
prekancerozu [7]. Prevalence této mutace u karcinomu pankreatu je udavana mezi 70-90 %
ptipada [8], [9], [10]. Dal§imi Castymi mutacemi jsou mutace v kodonu 13 a 61. Ke skupiné
produkt tumor supresorovych genl patii protein p 16, ktery je kodovan genem MTSI1 a jeho
funkci je inhibice komplexu cyclin D/cyklindependentni kindzy-4. Dele¢ni mutace tohoto genu je
pfitomna az v 85 % ptipadi adenokarcinomu pankreatu [11]. Mutace genu BRCA 1 a 2, tumor
supresorovych genil lokalizovanych na genu 17 jsou nejcastéji davany do souvislosti s rizikem
vzniku karcinomu prsu a ovaria. Nosi¢i mutace v genu BRCA 2 maji vSak 3,5x vyssi riziko vzniku
1 karcinomu pankreatu [12]. DalSim predisponujicim faktorem karcinomu pankreatu je

autozomaln¢ dominantné dédi¢na hereditarni pankreatitida, onemocnéni zptisobené mutaci v genu
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PRSS1 pro trypsinogen a klinicky se nejéastéji projevujici opakovanymi atakami akutni
pankreatitidy [13]. Nosi¢i mutace PRSS1 maji 50-60x vyssi riziko vzniku karcinomu pankreatu.
[14].  Peutz-Jaghersiiv syndrom je autozomaln¢ dominantné¢ dédiéné onemocnéni zplsobené
mutaci genu STK11, ktery se podili na opravé poskozené DNA a predstavuje také zvySené riziko

karcinomu pankreatu [15].

1.4 Polymorfizmus v biotransformacénich enzymech

Polymorfizmem se vSeobecné oznacuje alelickd varianta, kterd se vyskytuje v populaci alespoii
v 1%. Vyskytuji se v kddujicich (exony) i v nekodujicich (introny) oblastech genomu. Pfitomnost
polymorfizmu v exonech miize zplsobit zmény v aminokyselinovych sekvencich proteinovych
molekul a nasledn€ ovlivnit funkci téchto pozménénych protein. Polymorfizmy v nekddujicich

oblastech pak mohou ovlivnit silu transkripce, sestfih nebo stabilitu messengerové RNA.

1.4.1 Cytochrom P450

Systém cytochromu P450 je zodpovédny obecné za monooxygenace, probihajici pfevazné ve
formé inkorporace jednoho atomu kysliku do molekuly substratu, jejimz vysledkem je vznik
hydroxylovaného, 1épe rozpustného, produktu. Oznaceni P450 je dle absorb¢niho pasu pii 450 nm
uzivaného ke stanoveni koncentrace proteinu. Cytochromy P450 (CYP) patii do rodiny
hemoproteinii a jsou obsazeny v membranach endoplazmatického retikula jater, ledvin a dalSich
organti. Mitochondrialni systém cytochromu P450 se od mikrozomalniho 1isi tim, Ze pouziva
NADPH-dependentni flavoprotein, adrenodoxinreduktazu, a protein obsahujici nehemové Fe-S,

adrenodoxin.

1.4.2 Epoxidhydrolaza
Mikrozomalni enzym epoxidhydrolaza (EPHX1) je enzym ucastnici se II. faze biotransformace
epoxidl (mezi néz patii fada karcinogent, napt. polycyklické aromatické uhlovodiky) [16], [17],

[18].
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1.4.3 Glutathiontranferazy

Gluthathion-S-transferazy (GST) katalyzuji konjugaci elekrofilnich molekul s gluthathionem (y-
glutamylcysteinylglycin) za vzniku kyseliny merkapturové, ktera je z organizmu vylu¢ovana moci
[19]. Sav¢i cytoplazmatické GST jsou podle aminokyselinové sekvence rozdéleny do tfid: o

(GSTA), p (GSTM), 1 (GSTP), k (GSTK), »(GSTO), 8 (GSTT), 6 (GSTS) a { (GSTZ).

1.4.4 NQO1

NAD(P)Hchinonoxidoreduktdza (NQO1) katalyzuje redukci chinoni na hydrochinony
dvouelektronovym mechanizmem. Mutace v tomto genu byly asociovany s tarditivni dyskinesi,
Alzheimerovou chorobou a fadou nddorovych onemocnéni. Enzym NQO1 se sklada z 273
aminokyselin. Zakladni funkci v organizmu je detoxikovat chinony dvouelektronovym pienosem
na hydrochinony, které jsou dale z organizmu vylouc¢eny po konjugaci s glutathionem nebo UDP
glukuronovou kyselinou (metabolizmus faze II). Substraty pro NQOI1 jsou napi. benzochinony,
naftochinony, kter¢ jsou soucasti cigaretového kouie a také fada chemoterapeutik jako adriamycin,
daunomycin, mitomycin C. Naptiklad polymorfizmus v kodonu 187, ménici prolin na serin,
snizuje aktivitu enzymu, a zvySuje expozici organizmu karcinogentim. Soucasné se predpoklada,
Ze snizend aktivita enzymu snizi metabolizmus neaktivnich chemoterapeutik na jejich aktivni

formy a tudiz zhorsi odpovéd’ organizmu na onkologickou 1écbu [20].
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2 CiL PRACE

Cilem této prace bylo:

1)

2)

3)

primdrnim cilem mé prace bylo zjistit, zda vybrané polymorfizmy biotransformacnich

enzymu modifikuji riziko vzniku karcinomu pankreatu v ¢eské populaci.

sekundarnim cilem bylo studovat prognosticky vyznam vybranych polymorfizma u

nemocnych s karcinomem slinivky bfi$ni.

poslednim cilem bylo vyhodnotit relativni vadhu jednotlivych epidemiologickych faktort,

které jsou povazovany za rizikové ve vztahu ke vzniku karcinomu pankreatu.
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3 MATERIAL A METODY

3.1 Chemikalie

Vsechny pouzité chemikalie byly v analytické kvalité.

3.2 Izolace DNA z krve

Vzorky krve pacientli a kontrol byly odebirany do vakuovych odbérovych zkumavek Vacuette
(Dialab, Praha). Pro izolaci DNA byly pouzity dvé metody, a to fenol chloroformovéa extrakce a
izolace magnetickou separaci. Vzorky z transfuznich stanic byly zpracovany fenol chloroformovou
extrakci, vzorky karcinomu pankreatu a vzorky kontrol z ambulance praktického lékaie pomoci

magnetickych partikuli pfistrojem KingFisher .

3.2.1 Fenol-chloroformova extrakce [21]

DNA kontrolni skupiny z transfuzniho oddéleni byla izolovana pomoci fenol/chloroformové
extrakce z lymfocytl metodou podle Sugimury.

Zamrazena krev byla po roztati lyzovana na rotaénim extraktoru po piidani lyzacniho pufru.
Nasledovala centrifugace. Po odstranéni supernatantu byla peleta resuspendovéana se 4 ml sterilni
Mili-Q vody (MQ) a nasledovala opét centrifugace pii 6000 RPM a 5°C a supernatant byl opét
odstranén. Postup byl opakovan s dalSimi 4 ml MQ dokud peleta lymfocyti nebyla bila.
K lymfocytim bylo ptidano 800 ul pufru pro proteindzu a resuspendovano, dale bylo pfidano 25
ul proteinazy, 100 pl 10% SDS, 1 ml 5 M NaCl a 2,4 ml sterilni MQ (Mili Q), vSe bylo opé&t
promichdno 10 minut na rotaCnim extraktoru. Do kazdé¢ zkumavky bylo jesté¢ ptidano 2,5 ml
extrak¢ni smési fenol/chloroform (v poméru 1:1) a vzorky byly opét promichdvany 15 minut na
rotacnim extraktoru. Poté byly vzorky centrifugovany 15 min. pii 6000 RPM a 5°C. Vrchni ¢ird

faze obsahujici DNA byla ptenesena do Cist¢ 15 ml centrifuga¢ni zkumavky se 4 ml 99 %
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chladného ethanolu, kde se za opatrného promichavani utvoril precipitit DNA. DNA byla srazena
v mrazicim boxu pfi -20°C ptes noc. Poté byla DNA centrifugovana 15 min. pti 6000 RPM 5°C,
supernatant byl odstranén a DNA byla promyta 1 ml vychlazenym 70% ethanolem a
centrifugovana 15 min. pfi stejnych podminkach. Po odstranéni supernatantu byla DNA susena pfi
pokojové teploté. Vysusena peleta byla rozpousténa v 1 ml sterilni MQ nékolik hodin a poté byla

zméfena koncentrace ziskané DNA.

3.2.2 Izolace DNA magnetickymi partikulemi [21]

Pro izolaci DNA zkrve pacienti snadorem pankreatu a kontrolni skupiny zambulance
praktického lékate byl pouzit piistroj KingFisher (Thermo electron corporation, Vantaa, Finsko) a
kit BioSprint™. Metoda je zaloZena na adsorpci makromolekul DNA na kfemikovy povrch
magnetickych partikuli.

Magnetické Castice s navazanou DNA jsou promyty dvéma raznymi pufry, suSeny proudem
vzduchu a v kone¢ném kroku je DNA eluovéana do roztoku. Metoda je optimalizovana na 1ml krve
s maximalni kapacitou pfistroje 15 vzorkd. Pro kazdy vzorek je do pristroje umisténa plastova tuba

s péti navzajem spojenymi zkumavkami.

3.3 Analyza genotypu
Genotypovani obou skupin subjektii bylo provedeno pomoci metody polymerazové fetézové
reakce (PCR — ,,Polymerase Chain Reaction®) s naslednou restrikéni analyzou délky fragmentt

(RFLP — ,,Restriction Fragment Lenght Polymorphism®) (tabulka 3.).
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Tabulka 3.: Laboratorni podminky PCR

REAKCNI SMES konc.
DNA 2ug/100ul
H20 (MQ)
10x buffer Top-bio (complete) 1x
MgCl12 Top-bio 1.8mM
dNTP Invitek 0.2mM
Oligo -primer 0.25mM
RedTaq polymerase TopBio 0.5u/s

Pro PCR reakci byl pouzit termocycler GeneAmp PCR Systém 9700 (Perkin Elmer,Norwalk, CT,

USA), nasledovala horizontalni elektroforéza ve 3% gelu a délka fragmentti byla stanovena

pomoci markeru Phil74/Haelll.

RFLP je zalozena na pouziti enzymi tzv. restrikénich endonukledz, které rozeznavaji specifickou

sekvenci bazi amplifikovaného PCR tuseku a $tépi ji (tabulka 4., 5.).

Tabulka 4.: Obecné podminky restrikce

REAKCNI SMES
PCR sm¢és 15 ul/l
Restrikéni enzym 1 - 2 U/vzorek
10x Restrikéni pufr 2 ml /vzorek
MQ

Restrikce probihala pfi 37°C nebo 55°C po dobu 2 hodin, nésledovala opét horizontalni

elektroforéza na 3% agar6zovém gelu a po obarveni ethidium bromidem byl vysledek vyfocen

na UV transluminatoru. Velikost fragmentti byla stanovena pomoci Phil74/Haelll.
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Tabulka 5.: Prehled restrikénich enzymt [22]

Restrik¢ni
Gen enzym (New Restrikéni misto Po restrikcei
England
Biolabs)
CYP 453 HpyF10VI ...GCNNNNNNNGC... ...GCNNNNN NNGC...
...CGNNNNNNNCG... ...CGNN NNNNNCGQG...
CYP432 Ol ...CACNNNNGTG... ...CACNN NNGTG...
...GTGNNNNCAC... ...GTGNN NNCAC...
GSTP1 BsmAI ...GTCTCNNNNNN... ...GTCTCN NNNNN...
...CAGAGNNNNNN... ...CAGAGNNNNN N...
EPHX3 EcoRV ...GATATC... ...GAT ATC...
...CTATAG... ...CTA TAG...
EPHX4 Rsal ...GTAC... ...GT AC...
...CATG... ..CATG...
NQOI Hinfl ...GANTC... ...G ANTC...
...CTNAG... ...CTNA G...
Priklady hodnoceni vysledk:
CYP IB1 453
1 2 3 8 9

1 — marker Phil74/Haelll,; 3,6,7 — heterozygot, 2,4,8-divoky homozygot, 9-variantni homozygot
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NQOI

1 — marker Phil74/Haelll; 4,6 — heterozygot, 2,3,5-divoky homozygot, 7-variantni homozygot

GSTM1

1 — marker Phil74/Haelll; 3, 5 — GSTM1-null; 2, 4 — GSTM1-plus
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3.4 Subjekty hodnoceni

Vztah polymorfizmi k riziku vzniku karcinomu pankreatu byl zkoumdn na studii ptipadi a
kontrol. Nabor subjektti hodnoceni zacal v zaii 2004 a trva nepfetrzité dodnes. Nabor subjektil
hodnoceni pro tuto praci byl dokoncen v tnoru 2008. Posledni follow up v rdmci kompletace dat
byl uskutecnén v listopadu 2008. Celkové bylo k vySe uvedenému datu do studie zatfazeno 754
subjektli zahrnujicich ptfipady i kontroly. Pfipady byly rekrutovany z péti klinickych pracovist
lokalizovanych v Praze, Piibrami, Liberci, Rakovniku a Zliné¢.

Pacienti byli zafazeni do studie v ptipadé€, ze splnili alesponi jedno znasledujicich vstupnich
kriterii:

1) pacienti s histologicky nebo cytologicky verifikovanym adenokarcinomem pankreatu

2) pacienti, ktefi méli alesponn 3 znésledujicich klinickych znamek nadoru slinivky bfisni:
anorexie/kachexie, obstrukéni ikterus, na CT/MR detekovatelny tumor v pankreatu,
endoskopickou ultrasonografii prokdzan tumor pankreatu, elevace tumorovych markerti, vdhovy
ubytek, rychla klinické progrese onemocnéni.

Ve studii genetickych polymorfizmt, byly vzdy zvlast hodnoceny skupiny histologicky
verifikovanych pacientil a pacienti s klinickou diagnézou.

Dalsi podminkou ucasti ve studii byl vek alespon 18 let a podpis informovaného souhlasu (ptiloha
1). Kazdy ucastnik hodnoceni byl podrobné sezndmen s cilem, procedurami studie a pravy
ucastnikil studie a dal souhlas se svoji tcasti.

Kontroly byly vybirany tak, aby mély podobnou v€kovou distribuci a pohlavi. Ve studii jsme
pouzili dvé kontrolni skupiny. Prvni skupinou byli zdravi dobrovolnici z ordinaci praktického
1ékate, podstupujici pravidelnou 1ékaiskou prohlidku. Druhou skupinou byli zdravi darci krve.
Data o pacientech byla prubézn¢ shromazd’ovana jednak z dotaznikii (ptiloha 1.), které byly
s pacientem vyplnény pii osobnim rozhovoru a z lékaiské dokumentace, spolu s tidaji o prezivani.
Follow up perioda, kdy data byla opétovné aktualizovéna byla 6 mésicti. Pro shromazd’ovani dat o

pacientech byla vytvotfena online databaze: https://.programy.koc.cz
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Databéze obsahuje elektronickou verzi dotazniku a klinicka data. VSechny vzorky jsou zadavéany
v zakoddované formé tak, aby nebylo mozné zjistit totoZznost pacienta a kontroly. Hlavnim diivodem
k vytvoreni této online databaze bylo zajistit praci zicastnénych vzdy s maximalné aktualnimi daty
a zajistit i okamzité zptistupnéni pribézné dopliovanych dat v§em ¢lenim tymu.

Studie byla schvalena etickou komisi 1. 1ékatrské fakulty Univerzity Karlovy. Navic byla studie

schvalena etickymi komisemi jednotlivych pracovist, na kterych probihal nabor pacientt.
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4 STATISTICKA ANALYZA

Statistickd analyza byla zpracovana pomoci statistického softwaru CRAN 2.4.0. Celkové pieZivani
danych skupin a podskupin bylo stanoveno pomoci Kaplan-Maierovy distribu¢ni funkce. Pro
hodnoceni rozdilu pfezivani mezi jednotlivymi studovanymi skupinami byl pouzit log-rank test.
Odds ratio (odhad relativniho rizika) a konfiden¢ni intervaly pro stanoveni vztahu mezi

polymorfizmy a rizikem karcinomu pankreatu byly stanoveny logistickou regresi.
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5 VYSLEDKY

HOLCATOVA I, SOUCEK P, VRANA D, SLAMOVA A, SCHEJBALOVA M, STRNAD R,

BRABEC M, RYSKA M, Nadory slinivky brisni II, Prakticky 1ékar, 2008, 88, ¢. 8

Prvni ptedbézné statistické hodnoceni souboru bylo provedeno v prosinci 2007 a uvetejnéno
v Casopise Prakticky 1¢kai v roce 2008. Z vysledku vyplyva, Ze hruby odhad relativniho rizika
(crude odds ratios) se nelisi mezi skupinami kontrolnich subjektti a klinicky potvrzenych piipadi
pro polymorfizmus v genech CYP1B1, NQO1, GSTP1, EPHX (ptedbézné vysledky polymorfizmu
EPHX byly nasledné¢ vyvraceny pii analyze vét§itho souboru pacientil) a GSTT1. Hodnoceni
epidemiologickych dat, tykajicich se pfedev§im Zivotniho stylu, nepfineslo statisticky vyznamné
vysledky. Statisticky stoupa riziko onemocnéni s v€kem a soucasné jsme zaznamenali mirny rozdil
ve vyskytu nadoru z hlediska v€ku a pohlavi. U muzii vzestup zacind jiz ve sttednim véku (od cca
40 let). U Zen jsme vzestup zaznamenali aZ po 50. roce Zivota. Samotny vliv pohlavi nebyl

statisticky signifikantni.

VRANA D, NOVOTNY J, HOLCATOVA I, HLAVATA I, SOUCEK P. CYP1B1 gene

polymorphism modifies pancreatic cancer risk but not survival, Neoplasma. 2010;57(1):15-9.

V dalsi publikaci jsme se zaméfili na vztah mezi polymorfizmy v CYP1B1 a rizikem vzniku
karcinomu pankreatu. Hodnoceni distribuce alel mezi ptipady a kontrolami ukdzalo, Ze nosici
genotypu Val/Val v kodonu 432 maji nizsi riziko nez nosici divoké alely (OR 0,59, 95%CI 36-
0,96, p=0,035). Heterozygoti mé¢li rovnéz riziko nizsi (OR 0,69, 95%CI 0,49-0,97, p=0,033).
V ptipadé¢ analyzy histologicky verifikovanych ptipadi byl nalezen jesté signifikantnéjsi vztah. Na
druhou stranu jsme nenalezli zZadny vztah mezi polymorfizmy v kodonu 453 a rizikem vzniku
karcinomu pankreatu. Celkové piezivani pacientii s wild-type genotypem v kodonu 453 1 432

bylo delsi, ale vysledek nebyl statisticky signifikantni.
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VRANA D, PIKHART H, MOHELNIKOVA-DUCHONOVA B, HOLCATOVA I, STRNAD
R, SLAMOVA A, SCHEJBALOVA M, RYSKA M, SUSOVA S, SOUCEK p., The
association between glutathione S-transferase gene polymorphisms and pancreatic cancer in
a central European Slavonic population,Mutat Res-Gen Tox Environm Mutag 2009;680:78—

81.

V nésledujici publikaci jsme sledovali asociaci mezi rizikem vzniku karcinomu pankreatu a
polymorfizmy v genech GSTP1, GSTT1, GSTM1. Zjistili jsme, Ze variantni alela v GSTP1 kodonu
105 byla spojena se zvySenym rizikem vzniku karcinomu pankreatu (OR 1,38, 95%CI 0,96-1,97),
stejn¢ tak delece v GSTT1 piedstavovala zvySené riziko ( OR 1,56, 95%CI 0,93-2,61),
kombinace null genotypu v GSTT1 a variantni alely v kodonu 105 GSTP1 dale riziko zvySovalo

(OR 2,5, 95% CI 1,20-5,20).

MOHELNIKOVA-DUCHONOVA B, VRANA D, HOLCATOVA 1, RYSKA M,
SMERHOVSKY Z, SOUCEK P., CYP2A13, ADH1B, and ADH1C Gene Polymorphisms and

Pancreatic Cancer Risk, Pancreas. 2010;39(2):144-148.

