Univerzita Karlova v Praze

1. Iékarska fakulta

Doktorské studijni programy v biomediciné

Studijni obor: Preventivni medicina

MUDr. Beatrice Mohelnikova Duchonova

Sledovani genetickych faktoru ovliviiujicich riziko vzniku a pritbéh karcinomii
kolorekta a pankreatu.

Study of genetic factors modifying the risk of onset and progression of
colorectal and pancreatic cancer

Diserta¢ni prace

Vedouci zavérecné prace: RNDr. Pavel Soucek, CSc.
Laboratote toxikogenomiky, Statni zdravotni ustav v Praze

Praha, 2012



r

Prohlaseni:

Prohlasuji, Ze jsem zaveére¢nou praci zpracovala samostatné, a ze jsem fadn¢ uvedla a
citovala vsechny pouzité prameny a literaturu. Soucasné prohlasuji, ze prace nebyla vyuzita k
ziskani jiného nebo stejného titulu.

Souhlasim s trvalym uloZenim elektronické verze mé prace v databdzi systému
meziuniverzitniho projektu Theses.cz za ucelem soustavné kontroly podobnosti kvalifikaénich

praci.

V Praze, 01.02.2012

Beatrice Mohelnikova Duchonova

/ &

FRes 2Zrcetls bt oLeltieite )-;2 WL LN r'2‘7



Identifika¢ni zaznam:

MOHELNIKOVA DUCHONOVA, Beatrice. Sledovini genetickych faktorii ovliviwjicich
riziko vzniku a priitbehu karcinomii kolorekta a pankreatu. [Study of genetic factors modifying
the risk of onset and progression of colorectal and pancreatic cancer]. Praha, 2012. 111
stran, 11 pfiloh. Disertacni prace (PhD). Univerzita Karlova v Praze, 1. lékatrskad fakulta.
Vedouci zavére¢né prace: RNDr. Pavel Soucek CSc.

Abstrakt
Uvod: Cilem této prace bylo sledovani genetickych faktorti ovlivitujicich riziko vzniku a pribéh

karcinomi kolorekta a pankreatu. Prvni ¢ast se zabyva etiologickymi faktory, a to vlivem
polymorfismi v biotransformac¢nich enzymech a genetickych alteraci v genu CHEK?2 na vznik téchto
malignit. V druhé ¢asti jsou analyzovany geny transportu cytostatik jako piipadné prognostické a
prediktivni markery odpovédi na onkologickou 1é¢bu. Materidly a metody: Polymorfismy a dalsi
genetické alterace byly zjistovany pomoci real-time PCR, alel-specifické PCR a PCR-RFLP metody
v DNA ziskané z krve pacientli. Byla hodnocena frekvence polymorfismti a posuzovan jejich vyznam
s ohledem na dostupnd epidemiologicka data. Exprese geni byly stanoveny metodou qPCR
v parovych vzorcich tkani nadoru a okolniho parenchymu. Vysledky: Pro vétSinu nami sledovanych
polymorfismil se nepodafilo prokazat vztah mezi jejich ptritomnosti a rizikem vzniku obou téchto
malignit. Variantni alela CYP2413*7, byla nalezena u 7 z 265 hodnocenych zdravych kontrol, ale
nebyla nalezena u zadného pacienta s karcinomem pankreatu. Vyskyt variantni alely GSTPI-Val a
genotypu GSTTI-null byl naopak spojen se zvySenym rizikem vzniku karcinomu pankreatu (OR=2,38;
95% CI=1,17- 4,83). V souboru pacientii s kolorektalnim karcinomem byl genotyp GSTTI-null
v kombinaci s GSTM-null genotypem spojen s mirn¢ zvySenym rizikem (OR=1,58; 95% CI=1,01-
2,47) a samotna delece GSTM1 zvySovala riziko kolorektalniho karcinomu po zohlednéni ostatnich
sledovanych faktort (OR=1,30; 95% CI=1,01-1,68). Porovnanim exprese vSech 49 ¢lend lidské
nadrodiny ABC transportérti u vzorkii nadoru pankreatu s okolni nenadorovou tkani pankreatu jsme
zjistili, ze 11 genl bylo statisticky vyznamné upregulovano a 4 downregulovany (p<0,05) v tkani
adenokarcinomu. Zji§téna zvysSena exprese ABCB2, ABCB3, ABCB4, ABCC1, ABCC5 v nadorové
tkani je ve shodé¢ s jejich diive prokazanym fenotypem mnohocetné 1ékové rezistence. Downregulace
ABCA3 (p=0,002), ABCAS5 (p=0,010), ABCC6 (p<0,001) a ABCC7 (p=0,016) ve tkani karcinomu
pankreatu zatim nebyla publikovdna. Zavéry: Nase vysledky ukazuji, Ze polymorfismy v genech
kodujici biotransformacni enzymy mohou ovliviiovat riziko vzniku maligniho onemocnéni slinivky
bfisni a tlustého stfeva v Ceské populaci. Vysledky pilotni studie zaméfené na expresi ABC
transportért ve tkani karcinomu pankreatu prokazaly vyznamné rozdily v hladinach transkript téchto
membranovych enzymu, které jsou klicové pro transport cytostatik ven z nadorovych bunék. Pro

potvrzeni téchto vysledkl jsou vSak nutné ovéiujici analyzy na vétsich souborech pacientti.

Kli¢ova slova: karcinom, pankreas, tlusté stievo, biotransformace, transport 1é¢iv



Abstract
Introduction: The aim of this study was to evaluate the role of genetic and lifestyle factors in the risk

of onset and progression of colorectal and pancreatic cancer. The first part deals with the etiological
factors and the importance of polymorphisms in biotransformation enzymes and genetic alterations in
the gene CHEK? in the origin of these malignancies. In the second part, the ABC transporter genes
were analyzed as potential prognostic and predictive markers of a treatment’s outcome. Materials and
methods: The polymorphisms and other genetic alterations were detected using real-time PCR, allele-
specific PCR and PCR-RFLP methods in DNA which was extracted from the blood of patients. The
frequency of polymorphisms was evaluated and their importance was assessed with regard to the
available epidemiological data. Gene expressions were determined by qPCR in paired samples of
tumor tissue and adjacent non-tumorous parenchyma. Results: A majority of the observed
polymorphisms failed to show a relationship between their presence and the risk of any of these
malignancies. CYP2A413 variant allele*7 coding inactive enzyme was found in 7 of 265 controls and in
none of 235 pancreatic carcinoma patients. In contrast, GSTP/-codon 105 Val variant allele and
GSTTI-null genotype were associated with an elevated pancreatic cancer risk (OR=1.38;
95%CI=0.96-1.97 and OR=1.56; 95%CI=0.93-2.61, respectively). A combination of GST7T!-null and
GSTPI-codon 105 Val variants further increased the risk of pancreatic cancer (OR=2.50;
95%CI=1.20-5.20). In the group of patients with colorectal cancer, the GSTTI-null genotype in
combination with the GSTMI-null genotype was associated with a slightly increased risk (OR=1.58,
95% CI=1.01-2.47) and the actual deletion of GSTM1I increased the risk of colorectal cancer after
adjusting for other observed factors (OR=1.30, 95% CI=1.01-1.68). By comparing the expression
levels of all 49 members of the human ABC transporters in pancreatic tumor samples with
nonmalignant pancreatic tissue, we found that 11 genes were significantly upregulated and 4 genes
downregulated (p<0.05) in adenocarcinoma tissue. The observed increased expression of ABCB2,
ABCB3, ABCB4, ABCCI1, ABCCS in tumor tissue is consistent with their previously demonstrated
multidrug resistance phenotype. Downregulation of 4BCA3 (p=0.002), ABCAS5 (p=0.010), ABCC6
(p<0.001) and ABCC7 (p=0.016) in pancreatic cancer tissue has not yet been published. Conclusions:
Our results indicate that polymorphisms in genes coding for biotransformation enzymes may influence
the risk of malignant disease of the pancreas and colon in the Czech population. The results of the
pilot study on the expressions of ABC transporters in pancreatic cancer tissues showed significant
differences in transcript levels of these membrane proteins that are crucial for the transport of
chemotherapeutic agents outside of tumor cells. However, analyses on larger sets of patients are

necessary to verify and confirm these results.
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1. TEORETICKY UVOD

1.1. Zhoubné nadory- adenokarcinom pankreatu a kolorektalni karcinom

Kolorektalni karcinom (CRC; MKN-10, C.18-C.20) je celosvétové tfetim nejéastéji
diagnostikovanym zhoubnym nadorem. Dle odhadt kazdoro¢né touto malignitou onemocni vice nez
1000 000 lidi a asi 500 000 zemie [1]. Ceska republika se v ramci incidence CRC fadi na druhou
pricku v Evropé [2]. V roce 2007 bylo hldseno 7 826 CRC. Z toho bylo 4 638 ptipadti u muzi (tj. 91,9
pfipadd na 100 tis. muzi) a 3 188 piipadd u Zen (tj. 60,4 pripadd na 100 tis. Zen). To jej u obou
pohlavi ¢ini, po vylouceni ,jiného zhoubného novotvaru kize* (dg. C44), druhou nejCastejsi
onkologickou diagn6zou po karcinomu prostaty u muzii a karcinomu prsu u zen. Nejcastéji je
novotvar lokalizovén v tlustém stfevé (dg. C18). Zde se nachdzi u muza 55 % zhoubnych néadori, u
zen 60 %. Nasleduje kone¢nik - rektum (dg. C20) a oblast ptechodu tlustého stieva v kone¢nik -

rektosigmoidalni spojeni (dg. C19) [3].

Obriazek & 1: Incidence a mortalita karcinomu tlustého stieva v CR

C18 - 7N tlustého stfeva
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Legenda: Graf zobrazuje ¢asovy vyvoj hrubé incidence (pocet novych ptipadii na 100 000 osob) a hrubé
mortality (pocet imrti na diagnézu na 100 000 osob) pro zvolenou diagnézu v celé populaci. Analyzovana data:

n (incidence)=108 399; n (mortalita)=65 316. Zdroj: http://www.svod.cz

Vv

onemocnéni. Dle odhadti American Cancer Society v roce 2008 touto malignitou onemocnélo 37 680

Americ¢and a 34 290 v témze roce zemielo, coz ji fadi na ¢tvrtou pficku v pfi¢inach imrti na nadorova
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onemocnéni [4]. V Ceské republice je jak incidence, tak i mortalita karcinomu pankreatu nejen
srovnatelna se zahrani¢im (1926 novych pfipadi a 1781 amrti na C25.0 v roce 2007 dle UZIS-3), ale

dokonce se fadime k zemim s nejvyssi incidenci novotvaru slinivky bfisni na svété [5].

Obrazek &. 2: Incidence a mortalita karcinomu pankreatu v CR

C25 = ZH slinivky bifiZni
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Legenda: Graf zobrazuje ¢asovy vyvoj hrubé incidence (pocet novych piipadi na 100 000 osob) a hrubé
mortality (pocet amrti na diagnézu na 100 000 osob) pro zvolenou diagnézu v celé populaci. Analyzovana data:
n (incidence)=44 173; n (mortalita)=39 840. Zdroj: http://www.svod.cz

Navzdory zavaznosti téchto malignit a velmi $patné progndze, spojené zejména s karcinomem

pankreatu, neni jejich etiologie a molekularni patogeneze stale objasnéna.



1.1.1. Etiologie a rizikové faktory

V etiologii sporadického karcinomu kolorekta jsou stale ¢astéji zminovany stravovaci navyky.
Maso a jeho nevhodna pfiprava spolu se snizenym piijmem ovoce a zeleniny byvaji uvadény mezi
moznymi rizikovymi faktory. Diuvodem tohoto zvySeného rizika byvaji nejcastéji povazovany
karcinogeny, které vznikaji pti vysokych teplotich upravy masa (grilovani, smazeni), a to
polycyklické aromatické uhlovodiky a heterocyklické aminy [6]. Tyto slouceniny jsou i soucasti

cigaretového koufe, ktery je také potencidlnim rizikovym faktorem vzniku kolorektalniho karcinomu

[7].

Publikované rizikové faktory u karcinomu pankreatu jsou veék, pohlavi, diabetes, chronicka

pankreatitida, dietni navyky, koufeni a infekce Helicobacter pylori [8, 9, 10].

Metabolizmus cizorodych latek vyskytujicich se v Zivotnim prostfedi ¢lovéka, a to jak
aktivace prokarcinogent, tak odbouravani karcinogent v organismu, mize rovnéz hrat dulezitou roli
pti vzniku a rozvoji obou malignit. Polymorfismy v genech kodujicich biotransformaéni enzymy tedy
mohou ovliviiovat riziko vzniku nadorového onemocnéni u jednotlivce [11, vice viz. Kapitola 1.2.

Biotransformace a biotransformacni enzymy str. 10]

V literatufe se uvadi, ze pouze kolem 6% kolorektalnich karcinomti a 4-16% karcinomu
pankreatu patii k tzv. familiarni formé¢, kdy jsou nalezeny zarode¢né mutace v genech s vysokou
penetraci [12,13]. Nejznaméjsi hereditarni formy karcinomu tlustého stieva a koneéniku jsou:
syndrom, Li- Fraumeniho syndrom, hereditarni maligni melanom a dalsi. Mutace hereditarnich forem
nadorovych onemocnéni se nachazeji v genech podilejicich se na regulaci bunééného cyklu, tumor
supresorovych genech, i proto-onkogenech. Daleko vétsi podil na genetické predispozici k nadorovym

onemocnénim maji pravdépodobné kombinace alteraci gend s nizkou penetranci [14,15].

Jednim z intenzivné studovanych gent s nizkou penetranci je CHEK2 (checkpoint kinase 2)
oznaCovany nékdy také jako CHK2. Tento gen koduje proteinkindzu aktivovanou v odpovédi na
poskozeni genomové DNA. Svou aktivitou se podili na regulaci bunécného cyklu v kontrolnich
bodech (ptechod G1 do S faze a prechod G2 do M faze) a indukci apoptézy [16]. Pfi vzniku
dvoufetézcovych zloml genomové DNA je molekula CHEK2 fosforylovana pomoci ATM-protein
kindzy (produkt tumor supresorového genu ATM). Aktivovany protein CHEK?2 nasledn¢ fosforyluje
nékolik substratti (Obrazek. ¢. 3). Fosforylaci proteinu pS3 na misté serinu v poloze 20 je umoznéna
vazba mdm?2 aktivovaného ATM-dependentni fosforylaci, ¢imz dochazi k inhibici degradace p53 a tim
k jeho nasledné stabilizaci v jadfe. Zvysena hladina p53 v bunce vyvolava neadekvatni odpovéd na

poskozeni DNA. Protein CHEK?2 svym puasobenim inhibuje také funkci fosfatdz cdc25a a cdc25c.
5



Tyto fosfatdzy jsou odpovédné za prichod pies kontrolni body G1/S a G2/M a tim pokraovani
bunécného déleni. Jejich inhibici dochazi k zastavé bunécného cyklu v uvedenych bodech. Nedavno

byla rovnéz popsana jista kooperace CHEK2 s BRCA1 na zastavé bunééného cyklu [17].

Obrazek ¢. 3: Schéma piisobeni proteinu CHEK2 aktivovaného v disledku genotoxického
poskozeni DNA [18]

Bunéeny
cyklus

V genu CHEK?2 bylo doposud popsano nékolik inaktivujicich mutaci v souvislosti se vznikem
jak hereditarnich nadorovych syndromi (Li-Fraumeni syndrom), tak i sporadickych malignich nadorti

(karcinom prsu, kolorekta, prostaty, §titné zlazy, osteosarkom). Nejstudovanéjsi mutaci je v souc¢asné

ktera zpusobuje inaktivaci proteinu CHEK?2 diky zkraceni proteinového produktu v misté kinazové
domény. Na zaklad¢ rozsahlych popula¢nich studii v riznych zemich je tato mutace uvadéna
do souvislosti se zvySenym rizikem vzniku karcinomu prsu (RR = 2) a vyskytem HBCC syndromu -
rodinného vyskytu karcinomu prsu a kolorekta [19,20]. V nedavné dobé byla popsana i dal$i mutace
1157T zasahujici FHA (fork head associated) doménu proteinu, ktera se rovnéz vyskytuje

signifikantné ¢ast&ji u pacientek s karcinomem prsu [21].



1.1.2. Terapie a prognoza

Prognoéza a terapie kolorektalniho karcinomu znac¢né zavisi na stadiu, ve kterém byla nemoc
zjisténa. Zatimco po radikalnim odstranéni tumoru u pocatecnich stadii je pétileté preziti vyssi nez
80%, u metastatické formy je priméma doba pfeziti 11 mésicii. Jediny kurativni postup je radikalni
resekce tumoru. Chemoterapie je indikovana u lokalné pokrocilych tumort po chirurgickém vykonu
(adjuvance) a u metastazujicich nadori jako terapie paliativni. Zejména jsou vyuzivany rezimy

obsahujici nukleotidova analoga jako S-fluorouracil [22].

Prognoza karcinomu pankreatu je vzhledem k mortalité rovnajici se incidenci infaustni. Mezi
zakladni prognostické faktory karcinomu pankreatu patii stddium onemocnéni (staging), provedeni
radikalniho chirurgického vykonu a vykonnostni stav pacienta (performance status). Molekularné
biologické prognostické faktory jsou intenzivné studovany, ale zatim bez uplatnéni v klinické praxi.
Chemoterapii pokrocilého karcinomu pankreatu je dosahovano medianu pieziti jen kolem 5-8 mésica.
V kontrolnich skupinach bez chemoterapie se pohybuje median pieziti pouze mezi 2-4 mésici [23].
Jednou z pfi¢in je pozdni diagnostika tohoto typu onemocnéni. Klinické pfiznaky se objevuji az v
pozdnich stadiich a v dobé diagnozy je jiz 50 % pacientl s metastatickym postizenim. Jedinym dnes
potencialné kurativnim pfistupem je radikalni resekce. S ohledem na pozdni diagndézu a Spatny
vykonnostni stav nemocnych podstupuje radikalni vykon jen kolem 15 — 20 % pacientt [24]. V
adjuvantni i paliativni chemoterapii se uplatiiuji i zde, stejné jako u kolorektalniho karcinomu,

zejména nukleotidova analoga. Dnes je uvadén jako 1ék prvni volby Gemcitabin.

Gemcitabin (27,2’ -difluorodeoxycytidine, Gemzar, Eli-Lilly, Indianapolis, Obrazek ¢. 4) patii
k druhé generaci nukleoidovych analogt [25]. Pilotni randomizovana studie prokazala vyznamné lepsi
jednoleté prezivani pacientli s karcinomem pankreatu [éCenych gemcitabinem ve srovnani s t€émi, kdo
byli 1éCeni 5-fluorouracilem (18 vs. 2%; p=0.0001) [26]. Pfestoze se gemcitabin stal zlatym
standardem v 1é¢bé pokrocilého karcinomu pankreatu [27], odpovéd’ na tuto 1é€bu u pankreatickych
nadorti zustava nizsi nez 10% [28,29]. Ktomu vyznamné pfispiva ziskana rezistence nadorovych
bun¢k vici cytostatikim, demonstrovana inter-individualnimi rozdily ve farmakokinetice a

farmakodynamice gemcitabinu.



Obrazek €. 4: Struktura gemcitabinu
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Chemorezistence je zptisobena mnoha riznymi, pravdépodobné na sobé nezavislymi,
mechanizmy jako jsou zmény v membranovém transportu pro 1é¢iva, neucinna metabolicka aktivace,
zvysena oprava poskozeni DNA a alterace apoptotické drahy [30, 31]. Gemcitabin je transportovan do
intracelularniho prostoru pomoci nukleosidovych transportéra (SLC- Solute carrier transporters).
Naopak transportéry rodiny ABC (ATP-binding cassette transporters) zpusobuji jeho eflux ven

Z buiiky. Intracelularné dochazi k jeho metabolické aktivaci (vice viz ptiloha ¢.10 a 11).

Erlotinib hydrochlorid (OSI-774, Tarceva, CP-358774, Obrazek ¢. 5) je per os podavana
molekula, ktera blokuje intracelularni signalni drahu receptoru epidermalniho ristového faktoru
(epidermal growth factor receptor, EGFR, OMIM:131550) pomoci vazby na misto pro ATP, které je
nezbytné pro tyrosin kinazovou aktivitu EGFR. Signéalni drahy tyrosin kinadz jako je EGFR jsou
zapojeny do procest proliferace nadorovych buné€k, apoptodzy, angiogeneze a v procesu metastazovani
[32, 33]. Erlotinib byl schvalen pro 1é¢bu lokalné pokroc¢ilého, neoperabilniho karcinomu pankreatu,

nebo jeho metastatické formy v kombinaci s chemoterapii [34].

Erlotinib je metabolizovan cytochromy P450 (CYP), a to zejména CYP3A4 (OMIM:124010)
a CYP3A5 (OMIM:605325), méné potom CYP1Al (OMIM:108330), CYP1A2 (OMIM:124060),
CYP1B1 (OMIM: 601771), CYP2D6 (OMIM:124030) a CYP2C8 (OMIM: 601129).

Obrazek €. 5: Struktura erlotinibu

0 N
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Hlavnimi cirkulujicimi metabolity erlotinibu jsou produkty O-demetylace postranniho fetézce
(napf. OSI-420 a OSI-413) [35-37]. Zajimavé z hlediska této prace je, ze ABC transportéry se podili
na transportu erlotinibu pfes bunéénou membranu a mohou tak ovliviiovat vysledky 1é¢by (vice viz.

kapitola: Erlotinib a ABC transportéry str. 22).



1.2. Biotransformace a biotransformaéni enzymy

Biotransformaéni enzymy, které se nachazeji piedevsim Vv jaternich bunkach, obvykle konvertuji
xenobiotika rozpustna v tucich na latky rozpustné ve vodé a usnadiiuji tak jejich vylucovani
Z organismu. Biotransformace se sklada ze tii krok: 1. faze (aktivace), 2. faze (konjugace) a 3. faze
(transport). Hlavnimi enzymy 1. faze biotransformace jsou cytochromy P450 a dal$i enzymy jako
NAD(P)H:chinon oxidoreduktazy, které katalyzuji aktivacni reakce, pti kterych vznikaji reaktivni
meziprodukty. Tyto elektrofilni meziprodukty poté snadno konjuguji s nukleofilnimi molekulami jako
je napft. glutation v reakcich 2. faze biotransformace. Vétsina téchto konjugovanych produkta je poté
pumpovana vné bunék pomoci membranovych ABC transportéri. Tyto metabolické pochody
ovlivituje u cClovéka tada fyziologickych faktorti jako pohlavi, v€k a stav vyzivy, ale i faktory
patologické, mezi které patii cela fada onemocnéni (diabetes mellitus, jaterni cirh6za, onemocnéni

ledvin a dalsi) [38].

Tabulka €. 1: Hlavni biotransformaéni enzymy dle [38]

Protein | EC &islo Gen Reakce
Faze 1
Cytochrom P450 monooxygenaza P450 1.14.14.1 CYP Oxidace, redukce, peroxidace
Flavinové monooxygenazy FMO 1.14.13.8 FMO | Oxidace
Alkohol dehydrogenazy ADH 1112 ADH Oxidace alkoholu
Aldehyd dehydrogenazy ALDH | 1215 ALDH | Oxidace aldehydu
Monoamin oxidazy MAO 1434 MAO | Oxidativni deaminace
NAD(P)H-chinon oxidoreduktazy NQO 1.6.5.2 NQO | Redukce chinoni
Epoxidhydrolazy EPHX |3.3.29 EPHX | Hydrolyza epoxida
NADPH-cytochrom P450 reduktaza | CPR 1.6.24 POR Redukce
Karbonyl reduktazy CR 1.1.1.184 CBR Redukce
Aldo-keto reduktazy ALR 11121 AKR Redukce
Karboxyl esterazy CE 3.1.1.2 PON Hydrolyza
Deaminazy CD 354.1 CDA Hydrolyticka deaminace
Faze 2
Glutation S-transferazy GST 2.5.1.18 GST Konjugace s glutationem
UDP-Glukuronosyltransferazy UGT 24.1.17 UGT Konjugace s glukuronidem
N-acetyltransferazy NAT 2.3.15 NAT Acetylace
Sulfonyltransferazy SULT |28.23 SULT | Konjugace se sulfatem
Faze 3
ABC transportéry MDR 3.6.3.44 ABCB | Transmembranovy transport
MRP 3.6.3.44 ABCC | Transmembranovy transport
BCRP | 3.6.3.44 ABCG | Transmembranovy transport
Protein spojeny s rezistenci plic LRP 3.6.3.44 MVP Jadro-cytoplazma transport

Legenda: Cislo EC (z anglického Enzyme Commision number) je numerické klasifikaéni schéma pro enzymy
zaloZzené na chemickych reakcich, které katalyzuji. Kazdé EC ¢islo je doplnéno doporuc¢enym nazvem

reprezentovaného enzymu.
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1.2.1. Polymorfismy v biotransformaénich enzymech 1. faze biotransformace a vztah

k nadorovym onemocnénim

Karcinogeny tabakového kouie jako je napt. nitrosamin 4—(methylnitrosamino)—1—(3—pyridyl)—
1-butanon (NNK) jsou v lidském téle metabolizovany za ucasti CYP. NNK dokaze indukovat
nadorové onemocnéni plic, nosni dutiny, pankreatu a jater u laboratornich potkanu [39, 40]. Mezi
biotransformaéni enzymy, ucastnici se na produkci jak keto-aldehydu, tak i keto-alkoholu z NNK, se
fadi CYP2A13. CYP2A13 (cytochrom P450 2A13, OMIM: 608055) se nachazi, stejné jako ostatni
¢lenové CYP2A podrodiny, na dlouhém raménku chromosomu 19 [41]. Nékteré polymorfismy
CYP2A13 vedou ke zménam enzymatické funkce proteinu, napf. zaménou cystidinu za arginin
v kodonu 257 vznika enzym s dvakrat nizsi katalytickou ucinnosti. Tento polymorfismus je uvadén
v souvislosti s rizikem bronchogenniho karcinomu v ¢inské populaci [42], avSak v bélosské populaci
se vyskytuje ve frekvenci nizsi nez 1% [43]. Naopak nonsense polymorfismus Arg101STOP (dbSNP:
rs72552266) [44], ktery enzymovou aktivitu zcela poskozuje, byl nalezen ve frekvenci 3,8% [43] ve

francouzské bélosské populaci a jeho relevance je tedy nesporna.

Epoxidhydrolaza 1 (EPHX1, EC 3.3.2.3) je enzym, ktery navazuje na metabolické reakce CYP.
Substratem jsou aromatické ¢i alifatické epoxidy, které jsou hydrolyzovany na, méné toxické a ve
vodé rozpustné, trans-dihydrodioly vylu¢ované z organismu po Kkonjugaci s glutationem, popf.
glukuronatem. Epoxidhydrolaza se ucastni také aktivace nékterych prokarcinogend, napt.
z benzo[a]pyrenu vznika 7,8-diol-9,10-epoxid, ktery je vysoce mutagenni. Dvé bézné se vyskytujici
alely EPHX1 v kodénech 113 (Tyr113His; rs1051740) a 139 (His139Arg; rs2234922) maji vliv na
enzymovou aktivitu [45]. Nicméné souvislost téchto polymorfismu s rizikem vzniku nadoru tlustého

stfeva a pankreatu nebyla zatim nalezena [46, 47].

Metabolizmus etanolu je v pankreatickych bufikach acinti zprostiedkovan jak oxidativni, tak i
nonoxidativni cestou [48, 49, 50]. Hlavnimi enzymy zodpovédnymi za oxidativni transformaci
alkoholu jsou alkohol dehydrogenazy (ADH, EC 1.1.1.2) a aldehyd dehydrogenazy (ALDH, EC
1.2.1.5) [51]. Genotypovanim 9080 dobrovolnik(i Tolstrup et al. 2008 [52] prokazal, ze pomali
metabolizatofi s genotypem ADH1B*1/*1 piji vice alkoholu a maji vyssi riziko alkoholismu nez rychli
metabolizatofi (ADH1B*2/*2), stejné jako v ptipadé haplotypu ADH1B*1-ADH1C*2 [53]. Pfedchozi
studie popisuji vztah mezi ADH1B*1 alelou a zvySenym rizikem nadorového onemocnéni jicnu [54,
55] a dlazdicobunéénym karcinomem v oblasti hlavy a krku [56]. Také v pripadé ADH1C*2/*2
genotypu byla nalezena souvislost se zvySenym rizikem nadoru dutiny ustni dle studie provadéné

Solomonem et al. 2008 [57].
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1.2.2. Polymorfismy v biotransformaénich enzymech 2. faze biotransformace a vztah

k nadorovym onemocnénim

Glutation S-transferazy (GSTs; EC 2.5.1.18) jako GSTM1 (OMIM: 138350), GSTP1 (OMIM:
134660) a GSTT1 (OMIM: 600436) zajistuji detoxikaéni reakce 2. faze biotransformace, a jsou
zarovenl schopny aktivovat prokarcinogeny (napi. methyl chlorid, alkyla¢ni ¢inidla, polycyklické

aromaty). Katalyzuji konjugaci s glutationem.

Genetické varianty GST jsou Castym pifedmétem studia ve vztahu k nadorovym onemocnénim,
nebot’ jejich detoxika¢ni funkce je nepostradatelna u celé fady potencidlnich karcinogenti. Rozsahla
genomicka delece v genech koédujicich GSTM1 a GSTTL (null genotyp) ma za nasledek kompletni
ztratu enzymatické aktivity. Polymorfismus Ilel05Val (rs1695) v genu GSTP1 generuje enzymy
s rozdilnou tepelnou stabilitou a substratovou afinitou [58]. Polymorfni varianty GSTP1 mohou mit
protektivni vliv V pfipadé nadorti pankreatu u starSich osob a jejich nositelé maji vyznamné lepsi
ptezivani ve skupiné pacientti 1é¢enych 5-fluorouracilem [59]. Ferraz et al. [60] navic ptedpoklada, ze
se GSTT1 a GSTP1 podili na vyskytu mutaci v dalSich ddlezitych genech karcinogeneze, jako jsou
geny KRAS a TP53 u kolorektalniho karcinomu. Neddvno byl rovnéz publikovan vztah mezi
polymorfismy v genech EPHX1, GSTM1 a GSTT1 a vys§i mirou poskozeni DNA (konkrétné
jednofetézcovych zlomit DNA) v Ceské populaci [61].
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1.2.3. Polymorfismy v enzymech téastnicich se metabolizmu volnych radikala, oxidaéni

stres a vztah k nadorovym onemocnénim

V prubéhu metabolizmu, jak endogennich, tak i exogennich substratli (napt. tabakovy kouf,
etanol), vznikaji v bunikach téla produkty se silnymi biologickymi G¢inky, tzv. volné radikaly [62,63].
V soucasnosti se predpokladd, ze reaktivni formy kysliku (oxidativni stres) hraji roli v fadé
patologickych stavi, véetné zanétu  (chronické pankreatitidy) [64] a dysfunkce B-bunék
pankreatickych acinti (diabetu) [65]. Diky vyznamu pusobeni oxidativniho stresu u vétSiny vyse
jmenovanych rizikovych faktorti karcinomu pankreatu, muze geneticka variabilita v genech kodujicich

enzymy metabolizmu volnych radikal hrat dulezitou roli pti vzniku a rozvoji této malignity.

Superoxid anionradikal (O2e-) vznika G¢inkem enzymu jako jsou cytochrom P450 reduktaza a
xanthinoxidaza [66]. Jsou-li pfi zanétu stimulované neutrofily, dojde u nich k respira¢nimu vzplanuti,
pfti kterém je superoxid anionradikal produkovan v reakci katalyzované NADPH-oxidazou. Superoxid
dismutaza 2 (SOD2, OMIM:147460) podstatné urychluje pfeménu superoxidového anionradikalu na
peroxid vodiku a kyslik v mitochondriich, zatimco superoxid dismutaza 3 (SOD3, OMIM: 185490)
takto funguje extracelularné. Polymorfismus SOD2 (Alal6Val, rs4880) v signalni sekvenci genu vede
ke zménam Vv konformaci helikalni struktury proteinu. Valinova varianta enzymu ma niz§i schopnost
[68], tak i mocového méchyte [69] a prsu [70] u osob s touto alelou. V kontrastu s témito vysledky
bylo naopak zjisténo vyssi riziko nadort prostaty [71] u osob s divokym typem SOD2. U karcinomu
pankreatu bylo zjisténo vyss$i riziko pro nositele Val/Val genotypu (OR=1,96; Cl= 1,0-3,8) [72],

ovsem jen s hrani¢ni statistickou vyznamnosti.

Ve vztahu k nddorovym onemocnénim bylo studovano i né€kolik polymorfismi v genu SOD3
(Ex3-631C>G, rs1799895; IVS1-186C>T, rs699473; Ex3-516 C>T, rs2853796; a Ex3-489 C>T,

rs2855262), ale zadny vyznamnéjsi vliv na riziko vzniku maligniho nadoru nebyl potvrzen [71].

NAD(P)H:chinon oxidoreduktazy (NQO1; OMIM: 125860 a NQO2; OMIM: 160998) katalyzuji
dvouelektronovou redukci chinonti na hydrochinony. NQO o chinony soupeii S NADPH-cytochrom
P450 reduktazou, kterd jednoelektronovym mechanismem redukuje chinon na hydrochinon za vzniku
velmi reaktivniho meziproduktu semichinonu a vedlejSiho produktu, kterym je pravé vyse zminény
superoxid anionradikal. Chinony a jejich redukované formy hydrochinony jsou mutageny, které
vytvaii addukty DNA. Polymorfismy v exonu 6 NQOL (Prol87Ser, rs1800566) a v exonu 3 NQO2
(Phed7Leu, rs1143684) jsou spojeny s nizsi katalytickou aktivitou enzyma [73, 74]. Exprese NQO1

byla navrZena i jako mozny kandidatni biomarker pro karcinom pankreatu, a to zejména u kufaki [75].
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Tabulka ¢. 2: Prehled studovanych polymorfismi u enzymi 1. a 2. faze biotransformace

V ramci této dizertacni prace

Gen OMIM | dbSNP rs | Lokalizace | Zména struktury | Ovlivnéni funkce
enzymu enzymu

CYP2A13 | 608055 | 72552266 | 19913.2 Arg101stop ztrata funkce

EPHX1 132810 | 1051740 1g42.1 Tyr113His snizeni aktivity 0 60%

EPHX1 132810 | 2292566 1g42.1 His139Arg zvySeni aktivity 0 25%

GSTM1 138350 1p13.3 delece ztrata funkce

GSTP1 134660 | 1695 11913 Ile105Val snizeni aktivity

GSTT1 600436 22011.2 delece ztrata funkce

ADH1B 103720 | 1229984 4922 Arg48His snizeni aktivity

ADH1C 103730 | 698 4922 Ile350Val zvySeni aktivity

SOD2 147460 | 4880 6g25.3 Alal6Val snizeni aktivity

SOD3 185490 | 1799895 4pl5 Arg231Gly neznamo

NQO1 125860 | 1800566 16022.1 Pro187Ser ztrata funkce

NQO2 160998 | 1143684 6p.25 Phe47Leu snizeni aktivity

Vsechny tyto enzymy se tak velkou mirou podileji na ochrané bun¢k pied poskozenim volnymi

radikdly a z tohoto divodu jsme v dalsi studii sledovali vliv jejich polymorfismi na rozvoj

nadorovych onemocnéni. Studium vztahti mezi polymorfismy v genech metabolizmu NNK a alkoholu

a rizikem vzniku karcinomu pankreatu by mohlo pfinést zasadni informace pro identifikaci rizikovych

skupin, na néz by bylo vhodné zaméfit primarni (Gpravy Zzivotniho stylu ¢i chemoprevence) i

sekundarni (skrinink pro nalezeni onemocnéni v ¢asnych stadiich) prevenci.
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1.2.4. Membranové transportéry- enzymy 3. faze biotransformace a vztah k nadorovym

onemochénim

1.2.4.1. ATP-Binding Cassette (ABC) transportéry

vvvvvv

nadorovych buiitkdch diky jeho zvySenému uniku (efflux). Ten je zprosttedkovan zejména proteiny,

které z velké Casti prislusi k nadrodiné ABC transportéri (human ATP-binding cassette transporters).

K dnesnimu datu bylo v lidském genomu identifikovano 49 riznych ABC transportért. Déli se
do 7 tfid (A-G) na zakladé sekvenéni podobnosti [76]. U étrnacti ABC transportérii (popsanych nize)
byla prokazana schopnost navodit chemorezistenci v nadorovych buikach. Ty lze rozdélit do dvou
skupin, a to na skupinu proteinti zodpovédnych za tzv. fenotyp mnohocetné nadorové rezistence (multi
drug resistance, MDR) jak v bunéénych liniich, tak i u pacientt s rozli¢énymi typy malignich nadort
(napt. ABCB1/MDR1, OMIM: 171050, ABCC1/MRP1, OMIM: 158343 a ABCG2/BCRP, OMIM:
603756), a druhou skupinu, kam lze zafadit transportéry, u kterych byla tato schopnost zatim
prokazéana jen v nékterych experimentech (napt. ABCA2, OMIM: 600047, ABCB4, OMIM: 171060,
ABCB11, OMIM: 603201, ABCC2, OMIM: 601107, ABCC3, OMIM: 604323, ABCC4, OMIM:
605250, ABCC5, OMIM: 605251, ABCC6, OMIM: 603234, ABCC10, OMIM: 612509, ABCC11,
OMIM: 607040 a ABCC12, OMIM: 607041/)[77].
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Obrazek €. 6: Struktura halvnich zastupci ABC transportéra

A Extrusion of xenobictics

COOTOTOCH
Cell membrane
Cytoplasm /‘ U' U

B Extrusion of cytotoxins

Legenda: Ackoliv je ve stavbé ABC transportérii velka rozmanitost, daji se vystopovat nékteré obecné rysy.
ABC pumpy se skladaji z 2—4 domén: nekteré se oznacuji NBD (nucleotide binding domain) a jsou schopné
navazat ATP, jiné jsou ozna¢ovany TMD (transmembrane domain) a ty pfedstavuji v typickém ptipadé Sest alfa-
helixt (zobrazenych jako modré obdélniky) prochazejicich ptes membranu. (A) - ABCBI je typicky transportér
této rodiny skladajici se ze 4 domén - dvou NBD a dvou TMD. (B) - ABCG2, ktery je polovi¢ni transportér
sloZzeny pouze ze dvou domén. Zdroj: Tingting et al. Cell Research (2006).

ABCA2 je exprimovan zejména V buikach nervového a hematopoetického systému a je
spojen s transportem lipidi a chemorezistenci v nadorovych bunkach. Nedavno byl zjistén
jednonukleotidovy polymorfismus (SNP z angl. single nucleotide polymorphism) v tomto genu, ktery
je zodpovédny za Casny nastup Alzheimerovy choroby [78]. Zatim nebyly publikovany prace tykajici

se miry exprese a genetické variability ABCAZ2 genu v pankreatické tkani.