V této publikaci jsme studovali, zda polymorfizmy v genech podilejicich se na metabolizmu
karcinogent, vznikajicich pfi hoteni tabaku a polymorfizmy v genech metabolizujici alkohol maji
vztah k riziku karcinomu pankreatu. Konkrétné jsme studovali CYP 2A13 (Argl01Stop) a dale
ADHI1B (Arg48His) a ADHIC (Ile350Val). Z vysledkt plyne, ze studované polymorfizmy v
ADHI1B ani ADH 1C nepiedstavovaly zvySené riziko vzniku karcinomu pankreatu. Stejné tak
jsme nenalezli signifikantni vztah polymorfizmu CYP 2A13 ke karcinomu pankreatu (variantni

alela kédujici inaktivni enzym byla pfitomna pouze v 7 piipadech pacientl a u Zadné kontroly).

_25.-



NACCARATI A, PARDINI B, POLAKOVA V, SMERHOVSKY Z, VODICKOVA L,
SOUCEK P, VRANA D, HOLCATOVA I, RYSKA M, VODICKA P Genotype and
haplotype analysis of TP53 gene and the risk of pancreatic cancer: an association study in

the Czech Republic., Carcinogenesis. 2010;31(4):666-70.

Ve vyse uvedené publikaci bylo studovano riziko vzniku karcinomu pankreatu a genu TP 53 jako
zakladniho regula¢niho prvku bunééného cyklu. Mutace v TP53 jsou nalézany v fadé tumort,
v nichz mutace zpusobi inaktivaci genu a tim umozni zpusténi karcinogeneze. Zaméfili jsme se na
4 polymorfizmy a to rs17878362:A1>A2, rs1042522:G>C, rs12947788:C>T a rs17884306:G>A.
Z vysledki vyplyva, Ze pritomnost variantni alely v kodonu 1042522 ptedstavuje zvysené riziko
vzniku karcinomu pankreatu ( OR 1,73, 95% CI 1,26-2,39, p=0,001). Analyza haplotypt
prokazala, ze ptitomnost haplotypu A2CCG byla ve srovnani s nejcastéjSim haplotypem A1GCG
asociovana se zvySenym rizikem (OR 1,39, 95%CI 1,02-1,88, p=0,034), naopak pritomnost
haplotypu A1CCG se snizenym rizikem (OR 0,30, 95%CI 0,12-0,76, p=0,011) vzniku karcinomu

pankreatu.
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6 DISKUZE

Dosud je znamo velice mdlo o rizikovych faktorech vzniku karcinomu pankreatu. Nékteré z téchto
ptipadi mohou byt spojeny s hereditdrnimi nddorovymi syndromy jako hereditarni pankreatitida
nebo hereditdrni karcinom prsu (BRCA1, BRCA2) [23]. Pravdépodobné vétSina piipadi je
sporadickych a tudiz je velmi obtizné urcit jasny predisponujici faktor onemocnéni.

Bylo by vysoce efektivni najit takovy predisponujici geneticky faktor, ktery by vyclenil skupinu
zdravych lidi s vysokym rizikem a umoznil je zafadit do skriningového programu s ucelem
¢asného zachytu onemocnéni. Celosvétoveé existuje pomérné malo publikaci o polymorfizmech
metabolickych gentl a riziku vzniku karcinomu pankreatu. V Ceské republice takové studie nebyly
dosud publikovany. Hlavnim problémem je shromazdéni dostatecné velkého souboru pacientt,
ktery by umoznil statistickou analyzu. Podobna situace plati pro studium vztahu genetickych
polymorfizmi k pfezivani pacientli s karcinomem pankreatu.

Béhem své postgradudlni prace jsem se také zaméfil na studium efektivity protinddorové terapie a
genetickych polymorfizml. Vzhledem k ¢€asto nizkému vykonnostnimu stavu pacientli v dobé
diagndézy a mnozstvi terapeutickych rezimi, véetné klinickych studii, nebylo mozno vytvofit
dostate¢né velké skupiny pacientli pro statistickou analyzu. V této praci bychom radi pokracovali,
jelikoz vhledem k rychlé progresi onemocnéni by bylo vhodné predikovat skupiny pacientl s
potencidlni odpoveédi na jednotlivd chemoterapeutika a zvysit tak jejich Sanci na dlouhodobé
ptezivani. Dle klinickych zkuSenosti se vSak zd4, Ze moznosti klasickych chemoterapeutickych
rezimi jsou v soucasnosti vyCerpany a lécba bude smérovéana spise na cilenou 1écbu. V soucasné
dobé probihd celosvétoveé tada klinickych studii, které se zaméiily pravé na moznosti cilené
terapie. Jako nadéjné se zdaji inhibitory pfenosu bunécného signélu at’ jiz na urovni bunéénych
receptorii nebo intracelularniho pfenosu informace.

NasSe studie je prvni studii zkoumajici polymorfizmy v uvedenych biotransformacnich genech a

celkové prezivani pacientl s karcinomem pankreatu.
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Epidemiologicka data

V nasi studii se nepodatilo potvrdit obecn¢ uzndvana epidemiologické data. Koufeni jako rizikovy
faktor [24], stejné jako konzumace alkoholu, diabetes mellitus [25] a nadvaha neptfedstavovaly

statisticky vyznamny rizikovy faktor.

CYP 1B1

Polymorfizmy v cytochromu P450 jsou davany do souvislosti se zvySenym rizikem fady
nadorovych onemocnéni zahrnujicich karcinom tlustého stieva [26], plic [27], prostaty [28], ledvin
[29], hlavy a krku [30] a kone¢né i karcinom pankreatu [31].

V nasi studii nebyl nalezen vztah mezi polymorfizmem v genu pro CYP1B1 exonu 453 a rizikem
vzniku karcinomu pankreatu. Podobné nebyla nalezena asociace mezi piezivanim pacientll s
karcinomem pankreatu a obéma sledovanymi polymorfizmy v CYP1Bl. Studie vztahu
polymorfizmu v CYP1B1 k ptezivani pacientl s karcinomem pankreatu nebyla dosud publikovana.
V nasi studii jsme vSak nalezli signifikantni vztah mezi polymorfizmem v kodonu 432 genu
CYP1B1 a rizikem vzniku karcinomu pankreatu. U histologicky verifikovanych pacientt, byla
nalezena jesté silngjsi asociace. Nosi¢i divokého genotypu maji vyssi riziko pro vznik onemocnéni.
Tento vysledek je v literatufe o karcinomu pankreatu zcela unikatni. Byla publikovana studie, ve
které byla nalezena zvysSend hladina adukt hemoglobinu, odvozenych od 4-aminobiphenylu, u
nosicl divokého genotypu. ZvySena aktivita enzymu divokého typu tudiz maze predisponovat k
poskozovani biomakromolekul a ptedstavuje mozny mechanizmus ucinku nami nalezeného vztahu
polymorfizmu CYP1B1 k riziku vzniku karcinomu pankreatu (vyssi aktivita enzymu aktivujiciho

prokarcinogeny = vyssi riziko vzniku nadoru).
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GSTM1
I kdyz GSTM1-null genotyp je piedpokladanym rizikovym faktorem pro karcinom plic [32] dle
nasSich zjisténi neni zfejma souvislost s rizikem karcinomu pankreatu. Nase vysledky se shoduji s

diive publikovanymi pracemi [33], [34], [35].

GSTP1
Z nasich vysledkd vyplyva, Ze pfitomnost variantni alely v kodonu 105 byla asociovéna se
zvySenym rizikem karcinomu pankreatu u pacientti mladsich 50 let. Nase studie podporuje diive

publikované vysledky o roli GSTP1 v patogenezi karcinomu slinivky biisni [33].

GSTT1

GSTT1-null genotyp byl asociovany se zvySenym rizikem karcinomu pankreatu (1,56-krat vyssi
riziko). Tento vysledek byl evidentni u subjektt starSich 50 let (1,66-krat vyssi riziko), u mladsSich
bylo riziko nevyznamné. Prvni studie tohoto typu nenalezla asociaci GSTT1-null genotypu s
karcinomem pankreatu. Duell et al. vSak udéavaji, ze kombinace kouieni a delece v polymorfizmu
GSTT1 je spojena se zvySenym rizikem karcinomu pankreatu a toto riziko je vyssi u zen [34], [35].
V nasi studii nebylo riziko ovlivnéno koutfenim ani pohlavim. Kombinace polymorfizma v GSTT1

a GSTP1 méla multiplikativni efekt a zvySovala riziko vzniku karcinomu pankreatu 2,5-krat.

EPHX

EPHX je jeden z mnoha enzymd, které se ucastni metabolismu endogennich a exogennich latek.
Nékteré studie nasly vztah polymorfizmi v EPHX s rizikem karcinomu ovaria [36] a rizikem
nadord plic [37]. Nicméné vétSina dosavadnich studii probéhla na pomérné¢ malém souboru

pacientl a kontrol a je tedy nutné je dale ove¢fit.
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V nasi studii jsme nenasli jednoznacny vztah polymorfizmu v genu EPHX kriziku vzniku a

prezivanim karcinomu pankreatu.

NQO1

Byla publikovana tada praci dokazujicich vztah polymorfizmi v NQO1l snadorovym
onemocnénim, napi. s nadory plic [38], kolorektalnim karcinomem [39], karcinomem mocového
méchyte [40]. V nékolika publikovanych studiich bylo prokazéano, ze zvysena aktivita enzymu je
spojena se snizenym rizikem vzniku karcinomu pankreatu. Tento vztah platil jeSté vyrazngji u
kuraki, kde NQO1 ptsobil jako ochranny faktor [41].

Ve vétsiné publikovanych studii vSak velikost souboru pacientli byla pomérn¢ mala a ztoho
vyplyvd i mala sila studii. V nasem souboru se nepodafilo jednoznacné prokazat vztah

polymorfizmu NQOL1 s rizikem vzniku karcinomu pankreatu a s celkovym pifezivanim.

Vzhledem k malému mnozstvi pacienti se shodnou onkologickou terapii nebylo mozno zhodnotit

vztah polymorfizmi k riznym chemoterapeutickym rezimiim a k potencionalni odpovédi na né.
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9 PRILOHY

9.1 Dotaznik pro subjekty hodnoceni

STUDIE ONEMOCNENI PANKREATU

Datum rozhovoru:

1. Identifikaéni Gislo:
2. Pohlavi:
3. Datum narozeni:

4. Stav:

5. Nejvyssi dosazené
vzdélani:

6. Obec, kde zijete:

Dotaznik zivotniho stylu

Cast A:

INFORMACE O PACIENTOVI

PC | ]
(1) Muz (2) Zena

| _I1_|_[ (dd mmrr)

(1) Svobodny/a (2) Zenaty / Vdana / Zijici ve spoleéné
domacnosti (3) Vdoval/ec
(4) Rozvedeny/a (5) Jiny

(1) Zakladni dokoncené pred 15 rokem

(2) Vyucen

(3) StfedoSkolské s maturitou

4) Niz8i VS (bakalafské), ev. nastavby atd.?
(5) Vysokoskolské

7. Jak jste vysoky/a? |_{l_ll_lcm

Jak vysoky/a jste byl/a ve 20 letech? L |l cm

Jak vysoky/a jste byl/a pred 2 lety? LIl cm
8. Kolik vazite? R ¢
Kolik jste vazil/a ve 20 letech? |__Il__I__| kg
Kolik jste vazil/a ve 40 letech? |__Il__I__| kg

Cast B: OSOBNi ANAMNEZA
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9. Trapila Vas néktera z nasledujicich chorob?

Onemocnéni a. b. VEék pfi | c. Byl/a d. Predepsal | e. Jaké f. Kolik let
Ano/ | prvnich jste na vam lékaf leky? jste léky
Ne pfizna- operaci? | néjaké léky? uzival/a?
cich Ano/ Ano/
Ne Ne
Diabetes ]

Zlugové kameny

Pankreatitis

Pepticky vied -

Astma

Alergie [

Zanét Zil

Nadorové on.

s v

S 7

10. Bral/a jste pravidelng, tj. alespor 1x tydné po 1 rok aspirin n. jiné protizanétlivé léky?

(1)Ano (2)Ne
Pokud ano,
Od (vék) Do (vék) Dlvod pro aspirin/ jiné protizanétlivé 1éky

Cast C: RODINNA ANAMNEZA

11. Kolik bratrll, sester, synl, dcer mate (neuvadéjte nevlastni sourozence):

Bratfi .......... Sestry ............. Synové ............. Dcery ..............
12. Trpél nékdo z Vasich blizkych nékdy zanétem nebo nadorem slinivky:
(1) Ano (2) Ne
l?’okud ano,
a. b. c. e. f.
Pribuzny |Vék Které onemocnéni |Zije nebo Zemfrel/a na tuto

(Kéd 1-6) |v dobé |bylo

diagnézy |diagnostikovano?
Pankreatitis

Nador pankreatu

zemviel/a ?
jiného?

nemoc nebo na néco
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a.
Pribuzny
(Kod 1-6)

b.

Vék

v dobé
diagnézy

c.
Které onemocnéni
bylo
diagnostikovano?
Pankreatitis

Nador pankreatu

e.
Zije nebo
zemrella ?

f.
Zemrel/a na tuto
nemoc nebo na néco
jiného?
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13. Mél nékdo z Vasich pfibuznych “rakovinu”?

(1) Ano (2) Ne
okud ano,

a. b. C. d. e. f.

Pribuzny |Vék Jaka Klasifikace |Zije nebo Zemrel/a na tuto
v dobé rakovina nadoru zemrella ? nemoc
diagnézy |(lokalizace) |(ICD-10) nebo na néco

jiného ?

Cast D. KOURENI

14a. Vykouiril/a jste v prabéhu zZivota alespor 100 |__|Ano
cigaret/doutnikd/dymek? |__|Ne

14b. Kouril/a jste nékdy cigarety/doutniky/dymku |__|Ano
pravidelné, tj. aspon 1 cigaretu/doutnik/dymku |__|Ne
za den po 1 rok?

15. Kolik Vam bylo let, kdyZ jste zaCal/a poprvé || |let
pravidelné koufit?

16. Koufite dosud? |__|Ano

|__|Ne

17. Kolik Vam bylo let, kdyZ jste pfestal/a pravidelné | | |
koufit? let

Cast E. ALKOHOLICKE NAPOJE, KAVA A CAJ, KONZUMACE MASA A
ZELENINY/OVOCE

18. Konzumoval/a jste nékdy pravidelné, tj. aspon |__|Ano
jednou tydné po 1 rok alkoholické napoje? |__|Ne

19. Kolik Vam bylo let, kdyz jste ji zacal/a L]
konzumovat alkohol pravidelné? let

20. Konzumujete dosud alkoholické napoje |_|Ano  Denné ||
pravidelné? Jak ¢asto? |__|Ne 3—-5xtydné ||

Méné nez 1x tydné |_|
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21. Kolik Vam bylo let, kdyZ jste pfestal/a
konzumovat alkohol pravidelné?

let

22.V prubéhu typického tydne, kolik asi sklenic jste vypil/a? SkoncCete bud
soucasnosti nebo vékem, kdy jste prestal/a pit alkohol. Zapocitejte i
prestavky, kdy jste pfestal/a pit na dobu delSi nez 1 rok.

Od Do Pivo Vino Aperitiv/ Doma Komer¢ni
véku véku (0,51 (0,21 desertni vina | vyrabéné destilaty
/tyden) ltyden) (0,1 | /tyden) destilaty (sklenicky /
(sklenicky / | tyden)
tyden)

N

23. Vzpomeiite si, jak Casto jste pil/a ¢aj a kavu?

Frekvence

Kava

Caj (Cerny)

Nikdy, méné nez jednou mési¢né

Méné nez jednou tydné

1-2 x tydné

4-5 X tydné

1-2 x denné

3-4 x denné

Vice nez 4x denné

24. Jakou kavu vétSinou pijete?

|__| "turka”

|__| bez Iégru (pfekapavanou, rozpustnou, preso,...)

25. Konzumujete pravidelné maso, zeleninu/ovoce?

Frekvence

Maso

Zelenina/ovoce

Nikdy, méné nez jednou mésicné
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Méné nez jednou tydné

1-2 X tydn&

4-5 x tydné

denné

Cast F. FYZICKA AKTIVITA
I. Fyzicka aktivita v zaméstnani

26. V jakém zaméstnani jste pracoval pfevaznou ¢ast svého Zivota?

27. Byla vaSe prace fyzicky namahava?

Il. Fyzicka aktivita ve volném ¢ase

28a. Chodil/a jste nékdy cvicit/sportovat ve svém volném case, t.j. alespon
30 minut kazdy tyden v roce nebo 2 hodiny/tyden po 3 mésice ?

28b. Vzpomente si na situaci pfed rokem, chodil/a jste nékdy
cviCit/sportovat ve svém volném cCase, t.j. alespori 30 minut kazdy
tyden v roce, nebo 2 hodiny/tyden po 3 mésice?

28c. Pokud Ne, kdy jste skoncil/s s pravidelnym sportovanim/cvi€enim?

Cast G. GYNEKOLOGICKA ANAMNEZA (Pouze pro Zeny)

29. Byla jste nékdy téhotna? | _|[Ano ||
Kolikrat? |__|Ne
30. Méla jste nékdy potrat? |__|Ano |__|
Kolikrat? |__INe

31. Od kolika let mate menstruaci? |__INikdy nemenstruovala
|__| 9 nebo mladsi
| 110

|| 11

| |12

| 113

|| 14

|15

| |16

|__| 17 nebo starsi
|__| nevim
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|__|Ne

|__|Ano
|__|Ne




I. Peroralni kontraceptiva

32. Uzivala jste nékdy peroralni antikoncepci || Ano
dva a vice mésica? |__| Ne
33. Kolik vam bylo let, kdyz jste za€ala uzivat ||| (vék)
antikoncepci?
34. Kolik mésicu nebo let jste uzivala oralni | ||__| (mésice)
antikoncepci? nebo
|__Il__I (roky)
35. Uzivate jesté oralni antikoncepci? |_|Yes
|__| Ne
36. V kolika letech jste pfestala brat oralni ||| (vék)

antikoncepci?

Il. Uzivani Hormonalni Substituéni Terapie (HRT)

37a. Uzivala jste nékdy néjaky Zzensky hormon dva nebo vice || Ano
mésicu, napf. estrogeny kvuli navalim nebo jinym || Ne
problémim menopausy?
37b. Kolik vam bylo let, kdyz jste tuto IéCbu zaCala uzivat? ||| (Vék)
37c. Kolik mésicl nebo let jste celkem uzivala HRT? |__||__| (mésice)
nebo
|__Il__[ (roky)
37d. Uzivate jeSté HRT? |__| Ano
|__| Ne
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37e. V kolika letech jste prestala brat HRT? |l (vék)
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SOUHRN

Karcinom slinivky bfisni patii k nadoriim s nejhorsi prognézou. Dosud se nepodafilo spolehlivé odhalit rizi-
kové faktory. Vzhledem k tomu, Ze Ceska republika patfi ke statim s nejvyssim vyskytem tohoto onemoc-
néni na svété, iniciovala Mezindrodni agentura pro vyzkum rakoviny studii pipadi a kontrol nadort sliniv-
ky bfisni. Tato studie mé odhalit rizikové faktory specifické pro stredoevropsky region, Ceskou republiku
zvIasté.

Vysledky epidemiologické ¢asti studie nepodaly vysvétleni relativné vysokého vyskytu tohoto nadoru ve
stiedni Evropé. Prvni genetické analyzy piindSeji zajimavé vysledky, které je vSak tfeba potvrdit na vétSich
souborech.

Klic¢ova slova: karcinom slinivky bfisni. rizikové faktory, genetické analyzy.

SUMMARY

Holcdtovd 1., Soucek P., Slamovd A., Schejbalovd M., Brabec M., Ryska M.: Pancreatic cancer 1.
Pancreatic carcinoma is one of the tumours with the worst prognosis. Even today its risk factors are not cle-
ar. Since the Czech Republic is one of the countries with the highest occurrence of this disorder in the world.
a case—control study of this tumour was initiated by the International Agency for Research on Cancer. origi-
nally only in Czech Republic, with possible enlargement to other centres. The epidemiological part of the stu-
dy gave no valid explanation for the relatively high occurrence of pancreatic tumours in Central Europe.
First genetic analyses have produced interesting results, but a larger set of samples is necessary to confirm
them.

Key words: pancreas, carcinoma, risk factors, genetic analysis

Prakt. Lék. 2008, 88, No. 8, pp. 462-465.

Uvod alespon potencidlni rizikové faktory, které
by alesponi Caste¢né objasnily vysoky
vyskyt téchto nadort u nas a ve stredoev-

ropském regionu.

eska republika se fadi mezi staty
s nejvySsim vyskytem nadorovych

onemocnéni na svété. V nékterych
pripadech patiime do skupiny s absolutné
nejvyssim vyskytem (4). K témto nadortm
se fadi 1 nadory slinivky bfiSni (graf 1,
obrazek 2, 3).

Vzhledem k této relativné vysoké Cet-
nosti a také vzhledem k tomu, Ze socio-
ekonomicky dopad rakoviny pankreatu je
znacny zejména diky pozdnimu zichytu
a vysoké mortalité, iniciovala Mezinarodni
agentura pro vyzkum rakoviny (IARC)
studii pfipadii a kontrol nadort slinivky
brisni v Ceské republice s cilem nalézt

Udava se, ze az 98 % vSech nadort sli-
nivky biisni vychazi z z exokrinni ¢dsti
pankreatu, dvé tietiny z nich jsou lokali-
zovany v hlavé pankreatu (3). Tato lokali-
zace muze vést k relativné CasnéjSimu
ziachytu vzhledem k mozné blokadé
Vaterské papily, mize dojit k ziméné za
tumor Vaterské papily, duodena nebo Zlu-
c¢ovodu. Diagnozu lze stanovit zobrazova-
cimi metodami (CT, ERCP), stanoveni sta-
gingu se provadi endoultrasonografii
(EUS) s aspira¢ni biopsii (FNAB) (8).
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Graf 1. Odhad vyskytu karcinomu slinivky brisni ve svété (zdroj: GLOBOCAN 2002, IARC)

V letech 2004-2006 jsme feSili granto-
vy projekt Studie pfipada a kontrol nadort
pankreatu podpofeny prostiedky z Interni

grantové agentury Ministerstva zdravot-
nictvi CR (IGA 8090-3). Od roku 2007
feSime grantovy projekt VIiv faktort Zivot-

niho prostiedi a genetické determinanty
nadora pankreatu (geneticky profil) IGA
9422-3.

Opét se jedna o studii piipadii a kontrol,
i metodika sbéru dat a biologického materi-
alu je shodnd se studii pfedchozi. Nova stu-
die zdvojnasobi soubor pacienti a kontrol.
Vzhledem k zapojeni chirurgického praco-
viSté, které se specializuje na tuto proble-
matiku, je diagnostika v dobé zachytu pres-
néj$i a mame moznost ziskat i ¢ast tkané
z tumoru. Pokracovani projektu navysi veli-
kost soubori a soustfedi se na genetické
analyzy biologického materialu, pfedevsim
krevnich vzork, nasledné i tkané z tumoru.

V roce 2006 jsme publikovali
v Praktickém lékafi (5) metodickou ¢ast
této studie. Clanek byl zaméfen na zpiisob
sbéru dat a na analyzu faktort zivotniho
stylu a nékteré choroby ve vztahu
k nadorGm slinivky brisni. Vysledky nasi
studie nepotvrdily ani v literatufe uvadéné
rizikové faktory, coz mohlo byt zpusobe-
no malym rozsahem souboru.

Metodika

Kontakt na nemocné s nadory slinivky
biisni ziskavame ze spolupracujiciho pra-
covisté Chirurgické kliniky 2. LF UK
a UVN Praha, jejiZ tym se na Ié¢bu tohoto
onemocnéni dlouhodobé specializuje.
Resekéni vykon je jedinou soucasnou
lécebnou metodou, kterd ma potencidlné
lécebné vysledky a signifikantné prodlu-
Zuje zivot nemocnych (1). Trileté pieziva-
ni po provedené resekci dosahuje 22 %,
nejlepSich vysledku je pochopitelné dosa-
hovéano ve stadiu I. VétSina pacientt viak
spadala dle klasifikace nadort do stadia 11
a vySSich (6). Piipadnou adjuvantni che-
moterapii zajiStuje spolupracujici onkolo-
gické pracovisté.

W <08
GLOBC o2

Incidence of Pancreas cancer: ASR (World)-Male (All ages)

|_IERES]

Incidence of Pancreas cancer: ASR (World)-Female (All ages)

50 M < 58
GLOBOCAN 2002

B <66 W< 73

Obr. 2. Odhad vyskytu karcinomu slinivky brisni v Eviopé, muZi (zdroj:
GLOBOCAN 2002, IARC).

Obr. 2. Odhad vyskytu karcinomu slinivky brisni v Evropé, Zeny (zdroj:
GLOBOCAN 2002, IARC).
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Tab. 1. Wznamné vziahy mezi genetickymi polymorfismy biotransformacnich enzymii a rizikem vzniku nddorit pankreatu — EPHX1.

Genotyp Kontroly Pripady OR 95 %CI P (2-sided)
EPHXI-Tyr113Tyr 48 15 - - -
EPHXI-Tyr113His 46 98 6,82 346-1342 <0,001
EPHXI-His113His 20 22 iy 1,52-8,14 0,003
EPHXI-Tyrl13His+His113His 66 120 5,82 3,03-11,18 <0,001
Celkem 114 135

Tab. 2. Wznamné vztahy mezi genetickymi polymorfismy biotransformacnich enzymii a rizikem vzniku nddorit pankreatu — GSTM 1.

Genotyp Kontroly Pripady OR 95 %CI P (2-sided)
GSTM1-plus 36 88 - - -
GSTM1I-null 65 85 0,53 0,32 -0,89 0,015
Celkem 101 173

U nemocnych indikovanych k operac-
nimu feSeni karcinomu bylo vyZadovano
predoperacni provedeni ERCP, kontrastni-
ho CT vySetieni a EUS s FNAB. K radi-
kalnimu vykonu byli indikovani nemocni
ve stadiu I, IT a z¢asti 11, k paliativnimu
resek¢nimu vykonu pacienti ve stadiu I1I
a IVa bez predoperacné zjisténé angioin-
vaze (0).

VSichni nemocni, ktefi byli indikovani
k opera¢nimu vykonu na Chirurgické kli-
nice 2. LF UK a UVN v¢etné paliativnich
vykont, byli zafazeni do studie. Vzhledem
k tomu, ze primarni indikace k vykoniim
neprobihd na chirurgické klinice, je moz-
né, 7e Cast pacientl, jejichz zdravotni stav
¢i zjevnd neresekabilita nepredpoklada
moznost operacniho vykonu, neni odesla-
na na kliniku, a tedy nemuZe byt zafazena
do studie. Dalsi otazkou je, kolik pacienti
s nddorem slinivky bfisni nebylo diagnos-
tikovano vzhledem k nemoznosti provede-
ni nékterych vySetieni pro zavazny zdra-
votni stav nemocnych.

Pokud pacienti souhlasi s G¢asti ve stu-
dii, podepisi informovany souhlas, ktery
obsahuje informace o studii, o jejich
cilech, o moznych rizicich a benefitech.
Obsahuje rovnéz souhlas s jednotlivymi
¢astmi studie a informaci o tom, Ze mohou
kdykoliv ze studie odstoupit nebo absol-
vovat pouze jeji cast. Je-li to mozné, jeSté
pred operaci vyplni pracovnici UHE
s pacienty formou fizeného pohovoru
dotaznik, ktery zahrnuje otdzky na rodin-
nou a a osobni anamnézu vcetné strucné
pracovni anamnézy a relativné rozsahla
cast je vénovana strave.

V ramci odbérti na oddéleni je pacien-
tim odebrdna krev. Pfi operaci je odebran
vzorek tkané z tumoru. Tkan i krev (po
zpracovani) jsou ulozeny v hlubokomrazi-
cim boxu (-79 °C), nasledné je transporto-
vana do prislusné laboratofe k analyzam.
Informace z dotaznika jsou vkladany do
databdze pod kodovymi ¢isly, anonymné.

Kontrolni skupinu tvofi pacienti, které
nahodné zastihneme u praktickych lékait.
Pokud lidé, ktefi prichdzeji bud na odbéry,
nebo na preventivni prohlidky ke svému

praktickému I¢kafi souhlasi s ucasti ve stu-
dii, je jim odebrana krev a pracovnici UHE
s nimi vyplni formou fizeného pohovoru
dotaznik shodny s dotaznikem pro pfipa-
dy.

V prabéhu prvni studie jsme ziskali
informace a biologické vzorky od 150 pari
pripadl a kontrol. Zpracovana krev byla
analyzovana v prvnim roce druhé studie ve
spolufeSitelskych genetickych laborato-
fich. V pribéhu prvniho roku feSeni nové-
ho projektu jsme zachytili 72 potencidlnich
ptipadt nadori slinivky bfiSni a 39 osob
kontrolnich. Z téchto 72 ptipadi bylo 40
muzi a 32 Zen, 16 muzi a 23 Zen
v kontrolnim souboru.

Izolace DNA z lymfocytl se provadi
pomoci magnetické separace na pristroji
KingFisher. Usek genomové DNA obsa-
hujici sledovany polymorfismus (variace
v DNA pfitomnd u vice nez | % populace)
je namnozen PCR (polymerazovou fetézo-
vou reakci) a naStépen restrik¢nim enzy-
mem, ktery rozeznd divokou a variantni
alelu. Vysledek je odecten pomoci agaro-
zové elektroforézy, kterd umoziuje roztfi-
déni vzorku na divoké (w/w), variantni
(v/v) a heterozygotni (w/v) nosice. Tato
metoda restrik¢ni analyzy je povazovana
za klasickou.

Dale pouzivame novéjsi metody jako je
DNA sekvenovani a nejnovéjsi metodou,
kterou pouzivame, je ,,real time PCR”, kte-
rd pomoci fluorescencné znacenych sond
umoziuje rychlé a spolehlivé hodnoceni
jednotlivych genotypl.

Vzorky byly podrobeny studiu genetic-
kych polymorfismi biotransformacnich

enzymil:
¢ cytochromu P450 CYPIBI (kodon 432,
aminokyselinovd zaména Leu-Val

a 453, Asn-Ser),

4 epoxid hydrolaza EPHX1 (113, Tyr-His
a 139, His-Arg),

4 NADP(H)-chinon
NQOI (187, Pro-Ser),

4 glutathion S-transferdza GSTPI (105,
Ile-Val),

¢ GSTMI (null-delece celého genu), a

® GSTTI (null-delece celého genu) meto-

oxidoreduktaza

dami, které byly jiz zavedeny v ramci

predchozich studii a jsou zminény vySe.

Vysledky byly hodnoceny pomoci
Pearsonova chi kvadrit testu a riziko bylo
vyjddfeno pomoci Mantel-Hanszelova
modelu odhadu relativniho rizika (OR)
a konfiden¢nich intervali na hladiné
vyznamnosti 95 % (95 % CI). K analyzam
byl pouzit program SPSS v.14.

Vysledky

Celkem bylo pfeddno do konce roku
2007 do laboratofe 408 vzorku krvi kon-
trolnich osob a pacientl s naidorem pan-
kreatu k izolaci DNA. V této skupiné se
nachdzi 165 vzorka kontrolnich subjektu,
193 piipadt nadort pankreatu, 25 vzorki
s pankreatitidou a 25 nejasnych piipadu.
[zolace DNA byla aspéSné provedena
u 340 vzorkd.

Z ptedbézného statistického hodnoceni
souboru vyplyvd, ze hruby odhad relativ-
niho rizika (crude odds ratios) se neliSi
mezi skupinami kontrolnich subjekta
(n=165) a klinicky potvrzenych piipadi
(n=193) pro polymorfismy v genech
CYPIBI1, NQOI, GSTPI a GSTTI.

Pozoruhodny vysledek byl nalezen pro
gen EPHXI, kde se polymorfismus
v exonu 3 predbézné jevi jako silny rizi-
kovy faktor (OR = 5,82 znamend 5,82-krat
vyS§8i riziko vzniku nadoru pankreatu
u nosic¢t variantni alely na hladiné
vyznamnosti P < 0,001) (tab. 1).

Naopak, nosi¢stvi variantni alely v genu
GSTMI pravdépodobné pisobi jako pro-
tektivni faktor onemocnéni (OR = 0,53,
P=0,015) (tab. 2).

Prvni hodnoceni epidemiologickych
tdajt tykajicich se prfedevSim Zivotniho
stylu nepfineslo statisticky vyznamné
vysledky, a to ani ty oCekavané.

Veékové rozlozeni souboru pfipadd
a kontrol se neliSi (5% hladina vyznam-
nosti, Chi kvadrat = 6,497 d.f.=4, P =
0,165. V&k (£ 5 let) byl také jedinym
selekénim kritériem pfi vybéru kontrolnich
osob. VEk je soucasné statisticky vyznam-
nym rizikovym faktorem [P = 0,031, log
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Obr. 1. Odhad vyskytu karcinomu slinivky brisni v Evropé, muZi (zdroj: GLOBOCAN 2002, IARC

it(pp) = -1,285 (0,598) + 0,021t (0,010)],
model naznacuje, Ze riziko onemocnéni
stoupd vyznamné s vékem. (obr. 1).

V naSem souboru je ovSem zietelny
mirny rozdil ve vyskytu nadoru z hlediska
véku a pohlavi: u muzi vzestup zacina jiz
ve véku stfednim (od cca 40 let), u Zen
vzestup zaznamenavame az po 50. roce
veku, respektive az kolem 60 let.

Vliv véku je tedy prokazatelny, vliv
pohlavi je naproti tomu nevyznamny (P =
0.,554), onemocnéni se tedy vyskytuje stej-
nomérné u muzl i u Zen.

Diskuse

Koufeni byva uvadéno jako sice slaby,
ale jediny prokazany rizikovy faktor vzni-
ku karcinomu pankreatu (2). V naSem sou-
boru se koufeni nepodafilo na 5% hladiné
vyznamnosti prokdzat jako rizikovy faktor
(P =0,567), stejn¢ jako konzumaci alko-
holu (P=0,276), dalsi potencidlni rizikovy
faktor karcinomu slinivky bfiSni. Jako sta-
tisticky nevyznamny rizikovy faktor se
v nasi studii ukdzalo i pfedchozi onemoc-
néni slinivky bfisni, a to i v rodinné ana-
mnéze (P = 0.549), narozdil od operace
zluCovych kament. Vyskyt této operace
v pfedchorobi byl velmi vyznamny (P =
0,003). Dalsi studie by mély rozhodnout,
zda se jednd o rizikovy faktor, nebo mar-
ker, ktery ve zna¢ném piedstihu upozor-
fiuje na pocinajici onemocnéni.

Onemocnéni, jejichZ vyznam se Casto
diskutuje v souvislosti s karcinomem sli-
nivky bfisni, je diabetes 2. typu (7). Vyskyt
diabetu v anamnéze u pacientl s karcino-
mem slinivky biisni je statisticky vyznam-
né vyssi (p=0,007), pravdépodobné se vSak
incidence zvySuje v disledku zmén probi-
hajicich ve slinivce, kdy na zaklad€ proce-
st v tkdni diabetes vznikd. Diagndza one-
mocnéni diabetem je totiz vétSinou
stanovena v poslednim roce (6 mésicich)
pred vlastni diagnozou nadoru.

Z ovlivnitelnych rizikovych faktort,
kromé koufeni a konzumace alkoholu, kte-
ré v8ak v nasi studii nemély dostatec¢nou
statistickou vyznamnost, by podstatnou
tlohu mohla hrdt obezita vzhledem
k tomu, jak ptibyva v nasi populaci obéz-
nich lidi.

S postupujicim onemocnénim pacienti
ztraceji na vaze, a to statisticky velmi
vyznamné (P < 0,0001), podstatny viak je
stav pred vznikem onemocnéni. V prubéhu
fizeného rozhovoru se snazime zjistit, zda
doslo v pribéhu Zivota kK vyznamnym
vykyvim v hmotnosti, pfedevsim zda pod-
statnou ¢ast Zivota netrpél pacient nadva-
hou. KdyZ jsme vSak hodnotili body mas
index (BMI) ve 20 letech, tedy dlouho
pred vznikem onemocnéni, a 2 roky pred
stanovenim diagnozy, ani jeden z téchto
udajii nebyl statisticky vyznamny (P =
0,186; P = 0,982). V obou piipadech se
viak jednalo o adaje anamnestické, nikoliv

antropometrické, a museli jsme spoléhat
na pamét pacienti.

Zavér

V nasi studii se dosud nepodafilo pro-
kézat vliv ovlivnitelnych rizikovych fakto-
ri. Prvni vysledky genetické analyzy uka-
zuji na mozny vliv polymorfismi v genech
biotransformace na vznik tohoto nadoru.
Statistickym zhodnocenim vzajemného
mozného ovlivnéni genetickych zmén
a rizikovych faktorti by se mohl nasledné
vysvétlit vysoky vyskyt tohoto nadoru ve
sttedoevropském regionu.

Nalezené vysledky bude tfeba ovéfit na
vétsim souboru a zaroven posoudit mozny
vliv modifikujicich faktori (confounders)
v oblasti zivotniho stylu acastnik studie.

Prdce byla podporena grantem IGA MZ
9422-3, etickd komise VFN a 1. LF UK
vyslovila se studit souhlas.

Podékovdni za technickou pomoc patii
Lucii Kubdtové, Ivé Otradovcove a DiZ.
Sdrce Adamcikové.
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Pancreatic cancer represents one of the biggest problems of current oncology. The risk factors of pancreatic cancer devel-
opment, as well as factors affecting survival are poorly understood. Since biotransformation enzymes modify detoxification
of carcinogens, we supposed, that a relationship between their polymorphism and the risk of pancreatic cancer development
and eventually its clinical outcome may exist.

Associations of so far not studied cytochrome P450 1B1 (CYP1B1) polymorphisms with pancreatic cancer risk were
investigated by case-control study. A total of 754 participants were recruited during study period. All patients were followed
to determine their treatment and overall survival.

Carriers of rare genotype Val/Val in codon 432 of CYP1BI (rs1056836) were under significantly lower risk of pancreatic
cancer than wild type carriers (p=0.035). Carriers of heterozygous genotype (p=0.033) and rare allele Val (p=0.015) were also
under lower risk than wild type carriers. When histology-verified patients were analyzed separately, even more significant
associations were found (p=0.016, p=0.009, p=0.003, respectively). On the contrary, CYP1BI polymorphism in codon 453
(rs1800440) did not significantly associate with pancreatic cancer risk. Median survival of patients with rare homozygous
genotype Val/Val in CYP1BI-codon 432 was longer but not significantly different from those with wild-type homozygotes.
The same was true for CYP1BI1-codon 453 wild-type homozygotes in comparison with Ser/Ser rare homozygotes.

CYPIBI polymorphism in codon 432 seems to modify the risk of pancreatic cancer development and should be further
studied.

Keywords. Pancreatic cancer, CYP1B1, polymorphism, risk, survival

Pancreatic cancer represents one of the biggest challenges
of current oncology due to its poor prognosis. The overall inci-
dence of pancreatic cancer is growing rapidly. It has risen from
6.3 per 100,000 residents in 1980 to 9.6 per 100,000 in 2005 [1].
In the Czech Republic, pancreatic cancer is the eighth most
prevalent cancer with almost 1200 new cases diagnosed annu-
ally. Despite a high mortality rate linked to pancreatic cancer,
there is only little knowledge about its etiology. Therefore, it
is important to understand how genetic factors contribute to
clinical outcome of this disease.

Cytochrome P450 (CYP, EC 1.14.14.1) enzymes cata-
lyzes a large number of reactions modifying dietary and
smoking-derived pro-carcinogens including polycyclic aro-
matic hydrocarbons (PAHs), heterocyclic and aryl amines,
and nitroaromatic hydrocarbons [2, 3]. When activated, these
pro-carcinogens produce reactive intermediates that can cause

DNA damage and promote carcinogenesis. therefore this
role, CYP1B1 (OMIM: 601771) is extensively investigated as
a potential risk factor in human cancer [4]. Genetic polymor-
phism in CYP1B1 was recently associated with increased risk
and clinical outcome of wide variety of human cancers with
suspected environmental component including colorectal [5],
lung [6], prostate [7], renal cell [8], head and neck [9] and
pancreatic [10] cancers.