ABCBI, také nazyvan MDRI, ¢i P-glykoprotein je nejdéle znamy a v soucasnosti nejlépe
prostudovany zastupce ABC transportéri. Substritem ABCB1 jsou obecné hydrofobni léky s
polyaromatickym jadrem a neutralnim, nebo kladnym nébojem, napt. etoposid, adriamycin, vinblastin
[79]. Dtive provedené studie prokazaly, ze genetické polymorfismy v ABCB1 genu jsou dileZitou
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determinantou jeho fenotypu, tedy exprese, funkce a obecné ovlivituji odpovéd’ na farmakoterapii [80,
81, 82]. Dle zavéru japonskych studii [81, 83] vykazuji haplotypy ABCB1 vyznamngjsi vztah k mite
exprese nez jednotlivé polymorfismy. Proto lze predpokladat, ze haplotypy mohou Iépe urcit vztah
mezi genotypem a fenotypem tohoto transportéru a velmi pravdépodobné bude tento princip
univerzalni. ABCB1 mRNA a P-glykoprotein byly detekovany pomoci reverzni transkripce spojené s
polymerazovou fetézovou reakci (RT-PCR) a pomoci imunohistochemie (IHC) ve 2 pankreatickych
nadorovych buné&énych liniich SW1990 a CAPAN-1 [84]. Jensen et al. 1997 nalezli zvySenou citlivost
vici gemcitabinu v nadorovych burikach malobunééného karcinomu plic (SCLC) s vysokou expresi
genu ABCBL1 [85]. Podobné¢ senzitivni jsou i bunétné linie nemalobunééného karcinomu plic (2R160),
ovaria (2780ADd) a epidermoidu (KB8-5¢), kde je ABCB1 rovnéz zvySené exprimovan [86]. Vysoce
pozitivni imunohistochemické barveni pro P-glykoprotein bylo nalezeno u 73% duktalnich
adenokarcinoml pankreatu (n = 103), pficemz exprese ABCBl genu byla detekovdana ve vSech
vySetfenych tumorech, a to ve zvySené mife oproti normalni tkani slinivky bfisni. Vys§i mira exprese
ABCBI dle autori vyznamné¢ korelovala s lepsi prognozou a byla uvedena do souvislosti s mensi
biologickou agresivitou nadoru [87]. Na tuto studii navazala skupina autort [88], v jejichz studii bylo
75% vzorki karcinomu pankreatu imunohistochemicky pozitivni na pfitomnost proteinu ABCB1 (n =
63). Pacienti s nizkou ¢i stfedni expresi proteinu vykazovali del$i dobu pieziti nez pacienti bez
exprese. Velmi zajimavé bylo, Ze u ptipadu s vysokym stupném exprese genu ABCB1 bylo nalezeno
krat$i pfezivani nez u té€ch s nizsi expresi. Autofi usuzuji, Ze se na tomto kontroverznim faktu mohou

podilet dalsi geny spojeny s 1ékovou rezistenci, jako napt. ABCB2.

Exprese ABCBL1 se tedy jevi jako obecny fenomén vyskytujici se v nenddorové i nadorové
tkani, jehoz klinicky dopad neni stale jasny, a zda se tedy aktualni pro podrobné studium u
jednotlivych typt nadort. V nasi laboratofi jiz del§i dobu probiha studium ABCB1 v nadorové tkani
prsu. Mezi prvni publikované vysledky patii prokazany vztah mezi jednotlivymi polymorfismy genu
ABCBL1 a mirou exprese tohoto genu (resp. hladinou transkriptu v nadorech prsu). Vyskyt funkénich

polymorfismti navic koreloval s progndzou onemocnéni (stav estrogennich receptori) [82].

ABCC rodina zahrnuje 13 ¢lend, ptfi¢emz 9 z nich se fadi mezi tzv. multidrug resistance
proteins (MRP1-MRP9 resp. ABCC1-ABCC6 a ABCC10-ABCC12). ABCC7 (CFTR, OMIM:
602421) je chloridovy kanal spojeny s onemocnénim cystickou fibrozou. ABCC8 a ABCC9 (OMIM:
600509 a 601439) jsou receptory pro sulfonylureu a ABCC13 je pseudogen bez schopnosti
transmembranového transport [89]. In vitro, ABCC transportéry mohou navodit rezistenci vuci
nadorovym 1é¢ivim a jejich konjugovanym metabolitim, jako jsou platinové derivaty, folatové
antimetabolity, nukleosidova a nukleotidova analoga, arsenové a antimoniové oxyanionty, a (ve

spojeni s alteraci 2. faze biotransformace) také viici alkyla¢nim ¢inidlim [shrnuto v 90].
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Bunky plicniho karcinomu 2R120 (exprimujici vysoké hladiny ABCC1) a 2R160 (exprimujici
vysoké hladiny ABCB1) byly 9krat a 28krat citlivéjsi viici gemcitabinu nez jejich matefské bunécéné
linie SW1573 (p<0,01). Vzhledem k faktu, Zze v téchto buiikdch byla nalezena mnohokrat vyssi
aktivita DCK (deoxycytidin kinazy), pfedpoklada se, ze zvysena exprese genit ABCB1 a ABCC1 mize
zpusobovat bunéény stres, ustici ve zvySeny metabolizmus gemcitabinu a tedy i vyssi citlivosti vici

nému [86].

ABCC4 a ABCCS transportuji nukleosidové monofosfaty [91, 92]. Davidson et al. [93] nalezli
vyznamnou chemorezistenci vic¢i cytaribinu, gemcitabinu a kladribinu u bunék HEK293 zvysené
exprimujicich ABCC5. Nicméné Reid et al. [94] u stejné bunééné linie Zadnou rezistenci vaci
nukleotidovym analogiim nedetekovali. K vyjasnéni tohoto rozporu provétili Oguri et al. [95] expresi
ABCC5 v bunécnych liniich nemalobunécného plicniho karcinomu. Ve vsSech liniich exprese genu
ABCC5 inverzné korelovala s mirou citlivosti vi¢i gemcitabinu. Po inhibici tohoto transportéru
pomoci zaprinastu nebo siRNA byla citlivost bun¢k vici gemcitabinu snizena. Zda se tedy, ze ABCC5

zustava zajimavym cilem dalSich studii zabyvajicimi se chemorezistenci u nadord pankreatu.

Exprese genu ABCC10 byla zjisténa v riznych tkanich a nadorech vcetné vysoké exprese
v tkani karcinomu pankreatu. Jeho regulace zfejmé zavisi na genu TP53, protoze v bunkach
s alterovanym TP53 byla potla¢ena jeho upregulace, kterou Ize navodit pomoci doxorubicinu. Tento
transportér vSak neni zapojen do prenosu nukleotidi [96]. ABCCI11 je aniontovy transporter, ktery je
schopny pumpovat nukleotidy vn¢ bun¢k a fungovat tedy i jako faktor chemorezistence pro bézné

uzivana pyrimidinova analoga [97].

Konig et al. [98] kvantifikovali mRNA expresi deviti ¢lenit ABCC podrodiny a genu ABCG2
v normalni tkani slinivky bfisni a v tkani karcinomu pankreatu (n=37). Ve zdravé tkani pankreatu i v
duktalnim adenokarcinomu byly exprimovany geny ABCC1-6 a ABCC10, zatimco gen ABCC12
(koédujici protein MRP9) byl detekovan jen v normalnim parenchymu slinivky bfisni. Exprese ABCC3
a ABCC5 proteint byla v nadorovych vzorcich zvySena a navic exprese ABCC5 korelovala s
gradingem nadoru. Pfestoze byla objevena fada polymorfismtii v genech ABCC podrodiny, jejich
spojeni s klinickym fenotypem povétSinou ziistiva neobjasnéno [99]. Lidské bunééné linie HEK293
transfekované ABCG2 jsou rezistentni viéi gemcitabinu [100]. V péti bunénych liniich karcinomu
pankreatu byla, pomoci real-time PCR, nalezena vyznamné zvysena hladina ABCG2 mRNA ve
srovnani s nenadorovymi fibroblasty [101]. ¢cDNA fragmenty ABCG2 byly amplifikovany jak

v nadorové tkani, tak i v okolni pankreatické tkani, ale nebyly mezi nimi nalezeny zadné rozdily [98].

Dosud znamé udaje o expresi a ucincich ABCB1, ABCG2 a ABCC rodiny u nadoru

pankreatu jsou shrnuty v tabulce ¢. 3.
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Tabulka €. 3: Exprese a funkce vybranych ABC transportéri ve vztahu k nadorim pankreatu

Gen Protein | OMIM | Lokus Rezistence* Exprese v Exprese Reference
pan kreatu v tumoru
ABCB1 | MDR1 | 171050 | 7¢21 ilvtme;lsl“ ano vy 76,84-87
vSeni ano
ABCC1 | MRP1 | 158343 | 16p13 ilvt-‘lylff(f;“ stejna 76, 86, 98
ano
ABCC2 | MRP2 | 601107 | 10g24 | neprokézana stejna 76, 98
L, ano .,
ABCC3 MRP3 604323 | 17922 | neprokazana vyssi 76, 98
ano .
ABCC4 MRP4 605250 | 13932 | neprokazana stejna 76, 94, 98
vSeni ano
ABCC5 | MRP5 | 605251 | 3q27 fgz-‘y;f;l]ce vy 93, 95, 76, 98
o, ano neovéifena
ABCC6 | MRP6 | 603234 | 16p13 | neprokézana 76, 98
ano neoveérena
ABCC10 | MRP7 612509 | 6pl2 neprokazana 76, 98
ABCC11 | MRP8 | 607040 | 16q12 | ZV¥senl ano neoverena | 76 97, 98
rezistence
ano
ABCC12 MRP9 607041 | 16ql12 neprokazana neovéiena 76, 98
vSeni ano
ABCG2 | BCRP | 603756 | 4¢22 feVZ-‘/IZf:rl]ce neovéfena 76, 98, 100

Legenda:*Rezistence vuci nukleotidovym analogim pii zvy$ené expresi genu.
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1.2.4.2. Nukleosidové transportéry

Prestoze gemcitabin je hydrofilni latka, pravdépodobné nedochazi k jeho vyznamnému
praniku pfes plazmatickou membranu prostou diftizi. Nukleosidovy transport se vyskytuje jako Na+ -
independentni, obousmérny, provadény hENT (human Equilibrative Nucleoside Transporter, také
oznatovany jako rodina SLC29), nebo jako Na+ - dependentni, provadény hCNT (human
Concentrative Nucleoside Transporter, rodina SLC28). Zatim je znamo 7 nukleosidovych transportért,
které se déli do dvou rodin proteinti: SLC29 (SLC29A2, SLC29A3, SLC29A4, znamé rovnéz jako
hENT1, hENT2, hENT3 a hENT4) a SLC28 (SLC28A1, SLC28A2, SLC28A3, také oznacovany jako
hCNT1 ahCNT2 a hCNT3) [102, 103].

Obrazek €. 7: MoZnosti transmembranového transportu latek

[— Membrane Transport Proteins —l
Channels Transporters
I I
lon/Water Channels ‘Solute Carriers (SLC)‘ Pumps (ABC)
Lipid Double
Membrane f A’ "
[ "‘0."’
)
Y Y
Channel Transport Carrier Transport .
| l | Pump Transport
Simple Diffusion Facilitated Diffusion
I I |
Passive Transport Active Transport

Legenda: zdroj: http://www.biosite.se

Soucasny vyzkum prokazal, Ze bunky, které nejsou schopny transportu pomoci téchto
proteint, jsou k inhibici gemcitabinem vyznamné rezistentni. Pfikladem je napf. inhibice
nukleosidovych transportéra inhibitory typu dipyridamolu, ktera zplsobi nardst rezistence vici

gemcitabinu u bunék takto inkubovanych bunéénych liniich [104].

Gemcitabin je podavan jako i.v. bolus v infuzi trvajici cca 30 minut, a to prvni, osmy a
patnacty den 28-denniho cyklu, nebo jednou tydné po dobu 2 mésict. Maximalni koncentrace v séru
dosahuje hodnoty 50uM a deaminace zpusobuje rychly pokles plazmatické koncentrace, ktera
v pribéhu 2 hodin klesne pod hranici stanovitelnosti. Z uvedeného vyplyva, Ze buiiky jsou vystaveny

vyznamné Koncentraci gemcitabinu pouze kratkou dobu a neGéinny bun&ény uptake je velmi
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pravdépodobné jednim z mechanizmti chemorezistence [104].

Gemcitabinovy uptake je zajiStovan transportéry: SLC29A1 =~ SLC28A1 > SLC29A2 >
SLC28A3 >>> SLC28A2. [104]. Ve tkanich pankreatu je exprimovan SLC29A1, SLC29A2 [103], ale
vyskytuji se zde i hCNT transportéry (SLC28A1, SLC28A2, SLC28A3), jejichz exprese v nadorovych

tkanich je velmi variabilni [105].

Studie in vitro ukazaly, ze gemcitabin je do bun€k transportovan pievazné diky SLC29A1
transportéru [105] a pouziti inhibitort, jako je nitrobenzyl-merkaptopurin-ribosid ¢i dipyridamol,
snizilo vice nez 20-ti nasobné citlivost vii¢i gemcitabinu [104]. Imunohistochemicka studie na
nadorovych tkanich od 21 pacientd s pokroCilym karcinomem pankreatu ukdzala, Ze pacienti
s vysokou expresi SLC29A1 méli vyznamné del$i median pfeziti, nez ti S nizkou expresi ¢i absenci
SLC29A1 (13 versus 4 mésice, p=0,01) [106]. Podobné vysledky ukazuje i farmakogeneticka studie
na 83 pacientech, kdy byla exprese analyzovana pomoci PCR a dle autorii bylo celkové piezivani delsi

u pacientl s vysokou hladinou transkripta SLC29A1 (25,7 versus 8,5 mésicu) [107].

Proto exprese SLC29A1, a pravdépodobné i dalsich zastupct nukleosidovych transportéru jako
SLC28A3, muze byt slibnym prediktivnim markerem vysledku 1écby gemcitabinem u pacientii

s nadory slinivky bfisni.
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1.2.4.3. Erlotinib a ABC Transportéry

Erlotinib je substratem in vitro pro ABC transportéry jako ABCB1 a ABCG2, ale ne pro
ABCC2 [108]. In vivo, je u mysi s absenci téchto dvou transportéri (ABCB1 a ABCG2) vyrazné
ovlivnéna biologické dostupnost erlotinibu pii per os aplikaci. Rovnéz bylo prokdzano, ze pii vysSich
koncentracich dokdze erlotinib inhibovat efflux jinych latek zprostiedkovany transportéty ABCBI,

ABCG2 a ABCC10 [109, 110].

ABCG2 SNP (421C>A, Q141K, rs2231142) byl spojen s vyssi akumulaci erlotinibu a mize
tedy potencialné hrat vyznamnou roli v toxicité a Gc¢innosti terapie. U funkéniho polymorfismu ABCB1
SNP (3435C>T, rs1045642) naopak zadny vztah k farmakokinetice erlotinibu zjistén nebyl [111].
Nedavno publikovana studie ukazala na dvé polymorfni mista ABCG2 promotoru (-15622C>T, a
1143C>T, rs2622604), ktera farmakokinetické parametry erlotinibu v biologickém systému vyrazné
ovliviyji, a to v€etné maximalni plazmatické koncentrace. Navic se, u téchto SNP v ABCG2, potvrdil i

piedpokladany vliv na toxicitu 1é¢by [112].

Zatim nebyly publikovany zadné prace o SLC transportérech a jejich vztahu Kk erlotinibu.

Vzhledem ke struktute erlotinibu se vyznam SLC pro jeho transport nepiedpoklada.

Je tedy téméf jisté, Ze transmembranové proteiny rodiny ABC jsou kli¢ové pro tspéSnost a
vysledky nejen chemoterapie, ale i novych preparati uzivanych v biologické 1é¢bé nadort. Dalsi
studie individualnich rozdilii v genotypu a fenotypu téchto transportérti jsou zapotiebi k definovani
lécebnych modalit, jako napt. davkovani a nejvhodnéjsi kombinace chemoterapeutik pro kazdého

pacienta (individualizovana terapie), a tak k dosazeni lepsich vysledkt v protinadorové 1é¢beé.
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1.3. Specifika studia genovych expresi u karcinomu pankreatu

Genové expresni profilovani poskytuje dilezité informace o molekularnich a biologickych
charakteristikach nadord a je hojné vyuzivano pfi objevovani nadorovych biomarkert [113], stejné
jako pfi identifikaci skupin genti zodpovédnych za specifické funk¢ni aspekty v chovani nadorti, jako
napt. rozdili v transportu a metabolizmu cytostatik v nadorovach bunkach. V piipadé karcinomu
pankreatu je sledovani miry exprese jednotlivych genil spojeno s vyraznéjs§imi problémy ve srovnani s

jinymi typy karcinomi.

Pro studium regulace genové exprese byla vyvinuta fada metod. Strategie relativni
kvantifikace je adekvatni a uznavana metoda pro vyzkum fyziologickych zmén v genové expresi
[114]. Existuje nékolik zakladnich pozadavkd pro analyzu za pomoci qPCR metody - metody

kvantitativniho srovnani polymerazové fetézové reakce v realném Case (quantitative Real-Time PCR).

Prvnim a klicovym krokem je spravny odbér, manipulace a zpracovani vzorku biologického
materialu [115], v pfipadé nadort tedy postizené tkané od pacienta. Pies vysokou mortalitu je
prevalence karcinomti pankreatu v Ceské Republice 19,2/100 000 obyvatel [3]. Navic ma v dobé
diagnozy jen 15-20% pacientl operabilni stadium nemoci. Kromé velkych zahrani¢nich center, musi
byt tedy obvykle do studie zapojeno vice chirurgickych pracovist, aby bylo mozno ziskat dostate¢né

mnozstvi vzorku ke studiu.

Dal$im problémem u karcinomu pankreatu je jeho histologicka charakteristika. Je pro ngj
typické nizké zastoupeni nadorovych bunék v poméru k vyraznému okolnimu vazivovému stromatu.
Toto nizké zastoupeni infiltrujicich neoplastickych epitelidlnich bunék v hojné desmoplastické
prestavbé je pomérné unikatni a neni pro karcinomy jinych organi obvyklé. K ptfekonani tohoto
problému existuji dva pristupy. Prvnim je mikrodisekce, nebo purifikace epitelidlnich komponent
nadoru a druhym, pomérné technicky Iépe proveditelnym, je koanalyza resekovanych vzorkt nadord

spole¢né se vzorky chronické pankreatitidy, nebo bunécnymi liniemi [116].

Pro Gspésnou analyzu je zasadni ziskani RNA dostate¢né kvality a kvantity [114]. Fleige et al.
Prokazali vyznamny vliv RNA integrity na vysledky expresnich studii, zejména vliv na pocty cykla
potiebnych k amplifikaci stanoveného mnozstvi PCR amplikont (Ct), méné pak na uspésnost PCR
reakce. Tkan slinivky bfiSni vSak obsahuje obrovské mnozstvi endogennich ribonukleaz (degradaénich
enzymu S§tépicich RNA na fragmenty), které jsou produkty normalnich acinarnich bun¢k pankreatu a
tedy 1 nedilnou soucasti pankreatické st'avy, kterou slinivka secernuje do duodena. RNA4azy zptisobuji

rozsahlou degradaci RNA v pankreatické tkani a velmi komplikuji izolaci a dal$i zpracovani RNA.

Poslednim duleZitym krokem pro qPCR analyzu je vybér vhodnych internich standardu,
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protoZze mira exprese studovaného genu je stanovovana relativné vzhledem k mife exprese

referen¢niho genu.

Interni standard (referen¢ni gen) je v idealnim piipadé exprimovan ve vSech sledovanych
typech bun¢k, nezavisle na experimentdlnich podminkach, a nemél by byt ovlivnén chorobnymi
zménami. V piipadé karcinomu pankreatu by se jeho exprese tedy neméla lisit mezi tkani slinivky a
tkani nadoru u stejného pacienta, stejné jako by se neméla lisit ani mezi jednotlivymi pacienty. Jesté
nedavno se predpokladalo, ze tyto podminky nejlépe splituji tzv. housekeeping geny- geny nezbytné
pro zakladni zivotni funkce bunky, jako glyceraldehyd-3-fosfatdehydrogenaza (GAPDH), 18S
ribosomalni RNA podjednotka, B-aktin nebo cyklofilin, které byly jako referenéni geny nejvice
pouzivany. Nicmén¢ bylo zjisténo, Ze tyto popularni referenéni geny vykazuji jasné rozdily v genové
expresi v nékterych typech tkani a zna¢né se 1i§i mezi zdravou tkani a tkani maligné transformovanou
[117, 118, 119].

Rubie et al. [120] otestoval 21 znamych a bézné uzivanych referen¢nich genti pomoci qPCR u
péti malignit gastrointestinalniho traktu, mezi kterymi byl i karcinom pankreatu. 18S-RNA,
glutaminyl-tRNA syntetaza (QARS), fosfomannomutaza (PMM1), RNA polymeraza II polypeptid L
(POLR2L) a B-glukuronidaza (GUSB) vykazovaly nejlepsi stabilitu.

Z vyse uvedenych divodu se jesté pied deseti lety predpokladalo, Ze nelze stanovit expresni
profily u tkdni pankreatu stejné€ jako U jeho nadorii kvili abnormalné vysoké pritomnosti ribonukleaz a
dalsich enzymi a nizkého zastoupeni nadorovych bunék v povétsin€ fibréznim tumordznim stromatu.
Tyto problémy se postupné daii piekonavat a expresni analyzy u karcinomu pankreatu v souc¢asnosti

probihaji na fad¢ pracovist’. Pilotni studie v ramci této dizertace je jednim z piiklada.
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2. HYPOTEZY A CiLE PRACE

Hlavnim ukolem tohoto projektu bylo prostudovat vztahy mezi polymorfismy v genech
metabolizmu slozek cigaretového koufe a alkoholu, jmenovite¢ CYP2A13, EPHX1, GSTM1, GSTP1,
GSTT1, ADH1B a ADHI1C a rizikem vzniku dvou nejvyznamnéjsich gastroenterologickych nadort
z hlediska mortality - karcinomu kolorekta a pankreatu. Z mnoha vyse zminénych studii vyplyva vliv
polymorfismi v genech pro biotransformacni enzymy na riziko vzniku nadorového onemocnéni u
jejich nosict. Vzhledem ke zndmym rizikovym faktorim jako je alkohol a koufeni u rakoviny
pankreatu zlstava otazkou, do jaké miry je vnimavost jedince k témto latkam dana jeho genetickou
vybavou, a jakou mirou se podili slozky vnéjSiho prostiedi. Vyskyt polymorfisma i zivotni styl
V rdmci riznych populaci se vSak mlize vyznamné 1iSit a neni znamo jak tyto rozdily riziko vzniku
nadort ovliviiyji. Projekt mél za cil ovéfit hypotézu, zda alely kodujici funkéné alterované
biotransformac¢ni enzymy, které se podileji na aktivaci prokarcinogenti, maji vyznamnou ulohu pro
vznik nadoru pankreatu a kolorekta v nasi populaci, resp. zda je jejich vyskyt u pacienti s nadory
pankreatu odlisny od skupiny kontrolnich osob bez nadorového onemocnéni. V prubéhu metabolizmu,
jak endogennich, tak i exogennich substratt (napt. tabakovy kouf, etanol) vznikaji v bunkach téla
produkty se silnymi biologickymi G¢inky, tzv. volné radikaly. Proto bylo cilem sledovat i vliv
polymorfismi v genech koédujici enzymy zapojené v metabolizmu volnych radikald a oxidativniho
stresu, jako jsou SOD2, SOD3, NQO1 a NQO2, a jejich vyznamu pro vznik nadoru pankreatu a
kolorekta.

V literatufe se uvadi, Zze pouze kolem 6% kolorektalnich karcinomti a 4-16% karcinomu
pankreatu patii k tzv. familiarni formé, kdy jsou nalezeny zarodeéné mutace v genech s vysokou
penetranci. Daleko vétsi podil na genetické predispozici k nadorovym onemocnénim maji
pravdépodobné kombinace alteraci gend s nizkou penetranci. Jednim z intenzivné studovanych gent
s nizkou penetranci je CHEK2 (checkpoint kinase 2) oznacovany nékdy také jako CHK2. V genu
CHEK2 bylo doposud popsano nékolik inaktivujicich mutaci v souvislosti se vznikem jak
hereditdrnich nadorovych syndromi (Li-Fraumeni syndrom), tak i sporadickych malignich nadori
(karcinom prsu, prostaty, stitné zlazy, osteosarkomu, apod.). Dal§im cilem této prace bylo zjistit, zda
existuje vztah mezi vybranymi funkéné vyznamnymi genetickymi alteracemi CHEK2 a rizikem

vzniku kolorektalniho karcinomu a karcinomu pankreatu.

Rizikové faktory nadorovych onemocnéni jsou znamy jiz fadu let, stejné jako nutnost vrozené
vnimavosti jedince k jejich uplatnéni v procesu vzniku nadorového onemocnéni. Tato prace by mohla
prispet k objasnéni etiologie a molekularni patogeneze karcinomu pankreatu a kolorektalniho

karcinomu, zejména co se tyCe ovlivnéni vnimavosti jedince k noxam vnéjSiho prostiedi (gene-
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environmental interaction). Pfipadny objev zakonitosti by mél najit uplatnéni v identifikaci rizikovych
skupin, na néz by bylo vhodné zaméfit primarni prevenci formou upravy zivotniho stylu ¢i
chemoprevence. Rovnéz sekundarni prevence cilend k nalezeni onemocnéni v Casnych stadiich by

zejména u pankreatu méla zcela zasadni vyznam pro uspésnost jeho 1é¢by.

Dalsi hypotéza byla postavena na faktu, Ze pacienti s nadory odpovidaji rozdilné na podanou
chemoterapii. V fadé¢ modelovych systémt byly identifikovany geny interagujici s i€¢inkem cytostatik
pouzivanych pro lécbu karcinomu pankreatu. Rozdilné exprese téchto gent by tedy mély byt jednim z
dtvodu pro vznik rezistence vici chemoterapii. Studovanymi geny byly zejména ABC transportéry.
Zamérem této Casti studia bylo zjistit, zda jsou tkané odebrané od pacientli s karcinomem slinivky
vhodné pro expresni studie, a zda existuji rozdily v expresnich profilech genii transportu cytostatik
mezi tkanémi nadorti a okolniho nenadorového parenchymu, které by bylo mozné vyuZit pro
hodnoceni rozdili mezi pacienty dobie odpovidajicimi na 1éébu (sensitivni) a témi, ktefi odpovidaji
minimalné, ¢i viibec (rezistentni). Zmény v expresi gend podilejicich se na transportu a metabolizmu
cytostatik podle dosavadnich zkuSenosti mohou vyznamné ovliviiovat vysledky lécby, a zejména
v pfipad¢ karcinomu pankreatu zatim existuje jen malo praci tykajicich se této problematiky.
Z literatury je spiSe znam vliv fady genti na transformaci cytostatik studovanych na riznych
bunécnych ¢i zvifecich modelech. Soucasné ovSem je velmi malo prozkouman vyznam téchto gent v
dlouhodobém kontextu komplexni onkologické a onkochirurgické 1écby indikované v modernich
schématech (dle empirickych zkuSenosti onkologli bez ohledu na farmakogenomiku). Racionalizace
onkologické 1é¢by je v soucasné dobé zadana i z diivodu omezenych finanénich zdroji, které jsou na
tuto velmi naroc¢nou lécbu poskytovany zdravotnim systémem. Ziskané vysledky by tedy mohly
ovlivnit znalosti a zkuSenosti s indikaci této 1éCby v zavislosti na vzniku chemorezistence a vyskytu

recidivy v pribéhu komplexni onkologické 1é¢by.
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3. MATERIAL A METODIKA
3.1. Biologicky material

3.1.1. Vzorky krve pro izolaci DNA z perifernich lymfocyti

Pro izolaci DNA z perifernich lymfocytd byly pouzity vzorky venodzni krve pacientt ziskané
béhem standardnich vysetfovacich postupti pro danou diagnézu. Krev byla odebrana do sterilnich
vakuovych zkumavek Vacuette (Dialab, Praha) s piisadou K3EDTA antikoagulancia a do zpracovani
skladovana v -20°C.

Béhem let 2003 - 2009 byla postupné ziskana DNA z periferni krve 298 pacientt s diagnézou
nadorového onemocnéni slinivky bfisni, 495 pacienti s kolorektadlnim karcinomem a 683 zdravych
kontrol bez onkologického onemocnéni. VSichni tcastnici studii podepsali informovany souhlas
schvaleny Etickou komisi 1. Lékatské fakulty Univerzity Karlovy v Praze v ramci grantovych projekta
IGA &. 9422-3 a GACR 310/07/1430.

3.1.2. Krevni vzorky pacienti s nadorem slinivky b¥isni

Krevni vzorky pacientd se sporadickym adenokarcinomem slinivky btisni byly ziskany z Sesti
onkologickych a chirurgickych pracovist’ v Praze a Piibrami. Do studie byli zahrnuti pouze pacienti,
kteti splilovali alesponi jedno z nasledujicich kritérii: (a) histologicky nebo cytologicky verifikovany
adenokarcinom pankreatu, nebo (b) alespon tii klinické znamky zhoubného nadoru slinivky bfisni
(ptitomnost tumordzni masy zjiSténa pfi ERCP, endoskopické ultrasonografii, CT nebo MR, vyrazna
ztrata hmotnosti spojena s anorexii a kachektizaci, obstrukeni ikterus). Z lékatské dokumentace byly
ke vzorkiim doplnény zakladni klinické a patologické informace (datum stanoveni diagndzy, stadium
nemoci hodnocené pomoci TNM klasifikace - stage, stupen diferenciace nadoru - grade a histologicky
typ nadoru). VSichni pacienti vyplnili s oSetfujicim 1ékafem osobni dotaznik tykajici se zakladnich
epidemiologickych rizikovych faktorti diskutovanych v souvislosti s timto typem nadoru (pohlavi,
vek, vaha, BMI, rodinna a osobni onkologicka anamnéza, piitomnost diabetu ¢i pankreatitidy v osobni

anamnéze, abusus- zejména koufeni a pfijem alkoholu, kavy, ¢aje, etc.).

3.1.3. Krevni vzorky pacientt s nadorem tlustého stieva a rekta

Krevni vzorky pacientd se sporadickym kolorektalnim karcinomem byly ziskany z deviti
onkologickych pracovist’ v Praze, Pfibrami, Bene$ové u Prahy, Brng, Liberci, Usti nad Labem a Zling.
Do studie byli zatazeni pouze pacienti bez jiného chronického onemocnéni s histologicky potvrzenou
diagn6zou. Vsichni pacienti zafazeni do studie vyplnili dotaznik s informacemi o jejich vzdélani,

bydlisti, zivotnim stylu, BMI, abusu, diabetu, osobni a rodinné onkologické anamnéze.
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3.1.4. Krevni vzorky kontrolni skupiny

Kontrolni skupina krevnich vzorkli byla nabirana ve stejném ¢asovém obdobi jako vzorky
pacientli, s ohledem na vék a pohlavi subjektt. Jednalo se o jedince bez zhoubného nadorového
onemocnéni. Vzhledem k vysokému vyskytu nadorti tlustého stfeva v Ceské populaci, byla kontrolni
skupina 495 osob k pacientim s kolorektalnim karcinomem vybrana ze subjektl s onkologicky
negativni kolonoskopii. VSichni ucastnici studii podepsali informovany souhlas schvaleny Etickou
komisi 1. Lékaiské fakulty Univerzity Karlovy v Praze vramci grantového projektu GACR
310/07/1430.

3.1.5. Vzorky tkané pro izolaci DNA a RNA z nadorovych a nenadorovych bunék

Béhem let 2008-2010 byly ziskany vzorky tkani od 37 pacientll s podezienim na karcinom
slinivky bfisni, ktefi podstoupili chirurgickou 1é€bu na Klinice transplantacni chirurgie Institutu
klinické a experimentalni mediciny v Praze. Z této skupiny bylo pro pilotni studii vybrano 10 pacientii
s histologicky verifikovanym adenokarcinomem hlavy pankreatu. Vzorky byly okamzité po resekci
transportovany za sterilnich podminek na Pracovisté klinické a transplantacni patologie IKEM
k vySetfeni tkané. Po vySetfeni a uréeni diagnozy byly ¢asti adenokarcinomu pankreatu a parové
nenadorové okolni tkané slinivky oddéleny a zamrazeny v tekutém dusiku. Vzorky byly uchovany v
-80°C az do procesu izolace RNA. U vSech vzorkt byly ziskany nésledujici informace: pohlavi a v€k
pacientli, datum diagndzy, typ nadord, stav okolni nenadorové tkané (zdravy pankreas, chronicka
pankreatitida apod.), lokalizace, rozsah a velikost nadori (stage dle TNM Kklasifikace), stupefi
diferenciace (grade), pfitomnost eventualni angioinvaze, pocet postizenych uzlin v okolni tukové
tkani, typ a radikalita resekce. VSichni tcastnici studie podepsali informovany souhlas schvaleny
Etickou komisi pfi Thomayerové fakultni nemocnici a Institutu Klinické a experimentalni mediciny

v Praze v ramci grantového projektu GACR P301/12/1734.
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3.2. Izolace nukleovych kyselin

3.2.1. 1zolace DNA z perifernich lymfocyti

Fenol/chloroformova extrakce
DNA skupiny pacientii s kolorektalnim karcinomem a kontrolni skupiny byla izolovana

pomoci fenol/chloroformové extrakce z lymfocyti metodou podle Sugimury [121].

Zamrazena krev (cca 5 ml/vzorek) byla nejprve do rozmrazeni ponechana na ledu a nasledné
prelita do 15 ml centrifugac¢nich zkumavek a doplnéna lyza¢nim pufrem (0,32 M sachardza; 1%
Triton; 50 mM MgCly; 12 mM Tris; pH=7,5) na celkovy objem 14 ml. Lyzace probihala za stalého
otaceni 30 minut na rota¢nim extraktoru (Snijders B. V., Tilburg, Holandsko). Nasledn¢ byly vzorky
15 minut centrifugovany pii 6000 RPM a 5°C na centrifuze Hermle Z360K (Gosheim, Némecko; r =
10 cm). Po odstranéni supernatantu byla peleta resuspendovana pomoci 4 ml sterilni MQ (Milli Q-
destilovand sterilizovana voda) a znovu 15 minut centrifugovdna pii 6000 RPM a 5°C s néaslednym
odstranénim supernatantu. Postup byl opakovan s dal§imi 4 ml MQ vody dokud peleta lymfocyta
nebyla ¢isté bila. K takto pfipravené peleté lymfocytd bylo pfidano 800 ul pufru pro proteinazu K
(0,375 M NaCl; 0,12 M EDTA; pH=8,0), 25 ul proteinazy K (20 mg/ml, Sigma-Aldrich, Steinheim,
Némecko), 100 pl 10% SDS, 1 ml 5 M NaCl a 2,4 ml sterilni MQ vody a opét promichano 10 minut
na rotacnim extraktoru. Do kazdé zkumavky bylo jesté prfidano 2,5 ml extrakéni smési
fenol/chloroform (v poméru 1:1) a vzorky byly opét promichavany 15 minut na rota¢nim extraktoru.
Poté probéhla centrifugace 15 minut pti 6000 RPM a 5°C. Vrchni ¢ird faze, obsahujici DNA, byla
prenesena do &isté 15 ml centrifugaéni zkumavky se 4 ml 99 % chladného etanolu CSL2, kde se za
opatrného promichavani utvoftil precipitit DNA. DNA byla srazena v mrazicim boxu pfti -20°C ptes
noc. Poté byla zkumavka s DNA centrifugovana 15 min. pti 6000 RPM a 5°C, supernatant byl
odstranén a DNA byla promyta 1 ml vychlazeného 70% etanolu a centrifugovana 15 minut za stejnych
podminek. Po odstranéni supernatantu byla DNA suSena pii pokojové teploté. VysusSena peleta byla
rozpousténa v 1 ml sterilni MQ vody nékolik hodin a poté byla zméfena koncentrace ziskané DNA.

Vzorky byly uchovéavany pii -20°C.

Izolace DNA magnetickymi partikulemi

Pro izolaci DNA z krve pacientd s nadorem pankreatu a kontrolni skupiny byl pouzit pfistroj
,KingFisher (Thermo electron corporation, Vantaa, Finsko) a kit BioSprint™, ktery obsahuje
serinovou proteazu, magnetické partikule, AL pufr, AW1 pufr, AW2 pufr, AE pufr a plastové
zkumavky (Qiagen, Némecko). Metoda je zaloZena na adsorpci makromolekul DNA na kiemikovy
povrch magnetickych partikuli. DNA je navazana na povrch partikuli, které jsou promyty dvéma
riaznymi pufry (AW1, AW2), suSeny proudem vzduchu a v kone¢ném kroku je DNA eluovana do
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eluéniho roztoku (AE). Metoda je optimalizovana na 1ml plné krve s maximalni kapacitou pfistroje 15
vzorkd.

Nejprve byl pfipraven lyzat smichanim 90 pl Qiagen proteazy s 1ml krve a kratce promichan
na vortexu (IKA-Works, Wilmington, USA). Nasledné bylo ptidano 900 ul AL pufru, opét 15 sekund
vortexovano a 10 minut inkubovano pii 70°C v suchém bloku (Techne, Staffordshire, UK) a 900 ul
isopropanolu. Vse bylo 15 sekund vortexovano a 1 minutu centrifugovano pii 5000 RPM na centrifuze
Hermle Z360K. 1ml lyzatu byl napipetovan do prvni zkumavky z péti zkumavek uvniti pfistroje
KingFisher. Do zkumavky druhé byl napipetovan 1 ml pufru AW1, do tieti a ¢tvrté zkumavky 500 pl
pufru AW2 a do posledni zkumavky 300 pl eluéniho pufru AE. Do ¢tvrté zkumavky bylo pridano 45
ul zvortexované suspenze magnetickych partikuli. Program pro izolaci DNA trval 45 minut. Tento
postup byl opakovan do vycCerpani lyzatu (pti 1ml krve dvakrat) a poté byla z posledni zkumavky

odebrana eluovana DNA a zméfena jeji koncentrace. DNA byla do pouziti skladovana pti -20°C.