CYPIBI is located on chromosomal region 2p21-22 and
consists of two introns and three exons of which two are
translated into protein. A number of single nucleotide poly-
morphisms were described in CYP1BI [11]. We have focused
on two most studied missense CYPIBI polymorphisms in
codons 432 (rs1056836) and 453 (rs1800440) localized in exon
3 and their role in pancreatic cancer risk. These polymorphisms
are associated with amino acid substitutions, Val432Leu and
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Asn453Ser in the heme-binding domain of the enzyme. There-
fore these mutations may interfere with heme incorporation, by
affecting the hinge region and/or the conserved core structures
(CCS) that determine the proper folding and heme-binding
ability of P450 molecules [12]. Thereby these mutations of
CYP1BI cause some alterations in substrate specificity and cat-
alitic activity. Several studies indicate that these polymorphic
variants of CYP1B1 have greater hydroxylation activities and
are considered to be candidates for cancer susceptibility [13,
14]. It has been reported that Leu allele carriers in the CYP 1BI
codon 432 are more active in oxidation of benzo[a]pyrene to
benzo[a]pyrene-7,8-diol (in the presence of epoxide hydrolase)
than the Val allele carieres which further lead to formation of
carcinogen benzo[a]pyrene-7,8-diol-epoxide [15]. Since these
polymorphisms may also influence the biotransformation
of anticancer drugs, we investigated whether a relationship
between polymorphisms and the clinical outcome (assessed
by analysis of overall survival) exists.

Materials and methods

Study subjects. The association between pancreatic cancer
risk and genetic polymorphisms was investigated in a case-
control study. The enrollment of subjects to the study started
in September 2004 and was closed in February 2008. A total
of 754 participants were included into the study. Patients with
pancreatic cancer were recruited at five oncology centers lo-
cated in Prague, Pribram, Liberec, Rakovnik and Zlin. Patients
were eligible for the study, when they fulfilled at least one of
the following criteria:

- patient had histology- or cytology-confirmed pancreatic
adenocarcinoma or

- patient had at least three of the following clinical signs of
pancreatic cancer (weight loss, anorexia/cachexia, obstruc-
tive jaundice, mass on CT / MRI / endoscopic ultrasound
scans, tumor markers elevation).

Controls were selected to have similar gender and age
distribution as cases. We used two different control groups
to increase the power of study. The first control group was
composed of healthy volunteers recruited by general prac-
titioners during regular preventive checkups. Second group
was composed of blood donors. The first primary endpoint
was the association between the risk of pancreatic cancer
and CYPI1BI polymorphisms, the second was the overall
survival (OS), defined as the interval between the date
of first histological verification of pancreatic cancer until
death from any cause. Patients were followed through Oc-
tober 30, 2008. We performed a review of medical records
to obtain information on chemotherapy and/or radiation
for all eligible patients. Since the patient enrollment covered
almost all regions of Czech Republic, we consider this study
being adequately representative for Czech population. The
design of the study was approved by the Ethical Committee
of the 1** Medical Faculty, Charles University in Prague,
Czech Republic.

Genotyping. Blood was collected during diagnostic pro-
cedures using tubes with K.EDTA anticoagulant. DNA was
isolated from lymphocytes using the phenol/chloroform
extraction method [16]. Polymorphisms in CYPIBI were
assayed using allelic discrimination with TagMan Drug Me-
tabolism Genotyping Assays (Applied Biosystems, Foster City,
CA) by real time PCR in RotorGene 6000 (Corbett Research,
Brisbane, Australia). The respected polymorphisms and as-
says were, CYPIBI codon 432 (Leu432Val, rs1056836 assay
no.: C_3099976_30) and codon 453 (Asn453Ser, rs1800440,
C_11642651_30). Determination was performed according
to instructions of manufacturer (Applied Biosystems). Qual-
ity control was performed by reanalysis of 10% of randomly
selected samples. Results were 100% concordant. Oligonucle-
otide primers were synthesized by Generi Biotech (Hradec
Kralove, Czech Republic).

Statistical analyses. Statistical analyses were processed by
the statistical software CRAN 2.4.0. The mean, median, SD,
variance, minimum, maximum, quartiles, frequencies and
other basic statistical measurements were computed in given
groups and subgroups. The overall survival of given groups
and subgroups was determined using Kaplan-Meier's sur-
vival distribution functions. The Log-rank test was used for
evaluation of different survivals among investigated groups
and subgroups. For determination the risk factors in relation
to overall survival Hazard Ratio was computed by the Cox
proportional hazard model. Odds ratios (OR) and confidence
intervals for examining the association between genetic factors
and cancer risk were estimated by logistic regression.

Results

General characteristics of participants. 285 cases and 469
controls entered into the study. Among pancreatic cancer
patients, there were 132 patients with histology-verified di-
agnosis. In 115 patients, the diagnosis was based on clinical
symptoms. 38 patients were excluded from the study due to
other than pancreatic cancer diagnosis (review process found
15 individuals with pancreatitis and 23 with other diagnosis).
Randomly selected controls were healthy individuals and
consisted of two independent groups: 179 healthy subjects re-
cruited by general practitioners in Prague during the 3" month
after the cases recruitment, and 290 blood donors recruited
from two centers in Prague and Pribram. Cases comprised of
39.6% females and 60.4% males whereas controls included
either 46.4% females and 55.6% males (GP group) or 31.9%
females and 68.1% males (BTS group). The difference in sex
distribution between cases control groups was not statistically
significant. The average age of cases was 61.4 + 10.8 years vs.
59.2 +12.0 years in GP group and 40.0 + 11.8 years in BTS
group.

Clinical characteristics of the patients. The first manifesta-
tion of the disease was obstructive icterus in almost 70 % of
patients whereas the rest usually reported pain and weight
loss. About 34% of histology-verified cases underwent surgery
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Table 1: Association of CYP1BI polymorphisms with pancreatic cancer risk
Cases, N (%) Controls, N (%) OR (95% CI)*
All Histology-verified All cases Histology-verified

CYPIBI1-432

Leu/ Leu 91 (36.8) 55 (41.7) 131 (28.0) reference reference
Leu/Val 124 (50.2) 62 (47.0) 259 (55.3) 0.69 (0.49-0.97) 0.57 (0.38-0.87)
Val/Val 32(13.0) 15(11.3) 78 (16.7) 0.59 (0.36-0.96) 0.46 (0.24-0.86)
Leu/Val+ 156 77 337 0.67 (0.48-0.97) 0.54 (0.36-0.81)
Val/Val

qVal® 0.44

CYPIBI-453

Asn/Asn 172 (69.6) 87 (66.0) 326 (69.5) reference reference
Asn/Ser 63 (25.5) 39 (28.5) 126 (26.9) 0.95 (0.67-1.35)) 1.19 (0.75-1.79)
Ser/Ser 12 (4.9) 6 (4.5) 17 (3.6) 1.35 (0.63-2.86) 1.32 (0.51-3.45)
Asn/Ser+ 75 45 143 0.99 (0.71-1.39)) 1.18 (0.78-1.78)
Ser/Ser

qSer® 0.17

* OR=0dds ratio, 95% CI=95% confidence interval
® frequency of the rare allele in control group

of which about 50 % was radical surgery. The first palliative
chemotherapy was predominantly gemcitabine. 5-Fluorouracil
was used in the rest of anticancer therapy-treated patients. Due
to the low performance status only 3 patients received II. line
of palliative treatment (capecitabine or 5-fluorouracil).

Polymorphisms and pancreatic cancer risk. There were no
significant differences in CYPIBI rare allele frequencies and
genotype distributions between GP and BTS control groups
allowing us to pool these control groups for further analyses.
Evaluation of genotype distribution and allele frequencies in
cases and controls showed that carriers of rare genotype Val/
Valin codon 432 of CYP1BI were under significantly lower risk
of pancreatic cancer than wild type carriers (Table 1, p=0.035).
Carriers of heterozygous genotype (p=0.033) and rare allele
Val (p=0.015) were also under lower risk than wild type car-
riers. The same was true for histology-verified patients when
analyzed separately (p=0.016 for rare genotype, p=0.009 for
heterozygotes, and p=0.003 for rare allele carriers vs. wild type
carriers). On the contrary, CYP1BI polymorphism in codon
453 did not significantly associate with pancreatic cancer risk
(Table 1). There were not enough participants for analysis of
combined effect of both CYPIBI polymorphisms.

Overall survival. CYP1B1 polymorphisms did not signifi-
cantly modify overall survival of either all pancreatic cancer
patients or histology-verified subgroup of patients. Median
survival of patients with rare genotype Val/Val in codon 432
of CYP1B1 was 1.73 year (95 % CI=0.66-1.34), with hetero-
zygous genotype Val/Leu was 0.91 year (95 % CI=0.76-1.42)
in comparison with wild-type Leu/Leu carriers (1.12 year
95 % CI=0.90-1.37). Median survival of patients with rare
genotype Ser/Ser in codon 453 of CYP1B1 was 0.95 year (95
% CI=0.31-0.97), with heterozygous genotype Asn/Ser was

0.87 year (95 % CI=0.63-2.10) in comparison with wild-type
Asn/Asn carriers (1.17 year; 95% CI=0.91-1.37). Median
survival of histology-verified patients with CYP1B1-codon
432 genotypes Val/Val, Leu/Val, and Leu/Leu was 1.78 year
95 % CI=0.34-2.49), 0.87 year (95 % CI=0.58-1.42), and 1.12
year (95 % CI=0.85-2.65), respectively. Median survival of
histology-verified patients with CYP1B1-codon 453 genotypes
Ser/Ser, Asn/Ser, and Asn/Asn was 0.42 year (95 % CI=0.05-
0.93), 0.87 year (95 % CI=0.48-1.77), and 1.17 year (95%
CI=0.85-1.55), respectively.

Discussion

The risk factors leading to the pancreatic cancer develop-
ment are poorly understood. Minority of these cancers can be
linked to currently known hereditary cancer syndromes like
syndrome of hereditary pancreatitis or hereditary breast—ovar-
ian carcinomas, but generally no explanation for the majority
of pancreatic carcinomas exists. Previous studies suggested
that higher risk of pancreatic cancer may be associated with
certain polymorphisms in metabolizing genes including CYPs.
However, virtually no study was performed specifically on
population of Czech origin or other Slavic ones. We focused
our attention on two CYPIBI polymorphisms frequently
studied in sporadic cancers other than pancreatic.

In our study, a significant association between CYPIBI
polymorphism in codon 432 and the pancreatic cancer risk
was observed. Histology-verified cases showed even more
significant trend in the same direction, i.e. higher risk in
carriers of wild type genotype in comparison with rare allele
carriers (p=0.003). Recently, higher levels of 4-aminobiphenyl-
hemoglobin adducts were observed in wild Leu allele carriers
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in the CYPIBI codon 432 as compared to the rare genotype.
A significant interaction between these CYPI1BI genotypes
and the level of exposure was found as well (p=0.003, ref. 17).
Thus, the wild type allele which is more active than the rare one
[18] may contribute to enhanced exposure-related damage of
biomacromolecules and subsequently to carcinogenesis.

No association of the second studied polymorphisms in co-
don 453 with the risk was found in our study. The frequencies
of rare CYP1BI alleles in our pooled control group (n=469)
were similar to those published in other Caucasian popula-
tions (codon 432 - 0.45; ref. 19 and codon 453 - 0.18; ref.
5). Case-control study on role of CYPIBI polymorphisms in
pancreatic cancer risk was not published so far. However, there
were published studies on polymorphisms in other CYPs and
metabolizing genes. Lee et al. [20] did not find any significant
association of CYPIAI, CYP2D6, and CYP2EI haplotypes
with pancreatic cancer risk in a small case-control study on
Korean population. In contrast, another study reported that
polymorphisms in CYP1A2 and NAT1 genes modify the risk of
pancreatic cancer [21]. Moreover, a significant interaction be-
tween NAT1 genotype and dietary mutagen intake modifying
the risk of pancreatic cancer was observed among men but not
women and suggested the existence of gender-specific suscepti-
bility to dietary mutagen exposure [22]. Thus, polymorphisms
in metabolic genes may modulate pancreatic cancer risk and
present interesting topic for further studies.

We also examined the influence of both CYPIBI poly-
morphisms on the overall survival of the disease. Although
non-significant, a trend towards longer survival of patients
with rare genotype Val/Val in codon 432 of CYPIBI in com-
parison with patients carrying wild-type alleles was observed.
There is lack of data in the literature to corroborate this result
more thoroughly. Thus, due to the poor prognosis of pancreatic
cancer patients and the frequent resistance of the disease to
standard anticancer therapy, it seems that CYPIBI polymor-
phisms most probably lack prognostic significance.

In conclusion, the CYPIBI polymorphism in codon 432
seems to influence pancreatic cancer risk but not prognosis in
the Czech population. As the data on genetic background of
pancreatic cancer are inconsistent worldwide, further research
is needed to find factors contributing to pancreatic cancer
development and progression.
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pancreatic cancer.

In the first case-control study on pancreatic cancer conducted on 253 cases and 403 controls in the
Czech Republic we observed that the GSTP1-codon 105 Val variant allele and the GSTT1-null genotype
were associated with an elevated risk for pancreatic cancer (OR=1.38; 95%CI=0.96-1.97 and OR=1.56;
95%CI=0.93-2.61, respectively). Combination of GSTT1-null and GSTP1-codon 105 Val variants further
increased the risk for pancreatic cancer (OR = 2.50; 95%CI = 1.20-5.20). In conclusion, this study suggests
population-specific associations of polymorphisms in key biotransformation genes with elevated risk for

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The incidence of pancreatic cancer (ICD-10: C25) in the Czech
Republic reached a total of 15.4 cases per 100,000 inhabitants in
2005 [1]. The majority of these cases are clinically silent until symp-
toms arise, such as dyspepsia, weight loss, epigastric pain radiating
into the back, and jaundice. Despite significant efforts in therapy,
the 5-year survival rate does not surpass 5% [2]. Pancreatic cancer
rarely occurs in the young population. Most often it affects individu-
als between 45 and 85 years of age. Because of its growing incidence
and high fatality rate, there is a strong need to identify risk factors
that contribute to the onset of the disease. Approximately 4-16% of
pancreatic cancers are attributed to a genetic predisposition (famil-
ial cases) due to germ-line mutations in highly penetrant genes [3].
These mutations involve genes contributing to the regulation of
the cell cycle, tumor-suppressor genes as well as proto-oncogenes,
such as BRCA1/2 or CDKN2A, CDKN2B, etc. Nevertheless, the major-
ity of pancreatic cancer cases occur in individuals without a prior
family history (sporadic cases). Published risk factors include age,
sex, diabetes, obesity, history of chronic pancreatitis, diet rich in

* Corresponding author. Tel.: +420 267082711; fax: +420 267311236.
E-mail address: psoucek@szu.cz (P. Soucek).

1383-5718/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.mrgentox.2009.09.005

fat, tobacco, and infection by Helicobacter pylori [4,5]. Metabolism
of environmentally important contaminants (both activation of
pre-carcinogens and detoxification of carcinogens) may present an
important susceptibility factor as well. Polymorphisms in genet-
ically variable xenobiotic-metabolizing enzymes may modify the
risk for carcinogenesis [6].

Glutathione S-transferases (GST, EC 2.5.1.18) GSTM1 (OMIM:
138350), GSTP1 (OMIM: 134660) and GSTT1 (OMIM: 600436) are
frequently studied in molecular epidemiology of cancer. Large
genomic deletions of GSTM1 and GSTT1 (null genotype) pro-
duce a complete lack of enzyme activities. GSTP1 polymorphism
(Ile105Val, rs1695) generates an enzyme with different heat sta-
bility and substrate affinity [7]. GSTP1 variants confer a possibly
protective effect against pancreatic cancer in older individuals
and a significant survival advantage in patients who received 5-
fluorouracil [8]. Results of Ferraz et al. suggested that GSTT1 and
GSTP1 could play a role in the occurrence of TP53 mutations in
colorectal cancer [9]. An interaction was reported between XRCC1
(OMIM: 194360; Arg399GlIn, rs25487) and GSTT1/GSTM1-null/null
[10], and between GSTT1-null and cigarette smoking, which was
more prominent among women than among men with pancreatic
cancer [11].

In this study we evaluated whether GSTM1, GSTP1 and GSTT1
polymorphisms influence the risk for pancreatic cancer in a case-
control study conducted in the Czech Republic, in a central
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European, predominantly Slavonic population. Special attention
was paid to the effect of gene combinations, age, sex, and smoking
status.

2. Patients and methods
2.1. Study population

The association between pancreatic cancer risk and genetic polymorphisms was
investigated in a case-control study. A total of 768 participants were recruited in the
period between September 2004 and February 2008. Cases were incident pancreatic
cancer patients from five oncology and surgery departments in Prague. Pancreatic
cancer diagnosis was periodically reconfirmed. Patients were eligible for the study
when they fulfilled at least one of the following criteria: (a) histologically or cyto-
logically confirmed pancreatic adenocarcinoma or (b) at least three of the clinical
signs of pancreatic cancer (ERCP, EUS with FNAB, mass on CT or MRI, weight loss,
anorexia/cachexia, obstructive jaundice). Among cases, there were 136 patients with
histological verification and 117 patients with clinically verified diagnosis. Thirty-
eight other patients (potential cases) were excluded from the study due to other
than pancreatic cancer diagnosis (15 individuals with pancreatitis and 23 individu-
als with other diagnoses). Seven further cases were excluded as variables needed for
the analysis (such as age) were not available to the investigators. Randomly selected
controls were healthy individuals from two independent groups: 179 healthy sub-
jects recruited by general practitioners in Prague during the same period as the case
recruitment, and 224 blood donors from two centers, in Prague and Pribram. Con-
trols had a similar sex and age distribution as cases. Personal data were collected
by face-to-face interview using a structured questionnaire (data such as short occu-
pational history, smoking habits, education, reproductive history and nutritional
information). In addition, clinical data were collected from medical records (date
of diagnosis, stage, grade and histology where available). Sixty-seven controls were
excluded because variables needed for the analysis were missing. At the end of study
period we had 253 cases and 403 controls included into the study, for whom blood
samples and filled questionnaires were available. Written informed consent to par-
ticipate in the study was obtained from all participants. The study was approved
by the Ethical Committee of the 1st Medical Faculty of Charles University, Prague,
Czech Republic.

2.2. Genotyping

Blood was collected during diagnostic procedures using tubes with K3EDTA
anticoagulant. DNA was isolated from lymphocytes using the phenol/chloroform
extraction method as described earlier [12]. The GSTP1-codon 105 polymorphism
was assayed by use of allelic discrimination with the TagMan Drug Metabolism
Genotyping Assay (rs1695, kit no.: C.3237198.20, Applied Biosystems, Foster City,
CA) with real-time PCR in RotorGene 6000 (Corbett Research, Brisbane, Australia).
Determination was performed according to instructions provided by the manu-
facturer (Applied Biosystems). Deletion polymorphisms in GSTM1 and GSTT1 were
assessed by allele-specific multiplex PCR [13]. Quality control was performed
by reanalysis of 10% randomly selected samples. Results were fully concordant.
Oligonucleotide primers for GSTM1 and GSTT1 analyses were synthesized by Generi
Biotech (Hradec Kralove, Czech Republic). Genotyping could not be done on all sub-
jects: data on GSTM1 were available for 253 cases and 403 controls, on GSTP1 for 253

cases and 402 controls, and on GSTT1 for 244 cases and 347 controls. Unsuccessful
genotyping of GSTT1 was caused by inadequate quality or quantity of DNA (lack of
control PCR product).

2.3. Statistical analysis

Odds ratios (OR) and 95% confidence intervals (CI) for examining the association
between genetic factors and cancer risk were estimated by logistic regression. Age,
sex, smoking status (current smoker, past smoker, never smoker) and education
(primary or less, vocational, secondary, higher) were used as potential confound-
ing factors or effect modifiers (interaction term used in the regression model) in
adjusted analysis. Potential gene-gene interactions were tested in a further step.
The likelihood-ratio test was used to test the significance of the main effects, poten-
tial effect modifications and gene-gene interactions. For each analysis (depending
on the genetic variable/s used) the maximal dataset was used, including all available
data were used. A two-sided p <0.05 would be considered significant. All analyses
were conducted with Stata 10 software (Stata Corp, TX, USA).