3.2.2. 1zolace DNA z nadorové a kontrolni nenadorové tkané

Pro izolaci DNA ztkan¢ bylo vyzkouSeno nékolik metod liSicich se zejména ve slozeni
lyza¢niho roztoku. Déle popisovana metoda byla zvolena pro nejvyssi dosahovanou koncentraci DNA
(ug DNA/mg tkang). Zmrazena tkan byla drcena rucné za pouziti keramického tloucku v predem
vychlazené tfeci misce s malym mnozstvim tekutého dusiku. Zhomogenizovana tkan byla ptenesena
do 2 ml sterilni plastové zkumavky a bylo pfidano 200 pl sterilni MQ. Néasledné bylo pfiddno 180 pl
lyzaéniho pufru (0,32 M sacharéza; 1% Triton; 50 mM MgCl2; 12 mM Tris; pH=7,5), 200 ul pufru
pro proteinazu K (0,375 M NaCl, 0,12 M EDTA; pH=8) a 20 nl proteindzy K (20mg/ml MQ), 4 pl
Rnazy A (100 mg/ml MQ). Poté byl vzorek umistén na rotacni extraktor, kde za stalého otaceni
probihala lyzace do druhého dne. Druhy den bylo ke vzorkiim pfidano 200 ul 5 M NaCl, 20 ul 10%
SDS a vse bylo opatrné promichano opakovanym ota¢enim zkumavky a umisténo na 10 minut na
rotaéni extraktor. Do kazdé zkumavky bylo jesté ptidano 0,5 ml extrakéni smési fenol/chloroform (v
poméru 1:1) a vzorky byly opét promichavany 15 minut na rotacnim extraktoru. Poté probéchla
centrifugace 15 minut pii 8000 RPM a 4°C. Vrchni ¢ira faze obsahujici DNA byla pienesena do Cisté
sterilni 2 ml zkumavky s 1 ml 99 % chladného etanolu CSL2, kde se za opatrného promichavéni
utvotil precipitat DNA. DNA byla srazena v mrazicim boxu pii -20°C 30 minut. Poté byla zkumavka s
DNA centrifugovana 5 min. pii 8000 RPM a 4°C, supernatant byl odstranén a DNA byla promyta 0,5
ml vychlazeného 70% etanolu a centrifugovana 5 minut za stejnych podminek. Po odstranéni
supernatantu byla DNA suSena pii pokojové teploté 15-30 minut. Vysusena peleta byla rozpousténa
ve 100 - 500 pl sterilni MQ nékolik hodin a poté byla zméfena koncentrace ziskané DNA. Vzorky
byly uchovavany pfti -20°C.
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3.2.3. Izolace RNA z nadorové a kontrolni nenadorové tkané

Se vzorky RNA bylo pracovano za ptisné sterilnich podminek v boxu s laminarnim proudénim
a byl pouzit pouze plast neobsahujici Rnazy a Dnazy. Pifed samotnou izolaci byla tkan podrcena
mechanickou disrupci v 1ml Trizolu (Invitrogen, Carlsbad, CA) pomoci homogenizatoru Precellys
(Bertin Technologies, Montigny-le-Bretonneux, France) pfti rychlosti 6500 15 sec. Poté bylo pfidano
200 pl chloroformu. Po kratkém a jemném zvortexovani doslo k bilému zakaleni vzorku, které byly
nasledn¢ 3 minuty inkubovany pii pokojové teploté (23°C). Pti centrifugaci 15 minut pti 12 000 RPM
a 4°C doslo k rozdéleni smési na 3 ptesné oddélené vrstvy: horni vodnou fazi obsahujici RNA, stfedni
bélavou vrstvu S DNA a proteiny a spodni vrstvu s trizolem a zbytkem bunécné drté. Horni faze
s RNA byla prepitetovana do ¢isté 1,5 ml zkumavky a ptidan stejny objem ledového isopropanolu. Po
10 minutach inkubace pti pokojové teploté nasledovala centrifugace 15 minut pii 12 000 RPM a 4°C,
pii které vznikla bélava peleta RNA pfi dolnim polu zkumavky. Vzorky byly promyty v 500 pl 70%
etanolu a znovu 5 minut centrifugovany za stejnych podminek. Poté byl etanol odebran pipetou a
peleta vysuSena Vv suchém bloku pti 60°C (Techne, Staffordshire, UK). Dle velikosti pelety bylo
pfidano adekvatni mnozstvi MQ (40-100 pl), aby doslo k jejimu rozpusténi. Ziskanda RNA byla

rozalikvotovana po 20 pl a zamrazena pti -80°C.
3.2.4. Kontrola kvantity a kvality nukleovych kyselin

Kontrola kvantity a kvality RNA

Pro vyuziti modernich molekularné-biologickych technik, jako je napiiklad qPCR nebo
mikrocipové technologie, je kvalita RNA klicovym prvkem. Mnozstvi a integritu RNA ovliviiyje cela
rada faktorti od charakteru tkané a techniky odbéru tkdné ptes zplsob transportu a skladovani po
techniku izolace a dal$i manipulace se vzorky. Vyrazné citlivé k degradaci jsou zejména dlouhé
MRNA fragmenty (nad 10 kb). K degradaci RNA dochazi v ptitomnosti RNAz , které tkan obsahuje,
nebo kterymi je vzorek zkontaminovan v prubéhu manipulace. Extrakce a purifikace celkové RNA

musi spliiovat nasledujici kritéria [122, 123]:

e Nesmi byt kontaminovana proteiny (pomeér absorbance 260 nm/ 280 nm by mél byt
nad 1,8)

e Nesmi byt kontaminovana genomovou DNA

e Neméla by byt degradovana (pomér 28S:18S by mél byt mezi 1,8 - 2,0 S nizkym
mnozstvim kratkych fragmenti)

e V pfipadé vyuZiti pro reverzni transkripci a naslednou PCR reakci by RNA neméla
obsahovat inhibitory enzymu

o Nesmi obsahovat substance vytvaiejici komplexy s kofaktory PCR reakce jako jsou
Mg2+ a Mn2+ ionty
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e Nesmi obsahovat nukleazy
Tkan slinivky bfi$ni obsahuje velké mnozstvi Rnaz, protoze jsou hlavni soucasti sekretu
acinarnich bun¢k této zldzy. Nicméné¢ béhem infiltrace pankreatické tkané nadorovymi bunkami

dochazi k atrofii a destrukci zlazy [116].

Driive byla vyuzivéana spektrofotometrie k méteni jak koncentrace RNA (pfi vinové délce 260
nm), tak i k ovéfovani jeji kvality (pomér 260/280 nm a 260/320 nm). V nasi studii byla k méfeni
koncentrace celkové RNA ziskané z tkani pankreatu vyuzita novéjsi fluorescencéni metoda za vyuziti
Quant-iT™ RNA Assay Kitu (Invitrogen, Carlsbad, CA) a ¢te€ky mikrodesticek Infinite M200
(Tecan, Vienna, Austria). Pfistroj Infinite M200 umoziuje métit fluorescenéné koncentraci RNA a
dsDNA na principu vazby fluorescen¢niho RiboGreen a PicoGreen reagencia na nukleové kyseliny. Je
to velmi citliva metoda (az 1000x citlivéj$i nez méfeni absorbance), ktera navic eliminuje pfispévek
kontaminant, jako jsou bilkoviny a nukleotidy béZzné pfitomné ve vzorcich. Citlivost metody umoziuje
méfit RNA vrozsahu 1 ng/ml — 1 pg/ml podle pouziti dvou riznych koncentraci RiboGreen barvy
(tzv. High Range Assay kvantifikuje mnozstvi 20 ng/ml — 1 pg/ml, Low Range Assay pak 1 ng/ml —
50 ng/ml). Excitaéni maximum Quanti-iT PicoGreen reagencia stejné jako i Quanti-iT RiboGreen
reagencia je okolo 500 nm, proto bylo nastaveno emisni minimum na vinovou délku 480 nm a emisni
maximum na 520 nm dle doporuceni vyrobce.

Tti hodiny pied samotnym métfenim byly pfipraveny pracovni roztoky:

1) 1x TE Buffer (20x nafedéna komponenta B Quant-iT™ RNA Assay Kitu sterilni vodou bez RNaz a
DNaz),

2) Quant-iT RiboGreen RNA Reagent Working Solution pro High Range Assay (200x nafedéna
komponenta A v roztoku 1xXTE buffer),

3) Ribosomal RNA Standard Working Solution (2 pg/ml) pro High Range Assay (smichano 4 pl RNA
STD Stock (100 pg/ml) se 196 ul 1x TE buffer).

Vzorky RNA byly 200x natedény (1 ul RNA + 199 ul 1x TE buffer). K 10 pl 200x nafedéné
RNA bylo ptidano 90 ul 1x TE pufru a 100 pl roztoku Quant-iT RiboGreen RNA Reagent Working
Solution pro High Range Assay.

Pro vypocet vyslednych koncentraci na zakladé fluorescencnich signalit bylo zapotiebi
vytvofit kalibra¢ni kifivku pomoci 5-ti znamych koncentraci nafedénim roztoku Ribosomal RNA
Standard Working Solution (2 pg/ml) pro High Range Assay, a k ni zobrazit rovnici regrese: y = ax+
b, kde x je hledana koncentrace v ng/ml (4000x fedéné RNA) a y jsou hodnoty fluorescence pro
jednotlivé vzorky po odecteni fluorescence vzorku bez RNA (blank).

Korelaéni koeficient R* byl ve viech méfenich > 0,998. Graf s kalibra¢ni kiivkou a vypoéty

byly vytvoreny v programu Microsoft Excel.
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Nameéiené koncentrace celkové RNA ziskané z tkani se pohybovaly v rozmezi 0,25 - 5,51

ug/ul.

K ovéteni kvality RNA bylo vyuzito moderni metody stanoveni tzv. RNA Integrity Number
(RIN) na pristroji Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA) s vyuzitim RNA
Nano 6000 LabChip kitu (Agilent Technologies). Tento mikrofluidovy c¢ipovy systém provadi
elektroforézu celkové RNA procesem velmi podobnym tradi¢ni gelové elektroforéze, ale dokaze
miniaturizovat a kombinovat n€kolik krokl: separaci, barveni, zobrazeni a analyzu dat v jednom
automatizovaném procesu. Proto by mély byt vysledky shodné bez ohledu na to, ve které laboratofi

méfeni probiha a reprodukovatelné na rozdil od klasické elektroforézy.

Obrazek ¢. 8: Zaznam stanoveni kvality RNA na pristroji Agilent 2100 Bioanalyzer

Marker 185

288

b £ £ % S 50 s 60 & fs)

Legenda: Agilent 2100 expert software; osa x: ¢as méfeni (s); osa y: intenzita normalizované fluorescence.

Vsechny komponenty RNA Nano 6000 LabChip kitu byly ponechany 30 minut pfi pokojové
teploté. Poté byl ptipraven gel centrifugaci 550 pl Agilent RNA 6000 Nano gel Matrixu pies filtr ve
specialni zkumavce (soucast kitu) v minicentrifuze. Gel Dye mix vznikl smichanim 1 pl RNA 6000
Nano dye koncentratu s 65 pl ptipraveného gelu. Mix byl po dikladném zvortexovani stocen na
centrifuze 10 minut pfi 14000 RPM, nanesen v mnozstvi 9 ul na 6000 Nano Chip do pozice ,,G“a
rozprostien po celé délce chipu pomoci vyrobcem dodavané stiikacky. Do vSech 12 jamek pro
stanovovani vzorkl a do jamky pro ladder bylo naneseno 5 ul RNA 6000 Nano markeru. RNA ladder i
vzorky RNA byly zdenaturovany 2 minuty za teploty 70°C a rozpipetovany na &ip po 1 pl. Cip byl
umistén v horizontalni poloze do IKA vortexu (Model MS2-S8/MS2-S9) na 60 sekund pii 2400 RPM.
Takto ptipraveny chip byl k analyze integrity RNA umistén do pfistroje Agilent 2100 Bioanalyzer a

zhodnocen pomoci vyrobcem dodavaného softwaru Agilent 2100 expert software Revision B.02.02.
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Obrazek €. 9: Elektroforeticky zaznam pro stanovované vzorky
[=]
BB

Ladder

0 —
EE —
B0 —
EE —

50 — <
45

4 —
35 —
n —

20 — RIN7.0 RIN2.6

L 1 2 E

Legenda: Agilent 2100 expert software; osa x: pocet vzorkl; osa y: ¢as (s). Vzorek PCI2 s RINem 7.0- je vidét
mirna degradace prouzkt odpovidajicich 18S a 28S RNA; Vzorek ZP13 s RINem 2.6- nejsou zachyceny prouzky
odpovidajici svou velikosti 18S a 28S RNA.

Kontrola kvantity a kvality DNA

Poslednim krokem izolace DNA bylo u obou metod (fenol/chloroformova extrakce,
KingFisher) méfeni jeji koncentrace a Cistoty na spektrofotometru Cary 300 (Varian, Palo Alto, CA,
USA). Absorbance byla méfena formou spektra pifi vlnovych délkach 230 - 320 nm. Pomér
A260/A280 se pohyboval mezi 1,6 - 2,0. Pro vypocet koncentrace byla pouzita rovnice:

€ =50 x Agos20 X N (C = koncentrace v ug/ml, n = fedéni vzorku pii méfeni koncentrace).
Dosazené koncentrace se pohybovaly v rozmezi 20 - 500 pug DNA/ml. Pro nasledujici PCR reakce
byly vzorky nafedény na koncentraci 2 ug DNA/100ul a skladovany pfi teploté -20°C.

Nakonec byly koncentrace oveéfeny metodou za vyuziti Quant-iT™ PicoGreen® dsDNA
Assay Kitu (Invitrogen, Carlsbad, CA) a Infinite M200 (Tecan, Vienna, Austria) - viz. vyse v kapitole:
Kontrola kvality a kvantity RNA, str.31-33.
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3.3. Stanoveni polymorfismi v genech kédujici biotransformacni enzymy

V této praci bylo ke genotypovani, tedy ke sledovani genetickych polymorfismi vyuzito dvou
metod. Polymorfismy v genech EPHX1, GSTP1, CYP2A13, ADH1B, ADH1C, SOD2, SOD3, NQO1,
NQO2 (viz. Tabulka 2) byly stanoveny pomoci real-time polymerazové fetézové reakce na pfistroji
RotorGene 6000 (Corbett Research, Sydney, Australie) s vyuzitim fluorescenéné znacenych sond
TagMan Drug Metabolism Genotyping Assays (Applied Biosystems, Foster City, CA). Druhou
metodou byla klasicka polymerazova fetézova reakce (PCR) s naslednou analyzou délky restrikénich

fragmentt a alel-specifické PCR (GSTM1, GSTT1 a GSTP1, Tabulka 2).

3.3.1. Stanoveni genetickych polymorfismi pomoci polymerazové retézové reakce

s naslednou analyzou délky restrik¢énich fragmenti

Polymerazova tetézova reakce je vyuzivana k amplifikaci zkoumaného useku DNA. Mezi
zakladni reakcni slozky reakce patii templat (DNA), termostabilni Taq polymeraza, reakéni pufr Taq
polymerazy, chlorid hotecnaty (MgCl,), deoxynukleosidtrifosfaty (dNTP) a dva specifické
oligonukleotidy (primery). Pro navrzeni primert je nezbytné znat sekvence zkoumané DNA, na kterou
nasedaji primery. Sekvence byly zjiStény v internetové databazi GeneBank (NCBI,
www.ncbi.nlm.nih.gov).

PCR reakce obvykle probiha ve tfech po sob¢ jdoucich krocich, které tvoii jeden cyklus:

1) Denaturace DNA pii 94°C obvykle 30 sec.

2) Annealing: nasednuti primert pii teploté blizké teploté tani komplementarniho useku DNA a pfi
koncentraci hote¢natych iontl specifické pro kazdou PCR reakci — tuto teplotu je tfeba experimenalné
zjistit.

3) Elongace: prodluzovani dcefinych fetézct Taq polymerazou pii teploté 72°C po dobu 30 — 60 sec
podle délky amplikonu.

Reakce probihaly v termocycleru GeneAmp PCR System 9700 (Perkin Elmer, Norwalk, CT,
USA), chemikalie byly pted pouzitim protiepany a centrifugovany v minicentrifuze C1301 (Labnet,
USA; dodavatel KRD s.r.0., Praha). Jednotlivé PCR reakce se lisily po¢tem opakovani cykli (20-35),
annealing teplotami a délkou jednotlivych kroki reakce nebo koncentraci reakénich slozek.

Obecné podminky PCR reakce:

Celkovy objem kazdé PCR reakéni smési byl 25ul (20 pl mixu + 5 pl fedéné DNA v fedéni 20
ng/ul MQ). Jednotlivé slozky reakci byly nasledujici: 1,8 mM MgCl, (Top-Bio, Praha), 0,2 mM

deoxynukleotidy ve smési (Jena Bioscience, Némecko), 0,25 mM forward i reverse primery (Sigma-
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Aldrich, Steinheim, Némecko), Tag-Purple DNA polymeraza z Thermus aquaticus 0,5 U/vzorek, 10x
reakéni pufr Top-Bio Complete pro stanoveni polymorfismi GSTM1 a 10x reakéni pufr Top-Bio bez
MgClI; pro ostatni PCR reakce (Top-Bio, Praha), sterilni destilovana voda (MQ).

Kontrola PCR produkti byla provddéna pomoci horizontalni agar6zové elektroforézy ve 2 -
3% gelu. Pro ptipravu gelu byly vyuzity analytické vahy (Boeco, Hamburg, Némecko) a agardza byla
v roztoku 0,5x TBE pufru zahtivana nad bod tani v mikroviné troubé. Na gel bylo vzdy naneseno 8 pl
PCR produktu. Jako marker délky fragmentd DNA byl pouzit Phil74/Haelll - obrazek ¢. 10 (New
England Biolabs MA, USA; dodavané firmou Biotech s.r.o., Praha, CR).

Obrazek ¢. 10: Marker délky fragmenti Phil74/Haelll

n &— 1353 bp
<— 1078 bp

BN &«—s8m2hp

S €—mp

oy 310 bp
—_— 281 bp
<€—234bp
<€— 194 bp

<—118bp
€—72bp

Elektroforéza probihala v elektroforetické vané (Jordan Scientific Inc. dodané Biotech s.r.o.,
Praha, CR) 30 - 50 minut v 0,5x fedéném pufru TBE /0,045 M Trizma, 0,045 M H3BO3, 1 mM
EDTA/ (Sigma, St. Louis, MO, USA); pH 8,0/ pii napéti 100V (zdroj EC-105, Thermo EC, NY, USA
dodano KRD s.r.o., Praha, CR). Gel byl poté barven ve vodném roztoku ethidium bromidu o
koncentraci 10 pg/ml (Sigma) 15 - 25 minut. Fragmenty DNA byly vizualizovany pomoci UV
transluminatoru (Sigma) a dokumentaéniho systému Kodak EDAS 290 (KRD s.r.o., Praha, CR).
Pokud kontrola produktti probéhla v potadku, byl zbytek PCR smési, obsahujici amplikon GSTP1,
podroben restrikéni analyze (RFLP). RFLP je zaloZena na pouziti restrikénich endonukleaz, které
rozeznavaji specifickou sekvenci bazi (obvykle ¢tyf az osmi deoxynukleotid) amplifikovaného PCR
useku a specificky ji Stépi. Pro genotypovani byla pouzita endonukleaza specifickd pro ocekavany
polymorfismus (BsmAl). Pokud tedy bylo v sekvenci pfitomno polymorfni misto, endonukleaza jej
rozeznala a PCR produkt nastépila. Restrikéni reakce probihaly pfi optimalni teploté pro aktivaci

BsmAl, tj. pii 55°C v inkubatoru (Major Science, Saratoga, CA).
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Slozeni restrikéni smési:

Celkovy objem reakéni smési byl 20 ul (5pl restrikéniho mixu + 15ul PCR smési). Jednotlivé
slozky restrikéniho mixu byly nasledujici BsmAl (1 - 2 U/vzorek), 10x restrikéni pufr (New England
Biolabs, MA, USA) a MQ. Délka a teplota restrikce: 2 hodiny pii 55°C.

Vysledky restrikce byly zjistény pomoci horizontalni elektroforézy nanesenim celkového
mnozstvi restrikéni smési (20 pl) na 3% agarozovy gel, ktery byl obarven ethidium bromidem (15 - 25
minut). Vysledek byl zaznamenan pomoci UV translumindtoru a dokumenta¢niho systému Kodak
EDAS 290. K urceni velikosti DNA fragmentd byl pouzit standard Phil74/Haelll.

Vysledek genotypovani pomoci PCR-RFLP spoc¢ival v uréeni velikosti fragmentt a toho, zda
dany jedinec je ve sledovaném genu: divoky homozygot (ob¢ alely nenastépeny) znacen kédem 1,
heterozygot (nastépena jedna alela) znacen kédem 2 nebo variantni homozygot (ob¢ alely nastépeny)
znacen kodem 3. V ptipadé GSTM1 a GSTT1 byla sledovana pouze pritomnost (1) ¢i delece (3) alely.

Podrobné reakéni podminky a odliSnosti od obecnych podminek reakce jsou pro kazdy

sledovany polymorfismus uvedeny.

Genotypovani glutation S-transferazy M1

Genotypovani GSTM1 probihalo pomoci alel specifického PCR. Jako pozitivni kontrola PCR
reakce byl pouzit GSTM2, jehoz piitomnost vypovida o spravném prubéhu reakce. GSTM2 ma
spolecny primer (forward) s GSTM1. Nepiitomnost fragmentu GSTM1 (a soucasné pfitomnost
standardu GSTM2) znamena deleci v obou alelach GSTM1, jedna se tedy o variantniho homozygota.
Stanoveni neni schopno rozlisit divoké homozygoty a heterozygoty. Pokud je tedy pfitomen fragment

odpovidajici GSTM1 znamena to, Zze dany jedinec ma k dispozici alespon jednu funkéni alelu.

Tabulka €. 4: Podminky PCR pro genotypovani GSTM1

Gen

GSTM1

GSTM2

Polymorfismus

OMIM: 138350 (delece)

Primer forward

5-CTGCCCTACTTG ATT GAT G -3°

5'-CTGCCCTACTTG ATT GAT G -3°

Primer reverse

5’-CTG GAT TGT AGC AGATCATGC -3°

5'-GACTCACTC TGAGCATAG CAC -3’

Program PCR

30 sec 94°C//20 cykla: 30 sec 94°C a 30 sec 68 —48°C/ 30 sec 72°C//
15 cyklt: 30 sec 94°C a 30 sec 52°C/ 30 sec 72°C// 5 min 72°C//

Velikost produktu

275 bp

175 bp (kontrola PCR reakce)
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Obrazek €. 11: Urceni genotypu GSTML1 podle velikosti fragmenti z 3% agarézového gelu
11 3 3 3 MW

g
oy
o~ e 1) divoky homozygot nebo heterozygot (GSTM1-plus):
g ptitomnost fragmentu 275 bp (+ 175 bp GSTM2)
e 3) variantni homozygot (GSTM1-null):
P : %o, nhepfitomnost fragmentu 275 bp (+ 175 bp GSTM?2)
S Mm e MW - marker Phil74/Haelll

Genotypovani glutation S-transferaz T1 a P1

Genotypy GSTP1 a GSTT1 byly stanoveny Vv jedné reakci. Pro GSTT1 byla stanovena delece

¢i pritomnost alel. Jako pozitivni standard v pfipad¢ delece alely GSTT1 slouzil pfitomny fragment

GSTP1. Stejné jako pii genotypovani GSTM1 neni stanoveni schopno rozlisit normalni homozygoty a

heterozygoty, pokud je tedy pfitomen fragment odpovidajici délce fragmentu GSTT1 znamena to, ze

dany jedinec ma k dispozici aspoii jednu funkéni alelu.

Pro urc€eni delece GSTT1 bylo pouzito 8 ul PCR produktu nanesené¢ho na 3% gel. Poté byla se

zbyvajicim mnozstvim PCR smési provedena restrikce a stanoven genotyp GSTPL.

Tabulka €. 5: Podminky PCR a RFLP pro genotypovani GSTT1 a GSTP1

Gen

GSTP1

GSTT1

Polymorfismus

rs: 1695

OMIM: 600436 (delece)

Primer forvard

5-TCCTTC CAC GCACATCCTCT -3°

5-TTCCTT ACT GGT CCT CAC ATCTC -3’

Primer reverse

5-AGCCCCTTTCTTTGT TCAGC -3’

5’-TCA CCG GAT CAT GGCCAG CA -3’

Program PCR

30 sec 94°C//35 cyklti: 30 sec 94°C a 30 sec 54°C/ 30 sec 72°C// 5 min 72°C//o0 4°C

Velikost produktu

294 bp

217 bp

Restrikéni enzym

BsmAl (2U/vzorek)

Restrikéni misto

5 ...GTCTC(N)1V...3’
3...CAGAG(N)5A...5’

Program RFLP

2 hodiny pfi 55°C

Velikost produktii

234 bp a 60 bp
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Obrazek €. 12: Urceni genotypu GSTT1 dle velikosti fragmentii z 3 % agarézového gelu
1 3 C MW

v e 1) divoky homozygot nebo heterozygot (GSTT1-plus):
ptitomnost fragmentu 217 bp (+294 bp GSTP1)
e 3) variantni homozygot (GSTT1-null):

nepfitomnost fragmentu 217 bp (+294 bp GSTP1)

310 bp

B e C - negativni kontrola bez DNA - Zadny produkt

194 bp
e MW - marker Phil74/Haelll

L s

111

Obrazek €. 13: Urceni genotypu GSTP1 dle velikosti fragmentii z 3 % agarézového gelu
1 2 3 MW

v e 1) divoky homozygot (Ile105Ile): 294 bp

e 2) heterozygot (lle105Val): 294 bp + 234 bp (+ 60 bp)*
e 3) variantni homozygot (Vall05Val): 234 bp (+ 60 bp)*
e MW - marker Phil74/Haelll

310 bp
281 bp
234 bp
194 bp

i
111

*diky malé velikosti neni nejmensi fragment viditelny

3.3.3. Statisticka analyza

Vyznamnost vysledkl byla hodnocena statistickym programem SPSS v15.0 (SPSS, Chicago,
Illinois, USA). Pro jednoduché analyzy vztahit mezi polymorfismy a klinickymi i osobnimi daty
participant byl pouzit Pearsontiv chi-kvadrat test. Spojité vztahy byly hodnoceny ANOVA testem a
Pearsonovou korelaci. Pro multiparametrické hodnoceni vztahti byla vyuzita logistickd regrese
adjustovana na vybrané faktory Zivotniho stylu. Rozdily a vztahy dosahujici hladiny vyznamnosti nizsi
nez 0,05 (vSechny testy pouzity jako oboustranné) byly povazovany jako statisticky vyznamné a
prezentovany ve vysledkové ¢asti.
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3.3.2. Stanoveni genetickych polymorfismi pomoci Real-Time polymerazové retézové

reakce

Real-time PCR je metoda zaloZena na principu PCR s vyuzitim fluorescence, prostfednictvim
které je monitorovan vznik PCR produktu v redlném case. Stanoveni probihalo v péti-kanalovém
pfistroji Rotor-Gene 6000 (Corbett Research, Sydney, Australie), s vyuzitim dvou kanald (FAM a VIC
viz. dale), a sond TagMan Drug Metabolism Genotyping Assays. Tyto sondy jsou specificky navrzené
dudln€ =znacCené oligonukleotidy, pracujici na principu rezonancniho pfenosu energie mezi
fluorescencné znacenym (FRET - |, fluorescence resonance energy transfer) emitorem zafeni
(fluorofor) na 5’-konci a zhdSeCem zateni (quencher) na 3’-konci sekvence sondy. Fluorescencni latka
a zhaSec zafeni jsou na sond¢é umistény v takové vzdalenosti, pii které nedochazi k emisi fluorescence.
Taq polymeraza pii syntéze komplementarnich vlaken hydrolyzuje navazanou sondu
(5"—3’exonukleazova aktivita) a dochazi k separaci fluoroforu od zhasece a Kk naslednému nartstu
fluorescence v kazdém cyklu PCR. Méfeny narust fluorescence piimo odpovida mnozstvi ptitomného
amplikonu.

K urceni genotypu byla pouZzita metoda alelické diskriminace s dvéma typy Tagman sond. Pro
variantni sekvenci byla pouzita sonda s emitorem zafeni FAM a pro divokou sekvenci sonda s
emitorem zafeni VIC. Oba emitory maji rozdilnd emisni maxima, takze jsou fluorescencni signaly
detekovany V rozdilnych kanalech. K hodnoceni vysledki byl pouzit software Rotor-Gene verze 6.0
(Corbett-Research, Brisbane, Australia), ktery srovnanim signald v obou kanalech rozdélil vzorky do

skupin odpovidajicich jednotlivym genotyptm.
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Obrazek €. 13: Vystupni fluorescenéni zaznam real-time PCR pokusu pro jednotlivé

genotypy ADH1C

06

Cyclag A Groen - No Markas . .
Cyctag A Yebow - Cress Variantni o

05 - homozygot

Heterozygot

Divoky
homozygot

PSS S S Al

Legenda: software Rotor-Gene verze 6.0; osa x: pocet cykll; osa y: intenzita normalizované fluorescence; signal
od FAM znac¢ené sondy, resp. divokou alelu reprezentuje hladka ktivka; signal od VIC znacené sondy resp.
variantni alelu reprezentuje kiivka s body. Divoky homozygot (rizové) vykazuje signal v kanale detekujicim
FAM, variantni homozygot (zelen¢) vykazuje signal v kanale detekujicim VIC, heterozygot (modfe) ma signal

v obou kanalech, negativni kontrola (Cervené) nema signal ani v jednom kanale.

Reak¢ni smés (celkovy objem 10 pl) pro real-time PCR obsahovala 5 pl 2x TagMan Universal
PCR Master mixu (Applied Biosystems) pro CYP2A13, ADH1C, GSTP1 a SNP v kodonu 3 EPHX1
nebo 5 ul ABSolute QPCR ROX mixu (Thermo Fisher Scientific, Rockford, 1) pro ostatni geny, 0,25
ul TagMan Drug Metabolism Genotyping Assays (primery a sondy navrzené vyrobcem, Applied
Biosystems) a 4,75 ul DNA teplatu. DNA do reakéni smési byla nafedéna na koncentraci 0,7 ng/ul.
V kazdé reakci byla pfitomna negativni kontrola, kde DNA templat byl nahrazen sterilni vodou,
k vylouéeni moznosti kontaminace reak¢éni smési. 10% vzorka bylo reanalyzovano se 100% shodou ve

vysledném hodnoceni genotypu.
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Tabulka ¢. 6: Optimalizované podminky PCR reakce pro jednotlivé sondy

Gen ID dbSNP | ID TagMan Assay | Optimalizovany program pro PCR reakci

ADH1B rs1229984 | C_2688467_20 15 min 95°C//50 cyklu: 15 sec 95°C a 60 sec 62°C
ADH1C rs698 C_26457410_10 10 min 95°C//55 cykl: 15 sec 92°C a 90 sec 58°C
CYP2A13 | rs72552266 | C_30634006_10 10 min 95°C//55 cykli: 15 sec 92°C a 90 sec 58°C
EPHX1 rs1051740 | C_14938 30 10 min 95°C//50 cyklt: 15 sec 92°C a 90 sec 60°C
EPHX1 rs2234922 | C_11638783_30 15 min 95°C//55 cykli: 15 sec 95°C a 60 sec 62°C
GSTP1 rs1695 C_3237198_20 10 min 95°C//50 cykli: 15 sec 92°C a 90 sec 60°C
NQO1 rs1800566 | C_2091255_30 15 min 95°C//50 cyklii: 15 sec 95°C a 60 sec 60°C
NQO2 rs1143684 | C_8774861 10 15 min 95°C//50 cykl: 15 sec 95°C a 60 sec 62°C
SOD2 rs4880 C_8709053_10 15 min 95°C//50 cykli: 15 sec 95°C a 15 sec 64°C
SOD3 rs1799895 | C_2307506_10 15 min 95°C//50 cykli: 15 sec 95°C a 60 sec 60°C
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3.4. Stanoveni mutaci v genu CHEK?2

Genetické alterace v FHA doméné (fork head-associated domain) kodujici exony 2 a 3 spolu

sintrony 1 - 3 a mutace 1100delC genu CHEK2 byly stanoveny pomoci denaturac¢ni vysokotlaké

kapalinové chromatografie (DHPLC) spolupracujicim pracovistém (Ustav biochemie a experimentalni

onkologie, 1. LF UK, Praha). Nalezené alterace byly potvrzeny pomoci sekvenace DNA z nezavislych
PCR produktt [124, 125].

Ptitomnost rozsahlé genomické delece 5395 bp vexonech 8 a 9 byla analyzovana PCR

metodou.

Tabulka €. 7: Podminky PCR pro sledovani del5395 v CHEK?2

Gen

CHEK2

CHEK2

Polymorfismus

OMIM: 604373 (delece)

Kontrolni fragment divoké alely pro kontrolu PCR

Primer forvard

5'- GAACCACTATTTACATAAC -3’

5- GAACCACTATTTACATAAC -3’

Primer reverse

5-GTCTCAAACTTGGCTGCG -3’

5’- CAAGACACTGAAAGATACTC -3’

Program PCR

3 min 94°C//10cyklu: 30 sec 94°C a 30 sec 65-
55°C/ 30 sec 72°C// 25¢cykla: 30 sec 94°C a 30 sec
58°C/30 sec 72°C

3 min 94°C//10cykla: 30 sec 94°C a 30 sec 60-
50°C/30 sec 72°C//25¢cykli: 30 sec 94°C a 30 sec
58°C/30 sec 72°C

Produkt

292bp

162bp

Kontrola PCR produktt byla provadéna pomoci horizontalni agardézové elektroforézy ve 2%

gelu. Pro pripravu gelu byly vyuzity analytické vahy (Boeco, Hamburg, Némecko) a agardza byla v

roztoku 0,5x TBE pufru zahtivana nad bod tdni v mikroviné troub€. Na gel bylo vzdy naneseno 10 pl
PCR produktu. Jako marker délky fragmenti DNA byl pouzit Phil74/Haelll - obrazek €. 10 (New
England Biolabs MA, USA; dodavané firmou Biotech s.r.o0., Praha, CR).
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3.5. Relativni kvantifikace miry exprese genti pomoci real-time PCR metody

3.5.1. Syntéza cDNA s PCR kontrolou produkti

Vzorky RNA s RIN > 2.0 byly dale vyuzity k syntéze cDNA pomoci RevertAidTM First
Strand cDNA Synthesis Kitu s hexamer primery (MBI Fermentas, Vilnius, Lithuania). Se vzorky
RNA bylo pracovano za ptisné sterilnich podminek v boxu s laminarnim proudénim a byl pouzit
pouze plast od vyrobce neobsahujici Rnazy ani Dnazy. Vzorky byly pfi zpracovani uchovavany ve
vychlazenych stojancich.

K 2 pg RNA byly pfidany 4 pl hexamer primert (0,2 ug/ul) a sterilni voda (Nuclease-Free
Water, Ambion) do objemu 56 pl. Reakéni smés byla po dikladném promichani a centrifugaci v
minicentrifuze ponechéna 5 minut pfi 70° C v inkubatoru. Poté bylo ke kazdému vzorku ptidano 16 pul
5x pufru, 8 ul 10 mM smési deoxynukleotidi a 4 ul inhibitoru RNAsy. Ve bylo opét po promichani a
centrifugaci ponechano 5 minut pfi pokojové teploté. Nasledné bylo z kazdého vzorku odebrano 8 pl
do cisté sterilni zkumavky jako negativni kontrola bez enzymu reverzni transkriptazy. Ta byla
k vzorkim pfidana v mnozstvi 4 ul (200 U/ul). Inkubace probihala 10 minut pii pokojové teploté a
potom dalsich 60 minut pti 42°C. Enzym byl inaktivovan inkubaci vzorka 10 minut pfi teploté 70°C.

Celkovy objem ziskané cDNA byl 80 ul. Pfi teoretické 100% UspéSnosti reverzni transkripce
byla koncentrace takto pfipravené cDNA 25 ng/ul. Kvalita cDNA z hlediska kontaminace genomovou
DNA byla ovéfena pomoci PCR amplifikace fragmentu ubiquitinu C (UBC). Produkt amplifikace
cDNA je pouze 190 bp velky, protoze neobsahuje intron na rozdil od produktu amplifikace genomové
DNA, ktery obsahuje 1009 pard bazi. Vsechny vzorky bez kontaminace DNA byly uskladnény pfi -
20°C.

Obrazek ¢. 14: Kontrola kontaminace c¢cDNA genomovou DNA za pomoci PCR

amplifikace fragmentu ubiquitinu C

=1073p

Legenda: 3% agar6zovy gel barveny etidium bromidem. V prvni pozici marker Phil74/Haelll (New England
Biolabs MA, USA). V pozicich 4 - 13 je produkt o velikosti 109 bp - jedna se o vzorky cDNA (Cervené
zvyraznény). V pozicich 14-22 jsou negativni kontroly bez pfidani reverzni transkriptdzy. Modie jsou

zvyraznény 2 vzorky mirné kontaminované genomovou DNA - produkt o velikosti 1009 bp.
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3.5.2. Vybér stabilnich referencnich gent

Pro qPCR je velmi dilezita volba vhodnych vnitinich standardii (tzv. referencnich gent).
V idedlnim pfipadé jsou tyto referencni geny konstitutivné exprimovany ve vSech bunéénych typech
dané studie, mély by byt zcela nezavislé na podminkach probihajicich experimenti a neovlivnitelné
zdravotnim stavem jedincil ve studii. V poslednich letech byly jako tyto referen¢ni geny obvykle
pouzivany tzv. ,,housekeeping™ geny, coz jsou geny nepostradatelné pro preziti bunék. Jako priklad Ize
uvést glyceraldehyd-3-fosfat dehydrogenasu (GAPDH), ribosomalni RNA podjednotky (18S and 28S
rRNA), B-aktin, nebo cyklofiliny. Nicméné se ukazalo, Ze tyto popularni a bézné uzivané geny
vykazuji znaéné rozdily v expresi mezi riznymi druhy tkani a zejména mezi tkani zdravou a
nadorovou [117-119]. Proto byly pfed samotnou relativni kvantifikaci genové exprese transportéri

vybrany vhodné referen¢ni geny pro nami sledované malignity a skupiny pacientd.

Kvantitativni real-time PCR
gPCR byla stanovena pomoci pfistroje 7500 Real-Time PCR System s pomoci TagMan®

Custom Plates (Applied Biosystems), v nichZ jsou ve volitelném formatu v jednotlivych jamkach
naneseny lyofilizované primery a sondy pro stanoveni jednotlivych gend. Pro analyzu 24 kandidatnich
referenénich gent byl pouzit format plat: 4x24, sestaveny ze setu TagMan® Gene Expression Assays
s optimalizovanymi probami a primery (tabulka ¢. 8). TagMan® Gene Expression Assays byly
vybrany podle nasledujicich kritérii:

e vazba sondy na cDNA v misté rozhrani exon-exon minimalizujici falesny signal

Vv pripad¢ stopové kontaminace genomovou DNA
e nejkratsi mozna velikost amplikont

¢ lokalizace amplikont blizko 3’-konce transkriptu snizujici vliv rozdilné kvality RNA.

Prednostné byly pouzity geny z ovéfeného seznamu endogennich kontrol firmy Applied

Biosystems. Seznam referen¢nich gend a k nim vybrané Assays jsou blize popsany v tabulce ¢. 9.

Tabulka ¢. 8: RozloZeni genu na platech navrZenych pro vybér referencnich geni

AN N (NN [ [ U N N (N I
- GAPDH HPRT1 GUSB ACTB GAPDH HPRT1 GUSB ACTB

- HMBS IPO8 PGK1 TBP TFRC YWHAZ HMBS IPO8 PGK1 TBP TFRC YWHAZ
- PPIA POLR2A GADD45A EIF2B1  ABL1 BCR  ELF1 PPIA POLR2A GADD45A EIF2B1 ABL1 BCR  ELF1
- MRPL19 PES1 RPL30 RPS17 POP4 PSMC4  MRPL19 PES1 RPL30 RPS17 POP4 PSMC4
- 18S GAPDH = HPRT1 GUSB ACTB B2M 18S GAPDH = HPRT1 GUSB ACTB B2M
- HMBS IPO8 PGK1 TBP TFRC YWHAZ HMBS IPO8 PGK1 TBP TFRC YWHAZ
- PPIA POLR2A GADD45A EIF2B1  ABL1 BCR  ELF1 PPIA POLR2A ' GADD45A EIF2B1 | ABL1 BCR  ELF1
- MRPL19 PES1 RPL30 RPS17 POP4 PSMC4 = MRPL19 PES1 RPL30 RPS17 POP4 PSMC4
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Celkovy objem kazdé reakce byl 20 ul a sestaval se z 10 ul cDNA a 10 pl 2x TagMan® Gene

Expression Master Mix (Applied Biosystems). Do kazdé jamky dfive popsané¢ho plata bylo

napipetovano mnozstvi cDNA odpovidajici 25ng celkové RNA, pouzité k jeji syntéze. Poté probehla

PCR reakce za nasledujicich podminek: 2 min. pii 50°C, nasledovala inicialni denaturace 10 minut pii

95°C, a 50 cykla stfidavé denaturace 15 sec pii 95°C a annealing s elongaci 60 sec pii teploté 60°C.