3. Results

There were 253 cases and 403 controls aged 25 years and older
in the dataset (age range 25-87 years). The main characteristics
of the study population are presented in Table 1. There were no
significant differences in age and sex distribution between cases
and controls.

The GSTP1-codon 105 Val allele and the GSTT1-null geno-
type were associated with increased pancreatic cancer risk in
unadjusted analyses (results not shown). Because no statistically
significant heterogeneity was found, both control groups were
pooled together for further analysis. In Table 2 the results are given
for all subjects and for younger and older individuals separately.
While the interaction between genotypes and age was not signif-
icant (p-values 0.15, 0.61 and 0.99 for age interaction with GSTP1,
GSTT1 and GSTM1, respectively), the magnitude of the effect seems
to differ by age. In particular, the effect of the combination GSTT1-
GSTP1 seems to differ per age group, being stronger in subjects
younger than 50 years (however, the p-value for interaction with
age is 0.47). In addition, it seems possible that the effect of GSTT1-
GSTP1 among individuals younger than 50 years differs by sex:
the odds ratio (OR) for null-Ile/Val or null-Val/Val combination vs.
present-Ile/Ile combination is 2.35 in men and 7.36 in women, but
the numbers are small and neither the main effects nor the interac-
tion are statistically significant (results not shown). No statistically
significant interaction of the studied polymorphisms with smoking
was found (while the main effect of smoking was borderline signif-
icant with an OR between 1.4 and 1.7 depending on genotype used

Table 1
Descriptive characteristics of the study groups.
Characteristics Total Cases Controls P-value
N (%) N (%) N (%)

Age <40 years 114(17.4) 40(15.9) 74(18.3) <0.001
40-50 126(19.2) 22(8.7) 104(25.7)
50-60 173(26.4) 48(19.1) 125(30.9)
60-70 149(22.7) 86(34.1) 63(15.6)
70-80 68(10.4) 44(17.5) 24(5.9)
80+ 26(4.0) 12(4.8) 14(3.5)

Sex Men 410(61.6) 156(61.9) 254(62.9) 0.85
Women 246(38.4) 96(38.1) 150(37.1)

Smoking status Never 244(37.2) 83(32.9) 161(39.9) <0.001
Past smoker 193(29.4) 71(28.2) 122(30.2)
Current smoker 171(26.1) 57(22.6) 114(28.2)
Status unknown 48(7.3) 41(16.3) 7(1.7)

Education Primary or less 111(15.2) 63(24.2) 48(10.2) <0.001
Vocational 225(30.8) 70(26.9) 155(33.0)
Secondary 260(35.6) 69(26.5) 191(40.6)
Higher 112(15.3) 42(16.2) 70(14.9)
Unknown 22(3.0) 16(6.2) 6(1.3)

" Chi-square test for the association between exposure and outcome.
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Table 2

Glutathione S-transferases and age interaction in pancreatic cancer (only subjects with complete data).
Gene/genotype Cases, N (%) Controls, N (%) All subjects <50 years >50 years

OR (95%CI)? N OR (95%CI)? N OR (95%CI)?

GSTM1
Present 115(45.5) 188(46.7) 1.00 (reference) 114 1.00 (reference) 189 1.00 (reference)
Null 138(54.6) 215(53.4) 0.92 (0.64-1.31) 125 0.85 (0.39-1.89) 228 0.90 (0.59-1.36)
N total 253 403
GSTT1
Present 199(81.6) 308(88.8) 1.00 (reference) 181 1.00 (reference) 326 1.00 (reference)
Null 45(18.4) 39(11.2) 1.56 (0.93-2.61) 27 1.13(0.33-3.93) 57 1.66 (0.91-3.04)
N total® 244 347
GSTP1-codon 105
Ile/lle 100(39.5) 192 (47.8) 1.00 (reference) 116 1.00 (reference) 176 1.00 (reference)
Ile/Val or Val/Val 153(60.5) 210(52.2) 1.38 (0.96-1.97) 123 3.09 (1.25-7.63) 240 1.23(0.81-1.87)
N total® 253 402
GSTT1-GSTP1 interaction
Present-Ile/lle 76(31.3) 146(42.1) 1.00 (reference) 89 1.00 (reference) 133 1.00 (reference)
Null-lle/Ile 18(7.4) 21(6.0) 1.46 (0.97-2.18) 13 0.77 (0.10-5.67) 26 1.69 (0.69-4.13)
Present-Ile/Val or Val/Val 123(50.6) 162(46.7) 1.46 (0.69-3.12) 92 3.00 (1.15-7.82) 193 1.31(0.81-2.09)
Null-Ile/Val or Val/Val 26(10.7) 18(5.2) 2.50(1.20-5.20) 14 4.40 (0.79-24.7) 30 2.21(0.95-5.15)
N total® 243 347

2 Adjusted for age, sex, smoking status and education.
b Missing genotypes due to inadequate quality or quantity of DNA.

in the analysis). When adjusted for education, the results remained
virtually unchanged.

4. Discussion

Pancreatic cancer has typically a poor prognosis and a very high
mortality. The etiology and molecular pathogenesis of this cancer
are still poorly understood. Besides alterations of high-penetrance
genes, interaction of environmental factors with low-penetrance
genes is suspected to contribute to the onset of pancreatic cancer.
We aimed to investigate the contribution of well-characterized and
functionally relevant polymorphisms in GSTM1, GSTP1 and GSTT1 to
susceptibility to pancreatic cancer. To this end, a case-control study
was conducted among a central-European population with one of
the highest incidences of this type of cancer in the western world.
Age and smoking, the published strong risk factors for pancreatic
cancer [14,15] were followed as possible interacting factors.

Although the GSTM1-null genotype is a suspected risk factor
in lung cancer [16], according to our results it is unlikely that it
influences the risk for pancreatic cancer. Our observation is in con-
cordance with previously published studies [8,10,17].

We observed that the GSTP1-codon 105 Val variant allele was
associated with elevated pancreatic cancer risk (3.09-fold) in indi-
viduals younger than 50 years of age. Our study supports the
previously proposed role of GSTP1 polymorphism in pancreatic
pathogenesis [8]. However, Jiao et al. suggested that individuals
aged 62 years or older who carried the GSTP1*C (codon 105 Val-
codon 114 Val)-containing genotype tended to have a reduced
risk compared with younger individuals who carried the non-
*C genotype (OR=0.54, CI=0.29-1.02, ref. [8]). Thus, there is a
clear discrepancy between both studies: we found an associa-
tion of GSTP1-codon 105 with pancreatic cancer risk in individuals
younger than 50 years, but Jiao et al. found association in individ-
uals aged 62 or older. Both observations may be result of small
sample sizes, effect of other genes and/or genotypes not analyzed
in these studies, or a different study design.

We found that the GSTT1-null genotype was associated with an
increased risk for pancreatic cancer (1.56-fold, non-significant) in

the adjusted analyses. This effect was evident in individuals aged
50 or older (1.66-fold, non-significant) but not in younger sub-
jects. The first study of this kind found no association of GSTT1-null
with pancreatic cancer [17]. However, Duell et al. suggested that
the combination of heavy smoking and a deletion polymorphism
in GSTT1 is associated with an increased risk for pancreatic can-
cer among Caucasians, with the association possibly being stronger
in women than in men [11]. In our study, smoking did not inter-
act with any of the genes studied, both in adjusted and stratified
analyses.

The combination of GSTT1 and GSTP1 had a multiplicative effect
on the risk for pancreatic cancer, the association being significant
when all subjects were analyzed together (OR, 2.5). There is no
statistical evidence for a departure from multiplicativity of the
association (p-value 0.76 for gene-gene interaction).

Our study has a limitation in the fact that although our time for
data collection was long, the sample size is still relatively small.
The power of the study for gene-gene interactions and strati-
fied analyses was low and it can be assumed that the probability
of chance findings in these analyses was quite high. It is essen-
tial to use multi-centric design in the future to collect data on
large numbers of cases for such analysis. Among other limitations,
the presumed genetic variability and phenotypic heterogeneity of
tumors in patient populations should be mentioned. A study of a
homogeneous (at least pathologically) population of patients is,
however, almost impossible due to the difficulties with recruit-
ment of pancreatic cancer cases with a rather short survival and
poor performance status. Additionally, in inoperable patients (the
majority in pancreatic cancer) the verification of diagnosis is com-
plicated by the lack of a pathological specimen. In our study, familial
cases based on family history were not distinguished from sporadic
cases. However, due to the fact that familial pancreatic cancer is
very rare, it is unlikely that the unknown hereditary genetic back-
ground of patients would have had a high impact on the study
findings.

To our knowledge we here present the first study that evaluates
the role of GST polymorphisms in pancreatic cancer in a Slavonic
population. Conflicting results in comparison with few published
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data warrant further research and similar studies in related popu-
lations of Caucasian origin.
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Pancreatic carcinoma is the fourth leading cause of cancer-related
deaths in the Czech Republic, with only a minimum of patients
surviving 5 years. The aetiology and molecular pathogenesis are
still weakly understood. 7P53 has a fundamental role in cell cycle
and apoptosis and is frequently mutated in solid tumours, including
pancreatic cancer. Based on the assumption that genetic variation
may affect susceptibility to cancer development, the role of 7P53
polymorphisms in modulating the risk of pancreatic cancer may be
of major importance. We investigated four selected polymorphisms
in TP53 (rs17878362:A>A,, rs1042522:G>C, rs12947788:C>T and
rs17884306:G>A) in association with pancreatic cancer risk in
a case—control study, including 240 cases and controls (for a total
of 1827 individuals) from the Czech Republic. Carriers of the var-
iant C allele of rs1042522 polymorphism were at an increased risk
of pancreatic cancer [odds ratio (OR) 1.73; 95% confidence inter-
val (CI) 1.26-2.39; P = 0.001]. Haplotype analysis showed that in
comparison with the most common haplotype (A;GCG), the
A,CCG haplotype was associated with an increased risk (OR
1.39; 95% CI11.02-1.88; P = 0.034) and the A;CCG with a reduced
risk (OR 0.30; 95% CI 0.12-0.76; P = 0.011) for this cancer. These
results reflect previous findings of a recent association study, where
haplotypes constructed on the same 7P53 variants were associated
with colorectal cancer risk [Polakova et al. (2009) Genotype and
haplotype analysis of cell cycle genes in sporadic colorectal cancer
in the Czech Republic. Hum. Mutat., 30, 661-668.]. Genetic variation
in 7P53 may contribute, alone or in concert with other risk factors,
to modify the inherited susceptibility to pancreatic cancer, as well as
to other gastrointestinal cancers.

Introduction

Pancreatic cancer (International Classification of Diseases for Oncology-
10: C25; Online Mendelian Inheritance in Man: 260350) is one of the
most common malignancies of the gastrointestinal tract (1). More than
230 000 cases are diagnosed worldwide annually, mainly in developed
countries and with a slight male predominance (2). This cancer is among
the most fatal cancers with a 5 year survival rate of <6% (3).
Pancreatic cancer is a complex disease, with both genetic and en-
vironmental factors contributing to its aetiology. A number of risk
factors such as smoking, diabetes and chronic pancreatitis have been

Abbreviations: CI, confidence interval; CRC, colorectal cancer; LD, linkage
disequilibrium; OR, odds ratio; SNPs, single nucleotide polymorphisms.

identified in case—control and cohort studies, whereas the role of other
factors remains to be elucidated (4).

The observed familial aggregation of the disease is evidence of
a genetic component in pancreatic cancer (5,6): up to 10% of patients
report a family history of pancreatic cancer (7). It is generally ac-
cepted that, as is the case of other complex diseases, more common
genetic variants with modest effects on the risk of pancreatic cancer
may play an important role in both familial and sporadic forms of this
disease, either individually or in combination with environmental
factors. The relatively high frequency of such variants may be an
additional reason to potentially explain a substantial proportion of
disease risk. Recently, Milne et al. (4) reviewed the findings from
genetic association studies on the risk of pancreatic cancer but at
present, results are still inconclusive, mainly due to the small study
size and the selection of candidate genes.

TP53 (Online Mendelian Inheritance in Man: 191170) is a key
player in stress responses that preserve genomic stability, responding
to a variety of insults, including DNA damage, hypoxia, metabolic
stress and oncogene activation (8). TP53 also interacts with numerous
cellular proteins, including several in the control programmed cell
death. Above molecular interactions might contribute to its inhibitory
role in the tumorigenesis. 7P53 is frequently mutated in various solid
tumours, including colorectal and pancreatic cancer, and these muta-
tions result in the absence or dysfunction of the p53 protein (9). This
tumour suppressor gene is also polymorphic; so far, >200 single
nucleotide polymorphisms (SNPs) have been identified (http:
/Ip53.free.fr). In contrast to tumour-associated mutations, most of
these SNPs are unlikely to have biological effects. Owing to the
importance of 7P53 in tumour suppression, the SNPs that may alter
p53 function might affect cancer risk, progression and/or response to
treatment (8). However, the role of polymorphisms in this gene has
not yet been fully investigated for pancreatic cancer susceptibility.

Previously, we have studied the effect of 7P53 common variants on
colorectal cancer (CRC) risk in a case—control study in the Czech
Republic and we have observed a differential distribution of major
haplotypes between cases and controls, suggesting that prevalent hap-
lotypes within the TP53 gene may modulate CRC risk (10). In the
present study, we carried out a hospital-based case—control study to
evaluate the association of the same polymorphisms within 7P53 gene
with the risk of pancreatic cancer. Due to the important role of TP53
in tumourigenesis, we also aimed to investigate whether specific hap-
lotypes within this gene may impact the cancer development risk, not
only for CRC but also for pancreatic cancer.

Materials and methods

Subjects

A total of 1827 controls and 240 cases were included in the present study. Both
cases and cancer-free controls were of Czech Caucasian origin, recruited be-
tween September 2004 and February 2008.

Cases were newly diagnosed patients attending five oncology and surgery
departments providing specialized health care for pancreatic cancer within the
Central Bohemia region and Prague. Therefore, reasonably, all incident cases
occurring in the studied area were included in the time period. They represent
both the urban and the rural Czech population. Pancreatic cancer diagnosis in
patients was periodically reconfirmed both histologically and clinically (as de-
scribed in refs 11 and 12). From the original set of 278 cases with clinical sign of
pancreatic cancer, 38 patients were excluded due to other diagnosis (15 pancrea-
titis and 23 other diagnosis) during follow-up, leaving 240 cases in the study.
Clinical-pathological data on patients were collected from their medical records
(date of diagnosis, stage, grade and histology where available). Since a positive
family history of pancreatic cancer is recognized being among risk factors for this
cancer, we have investigated this parameter in our population. Of the studied cases,
only two individuals, aged 56 and 74 years, presented one relative with a pancre-
atic cancer history. However, it has been estimated that a hereditary component
may contribute only to 5-10% of the total pancreatic cancer cases (13).
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For the control group, we included cancer-free subjects previously recruited
for CRC studies. This group consists of 611 individuals admitted to five large
gastroenterological departments (Prague, Brno, Jihlava, Liberec and Pribram),
which represent rural as well as urban regions all over the Czech Republic
during time period of case sampling. Details of the recruitment procedure were
described elsewhere (10,14). These subjects underwent colonoscopy for vari-
ous gastrointestinal complaints. Due to the high incidence of CRC in the Czech
Republic, colonoscopy is largely recommended and practiced. Besides CRC
malignancy and idiopathic bowel diseases, the medical examination excluded
the presence of other apparent cancers. To reduce selection bias, only those
subjects with no previous malignant diagnosis were included in the study.

In addition to subjects with negative colonoscopy, we have collected healthy
individuals from voluntary blood donors. All individuals (n = 1216) were subject
to standard examinations to verify their health status for blood donation (details
provided in ref. 12). Also, for this group, a medical examination could exclude
the presence of any apparent malignancy. The sample collection was performed
at the same time as that of the other two study groups described previously.

Basic epidemiological data on all participants were collected from a face-to-
face questionnaire survey (personal and family history, short occupational
history, smoking and drinking history, history of physical activity, reproductive
history and nutritional information). All participants were informed and gave
their written consent to participate in the study. The design of the study was
approved by the Ethical Committee of the First Faculty of Medicine, Charles
University in Prague, Czech Republic, and by the Ethical Committee of the
Institute of Experimental Medicine, Prague, Czech Republic.

Selection of polymorphisms

The polymorphisms within the 7P53 gene were selected using a tag-SNP
approach (as described in ref. 10). Phased SNP data set was obtained from
the SNP500 cancer project (http://snpS00cancer.nci.nih.gov), where 19 SNPs
with minor allele frequency >5% have been genotyped in >30 Caucasians.
Phased haplotypes were analysed with Haploview software [http://www.broad
.mit.edu/mpg/haploview; (15)]. Using the ‘four gamete rule’, the TP53 locus
showed two blocks of linkage disequilibrium (LD): one spanning more than
half of the first intron and the other encompassing all the remaining parts of the
gene. We focused on the latter LD block as it contains all the exons where
usually somatic mutations are induced in cancers. Thus, we analysed the SNPs
from rs8079544 (located at the end of the intron 1) to rs35659787 (located at
the beginning of the 3’ -untranslated region), for a total of 12 SNPs. Setting the
minor allele frequency at 0.03 with a R? threshold at 0.7, three tag SNPs were
obtained that included rs1042522:G>C (Ex4+119 G>C, Arg72Pro),
rs12947788:C>T (IVS7+72 C>T) and rs17884306:G>A (Ex11-363
G>A). In the study, we also included the 16 bp insertion/deletion polymor-
phism within the intron 3 (rs17878362:A,>A,, PIN3, Ins11951_11966, in
which the A, allele carries the 16 bp insertion within the intron 3), as it is
one of the most frequently analysed in association with cancer risk.

DNA isolation and genotyping

Blood was collected during diagnostic procedures using tubes with K;EDTA
anticoagulant. Genomic DNA was extracted from peripheral lymphocytes us-
ing a BioSprint 15 DNA Blood Kit (Qiagen, Valencia, CA) by KingFisher mL
automated system (Thermo Electron Corporation, Vantaa, Finland) according
to the procedure supplied by the manufacturer.

The polymorphisms in the 7P53 gene were genotyped by polymerase chain
reaction—restriction fragment length polymorphism as described in ref. 10.
The genotype screening was performed simultaneously for cases and controls.
The results were regularly confirmed by random re-genotyping of >10% of the
samples for each polymorphism, which yielded concordant results. The geno-
types with ambiguous and/or no results were excluded from the data set (the
genotype completion rate was 99%).

Statistical analyses

Statistical calculations were performed using SPSS v13.0 for Windows (Chicago,
IL). Genotype distribution for each polymorphism was tested for Hardy—
Weinberg equilibrium in controls and differences in expected and observed
frequencies were tested for statistical significance by Pearson chi-square test.
Differences in baseline socio-demographic characteristics between cases and
controls were analysed using chi-square test and Student’s t-test. Bivariate
logistic regression was used to examine the association between variant alleles,
genotypes and risk of pancreatic cancers. Odds ratio (OR), 95% confidence
interval (CI) and P-values calculated for risk-associated genotypes and variant
alleles were adjusted for age and gender, smoking habit and body mass index.
The haplotype frequencies in cases and controls and the haplotypes carried by
each individual (diplotype) were estimated with the FastPHASE v1.2.3 soft-
ware module using the algorithm developed by Stephens et al. (16,17). The
analysis was carried out to examine the phase of 7P53 polymorphisms using
the expectation—maximization algorithm to generate maximum likelihood es-

TP53 gene analysis and the risk of pancreatic cancer

timates of haplotype frequencies. Relationships between genotype/haplotypes
and the disease risk were summarized as global P-values. LD was calculated
with free software available at http://www.oege.org/software/cubex/ (18).

Results

Study population

The overall study population included 240 pancreatic cases and 1827
controls. The distribution of the considered covariates did not differ
between the patients and the controls for gender, but there was a sig-
nificant difference in age distribution. For this reason, a subset of 743
controls was randomly selected by frequency matching in a ratio 3:1
by 5 year age with cases. Details of cases and matched controls are
shown in Table I. The same statistical analysis was applied consider-
ing the whole control group and the matched controls.