Tabulka €. 9: Informace o stanovovanych referen¢nich genech a k nim vybranym assayim

Gen Assay 1D Lokalizace proby* Délka | Nazev genu
(D) (bp)
GAPDH | Hs02758991 g1 3’-konec, rozhrani exon 7 - 8 93 glyceraldehyde-3-phosphate
(2597) dehydrogenase
HPRT1 Hs99999909 m1 3’-konec, rozhrani exon 6 - 7 100 hypoxanthine
(3251) phosphoribosyltransferase 1
GUSB Hs99999908 m1l 3’-konec ,rozhrani exon 11-12 | 81 glucuronidase, beta
(2990)
ACTB Hs00357333 g1 rozhrani exon 1 - 2 77 actin, beta
(60)
B2M Hs99999907_m1 3’-konec, rozhrani exon 2 - 3 75 beta-2-microglobulin
(567)
HMBS Hs00609297_m1 3'-konec, rozhrani exon 1 - 2 64 hydroxymethylbilane synthase
(3145)
IPO8 Hs00183533_m1* 3’-konec, rozhrani exon 20 -21 | 71 importin 8
(10526)
PGK1 Hs00943178 gl1* 3’-konec, rozhrani exon 5 - 6 73 phosphoglycerate kinase 1
(5230)
TBP Hs00427621_m1* | rozhrani exon 3 - 4 65 TATA box binding protein
(6908)
TFRC Hs99999911 ml exon 14 105 transferrin receptor
(7037)
YWHAZ | Hs00237047_m1 rozhrani exon 1 - 2 70 tyrosine 3-monooxygenase/tryptophan
(7534) 5-monooxygenase
activation protein, zeta polypeptide
PPIA Hs01565700_g1 rozhrani exon 3 - 4 94 peptidylprolyl isomerase A
(5478)
POLR2A | Hs00172187_m1* 3’-konec, rozhrani exon 1 - 2 61 polymerase (RNA) Il (DNA directed)
(5430) polypeptide A
GADD45 | Hs00169255_m1* rozhrani exon 3 - 4 123 growth arrest and DNA-damage-
A (1647) inducible, alpha
EIF2B1 | Hs00426752_m1* | 3’-konec, rozhrani exon 4 - 5 75 eukaryotic translation initiation factor
(1967) 2B, subunit 1 alpha
ABL1 Hs00245445 m1 rozhrani exon 3 - 4 91 c-abl oncogene 1, non-receptor tyrosine
(25) kinase
ELF1 Hs00152844 m1* 3’-konec, rozhrani exon 2 - 3 76 E74-like factor 1
(1997)
MRPL19 | Hs00608519 ml* | rozhrani exon 2 - 3 72 mitochondrial ribosomal protein L19
(9801)
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PES1 Hs00362795 gl1* 3’-konec, rozhrani exon 13-14 56 pescadillo homolog 1

(23481)

RPL30 Hs00265497_m1* | rozhrani exon 4 -5 149 ribosomal protein L30

(6156)

RPS17 Hs02386586_g1 rozhrani exon 2 - 3 88 ribosomal protein S17

(6218)

POP4 Hs00198357_m1* rozhrani exon 3 - 4 68 processing of precursor 4, ribonuclease
(10775) P/MRP subunit

PSMC4 Hs00197826_m1* rozhrani exon 6 - 7 83 proteasome 26S subunit, ATPase, 4
(5704)

18S (100 | Hs03928990 gl1* - 61 18S ribosomal RNA

008588)

Legenda:* Assay doporucena vyrobcem (www.appliedbiosystems.com), “ délka amplikonu.

Analyza stability referen¢nich genii

V prvni fadé byla pro kazdy vzorek vypoctena ACt (Ct- Cycle treshold- cyklus kvantitativni
PCR reakce, kdy fluorescence stanovovaného genu piekro¢i dany prah) podle rovnice:
ACt = Ct (vzorek) — Ct (kalibrator). Jako kalibrator slouzil vzorek zdravé tkané s nejniz$im
primérnym Ct.

Poté byla vypoétena tzv. relativni kvantita Q, kdy Q = E*". Za ptedpokladu, Ze u¢innost PCR
(efficiency) E je 100%, lIze rovnici upravit nasledujicim zptisobem: Q = 2,

K vyhodnoceni stability jednotlivych referenénich gend byly vyuZity volné dostupné
programy: NormFinder verze 19 z ervence 2009 [126] a geNorm verze 3.5 z biezna 2007 [127]. Do
obou programu byly zadany studované referen¢ni geny s hodnotami Q vypoctenymi pro jednotlivé

vzorky.
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3.5.3. Relativni kvantifikace miry exprese geni ABC a SLC transportéru

Kvantitativni real-time PCR

Ke stanoveni relativni kvantifikace exprese gentt ABC a SL.C transportéri byly pouzity sondy

TagMan®™ Gene Expression Assays (tabulka ¢ 10 a 11). gPCR probihalo na pfistroji RotorGene 6000

(Corbett Research, Sydney, Australia).

Reakéni smés (celkovy objem 10 pl) pro gPCR obsahovala 5 ul 2x TagMan Gene Expression

Master mixu (Applied Biosystems), 0,5 ul TagMan Gene Expression Assays (Applied Biosystems),

4,5 ul cDNA templatu. cDNA do reak¢ni smési byla nafedéna na koncentraci 5 ng/ul. V kazdé reakci

byla pfitomna negativni kontrola, v niz byl cDNA templat nahrazen sterilni vodou K vylouceni

moznosti kontaminace reakéni smesi. PCR reakce probihaly za nasledujicich podminek: 2 min. pfi

50°C, nasledovala inicialni denaturace 10 minut pfi 95°C, a 45 cyklid stfidavé denaturace 15 sec pfi

95°C a annealing 60 sec pfi teplot¢ 60°C. Pouze pro stanoveni miry exprese gentt ABCC3, ABCCS,
ABCC9 a ABCF2 byl annealing prodlouzen na 90 sec.

Tabulka €. 10: Prehled pouzitych sond pro stanovované SLC geny

Gen (ID)

Assay ID

Néazev genu

SLC28A1 (9154)

Hs00984403_m1

solute carrier family 28, member 1

SLC28A2 (9153)

Hs00188407_m1

solute carrier family 28, member 2

SLC28A3 (64078)

Hs00910439_m1

solute carrier family 28, member 3

SLC29A1 (2030)

Hs01085706_m1

solute carrier family 29, member 1

SLC29A2 (3177)

Hs00155426_m1

solute carrier family 29, member 2

SLC29A3 (55315)

Hs00983219 ml11

solute carrier family 29, member 3

Tabulka €. 11: Piehled pouZitych sond pro stanovované ABC geny

Gen (ID) Assay ID Nazev genu

ABCA1 (19) Hs00194045_m1 ATP-binding cassette, sub-family A (ABC1), member 1
ABCA2 (20) Hs00242232 m1 ATP-binding cassette, sub-family A (ABC1), member 2
ABCA3 (21) Hs00184543_m1 ATP-binding cassette, sub-family A (ABC1), member 3
ABCA4 (24) Hs00184367_m1 ATP-binding cassette, sub-family A (ABC1), member 4

ABCAG5 (23461)

Hs00363322_m1

ATP-binding cassette, sub-family A (ABC1), member 5

ABCAG6 (23460)

Hs00365329_m1

ATP-binding cassette, sub-family A (ABC1), member 6

ABCA7 (10347)

Hs00185303_m1

ATP-binding cassette, sub-family A (ABC1), member 7

ABCA8 (10351)

Hs00992371_m1

ATP-binding cassette, sub-family A (ABC1), member 8

ABCA9 (10350)

Hs00329320_m1

ATP-binding cassette, sub-family A (ABC1), member 9

ABCA10 (10349)

Hs00365268_m1

ATP-binding cassette, sub-family A (ABC1), member 10

ABCA12 (26154)

Hs00292421_m1

ATP-binding cassette, sub-family A (ABC1), member 12

ABCA13 (154664)

Hs01110169_m1

ATP-binding cassette, sub-family A (ABC1), member 13

ABCBL1 (5243)

Hs00184491_m1

ATP-binding cassette, sub-family B (MDR/TAP), member 1

ABCB2 (6890)

Hs00388677_m1

ATP-binding cassette, sub-family B (MDR/TAP), member 2
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https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00984403_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=Hs00984403_m1&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00188407_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=Hs00188407_m1&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00910439_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=Hs00910439_m1&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs01085706_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=Hs01085706_m1&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00194045_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00194045&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00242232_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00242232&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00184543_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&SearchRequest.Common.SortSpec=score+desc&searchValue=null&searchBy=null&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=Hs00184543_m1&kwdropdown=ge&adv_kw_filter1=ALL&species=Homo+sapiens&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&adv_boolean3=AND&displayAdvSearchResults=null&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&isSL=null&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00184367_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00184367&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00363322_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00363322&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00365329_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00365329&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00185303_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00185303&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00992371_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00992371&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00329320_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00329320&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00365268_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00365268&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00292421_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00292421&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs01110169_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&SearchRequest.Common.SortSpec=score+desc&searchValue=null&searchBy=null&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=Hs01110169&kwdropdown=ge&adv_kw_filter1=ALL&species=Homo+sapiens&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&adv_boolean3=AND&displayAdvSearchResults=null&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&isSL=null&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00184491_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00184491&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults

ABCBS3 (6891)

Hs00241060_m1

ATP-binding cassette, sub-family B (MDR/TAP), member 3

ABCB4 (5244)

Hs00240956_m1

ATP-binding cassette, sub-family B (MDR/TAP), member 4

ABCB5 (340273)

Hs00698751_m1

ATP-binding cassette, sub-family B (MDR/TAP), member 5

ABCB6 (10058)

Hs00180568_m1

ATP-binding cassette, sub-family B (MDR/TAP), member 6

ABCB7 (22)

Hs00188776_m1

ATP-binding cassette, sub-family B (MDR/TAP), member 7

ABCB 8 (11194)

Hs00185159_m1

ATP-binding cassette, sub-family B (MDR/TAP), member 8

ABCB 9 (23457)

Hs00608640_m1

ATP-binding cassette, sub-family B (MDR/TAP), member 9

ABCB10 (23456)

Hs00429240_m1

ATP-binding cassette, sub-family B (MDR/TAP), member 10

ABCB11 (8647)

Hs00184824 ml

ATP-binding cassette, sub-family B (MDR/TAP), member 11

ABCCL1 (4363)

Hs00219905_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 1

ABCC2 (1244)

Hs00166123_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 2

ABCC3 (8714)

Hs00358656_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 3

ABCC4 (10257)

Hs00195260_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 4

ABCC5 (10057)

Hs00981089_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 5

ABCCS6 (368)

Hs00184566_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 6

ABCC7 (1080)

Hs00357011_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 7

ABCCS (6833)

Hs00165861_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 8

ABCC9 (10060)

Hs00245832_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 9

ABCC10 (89845)

Hs00375716_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 10

ABCC11 (85320)

Hs01090768_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 11

ABCC12 (94160)

Hs00264354_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 12

ABCC13 (94160)

Hs01051917_m1

ATP-binding cassette, sub-family C (CFTR/MRP), member 13

ABCD1 (215)

Hs00163610_m1

ATP-binding cassette, sub-family D (ALD), member 1

ABCD2 (225) Hs00193054 m1 ATP-binding cassette, sub-family D (ALD), member 2
ABCD3 (5825) Hs00161065 m1 ATP-binding cassette, sub-family D (ALD), member 3
ABCD4 (5826) Hs00245340 m1 ATP-hinding cassette, sub-family D (ALD), member 4
ABCE1 (6059) Hs01009190 m1 ATP-binding cassette, sub-family E (OABP), member 1
ABCF1 (23) Hs00153703_m1 ATP-binding cassette, sub-family F (GCN20), member 1
ABCF2 (10061) Hs00606493_m1 ATP-binding cassette, sub-family F (GCN20), member 2
ABCF3 (55324) Hs00217977_m1l ATP-binding cassette, sub-family F (GCN20), member 3
ABCGL1 (9619) Hs00245154 m1 ATP-hinding cassette, sub-family G (WHITE), member 1
ABCG2 (9429) Hs00184979 m1l ATP-binding cassette, sub-family G (WHITE), member 2
ABCG4 (64137) Hs00223446_m1 ATP-hinding cassette, sub-family G (WHITE), member 4
ABCGS5 (64240) Hs00223686_m1 ATP-binding cassette, sub-family G (WHITE), member 5
ABCGS (64241) Hs00223690_m1 ATP-hinding cassette, sub-family G (WHITE), member 8
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https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00240956_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00240956&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00698751_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00698751&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00180568_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00180568&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00188776_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00188776&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00185159_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00185159&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00608640_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00608640&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00429240_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00429240&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00184824_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00184824&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00219905_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00219905&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00166123_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00166123&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00358656_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00358656&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00195260_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00195260&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00981089_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00981089&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00184566_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00184566&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00357011_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00357011&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00165861_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00165861&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00245832_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00245832&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00375716_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00375716&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs01090768_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs01090768&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00264354_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00264354&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00163610_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00163610&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00193054_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00193054&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00161065_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00161065&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00245340_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00245340&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs01009190_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&SearchRequest.Common.SortSpec=score+desc&searchValue=null&searchBy=null&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=Hs01009190&kwdropdown=ge&adv_kw_filter1=ALL&species=Homo+sapiens&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&adv_boolean3=AND&displayAdvSearchResults=null&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&isSL=null&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00153703_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00153703&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00606493_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00606493&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00217977_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00217977&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00245154_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00245154&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00184979_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00184979&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00223446_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00223446&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00223686_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00223686&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults
https://products.appliedbiosystems.com/ab/en/US/partnerMkt/ab?cmd=ABAssayDetailDisplay&assayID=Hs00223690_m1&Fs=y&adv_phrase3=EXACT&adv_phrase2=EXACT&adv_phrase1=EXACT&assayType=GE&catID=601267&adv_kw_filter3=ALL&srchType=keyword&adv_kw_filter2=ALL&SearchRequest.Common.QueryText=hs00223690&kwdropdown=ge&adv_kw_filter1=ALL&adv_query_text3=&searchType=keyword&adv_query_text2=&adv_query_text1=&uploadType=ID+List&adv_boolean3=AND&adv_boolean2=AND&adv_boolean1=AND&chkBatchQueryText=false&kwfilter=ALL&SearchRequest.Common.PageNumber=1&msgType=ABGEKeywordResults

Analyza miry exprese sledovanych gent

K hodnoceni miry exprese sledovanych transportérii byl pouzit program REST 2009 (Qiagen),
ktery v porovnani s klasickou metodou pomoci AACt umoZiiuje srovnani miry exprese sledovanych
gent vzhledem k vétsimu poctu referencnich genti a pifi hodnoceni rozdilu mezi tkani nadoru a
kontrolni nenadorovou tkani kalkuluje i s procentualni tispésnosti PCR reakce (E).

Utinnost E byla uréena programem Rotor-Gene 6 ze sklonu kalibra¢ni kiivky (slope),
sestrojené pro kazdy sledovany gen zméfenim exprese kalibratoru (vzorku nenadorové tkané
pankreatu ZP15) v péti riznych fedénich.

E=10"""-1

Do programu byly vneseny hodnoty Ct pro kazdy gen jak pro tkan nadoru (samples), tak i
parovou nenadorovou okolni tkan (controls). Jako referen¢ni geny pro karcinom pankreatu byly
zvoleny geny MRPL19, EIF1, POLR2A viz. kapitola: 3.5.2. Vybér stabilnich referen¢nich genu, str.
45,

Po zadani dat software vypocital relativni exprese pomoci rovnice:

Relativni exprese = koncentrace sledovaného genu/stiedni geometricky prumér koncentrace vsech
pouzitych referenénich genti. Koncentrace byla vypoc¢téna na zakladé rovnice:

Koncentrace = [ Primémé Ct kontrol- priméme Ct nidord

REST 2009 zaroven posuzuje statistickou vyznamnost rozdilu exprese, kterou vyjadiuje 95%

intervalem spolehlivosti (Cl) a hodnotou vyznamnosti p.

50



4. VYSLEDKY

4.1. Charakteristika studované populace

4.1.1. Soubor pacienti s karcinomem pankreatu a zdravych kontrol

Skupina pacientti s karcinomem pankreatu se skladala z 63% z muzi a z 37% z Zen, zatimco
ve skupiné zdravych kontrol bylo 41% Zen a 59% muzl. SloZeni obou skupin, s ohledem na pohlavi,
nebylo vyznamné odlisné (p=0,384; Pearsontv chi-kvadrat test). Naopak primémy vEk pacient
s diagnozou karcinomu pankreatu byl vyznamné vyssi oproti kontrolni skupiné (p<0,001; studentiv t-
test). Kompletni charakteristiky obou skupin jsou uvedeny v tabulce ¢. 12.

Nase analyza potvrdila jako nezavislé rizikové faktory vzniku karcinomu pankreatu vyssi vék
(OR=1,42; 95% CI=1,30-1,55; p=0,035), muzské pohlavi (OR=2,62; 95% CI=1,61-4,24; p<0,001),
niz§i hmotnost (OR=1,05; 95% CI=1,04-1,07; p<0,001), pankreatitis a diabetes mellitus v osobni
anamnéze (OR=10,46; 95% CI=2,85-38,45; p<0,001, OR=4,00; 95% CI=1,90-8,43; p<0,001)
Vyznamné niz$i riziko vzniku karcinomu pankreatu méli pravidelni konzumenti caje (vice nez 3 Salky
denné; OR=0,16; 95% CI1=0,07-0,40; p<0,001), zatimco piti alkoholu a kavy, stejné jako koufeni,

V nasSem souboru nehralo ulohu nezavislého rizikového faktoru.

Tabulka ¢. 12: Charakteristiky studované populace u pacienti s karcinomem pankreatu

a zdravych kontrol

Kontroly, N (%) Pripady (%0)
Pohlavi (N)
Muzské 158 (60) 148 (63)
Zenské 107 (40) 87 (37)
Celkem 265 235
Vék (roky)
Pramér + SD 57,9+10,6 61,9+ 10,5
Vaha (kg)
Pramér = SD 76,0 £14,5 67,5+ 15,0
Diabetes v osobni anamnéze (N)
Negativni 245 (94) 194 (85)
Pozitivni 17 (6) 33 (15)
Celkem 262 227
Pancreatitis v osobni anamnéze (N)
Negativni 258 (98) 212 (93)
Pozitivni 4 (2) 15 (7)
Celkem 262 227
Koui‘eni (N)
Nekufaci 106 (41) 71 (38)
Exkuiaci (> 10 let) 54 (21) 34 (18)
Exkuraci (0-10 let) 22 (9) 25 (13)
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Kuraci 75 (29) 57 (31)
Celkem 257 187
Alkohol (N)

Nikdy 78 (30) 68 (36)
PtileZitostné 40 (16) 51 (28)
Pravidelné* 141 (54) 68 (36)
Celkem 259 187
Kava (N)

Nikdy (nebo < 1/mésic) 35 73

< l/tyden 4 7
1-2/tyden 26 14
3-5/tyden 16 18
1-2/den 135 85
3-4/den 43 22
>4/den 6 9
Celkem 265 228
Caj (N)

Nikdy (nebo < 1/mésic) 68 99

< 1/tyden 15 14
1-2/tyden 32 28
3-5/tyden 37 27
1-2/den 71 52
3-4/den 32 7
>4/den 10 1
Celkem 265 228

Legenda: * Za pravidelnou konzumaci alkoholu byla povazovana konzumace vice jak jedné davky alkoholu
denné. Davka v této studii byla stanovena jako 15-20 g etanolu, coZ odpovida ptiblizné 0,5 1 piva, 0,2 1 vina nebo

0,05 1 destilatu.

4.1.2. Soubor pacientii s kolorektalnim karcinomem a zdravych kontrol

Do studie ptipadt a kontrol bylo zatazeno 495 pacientt s kolorektalnim karcinomem a
495 kontrolnich jedincii. Zakladni charakteristiku této populace s pfihlédnutim k moznym zavadéjicim
faktorim shrnuje tabulka ¢. 13.

Ob¢ skupiny se statisticky vyznamné lisily v dosazeném vzdélani, bydlisti a v podilu kufak.
Kontrolni skupina méla vétsi zastoupeni stiedoskolakt a vysokoskolakt, a v porovnani s piipady méli
ucastnici bydlisté castéji v piiméstskych oblastech nez na venkové. Ve skupiné piipadi bylo
statisticky vyznamné vys$si zastoupeni byvalych kufaku, kteti prestali koufit v dob& krat$i nez pét let
pted zahajenim studie (p=0,008, chi-kvadrat test). Vzhledem k véku, byla skupina kontrol v priméru o
1,7 let mladsi (p=0,036, ANOVA test). Biologicka vyznamnost tohoto rozdilu neni pravdépodobna,
protoze kontroly byly kolonoskopicky ovéfeny.
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Tabulka ¢. 13: Charakteristiky studované populace u pacienti s kolorektalnim

karcinomem a zdravych kontrol.

Kontroly, N (%) Piipady (%)
Pohlavi (N)
Muzské 265 (54) 289 (58)
Zenské 230 (46) 206 (42)
Celkem 495 495
Vék (roky)
Primér + SD 55,5+13,8 57,2+115
BMI
Pramér + SD 26,7+45 26,6 +4,3
Koui‘eni (N)
Nekufaci 195 (39) 243 (49)
Exkufaci (> 5 let) 76 (16) 99 (20)
Exkufaci (0-5 let) 17 (3) 47 (10)
Kuftaci 76 (16) 74 (15)
Neuvedeno 131 (26) 32 (6)
Celkem 495 495
Vzdélani (N)
Zakladni 89 (18) 112 (23)
Stiedoskolské 200 (40) 174 (35)
Vysokoskolské 72 (15) 41 (8)
Neuvedeno 134 (27) 168 (34)
Bydlisté (N)
Venkov 79 (16) 98 (20)
Piiméstska oblast 78 (16) 50 (10)
Centrum mésta 212 (43) 207 (42)
Neuvedeno 126 (25) 140 (28)
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4.1.3. Soubor pacienti po chirurgické 1é¢bé karcinomu pankreatu

Podafilo se zajistit pomérné homogenni soubor tkani pacienti s karcinomem

pankreatu. Vsech deset vzorkil bylo histologicky verifikovano jako adenokarcinom pankreatu se

sttednim aZ nizkym stupné diferenciace nadorovych bunék (grade 2-3). Kromé jednoho vzorku byl

nador lokalizovany v hlave slinivky bfi$ni. V naprosté vétsin€ se jednalo o pokrocily stupen maligniho

onemocnéni (stadia III a IV). Dva vzorky (PCI12 a PCI15) by teoreticky mohly spliovat kritéria II.

stadia, pokud by se podatilo prokazat nepritomnost vzdalenych metastaz.

w

Tabulka ¢. 14: Charakteristiky studované populace u pacientii po chirurgické 1écbé

karcinomu pankreatu

Vzorek | Pohlavi | VEék v dobé | Chirurgie* | Stadium Lymfatické Grade
diagnozy uzliny #

PCI2 Zena 54 hlava/RO pT3NOM1 0/9 3
PCl4 muz 69 hlava/RO pT3NOMXx 0/3 3
PCI5 muz 63 hlava/RO pT3N1MXx 1/3 3
PCI7 muz 46 hlava/RO pT3N1MXx 1/9 3
PCI8 Zena 74 hlava/RO pT3N1MXx 5/14 3
PCI9 zena 54 hlava/R1 pPT2N1Mx 9/18 2
PCI10 Zena 53 hlava/RO pT4N1MXx 1/24 2
PCI12 Zena 71 hlava/RO pT2NOMXx 0/14 2
PCI15 muz 72 hlava/RO pT2NOMXx 0/14 2
PCI17 Zena 65 ocas/R0O pT3N1MXx 1/23 3
Legenda: *anatomicka lokalizace nadoru/radikalita resekce; #podet lymfatickych uzlin s prokazanymi

metastazami/pocet vSech vysetienych uzlin
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4.2. Polymorfismy v genech kodujicich biotransformaéni enzymy a riziko vzniku

nadorového onemocnéni

4.2.1. Polymorfismy v genech kédujicich biotransformacni enzymy a riziko vzniku

karcinomu pankreatu

Variantni alela CYP2A13*7 (Argl01STOP), kodujici inaktivni enzym byla nalezena u 7 z 265
hodnocenych zdravych kontrol, ale nebyla nalezena u Zadného pacienta (n=235, tabulka ¢. 15).
V analyze podskupiny kontrol s kompletnimi udaji o koufeni bylo zjisténo, ze 2 kutaci (n=104) a 4
nekufaci (n=150) jsou nosi¢i CYP2A13*7 variantni alely. Snizenda schopnost bioaktivace
prokarcinogenti, které jsou obsazeny nejen V cigaretovém koufi jako napi. NNK muze tedy byt
potencialnim protektivnim faktorem vzniku karcinomu pankreatu. Ptes tento silny trend nelze vyjadrit
statistickou vyznamnost vzhledem k tomu, ze tato alela nebyla u zadného pacienta s karcinomem

pankreatu nalezena.

Vyskyt variantni alely GSTP1-Val a genotypu GSTT1-null byl naopak spojen se zvySenym
rizikem vzniku karcinomu pankreatu (OR=1,4; 95% CI=1,02-1,92 a OR=1,79; 95% CIl=1,12-2,84),
pti¢emz kombinace piitomnosti obou alel u nosice riziko dale zvysila (OR=2,38; 95% Cl=1,17-4,83,
tabulka ¢. 16). Tento trend byl sledovan zejména u pacientli mladsich 50-ti let. Oba enzymy detoxikuji
produkty tabakového koufe a dalsi kontaminanty zivotniho prosttedi, napt.: polycyklické aromaty. Ani
zde nebyla nalezena souvislost mezi koufenim a polymorfismy a vyskyt variantnich alel zvySoval

riziko nezavisle na abusu alkoholu a dalSich sledovanych epidemiologickych faktorech.

Vyskyt polymorfismt v genech kodujicich alkoholdehydrogenazy: ADH1B, ADH1C se mezi
pacienty a kontrolami vyznamné nelisil, a to ani pfi vzajemné kombinaci (tabulka ¢. 17). V nasledné
podrobné analyze nebyly nalezeny rozdily vriziku vzniku nadorti pankreatu a funkénimi
polymorfismy v alkoholdehydrogenazach ani v jednotlivych podskupinach abstinentl, piilezitostnych

konzument a pravidelnych konzumenti alkoholu.

V ostatnich sledovanych genech, GSTM1 a EPHX1, stejné jako v genech kodujicich enzymy
metabolizmu volnych radikalt: SOD2, SOD3, NQO1 a NQO2 nebyly nalezeny Zadné statisticky
vyznamné vztahy pro analyzové funkéni polymorfismy u pacienti a kontrol, a to ani s pfihlédnutim

k dalsim modifikujicim rizikovym faktorim Zivotniho stylu (tabulky ¢. 18-21).
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Tabulka ¢. 15: Polymorfismus CYP2A13 ve sledované populaci

Genotyp Kontroly Piipady OR' 95% CI' p’
(%) (%)

CYP2A13, rs72552266

Arg/Arg 258 (97,4) 235 (100,0) | reference - -

Arg/STOP 7(2,6) 0(0,0) * * *

STOP/STOP 0(0,0) 0(0,0) * * *

Celkem 265 235

Legenda: *nelze statisticky zpracovat vzhledem k absenci nosi¢t variantni alely v jedné nebo obou sledovanych

skupinach.

+ OR, odds ratio - odhad relativniho rizika s pfihlédnutim k véku, pohlavi a koufeni; CI, 95% interval

spolehlivosti p, statisticka vyznamnost.

Tabulka ¢&. 16: Polymorfismy glutathion S-transferaz a vztah k véku studovanych objekti

Genotyp Pi¥ipady Kontroly | Bez rozdilu véku | <50 let OR’ >50let OR'
(%) (%) OR' (95% CI") (95% CI1% (95% CI1%)

GSTM1

Plus 115 (45,5) | 188 (46,7) | reference reference reference

Null 138 (54,6) | 215(53,4) | 0,92 (0,64-1,31) 0,85 (0,39-1,89) | 0,90 (0,59-1,36)

Celkem 253 403

GSTT1

Plus 199 (81,9) | 308 (88,8) | reference reference reference

Null 45 (18,1) 39 (11,2) | 1,56 (0,93-2,61) 1,13 (0,33-3,93) | 1,66 (0,91-3,04)

Celkem 244 347

GSTP1

lle/lle 100 (39,5) | 192 (47,8) | reference reference reference

lle/Val 153 (60,5) | 210(52,2) | 1,38(0,96-1,97) 3,09 (1,25-7,63) | 1,23 (0,81-1,87)

nebo

Val/Val

Celkem 253 402

Kombinace

GSTTla

GSTP1

Plus-lle/lle 76 (31,3) | 146 (42,1) | reference reference reference

Null-lle/lle 18 (7,4) 21 (6,0) 1,46 (0,97-2,18) 0,77 (0,10-5,67) | 1,69 (0,69-4,13)

Plus-lle/val | 123 (50,6) | 162 (46,7) | 1,46 (0,69-3,12) 3,00 (1,15-7,82) | 1,31 (0,81-2,09)

nebo

Val/Val

Plus-lle/Val | 26 (10,7) 18 (5,2) 2,50 (1,20-5,20) 4,40 (0,79-24,7) | 2,21 (0,95-5,15)

nebo

Val/Val

Celkem 243 347

Legenda: ¥ OR, odds ratio- odhad relativniho rizika s pfihlédnutim k v&ku, pohlavi a koufeni; CI, 95%

konfiden¢ni interval.
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Tabulka €. 17: Polymorfismy ADH1B a ADH1C ve sledované populaci

Genotyp Kontroly | P¥ipady OR' 95% CI' p’
(%) (%)

ADH1B,rs1229984

Arg/Arg 242 213 reference

Arg/His 22 22 1,25 0,56-2,77 0,583

His/His 1 0 .

Arg/His nebo His/His 23 22 1,16 0,53-2,55 0,706

Celkem 265 235

ADH1C,rs698

lle/lle 80 83

lle/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 nebo Val/Val 184 152 1,09 0,68-1,74 0,730

Celkem 264 235

Kombinace

ADH1B a ADHI1C |

Arg/Arg a lle/lle 70 71 reference

(Arg/His nebo Arg/Arg) 196 164 1,16 0,70-1,90 0,566

nebo

(lle/Val nebo lle/lle)

Kombinace

ADH1B a ADHIC 11

Arg/Arg a lle/lle 70 71 reference

(Arg/His nebo Arg/Arg) 11 10 1,09 0,31-3,85 0,888

a (lle/Val nebo lle/lle)

Legenda:  OR, odds ratio- odhad relativniho rizika s ptihlédnutim k véku, pohlavi, vaze, diabetu, pankreatitidé

a konzumaci alkoholu, kavy, ¢aje; CI, 95% interval spolehlivosti; p, statisticka vyznamnost.

*nelze statisticky zpracovat vzhledem k absenci nosi¢ii variantni alely ve skupiné pacientu.

Tabulka ¢&. 18: Polymorfismy gent kodujicich enzymy metabolizmu volnych radikali:

SOD2, SOD3, NQO1, a NQO2 ve sledované populaci

Genotyp Kontroly Piipady (%) | OR' 95% CI' p’
(%)

SOD2,rs4880

Ala/Ala 58 (21,9) 48 (2004) reference - -

Ala/Val 134 (50,6) 121 (51,5) 1,24 0,72-2,12 | 0,440

Val/Val 73 (27,5) 66 (28,1) 1,04 0,57 -1,90 0,896

Ala/Val nebo 207 187 1,16 0,70-1,93 0,560

Val/Val

Celkem 265 235

SOD3,rs1799895

Arg/Arg 264 (99,6) 229 (97,4) reference - -

Arg/Gly 1(0,4) 6 (2,6) 4,41 0,42 -46,05 | 0,215

Gly/Gly 0 0
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Celkem 265 235

NQO1,rs1800566

Pro/Pro 187 (70,6) 164 (69,8) reference - -
Pro/Ser 71 (26,8) 64 (27,2) 1,12 0,69 -1,81 0,642
Ser/Ser 7 (2,6) 7 (3,0) 1,70 0,47 - 6,19 0,418
Pro/Ser nebo 78 71 1,16 0,73-1,85 0,523
Ser/Ser

Celkem 265 235

NQO2,rs1143684

Phe/Phe 153 (57,7) 146 (62,1) reference - -
Phe/Leu 104 (39,3) 78 (33,2) 0,82 0,53 -1,27 0,375
Leu/Leu 8 (3,0) 11 (4,7) 1,23 0,37 — 4,06 0,734
Phe/Leu nebo 112 89 0,85 0,55-1,30 0,447
Leu/Leu

Celkem 265 235

Legenda: 1 OR, odds ratio - odhad relativniho rizika s ptihlédnutim k véku, pohlavi, vaze, diabetu, pankreatitidé

a konzumaci alkoholu, kavy, ¢aje a koufeni; CI, 95% interval spolehlivosti; p, statisticka vyznamnost.

Tabulka ¢. 19: Polymorfismy v podskupiné nekuraki

Genotyp Kontroly (%) P¥ipady (%) | OR' 95% CI' p'
SOD2,rs4880

Ala/Ala 21 (19,6) 17 (24,0) reference | - -
Ala/Val 55 (51,4) 33 (46,4) 1,17 0,48 — 2,87 0,733
Val/Val 31 (29,0) 21 (29,6) 1,19 0,44 —3,19 0,729
Ala/Val nebo 86 54 1,18 0,50 - 2,75 0,707
Val/Val

Celkem 107 71

SOD3,rs1799895

Arg/Arg 106 (99,1) 69 (97,2) reference | - -
Arg/Gly 1(0,9) 2 (2,8) 4,62 0,26 —82,24 | 0,297
Gly/Gly 0 0

Celkem 107 71

NQO1,rs1800566

Pro/Pro 75 (70,1) 50 (70,4) reference | - -
Pro/Ser 30 (28,0) 17 (24,0) 0,94 041- 2,15 |0,883
Ser/Ser 2 (1,9 4 (5,6) 9,30 1,20- 71,87 | 0,033
Pro/Ser nebo 32 21 1,23 0,56 — 2,68 | 0,605
Ser/Ser

Celkem 107 71

NQO2,rs1143684

Phe/Phe 60 (56,1) 36 (50,7) reference | - -
Phe/Leu 44 (41,1) 33 (46,5) 1,18 0,59 — 2,36 0,638
Leu/Leu 3(2,8) 2 (2,8) 1,29 0,15-10,82 | 0,811
Phe/Leu nebo 47 35 1,19 0,60- 2,34 | 0,447
Leu/Leu

Celkem 107 71

Legenda: T OR, odds ratio - odhad relativniho rizika s ptihlédnutim k véku, pohlavi, vaze, diabetu, pankreatitidé

a konzumaci alkoholu, kavy, ¢aje; CI, 95% interval spolehlivosti; p, statistickd vyznamnost.
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Tabulka €. 20: Polymorfismy v podskupiné kuiaka

Genotyp Kontroly (%) Piipady (%) | OR' 95% CI' p’
SOD2,rs4880

Ala/Ala 36 (23,7) 24 (20,7) reference | - -
Ala/Val 75 (49,3) 63 (54,3) 1,27 0,63 —2,58 0,506
Val/Val 41 (27,0) 29 (25,0) 0,83 0,37 —-1,87 0,649
Ala/Val nebo 116 92 1,10 0,56 — 2,16 0,775
Val/Val

Celkem 152 116

SOD3,rs1799895

Arg/Arg 152 (100,0) 113 (97,4) reference | - -
Arg/Gly 0(0,0) 3(2,6) - - -
Gly/Gly 0 0

Celkem 152 116

NQO1,rs1800566

Pro/Pro 107 (70,4) 77 (66,4) reference | - -
Pro/Ser 40 (26,3) 37 (31,9) 1,26 0,67 —2,38 0,476
Ser/Ser 5 (3,3) 2(1,7) 0,15 0,01 -1,56 0,111
Pro/Ser nebo 45 39 1,10 0,59 — 2,04 0,768
Ser/Ser

Celkem 152 116

NQO2,rs1143684

Phe/Phe 89 (58,5) 81 (69,8) reference | - -
Phe/Leu 58 (38,2) 29 (25,0) 0,53 0,28 — 0,98 0,044
Leu/Leu 5 (3,3) 6 (5,2) 0,86 0,20 — 3,67 0,844
Phe/Leu nebo 63 35 0,56 0,31-1,01 0,055
Leu/Leu

Celkem 152 116

Legenda: 1 OR, odds ratio - odhad relativniho rizika s ptihlédnutim k véku, pohlavi, vaze, diabetu, pankreatitidé
a konzumaci alkoholu, kavy, ¢aje; CI, 95% interval spolehlivosti; p, statistickd vyznamnost.

Tabulka ¢. 21: Polymorfismy v podskupiné pravidelnych konzumenti alkoholu

Genotyp OR' 95% CI' p'

SOD2 Ala/Val 1,64 0,70 — 3,82 0,254
SOD2 Val/Val 0,78 0,29 - 2,08 0,615
SOD2 Ala/Val nebo Val/Val 1,27 0,57 -2,84 0,553
NQO1 Pro/Ser 1,38 0,66 — 2,90 0,399
NQOL Ser/Ser 4,90 0,77 — 30,96 0,091
NQOL Pro/Ser nebo Ser/Ser 1,58 0,78 — 3,22 0,207
NQO2 Phe/Leu 0,63 0,31-1,27 0,195
NQO2 Leu/Leu 1,73 0,19 - 15,98 0,627
NQO2 Phe/Leu nebo Leu/Leu 0,67 0,34 -1,33 0,252

Legenda: T OR, odds ratio- odhad relativniho rizika s pfihlédnutim k véku, pohlavi, vaze,

konzumaci kavy, ¢aje a kouteni; CI, 95% interval spolehlivosti; p, statisticka vyznamnost .

diabetu, pankreatitide,
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4.2.2. Polymorfismy v genech koédujici biotransforma¢ni enzymy a riziko vzniku

kolorektalniho karcinomu

Souhrn adjustovanych a hrubych odhadu relativniho rizika (adjusted odds ratios - aOR a crude
odds ratios - cOR), 95% intervaly spolehlivosti (95% CI) a odpovidajici statistické vyznamnosti (p-

values) jsou shrnuty v tabulkach ¢. 22 a 23.

Delece v genu GSTM1 mirné zvysila riziko vzniku karcinomu kolorekta (cCOR=1,23; 95%
Cl1=0,96-1,58; p=0,098). Po zohlednéni ostatnich rizikovych faktort ve vypoétu rizika (v€éku, pohlavi,
koufeni a bydlist€¢) dosahl tento vztah statistické vyznamnosti (aOR=1,30; 95% CI=1,01-1,68;
p=0,044).