Allelic and genotype frequencies

The distribution of genotypes within the 7P53 gene in the controls
(both whole controls and frequency-matched controls) was in agree-
ment with the Hardy—Weinberg equilibrium. Table II shows the allelic
and genotype frequencies for each TP53 investigated common var-
iants. The results of unconditional logistic regression showed a signif-
icant difference between cases and matched controls in the allelic and
genotype frequencies for rs1042522:G>C polymorphism. In particu-
lar, carriers of the heterozygous genotype and carriers of the C allele
were at an increased risk of developing pancreatic cancer (OR 1.73;
95% CI 1.26-2.39; P = 0.001). Similar results were observed also
when cases were compared with the whole control group (data not
shown).

Haplotype/diplotype analyses

The analysis of LD for the four loci in the 7P53 gene is shown in
Figure 1. Of the 16 possible haplotypes, 10 were detected in the
matched controls and 8 in the cases. In comparison with the most
common haplotype including only common alleles (A;GCG), the
A,CCG haplotype was associated with a statistically significant in-
creased risk of pancreatic cancer (OR 1.39; 95% CI 1.02-1.88; P =
0.034). On the other hand, a less frequent haplotype (A,GCG) was
associated with a significant decreased risk (OR 0.30; 95% CI 0.12—
0.76; P = 0.011; Table III).

Similar results were observed when the haplotype distribution was
analysed between pancreatic cancer cases and the whole control group
(A,CCG versus A|GCG: OR 1.34; 95% CI 1.02-1.77; P = 0.035 and
A,GCG versus A;GCG: OR 0.36; 95% CI 0.15-0.90; P = 0.028).

Table I. Characteristics of the study population

Controls® Cases P
(n = 743) (n = 240)
Age at diagnosis (years)
Mean + SD 60.5 = 10.7 622 +10.4 0.03
Range 32-85 31-84
Gender (%)
Females 319 (42.9) 92 (38.3) 0.23
Males 424 (57.1) 148 (61.7)
BMI (%)
<18.5 1(0.2) 10 (5.5) <0.001
18.5-25 176 (29.8) 90 (49.7)
25-30 269 (45.6) 56 (30.9)
30-35 115 (19.5) 17 (9.4)
35-40 24 (4.1) 6 (3.3)
>40 5(0.8) 2 (1.1)
Smoking habit (%)
Non-smokers 311 (52.3) 72 (36.7) <0.001
Former smokers (>10 years) 121 (20.3) 35 (17.9)
Former smokers (<10 years) 29 (4.9) 30 (15.3)
Smokers 134 (22.5) 59 (30.1)

BMI, body mass index.
“Hereby are reported only data about the matched control group.
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Table II. Distribution of TP53 genotypes and results of binary logistic regression analysis®

TP53 genotypes Controls (n = 743)° Cases (n = 240)° OR 95% CI P-value chi-square and P-values Hardy—Weinberg equilibrium®
rs17878362:A,> A"

AlA, 524 165 1.00 0.83 2.77,0.25

AA; 207 70 1.02 0.72-1.44

AsA, 12 5 1.66 0.54-5.05

AAs + ArA, 219 75 1.05 0.75-1.47 0.78

Aj-allele 1255 400 1.00

Aj-allele 231 80 1.09 0.82-1.43 0.56
1rs1042522:G>C

GG 369 88 1.00 <0.001 0.72, 0.70

GC 316 131 1.79 1.29-2.49

cC 58 19 1.43 0.78-2.62

GC + CC 374 150 1.73 1.26-2.39 0.001

G-allele 1054 307 1.00

C-allele 432 169 1.34 1.08-1.67 0.008
1s12947788:C>T

cC 657 212 1.00 0.97 0.11, 0.95

CT 82 26 1.08 0.66-1.78

TT 2 1 0.38 0.01-14.49

CT+TT 84 27 1.06 0.64-1.73 0.83

C-allele 1396 450 1.00

T-allele 86 28 1.01 0.65-1.57 1
rs17884306:G>A

GG 649 211 1.00 — 0.67 0.26, 0.88

GA 87 26 0.98 0.59-1.61

AA 2 0 — —

GA + AA 89 26 0.97 0.58-1.60 0.89

G-allele 1385 448 1.00 —

A-allele 91 226 0.88 0.56-1.38 0.59

BMI, body mass index.
Significant P-values are in bold.
“Adjusted for gender, age, BMI and smoking habit.

PNumbers may not add up to 100% of subjects due to genotyping failure. All samples that did not give a reliable result in the first round of genotyping were
resubmitted to up to three additional rounds of genotyping. Data points that were still not filled after this procedure were left blank.
“Chi-square and P-values for the deviation of observed and the numbers expected from the Hardy—Weinberg equilibrium in the controls.

9dAllele A, carries the 16 bp insertion within the intron 3.

rsl17878362: Ay>A, | rs1042522: G>C | rs12947788:C>T | rs17884306:G=A
1 0.693 1 0.888 rs17878362: Ay-A,
(0.210) (0.013) (0.009)
1 0.706 0.793 rsl042522:G=C
(0.083) (0.090)
1 098 rs12947788:C=>T
(0.004)
1 rs17884306:G>A

Fig. 1. Linkage disequilibrium |D’| (R?) between polymorphisms in the 7P53 gene.

In this case, also the A;CCG haplotype was associated with an in-
creased risk of cancer (OR 1.58; 95% CI 1.13-2.21; P = 0.008; data
not shown).

The difference in distribution of the TP53 haplotypes between
cases and controls was statistically significant only when all the con-
trols were included in the study (global P-value for the haplotype
effect was 0.042), whereas for the matched controls global P-value
for the haplotype effect was 0.073.
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The main associations observed in the haplotype analysis have also
remained in the diplotype analyses (Table III). In particular, we ob-
served that carriers of at least one A,CCG haplotype were at moderate
increased risk for pancreatic cancer in comparison with the individu-
als carrying the homozygous A;GCG/A;GCG diplotype. On the other
hand, carriers of at least one A,GCG haplotype showed a decreased
risk for pancreatic cancer when compared with the referent diplotype
including the most common haplotype.
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Table III. Haplotype and diplotype distribution of the four investigated 7P53 polymorphisms in pancreatic patients and control subjects

Haplotype®  Controls (n)®  Cases (n)®> OR 95% CI P-value®  Diplotype® Controls (n)  Cases (n) ORY  95% CI P-value
A,GCG 956 301 1.00 — — AGCG/A;GCG 280 83 1.00 — —
A,CCG 167 73 1.39 1.02-1.88 0.034 A,CCG/any 158 69 1.47 1.01-2.14 0.05
A,CCG 131 47 1.14  0.80-1.63 0.474 A,CCG/any 125 45 1.21 0.80-1.85 0.38
A,CCA 72 26 1.15 0.72-1.83 0.565 A |CCA/any 70 28 1.25 0.75-2.09 0.42
A CTG 54 23 1.35 0.82-2.24  0.241 A;CTG/any 53 23 1.46 0.85-2.53 0.19
A,GCG 53 5 0.30 0.12-0.76 0.011 A,GCG/any 50 5 0.34 0.13-0.87 0.02
A,GTG 24 3 0.40 0.12-1.33 0.134 A GTG/any 24 3 0.42 0.12-1.44 0.23
AGCA 16 0 — — 0.998 A;GCA/any 16 0 — — 0.03°
A,CTG 8 2 0.79 0.17-3.76 0.771 A,CTG/any 8 2 0.84 0.18-4.05 1.00
A>GCA 3 0 — — 0.999 A,GCA/any 3 0 — — 1.00

Significant P-values are in bold.

“Loci: TP53 Ins11951_11966 (rs17878362:A;>A,. Allele A, carries the 16 bp insertion within the intron 3). Ex44+119G>C (1s1042522:G>C). IVS74+72C>T

(rs12947788). Ex11-363G>A (rs17884306:G>A).

%, is the number of alleles. Because each individual has two alleles, the total number of alleles will be twice the total number of individuals. Individuals with

missing haplotyping data were not included in the analyses.
Global P-value for haplotype effect calculated from y? test: P = 0.073.

9Due to a small number of homozygotes, ORs and 95% ClIs are presented only for the dominant model.

¢P-value for diplotype effect was calculated by using the exact test.

Discussion

Pancreatic cancer typically has poor prognosis and very high mortal-
ity. The aetiology and molecular pathogenesis of this cancer are still
not clearly understood. The development of pancreatic cancer appears
as a multifactorial process with a recognized role of alterations in the
cascade of genes regulating cellular proliferation control and apopto-
sis. The aim of the present study was to determine the role of common
variants and relative haplotypes in the T7P53 gene in relation to pan-
creatic cancer susceptibility in the Czech population.

The genotype analysis showed that the carriers of heterozygous
genotype (in the dominant model) and the carriers of C allele (in the
codominat model) for rs1042522:G>C were associated with an in-
creased risk of pancreatic cancer. The putative functional effects of
several polymorphisms in the 7P53 gene may influence cancer sus-
ceptibility. The majority of studies have investigated the 7TP53
rs1042522:G>C because of its functional relevance due to a weaker
in vitro affinity of the protein with the common G allele for several
transcription-activating factors (19). Apparently, the 7P53 Arg72 form
(related to the G allele) induces apoptosis more efficiently than the Pro72
form (20). The functional significance of the 16 bp ins/del in intron 3 of
the rs17878362:A,>A, polymorphism remains unclear. The intronic
sequences in 7P53 have been implicated in the regulation of gene ex-
pression and in DNA—protein interactions (19,21). Insufficient informa-
tion is available for 7P53 polymorphisms in intron 7 and exon 11
(10,22,23). Results from previous studies based on association between
the most investigated 7P53 polymorphisms and the risk of cancer have
been mainly inconsistent (8). Several studies have reported an associa-
tion between the 72Pro allele and an increased risk for various cancers,
including those in thyroid (24), nasopharyngeal (25,26) and urogenital
region (26,27). However, the associations of this polymorphism with
cancer are often conflicting since the carriers of the TP53 Arg72 allele
have also been found at an increased risk for gastric (28), oesophagus
(29) and bladder cancer (30). These discrepancies may arise either from
the design of the study or from the differences in allele frequencies
between ethnic groups, staging of the malignancy and sample size.
However, to the best of our knowledge, this is the first association study
exploring the role of TP53 common variants and pancreatic cancer risk.

Interestingly, we found that haplotypes based on the four 7P53 poly-
morphisms (loci in the order: rs17878362:A,>A,, rs1042522:G>C,
rs12947788:C>T, rs17884306:G>A) showed a moderate differential
distribution between cases and controls. In particular, one of the most
frequent haplotypes (A,CCG) was more common in cases than con-
trols. The A,CCG haplotype when compared with the most common
haplotype A;GCG was associated with a statistically significant in-
creased risk of pancreatic cancer. This outcome appears logical if

considering the results observed in the genotype analysis for the in-
dividual rs1042522:G>C polymorphism. Another less frequent hap-
lotype, A,GCG, was associated with a decreased risk. However,
a similar plausible explanation for the less frequent protective haplo-
types is precluded by the relatively low numbers of observations.
However, the above reported haplotype associations were confirmed
also by diplotype analysis.

The analysis of haplotypes represents a much more powerful ap-
proach than only analysing individual polymorphisms. Assignment of
alleles to chromosomes/haplotypes provides important information on
recombination (physical exchange of DNA during meiosis), vital for
locating disease-causing mutations by linkage methods. Interestingly,
a similar significantly different distribution of the TP53 haplotypes
found in the present study was also observed in a previous association
study investigating the role of the same variants on the CRC risk, in
a population of cases and controls from the Czech Republic (10). The
same TP53 haplotypes modulated significantly both colon and rectal
cancer risk, suggesting a general mechanism in the genesis of these
cancers. It is possible that the haplotypes within the TP53 gene along
with SNPs in other genes in the p53 pathway may impact the de-
velopment not only for pancreatic cancer and CRC but also other
cancers and in particular those involved in the gastrointestinal tract.

In the current study, we managed not only to explore the suscepti-
bility to pancreatic cancer in relation to variation of the TP53 gene but
also to verify our previous results in a different and larger population
of controls. From the haplotype analyses, we observed that some of
the outcomes are fairly similar in both studies, either considering the
whole population of controls or restricting the analyses to the fre-
quency-matched controls. These results support what we have pre-
viously reported, limiting the risk of by-chance findings.

The selection of tagging SNPs was carried out by the help of an
extended tag-SNP analysis on the most relevant part of the gene, i.e.
from exon 2 to 3’-untranslated region, where almost all the somatic and
germline mutations are encountered. In this process, the genetic variabil-
ity in the first haplotype block was not captured. Following our approach,
we captured the most common Caucasian haplotypes, with R? > 0.7 and
minor allele frequency > 0.03 and the tagging of TP53 was done with
the higher resolution than the majority of previously published studies.
With the exception of few recent studies where a large number of var-
iants were analysed (31-33), typically, most of the studies on genetic
variation in 7P53 are based on the rs1042522:G>C and the haplotypes
constructed are based on only two or three polymorphisms (34-38).

As previously observed for the CRC study, the different distribution
of the TP53 haplotypes also in the pancreatic cancer cases and con-
trols may be due to a linkage of the disease to unknown functional
polymorphism within 7P53 or in some neighbouring genes that could
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carry putative functional variant(s) linked to the detected haplotypes.
This argument is supported by predictions of such associations and the
existence of large haplotype blocks within the human genome (39).
Moreover, the followed haplotypes represent the entire haplotype
block covering the DNA-binding domain of the 7P53 gene, as poly-
morphisms selected in the study were based on a tagging approach.
The observed different modulating effect of the 7P53 polymorphisms
within the analysed haplotypes probably also indicates that additional
polymorphism(s) may cause differential cancer risk, either directly or
through interaction with environmental effects.

Pancreatic cancer belongs to the least studied cancers, mainly due
to the difficulties with the recruitment of patients who are quite often
in very poor performance status and have rather short overall survival.
Indeed, the relatively small size of the analysed cases with pancreatic
cancer represents one of the main limitations of the present study.
However, apart from few a American investigations (40-42), where
authors often had to deal with the inclusion of different ethnicities, so
far association studies on pancreatic cancer risk and individual sus-
ceptibility are all based on limited cohorts of samples.

In conclusion, in our study conducted on a Czech population of
Caucasian origin, we report for the first time that haplotypes based on
four polymorphisms within the 7P53 gene accounted for population-
based differences in pancreatic risk. Interestingly, one the most fre-
quent haplotypes, which was associated with an increased pancreatic
cancer risk, was also found to modulate CRC susceptibility (10). The
severity of pancreatic cancer and the difficulty to perform large sam-
ple size studies represent a challenge for a combined epidemiological
and biological approach in understanding the inherited individual
susceptibility to this cancer.
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CYP2A13, ADH1B, and ADH1C Gene Polymorphisms
and Pancreatic Cancer Risk

Beatrice Mohelnikova-Duchonova, MD,*{ David Vrana, MD,*} Ivana Holcatova, MD, PhD,§
Miroslav Ryska, MD, PhD,|| Zdenek Smerhovsky, MD, PhD,q and Pavel Soucek, PhD*

Objectives: Pancreatic carcinoma etiology and molecular pathogenesis
are weakly understood. Based on the assumption that genetic variation in
carcinogen metabolism further modifies the risk of exposure-related
cancers, we studied the association of polymorphisms in the tobacco
carcinogen-metabolizing gene CYP2A13 (Arg101Stop) and the alcohol-
metabolizing genes ADHI1B (Argd48His) and ADHI1C (Ile350Val ) with
pancreatic cancer risk.

Methods: Polymorphisms were studied by allelic discrimination.
Results: In a hospital-based case-control study, CYP2A13 variant al-
leles coding an inactive enzyme were found in 7 of 265 cancer-free
controls and in none of 235 pancreatic carcinoma patients. Neither
ADHIB or ADHIC polymorphisms alone nor their combinations
showed a significant effect on pancreatic cancer risk.

Conclusions: The first study of the roles of CYP2A13, ADH1B, and
ADHIC in pancreatic cancer etiology suggested that the controls may
have a lower ability to bioactivate tobacco-derived procarcinogens than
the cases.

Key Words: pancreas, cancer, polymorphism, CYP2A13, ADH1
(Pancreas 2010;39: 144—-148)

Pancreatic carcinoma (International Statistical Classification
of Diseases, 10th Revision; C25; OMIM, 260350) is the
fourth leading cause of cancer-related deaths in the Czech
Republic, with only a minimum number of patients surviving in
5 years."? Contrary to the poor prognosis associated with this
disease, its etiology and molecular pathogenesis are still weakly
understood.

Tobacco smoke has been evaluated as a potential risk fac-
tor for pancreatic cancer, and a number of studies have also
suggested that ethanol, together with elements of cigarette smoke,
may act as a cocarcinogen and enhance tumor formation.>™> It
is assumed that genetic variation in carcinogen metabolism fur-
ther modifies the risk of exposure-related cancer.®

Tobacco carcinogens such as 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone (NNK) are metabolized in the human body
by cytochromes P450 (P450, EC 1.14.14.1). NNK induces lung
tumors in all laboratory animals tested and nasal cavity tu-
mors, pancreatic cancer, and liver tumors in rats.”® P450 2A13
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was suggested as the most active enzyme in metabolic activa-
tion of NNK.? The nonsense polymorphism, CYP2A13*1/%7
(rs72552266 and Argl01Stop), may be an important modifier of
tobacco-associated cancer risk because the truncated protein
lacks enzymatic activity.'®

Ethanol metabolism in pancreatic acinar cells is mediated
by both the oxidative and the nonoxidative pathways.'' > The
oxidative pathway is particularly catalyzed by alcohol dehy-
drogenases (ADH, EC 1.1.1.1), aldehyde dehydrogenases
(ALDH, EC 1.2.1.5), and less by P450 2E1."* Previous case-
control studies proved the association between the ADH1B*1
allele and an increased risk of esophageal cancer,'>'® and squa-
mous cell carcinoma of the head and neck.'” Slow metabolizers
(because of ADH1B*1) had also significantly increased the risk
of colorectal cancer in a Japanese population (odds ratio [OR],
1.32; 95% confidence interval [CI], 1.07-1.63). Carriage of the
ADHI1C*2/*2 genotype increased the risk of oral squamous
cell carcinoma in heavy (OR, 2.65; 95% CI, 1.08-2.14) and
moderate (OR, 1.6; 95% CI, 1.15-2.03) drinkers.'®

The goal of this study was to explore whether polymor-
phisms in the genes of the principal tobacco- and ethanol-
metabolizing enzymes CYP2A13 (OMIM, 608055), ADHIB
(OM1M, 103720), and ADHIC (OMIM, 103730) modify sus-
ceptibility to pancreatic cancer. These associations were not
studied in pancreatic cancer etiology so far.

MATERIALS AND METHODS

Subjects

Both the cases and the cancer-free controls were of white
Czech origin recruited in the period between September 2004
and February 2008. A total of 630 participants were recruited
during the study period. All cases were incident pancreatic
cancer patients attending 5 oncology and surgery departments in
Prague and 1 in Pribram (central Bohemia). Pancreatic cancer
diagnosis in patients was periodically reconfirmed. Thirty-eight
patients were excluded because of a diagnosis other than pan-
creatic cancer (15, pancreatitis and 23, other diagnoses) found
during follow-up. As a result, 142 patients with a histologi-
cally verified diagnosis and 118 patients with a clinically veri-
fied diagnosis were included into the study. Twenty-five of
the verified cases were excluded because variables needed for
the analysis (such as age) were not available to investigators.
Clinical-pathological data on patients were collected from their
medical records (date of diagnosis, stage, grade, and histologic
diagnosis were available). The randomly selected controls were
332 healthy individuals from the same catchment areas as
the cases and consisted of 2 independent groups: cancer-free
subjects recruited during the 3 months after the recruitment of
the cases by general practitioners in Prague (179 controls) and
blood donors from 2 centers in Prague and Pribram (153 con-
trols). The controls were included into the study under the con-
dition that the difference in their age was not larger than 5 years
from cases recruited in the same period. No other selection
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criteria were applied to the recruitment of the controls. Basic
epidemiological data on all participants were collected from a
face-to-face questionnaire survey (personal and family history,
short occupational history, smoking and drinking history, his-
tory of physical activity, reproductive history, and nutritional
information). Sixty-seven controls were excluded because var-
iables needed for the analysis were missing. Blood samples of
235 cases and 265 controls were available in sufficient quality
for genotyping. All participants were informed and gave their
written consent to participate in the study. The design of the
study was approved by the ethical committee of the First Fac-
ulty of Medicine, Charles University, Prague, Czech Republic.