Ani genetické polymorfismy v genech EPHX1, NQO1, GSTP1, a GSTT1, ani aktivita EPHX1,
odvozend kombinaci obou sledovanych polymorfismi, neovliviiovaly riziko vzniku kolorektalniho

karcinomu.

Podobné jako v pfedchozich studiich na jinych souborech pacientd [128], byl i pro
kolorektalni karcinom spocitan efekt kombinace funk¢éné vyznamnych polymorfismd v glutathion S-
transferazach a epoxid hydrolaze. Bez piihlédnuti k ostatnim faktorim zadna z analyzovanych
kombinaci (GSTM1-GSTT1, GSTM1-GSTP1, GSTT1-GSTP1, GSTM1-EPHX1-aktivita, GSTT1-
EPHX1-aktivita, a GSTP1-EPHX1-aktivita) neovliviiovala riziko vzniku kolorektalniho karcinomu
(tabulka ¢. 23). Adjustovana analyza zohledniujici v€k, pohlavi, koufeni a bydlisté vSak ukazala, ze
nosi¢i kombinace deleci v genech GSTM1 a GSTT1 (GSTM1-null a GSTT1-null) maji mirné vyssi
riziko vzniku nadoru tlustého stieva ve srovnani s jedinci bez deleci v téchto dvou genech (aOR=1,58;

95% Cl1=1,01-2,47; p=0,044).

Vztah k riziku kolorektalniho karcinomu mezi nosici jednotlivych funkénich polymorfisma v

podskupiné kurakli a nekuidkti, podobné jako u karcinomu pankreatu, nebyl prokazan.

Tabulka €. 22: Polymorfismy sledovanych geniti u kolorektalniho karcinomu

Genotyp Piipady Kontroly | cOR' aOR’ p'
(%) (%) (95% CI") (95% CI")

GSTM1

Plus 228 (46,1) 254 (51,3) | reference reference

Null 267 (53,9) | 241(48,7) [1,23(0,96-1,58) |1,30(1,01-1,68) | 0,044

Celkem 495 495

GSTT1

Plus 392 (79,2) 395 (79,8) | reference reference

Null 103 (20,8) | 100(20,2) | 1,04(0,76-1,41) |1,07(0,78-1,47) | 0,664

Celkem 495 495
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GSTP1, rs1695

le/lle 223 (45,1) 224 (45,3) | reference reference

Ile/Val nebo Val/Val 272 (54,9) | 271(54,7) | 1,01(0,79-1,30) | 1,01(0,78-1,30) | 0,942
Celkem 495 495

EPHX1, rs1051740

Tyr/Tyr 221 (44,6) 231 (46,7) | reference reference

Tyr/His nebo His/His | 274 (55,4) 264 (53,3) |1,09(0,85-1,39) | 1,06(0,82-1,37) | 0,635
Celkem 495 495

EPHX1, rs2234922

His/His 297 (60,0) | 290 (58,6) | reference reference

His/Arg nebo Arg/Arg | 198 (40,0) 205 (41,4) 0,94 (0,73-1,22) | 0,91(0,70-1,18) | 0,482
Celkem 495 495

NQO1, rs1800566

Pro/Pro 346 (69,9) 344 (69,5) | reference reference

Pro/Ser nebo Ser/Ser | 149 (30,1) 151 (30,5) |0,98(0,75-1,29) | 1,03(0,78-1,35) | 0,853
Celkem 495 495

Legenda: T cOR (crude odds ratio) — hruby odhad relativniho rizika; aOR (adjusted odds ratio) - odhad
relativniho rizika s ptihlédnutim k v&ku, pohlavi, koufeni a bydlisti, Cl — 95% interval spolehlivosti; p -

statistickd vyznamnost.

Tabulka ¢. 23: Kombinace polymorfismia v GSTM1, GSTP1, GSTT1 a EPHX1 vzhledem K riziku

vzniku nadoru kolorekta

Genotyp Piipady | Kontroly | cOR' aOR' p
(95%C1" (95% CI")

GSTM1-plus a GSTT1-plus 186 200 reference reference

GSTM1-null a GSTT1-null 61 46 1,43(0,93-2,20) | 1,58(1,01-247) | 0,044

GSTM1-plus a GSTP1-lle/lle | 148 116 reference reference

GSTM1-null a GSTP1-lle/Val | 104 133 1,24 (0,87 -1,77) | 1,26 (0,87 -1,80) | 0,220

nebo Val/Val

GSTT1-plus a GSTP1-lle/lle | 174 178 reference reference

GSTT1-null a GSTP1-lle/Val | 54 54 1,02 (0,67 -1,57) | 1,09(0,70-1,71) | 0,694

nebo Val/Val

GSTM1-plus a EPHX1- 147 168 reference reference

vysoka nebo stfedni

GSTM1-null a EPHX1-nizka 96 84 1,31(0,91-1,89) | 1,36(0,93-1,97) | 0,111

GSTT1-plus a EPHX1- 260 263 reference reference

vysoka nebo stredni

GSTT1-null a EPHX1-nizka 38 45 1,20 (1,75-1,91) | 1,27 (0,79 - 2,05) | 0,330

GSTP1-lle/lle a EPHX1- 142 146 reference reference

vysoka nebo stiedni

GSTP1-lle/Val nebo Val/Val 96 92 1,07 (0,74 -1,55) | 1,07 (0,73-1,56) | 0,727

a EPHX1-nizka

Legenda: ¥ cOR (crude odds ratio) - hruby odhad relativniho rizika; aOR (adjusted odds ratio) - odhad
relativniho rizika s pfihlédnutim k v&ku, pohlavi, koufeni a bydlisti; 95% CI — 95% interval spolehlivosti; p -

statistickd vyznamnost.
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4.3. Uloha alteraci genu CHEK?2 v etiologii karcinomu kolorekta a pankreatu

Statisticka analyza ukazala vyznamné vyssi riziko vzniku kolorektalniho karcinomu u nosica
alteraci v oblasti FHA domény CHEK2 (6,2% ptipadt vs. 2,8% kontrol; OR=2,3; 95% CI=1,3-4,0;
p=0,003), a nejcastejsi alterace c.470T>C (I1157T), ktera se nachazi v tietim exonu genu CHEK2
(4,8% ptipadi vs. 2,5% kontrol; OR=2,0; 95% CI=1,1-3,6; p=0,03) [125]. Rovnéz riziko vzniku
karcinomu pankreatu bylo vyssi u jedinct s ptitomnou alteraci v oblasti FHA domény (1,5% ptipadi
vs. 0,3% kontrol; OR=5,14; 95% CI=0,94-28,23), avSak tento vztah byl na hranici statistické
vyznamnosti (p=0,057).

Delece 5395bp nebyla nenalezena ani v souboru pacienti s kolorektalnim karcinomem
(n=631); [125]) ani s karcinomem pankreatu (n=270) a zustava tak v nasi populaci vyznamnou zatim

pouze pro karcinom prsu [124].

Klinicko-patologické charakteristiky (vék v dobé diagnozy, lokalizace tumoru, stadium
onemocnéni, frekvence vyskytu nadorovych onemocnéni v rodinné anamnéze apod.) se ve skupiné
pacientt s alteracemi CHEK2 nelisily od skupiny pacienti bez piitomnosti genetické alterace.
Vyjimkou byl grading tumoru u kolorektalniho karcinomu, ktery byl vyznamné vyssi u pacientd s

nalezenymi alteracemi (p= 0.049) [125].

Tabulka €. 24: Identifikované alterace oblasti FHA domény genu CHEK2

Lokalizace Geneticka alterace Pripady s Piipady s Kontroly
alterace kolorektalnim karcinomem
karcinomem pankreatu

Exon 2 C.434G>A 1 0 0

Exon 3 c.470T>C 30 (4,8%) 6 (2,2%) 17 (2,5%)
Exon 3 c.538C>T 0 0 1

Exon 3 €.541C>T 2 0 0

Intron 1 IVS1-5T>A 1 1 0

Intron 2 IVS2+1G>A 2 1 0

Intron 2 IVS2+24C>T 3 1 1

Intron 2 IVS2+65C>T 0 1 0

Intron 2 IVS2-55C>T 1 0 0
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4.4, Identifikace referenc¢nich gent pro studium tkani karcinomu pankreatu

4.4.1. Stanoveni kvality a mnoZstvi RNA

Celkova RNA byla vyizolovana z vyoperovanych nadord slinivky bfisni s piilehlou
nepostizenou tkani od 10 pacientii S diagnézou karcinomu pankreatu. Naméfené koncentrace celkové
RNA ziskané z tkani se pohybovaly v rozmezi 0,25-5,51 pug/ul. Median RIN byl 6,45 £ 1,00 pro
nadorovou tkan a 3,25 £ 1,61 pro pankreas bez ptitomnosti nadorovych buné¢k (tabulka ¢ 25). Z2 ug
celkové RNA, byla reverzni transkripci ptipravena cDNA. Vysledna cDNA byla ovétena z hlediska
pfitomnosti kontaminace genomovou DNA pomoci PCR fragmentu ubiquitinu C a pouze vzorky bez

kontaminace byly dale zpracovany.

Tabulka ¢. 25: RNA integrita jednotlivych vzorka

Vzorky nadorové tkané RIN Vzorky nenadorové tkané RIN
PCI2 7,00 ZP12 4,70
PCl4 5,50 ZPl4 2,40
PCI5 5,90 ZPI5 5,30
PCI7 6,70 ZP17 2,10
PCI8 4,20 ZP18 2,20
PCI9 6,80 ZPI19 6,50
PCI10 6,30 ZPI110 2,20
PCI12 4,90 ZPI112 2,20
PCI15 6,60 ZP115 4,10
PCI17 7,40 ZP117 4,60
Median 6,45 3,25
S.D. 1,00 1,61

Legenda: RIN- RNA integrity number.

4.4.2. Vybér vhodnych kandidatnich referen¢nich geni
Ve vsech dostupnych parech nadorti a kontrolnich tkéni pankreatu (n=10) byly studovany
hladiny transkripti 24 endogennich kontrol vybranych z nabidky vyrobce (Applied Biosystems).
Primémé hrubé hodnoty Ct pro vSechny geny kromé genu 18S byly 27,06 + 3,47 pro tkail nddorovou
a 27,27 £ 2,88 pro nenadorovou tkan pankreatu. Primémé Ct pro jednotlivé geny jsou vidét na
obrazku ¢. 15 a 16. Median hrubych hodnot Ct byl pro nadorovou a okolni tkan 27,02 a 27,24. Hrubé
pocty cykli PCR potiebnych k amplifikaci daného mnozstvi usekt jednotlivych geni byly zavislé na
stupni degradace RNA u jednotlivych vzorki hodnoceném pomoci RIN. Statisticky vyznamna
zavislost mezi RIN a primérnym Ct pro vSechny sledované geny byla zjisténa ve vzorcich kontrolnich
tkani (Obrazek ¢. 15-16). Naopak, u nadorovych vzorkl takto vyznamna korelace sledovana nebyla.
Po normalizaci dat pomoci podilu Ct(referen¢niho genu)/Ct(18S kontrolniho genu) jiZ tato korelace
nebyla statisticky vyznamna ani v kontrolach ani v nadorech (p<0,05; obr.¢. 16).
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Obrazek ¢. 15 a 16: Primérné Ct pro nadorovou a nenadorovou tkain pro jednotlivé geny
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Legenda: osa x- RIN jednotlivych vzorki, osa y- pro obr. 15- primérné Ct vSech stanovovanych gent pro

vzorek, osa y- pro obr. 16- primérné Ct stanovovvanych gent/18S Ct.
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4.4.3. Identifikace referen¢nich genu

Analyza stability referencnich gent pomoci programi geNorm a NormFinder byla vypoctena
na zakladé relativni kvantity Q definované v kapitole 3.5.2. na str. 45. Jako kalibrator byl zvolen
vzorek nenadorové pankreatické tkané¢ ZPIS s primérmym Ct = 25,27 + 2,44 a RIN = 5,3. Oba
programy stanovily srovnatelné vysledky (tabulka ¢. 26), co se tyka stability nami studovanych
referen¢nich genti. Mezi péti nejstabiln€jsimi geny byly identifikovany: EIF2B1, ELF1, MRPL19 a
POPA4. Stejné tak oba programy vyhodnotily, ze pro gPCR v ramci sledovani rozdilt mezi nadorovymi
a nenadorovymi tkanémi pankreatu je dostacujici kombinace 2-3 referenc¢nich gent. Pro Ctyfi
nejvhodnéjsi geny byla dale stanovena tucinnost JPCR (E) nékolikanasobnym fedénim kalibratoru
(ZP15). Dalsi analyzou kalibra¢ni kiivky vzorku ZPI5 pro geny: EIF2B1, ELF1, MRPL19 a POP4
byla zhodnocena nejen E, ale také korelace R?, sklon kalibraéni kiivky a Ct kontroly bez templatu
(NTC). Vsechny vybrané geny splnily potiebné parametry pro pouziti jako referenéni kontroly qPCR
karcinomu pankreatu (tabulka ¢ 27).

Tabulka ¢ 26: Nejvice a nejméné stabilni referenéni geny vyhodnocené pomoci programi

geNorm a NormFinder

Program Nejlépe hodnocené kandidatni geny Nejhife hodnoceny kandidatni geny

geNorm ELF1, EIF2B1, MRPL19, POP4, YWHAZ, B2M, ACTB, GAPDH, GADD45
PSMC4

NormFinder | POP4, ELF1, ABL1, EIF2B1, MRPL19 | RPS17, GAPDH, ACTB, B2M, YWHAZ
(TFRC)

Tabulka ¢ 27: Souhrn hodnocenych parametri pro ¢tyfi nejstabilnéjsi referencni geny

Vzorek ZP15 EIF2B1 MRPL19 ELF1 POP4

Primérné C, pro NTC >40 >40 >40 >40
Primérné C, pro STD1 22,02 £ 0,03 24,51+ 0,01 19,59 £ 0,01 23,29+ 0,02
Priimérné C, pro STD2 23,24 £ 0,03 25,78 £0,04 20,59 +0,02 24,53+ 0,02
Primérné C, pro STD3 24,52 £ 0,07 27,13 £ 0,04 21,75+ 0,02 26,11+ 0,01
Primérné C, pro STD4 26,81+ 0,04 29,48 +£ 0,12 24,14 + 0,07 28,28+ 0,04
Primérné C, pro STD5 29,24 £ 0,04 31,93+0,14 26,68 + 0,05 30,62+ 0,08
Utinnost E 98% 94% 98% 96%
Sklon kalibra¢ni kiivky -3,38 -3,48 -3,37 -3,43
R® 0,999 0,999 0,999 0,998

Legenda: pro sestrojeni kalibracnich kiivek byla pouzita cDNA vzorku ZPI5v fedéni 5-krat (standard 1, STD1),
10-krat (STD2), 25-krat (STD3), 125-krat (STD4) and 625-krat (STD5). NTC (non-template kontrol, kontrola
bez templatu) byla pouzita voda misto CDNA.

65



Obrazek €. 17: Vystup z programu geNorm
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Legenda: Relativni kvantity pro hodnocené geny byly zadany do programu geNorm. Obrazek zachycuje
vyhodnoceni stability. Geny snejniz§i prumérnou expresni stabilitou, vyjadfenou jako hodnota M, jsou
hodnoceny jako nejstabilngjsi referenéni geny a mohou slouzit jako vhodné endogenni kontroly pro dalsi studie

na souboru té€chto vzorkll. Geny, které se nachazeji na ose x nejvice vpravo byly oznaceny jako nejstabilngjsi
referencni geny.
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Obrazek ¢. 18: Vystup z programu NormFinder
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Legenda: Relativni kvantity pro hodnocené geny byly zaddny do programu NormFinder. Obrazek zachycuje jak
variabilitu mezi nadorovou a nenadorovou (inter-group variability), tak i variabilitu v ramci jedné skupiny (intra-
group variability) mezi jednotlivymi testovanymi vzorky. Kandidatni geny s nejniz§i variabilitou mezi expresi
jednotlivymi vzorky stejné tkané (chybové usecky) byly oznaceny jako nejvhodnéjsi referenéni geny. Tyto geny
jsou na obrazku zvyraznény Sipkami.
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4.5. Relativni kvantifikace miry exprese genit ABC a SLC transportéria

U deseti vzorkli nddoru pankreatu byla provedena pilotni studie genové exprese vSech 49
¢lend lidské nadrodiny ABC transportéri. Bylo provedeno srovnani hladin v nadorové tkani s okolni
nenddorovou tkani pankreatu. Jedenact gent mélo statisticky vyznamné (p<0,05) vys$si hladinu
transkriptu (upregulace) v nadoru a ¢tyfi geny nizsi hladinu (downregulace) v tkani adenokarcinomu
(tabulka ¢. 28). Dvanact geni nelze hodnotit pro obecné nizkou expresi, a to jak v tkani nadorem
nepostizené slinivky, tak i v tkani nadorové. Ostatni geny byly exprimovany podobné v obou typech

tkani.

Tabulka ¢. 28: Hodnoceni rozdili hladin transkripti ABC transportéri mezi nadorovou a

kontrolni tkani pomoci softwaru REST 2009

Gen Pomér hladiny | 95% CI P (H1) Hladina v nadoru
nador/kontrola
ABCAl 1,94 0,25-19,85 0,100 Beze zmény
ABCA2 1,12 0,35-2,83 0,559 Beze zmény
ABCA3 0,39 0,07-1,56 0,003 Snizena
ABCA4 BLQY BLQf BLQf BLQT
ABCA5 0,37 0,04-3,03 0,007 SniZena
ABCAG6 1,13 0,17-4,81 0,680 Beze zmény
ABCA7 1,17 0,15-6,80 0,644 Beze zmény
ABCAS8 0,92 0,10-9,09 0,837 Beze zmény
ABCA9 1,95 0,07-54,61 0,257 Beze zmény
ABCA10 1,58 0,11-31,40 0,351 Beze zmény
ABCA12 BLQY BLQf BLQf BLQT
ABCA13 BLQ+t BLQf BLQf BLQT
ABCB1 1,35 0,22-8,88 0,361 Beze zmény
ABCB2 2,19 1,04-4,05 0,000 Zvysena
ABCB3 2,19 0,89-5,83 0,000 ZvySena
ABCB4 5,26 0,77-72,84 0,001 ZvySena
ABCB5 BLQT BLQf BLQf BLQT
ABCB6 1,29 0,79-2,51 0,023 Zvysena
ABCB7 1,06 0,55-2,79 0,654 Beze zmény
ABCBS8 1,51 0,76-3,19 0,009 Zvysena
ABCB9 1,73 0,33-14,10 0,127 Beze zmény
ABCB10 1,68 0,32-16,13 0,158 Beze zmény
ABCB11 BLQf BLQf BLQf BLQT
ABCC1 1,63 0,83-3,23 0,000 Zvysena
ABCC2 1,00 0,35-2,98 0,986 Beze zmény
ABCC3 1,92 0,81-4,03 0,002 ZvySena
ABCC4 1,18 0,48-2,47 0,293 Beze zmény
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ABCC5 2,25 0,60-8,83 0,001 Zvysena
ABCC6 0,30 0,07-1,02 0,000 SniZena
ABCC7 0,20 0,002-5,09 0,016 SniZena
ABCCS8 0,54 0,11-3,89 0,078 Beze zmény
ABCC9 1,24 0,29-5,39 0,404 Beze zmény
ABCC10 1,58 0,66-3,47 0,005 Zvysena
ABCC11 BLQft BLQ+t BLQf BLQT
ABCC12 BLQfY BLQf BLQf BLQY
ABCC13 BLQfY BLQf BLQf BLQY
ABCD1 1,53 0,15-17,87 0,339 Beze zmény
ABCD2 BLQfY BLQf BLQf BLQY
ABCD3 1,12 0,20-20,24 0,684 Beze zmény
ABCD4 1,74 0,26-17,37 0,132 Beze zmény
ABCE1 1,25 0,23-15,69 0,558 Beze zmény
ABCF1 1,30 0,26-17,40 0,510 Beze zmény
ABCF2 1,92 0,49-13,02 0,024 ZvySena
ABCF3 1,27 0,19-18,27 0,552 Beze zmény
ABCG1 4,44 0,60-23,35 0,000 Zvysena
ABCG2 1,79 0,15-24,81 0,189 Beze zmény
ABCG4 BLQft BLQ+t BLQf BLQT
ABCG5 BLQfY BLQf BLQf BLQT
ABCG8 BLQY BLQf BLQf BLQT

Legenda: - expresi téchto geni nelze hodnotit, nebot’ je pod hranici stanovitelnosti (BLQ, below limit of
quantification) pomoci zvolené metody.

Krom¢ ABCG1 a ABCC5, byly nejvyznamnéji upregulovany (tedy vice jak dvojnasobné,
p<0,001) geny podrodiny ABCB, jmenovit¢ ABCB2, ABCB3 a ABCB4. Z podrodiny ABCC byly
zvySené exprimovany ABCC1, ABCC3, ABCC5 a ABCC10. U vsech téchto gent byl jiz diive

publikovany vztah k mnohocetné 1ékové rezistenci.

Dale bylo analyzovano 6 geni SLC transportérti, a to SLC28A1, SLC28A2, SLC28A3,
SLC29A1, SLC29A2 a SLC29A3. SLC28Al byl ve tkanich exprimovan pod limitem kvantifikace.
SLC29A3 byl 1,6 krat upregulovan Vv nadorové tkani (p=0,033, vice viz tabulka ¢. 29). Hladiny
transkriptd genu SLC28A2 genu ve sledovanych tkanich siln€ kolisaly a proto nalezenou upregulaci

bude tfeba ovérfit nezavislou studii.
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Tabulka ¢. 29: Vyhodnoceni exprese SLC transportéru v nadorové tkani vic¢i kontrolam pomoci

softwaru REST 2009

Gen Pomér hladiny | 95% CI P (H1) Hladina v nadoru
nador/kontrola

SLC28A1 | BLQft BLQT BLQf BLQT

SLC28A2 | 278,06 0,0 - 14401936,5 | 0,027 Zvysena

SLC28A3 | 0,97 0,19 - 3,09 0,901 Beze zmény

SLC29A1 | 1,09 0,19 - 17,36 0,826 Beze zmény

SLC29A2 | 1,07 0,22 -4,61 0,801 Beze zmény

SLC29A3 | 1,58 0,48 - 3,88 0,033 Zvysena

Legenda: f- expresi téchto genli nelze hodnotit, nebot’ je pod hranici stanovitelnosti

quantification) pomoci zvolené metody.

(BLQ, below limit of
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5. DISKUZE

5.1. Vyznam polymorfismi v biotransformac¢nich enzymech a alteraci v genu
CHEK?2 pro individualni vnimavost ke karcinomu pankreatu

Karcinom pankreatu zistava nadorovym onemocnénim s velmi vaznou progndézou a velmi
vysokou mortalitou. Etiologie a molekuldrni patogeneze ziistava z velké Casti neobjasnéna. V nasi
studii jsme potvrdili vyznamny efekt vétSiny diive publikovanych rizikovych faktort (v€k, pohlavi,
chronicka pankreatitida, diabetes). Nepozorovali jsme vliv koufeni, alkoholu a piti kavy na riziko
vzniku tohoto onemocnéni, ale jedinci, ktefi pili vice jak 3 8alky Caje, méli riziko vzniku nadoru
pankreatu vyznamné niz$i nez ostatni. Tyto vysledky potvrdily predchozi polskou studii, kde byl
nalezen obdobny trend nizsiho rizika vzniku nadoru slinivky ve vztahu k délce pravidelného piti Caje
(p>0,001; [129]), ale jsou v rozporu s japonskou studii, kde se piti ¢aje jako rizikovy faktor nepotvrdil
[130]. Diskrepance v téchto vysledcich mize byt spojena s rozdily v kvalité a druhu ¢aje, stejné jako v
designu studie. Lze jen spekulovat zda je protektivni efekt zptisoben polyfenolickymi antioxidanty,
kterych je v Caji cela fada [174], nebo jingym mechanismem. V nasi studii jsme se zabyvali i analyzou
genu, které moduluji oxidativni stres (nize), avSak nepodafilo se nam najit pojitko mezi funkénimi
polymorfismy v kli¢ovych genech obrany vuc¢i oxidativnimu stresu a rizikem vzniku karcinomu
pankreatu. Ani nepfimy dikaz naznacujici mechanismus ochranného ptisobeni Caje proti vzniku

karcinomu pankreatu, ziskany na relevantni populaci, tedy neni k disposici.

Kromé alteraci v genech s vysokou penetranci mize i interakce faktorti vnéjSiho prostiedi
S geny s nizkou penetranci piispivat ke vzniku karcinomu pankreatu. Piestoze ostatni typy nadori byly
v minulosti ¢asto studovany z hlediska tzv. ,,gene-environment interactions‘neboli vztahti gent a
vngjsiho prostiedi, nadory pankreatu zlstavaly v tomto ohledu dlouho opomijeny. Divodem mutize byt
obtizny nabér dostate¢ného poctu pacientii a vytvofeni reprezentativniho souboru vzhledem k jejich
casto Spatnému vykonnostnimu stavu a kratkému celkovému pfezivani. Nasi snahou bylo objasnit,
jakou mérou prispivaji k vzniku tohoto onemocnéni funkéné vyznamné polymorfismy

Vv biotransformacnich enzymech ve studii pfipada a kontrol v ¢eské populaci.

V naSem souboru byla nalezena prevalence variantni CYP2A13 alely, zptisobujici pfedasnou
zastavu translace v kodonu 101 (,,knockout allele® *7), v kontrolni skupiné. Vzhledem k tomu, ze
nebyl nalezen ani jeden nosi¢ této variantni alely u pacientt s karcinomem pankreatu, nemohla byt tato
zavislost statisticky vyjadfena. Nicméné, s pfihlédnutim k pilotni studii P450 2A13 u respiracniho
traktu [41] a faktu, Ze takto pozménény protein ztraci svou enzymatickou aktivitu v metabolické
bioaktivaci prokarcinogenti tabdkového koutfe (a pravdépodobné i dalSich environmentalnich

kontaminant), se nase vysledky jevi jako vysoce relevantni. V genu CYP2A13 existuje nékolik
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znamych polymorfisml. Prestoze nejvice studovanym SNP zistava Cys varianta v kodoénu 257
(rs8192789), asociovana s niz§im rizikem vzniku bronchogenniho karcinomu (OR=0,41; 95%

Cl1=0,23-0,71; [131]), jeho funkéni dopad na metabolizmus NNK in vivo neni pravdépodobny [132].

Alkohol a aldehyd dehydrogenaza (ADH a ALDH) byly detekovany v tkani slinivky bfisni,
pticemz aktivita ADH byla vyssi neZ aktivita ALDH [133, 134]. Navic pfi srovnani nadorové tkané a
zdravého pankreatu byl nalezen vyrazny rozdil pro aktivitu ADHIC. Genotypovanim 9080 jedinct
bilé rasy bylo zjisténo, ze pomali metabolizatofi etanolu s genotypem ADH1B*1/*1 piji vice alkoholu
a maji vyssi riziko vzniku zavislosti nez rychli metabolizatoti (ADH1B*2/*2; rs1229984) [135].
K podobnym vysledkim dospéla i dalsi studie [136], kde bylo vyssi riziko alkoholismu spojeno
S pomalej$im metabolizmem alkoholu u nosi¢i haplotypu ADH1B*1-ADH1C*2. Je tedy dobie
dokumentovan vztah mezi aktivitou enzymi ADH a mirou expozice alkoholu. Vzhledem Kk vyskytu
v tkanich pankreatu se ADH stala atraktivnim cilem pro dalsi studium etiologie karcinomu pankreatu.
Role alkoholu pii vzniku nadorid pankreatu je v souCasnosti pomérné kontroverzni [137, 138].
Genkinger et al. [139] provedli analyzu dat ze 14 prospektivnich kohortovych studii a ziskali tak
soubor 862 664 jedinci, znichz 2 187 tvotily sporadické ptipady karcinomu pankreatu. Zavérem
studie je, ze existuje mirné vys$$i riziko karcinomu pankreatu u osob konzumujicich vice jak 30g
alkoholu denné¢ (RR=1,22; 95% CI=1,03-1,45). V nasem souboru jsme vSak nenalezli ani vztah
k abusu alkoholu, ani k polymorfismim v genech ADH1B a ADHI1C, jejichz enzymové produkty

metabolizuji etanol.

Ptestoze byl GSTM1-null genotyp uveden jako potencialni rizikovy faktor pro bronchogenni
karcinom [140], podle nasich vysledkii neni pravdépodobné, ze vyznamné ovlivituje riziko karcinomu

pankreatu. Nas nalez na ¢eské populaci se shoduje s vysledky americkych studii [59, 141].

V této studii variantni alela Val vkodonu 105 GSTP1 vyznamné zvysila riziko vzniku
karcinomu pankreatu (3,09-krat) u jedinct mlad$ich nez 50 let. Role polymorfismd GSTP1 v
patogenezi tohoto typu nadoru byla popsana i dalS$im pracovistém [59], pfestoze na rozdil od nasich
vysledki Jiao et al. nalezli vztah naopak u jedincid starSich 62 let. Rozpor ve vysledcich obou studii
muze byt zptisoben sledovanim malych soubora pacientd, prispévkem dalSich geni a/nebo genotypu,
odliSnym zivotnim stylem populaci nebo rozdilnym designem obou studii. U jedinct starSich 50 let
jsme nalezli zvySené riziko vzniku pankreatu U nosi¢t genotypu GSTT1-null (1,56-krat). Prvni studie
tohoto enzymu u nadorového onemocnéni pankreatu zadné statisticky vyznamné vztahy neukézala
[141]. Duell et al. usuzuji, ze kombinace koufeni a delece v GSTT1 je spojena s vyssim rizikem tohoto
onemocnéni, a to vice u Zen nez U muzi [142]. V nasi studii v§ak koufeni neinteragovalo s zadnym ze

studovanych gent.
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Oxidativni stres hraje dulezitou roli v patologickych stavech tkani véetné zanétu a
karcinogeneze [143]. Kyslikové radikaly vznikaji jako vedlejsi produkty pii metabolizmu endogennich
i exogennich substratii, metabolizmu latek cigaretového koufe i alkoholu [62, 63]. Experimentalné
bylo prokazano, ze cigaretovy koui vede k zanétu pankreatu, tj. pankreatitidé [144] pravé zvySenim
oxidativniho stresu bunék [64]. Navic se zda, Zze dysfunkce A-bunék pankreatu u diabetu 2. typu
vznika rovnéz pusobenim volnych radikalti [65]. Prestoze pankreatitida i diabetes mellitus 2. typu
vysly ve studii jako rizikové faktory (ORpancreatitis= 9,93, p> 0,001; ORdiabetes= 4,09, p> 0,001),
tak ani alkohol, ani polymorfismy v ADH1B a ADH1C genech nebyly srizikem vzniku tohoto
onemocnéni asociovany. Vzhledem k tomu jsme ptedpokladali, ze by toto riziko mohlo byt ovlivnéno
zménami ve funkci enzymi antioxidacni kapacity (SOD2 a SOD3), nebo enzymut zodpoveédnych za
vytvafeni oxidativniho stresu (NQO1 a NQO2). Genetické polymorfismy kodujici superoxid
dismutazy a chinon oxidoreduktazy s poskozenou enzymatickou aktivitou a/nebo stabilitou byly casto
studovany ve vztahu k riznym typim nadort [145, 146]. SniZzeni genové exprese antioxidacnich
enzymu v¢etné SOD2 bylo popsano u chronické pankreatitidy a karcinomu pankreatu ve srovnani se
zdravou tkani pankreatu [147]. Cullen et al. [148] dokonce popsali in vitro potlaéeni maligniho
fenotypu pankreatickych nadorovych bun€k pfi inhibici enzymu NQO1. Lze tedy usuzovat, Ze
poskozenim intracelularniho redoxniho prostfedi naddorovych pankreatickych bunék mtize dojit k
ovlivnéni maligniho ristu, a tento proces mtize byt jednou z cest v novych moznostech ovlivnéni 1é¢by
nadoru slinivky bfisni. Wheatley-Price et al. [72] publikovali praci, v které popsali vztah mezi rizikem
vzniku adenokarcinomu pankreatu a polymorfismy v genech MPO (myeloperoxidaza) a SOD2
(Alal6Val). Jejich sledovany soubor byl men$i nez na$ (n=122) a americka populace se svym
genofondem i zivotnim stylem 1isi od evropské. Tyto faktory mohou byt nékterymi z divoda, pro¢ se
naSe vysledky rozchazeji a zadné vztahy pro sledované polymorfismy enzymul ucastnicich se

metabolizmu volnych radikald nebyly v nasi studii nalezeny.
Existuje n€kolik omezeni této studie, ke kterym je nutno ptihlédnout pfi interpretaci vysledkda.

Prvnim z nich je limitovany pocet vzorkll s kompletnimi daty. Zejména pfi stratifikaci dle
véku, koufeni a abusu alkoholu a dalsich latek vznikly méné pocetné skupiny pro statistickou analyzu i
presto, ze jsme se snazili aby statisticka sila studie polymorfismi umoziujici zachytit OR > 1,7 byla
minimalné 80% (Mohelnikova et al. Pancreas 2011). Je mozné, Ze pfti ziskani vétsiho souboru by se
zaveéry a vysledky mohly lisit. Proto by bylo vhodné vysledky pilotni studie potvrdit v rozsahlejsi

multicentrické studii, popt. meta-analyzou vysledki vice studii.

Mezi dalsi faktory, které mohou byt potencidlnimi zdroji chyb a nemély by byt opomijeny,
patii predpokladana genetickd rdznorodost jednotlivych bunék v ramci tumoru a heterogenita

fenotypt nadord v populaci pacientll. Navic u inoperabilnich ptipadl (coZ je podstatnd ¢ast pacientii
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s timto typem nadorového onemocnéni) je histologicka verifikace diagndzy velmi obtizna a diagnoza
se opira jen o klinické pfiznaky choroby. Vzhledem K nizké incidenci familiarnich ptipadd nelze

ocekavat, ze by mohlo dojit k vyznamnému zkresleni vysledkt diky témto ptipadtm.

Kromé polymorfismti v biotransformacnich enzymech byly sledovany genetické alterace
v genu CHEK2, a to jak u karcinomu pankreatu, tak i kolorektalniho karcinomu. Divodem byly
zajimavé vysledky, které byly touto analyzou zjistény u karcinomu prsu v nasi populaci a vedly

k zapoceti diskuze o jeho zatazeni do skrininku dédi¢né predisposice [124,175].

Mutace ¢.470T>C postihujici FHA-doménu byla nejcasteji zjisténou alteraci v genu CHEK2 u
pacientl s karcinomem pankreatu (6/269 ptipadi; 2,2%), i u pacientit s kolorektadlnim karcinomem
(30/631 pacientt; 4,8%, [125]). Vzhledem k frekvenci této alterace u kontrolni skupiny (2,5%), neni
ziejme& vyznamna pro vznik pankreatickych nadort (p=0,815). Pii porovnani vSech alteraci v FHA-
kodujici doméné (c.470T>C, IVS2+1G>A) a jeji blizkosti (IVS1-5T>A, IVS2+24C>T, IVS2-55C>T,
€.538C>T) pak bylo zjisténo jejich vyssi zastoupeni u pacienti s karcinomem pankreatu (4/269
piipadt; 1,5% vs. 2/683 kontrol; 0,3% ), stejné jako v piedchozi studii u kolorektalniho karcinomu
(6,2% ptipada vs. 2,8% kontrol, p=0,003; [125]). Na rozdil od pacientti s nadorovym postiZzenim
tlustého stfeva a rekta v8ak u pankreatickych nadort byl tento vztah jen na hranici statistické

vyznamnosti (p=0,057).

Vsechny 4 polymorfismy nalezené v intronech CHEK2 fragmentu byly podrobné popsany

prokazatelné poskozuje strukturu proteinu CHEK?2 (fs154X), je biologicka relevance ostatnich zmén
in vivo neznama. Na zakladé pocitacové modelace Kleibl et al. [124] pfedpokladaji, ze variantni alely
IVS1-5T>A a IVS2+24C>T mohou interferovat s vazebnymi faktory a faktory sestfihu (splicing),
zatimco TVS2-55C>T mize pravdépodobné postihovat pouze vazebna mista. Zaména ¢.538C>T
(R180C) nalezena u jedné kontroly se nachazi v méné konzervativni kodujici sekvenci pfiléhajici k C-
konci FHA domény a byla jiz dfive posana u né¢kolika onkologickych pacientt.. Pfedstavuje vzacny a

pravdépodobné funkéné nevyznamny polymorfismus [124].

Analyza dalsich aktivnich mist v CHEK2 jako jsou delece ¢.1100delC a del5395 nepiinesla
vyznamné vysledky, nebot’ nebyl nalezen ani jeden nosi¢ téchto deleci u pacientti s nadorem slinivky,
ani u pacientt s kolorektalnim karcinomem. Tyto alterace tak v nasi populaci zistavaji vyznamnymi
jen u karcinomu prsu [124]. Nicménég, nami studovany soubor pacientti a kontrol byl relativné maly a

nékteré vztahy mohly byt opomenuty v disledku omezené sily studie.

Role genetickych zmén v. CHEK2 u sporadické formy adenokarcinomu pankreatu zatim takto

detailné nebyla studovana. Bartschel et al. [149] identifikovali mezi 35 piipady familiarni formy
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jednoho nosi¢e 1100delC a piedpokladali, Ze by zmény v CHEK2 mohly mit vliv na rozvoji familidrni
formy karcinomu pankreatu. Miyasaka et al. [150] popsali aktivaci CHEK2 drahy u pocatecnich stadii
intraduktalnich papilarnich mucindznich neoplazii pankreasu (IPMNs) a zaroven poukazali na
moznost, Ze tato zména miZze hrat roli v potlaceni jejich dalsi progrese. Poruseni této drahy, at’ jiz

inaktivaci CHEK2 nebo mutaci TP53, podle tohoto ptedpokladu ptispiva ke karcinogenezi IPMNSs.

V obou souborech (pacienti s nddorem pankreatu a pacienti s nddorem kolorekta) nebylo
mozné studovat tlohu CHEK2 v etiologii familiarni formy, vzhledem k absenci tdajii o pacientech
s timto typem onemocnéni. Vzhledem k tomu, Ze polymorfismus I157T byl nedavno publikovan, jako
rizikovy faktor pro mismatch repair-negativni hereditarni nepolypomatozni formy kolorektalniho

karcinomu [151], zistava otazka alteraci genu CHEK2 u familiarnich forem stale oteviena.

75



5.2. Vyznam polymorfismi v biotransforma¢nich enzymech pro individualni
vnimavost ke kolorektalnimu karcinomu

Ceska Republika je na seznamu zemi s nejvyssi incidenci kolorektalniho karcinomu na svétg.
Moznymi faktory, které se na tomto faktu podileji, jsou dietni navyky, zejména pfijem tucnych jidel
zaloZenych na smazeném a grilovaném vepiovém mase [155], relativné homogenni genetické pozadi
[156], a dobra Gspésnost zachytu a stanoveni diagnéozy CRC diky plo$né probihajicimu skriningu a

dlouhodobé fungujicimu onkologickému registru.