DNA Isolation and Genotyping

Blood was collected during diagnostic procedures using
tubes with a K3EDTA anticoagulant. Genomic DNA was ex-
tracted from peripheral lymphocytes using a BioSprint 15 DNA
Blood kit (Qiagen, Valencia, Calif)) by KingFisher mL automated
system (Thermo Electron Corporation, Vantaa, Finland) accord-
ing to the procedure supplied by the manufacturer. Polymor-
phisms in CYP2A13 (*1/*7, Argl01STOP), ADH1B (Arg48His,
1$1229984), and ADH1C (Ile350Val, rs698) were determined by
TagMan Drug Metabolism Genotyping Assays (assay ID Nos.
C_30634006_10, C_2688467_20, and C_26457410_10, respec-
tively) obtained from Applied Biosystems (Foster City, Calif).
Reaction mixtures for real-time polymerase chain reaction
(PCR) contained 5 pL of 2x TagMan Universal PCR Master
Mix (Applied Biosystems) for CYP2A13 and ADHIC or 5 pL
AB Solute QPCR ROX Mix (Thermo Fisher Scientific,
Rockford, I11) for ADH1B, 0.25 pL of TagMan drug metabolism
genotyping assays, and 4.75 pL of DNA template diluted to a
concentration of 0.7 ng/wL. Cycling parameters for CYP2A13
and ADHI1C were initial denaturation at 95°C for 10 minutes,
followed by 55 cycles consisting of denaturation at 92°C for
15 seconds and annealing at 58°C for 90 seconds. The following
cycling conditions were used for ADHI1B: initial denaturation
at 95°C for 15 minutes, followed by 50 cycles consisting of de-
naturation at 95°C for 15 seconds and annealing at 62°C for 60
seconds. The nontemplate control consisted of a reaction tube in
which water was used in place of DNA sample. Real-time PCR
was performed using the RotorGene 6000 (Corbett Research,
Sydney, Australia). Ten percent of the randomly selected samples
were reanalyzed with 100% concordance of the results.

Statistical Analysis

In the first round of analyses, the Hardy-Weinberg equi-
librium was assessed for the control group. The distribution of
genotypes did not significantly deviate from the equilibrium.
Then, we used the binary logistic regression to estimate the ORs,
the 95% CI for the OR, and the corresponding P values of the
different genotype frequencies among the pancreatic cancer and
the control groups, adjusting for the age at recruitment, sex,
weight, diabetes, pancreatitis, smoking, alcohol drinking, and
coffee and tea consumption. Furthermore, we attempted to test for
modifying the effect of smoking and alcohol, coffee, and tea
consumptions on the associations of interest. Because we failed to
demonstrate interactions between potential modifiers of effect and
studied genotypes, this part of the statistical analysis is not
reported. A P < 0.05 would be considered significant. Analyses
were performed using the Win SPSS v13.0 (SPSS, Chicago, Il1).

RESULTS

Characteristics of the Studied Population
Complete characteristics of the studied population are
presented in Table 1. Our analyses confirmed high age at re-

© 2010 Lippincott Williams & Wilkins

TABLE 1. Characteristics of the Studied Population

Controls Cases
Sex, n
Male 158 148
Female 107 87
Total 265 235
Age at recruitment, yr
Mean + SD 57.9 £10.6 61.9 £ 10.5
Total 265 235
Weight, kg
Mean + SD 76.0 £ 14.5 67.5+15.0
Total 262 235
Personal history of diabetes, n
Negative 245 194
Positive 17 33
Total 262 227
Personal history of pancreatitis, n
Negative 258 212
Positive 4 15
Total 262 227
Smoking, n
Never smoker 104 71
Former smoker (>10 yr) 53 34
Former smoker (0—10 yr) 22 25
Current smoker 75 57
Total 254 187
Alcohol, n
Teetotaller 77 68
Former drinker 39 51
Regular drinker 140 68
Total 256 187
Coffee, n
Never (or <1/mo) 34 73
<l/wk 4 7
1-2/wk 26 14
3-5/wk 14 18
1-2/d 135 85
3-4/d 43 22
>4/d 6 9
Total 262 228
Tea, n
Never (or <1/mo) 68 99
<l/wk 15 14
1-2/wk 32 28
3-5/wk 36 27
1-2/d 70 52
3-4/d 32 7
>4/d 9 1
Total 262 228

cruitment (OR, 1.03; 95% CI, 1.00-1.05; P = 0.016), male
sex (OR, 2.70; 95% CI, 1.65-4.43; P < 0.001), low weight
(OR, 1.06; 95% CI, 1.04-1.08; P < 0.001), and positive per-
sonal history of pancreatitis (OR, 9.93; 95% CI, 2.63-37.52;
P=0.001) or diabetes (OR, 4.09; 95% CI, 1.95-8.55; P<0.001)
as pancreatic cancer risk predictors. Tea drinkers (more than
3 teacups per day) had significantly reduced pancreatic cancer
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risk than others (less than 3 teacups per day; OR, 0.16; 95% CI,
0.07-0.40; P < 0.001). Smoking, alcohol consumption, and
coffee drinking played no role as independent risk factor (re-
sults not shown).

CYP2A13, ADH1B, ADH1C Polymorphisms and
Pancreatic Cancer Risk

In age-, sex-, weight-, diabetes-, pancreatitis-, smoking-,
alcohol-, coffee- and tea-adjusted analyses, neither ADH1B or
ADHI1C polymorphisms alone nor their combinations showed a
significant effect on pancreatic cancer risk (Table 2). Both in-
teractions and potential additive effects were followed in sta-
tistical analyses. Neither ADH1B nor ADH1C polymorphisms
showed significant association with pancreatic cancer risk in
drinkers compared with nondrinkers in adjusted analyses (re-
sults not shown). CYP2A13 variant allele *7 coding inactive
enzyme was found in 7 of the 265 cancer-free controls and in
none of the 235 pancreatic carcinoma patients (Table 2). Al-
though the trend seems strong, it could not be confirmed by
statistical analysis because of the absence of CYP2A13*7 car-
riers in the pancreatic cancer case group. In the subgroup anal-
ysis, 2 of 104 smokers and 4 of 150 nonsmokers carried the
CYP2A13*7 allele among the controls with data available.

DISCUSSION
Pancreatic cancer typically has poor prognosis and very
high mortality. The etiology and the molecular pathogenesis of
this cancer are still weakly understood. In our study, we con-

firmed a significant effect of most of the previously published
pancreatic cancer risk factors (age, sex, weight, and personal
history of chronic pancreatitis or diabetes).!>?° We have not
observed any effect of tobacco smoking, alcohol consumption,
and coffee drinking, but individuals who drunk more than 3
teacups per day had significantly reduced pancreatic cancer risk
than others. This result supports the previous study on Polish
pancreatic cancer patients that found a strongly significant trend
of decreasing risk with increasing lifetime consumption of tea
(P < 0.001)?! but contradicts to the recent Japanese study re-
porting null result.>* Discrepancy of results may be due to the
differences in tea drinking habits, tea quality, or study design.
Besides alterations of high-penetrance genes, interaction
of environmental factors with low-penetrance genes is suspected
to contribute to pancreatic cancer onset. Despite the fact that
other cancer types were frequently studied regarding gene-
environment interactions, pancreatic cancer belongs to the
least-studied cancers. Perhaps, because of the difficulties with
recruitment of patients who are quite often in very poor per-
formance status and have rather short overall survival, the
number of published studies is rather low. We aimed to in-
vestigate the contribution of functionally relevant polymor-
phisms in CYP2A13, ADHI1B, and ADH1C to pancreatic cancer
susceptibility in the case-control study of a central European
population with one of the highest incidences in the Western
world. We observed clear prevalence of the variant CYP2A13
alelle causing premature stop at codon 101 (knockout allele *7)
among the controls in comparison with the pancreatic cancer
patients. Because there was no carrier of CYP2A13*7 among
the cases, the significance of this association with pancreatic

TABLE 2. Genotype Distribution in the Studied Population

Gene/Genotype Controls Cases OR* 95% CI* P
CYP2A13
Arg/Arg 258 235 Reference
Arg/STOP 7 0 ¥
STOP/STOP 0 0 —f
Total 265 235
ADHI1B
Arg/Arg 242 213 Reference
Arg/His 22 22 1.25 0.56-2.77 0.583
His/His 1 0 —f
Arg/His + His/His 23 22 1.16 0.53-2.55 0.706
Total 265 235
ADHIC
Ile/Ile 80 83 Reference
Ile/Val 138 109 0.93 0.56-1.53 0.766
Val/Val 46 43 1.65 0.87-3.13 0.123
Ile/Val + Val/Val 184 152 1.09 0.68-1.74 0.730
Total 264 235
ADHIB + ADHIC I
Arg/Arg + Tle/lle 70 71 Reference
(Arg/His or Arg/Arg) or (Ile/Val or Ile/lIle) 196 164 1.16 0.70-1.90 0.566
ADHIB x ADHIC II
Arg/Arg + Tle/lle 70 71 Reference
(Arg/His or Arg/Arg) and (Ile/Val or Ile/Ile) 11 10 1.09 0.31-3.85 0.888

*Adjusted for age at recruitment, sex, weight, diabetes, pancreatitis, smoking, alcohol drinking, and coffee and tea consumptions.

TStatistics could not be performed because of the absence of individuals in 1 or more of the analyzed groups.
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cancer risk could not be statistically evaluated. Nevertheless,
bearing in mind the well-proven pivotal role of P450 2A13
in bioactivation of tobacco smoke-borne xenobiotics’ and the
hypothetically lower activity of this enzyme in the control group
than in the patients (lacking the knockout allele), our result
seems highly relevant. Moreover, the previously published mul-
tivariate analysis showed an elevated risk for small cell lung
cancer in subjects heterozygous for CYP2A13*7 (OR, 9.9; 95%
CI, 1.9-52.2).2 Several polymorphisms exist in CYP2A13. Al-
though the most frequently studied Cys variant in codon 257
of CYP2A13 (Single Nucleotide Polymorphism database,
rs8192789) has been associated with the substantially reduced
risk of lung adenocarcinoma in the Chinese population (OR,
0.41; 95% CI, 0.23-0.71),%* it unlikely impacts NNK metabo-
lism in vivo.?> However, a protective or additive effect of other
CYP2A13 alleles with unknown functional relevance cannot be
ruled out.

Alcohol dehydrogenase and ALDH activities were detected
in the human pancreas, and the activity of ADH was much
higher than that of ALDH.?”?® Moreover, in pancreatic cancer
tumors, the activity of ADH1C was significantly higher than
that in healthy tissues (P < 0.001). By genotyping 9080 white
individuals from the general population, the ADH1B slow me-
tabolizers with genotype ADH1B*1/*1 drank more alcohol and
had a higher risk of alcoholism than fast alcohol metabolizers
(ADH1B*2/*2; 1s1229984).%° In addition, the slower ADH ac-
tivity haplotype (ADH1B*1-ADH1C*2) was associated with
a higher risk of being a drinker.*® The relation between ADH
activity and alcohol exposure is thus well documented, and the
presence of high levels of ADHs in pancreatic cancer tissues
makes these enzymes an attractive target for the study of pan-
creatic cancer etiology. The role of alcohol in pancreatic can-
cer etiology is controversial.*'** Genkinger et al*> conducted a
pooled analysis of the primary data from 14 prospective cohort
studies. The study sample consisted of 862,664 individuals,
among whom 2187 incident pancreatic cancer cases were iden-
tified. Their findings are consistent with a modest increase in
the risk of pancreatic cancer (RR, 1.22; 95% CI, 1.03-1.45) with
a consumption of 30 or more grams of alcohol per day.*

However, in our study, ADH1B or ADH1C polymorphisms
alone nor their combinations showed a significant effect on
pancreatic cancer risk in risk factor-adjusted analyses. Drinking
status did not play a significant role in the stratified analyses
as well.

To our knowledge, we present the first study evaluating
the role of CYP2A13, ADHI1B, and ADH1C polymorphisms in
pancreatic cancer in a white population. The observed preva-
lence of the CYP2A13*7 knockout allele among pancreatic
cancer patients requires replicate studies in related populations
of white origin.
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ULOHA EXPRESE GENU CHINONOXIDOREDUKTAZY 1 A 2
V ROZVOJI KARCINOMU PRSU

ROLE OF GENE EXPRESSION OF QUINONE OXIDOREDUCTASE 1 AND 2
IN PROGRESSION OF BREAST CANCER

HUBACKOVA M.12, VACLAVIKOVA R.}, KUBALA E.3, KODET R.4, MRHALOVA M.4, NOVOTNY J.5,
VRANA D.6, GUT L.! A SOUCEK P.!
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Souhrn

Vychodisko: Karcinom prsu je velmi zdvazné onemocnéni, pfi kterém je v€asna diagnéza nemoci kritickym piedpokladem tspésné
1é¢by. V soucasné dob€ vrcholi snaha hledat spolehlivé prognostické faktory, které by umoZznily co nejlépe odhadnout vyvoj nemoci.
Vhodnymi prognostickymi markery se jevi také skupina biotransformacnich enzymu chinonoxidoreduktiz (NQO1 a NQO2), u kte-
rych jiZ bylo prokazéano spojeni s rizikem vzniku karcinomu prsu. Metody a vysledky: Pomoci metody real-time PCR byla deteko-
vana exprese NOQO1 a NQO?2 ve viech sledovanych vzorcich pacientek s karcinomem prsu (42 parovych vzorkt nadorové tkané, okol-
ni tkdné bez histologicky prokdzané infiltrace nddorovymi butikami a 19 vzorkt lymfocyti periferni krve). Exprese u obou gent
vykazovala velkou individudlni variabilitu a byla rovnéZ charakterizovana deregulaci v nddorové tkdni. Statisticky byly zhodnoceny
vztahy mezi expresi obou gent a klinickymi a histopatologickymi charakteristikami onemocnéni. Vyznamné vys$s§i exprese NQOI
byla nalezena v nenddorové tkani pacientek po menopauze (P = 0,036), u pacientek s pNO (tj. bez metastatického postiZeni axilarnich
lymfatickych uzlin, P = 0,044) a u pacientek s prokdzanou expresi receptorti pro estrogen (P = 0,020) a progesteron (P = 0,040). Cel-
kové vysokd exprese NQOI v nenddorové tkdni korelovala s pfiznivymi prognostickymi faktory. Tento trend bude jesté tfeba ovéfit
analyzou pfeZivani v del§im ¢asovém horizontu. Pacientky s invazivnim duktdlnim karcinomem mlé¢né Z1azy mély vyznamné nizsi
expresi NQO2 v nadorové tkani ve srovnani s lobuldrnim typem nadoru mlééné Z1azy (P = 0,011). Zavér: Exprese NQOI i NQO2
koreluji s vyznamnymi prognostickymi faktory u nemocnych s karcinomy prsu a jejich studiu je tfeba se déle v€novat na vétS§im sou-
boru.

Klicova slova: karcinom prsu, NQO1, NQO2, exprese, real-time PCR.

Summary

Background: Breast cancer is a highly serious disease in which early diagnosis presents a critical step to successful therapy. At pre-
sent time, identification of reliable prognostic markers that enable more precise estimation of disease progression is a major scientific
target. The group of biotransformation enzymes quinone oxidoreductases (NQO1 and NQO2) seems to be among such targets, as
their association with breast cancer risk has been already published. Methods and Results: Expression of NQO!I and NQO2 was detec-
ted by real-time PCR in 42 paired tumor and surrounding (without morphologically verified presence of tumor cells) tissue samples
and in 19 samples of lymphocytes of breast cancer patients. Large inter-individual variability in expression of both genes was found
along with deregulation in tumor tissue. Statistical comparisons of expression levels of both genes with clinical and histopathology
findings were performed. Postmenopausal patients had significantly higher NQO1 expression in their non-tumor samples when com-
pared to premenopausal ones (P =0,036). Higher NOQO expression in non-tumor samples was found in patients without axillary lymph
node metastasis (P = 0,044) and in patients with immunohistochemically detected expression of the estrogen receptor (P = 0.020) and
progesterone receptor (P = 0,040). Generally, high NQO1 expression in non-tumor tissue correlated with factors of good prognosis.
This trend should be further verified by survival analysis from a long-term perspective. Lower NQO2 expression was observed in
tumor tissues of patients with invasive duct carcinomas of the mammary gland (P = 0.011). Conclusion: Expressions of NOQOI and
NQO?2 correlate with well-established prognostic factors in breast carcinoma patients and should be studied further on larger number
of patients.

Key words: Breast cancer, quinone reductase 1, quinone reductase 2, gene expression, PCR.
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Uvod

Karcinom prsu je nejcastéj$im zhoubnym nddorem Zen
a patfi mezi tzv. hormondlné regulované nadory, ovlivné-
né expresi zejména estrogent (1). Estrogeny i xenoestro-
geny ptitomné v zevnim prostiedi navic indukuji zvySenou
expresi nékterych rastovych faktort jeZ ovliviiuji prolife-
racni aktivitu bunék (1). Tyto procesy se uplatiiuji u vétsi-
ny tzv. sporadickych forem karcinomu prsu, tj. u 75 -85 %
nemocnych. U 10— 15 % vznika karcinom prsu na zakladé
dédicnych genetickych zmén (tzv. hereditarni formy kar-
cinomu prsu), které jsou podminény predev§im mutacemi
genlt BRCA1 nebo BRCA2. Kromé téchto majoritnich pre-
dispozi¢nich geni (angl. high penetrance) je nyni studové-
na dloha i tzv. genii s nizkou penetranci (angl. low pene-
trance), mezi které patii i biotransformacni geny.
Chinonoxidoreduktizy jsou flavoproteiny icastnici se dru-
hé faze biotransformace. V lidském genomu se vyskytuji
dva geny kédujici enzymy NAD(P)H:chinonoxidoreduk-
tdzu 1 (NQOI1, chromosom 16¢22.1, ¢islo OMIM 125860)
aNRH:chinonoxidoreduktazu 2 (NQO2, chromosom 6p25,
¢islo OMIM 160998). Tyto enzymy katalyzuji dvouelek-
tronové redukce chinonti a chinoidnich slou¢enin na rela-
tivné stabilni hydrochinony. Ty mohou byt dile konjugo-
vany a vyluCovany. Navic latky s chinoidnimi strukturami
patii mezi nejpouzivanéjsi cytostatika (antracykliny).
NQOL je cytosolicky enzym vyuZivajici jako donor elek-
trond kofaktory NADH nebo NAD(P)H. NQOI1 se vysky-
tuje jako homodimer, v kazdém aktivnim centru ma jednu
prosthetickou skupinu FAD (flavin adenin dinukleotid) (2).
NQOI hraje dtleZitou roli v ochrané bunék proti toxicité
chinont tim, Ze sniZuje jejich mutagenitu a karcinogenitu.
Vysoka hladina NQO1 byla popsana u fady nadori a byly
nalezeny i rozdily v hladindch exprese mezi niddorovou
i nenddorovou tkéni (3). V nasi pfedchozi studii jsme zjis-
tili, Ze polymorfismus NQO1, zptisobujici téméf absolutni
redukci enzymové aktivity, je rizikovym faktorem vzniku
karcinomu prsu (4). Tyto vysledky jsme potvrdili nezivis-
lou studii rakouské populace nemocnych s karcinomy mlé¢-
né Zlazy (5).

Enzym NQO2 se podobné jako NQO1 vyskytuje v cytoso-
lu a jako kofaktor vyuZiva ribosid dihydronikotinamid
(NRH) spise neZ NAD(P)H. NQO2 katalyzuje nejen dvou-
elektronovou redukci chinond, ale také ¢tyfelektronovou
redukci, pti které jako elektronovy akceptor in vitro vyuZzi-
vamethyl Cervenl (methyl red). UNQO?2 bylo nalezeno spe-
cifické misto pro vazbu kovil (angl. metal binding site), kte-
ré u NQOI neni pfitomno (6). Enzym NQO?2, stejné jako
NQOI, chréni butiky proti nékterym chemickym karcino-
gentm (7). NQO2 metabolicky aktivuje protinddorové Iéky,
napt. CB1954, ¢imZ zvySuje jejich cytotoxicitu a stimulu-
je bunécnou smrt (8). V nedavné dobé bylo také prokaza-
no, Ze exprese lidského NQO?2 je indukovana antioxi-
danty (9).