Hlavnim ucelem objasnéni genetickych marker spojenych s nadorovym onemocnénim je
moznost zamétit preventivni skriningové programy na jedince ve vys$sim, nebo vysokém riziku vzniku
maligniho onemocnéni (FOBT, kolonoskopie) a schopnost intervence sméfujici na prevenci

kolorektalniho karcinomu u téchto osob (zmény v dietnich zvycich, omezeni koufeni, obezity apod).

Studie tykajici se polymorfismi v genech kodujicich biotransformacni enzymy a jejich vztahu
k nadorovym onemocnénim musi byt dobie zmapované z hlediska moznych faktord, které mohou
vysledky ovliviiovat. Jedna se zejména o veék a pohlavi ucastnikti studie, stejné tak jako dalsi rizikové
faktory nadorovych onemocnéni - koufeni, obezita apod. [154, 157]. V této praci bylo vzato mezi
sledované faktory, které mohou ovlivnit vysledky i vzd€lani, protoze vypovida o pfedpokladané socio-
ekonomické situaci pacientli, coz je rovnéz povazovano za potencialné dilezity faktor. Bydliste
(méstské oblasti vs. venkov) se jevi jako diilezité z hlediska zivotniho stylu tamnich obyvatel a miry
kontaminace zivotniho prostfedi polutanty. Oboji, bydlisteé i vzdélani, se k témto tcelt bézné sleduji
[158]. K wvybéru vhodnych kontrol byla pouzita skupina pacientd s provedenou kolonoskopii
S negativnim zavérem, jelikoz kolonoskopie je v soucasnosti povazovana za metodu, kterd je schopna

objektivné vylouéit nadorové postizeni tlustého stieva a kone¢niku [159].

Frekvence variantnich alel ve sledovanych polymorfismech biotransformacnich enzymi se
neliSila u kontrolni skupiny od frekvenci v dfive publikovanych studiich na ¢eské populaci [128, 154].
Polymorfismy v EPHX1 (a to ani jejich vzajemné kombinace), GSTP1 a NQO1 nemély vyznamny
vztah Kkriziku vzniku kolorektalniho karcinomu. Vysledky ziskané v této studii koresponduji
s nékterymi dfive publikovanymi pracemi (EPHX1 - negativni vysledky [46, 47, 153]), ale nepotvrdily
vysledky publikované jinymi laboratofemi (NQO1 jako rizikovy faktor [48, 152, 161]; EPHX1 jako
protektivni faktor [160]). Je obecné piijimano, ze studie tohoto typu jsou populacné velmi specifické,
a lisi se, jak genetickym pozadim studované populace, tak i Zivotnim stylem a navyky. Tento fakt,
spolu s obvykle riznym pojetim nabéru vzorka a pouZitou metodikou stanoveni polymorfismi, ma za

nasledek vznik nékterych rozpori ve vysledcich. K interpretaci vysledki je tedy nezbytné mit
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dostate¢né velky soubor vzorkll z etnicky dobie definované populace a pokud mozno vysledky

replikovat na nezavislych populacich, které se nelisi v genetickém pozadi a zivotnim stylu [128,176].

V této studii bylo nalezeno vyssi riziko vzniku kolorektalniho karcinomu u jedinct s GSTM1-
null genotypem (1,3-krat vyssi), které bylo jesté vyraznéjsi pti kombinaci s GSTT1-null genotypem
(1,6-krat). GSTM1-null a GSTT1-null genotypy byly identifikovany jako rizikové faktory
kolorektalniho karcinomu rovnéz v turecké (OR=1,62 a OR=1,64, [162]) a v japonské populaci [163].
Zvyseni rizika vzniku kolorektalniho karcinomu u nosi¢i GSTM1-null (OR=1,41) bylo pozorovano i
ve Velké Britanii, pfestoze tento vztah nedosahl statistické vyznamnosti [164]. Na druhou stranu, ve
studii provadéné v oblasti Skotska [165] se zadny vztah mezi polymorfismy GSTM1 nebo GSTT1 a
rizikem vzniku a rozvoje kolorektalniho karcinomu prokazat nepodaiilo. Kombinace delece GSTM1 a
GSTT1 se jevila jako rizikovy faktor pro rozvoj tumoru v pfi¢ném traéniku a rektu [162]. Funkéni
studie na 208 némeckych jedincich, ktefi podstoupili kolonoskopii, ukazala pokles aktivity GST a
exprese GSTP1 ve sméru od proximalniho tra¢niku k jeho distalnimu konci [166]. Navic, GSTP1 se
zda byt relevantni i pro terapii kolorektalniho karcinomu. Pacienti 1é¢eni kombinaci S-fluorouracilu
s oxaliplatinou vykazovali lep$i pfezivani pokud byli nosi¢i variantni alely funkéniho polymorfismu
GSTP1 v kodonu 105 [167]. Kromé vyznamu téchto enzymu pro predikci rizika vzniku onemocnéni je
tedy pravdépodobné, Ze testovani polymorfismi nami sledovanych gent bude vyuzito i pro predikci

ucinkll chemoterapie.

Huang et al. [168] ve své praci na populaci afroameri¢ant a ameri¢anti evropského ptivodu
popsali vztahy mezi polymorfismy v genech GSTT1 a GSTM1 a mirné vy$§im rizikem kolorektalniho
karcinomu. Autofi této studie naznacili moznost etnickych odlisnosti ve vztahu mezi koufenim a
genetickou vybavou jedince. V nasi studii na homogenni ¢eské populaci se vSak modifikujici efekt
koufeni nepodatilo potvrdit. Moore et al. [169] publikoval vztah mezi viloznim adenomem kolorekta
(povazovan za prekancerdézu) a GSTM1-plus i GSTT1-null genotypy u kufakd. Roli GSTM1-null
genotypu jako potencidlniho rizikového faktoru kolorektdlniho karcinomu, zejména u bélosské

populace, potvrdila i nedavna metaanalyza [170].

Dosud publikované vysledky, ve spojeni s daty ziskanymi v této dizertacni praci, ukazuji na
urcitou roli biotransformaénich enzymu, pfedev§im glutation S-transferaz, v rozvoji kolorektalniho
karcinomu. Pfesnou povahu a vyznam téchto interakci je tfeba dale detailné studovat na vétSich
souborech jedincii. N&které subpopulace mohou mit vyssi vnimavost k rozvoji malignit a mechanismy,

které se na tomto faktu podileji, se mohou lisit.

Limitace v interpretaci vysledkt této studie vlivu polymorfismii gen biotransformace na
vznik a rozvoj kolorektalniho karcinomu, zejména v oblasti sily studie a kompletnosti sledovanych
dat, jsou podobné jako u podobné koncipované studie karcinomu pankreatu (Vviz. str. 73).
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5.3. Identifikace referencnich geni pro gPCR tkani karcinomu pankreatu

Vyzkum nadort slinivky bfisni je velmi obtizny, zejména co se tyka ziskavani kvalitnich
vzorki tkani a dat u pacientl s kratkou dobou celkového prezivani a Spatnym vykonnostnim stavem.
Vétsina pacientl ma v dob¢ diagnozy jiz inoperabilni stadium tumoru, takze neni mozné z etickych
divodu ziskat tkan k histologické verifikaci. Navic, vzhledem k vysokému mnozstvi degradacnich
enzymu, jako jsou zejména RNazy, pfitomnych v pankreatické tkani od operovanych pacientd, je
velmi obtizné vyizolovat dostatecné mnozstvi kvalitni RNA. Z téchto diivodu je velmi dilezité sestavit
a dodrzovat vhodny protokol nabéru vzorki, jejich transportu a dal$i manipulace, vcetné izolace

nukleovych kyselin, kontroly jejich kvality a skladovani.

Jednim z ukolu této prace bylo zavést protokol nakladani se vzorky tkani pankreatu, izolace a
kontroly kvantity i kvality RNA preparatd. Dal§im tikolem bylo identifikovat nejstabilnéjsi endogenni
kontrolni geny ve studovanych vzorcich ziskanych od pacientii s adenokarcinomem slinivky bfisni,
které budou slouzit pro dalsi analyzy hladin transkriptd kandidatnich genti pomoci qPCR metody.
Pozornost byla vénovana zejména kvalit¢ RNA, efektu degradace na vysledky qPCR a otazce

minimalizace téchto efektti vhodnou normalizaci vysledka.

Vzorky byly nabirany za striktné shodnych podminek (reprezentativni vzorek tumoru i piilehlé
tkan¢ slinivky bez nadorovych zmén byly odebrany z chirurgického resekatu ve stejnou dobu a
okamzité¢ zmrazeny) a i dal$i zpracovani, skladovani a izolace se neliSily. Pfesto jsme nalezli
vyznamny rozdil v kvalit¢ RNA hodnocené pomoci RIN mezi nadorovou tkani a kontrolni
pankreatickou tkani bez nadorovych zmén. U vsech deseti part vzorka nadorova tkan vykazovala nizsi
stupen degradace RNA vuéi své parové kontrolni tkani. Nabizi se tedy otazka, zda je mnozstvi RNAaz
V tumoru vyznamné niz$i nez ve vychozi tkani slinivky. Jiz dfive bylo publikovéano, Ze doba ischemie
diky ligaci velkych cév zasobujicich pankreas a duodenum béhem operace je z hlediska genetickych
analyz pfili§ dlouha a zptisobuje masivni degradaci RNA. Bohuzel je doba ischemie tkané béhem
téchto rozsahlych vykonii na pankreatu faktorem, ktery nelze eliminovat, a izolace RNA je tak u
vzorkl pankreatu velmi obtiznou procedtrou [116]. Primérny RIN v ndmi hodnocenych nadorech byl
6,4+1,0 a v okolni kontrolni tkani 3,2+1,6. Toto zjisténi je ve shod¢ s dfive otiSt€énou praci, ktera
uvadi, ze RIN u RNA izolované z riznych tkani se obvykle pohybuje mezi 6-8, kromé tkani
gastrointestinalniho traktu, kde jsou vyrazngjsi rozdily s RINem kolem 4. Navic tyto vysledky byly
zaznamenany na organech skotu, tudiz za podminek, které jsou pro ziskani RNA vyznamné
vyhodnéjsi ve srovnani s chirurgickymi vykony, u nichZ je na prvnim misté vysledek operace a dalsi

osud pacienta [171].
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Fleige et al. [114] nalezli vyznamny vliv hodnoty RIN na vysledek qPCR, zejména na pocet
cykli PCR (Ct) a méné pak na uspéSnost PCR reakce (E). Antonov et al. [172] dale demonstrovali na
biologicky homogennim materidlu intaktni a ¢astecné degradované RNA zbunécnych linii, Ze
degradaci zptsobeny posun v Ct hodnotach miZe byt kompenzovan pomoci vypoctt deltaCt mezi
testovanymi geny a prumémym Ct nékolika referencnich gent. Tyto deltaCt hodnoty byly méné
citlivé k fragmentaci RNA a nebyly ovlivnény ani rozdilnym mnozstvim pouZzité RNA. V naSem
experimentu korelovalo primérné Ct vSech testovanych gent v kontrolni tkani s RIN. Pouzili jsme
normalizaci pomoci interniho standardu 18S (Ctgenu/Ct18S), ¢imz doslo k normalizaci vztahu mezi
RINem a Ct hodnotou studovanych genii. U nadorové tkan¢ nebyla vyznamna korelace pozorovana

pted ani po této normalizaci a u tkané kontrolni tato normalizace korelaci zcela eliminovala.

Demonstrovali jsme tedy, Ze degradaci zptisobeny posun v Ct hodnotach, u expresnich studii
pomoci qPCR metody, lze kompenzovat normalizaci Ct sledovanych genu pomoci Ct hodnoty

endogenni kontroly genu 18S.

Provedli jsme stanoveni hladin transkripti 24 kandidatnich referen¢nich geni vybranych
z komer¢né dostupnych endogennich kontrol. V literatufe je popsano nékolik pfistupd, jak vybrat
nejstabilngjsi referencni geny pro qPCR, véetné riznych programti k hodnoceni vysledkd. Pro tuto
analyzu byly vybrany 2 nejéastéji pouzivané programy a to NormFinder a geNorm. Oba tyto programy
vyhodnotily vysledky podobné, prestoze se poifadi gent podle stability zcela neshodovalo. Geny
EIF2B1, ELF1, MRPL19 a POP4 vsak patiily mezi nejstabilngjsi ve vysledcich obou programii.
Utinnnost qPCR reakce, stejné jako sklon a linearita kalibraénich kiivek referenénich genti by méla
byt provéiena pied samotnym profilovanim [173]. Ovéfili jsme tedy, Ze nami vybrané geny spliuji
kritéria pro pouziti v gPCR dle MIQE (Minimum Information for Publication of Quantitative Real-
Time PCR Experiments, [115]) a mulzeme tyto referencni geny pouzit pro dal$i studium

pankreatickych nadort pomoci qPCR.
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5.4. Expresni studie ABC a SLC transportéra u karcinomu pankreatu

ABC transportéry hraji vyznamnou roli v mnoha aspektech nadorovych onemocnéni. Kromé
vySe zminéné a dobfe zndmé mnohocetné 1ékové rezistence, kterd byla popsdna u 14 zéstupci této

rodiny enzyml, se ABC transportéry podileji i na vzniku a rozvoji nadorového procesu.

Konig et al. [98] stanovovali pomoci real-time PCR hladiny exprese mRNA deviti ¢lent
ABCC podrodiny a genu ABCG2 ve vzorcich tkdn€ zdravé nenddorové slinivky bfisni a v nddorech
pankreatu (n=37). V tomto souboru byla nalezena jak v nadorové, tak i nenadorové tkani exprese
mRNA geni ABCC1, ABCC3, ABCC4 a ABCCS5. cDNA fragmenty odpovidajici délky byly
identifikovany i pro geny ABCC2, ABCC6, ABCC10 a ABCCI12, ale mira jejich amplifikace po
korelaci s mRNA expresi beta-aktinu byla velmi nizka a ABCC11 nebyl amplifikovan viibec. V nasem
souboru vzorkt byly hladiny exprese mRNA ABCC11, ABCC12 a ABCC13 rovnéz velmi nizké, ale na
rozdil od predchozi studie zde byly naméfeny dobie detekovatelné hladiny transkriptl pro geny
ABCC2, ABCC6 a ABCC10. Bylo popsano, ze se hladiny expresi mRNA ABCC1 a ABCC4 nelisi
mezi nadorovou a nenadorovou tkani slinivky bfisni, zatimco v tkani karcinomu pankreatu dochazi
k upregulaci gentt ABCC3 a ABCCS5 [98]. Autofi usuzuji, Ze pravé tyto geny (ABCC3 a ABCC5) jsou
zapojeny do vzniku chemorezistence bun¢k adenokarcinomu pankreatu vici cytostatikiim a analyza
jejich exprese u pacienti mize prispét ke zlepSeni predikce jejich odpovédi na terapii. Nase studie
potvrdila upregulaci ABCC3 a ABCC5 v nadorové tkani na nezavislém souboru vzorki. Na rozdil od
piedchozi studie jsme nalezli rovnéZ upregulaci v nadorech u dalSich dvou geni (ABCC1 a ABCC10).
ABCCI1 protein zajiStuje transmembranovy transport celé fady 1€k, véetné cytostatik, a mize hrat roli
pti vzniku 1ékové rezistence u fady malignich nadort jako jsou nadory prsu, prostaty a neuroblastomu
[177]. Zvysena exprese mRNA genu ABCCI10 byla zjisténa u bunéénych linii rezistentnich
k doxorubicinu (MCF7), a exprese tohoto genu se zda byt zavisla na aktivaci genu TP53 [178].
Nicmén¢, nukleotidova analoga, ktera jsou nejvice vyuzivana pii 1éCb€ pacienti s karcinomem

pankreatu, nejsou substratem prenaseée ABCC10 [96].

Uloha rodiny ABCC transportérii v chemorezistenci nadorti pankreatu viéi nukletidovym
analogm tedy zlstdva stidle neobjasnéna. Exprese ABCC5 mMRNA v bunéénych liniich
adenokarcinomu pankreatu vyznamné korelovala s jejich citlivosti viigi 5-fluorouracilu (5-FU) (r* =
0,738, p < 0,05) [179]. Tyto vysledky poukazuji na fakt, z2 ABCCS protein je exprimovan a plné
funkéni v buikach karcinomu pankreatu a pfispiva k jejich chemorezistenci vuci 5-FU. Nam se
podafilo zjistit, ze je v nddorovych bunkach ex vivo karcinomu pankreatu exprimovan ve vys$si mife
nez v okolni nenadorové tkani. Pro objasnéni bliz§ich vztahli mezi mirou exprese, jeho aktivitou a

nadorovou rezistenci je vSak nutny dal$i podrobnéjsi vyzkum.
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ABCB4 translokuje lipidy jako fosfatidylcholin z vnitini na wvné&j$§i stranu membrany
hepatocytu. Jeho aktivita je pro spravnou funkei jaternich bunék kli¢ova, nebot’ u jedinct s defektnim
ABCB4 proteinem dochazi k rozvoji zavaznych jaternich onemocnéni (napf. progresivni familiarni
intrahepatickd cholestaza 3. typu) [180]. Mutace v genu ABCC4 byly nalezeny i u pacienti
s rekurentni biliarni pankreatitidou [181]. In vitro, bylo prokazano, ze overexprese ABCB4 ptispiva

k rezistenci bun¢k vuci fadé chemoterapeutik, jako napt. paklitaxelu, nebo doxorubicinu [182,183].

Néami vysledovana upregulace geni ABCB4, ABCC1, ABCC3, ABCC5 a ABCC10 (p <
0,005) v tumorozni tkani pankreasu je tedy v souladu s jejich jiz stanovenym fenotypem mnohocetné
1ékové rezistence. Na zakladé vysledkil této pilotni studie lze usuzovat, ze tyto ABC transportéry
mohou byt moznymi genetickymi markery nadorové odpovédi, a je tfeba provést dalsi podrobngjsi

analyzy, jak tento fenotyp tumort koreluje s 1é¢ebnou odpovédi pacienti.

Nadorové bunky dokazi uniknout pted rozpoznanim T-lymfocyti (tumor antigen- specifické
cytotoxické T lymfocyty- CTL) pomoci downregulace komponent uéastnicich se procesu rozpoznani a
prezentace antigenu (antigen processing machinery- APM). Mezi tyto komponenty patii transportéry
spojené s pfipravou antigenu pro prezentaci (TAPI/ABCB2 a TAP2/ABCB3) [184,185,186].
V nasem souboru jsme nalezli vyznamnou upregulaci téchto dvou ABC transportérti v nadorové tkani.
Defektni exprese molekul HLA-I a APM komponent byla nalezena v souvislosti se §patnou progndzou
nadorového onemocnéni, zejména u nadorti kolorekta [187,188,189]. Podle nasich vysledkd se dalsi
vyzkum deregulace gent podilejicich se na zpracovani antigenu a jejich vyznamu v prognoéze pacientd

s nadory pankreatu se ukazuje jako zajimavé téma pro dalsi studie.

Naopak byly nalezeny Ctyfi geny downregulované v tumorech pankreatu, a to ABCAS,
ABCAS5, ABCC6 a ABCC7. ABCA3 transportér je nejvice exprimovan v plicni tkani, ale jeho exprese
byla nalezena také v mozku, srdci a tkani zdravé slinivky bfisni [190]. Mutace tohoto genu jsou
spojeny se syndromem dechové tisné a nedostatkem surfaktantu u novorozenct [191]. Funkce

ABCA3 v tkanich pankreatu zatim nebyla objasnéna.

Mutace vgenu ABCC6 se vyskytuji u multisystémového onemocnéni Pseudoxanthoma
elasticum, kdy dochazi k ektopické mineralizaci pojivové tkané [192]. Jeho pfitomnost a funkce ve
tkanich slinivky nebo jejich nadorech zatim nebyla studovana. Mutace CFTR/ABCC7 jsou podkladem
pro zavazné onemocnéni cystickou fibrézu [193]. Navic transportér ABCC7 vaze syntaxin 1A
(regulator membranové faze) [194], sodny kanal [195] a endocysticky adaptorovy komplex AP-2
[196].

Diky existenci téchto zavaznych genetickych poruch se tak ukazuje, ze ABC transportéry, jako

komponenty vétsich membranovych komplexl, se s nejvétsi pravdépodobnosti podileji na SirSim
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spektru biologickych aktivit. Vzhledem k nedostatku tdaju v literatufe o vyznamu téchto gent pro
vznik, vyvoj a terapii nadort slinivky, zlstava jejich zjisténa downregulace pfedmétem spekulaci a

slibnym polem pro dal$i vyzkum.

Studie hladin transkripti gent v tkanich bez korelace s expresi proteinii stanovenou
imunohistochemicky se jevi jako jedna z nejvétSich limitaci této prace. Nicméné imunohistochemicka
analyza je semi-kvantitativni metodou a odrazi pouze piitomnost proteinii bez prikazu jejich skutecné
aktivity. Navic stanovovani pfitomnosti proteini je silné¢ ovlivnéno i volbou protilatek, jejich
specifitou a selektivitou. Korelace mezi mirou exprese gent a jimi kédovanych proteint je v pfipadé
ABC transportérii zatim malo znama a mira genové transkripce se povazuje za nezavisly ukazatel
ABC exprese ve tkanich. Pro stanovovani hladin transkriptd byla vyuzita metoda zaloZend na
polymerazové fetézové reakci v redlném cCase, ktera je v soucasnosti povaZzovana za piesnéjsi metodu
ve srovnani se semi-kvantitativnimi metodami (imunohistochemie, RT-PCR, apod.). Mezi dalsi
limitace patfi maly soubor pacientt a absence klinickych dat tykajicich se 1é¢by a prubéhu
onemocnéni. Proto vSechny tyto vysledky musi byt interpretovany s piihlednutim k t€émto limitacim a

je nezbytné je overit pomoci dalsich typli analyz na vét§im souboru vzork.
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6. ZAVERY

V Ceské republice ma incidence zhoubnych nadorti kolorekta a pankreatu trvale rostouci
charakter. Etiologie a patogeneze téchto onemocnéni neni stdle objasnéna. Porozuméni této
problematice by mohlo nejen zvysit ¢innost prevence (vytipovani rizikovych skupin a potfebnych
skriningovych vysetfeni), ale mohlo by vyznamné ovlivnit i 1écbu. Nésledné by se vyznamné snizily

naklady vynalozené na diagnostiku a 1é¢bu naddorovych onemocnéni.

Cil prace se opiral o hypotézu, Ze polymorfismy v biotransforma¢nich enzymech mohou
ovliviovat riziko karcinogeneze. Prvnim ukolem tohoto projektu bylo studovat vztahy mezi
polymorfismy v genech metabolizmu slozek cigaretového koufe a alkoholu, jmenovit¢ CYP2A13,
EPHX1, GSTM1, GSTP1, GSTT1, NQO1, NQO2, SOD2, SOD3, ADH1B a ADHI1C a rizikem vzniku
karcinomu kolorekta a pankreatu. Pomoci metody PCR-RFLP, alel-specifické PCR reakce a PCR
v redlném Case bylo vySetfeno 235 pacientt s diagnézou nadorového onemocnéni slinivky bfi$ni, 495
pacientii s kolorektalnim karcinomem a 760 zdravych kontrol bez pfitomnosti onkologického

onemocnénti.

Pro vétSinu nami sledovanych polymorfismii se nepodafilo prokdzat vztah mezi jejich
pritomnosti a rizikem vzniku obou téchto malignit. Negativni vysledky studii jsou cennym piispévkem
do meta-analyz, které podavaji ucelenou informaci o vyznamu genetickych faktort v etiologii
onemocnéni. Podatilo se nam ziskat nékteré prioritni a zajimavé vysledky. Variantni alela CYP2A13*7
(Argl01STOP), kédujici inaktivni enzym byla nalezena u 7 z 265 hodnocenych zdravych kontrol, ale
nebyla nalezena u zadného pacienta s karcinomem pankreatu (n=235). Tento silny trend, u kterého
vzhledem Kk absenci variantni alely v souboru pacient nelze vyjadiit statistickou vyznamnost,
naznacuje moznost ulohy genu CYP2A13 v etiologii karcinomu pankreatu. Vyskyt variantni alely
GSTP1-Val a genotypu GSTT1-null byl naopak spojen se zvysenym rizikem vzniku nadoru pankreatu
(OR=2,38; 95% Cl=1,17-4,83). V souboru pacientt s kolorektalnim karcinomem byl genotyp GSTT1-
null v kombinaci s GSTM1-null genotypem spojen smirn¢ zvySenym rizikem (OR=1,58; 95%
ClI=1,01-2,47) a samotna delece GSTM1 zvySovala riziko kolorektalniho karcinomu po zohlednéni
ostatnich sledovanych faktorti (OR=1,30; 95% CI=1,01-1,68).

Nase vysledky ukazuji, Ze polymorfismy v genech kodujici biotransformacni enzymy,
zejména aktivacni cytochrom P450 2A13 a detoxikacni glutation S-transferazy, mohou ovlinovat
riziko vzniku maligniho onemocnéni slinivky bfisni a tlustého stfeva v Ceské populaci. Vysledky
ziskané v ramci uvedené pilotni studie jsou dobrym zakladem pro nutné ovéiujici analyzy na vétSich
souborech pacienti, eventualné¢ meta-analyzy soubord charakterizujicich b¢&losskou populaci

S obdobnym zivotnim stylem.

83



Dalsim ukolem bylo charakterizovat ulohu vybranych funkéné vyznamnych alteraci v genu
CHEK2 (FHA doména s piilehlou oblasti, dell1100, rozsahla delece del 5395bp) v patogenezi
sporadického karcinomu pankreatu. Checkpoint kinaza 2 je enzym zapojeny v procesu zachovani
integrity genomu, regulace bun&éného cyklu a apoptozy. Rada piedchozich analyz uvadi CHEK2 jako
gen, jehoZz mutace potencialné zvysuji riziko vzniku fady nadorovych onemocnéni. Stejné jako diive
v piipad¢ kolorektalniho karcinomu, i v nasi studii bylo riziko vyssi pro jedince s pritomnou mutaci
v oblasti FHA domény, avSak tento vztah byl na hrané statistické vyznamnosti (p=0,057). Delece 5395
bp nebyla v zadném ze sledovanych souborti nalezena a zlstava tak zatim vyznamnou pouze pro

karcinom prsu v nasi populaci.

Dalsi hypotéza byla postavena na faktu, Ze pacienti s nadory odpovidaji rozdilné na podanou
chemoterapii. V fadé¢ modelovych systému byly identifikovany geny interagujici s i¢inkem cytostatik
pouzivanych pro 1é¢bu karcinomu kolorekta a pankreatu. Rozdilné exprese téchto gend by tedy mély
byt hlavnim divodem pro vznik rezistence vi¢i chemoterapii. Pro studium rozdilt expresi gent 3. faze

biotransformace (zejména ABC transportéril) bylo nutné zavedeni optimalni metodiky.

Karcinom pankreatu se fadi k velmi problematickym nadorim z hlediska analyzy genové
exprese, a to diky obtiznému nabéru vzorkt i izolace RNA pro vysoky obsah degradacnich enzymi ve
tkani. Podafilo se nalézt optimalni protokol odbéru tkang, transportu, skladovani, izolace celkové RNA
s naslednou analyzou jeji kvality a kvantity podle nejnovéjsich metod a doporuéeni. Ukolem této prace
bylo i identifikovat nejstabiln&j§i referenéni geny ve studovanych vzorcich ziskanych od pacient
s adenokarcinomem slinivky bfi$ni, které budou slouzit pro normalizaci vysledkl analyzy pomoci
qPCR metody. Provedli jsme skrining 24 kandidatnich referen¢nich gent, vybranych z komeréné
dostupnych endogennich kontrol. Ovéfili jsme, Ze nami vybrané nejstabilnéj$i geny v pankreatické
tkani a karcinomu pankreatu EIF2B1, ELF1, MRPL19 a POP4 spliiuji vSechna potfebna kritéria a jsou
vhodnymi pro studium pankreatickych nadortt pomoci qPCR.

Porovnanim exprese vSech 49 ¢lend lidské nadrodiny ABC transportérti u deseti vzorki
nadoru pankreatu s okolni nenadorovou tkani pankreatu pomoci qPCR jsme zjistili, ze 11 gend bylo
statisticky vyznamné upregulovano a 4 downregulovany (p<0,05) v tkani adenokarcinomu. Zjisténa
zvySena exprese ABCB2 (2,2x), ABCB3 (2,2x), ABCB4 (5,3x), ABCC1 (1,6x), ABCC5 (2,2x)
vV nadorové tkani miize, ve shod¢ s jejich diive prokazanym fenotypem mnohocetné 1ékové rezistence,
ovlivnit vyseledek 1é¢by onemocnéni. Downregulace ABCA3 (p = 0,002), ABCA5 (p = 0,010), ABCC6
(p <0,001) a ABCC7 (p = 0,016) ve tkani karcinomu pankreatu zatim nebyla publikovana.

Vysledky pilotni studie zaméfené na expresi ABC transportérti ve tkani karcinomu pankreatu
tedy prokazaly vyznamné rozdily v hladinach transkripti téchto membranovych enzymd, které jsou
kli¢ové pro transport cytostatik ven z nadorovych bunék. K ovéfeni vysledkt pilotni studie probiha

84



rozsahlej$i studie, kde bude navic zohlednéna i odpovéd na podavanou chemoterapii. Pomoci
metodiky zavedené v této praci nyni na nasem pracovisti probiha vyzkum exprese ABC transportéra a

hodnoceni jejich vyznamu pro vysledek chemoterapie u kolorektalniho karcinomu a karcinomu prsu.

85



7. PODEKOVANI

Na tomto misté bych rada podékovala piedev§im svému Skoliteli RNDr. Pavlu Souckovi,
CSc., ktery m¢ uvedl do problematiky analyzy gend pfispivajicich ke vzniku nadorovych onemocnéni.
Velmi si cenim jeho rad, podpory a taktniho sméfovani k cili. Za cenné rady a inspirujici debaty, které
vyznamné ovlivnily mé studium a préci bych dale chtéla podékovat hlavné RNDr. Radce Vaclavikové,
PhD. a Ing. Simon¢ Stsové. Viem spolupracovnikiim a kamaradiim z Laboratofi toxikogenomiky
dékuji za pomoc pii praci v laboratofi a vyuku zakladnich genetickych metod nutnych k mé praci.
V neposledni fadé¢ deékuji i kolegiim ze spolupracujicich laboratofi za moznost vyuziti jejich
ptistrojového vybaveni a vsticny postoj, jmenovité doc. MUDr. Zdeiku Kleiblovi, PhD. s kolektivem

a MUDr. Pavlu Vodic¢kovi, CSc. s kolektivem a spolupracujicim klinickym pracovistim a lékaftim.

V Praze dne 1. inora 2012.

Tato prace vznikla za podpory IGA MZ CR 9422-3/2007, IGA MZ CR 9799-4/2008, IGA MZ
CR NS/10230-3/2009, GACR 304/10/1286 a GACR 310/07/1430.

86



. POUZITA LITERATURA

. Kamangar F, Dores GM, Anderson WF. Patterns of cancer incidence, mortality, and prevalence
across five continents: defining priorities to reduce cancer disparities in different geographic
regions of the world. J Clin Oncol. 2006;24: 2137-2150.

. Ferlay J, Autier P, Boniol M, Heanue M, Colombet M, Boyle P. Estimates of the cancer incidence
and mortality in Europe in 2006. Ann Oncol. 2007;18: 581-592.

. Novotvary 2007 CR. IHIS CR, NOR CR, Ceska Republika, pp24-30, 2010. ISBN 978-80-7280-
849-6.

. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, Thun MJ. Cancer statistics, 2008. CA Cancer
J Clin. 2008;58(2):71-96.

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of worldwide burden of
cancer in 2008: GLOBOCAN 2008. Int J Cancer. 2010 Jun 17. [Epub ahead of print]

. Norat T, Bingham S, Ferrari P, Slimani N, Jenab M, Mazuir M, Overvad K, Olsen A, Tjenneland
A, Clavel F, Boutron-Ruault MC, Kesse E, Boeing H, Bergmann MM, Nieters A, Linseisen J,
Trichopoulou A, Trichopoulos D, Tountas Y, Berrino F, Palli D, Panico S, Tumino R, Vineis P,
Bueno-de-Mesquita HB, Peeters PH, Engeset D, Lund E, Skeie G, Ardanaz E, Gonzalez C,
Navarro C, Quirds JR, Sanchez MJ, Berglund G, Mattisson I, Hallmans G, Palmqvist R, Day NE,
Khaw KT, Key TJ, San Joaquin M, Hémon B, Saracci R, Kaaks R, Riboli E. Meat, fish, and
colorectal cancer risk: the European Prospective Investigation into cancer and nutrition. J Natl
Cancer Inst. 2005;97: 906-916.

. Liang PS, Chen TY, Giovannucci E. Cigarette smoking and colorectal cancer incidence and
mortality: systematic review and meta-analysis. Int J Cancer. 2009;124: 2406-2415.

. Lo AC, Soliman AS, EI-Ghawalby N, Abdel-Wahab M, Fathy O, Khaled HM, Omar S, Hamilton
SR, Greenson JK, Abbruzzese JL.. Lifestyle, occupational, and reproductive factors in relation to
pancreatic cancer risk. Pancreas. 2007;35:120-129.

. Everhart J, Wright D. Diabetes mellitus as a risk factor for pancreatic cancer. A meta-analysis.
JAMA. 1995;273:1605-16009.

10. Mukesh V. Pancreatic cancer epidemiology. Technol Cancer Res Treat. 2005;4:295-301.

11. Kiyohara. Genetic polymorphism of enzymes involved in xenobiotic metabolism and the risk of

colorectal cancer. J Epidemiol. 2000;10:349-360.

12. Maitra A, Hruban RH. Pancreatic cancer. Annu Rev Pathol. 2008:;3:157—-188.
13. Lichtenstein P, Holm NV, Verkasalo PK, lliadou A, Kaprio J, Koskenvuo M, Pukkala E, Skytthe

A, Hemminki K. Environmental and heritable factors in the causation of cancer — analyses of
cohorts of twins from Sweden, Denmark, and Finland. N Engl J Med. 2000;343:78-85.

14. Tomlinson IP, Webb E, Carvajal-Carmona L, Broderick P, Howarth K, Pittman AM, Spain S,

87


http://www.ncbi.nlm.nih.gov/pubmed/18287387
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ferlay%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shin%20HR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bray%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Forman%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mathers%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parkin%20DM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21351269

Lubbe S, Walther A, Sullivan K, Jaeger E, Fielding S, Rowan A, Vijayakrishnan J, Domingo E,
Chandler I, Kemp Z, Qureshi M, Farrington SM, Tenesa A, Prendergast JG, Barnetson RA,
Penegar S, Barclay E, Wood W, Martin L, Gorman M, Thomas H, Peto J, Bishop DT, Gray R,
Maher ER, Lucassen A, Kerr D, Evans DG; CORGI Consortium, Schafmayer C, Buch S, Volzke
H, Hampe J, Schreiber S, John U, Koessler T, Pharoah P, van Wezel T, Morreau H, Wijnen JT,
Hopper JL, Southey MC, Giles GG, Severi G, Castellvi-Bel S, Ruiz-Ponte C, Carracedo A, Castells
A; EPICOLON Consortium, Forsti A, Hemminki K, Vodicka P, Naccarati A, Lipton L, Ho JW,
Cheng KK, Sham PC, Luk J, Agiundez JA, Ladero JM, de la Hoya M, Caldés T, Niittymaki I,
Tuupanen S, Karh A, Aaltonen L, Cazier JB, Campbell H, Dunlop MG, Houlston RS. A genome-
wide association study identifies colorectal cancer susceptibility loci on chromosomes 10p14 and
8023.3. Nat Genet. 2008;40:623-30.

15. Houlston RS, Cheadle J, Dobbins SE, Tenesa A, Jones AM, Howarth K, Spain SL, Broderick P,
Domingo E, Farrington S, Prendergast JG, Pittman AM, Theodoratou E, Smith CG, Olver B,
Walther A, Barnetson RA, Churchman M, Jaeger EE, Penegar S, Barclay E, Martin L, Gorman M,
Mager R, Johnstone E, Midgley R, Niittymiki I, Tuupanen S, Colley J, Idziaszczyk S; COGENT
Consortium, Thomas HJ, Lucassen AM, Evans DG, Maher ER; CORGI Consortium; COIN
Collaborative Group; COINB Collaborative Group, Maughan T, Dimas A, Dermitzakis E, Cazier
JB, Aaltonen LA, Pharoah P, Kerr DJ, Carvajal-Carmona LG, Campbell H, Dunlop MG,
Tomlinson IP. (2010) Meta-analysis of three genome-wide association studies identifies
susceptibility loci for colorectal cancer at 1941, 3026.2, 12913.13 and 20g13.33. Nat Genet.
2010;42:973-7.

16. Bartek J, Lukas J. Chkl and Chk2 kinases in checkpoint control and cancer. Cancer Cell.
2003;3(5):421-9.

17. Vilasova Z, Osterreicher J, Vavrova J. Biodozimetrie I: Praktickd potfeba biodozimetrie a

18. Kleibl Z, Novotny J, Malik R, Bezdickova D, Kleiblova P, Foretova L, Krutilkova V, Cinek M,
Ilen¢ikova D, Petruzelka L, Matou$ B, Pohlreich P. Vyskyt a vyznam mutace CHEK2*1100delC u
pacientek s karcinomem prsu a v kontrolni skupiné zdravych Zen v Ceské republice. Klinickd
onkologie. 2005;18:98-101.

19. Schutte M, Seal S, Barfoot R, Meijers-Heijboer H, Wasielewski M, Evans DG, Eccles D, Meijers
C, Lohman F, Klijn J, van den Ouweland A, Futreal PA, Nathanson KL, Weber BL, Easton DF,
Stratton MR, Rahman N; Breast Cancer Linkage Consortium. Variants in CHEK2 other than
1100delC do not make a major contribution to breast cancer susceptibility. Am J Hum Genet.
2003;72(4):1023-8.

20. Meijers-Heijboer H, Wijnen J, Vasen H, Wasielewski M, Wagner A, Hollestelle A, Elstrodt F, van
den Bos R, de Snoo A, Fat GT, Brekelmans C, Jagmohan S, Franken P, Verkuijlen P, van den

88


http://www.ncbi.nlm.nih.gov/pubmed/12781359
http://www.ncbi.nlm.nih.gov/pubmed/12610780
http://www.ncbi.nlm.nih.gov/pubmed/12610780

Ouweland A, Chapman P, Tops C, Méslein G, Burn J, Lynch H, Klijn J, Fodde R, Schutte M. The
CHEK2 1100delC mutation identifies families with a hereditary breast and colorectal cancer
phenotype. Am J Hum Genet. 2003;72(5):1308-14.

21. Kilpivaara O, Vahteristo P, Falck J, Syrjékoski K, Eerola H, Easton D, Bartkova J, Lukas J,
Heikkild P, Aittomaki K, Holli K, Blomgvist C, Kallioniemi OP, Bartek J, Nevanlinna H. CHEK?2
variant 1157T may be associated with increased breast cancer risk. Int J Cancer. 2004;111(4):543-
7.

22 Petruzelka L, Konopasek B, Aschermannova A, Helmichova E, Jankt F, Kleibl Z, Malis J, Mares
P, Novotny J, P¥ibylova O, Spicka I, Tesafova P. Klinicka onkologie. Praha, Univerzita Karlova v
Praze- Nakladatelstvi Karolinum, pp145-148, 2003. ISBN 80-246-0395-0.