Tato pilotni studie se zaméfila predev§im na kvantitativni
stanoveni exprese NQOI a NQO?2 v souboru pacientek s kar-
cinomem prsu. Poprvé bylo provedeno, metodou absolut-
ni kvantifikace, zhodnoceni rozdilu v expresi jednotlivych
genli mezi prsni nddorovou a nenddorovou tkani. Jako moz-
ny marker hladin expresi NOQOI a NOQO?2 jsme sledovali
expresi té€chto genidl u lymfocytd periferni krve. Hlavnim
cilem bylo prozkoumani vyznamu exprese NOQOI a NQO?2
pro prognézu vyvoje onemocnéni u pacientek s karcino-
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mem prsu, jeZ bylo provedeno korelaci hladin expresi s kli-
nickymi nélezy a histopatologickymi charakteristikami kar-
cinomi.

Pacientky a metody

Do studie bylo zahrnuto 42 nemocnych s histologicky potvr-
zenou diagn6zou karcinomu prsu z obdobi let 1998 —2005.
Sledované klinické a histopatologické charakteristiky paci-
entek jsou uvedeny v tabulce €. 1. VSechny pacientky pode-
psaly formulaf informovaného souhlasu ve shodé s Hel-
sinskou deklaraci a studie byla schvalena etickou komisi
Statniho zdravotniho tstavu v Praze. U 19 sledovanych
nemocnych byla v pribéhu operace odebrana periferni krev
a ihned pouZita k separaci lymfocytil a izolaci RNA s vyu-
zitim TRIzol reagent (Invitrogen, Carlsbad, CA).

Tabulka 1: Klinické a histopatologické charakteristiky sledova-
nych pacientek.

Charakteristika N§
Priméry vék v dobé diagnézy (66,6 + 12,4) 42 (100)
Menopauzdlni stav premenopauzdlni 6(143)
postmenopauzalni 36(85.7)
Histologicky typ nidoru invasivni duktalni karcinom 32(76,2)
invasivn{ lobuldrni karcinom 7(16,7)
jiny typ* 2(43)
neurceno 1(23)
Priimérnd velikost nadoru (23,8 £ 10,3 mm)
<20 mm 21(50,0)
21 -49 mm 19(45,2)
>50 mm 2(48)
Histologicky grade 1 7(16,7)
2 19(45,2)
3 9(214)
neurceno 7(16,7)
Klinické stadium I 12(28,6)
il 20(47,6)
11 5(119)
v 1(24)
neurceno 4(9,5)
Receptor pro estrogen pozitivni 27(64,3)
negativni 15(35,7)
Receptor pro progesteron pozitivni 19(45,2)
negativni 23(54,8)
Postizeni uzlin* pozitivni 15(35,7)
negativni 23 (54,8)
neurceno 4(9,5)

§ N = pocet pacientek (procentuelni zastoupeni je uvedené
v zavorce)

+ mucinozni a malobunéény karcinom

* kritérium ,,pozitivity* — alespoii jedna uzlina s metastatickym
postiZenim

V pribéhu opera¢niho vykonu byl nemocnym odebran vzo-
rek tkdné z makroskopicky suspektniho loZiska nddoru (pro
ucely peroperacni biopsie) a k nddoru pfiléhajici okolni
tkan. Vzorky tkéni byly histologicky zpracovéany a vySet-
feny podle standardnich diagnostickych procedur. Expre-
se receptortl pro estrogen a pro progesteron byla stanove-
na imunohistochemicky na histologickém fezu z formolem
fixované a do parafinu zalité tkan€. Tkané& s histologicky
prokdzanym karcinomem byly zafazeny jako reprezenta-
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Tabulka 2: Porovnani exprese NQO1 a NQO2 v nadoru, nenddorové tkani a lymfocytech periferni krve pacientek s karcinomem prsu.

(A) Hladina expresi pro NQO1 a (B) hladina expresi pro NQO2.

A)

Exprese NQOI (vyjadiena jako pomér poctu kopii na ug RNA NQO1/PPIA)

Typ vzorku N#§ Minimum Maximum Pramér S.E. Median Variabilita
nador 42 0,0248 3,0821 0,5266 0,0961 0,2804 122-krat
nenddorova tkai* 42 0,0143 3,7983 0,7815 0,1474 0,3618 265-krat
lymfocyty 19 0,0015 0,2335 0,0409 0,0153 0,0112 156-krat
B)

Exprese NQO2 (vyjadfena jako pomér poctu kopii na ug RNA NQO2/PPIA)
Typ vzorku N§ Minimum Maximum Primér S.E. Median Variabilita
nador 42 0,0023 1,8085 0,1681 0,0530 0,0735 786-krat
nenddorova tkai* 42 0,0059 1,1459 0,2097 0,0433 0,0910 194-krat
lymfocyty 19 0,0112 0,2278 0,0838 0,0148 0,0731 20-krat

§ pocet sledovanych vzorki

* tkan z okoli nddoru bez morfologicky prokdzanych zndmek pfitomnosti nidorovych bunék

tivni pro izolace nukleovych kyselin. Ve vzorcich okolni
nenadorové tkdné pouZitych pro izolace nukleovych kyse-
lin nebyla morfologicky prokédzana pfitomnost nidorovych
bunék. 5 um tenké kryostatové fezy nadorovych a nenado-
rovych tkéni byly uchovavény v tekutém dusiku a nasled-
né pouZity pro izolaci celkové RNA s vyuZitim TRIzol rea-
gent. Kvalita vysledného preparitu celkové RNA bylo
ovéfena agarézovou elektroforézou a koncentrace uréena
spektrofotometricky pomoci pfistroje Cary 300 (Varian,
Palo Alto, CA). Pro syntézu cDNA bylo pouZito 0,5 ug cel-
kové RNA akit na syntézu cDNA (MBI Fermentas, Vilni-
us, Litva). Pfipadna kontaminace genomovou DNA byla
posouzena PCR amplifikaci fragmentu kontrolniho genu
ubichitinu C za vzniku produktu zcDNA (190 bp) az geno-
mové DNA (1009 bp) popsanou metodou (10).

VysSetfeni expresi metodou real-time PCR bylo provedeno
na systému RotorGene 6000 (Corbett Research, Sydney,
Australia) za pouZiti TagMan Gene Expression Assays pro
sledované geny (Applied Biosystems, Foster City, CA).
Soucasné se vzorky byly v pribéhu real-time PCR méfeny
i standardy obsahujicich cilovou sekvenci gentt NQO1 nebo
NQO?2 naklonovanou do plasmidu pDONR201 pomoci
GATEWAY Cloning Kit podle instrukci vyrobce (Invitro-
gen, Carlsbad, CA). Jako kontrolni gen byl vyuZit cyklofi-
lin A (PPIA, chromosom 7p13, ¢islo OMIM 123840), kte-
ry byl stanoven za stejnych podminek PCR amplifikace jako
NQO geny.

Vyhodnoceni real-time PCR reakci bylo provadéno soft-
warem Rotor-Gene 6000 série verze 1.7. Exprese NOQO1
a NQO?2 byla analyzovéana metodou absolutni kvantifikace
s vyuZitim externi kfivky pfislu§nych standardd plasmidd
okoncentracich: 102, 103, 104, 105 a 10¢ kopii/vzorek. PoCet
kopii NOQO1 a NQO2 v kazdém vzorku byl vztaZen na
ng celkové RNA. Podobné byl vyhodnocen i pocet kopii
kontrolniho genu PPIA. Nakonec byla provedena normali-
zace poctu kopii NQOI nebo NQO?2 na pocet kopii PPIA.
Hladiny exprese NQOI a NQO?2 byly korelovany s klinic-
kym pribéhem onemocnéni a s histopatologickymi nilezy
pomoci neparametrického Mann-Whitney U testu. Za sta-
tisticky vyznamnou byla povazovana hodnota P <0,05. Sta-

tistickd analyza byla provedena programem Statistica 7
(StatSoft, Inc., Tulsa, USA).

Vysledky

U vSech sledovanych vzorkil byla hladina exprese NQO1
a NQO?2 spolehlivé detekovatelnd. V naddorové i nenddoro-
vé tkani byly nalezeny vy$$i primérné hladiny NQO!I neZ
NQO?2. Exprese obou genll se vyznaCovala velkou indivi-
dudlni variabilitou mezi jednotlivymi pacientkami. Pfi
porovnini rozdil expresi obou sledovanych genti byly nale-
zeny vyznamné& vySSi primérné exprese v nenddorové tka-
ni oproti nddorové tkani (viz. tabulka ¢.2). Pfi hodnoceni
hladin ve vzorcich jednotlivych pacientek byly nalezeny
vys$i hodnoty expresi NQO1 a NQO?2 v nenddorové oproti
nadorové tkani u 20 (47,6%) resp. 26 (61,9%) z celkového
poctu 42 vzorkl. Na druhé strané vSak u nékterych pacien-
tek byly nalezeny vice nez 3x vyS$§i hladiny exprese NQO1
(u 12 pacientek ze 42, tj. 28,6%) i NQO2 (u 6 pacientek ze
42, tj. 14,3%) v naddorové oproti nenddorové tkani.
Klinické a patologické charakteristiky souboru pacientek
jsou shrnuty v tabulce ¢.1. Vékovy prumér sledovaného
souboru pacientek s karcinomem prsu byl 67 let a 85,7%
pacientek se nachazelo v obdobi po menopauze. Lokalné
rozvinuté nadory (klinické stadium I, IIA ¢i IIB) mélo
76,2% pacientek. Z histologického hlediska se jednalo pre-
devsim o invazivni duktlni karcinomy prsu (76,2%) s pri-
mérnou velikosti vS§ech typti nddori 23,8 = 10,3 mm. Expre-
se receptord pro estrogen byla nalezena u 64,3 % a exprese
receptorl pro progesteron u 45,2% pacientek.
Pfihodnoceni vztaht hladin NQOI a NQO2 ke sledovanym
klinickym a histopatologickym faktorim byla nalezena fada
vyznamnych korelaci, které jsou shrnuty v tabulce ¢.3.
Pacientky po menopauze mély vyznamné vyS$si hladinu
exprese NQO1 v nadorové tkani ve srovnani s pacientkami
pfed menopauzou (P = 0,033; viz. tabulka ¢.3A). Obdob-
n¢ tomu bylo v jejich nenddorové tkani (P = 0,036, viz.
tabulka ¢.3B). Vyssi expresi NQOI v nenddorové tkani
jsme zjistili u nemocnych bez metastatického postiZzeni lym-
fatickych uzlin, tj. pNO (negativni node status, P = 0,044)
a s pozitivitou jak receptoril pro estrogen (P = 0,020) tak
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Tabulka 3: Vyznamné vztahy mezi expresi gentt NQOI a NQO?2
v nddorové a nenadorové tkéani a klinickymi a histopatologicky-
mi charakteristikami karcinomu vySetfenych nemocnych

A. NQOI nédorova tkan N§ Primér+S.E. P (2-sided)
Postmenopauzln{ stav 36 0,59+0,11

Premenopauzdlni stav 6 0,1610,09 0,033

B. NQOI nenddorova tkdn N Primér+S.E. P (2-sided)
Postmenopauzaln{ stav 36 0,88+0,17

Premenopauzdlni stav 6 0,21+0,01 0,036
Uzliny bez metastdz (NO) 23 1,14+0,24

Uzliny s metastdzami (N1-N3) 15 0,38 _0,11 0,044
Pozitivni ER * 21 09140,18

Negativni ER 15 0,56 £0,25 0,020
Pozitivni PR * 19 1,07£0,25

Negativni PR 23 0,55+0,17 0,040

C. NQO2 nidorova tkar N Primér£S.E. P (2-sided)
Invazivni duktalni karcinom 32 0,46+ 0,08

Invazivni lobuldrni karcinom 7 0,55+0,22 0,011

D. NQO2 nenddorova tkan N Primér+S.E. P (2-sided)
Klinické stadium T1 18 0,15£0,06

Klinické stadium T2-T4 20 0,30£0,07 0,048

§ pocet sledovanych vzorki
* ER —receptor pro estrogen, PR — receptor pro progesteron

pro progesteron (P = 0,040). Pacientky s invazivnim duk-
tdlnim karcinomem mély vyznamné niz$i expresi NOQO?2
v nddorové tkéni neZ pacientky s lobularnim typem néado-
ru (P =0,011, viz. tabulka ¢.3C). Exprese NQO2 v nené-
dorové tkani byla ve vztahu k velikosti nddoru na hranici
vyznamnosti. Pacientky s vy$§i expresi NOQO2 mély casté-
ji nddory vétsi nez 20 mm (P = 0,048, viz. tabulka ¢.3D).
Dal3i vyznamné vztahy hladin exprese studovanych gent
ke klinickym a histopatologickym faktorim nebyly nale-
zeny. Exprese NQOI ani NOQO2 v lymfocytech nekorelo-
vala s prisluSnou expresi téchto genli v nidorové ¢i nené-
dorové tkéni.

Diskuze

V naSich predchozich studiich, které se zaméfily na sledo-
vani polymorfismu NQO1, se ndm podafilo prokizat vztah
genotypu NQOI k riziku vzniku karcinomu prsu u ¢eské
populace (4) a v mezinarodni studii jej potvrdit na rakous-
ké populaci (5). Proto jsme se v této pilotni studii snaZzili
tento rizikovy potencidl hloubéji prozkoumat a pfipadné
nalézt dals§i mozZné informace o tloze NQO! a pfibuzného
NQO?2 naturovni genové exprese. Tato pilotni studie za pou-
ziti metody real-time PCR jednozna¢né prokazala expresi
genlt NQOI a NQO?2 v nadorech, v okolni pfiléhajici nena-
dorové tkani i v perifernich lymfocytech pacientek s karci-
nomem prsu. Vysokd exprese NQO] jiz bylanalezena v fadé
lidskych nadorovych inenadorovych tkani (karcinom prsu,
plic, tra¢niku, jater atd.) (11,12,13,14,15). Pomoci Nort-
hern blotu byla hladina genové exprese NQO?2 zjiSténa v srd-
ci, mozku, plicich, jatrech, ledvinach a v kosternich svalech
(16). Imunohistochemickymi studiemi bylo zji$t€no, Ze
NQO1 v lidskych tkani je hlavné lokalizovén v endotelidl-
nich a epitelidlnich tkdni v mnoha riznych organech vcet-
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néoka (17). NaSe studie je unikatni v tom, Ze nabizi vyznam-
né presnéjsi stanoveni genové exprese metodou absolutni
kvantifikace pomoci real-time PCR jeZ dosud nebylo pub-
likovéno.

V priméru byly nalezeny vy$Si exprese geni NQOI
a NQO?2 v nenddorové oproti nddorové tkéni, tzn. v naddo-
rové tkani béhem rozvoje onemocnéni doslo ke sniZeni
exprese sledovanych gent (downregulace). U nékterych
pacientek vSak byly nalezeny vice nez 3x vys$si hladiny
exprese NOOI i NQO2 v nddorové oproti nenddorové tka-
ni (upregulace). Tento fakt naznacuje mozné vyuZiti kvan-
titativniho stanoveni exprese NQOI a NQO2 v budoucnu
pfi individualizované chemoterapii cytostatiky zaloZeny-
mi na aktivaci enzymy kédovanymi NQOI nebo NQO?2.
V odborné literatuie jiZ na toto téma probiha diskuze
(7,18,19).

Ve snaze zjistit zda by bylo moZné, pro odhad hladin expre-
se ve sledované tkani, pouZit lymfocyty periferni krve byly
u 19 pacientek korelovany hladiny exprese NOQOI a NQO?2
v lymfocytech s hladinami ve zkoumanych tkanich. Expre-
se NQO1 ani NQO?2 v perifernich lymfocytech vSak s expre-
si v nddorové ¢i nenddorové tkini vyznamné nekorelova-
la. Pravdépodobné tedy nebude mozné pouZit pro vySetfeni
exprese NOQOI a NQO?2 lymfocyty (coZ by umoZiiovalo
nejen primarni stanoveni hladin exprese téchto geni, které
je vhodnéjsi pfimo z nddorové tkéné, ale hlavné by umoz-
nilo priibéZné sledovani dynamiky exprese v pribéhu 16¢-
by a po jejim ukonceni).

Pro posouzeni vyznamu exprese NQOI a NQO2 pro pro-
gnézu vyvoje karcinomu prsu jsme porovnali vysledky sle-
dovani exprese NQOI a NQO?2 s klinickymi a histopatolo-
gickymi charakteristikami nddord jednotlivych nemocnych.
Studie zabyvajici se podobnou tématikou nebyly dosud pub-
likovéany. NaSe studie nalezla n€které velmi zajimavé vzta-
hy. Vyznamné vy3§i exprese NQO1 zjisténé v tkanich paci-
entek s primarni diagnézou onemocnéni po menopauze
naznacuje mozné ovlivnéni kolisanim hormonaélnich hla-
din u premenopauzilnich Zen. Tento pfedpoklad vychazi
z toho, Ze k regulaci exprese NQO1 miiZe dochézet nejen
pomoci Ah receptoru ¢i fenolickych antioxidant a meta-
bolitli polycyklickych arométu, ale i pomoci antiestrogent
a estrogenovych receptort (20). Ndlez vyznamné niZ$i
exprese NQO2 v nadorové tkani pacientek s invazivnim
duktalnim karcinomem oproti pacientkdm s invazivnim
lobul4arnim karcinomem by bylo vhodné korelovat na tirov-
ni proteinu s imunohistochemicky zji§ténou expresi NQO1
a NQO2 protein u jednotlivych typt karcinomil. V piipa-
dé€ potvrzeni vztahu exprese na irovni mRNA a proteind
a ovéfeni vyznamu tohoto stanoveni na vét§im souboru
nemocnych by bylo moZné gen NQO2 zaclenit do panelu
markert molekularné-patologického profilu karcinomu
prsu. K nejzajimavéjSim vztahiim patii ndlez vyznamné
zvysené exprese NQO! u pacientek s lepsi prognézou one-
mocnénim (postmenopauzalni stav, pNO, ER+aPR+). Ten-
to vysledek by mohl mit vyznam pro zpfesnéni zatazeni jed-
notlivych nemocnych do 1é¢ebnych skupin. Pro ovéfeni
a lep$i vyuZiti poznatki je tfeba rozsifit studii na vétsi sku-
pinu pacientek, porovnat vyvoj onemocnéni u jednotlivych
pacientek s odstupem casu po 1é¢bé (korelace s preZitim,
kompletni remisi, recidivami atd.) a rovnéZ prozkoumat
vztah mezi genovou expresi a hladinami proteinu sledova-
ného napfiklad imunohistochemicky. Dal$i zajimavé infor-
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mace ohledné prognostického a prediktivniho vyznamu
expresi obou genli miiZe pfinést analyza pfeZivani ve vzta-
hu k typu pouZité chemoterapie, kterou planujeme v dlou-
hodobéjsi perspektive.

Zavér

Pilotni studie sledujici expresi gent 2.fize biotransfor-
mace NQOI a NQO?2 prokézala na souboru pacientek
s karcinomem prsu vyznamné exprese jak v nddorové tak
i v nenddorové tkani a v lymfocytech periferni krve. Na
zakladé dosaZenych vysledkil je moZno usuzovat, Ze vyso-
ka exprese NQO1 v nenddorové tkani by mohla charakte-
rizovat pacientky s lepSi prognézou vyvoje nemoci.

Naproti tomu nizk4 exprese NQO2 by mohla naznaCovat
vétsi pravdépodobnost vyvoje agresivnéj$iho pribéhu
onemocnéni. Celkové se tedy exprese NOQOI 1 NQO?2 jevi
jako potencidlni prognosticky faktor vyvoje karcinomu
prsu. Pro moZzné vyuZiti vysledkt v klinické praxi navr-
hujeme ovéfit ziskané informace sledovanim hladin NQO1
a NQO?2 i ptislu§nych proteinovych produktii u vétsiho
souboru pacientek a s Casovym odstupem od diagnézy
onemocnéni.

Podeékovdni: Projekt byl podporen grantem IGA 9426-3,
Grantem Univerzity Karlovy GAUK ¢. 94507 a vyzkum-
nym programem na podporu mladych védci SZU Praha.
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