23.Klener P, Abrahamova J, Fait V, Mali§ J, Mat&jovsky Z, Petruzelka L, Zaloudik J. Klinicka
onkologie. Praha, Galén, pp 429-433, 2002. ISBN 80-7262-151-3.

24.Pannala R, Basu A, Petersen GM, Chari ST. New-onset diabetes: a potential clue to the early
diagnosis of pancreatic cancer. Lancet Oncol. 2009;10:88-95.

25.Galmarini CM., Clarke ML, Jordheim L, Santos CL, Cros E, Mackey JR, Dumontet C. Resistance
to gemcitabine in a human follicular lymphoma cell line is due to partial deletion of the
deoxycytidine kinase gene. BMC Pharmacol. 2004;4:8.

26.Burris HA, Moore MJ, Andersen J, Green MR, Rothenberg ML, Modiano MR, Cripps MC,
Portenoy RK, Storniolo AM, Tarassoff P, Nelson R, Dorr FA, Stephens CD, Von Hoff DD.
Improvement in survival and clinical benefit with gemcitabine as first line therapy for patients with
advanced pancreatic cancer: a randomized trial. J. Clin. Oncol. 1997 ;15:2403-2413.

27.NCCN Clinical Practice Guidelines in Oncology; Pancreatic Adenocarcinoma v.2.2010.
(www.nccn.org, date accessed: 14 October 2010).

28.Berlin JD, Adak S, Vaughn DJ, et al. (2000). A phase Il study of gemcitabine and 5-fluorouracil in
metastatic pancreatic cancer: and Eastern Cooperative Oncology Group study (E3296). Oncology,
58, 215-218.

29.Herrmann R, Bodoky G, Ruhstaller T, Glimelius B, Bajetta E, Schiiller J, Saletti P, Bauer J, Figer
A, Pestalozzi B, Kéhne CH, Mingrone W, Stemmer SM, Tamas K, Kornek GV, Koeberle D, Cina
S, Bernhard J, Dietrich D, Scheithauer W. Gemcitabine plus capecitabine compared with
gemcitabine alone in advanced pancreatic cancer: a randomized, multicenter, phase 11 trial of the
swiss group for clinical cancer research and the central European cooperative oncology group. J
Clin Oncol. 2007;25:2212-2217.

30.Erkan M, Kleeff J, Esposito I, Giese T, Ketterer K, Biichler MW, Giese NA, Friess H. Loss of
BNIP3 expression is a late event in pancreatic cancer contributing to chemoresistance and
worsened prognosis. Oncogene. 2005;24(27):4421-4432.

31.Heinemann V, Shulz L, Issels RD, Plunkett W. Gemcitabine: a modulator of intracellular

89


http://www.ncbi.nlm.nih.gov/pubmed/12690581
http://www.ncbi.nlm.nih.gov/pubmed/12690581
http://www.ncbi.nlm.nih.gov/pubmed/12690581
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kilpivaara%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vahteristo%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Falck%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Syrj%C3%A4koski%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Eerola%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Easton%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bartkova%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lukas%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Heikkil%C3%A4%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aittom%C3%A4ki%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Holli%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blomqvist%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kallioniemi%20OP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bartek%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nevanlinna%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=2004%5Bpdat%5D%20AND%20Kilpivaara%20O%5Bauthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/19111249?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=4
http://www.ncbi.nlm.nih.gov/pubmed/19111249?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=4
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giese%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ketterer%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22B%C3%BCchler%20MW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giese%20NA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Friess%20H%22%5BAuthor%5D

nucleotide and deoxynucleotide metabolism. Semin Oncol. 1995;22:11-18.

32.Robinson DR, Wu YM, Lin SF. The protein tyrosine kinase family of the human genome.
Oncogene. 2000;19:5548-5557.

33.Ciardiello F, Tortora G. A novel approach in the treatment of cancer: targeting the epidermal
growth factor receptor. Clin Cancer Res. 2001;7:2958-2970.

34.Moore MJ, Goldstein D, Hamm J, Figer A, Hecht JR, Gallinger S, Au HJ, Murawa P, Walde D,
Wolff RA, Campos D, Lim R, Ding K, Clark G, Voskoglou-Nomikos T, Ptasynski M, Parulekar
W. Erlotinib plus gemcitabine compared with gemcitabine alone in patients with advanced
pancreatic cancer: a phase 11 trial of the National Cancer Institute of Canada Clinical Trials Group.
Clin Oncol. 2007;25:1960-1966.

35.Johnson JR, Cohen M, Sridhara R, Chen YF, Williams GM, Duan J, Gobburu J, Booth B, Benson
K, Leighton J, Hsieh LS, Chidambaram N, Zimmerman P, Pazdur R. Approval summary for
erlotinib for treatment of patients with locally advanced or metastatic non-small cell lung cancer
after failure of at least one prior chemotherapy regiment. Clin Cancer Res. 2005;11:6414-6421.

36.Lu JF, Eppler SM, Wolf J, Hamilton M, Rakhit A, Bruno R, Lum BL. Clinical pharmacokinetics of
erlotinib i patients with solid tumors and exposure-safety relationship in patients with non-small
cell lung cancer. Clin Pharmacol Ther. 2006;80:136-145.

37.Van Erp NP, Gelderblom H, Guchelaar HJ. Clinical pharmacokinetics of tyrosine kinase inhibitors.
Cancer Treatment Reviews. 2009;35:692-706.

38. Soucek P,.Xenobiotics. Encyclopedia of Cancer,druhé vydani.. New York, Springer-Verlag, 2008.

ISBN 978-3-540-47648-1.

39.Hecht SS. Biochemistry, biology, and carcinogenicity of tobacco-specific N-nitrosamines. Chem
Res Toxicol. 1998;11:559-603.

40.Hecht SS. Tobacco smoke carcinogens and lung cancer. J Natl Cancer Inst. 1999;91:1194-1210.

41.Su T, Bao Z, Zhang QY, Smith TJ, Hong JY, Ding X. Human cytochrome P450 CYP2A13:
predominant expression in the respiratory tract and its high efficiency metabolic activation of a
tobacco-specific  carcinogen, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone. Cancer Res.
2000;60:5074-5079.

42 Wang H, Tan W, Hao B, Miao X, Zhou G, He F, Lin D. Substantial reduction in risk of lung
adenocarcinoma associated with genetic polymorphism in CYP2A13, the most active cytochrome
P450 for the metabolic activation of tobacco-specific carcinogen NNK. Cancer Res. 2003;63:8057-
8061.

43.Cauffiez C, Lo-Guidice JM, Quaranta S, Allorge D, Chevalier D, Cenée S, Hamdan R, Lhermitte
M, Lafitte JJ, Libersa C, Colombel JF, Stiicker I, Broly F. Genetic polymorphism of the human
cytochrome CYP2AL13 in a French population: implication in lung cancer susceptibility. Biochem
Biophys Res Commun. 2004;30:662-669.

90


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tan%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hao%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Miao%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhou%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22He%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lin%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cauffiez%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lo-Guidice%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Quaranta%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Allorge%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chevalier%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cen%C3%A9e%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hamdan%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lhermitte%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lhermitte%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lafitte%20JJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Libersa%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Colombel%20JF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22St%C3%BCcker%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Broly%20F%22%5BAuthor%5D

44.Zhang X, Chen Y, Liu Y, Ren X, Zhang QY, Caggana M, Ding X. Single nucleotide
polymorphisms of the human cyp2al3 gene: evidence for a null allele. Drug Metab Dispos.
2003;31:1081-1085.

45.Hassett C, Aicher L, Sidhu JS, Omiecinski CJ. Human microsomal epoxide hydrolase: genetic
polymorphism and functional expression in vitro of amino acid variants. Hum Mol Genet.
1994;3:421-428.

46.Robien K, Boynton A, Ulrich CM. Pharmacogenetics of folate-related drug targets in cancer
treatment. Pharmacogenomics. 2005;6:673-689.

47.van der Logt EM, Bergevoet SM, Roelofs HM, Te Morsche RH, Dijk Y, Wobbes T, Nagengast
FM, Peters WH. Role of epoxide hydrolase, NADP;H:quinone oxidoreductase, cytochrome P450
2E1 or alcohol dehydrogenase genotypes in susceptibility to colorectal cancer. Mutat Res.
2006;593(1-2):39-49.

48.Haber PS, Apte MV, Applegate TL, Norton 1D, Korsten MA, Pirola RC, Wilson JS. Metabolism of
ethanol by rat pancreatic acinar cells. J Lab Clin Med. 1998;132:294-302.

49.Haber PS, Apte MV, Moran C, Applegate TL, Pirola RC, Korsten MA, McCaughan GW, Wilson
JS. Nonoxidative metabolism of ethanol by rat pancreatic acini. Pancreatology. 2004;4:82-89.

50.Gukovskaya AS, Mouria M, Gukovsky I, Reyes CN, Kasho VN, Faller LD, Pandol SJ. Ethanol
metabolism and transcription factor activation in pancreatic acinar cells in rats. Gastroenterology.
2002;122:106-118.

51.Vonlaufen A, Wilson JS, Pirola RC, Apte MV. Role of alcohol metabolism in chronic pancreatitis.
Alcohol Res Health. 2007;30:48-54.

52.Tolstrup JS, Nordestgaard BG, Rasmussen S, Tybjaerg-Hansen A, Grgnbaek M.. Alcoholism and
alcohol drinking habits predicted from alcohol dehydrogenase genes. Pharmacogenomics J.
2008;8:220-227.

53.Matsuo K, Hiraki A, Hirose K, Ito H, Suzuki T, Wakai K, Tajima K. Impact of the alcohol-
dehydrogenase (ADH)1C and ADH1B polymorphisms on drinking behavior in nonalcoholic
Japanese. Hum Mutat. 2007;28:506-510.

54.Yang SJ, Wang HY, Li XQ, Du HZ, Zheng CJ, Chen HG, Mu XY, Yang CX. Genetic
polymorphisms of ADH2 and ALDH2 association with esophageal cancer risk in southwest China.
World J Gastroenterol. 2007;13:5760-5764.

55.Lee CH, Lee JM, Wu DC, Goan YG, Chou SH, Wu IC, Kao EL, Chan TF, Huang MC, Chen PS,
Lee CY, Huang CT, Huang HL, Hu CY, Hung YH, Wu MT. Carcinogenetic impact of ADH1B and
ALDH?2 genes on squamous cell carcinoma risk of the esophagus with regard to the consumption
of alcohol, tobacco and betel quid. Int J Cancer. 2008;122:1347-1356.

56.Hiraki A, Matsuo K, Wakai K, Suzuki T, Hasegawa Y, Tajima K. Gene-gene and gene-

environment interactions between alcohol drinking habit and polymorphisms in alcohol-

91


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ren%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20QY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caggana%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ding%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20der%20Logt%20EM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bergevoet%20SM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roelofs%20HM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Te%20Morsche%20RH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dijk%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wobbes%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagengast%20FM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagengast%20FM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Peters%20WH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=2006%5Bpdat%5D%20AND%20Van%20der%20Logt%20EM%5Bfirst%20author%5D%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Haber%20PS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Apte%20MV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Applegate%20TL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Norton%20ID%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Korsten%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pirola%20RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wilson%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lee%20CH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lee%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20DC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goan%20YG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chou%20SH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20IC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kao%20EL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chan%20TF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Huang%20MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20PS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lee%20CY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Huang%20CT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Huang%20HL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hu%20CY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hung%20YH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20MT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hiraki%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuo%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wakai%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Suzuki%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hasegawa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tajima%20K%22%5BAuthor%5D

metabolizing enzyme genes and the risk of head and neck cancer in Japan. Cancer Sci.
2007;98:1087-91.

57.Solomon PR, Selvam GS, Shanmugam G. Polymorphism in ADH and MTHFR genes in oral
squamous cell carcinoma of Indians. Oral Dis. 2008;14:633-639.

58.Zimniak P, Nanduri B, Pikula S, Bandorowicz-Pikula J. Naturally occuring human glutathione S-
transferase GSTP1-1 isoforms with isoleucine and valine in position 104 differ in enzymic
properties. Eur J Biochem. 1994;224(3):893-899.

59.Jiao L, Bondy ML, Hassan MM, Chang DZ, Abbruzzese JL, Evans DB, Smolensky MH, Li D..
Glutathione S-transferase gene polymorphisms and risk and survival of pancreatic cancer. Cancer.
2007;109:840-848.

60.Ferraz JM, Zinzindohoué F, Lecomte T, Cugnenc PH, Loriot MA, Beaune P, Stiicker I, Berger A,
Laurent-Puig P. Impact of GSTT1, GSTM1, GSTP1 and NAT2 genotypes on KRAS2 and TP53
gene mutations in colorectal cancer. Int J Cancer. 2004;110(2):183-7.

61.Naccarati A, Soucek P, Stetina R, Haufroid V, Kumar R, Vodickova L, Trtkova K, Dusinska M,
Hemminki K, Vodicka P.. Genetic polymorphisms and possible gene-gene interactions in
metabolic and DNA repair genes: effects on DNA damage. Mutat Res. 2006;593(1-2):22-31.

62.Mena S, Ortega A, Estrela JM. Oxidative stress in environmental-induced carcinogenesis. Mutat
Res. 2009;674:36-44.

63.Gonzalez FJ. Role of cytochromes P450 in chemical toxicity and oxidative stress: studies with
CYP2EL. Mutat Res. 2005;569:101.

64.Hao J, Li G, Pang B. Evidence for cigarette smoke-induced oxidative stress in the rat pancreas.
Inhal Toxicol. 2009;21:1007-1012.

65.Del Guerra S, Lupi R, Marselli L, Masini M, Bugliani M, Sbrana S, Torri S, Pollera M, Boggi U,
Mosca F, Del Prato S, Marchetti P.. Functional and molecular defects of pancreatic islets in human
type 2 diabetes. Diabetes. 2005;54:727-735.

66.Fridovich I. The biology of oxygen radicals. Science. 1978;201:875-880.

67.Shimoda-Matsubayashi S, Matsumine H, Kobayashi T, Nakagawa-Hattori Y, Shimizu Y, Mizuno
Y. Structural dimorphism in the mitochondrial targeting sequence in the human manganese
superoxide dismutase gene. A predictive evidence for conformational change to influence
mitochondrial transport and a study of allelic association in Parkinson’s disease. Biochem Biophys
Res Commun. 1996;226:561-565.

68.Wang LI, Miller DP, Sai Y, Liu G, Su L, Wain JC, Lynch TJ, Christiani DC. Manganese
superoxide dismutase alanine-to-valine polymorphism at codon 16 and lung cancer risk. J Natl
Cancer Inst. 2001;93:1818-1821.

69.Hung RJ, Boffetta P, Brennan P, Malaveille C, Gelatti U, Placidi D, Carta A, Hautefeuille A, Porru
S. Genetic polymorphisms of MPO, COMT, MnSOD, NQOL, interactions with environmental

92


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ferraz%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zinzindohou%C3%A9%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lecomte%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cugnenc%20PH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Loriot%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beaune%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22St%C3%BCcker%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berger%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Laurent-Puig%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=2004%5Bpdat%5D%20AND%20Ferraz%20JM%5Bfirst%20author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Naccarati%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Soucek%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stetina%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Haufroid%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumar%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vodickova%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Trtkova%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dusinska%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hemminki%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vodicka%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=2006%5Bpdat%5D%20AND%20Naccarati%20A%5Bfirst%20author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20LI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Miller%20DP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sai%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Su%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wain%20JC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lynch%20TJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Christiani%20DC%22%5BAuthor%5D

exposures and bladder cancer risk. Carcinogenesis. 2004;25:973-978.

70.Bergman M, Ahnstrom M, Palmebidck Wegman P, Wingren S. Polymorphism in the manganese
superoxide dismutase (MnSOD) gene and risk of breast cancer in young women. J Cancer Res Clin
Oncol. 2005;131:439-444.

71.Woodson K, Tangrea JA, Lehman TA, Modali R, Taylor KM, Snyder K, Taylor PR, Virtamo J,
Albanes D. Manganese superoxide dismutase (MnSOD) polymorphism, alpha-tocopherol
supplementation and prostate cancer risk in the alpha-tocopherol, beta-carotene cancer prevention
study (Finland). Cancer Causes Control. 2003;14:513-518.

72.Wheatley-Price P, Asomaning K, Reid A, Zhai R, Su L, Zhou W, Zhu A, Ryan DP, Christiani DC,
Liu G.. Myeloperoxidase and superoxide dismutase polymorphisms are associated with an
increased risk of developing pancreatic adenocarcinoma. Cancer. 2008;112:1037-1042.

73.Siegel D, Anwar A, Winski SL, Kepa JK, Zolman KL, Ross D. Rapid polyubiquitination and
proteasomal degradation of a mutant form of NAD(P)H:quinone oxidoreductase 1. Mol Pharmacol.
2001;59:263-268.

74. Jamieson D, Wilson K, Pridgeon S, et al. NAD(P)H:quinone oxidoreductase 1 and nrh:quinone
oxidoreductase 2 activity and expression in bladder and ovarian cancer and lower NRH:quinone
oxidoreductase 2 activity associated with an NQO2 exon 3 single-nucleotide polymorphism. Clin
Cancer Res. 2007;13:1584-1590.

75.Lyn-Cook BD, Yan-Sanders Y, Moore S, Taylor S, Word B, Hammons GJ. Increased levels of
NAD(P)H: quinone oxidoreductase 1 (NQO1) in pancreatic tissues from smokers and pancreatic
adenocarcinomas: a potential biomarker of early damage in the pancreas. Cell Biol Toxicol.
2006;22:73-80.

76. http://nutrigene.4t.com/humanabc.htm (accessed October 6, 2010)

77.Stavrovskaya AA, Stromskaya TP. Transport proteins of the ABC family and multidrug resistance
of tumor cells. Biochemistry (Mosc). 2008;73(5):592-604.

78.Mack JT, Brown CB, Tew KD. ABCAZ2 as a therapeutic target in cancer and nervous system
disorders. Expert Opin Ther Targets. 2008;12(4):491-504.

79.Rabow AA, Shoemaker RH, Sausville EA, Covell DG. Mining the National Cancer Institute's
tumor-screening database: identification of compounds with similar cellular activities. J Med
Chem. 2002;45(4):818-40.

80.Gottesman MM, Fojo T, Bates SE. Multidrug resistance in cancer: role of ATP-dependent
transporters. Nat Rev Cancer. 2002;2(1):48-58.

81.Marzolini C, Paus E, Buclin T, Kim RB. Polymorphisms in human MDR1 (P-glycoprotein): recent
advances and clinical relevance. Clin Pharmacol Ther. 2004;75(1):13-33.

82.Vaclavikova R, Nordgard SH, Alnaes GIl, Hubackova M, Kubala E, Kodet R, Mrhalova M,

Novotny J, Gut I, Kristensen VN, Soucek P. Single nucleotide polymorphisms in the multidrug

93


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lyn-Cook%20BD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yan-Sanders%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moore%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Taylor%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Word%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hammons%20GJ%22%5BAuthor%5D
http://nutrigene.4t.com/humanabc.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stavrovskaya%20AA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stromskaya%20TP%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Biochemistry%20(Mosc).');
http://www.ncbi.nlm.nih.gov/pubmed?term=2008%5Bpdat%5D%20AND%20Mack%20JT%20%5Bfirst%20author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rabow%20AA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shoemaker%20RH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sausville%20EA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Covell%20DG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=2002%5Bpdat%5D%20AND%20Rabow%20AA%5Bfirst%20author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=2002%5Bpdat%5D%20AND%20Rabow%20AA%5Bfirst%20author%5D
http://www.ncbi.nlm.nih.gov/pubmed/11902585?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11902585?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/14749689?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/14749689?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

resistance gene 1 (ABCB1): effects on its expression and clinicopathological characteristics in
breast cancer patients. Pharmacogenet Genomics. 2008;18(3):263-73.

83.Takane H, Kobayashi D, Hirota T, Kigawa J, Terakawa N, Otsubo K, leiri I. Haplotype-oriented
genetic analysis and functional assessment of promoter variants in the MDR1 (ABCBL1) gene. J
Pharmacol Exp Ther. 2004;311(3):1179-1187.

84.Zhao YP, Zhang LY, Liao Q, Guo JC, Chen G, Li JY. Detection of multidrug resistant gene 1 in
pancreatic cancer. Hepatobiliary Pancreat Dis Int. 2004;3(2):307-10.

85.Jensen PB, Holm B, Sorensen M, Christensen 1J, Sehested M. In vitro cross-resistance and
collateral sensitivity in seven resistant small-cell lung cancer cell lines: preclinical identification of
suitable drug partners to taxotere, taxol, topotecan and gemcitabin. Br J Cancer. 1997;75:869-77.

86.Bergman AM, Pinedo HM, Talianidis I, Veerman G, Loves WJ, van der Wilt CL, Peters GJ.
Increased sensitivity to gemcitabine of P-glycoprotein and multidrug resistance-associated protein-
overexpressing human cancer cell lines. Br J Cancer. 2003;88(12):1963-70.

87.Suwa H, Ohshio G, Arao S, Imamura T, Yamaki K, Manabe T, Imamura M, Hiai H, Fukumoto M.
Immunohistochemical localization of P-glycoprotein and expression of the multidrug resistance-1
gene in human pancreatic cancer: relevance to indicator of better prognosis. Jpn J Cancer Res.
1996;87(6):641-9.

88.Lu Z, Kleeff J, Shrikhande S, Zimmermann T, Korc M, Friess H, Biichler MW. Expression of the
multidrug-resistance 1 (MDR1) gene and prognosis in human pancreatic cancer. Pancreas.
2000;21(3):240-7.

89.Annilo T, Dean M. Degeneration of an ATP-binding cassette transporter gene, ABCC13, in
different mammalian lineages. Genomics. 2004;84(1):34-46.

90.Zhou SF, Wang LL, Di YM, Xue CC, Duan W, Li CG, Li Y. Substrates and inhibitors of human
multidrug resistance associated proteins and the implications in drug development. Curr Drug
Metab. 2008;9(8):738-84.

91.Schuetz JD, Connelly MC, Sun D, Paibir SG, Flynn PM, Srinivas RV, Kumar A, Fridland A.
MRP4: A previously unidentified factor in resistance to nucleoside-based antiviral drugs. Nat Med.
1999;5(9):1048-51.

92.Wijnholds J, Mol CA, van Deemter L, de Haas M, Scheffer GL, Baas F, Beijnen JH, Scheper RJ,
Hatse S, De Clercq E, Balzarini J, Borst P. Multidrug-resistance protein 5 is a multispecific organic
anion transporter able to transport nucleotide analogs. Proc Natl Acad Sci USA. 2000;97(13):7476-
81.

93. Davidson JD, Ma L, Iverson PW, Lesoon A, Jin S, Horwitz L, Gallery M, Slapak CA. Human
multi-drug resistance protein 5 (MRP5) confers resistance to gemcitabine. Proc Am Assoc Cancer
Res. 2002;43:3868.

94.Reid G, Wielinga P, Zelcer N, De Haas M, Van Deemter L, Wijnholds J, Balzarini J, Borst P.

94


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takane%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kobayashi%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hirota%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kigawa%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Terakawa%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Otsubo%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ieiri%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/15138133?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15138133?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/9062409?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/9062409?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/9062409?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bergman%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pinedo%20HM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Talianidis%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Veerman%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Loves%20WJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20der%20Wilt%20CL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Peters%20GJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/12799644?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12799644?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=2003%5Bpdat%5D%20AND%20Bergman%20AM%5Bfirst%20author%5D%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Suwa%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ohshio%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arao%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Imamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamaki%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Manabe%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Imamura%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hiai%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fukumoto%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/8766529?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8766529?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=1996%5Bpdat%5D%20AND%20Suwa%20H%5Bfirst%20author%5D%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lu%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kleeff%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shrikhande%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zimmermann%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Korc%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Friess%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22B%C3%BCchler%20MW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/11039467?ordinalpos=15&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11039467?ordinalpos=15&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=2000%5Bpdat%5D%20AND%20Lu%20Z%5Bfirst%20author%5D%20and%20MDR1
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Annilo%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dean%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=2004%5Bpdat%5D%20AND%20Annilo%20T%5Bfirst%20author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schuetz%20JD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Connelly%20MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sun%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Paibir%20SG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Flynn%20PM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Srinivas%20RV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumar%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fridland%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/10470083?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=1999%5Bpdat%5D+AND+Schuetz+JD%5Bfirst+author%5D&cmd=detailssearch
http://www.ncbi.nlm.nih.gov/pubmed/10840050?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10840050?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

Characterization of the transport of nucleoside analog drugs by the human multidrug resistance
proteins MRP4 and MRP5. Mol Pharmacol. 2003;63(5):1094-103.

95.0guri T, Achiwa H, Sato S, Bessho Y, Takano Y, Miyazaki M, Muramatsu H, Maeda H, Niimi T,
Ueda R. The determinants of sensitivity and acquired resistance to gemcitabine differ in non-small
cell lung cancer: a role of ABCCS5 in gemcitabine sensitivity. Mol Cancer Ther. 2006;5(7):1800-6.

96.Takayanagi S, Kataoka T, Ohara O, Oishi M, Kuo MT, Ishikawa T.Human ATP-binding cassette
transporter ABCC10: expression profile and p53-dependent upregulation. J Exp Ther Oncol.
2004;4(3):239-46.

97.Kruh GD, Guo Y, Hopper-Borge E, Belinsky MG, Chen ZS. ABCC10, ABCC11, and ABCC12.
Pflugers Arch. 2007;453(5):675-84

98.Konig J, Hartel M, Nies AT, Martignoni ME, Guo J, Biichler MW, Friess H, Keppler D.
Expression and localization of human multidrug resistance protein (ABCC) family members in
pancreatic carcinoma. Int J Cancer. 2005;115(3):359-67.

99.Wada M. Single nucleotide polymorphisms in ABCC2 and ABCBL1 genes and their clinical impact
in physiology and drug response. Cancer Lett. 2006;234(1):40-50.

100.de Wolf C, Jansen R, Yamaguchi H, de Haas M, van de Wetering K, Wijnholds J, Beijnen J, Borst
P. Contribution of the drug transporter ABCG2 (breast cancer resistance protein) to resistance
against anticancer nucleosides. Mol Cancer Ther. 2008;7(9):3092-102.

101.0lempska M, Eisenach PA, Ammerpohl O, Ungefroren H, Fandrich F, Kalthoff H. Detection of
tumor stem cell markers in pancreatic carcinoma cell lines. Hepatobiliary Pancreat Dis Int.
2007;6(1):92-7.

102.Baldwin SA, Beal PR, Yao SY, King AE, Cass CE, Young JD. The equilibrative nucleoside
transporter family, SLC29. Pflugers Arch. 2004;447:735-743.

103.Gray JH, Owen RP, Giacomini KM. The concentrative nucleoside transporter family, SLC28.
Pflugers Arch. 2004;447(5):728-734.

104.Mackey JR, Mani RS, Selner M, Mowles D, Young JD, Belt JA, Crawford CR, Cass CE.
Functional nucleoside transporters are required for gemcitabine influx and manifestation of toxicity
in cancer cell lines. Cancer Res. 1998;58(19):4349-4357.

105.Garcia-Manteiga J, Molina-Arcas M, Casado FJ, Mazo A, Pastor-Anglada M. Nucleoside
transporter profi les in human pancreatic cancer cells: role of hCNTL1 in 2,2-difluorodeoxycytidine-
induced cytotoxicity. Clin Can Res. 2003; 9(13):5000-5008.

106.Spratlin J, Sangha R, Glubrecht D, Dabbagh L, Young JD, Dumontet C, Cass C, Lai R, Mackey
JR. The absence of human equilibrative nucleoside transporter 1 is associated with reduced survival
in patients with gemcitabine- treated pancreas adenocarcinoma. Clin Cancer Res.
2004;10(20):6956-6961.

107.Giovannetti E, Del Tacca M, Mey V, Funel N, Nannizzi S, Ricci S, Orlandini C, Boggi U,

95


http://www.ncbi.nlm.nih.gov/pubmed/12695538?ordinalpos=10&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12695538?ordinalpos=10&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16891466?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16891466?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15724843?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15724843?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kruh%20GD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guo%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hopper-Borge%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Belinsky%20MG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20ZS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/16868766?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=2006%5Bpdat%5D%20AND%20Kruh%20GD%5Bfirst%20author%5D
http://www.ncbi.nlm.nih.gov/pubmed/15688370?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15688370?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16377077?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16377077?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Wolf%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jansen%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamaguchi%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Haas%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20de%20Wetering%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wijnholds%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beijnen%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Borst%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Borst%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/18765824?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18765824?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=2008%5Bpdat%5D%20AND%20de%20Wolf%20C%5Bfirst%20author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Olempska%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Eisenach%20PA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ammerpohl%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ungefroren%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fandrich%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kalthoff%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/17287174?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17287174?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=2007%5Bpdat%5D%20AND%20Olempska%20M%5Bfirst%20author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baldwin%20SA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beal%20PR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yao%20SY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22King%20AE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cass%20CE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Young%20JD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Garc%C3%ADa-Manteiga%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Molina-Arcas%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Casado%20FJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mazo%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pastor-Anglada%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Spratlin%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sangha%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Glubrecht%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dabbagh%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Young%20JD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dumontet%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cass%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lai%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mackey%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mackey%20JR%22%5BAuthor%5D

Campani D, Del Chiaro M, lannopollo M, Bevilacqua G, Mosca F, Danesi R. Transcription
analysis of human equilibrative nucleoside transporter- 1 predicts survival in pancreas cancer
patients treated with gemcitabine. Cancer Res. 2006;66(7):3928-3935.

108.Marchetti S, de Vries NA, Buckle T, Bolijn MJ, van Eijndhoven MA, Beijnen JH, Mazzanti R,
van Tellingen O, Schellens JH. Effect of the ATP-binding cassette drug transporters ABCBL,
ABCG2, and ABCC2 on erlotinib hydrochloride (Tarceva) disposition in in vitro and in in vivo
pharmacokinetic studies employing Bcrpl-/-/MDR1a/1b-/-(triple-knockout) and wild-type mice.
Mol Cancer Ther. 2008;7(8):2280-7.

109.Shi Z, Peng XX, Kim IW, Shukla S, Si QS, Robey RW, Bates SE, Shen T, Ashby CR Jr, Fu LW,
Ambudkar SV, Chen ZS. Erlotinib (Tarceva, OSI-774) antagonizes ATP- binding cassette
subfamily B member 1 and ATP- binding cassette subfamily G member 2- mediated drug
resistance. Cancer Res. 2007;67(22):11012-20.

110.Kuang YH, Shen T, Chen X, Sodani K, Hopper-Borge E, Tiwari AK, Lee JW, Fu LW, Chen ZS.
Lapatinib and erlotinib are potent reversal agents for MRP7 (ABCC10)-mediated multidrug
resistance. Biochem Pharmacol. 2010;79(2):154-61

111.Li J, Cusatis G, Brahmer J, Sparreboom A, Robey RW, Bates SE, Hidalgo M, Baker SD.
Association of variant ABCG2 and the pharmacokinetics of epidermal growth factor receptor
tyrosine kinase inhibitors in cancer patients. Cancer Biol Ther. 2007;6(3):432-8.

112.Rudin CM, Liu W, Desai A, Karrison T, Jiang X, Janisch L, Das S, Ramirez J, Poonkuzhali B,
Schuetz E, Fackenthal DL, Chen P, Armstrong DK, Brahmer JR, Fleming GF, Vokes EE, Carducci
MA, Ratain MJ. Pharmacogenomic and pharmacokinetic determinants of erlotinib toxicity. J Clin
Oncol. 2008;26(7):1119-27..

113.Rosty C, Ueki T, Argani P, Jansen M, Yeo CJ, Cameron JL, Hruban RH, Goggins M.
Overexpression of S100A4 in pancreatic ductal adenocarcinomas is associated with poor
differentiation and DNA hypomethylation. Am J Pathol. 2002;160:45-50.

114.Fleige S, Walf V, Huch S, Prgomet C, Sehm J, Pfaffl MW. Comparison of relative mRNA
quantification models and the impact of RNA integrity in quantitative real-time RT-PCR.
Biotechnol Lett. 2006,19:1601-13.

115.Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista M, Mueller R, Nolan T, Pfaffl
MW, Shipley GL, Vandesompele J, Wittwer CT. The MIQE guidelines: minimum information for
publication of quantitative real-time PCR experiments. Clin Chem. 2009;55(4):611-22.

116.Vilardell F, lacobuzio-Donahue CA. Cancer gene profiling in pancreatic cancer. Methods Mol
Biol. 2010;576:279-92.

117.Zhong H, Simons JW. Direct comparison of GAPDH, beta-actin, cyclophilin, and 28S rRNA as
internal standards for quantifying RNA levels under hypoxia. Biochem Biophys Res Commun.

1999;259(3):523-6.

96


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marchetti%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Vries%20NA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buckle%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bolijn%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Eijndhoven%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beijnen%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mazzanti%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Tellingen%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schellens%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=2008%5Bpdat%5D%20AND%20Marchetti%20%5Bfirst%20author%5D%20and%20erlotinib
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kuang%20YH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shen%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sodani%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hopper-Borge%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tiwari%20AK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lee%20JW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fu%20LW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20ZS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/19720054
http://www.ncbi.nlm.nih.gov/pubmed/19720054
http://www.ncbi.nlm.nih.gov/pubmed?term=2010%5Bpdat%5D%20AND%20Kuang%20YH%5Bfirst%20author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cusatis%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brahmer%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sparreboom%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Robey%20RW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bates%20SE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hidalgo%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baker%20SD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=2007%5Bpdat%5D%20AND%20Li%20J%5Bfirst%20author%5D%20and%20ABCG2
http://www.ncbi.nlm.nih.gov/pubmed/18309947
http://www.ncbi.nlm.nih.gov/pubmed/16900335
http://www.ncbi.nlm.nih.gov/pubmed/16900335
http://www.ncbi.nlm.nih.gov/pubmed/19246619
http://www.ncbi.nlm.nih.gov/pubmed/19246619
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vilardell%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iacobuzio-Donahue%20CA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Methods%20Mol%20Biol.');
javascript:AL_get(this,%20'jour',%20'Methods%20Mol%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhong%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simons%20JW%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Biochem%20Biophys%20Res%20Commun.');

118.Mane VP, Heuer MA, Hillyer P, Navarro MB, Rabin RL. Systematic method for determining an
ideal housekeeping gene for real-time PCR analysis. J Biomol Tech. 2008;19(5):342-7.

119.Blanquicett C, Johnson MR, Heslin M, Diasio RB. Housekeeping gene variability in normal and
carcinomatous colorectal and liver tissues: applications in pharmacogenomic gene expression
studies. Anal Biochem. 2002;303(2):209-14.

120.Rubie C, Kempf K, Hans J, Su T, Tilton B, Georg T, Brittner B, Ludwig B, Schilling M.
Housekeeping gene variability in normal and cancerous colorectal, pancreatic, esophageal, gastric
and hepatic tissues. Mol Cell Probes. 2005;19(2):101-9.

121. Sugimura H, Caporaso NE, Shaw GL, Modali RV, Gonzalez FJ, Hoover RN, Resau JH, Trump
BF, Weston A, Harris CC. Human debrisoquine hydroxylase gene polymorphisms in cancer
patients and controls. Carcinogenesis. 1990;11:1527-1530.

122.Bustin SA, Nolan T. Template handling, preparation, and purification. The Real-Time PCR
Encyclopedia A-Z of Quantitative real-time PCR. Vydano Univerzitou Vv Line, La Jolla, CA, pp
87-120, 2004. ISBN: 0-9636817-8-8.

123.Pfaffl MW. Nucleic acids: mRNA identification and quantification. Nucleic Acids, Encyclopedia
of Analytical Science, druhé vydani. Academic Press, pp 417-426, 2005. ISBN: 978-0-12-369397-
6.

124 Kleibl Z, Havranek O, Novotny J, Kleiblova P, Soucek P, Pohlreich P. Analysis of CHEK2 FHA
domain in Czech patients with sporadic breast cancer revealed distinct rare genetic alterations.
Breast Cancer Res Treat. 2008;112(1):159-64.

125.Kleibl Z, Havranek O, Hlavata I, Novotny J, Sevcik J, Pohlreich P, Soucek P. The CHEK2 gene
1157T mutation and other alterations in its proximity increase the risk of sporadic colorectal cancer
in the Czech population. Eur J Cancer. 2009;45(4):618-24.

126.Vandesompele J, De Preter K, Pattyn F, Poppe B, Van Roy N, De Paepe A, Speleman F. Accurate
normalization of real-time quantitative RT-PCR data by geometric averaging of multiple internal
control genes. Genome Biol. 2002;3(7):research0034.

127.Andersen CL, Jensen JL, Orntoft TF. Normalization of Real-Time Quantitative Reverse
Transcription-PCR Data: A Model-Based Variance Estimation Approach to Identify Genes Suited
for Normalization, Applied to Bladder and Colon Cancer Data Sets. Cancer Res. 2004;64 5245-
5250.

128.Sarmanova J, Susova S, Gut I, Mrhalova M, Kodet R, Adamek J, Roth Z, Soucek P. Breast
cancer: role of polymorphisms in biotransformation enzymes. Eur J Hum Genet. 2004;12:848-854.

129.Zatonski WA, Boyle P, Przewozniak K, Maisonneuve P, Drosik K, Walker AM. Cigarette
smoking, alcohol, tea and coffee consumption and pancreas cancer risk: a case-control study from
Opole, Poland. Int J Cancer. 1993;53:601-607.

130.Lin Y, Kikuchi S, Tamakoshi A, Yagyu K, Obata Y, Kurosawa M, Inaba Y, Kawamura T,

97


http://www.ncbi.nlm.nih.gov/pubmed/19183798
http://www.ncbi.nlm.nih.gov/pubmed/19183798
http://www.ncbi.nlm.nih.gov/pubmed/11950223
http://www.ncbi.nlm.nih.gov/pubmed/11950223
http://www.ncbi.nlm.nih.gov/pubmed/11950223
http://www.ncbi.nlm.nih.gov/pubmed/15680211
http://www.ncbi.nlm.nih.gov/pubmed/15680211
http://www.ncbi.nlm.nih.gov/pubmed/18058223
http://www.ncbi.nlm.nih.gov/pubmed/18058223
http://www.ncbi.nlm.nih.gov/pubmed/18996005
http://www.ncbi.nlm.nih.gov/pubmed/18996005
http://www.ncbi.nlm.nih.gov/pubmed/18996005
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mrhalov%C3%A1%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kodet%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ad%C3%A1mek%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roth%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Soucek%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maisonneuve%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Drosik%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Walker%20AM%22%5BAuthor%5D

Motohashi Y, Ishibashi T. Green tea consumption and the risk of pancreatic cancer in Japanese
adults. Pancreas. 2008;37:25-30.

131.Wang H, Tan W, Hao B, Miao X, Zhou G, He F, Lin D. Substantial reduction in risk of lung
adenocarcinoma associated with genetic polymorphism in CYP2A13, the most active cytochrome
P450 for the metabolic activation of tobacco-specific carcinogen NNK. Cancer Res. 2003;63:8057-
8061.

132.Schlicht KE, Michno N, Smith BD, Scott EE, Murphy SE. Functional characterization of
CYP2A13 polymorphisms. Xenobiotica. 2007;37:1439-1449.

133.Chrostek L, Jelski W, Szmitkowski M, Puchalski Z. Alcohol dehydrogenase (ADH) isoenzymes
and aldehyde dehydrogenase (ALDH) activity in the human pancreas. Dig Dis Sci. 2003;48:1230-
1233.

134.Jelski W, Chrostek L, Szmitkowski M. The activity of class I, Il, Ill, and IV of alcohol
dehydrogenase isoenzymes and aldehyde dehydrogenase in pancreatic cancer. Pancreas.
2007;35:142-146.

135.Tolstrup JS, Nordestgaard BG, Rasmussen S, Tybjaerg-Hansen A, Grenbaek M. Alcoholism and
alcohol drinking habits predicted from alcohol dehydrogenase genes. Pharmacogenomics J.
2008;8:220-227.

136.Matsuo K, Hiraki A, Hirose K, Ito H, Suzuki T, Wakai K, Tajima K. Impact of the alcohol-
dehydrogenase (ADH)1C and ADH1B polymorphisms on drinking behavior in nonalcoholic
Japanese. Hum Mutat. 2007;28:506-510.

137.Jiao L, Silverman DT, Schairer C, Thiébaut AC, Hollenbeck AR, Leitzmann MF, Schatzkin A,
Stolzenberg-Solomon RZ. Alcohol use and risk of pancreatic cancer: the NIH-AARP Diet and
Health Study. Am J Epidemiol. 2009;169:1043-1051.

138.Rohrmann S, Linseisen J, Vrieling A, Boffetta P, Stolzenberg-Solomon RZ, Lowenfels AB,
Jensen MK, Overvad K, Olsen A, Tjonneland A, Boutron-Ruault MC, Clavel-Chapelon F,
Fagherazzi G, Misirli G, Lagiou P, Trichopoulou A, Kaaks R, Bergmann MM, Boeing H, Bingham
S, Khaw KT, Allen N, Roddam A, Palli D, Pala V, Panico S, Tumino R, Vineis P, Peeters PH,
Hjartdker A, Lund E, Redondo Cornejo ML, Agudo A, Arriola L, Sanchez MJ, Tormo MJ,
Barricarte Gurrea A, Lindkvist B, Manjer J, Johansson I, Ye W, Slimani N, Duell EJ, Jenab M,
Michaud DS, Mouw T, Riboli E, Bueno-de-Mesquita HB. Ethanol intake and the risk of pancreatic
cancer in the European Prospective Investigation Into Cancer and Nutrition (EPIC). Cancer Causes
Control. 2009;20:785-794.

139.Genkinger JM, Spiegelman D, Anderson KE, Bergkvist L, Bernstein L, van den Brandt PA,
English DR, Freudenheim JL, Fuchs CS, Giles GG, Giovannucci E, Hankinson SE, Horn-Ross PL,
Leitzmann M, Minnist6 S, Marshall JR, McCullough ML, Miller AB, Reding DJ, Robien K,
Rohan TE, Schatzkin A, Stevens VL, Stolzenberg-Solomon RZ, Verhage BA, Wolk A, Ziegler RG,

98


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Miao%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhou%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22He%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lin%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scott%20EE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murphy%20SE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bergkvist%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bernstein%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20den%20Brandt%20PA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22English%20DR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Freudenheim%20JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fuchs%20CS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giles%20GG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giovannucci%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hankinson%20SE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horn-Ross%20PL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leitzmann%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22M%C3%A4nnist%C3%B6%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marshall%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McCullough%20ML%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Miller%20AB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Reding%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Robien%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rohan%20TE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schatzkin%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stevens%20VL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stolzenberg-Solomon%20RZ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Verhage%20BA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wolk%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ziegler%20RG%22%5BAuthor%5D

Smith-Warner SA. Alcohol intake and pancreatic cancer risk: a pooled analysis of fourteen cohort
studies. Cancer Epidemiol Biomarkers Prev. 2009;18:765-776.

140.Carlsten C, Sagoo GS, Frodsham AJ, Burke W, Higgins JP. Glutathione Stransferase M1
(GSTM1) polymorphisms and lung cancer: a literature-based systematic HUGE review and meta-
analysis. Am J Epidemiol. 2008;167:759-774.

141.Liu G, Ghadirian P, Vesprini D, Hamel N, Paradis AJ, Lal G, Gallinger S, Narod SA, Foulkes
WD. Polymorphisms in GSTM1, GSTT1 and CYP1ALl and risk of pancreatic adenocarcinoma, Br
J Cancer. 2000;82:1646-1649.

142.Duell EJ, Holly EA, Bracci PM, Liu M, Wiencke JK, Kelsey KT. A populationbased, case-control
study of polymorphisms in carcinogen-metabolizing genes, smoking, and pancreatic
adenocarcinoma risk. J Natl Cancer Inst. 2002;94:297-306.

143.Khandrika L, Kumar B, Koul S, Maroni P, Koul HK. Oxidative stress in prostate cancer. Cancer
Lett. 2009;282:125-136.

144 Wittel UA, Pandey KK, Andrianifahanana M, Johansson SL, Cullen DM, Akhter MP, Brand RE,
Prokopczyk B, Batra SK. Chronic pancreatic inflammation induced by environmental tobacco
smoke inhalation in rats. Am J Gastroenterol. 2006;101:148-159.

145.Kang D, Lee KM, Park SK, Berndt Sl, Peters U, Reding D, Chatterjee N, Welch R, Chanock S,
Huang WY, Hayes RB. Functional variant of manganese superoxide dismutase (SOD2 V16A)
polymorphism is associated with prostate cancer risk in the prostate, lung, colorectal, and
ovarian cancer study. Cancer Epidemiol Biomarkers Prev. 2007;16:1581-1586.

146.Vineis P, Veglia F, Garte S, Malaveille C, Matullo G, Dunning A, Peluso M, Airoldi L, Overvad
K, Raaschou-Nielsen O, Clavel-Chapelon F, Linseisen JP, Kaaks R, Boeing H, Trichopoulou A,
Palli D, Crosignani P, Tumino R, Panico S, Bueno-De-Mesquita HB, Peeters PH, Lund E,
Gonzalez CA, Martinez C, Dorronsoro M, Barricarte A, Navarro C, Quiros JR, Berglund G,
Jarvholm B, Day NE, Key TJ, Saracci R, Riboli E, Autrup H. Genetic susceptibility according to
three metabolic pathways in cancers of the lung and bladder and in myeloid leukemias in
nonsmokers. Ann Oncol. 2007;18:1230-1242.

147.Cullen JJ, Mitros FA, Oberley LW. Expression of antioxidant enzymes in diseases of the human
pancreas: another link between chronic pancreatitis and pancreatic cancer. Pancreas. 2003;26:23-
27.

148.Cullen JJ, Hinkhouse MM, Grady M, Gaut AW, Liu J, Zhang YP, Weydert CJ, Domann FE,
Oberley LW. Dicumarol inhibition of NADPH:quinone oxidoreductase induces growth inhibition
of pancreatic cancer via a superoxide-mediated mechanism. Cancer Res. 2003;63:5513-5520.

149.Bartsch DK, Krysewski K, Sina-Frey M, Fendrich V, Rieder H, Langer P, Kress R, Schneider M,
Hahn SA, Slater EP. Low frequency of CHEK2 mutations in familial pancreatic cancer. Fam
Cancer. 2006;5:305-8.

99


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Smith-Warner%20SA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hamel%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Paradis%20AJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lal%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gallinger%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Narod%20SA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Foulkes%20WD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Foulkes%20WD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fendrich%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rieder%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Langer%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kress%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schneider%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hahn%20SA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Slater%20EP%22%5BAuthor%5D

150.Miyasaka Y, Nagai E, Yamaguchi H, Fujii K, Inoue T, Ohuchida K, Yamada T, Mizumoto K,
Tanaka M, Tsuneyoshi M. The role of the DNA damage checkpoint pathway in intraductal
papillary mucinous neoplasms of the pancreas. Clin Cancer Res. 2007;13:4371-7.

151.Suchy J, Cybulski C, Wokotorczyk D, Oszurek O, Gorski B, Debniak T, Jakubowska A,
Gronwald J, Huzarski T, Byrski T, Dziuba I, Gogacz M, Wisniowski R, Wandzel P, Banaszkiewicz
7, Kurzawski G, Ktadny J, Narod SA, Lubinski J. CHEK2 mutations and HNPCC - related
colorectal cancer. Int J Cancer. 2010;126(12):3005-9.

152.Begleiter A, Hewitt D, Maksymiuk AW, Ross DA, Bird RP. A NADP;H:quinone oxidoreductase
1 polymorphism is a risk factor for human colon cancer. Cancer Epidemiol Biomarkers Prev.
2006;15:2422-2426.

153.Mitrou PN, Watson MA, Loktionov AS, Cardwell C, Gunter MJ, Atkin WS, Macklin CP, Cecil T,
Bishop DT, Primrose J, Bingham SA. Role of NQO1C609T and EPHX1 gene polymorphisms in
the association of smoking and alcohol with sporadic distal colorectal adenomas: results from the
UKFSS Study. Carcinogenesis. 2007;28:875-882.

154.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 central European Slavonic population. Mutat Res.
2009;680:78-81

155.Dofkova M, Kopriva V, Resova D, Rehurkova | and Ruprich J. The development of food
consumption in the Czech Republic after 1989. Public Health Nutr. 2001;4: 999-1003.

156.Heath SC, Gut IG, Brennan P, McKay JD, Bencko V, Fabianova E, Foretova L, Georges M,
Janout V, Kabesch M, Krokan HE, Elvestad MB, Lissowska J, Mates D, Rudnai P, Skorpen F,
Schreiber S, Soria JM, Syvinen AC, Meneton P, Hergberg S, Galan P, Szeszenia-Dabrowska N,
Zaridze D, Génin E, Cardon LR, Lathrop M. Investigation of the fine structure of European
populations with applications to disease association studies. Eur J Hum Genet. 2008;16:1413-1429.

157.McFadden E, Luben R, Wareham N, Bingham S, Khaw KT. Occupational social class,
educational level, smoking and body mass index, and cause-specific mortality in men and women:
a prospective study in the European Prospective Investigation of Cancer and Nutrition in Norfolk
(EPIC-Norfolk) cohort. Eur J Epidemiol. 2008;23:511-522.

158.Zejglicova K, Kratenova J, Maly M, Kubinova R. Incidence of risk factors of chronic non-
infectious diseases including socio-economic factors in the urban middle age population in the
Czech Republic-results of HELEN study. Cas Lek Cesk. 2006;145:936-942.

159.Singh H, Turner D, Xue L, Targownik LE, Bernstein CN. Risk of developing colorectal cancer
following a negative colonoscopy examination: evidence for a 10-year interval between
colonoscopies. JAMA. 2006;295:2366-2373.

160.Sachse C, Smith G, Wilkie MJ, Barrett JH, Waxman R, Sullivan F, Forman D, Bishop DT, Wolf

100


http://www.ncbi.nlm.nih.gov/pubmed?term=%22McKay%20JD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bencko%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fabianova%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Foretova%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Georges%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Janout%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kabesch%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Krokan%20HE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Elvestad%20MB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lissowska%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mates%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rudnai%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Skorpen%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schreiber%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Soria%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Syv%C3%A4nen%20AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meneton%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Her%C3%A7berg%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Galan%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Szeszenia-Dabrowska%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zaridze%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22G%C3%A9nin%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cardon%20LR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lathrop%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barrett%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Waxman%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sullivan%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Forman%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bishop%20DT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wolf%20CR%22%5BAuthor%5D

CR. A pharmacogenetic study to investigate the role of dietary carcinogens in the etiology of
colorectal cancer. Carcinogenesis. 2002;23:1839-1849.

161.Chao C, Zhang ZF, Berthiller J, Boffetta P, Hashibe M. NAD(P)H:quinone oxidoreductase 1
NQO1 Prol187Ser polymorphism and the risk of lung, bladder, and colorectal cancers: a meta-
analysis. Cancer Epidemiol Biomarkers Prev. 2006;15:979-987.

162.Camdeviren H. Glutathione S-transferase M1, T1, P1 genotypes and risk for development of
colorectal cancer. Biochem Genet. 2005;43:149-163.

163.Yoshioka M, Katoh T, Nakano M, Takasawa S, Nagata N, Itoh H. Glutathione S-transferase
(GST) M1, T1, P1, Nacetyltransferase (NAT) 1 and 2 genetic polymorphisms and susceptibility to
colorectal cancer. J UOEH. 1999;21:133-147.

164.Ye Z, Parry JM. Genetic polymorphisms in the cytochrome P450 1A1, glutathione S-transferase
M1 and T1, and susceptibility to colon cancer. Teratog Carcinog Mutagen. 2002;22:385-392.

165.Little J, Sharp L, Masson LF, Brockton NT, Cotton SC, Haites NE, Cassidy J. Colorectal cancer
and genetic polymorphisms of CYP1Al, GSTM1 and GSTT1: a case-control study in the
Grampian region of Scotland. Int J Cancer. 2006;119:2155-2164.

166.Hoensch H, Peters WH, Roelofs HM, Kirch W. Expression of the glutathione enzyme system of
human colon mucosa by localisation, gender and age. Curr Med Res Opin. 2006;22:1075-1083.

167.Stoehlmacher J, Park DJ, Zhang W, Groshen S, Tsao-Wei DD, Yu MC, Lenz HJ. Association
between glutathione Stransferase P1, T1, and M1 genetic polymorphism and survival of patients
with metastatic colorectal cancer. J Natl Cancer Inst. 2002;94:936-942.

168.Huang K, Sandler RS, Millikan RC, Schroeder JC, North KE, Hu J. GSTM1 and GSTT1
polymorphisms, cigarette smoking, and risk of colon cancer: a population-based casecontrol study
in North Carolina (United States). Cancer Causes Control. 2006;17:385-394.

169.Moore LE, Huang WY, Chatterjee N, Gunter M, Chanock S, Yeager M, Welch B, Pinsky P,
Weissfeld J, Hayes RB.. GSTM1, GSTT1, and GSTP1 polymorphisms and risk of advanced
colorectal adenoma. Cancer Epidemiol Biomarkers Prev. 2005;14:1823-1827.

170.Gao Y, Cao Y, Tan A, Liao C, Mo Z, Gao F. Glutathione Stransferase M1 polymorphism and
sporadic colorectal cancer risk: an updating meta-analysis and HUGE review of 36 casecontrol
studies. Ann Epidemiol. 2010;20:108-121.

171.Fleige S, Pfaffl MW. RNA integrity and the effect on the real-time qRT-PCR performance. Mol
Aspects Med. 2006;27:126-139.

172.Antonov J, Goldstein DR, Oberli A, Baltzer A, Pirotta M, Fleischmann A, Altermatt HJ, Jaggi R.
Reliable gene expression measurements from degraded RNA by quantitative real-time PCR depend
on short amplicons and a proper normalization. Lab Invest. 2005;85:1040-1050.

173.Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real time quantitative
PCR and the 2-deltaCt methods. Methods. 2001;25:402-408.

101


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wolf%20CR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/15951835
http://www.ncbi.nlm.nih.gov/pubmed/15951835

174.Ellinger S, Miiller N, Stehle P, Ulrich-Merzenich G. Consumption of green tea or green tea

products: Is there an evidence for antioxidant effects from controlled interventional studies?
Phytomedicine. 2011;18(11):903-15.

175.Walsh T, Casadei S, Coats KH, Swisher E, Stray SM, Higgins J, Roach KC, Mandell J, Lee MK,
Ciernikova S, Foretova L, Soucek P, King MC. Spectrum of mutations in BRCA1, BRCA2,
CHEKZ2, and TP53 in families at high risk of breast cancer. JAMA. 2006;295(12):1379-88.

176 Menzel HJ, Sarmanova J, Soucek P, Berberich R, Griinewald K, Haun M, Kraft HG. Association

of NQO1 polymorphism with spontaneous breast cancer in two independent populations. Br J
Cancer. 2004;90(10):1989-94.

177.

178.

179.

180.

181.

182.

183.

184.

185.

Munoz M, Henderson M, Haber M, Norris M. Role of the MRP1/ABCC1 multidrug transporter
protein in cancer. IUBMB Life. 2007;59(12):752-7.

Guo Y, Kotova E, Chen ZS, Lee K, Hopper-Borge E, Belinsky MG, Kruh GD. MRP8, ATP-
binding cassette C11 (ABCCL11), is a cyclic nucleotide efflux pump and a resistance factor for
fluoropyrimidines 2',3'-dideoxycytidine and 9'-(2'-phosphonylmethoxyethyl)adenine. J Biol
Chem. 2003;278(32):29509-14.

Nambaru PK, Hiibner T, Kock K, Mews S, Grube M, Payen L, Guitton J, Sendler M, Jedlitschky
G, Rimmbach C, Rosskopf D, Kowalczyk DW, Kroemer HK, Weiss FU, Mayerle J, Lerch MM,
Ritter CA. Drug efflux transporter multidrug resistance-associated protein 5 affects sensitivity of
pancreatic cancer cell lines to the nucleoside anticancer drug 5-fluorouracil. Drug Metab Dispos.
2011;39(1):132-9.

Oude Elferink RP, Paulusma CC. Function and pathophysiological importance of ABCB4
(MDR3 P-glycoprotein). Pflugers Arch. 2007;453(5):601-10.

Fein F, Hermelin B, Becker MC, Felix S, Carbonnel F. Acute recurrent biliary pancreatitis
associated with the ABCB4 gene mutation. Gastroenterol Clin Biol. 2007;31(1):106-9.

Duan Z, Brakora KA, Seiden MV. Inhibition of ABCB1 (MDR1) and ABCB4 (MDR3)
expression by small interfering RNA and reversal of paclitaxel resistance in human ovarian
cancer cells. Mol Cancer Ther. 2004;3(7):833-8.

Turton NJ, Judah DJ, Riley J, Davies R, Lipson D, Styles JA, Smith AG, Gant TW. Gene
expression and amplification in breast carcinoma cells with intrinsic and acquired doxorubicin
resistance. Oncogene. 2001;20(11):1300-6.

Chen HL, Gabrilovich D, Tampé R, Girgis KR, Nadaf S, Carbone DP. A functionally defective
allele of TAP1 results in loss of MHC class | antigen presentation in a human lung cancer. Nat
Genet. 1996;13(2):210-3.

Kasajima A, Sers C, Sasano H, Johrens K, Stenzinger A, Noske A, Buckendahl AC, Darb-
Esfahani S, Miller BM, Budczies J, Lehman A, Dietel M, Denkert C, Weichert W. Down-

102


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ellinger%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22M%C3%BCller%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stehle%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ulrich-Merzenich%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21802928
http://www.ncbi.nlm.nih.gov/pubmed/16551709
http://www.ncbi.nlm.nih.gov/pubmed/16551709
http://www.ncbi.nlm.nih.gov/pubmed/15138483
http://www.ncbi.nlm.nih.gov/pubmed/15138483
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Munoz%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Henderson%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Haber%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Norris%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/18085475
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guo%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kotova%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20ZS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lee%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hopper-Borge%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Belinsky%20MG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kruh%20GD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/12764137?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12764137?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12764137?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nambaru%20PK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22H%C3%BCbner%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22K%C3%B6ck%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mews%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grube%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Payen%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guitton%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sendler%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jedlitschky%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jedlitschky%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rimmbach%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rosskopf%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kowalczyk%20DW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kroemer%20HK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weiss%20FU%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mayerle%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lerch%20MM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ritter%20CA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20930123
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oude%20Elferink%20RP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Paulusma%20CC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/16622704
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fein%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hermelin%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Becker%20MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Felix%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carbonnel%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/17273143
http://www.ncbi.nlm.nih.gov/pubmed/15252144
http://www.ncbi.nlm.nih.gov/pubmed/15252144
http://www.ncbi.nlm.nih.gov/pubmed/15252144
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Turton%20NJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Judah%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Riley%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Davies%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lipson%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Styles%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Smith%20AG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gant%20TW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/11313874
http://www.ncbi.nlm.nih.gov/pubmed/11313874
http://www.ncbi.nlm.nih.gov/pubmed/11313874
http://www.be-md.ncbi.nlm.nih.gov/pubmed/8640228?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.be-md.ncbi.nlm.nih.gov/pubmed/8640228?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kasajima%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sers%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sasano%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22J%C3%B6hrens%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stenzinger%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Noske%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buckendahl%20AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Darb-Esfahani%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Darb-Esfahani%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22M%C3%BCller%20BM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Budczies%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lehman%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dietel%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Denkert%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weichert%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20869097

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

regulation of the antigen processing machinery is linked to a loss of inflammatory response in
colorectal cancer. Hum Pathol. 2010;41:1758-69.

Leibowitz MS, Andrade Filho PA, Ferrone S, Ferris RL. Deficiency of activated STATL in head
and neck cancer cells mediates TAP1-dependent escape from cytotoxic T lymphocytes. Cancer
Immunol Immunother. 2011;60(4):525-35.

Ramnath N, Tan D, Li Q, Hylander BL, Bogner P, Ryes L, Ferrone S. Is down-regulation of
MHC class I antigen expression in human non-small cell lung cancer associated with prolonged
survival. Cancer Immunol Immunother. 2006;55:891-899.

Han LY, Fletcher MS, Urbauer DL, Mueller P, Landen CN, Kamat AA, Lin YG, Merritt WM,
Spannuth WA, Deavers MT, De Geest K, Gershenson DM, Lutgendorf SK, Ferrone S, Sood AK.
HLA class | antigen processing machinery component expression and intratumoral T-cell
infiltrate as independent prognostic markers in ovarian carcinoma. Clin Cancer Res.
2008;14:3372-3379.

Ayshamgul H, Ma H, llyar S, Zhang LW, Abulizi A. Association of defective HLA-I expression
with antigen processing machinery and their association with clinicopathological characteristics
in Kazak patients with esophageal cancer. Chin Med J (Engl). 2011;124(3):341-6.

Kaminski WE, Piehler A, Wenzel JJ. ABC A-subfamily transporters: structure, function and
disease. Biochim Biophys Acta. 2006;1762:510-24.

Shulenin S, Nogee LM, Annilo T, Wert SE, Whitsett JA, Dean M. ABCA3 gene mutations in
newborns with fatal surfactant deficiency. N Engl J Med. 2004;350:1296-1303.

Bergen AA, Plomp AS, Schuurman EJ, Terry S, Breuning M, Dauwerse H, Swart J, Kool M, van
Soest S, Baas F, ten Brink JB, de Jong PT. Mutations in ABCC6 cause pseudoxanthoma
elasticum. Nat Genet. 2000;25(2):228-31.

Riordan JR, Rommens JM, Kerem B, Alon N, Rozmahel R, Grzelczak Z, Zielenski J, Lok S,
Plavsic N, Chou JL, et al. Identification of the cystic fibrosis gene: cloning and characterization
of complementary DNA. Science. 1989;245(4922):1066-73.

Naren AP, Quick MW, Collawn JF, Nelson DJ, Kirk KL. Syntaxin 1A inhibits CFTR chloride
channels by means of domain-specific protein-protein interactons. Proc Natl Sci USA.
1998;95:10972-10977.

Hanrahan JW, Mathews CJ, Grygorczyk R, Tabcharani JA, Grzelczak Z, Chang XB, Riordan JR.
Regulation of the CFTR chloride channel from human and sharks. J Exp Zool. 1996;275:283-
291.

Weixel KM, Bradbury NA. The carboxyl terminus of the cystic fibrosis transmembrane
conductance regulator binds to AP-2 clathrin adaptors. J Biol Chem. 2000;275:3655-3660.

103


http://www.ncbi.nlm.nih.gov/pubmed/20869097
http://www.ncbi.nlm.nih.gov/pubmed/20869097
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leibowitz%20MS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Andrade%20Filho%20PA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ferrone%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ferris%20RL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21207025
http://www.ncbi.nlm.nih.gov/pubmed/21207025
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramnath%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tan%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20Q%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hylander%20BL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bogner%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ryes%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ferrone%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ayshamgul%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ma%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ilyar%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20LW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abulizi%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21362330
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shulenin%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nogee%20LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Annilo%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wert%20SE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Whitsett%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dean%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bergen%20AA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Plomp%20AS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schuurman%20EJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Terry%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Breuning%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dauwerse%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Swart%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kool%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Soest%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Soest%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baas%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22ten%20Brink%20JB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Jong%20PT%22%5BAuthor%5D
http://www.be-md.ncbi.nlm.nih.gov/pubmed/10835643?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.be-md.ncbi.nlm.nih.gov/pubmed/10835643?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Riordan%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rommens%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kerem%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Alon%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rozmahel%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grzelczak%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zielenski%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lok%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Plavsic%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chou%20JL%22%5BAuthor%5D
http://www.be-md.ncbi.nlm.nih.gov/pubmed/2475911?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.be-md.ncbi.nlm.nih.gov/pubmed/2475911?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Naren%20AP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Quick%20MW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Collawn%20JF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nelson%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kirk%20KL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hanrahan%20JW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mathews%20CJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grygorczyk%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tabcharani%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grzelczak%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chang%20XB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Riordan%20JR%22%5BAuthor%5D

8. SEZNAM ZKRATEK

Zkratka Plny nazev

18S Gen 18S (18S ribosomal RNA)

95% ClI 95% konfiden¢ni interval (Confidence Interval)
5-FU 5-Fluorouracil (cytostatikum)

A Adenin (6-aminopurin; purinova baze)
ABC transportéry ATP-binding cassette transporters

ABCAl ABC transportér- ¢len 1 podrodiny ABCA
ABCA10 ABC transportér- ¢len 10 podrodiny ABCA
ABCA1l ABC transportér- ¢len 11 podrodiny ABCA
ABCA12 ABC transportér- ¢len 12 podrodiny ABCA
ABCA13 ABC transportér- ¢len 13 podrodiny ABCA
ABCAZ?2 ABC transportér- ¢len 2 podrodiny ABCA
ABCA3 ABC transportér- ¢len 3 podrodiny ABCA
ABCA4 ABC transportér- ¢len 4 podrodiny ABCA
ABCA5 ABC transportér- ¢len 5 podrodiny ABCA
ABCAG ABC transportér- ¢len 6 podrodiny ABCA
ABCA7 ABC transportér- ¢len 7 podrodiny ABCA
ABCAS8 ABC transportér- ¢len 8 podrodiny ABCA
ABCA9 ABC transportér- ¢len 9 podrodiny ABCA
ABCB1 ABC transportér- ¢len 1 podrodiny ABCB
ABCB10 ABC transportér- ¢len 10 podrodiny ABCB
ABCB11 ABC transportér- ¢len 11 podrodiny ABCB
ABCB2 ABC transportér- ¢len 2 podrodiny ABCB
ABCB3 ABC transportér- ¢len 3 podrodiny ABCB
ABCB4 ABC transportér- ¢len 4 podrodiny ABCB
ABCB5 ABC transportér- ¢len 5 podrodiny ABCB
ABCB6 ABC transportér- ¢len 6 podrodiny ABCB
ABCB7 ABC transportér- ¢len 7 podrodiny ABCB
ABCBS8 ABC transportér- ¢len 8 podrodiny ABCB
ABCB9 ABC transportér- ¢len 9 podrodiny ABCB
ABCC1 ABC transportér- ¢len 1 podrodiny ABCC
ABCC10 ABC transportér- ¢len 10 podrodiny ABCC
ABCC11 ABC transportér- ¢len 11 podrodiny ABCC
ABCC12 ABC transportér- ¢len 12 podrodiny ABCC
ABCC13 ABC transportér- ¢len 13 podrodiny ABCC
ABCC2 ABC transportér- ¢len 2 podrodiny ABCC
ABCC3 ABC transportér- ¢len 3 podrodiny ABCC
ABCC4 ABC transportér- ¢len 4 podrodiny ABCC
ABCC5 ABC transportér- ¢len 5 podrodiny ABCC
ABCC6 ABC transportér- ¢len 6 podrodiny ABCC
ABCC7 ABC transportér- ¢len 7 podrodiny ABCC
ABCC8 ABC transportér- ¢len 8 podrodiny ABCC
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ABCC9 ABC transportér- ¢len 9 podrodiny ABCC
ABCD1 ABC transportér- ¢len 1 podrodiny ABCD
ABCD?2 ABC transportér- ¢len 2 podrodiny ABCD
ABCD3 ABC transportér- ¢len 3 podrodiny ABCD
ABCD4 ABC transportér- ¢len 4 podrodiny ABCD
ABCE1 ABC transportér- ¢len 1 podrodiny ABCE
ABCF1 ABC transportér- ¢len 1 podrodiny ABCF
ABCF2 ABC transportér- ¢len 2 podrodiny ABCF
ABCF3 ABC transportér- ¢len 3 podrodiny ABCF
ABCG1 ABC transportér- ¢len 1 podrodiny ABCG
ABCG2 ABC transportér- ¢len 2 podrodiny ABCG
ABCG3 ABC transportér- ¢len 3 podrodiny ABCG
ABCG4 ABC transportér- ¢len 4 podrodiny ABCG
ABCG5 ABC transportér- ¢len 5 podrodiny ABCG
ABCGS ABC transportér- ¢len 8 podrodiny ABCG
Gen ABL1 (Abelson murine Leukemia viral oncogene,
ABLL homolog 1)
ACTB Gen ACTB (Actin-Beta)
ADH Alkohol dehydrogenaza
n ADH1B (Alcohol dehydrogen lass 1
ADH1B Eeia polypepti(d_e)co ol dehydrogenase, class 1,
ADH1C g;rg rﬁfpl)—é}}?pg%tlizc;r)lol dehydrogenase, class 1,
AKR Aldo-Keto Reduktaza
Ala Alanin (a-aminopropanova kyselina)
ALDH Aldehyd dehydrogenaza
ALR Gen ALR (A_ugmenter of Liver Regeneration, _
synonymum je gen GFER-growth factor, ERV1- like)
APC Gen APC (Adenomatous Polyposis Coli)
APM Antigen processing machinery
Arg Arginin (2-amino-5-guanidinopentanova kyselina)
ATP Adenosintrifosfat (Adenosine-5'-triphosphate)
B2M (567) Gen B2M (Beta-2 Microglobuline)
BCRP Protein BCRP (Breast Cancer Resistance Protein),
produkt genu ABCG2
BMI Eod){ Mass !nde;x:pomévr hmotnosti osob (kg) a
druhé mocniny jejich vysky (m)
bp base pairs- pocet para bazi oznacujici velikost DNA
fragmentu
Gen BRCA1/2 (Breast Cancer gene 1,
BRCAL1/2 Breast Cancer gene 2)
C Cytosin (2-0x0-4-aminopyridin; pyrimidinova baze)
CBR Karbonyl reduktaza (carbonyl reductase)
CDA Cytidin deaminaza (Cytidine deaminase)
CDKN2A Gen CDKNZ2 (Cyclin-Dependent Kinase inhibitor 2A)
cDNA Komplementarni DNA (complementary DNA)
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CE Karboxyl esteraza (Carboxylesterase)

CPR Cytochrom P450 reduktiza

CR Karbonyl reduktaza (Carbonylreductase)

CRC Rakovina tlustého stieva a kone¢niku (Colorectal Cancer)
Cycle treshold- cyklus kvantitativni PCR reakce, kdy

Ct fluorescence stanovovaného genu prekroci dany prah

CT Pocitacova tomografie (computed tomography)

CTL Cytotoxické T Lymfocyty

CYP Cytochrom P 450

CYP1A1l CYP- ¢len 1 podrodiny CYP1A

CYP1A2 CYP- ¢len 2 podrodiny CYP1A

CYP1B1 CYP- ¢len 1 podrodiny CYP1B

CYP2A13 CYP- ¢len 13 podrodiny CYP2A

CYP2CS8 CYP- ¢len 8 podrodiny CYP2C

CYP2D6 CYP- ¢len 6 podrodiny CYP2D

CYP3A4 CYP- ¢len 4 podrodiny CYP3A

CYP3A5 CYP- ¢len 5 podrodiny CYP3A

DCK Gen DCK (Deoxycitidinekinase)

DNA Deoxyribonukleova kyselina (Deoxyribonucleic Acid)

dNTP DeoxyriboNucleoside triphosphate- stavebni jednotky pii
syntéze DNA

E U¢innost PCR reakce (Efficiency)

EC Enzyme Qommission number (EC number) — éiselné.
schéma klasifikace enzymu dle reakci, které katalyzuji

EDTA disodna sﬁl_ eth_ylendiamin‘_[etrao_ctové kyseliny
(Ethylenediaminetetraacetic Acid)
Receptor pro epidermalni rustovy faktor (Epidermal

EGFR Growth Factor Receptor)

EIF2B1 Gen_ EIF2B1 (Eukaryotic translation Initiation Factor 2B,
podjednotka 1)

ELF1 Gen ELF1 (E74-Like Factor 1)

EPHX1 Gen EPHX1 (Epoxide hydrolase 1)

ERCP Endoskopicka retrogradni cholangiopankreatografie

FHA ForkHead-Associated domain

FMO Flavin obsahujici Monooxygenaza

FRET Eluqre§9gnce Besgnapcev Energy I_ransvfer- mechanismus
popisujici energeticky pfenos mezi dvéma chromofory

G Guanin (2-amino-6-hydroxypurin; purinova baze)

GADDA5A ﬁ}zr:l SQE;?}S{EA A(%Lc;\gvth Arrest and DNA Damage

GAPDH ge?ygggg];lsé)glycergldehyde 3-phosphate
Glutation-S-transferaza M1

GSTM1 (Glutathione S-transferase, class MU-1)
Glutation-S-transferaza P1

GSTPL (Glutathione S-transferase, class PI)

GSTT1 Glutation-S-transferaza T1

(Glutathione S-transferase, theta-1)
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GUSB Gen GUSB (Beta-glucuronidase)

hCNT Nukleosidové transportéry (human Concentrative
Nucleoside Transporter, rodina SLC28)

hENT Nukleosidové transportéry (human Equilibrative
Nucleoside Transporter, rodina SLC29)

His Histidin (kyselina 2-amino-3-(1H-imidazol-4-yl)
propanova)
Hlavni histokompatibilni komplex 1. tfidy (Human Leucocy

HLA | .
Antigen)

HMBS Gen HMBS (Hydroxymethylbilane Synthase)

HPRT1 Gen HPRT1 (Hypoxantjine Guanine
Phosphoribosyltransferase 1)

CHEK2 Gen CHEK2 (Checkpoint Kinase 2)

iv. Intravenous- podani preparatu do zily

IHC Imunohistochemie

lle Isoleucin ((2S,3S)-2-amino-3-methylpentanova kyselina)

IPO8 Gen IPO8 (Importin 8)

K Draslik (Kalium)

kp Kilo base pairs, odpovida 1 000 bp
Gen KRAS (V-Ki-ras2 Kirsten Rat Sarcoma viral

KRAS oncogene homolog)

Leu Leucin (2-amino-4-methylpentanova kyselina)

LRP Gen LRP (Lung Resistance-related protein, synonymum
Major Vault protein, MVP)

MAO Gen MAO (Monoamine Oxidase)

MAPK Gen MAPK (Mitogen-Activated Protein Kinase)

MDR Mnohodéetna 1ékova rezistence (Multidrug Resistance)

MDR1 Gen MDR1 (Multidrug resistance 1, synonymum ABCB1)

MgClI2 Chlorid hotecnaty

MQ Milli Q- destilovana sterilizovana voda

MR Magneticka Resonance
Informa¢ni RNA (Messenger RNA) - ribonukleova

MRNA . - ; . .o
kyselina nesouci informaci pro syntézu polypeptidi

MRP Multidrug Resistant Protein

MRP1 Gen MRP1 (Multidrug Resistance-Associated Protein 1,
Synonymum ABCC1)

MRP2 Gen MRP2 (Multidrug Resistance-Associated Protein 2,
Synonymum ABCC2)

MRP3 Gen MRP3 (Multidrug Resistance-Associated Protein 3,
Synonymum ABCC3)

MRP4 Gen MRP4 (Multidrug Resistance-Associated Protein 4,
Synonymum ABCC4)

MRP5 Gen MRP5 (Multidrug Resistance-Associated Protein 5,
Synonymum ABCC5)

MRP6 Gen MRP6 (Multidrug Resistance-Associated Protein 6,
Synonymum ABCC6)

MRP7 Gen MRP7 (Multidrug Resistance-Associated Protein 7,
Synonymum ABCC10)

MRPS8 Gen MRP8 (Multidrug Resistance-Associated Protein 8,
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Synonymum ABCC11)

Gen MRP9 (Multidrug Resistance-Associated Protein 9,

MRP3 Synonymum ABCC12)
MRPL19 Gen MRPL19 (Mitochondrial Ribosomal Protein_L19)
MVP Viz. LRP
NaCl Chlorid sodny
Redukovana forma Nikotinamidu adeninu
NADPH dinucleotidfosfatu (Nicotinamide Adenine Dinucleotide
Phosphate)
NAT N-acetyl transferaza
NBD Doména vazici nukleotidy (Nucleotide Binding Domain)
NF-kB Gen NF-kB (Nuclear Factor kappa-B)
NNK Nitrosamin 4-(methylnitrosamino)-1-
(3-pyridyl)-1- butanon
NQO NAD(P)H:chinon dehydrogenaza
NQO1 Gen NQO1 (NADPH Quinone Oxidoreductase 1)
NQO2 Gen NQO2 (NADPH Quinone Oxidoreductase 2)
NTC No Template Control- vzorek obsahujici vodu misto templat
nukleotidové kyseliny, negativni kontrola PCR
Online Mendelian Inheritance in Man-databaze vSech
OMIM znamych onemocnéni spolu s jejich genetickymi
komponentami
OR Odds Ratio- angl. pomér dvou odds, neboli podilt
pravdépodobnosti. Je mirou relativniho rizika.
p-value- udava jaké chyby se dopoustime, pokud
P zamitneme nulovou hypotézu
P 450 Cytochrom P 450
PanC Rakovina slinivky bti$ni (Pancreatic Cancer)
PCR Polymérazova retézova reakce
(Polymerase Chain Reaction)
PES1 Gen PES1 (human homolog 1 of zebrafish Pescadilo gene)
PGK1 Gen PGK1 (Phosphoglycerate Kinase-1)
potential of hydrogen- vodikovy exponent je zaporné vzat
pH dekadicky logaritmus aktivity oxoniovych kationtt,
Vyjadiuje, zda roztok reaguje kysele, ¢i zasadite.
Phe Fenylalanin ((2S)-2-amino-3-fenylpropanova kyselina)
PI3K Phosphatidyl Inositol 3- Kinase
PMM1 Gen PMM1 (Phosphomannomutase 1)
POLR2A Gen P_OLRZA (DNA-dependent RNA Polymerase 11,
subunit A)
POLR2L Gen P_OLRZA (DNA-dependent RNA Polymerase 11,
subunit L)
PON Gen PON1-3 (Paraoxonase 1-3)
POP4 Gen POP4 (Processing Of Precursor 4, synonymum
Ribonuclease P/MRP, podjednotka 29kD; RPP29)
POR Gen POR (Cytochrom P450 Oxidoreductase)
Gen PPIA (Peptidyl-Prolyl Isomerse A, synonymum
PPIA i
Cyclophilin A)
Pro Prolin ((2S)-Pyrrolidin-2-karboxylova kyselina, (2S)-
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Azacyklopentan-2-karboxylova kyselina)

PSMC4 Gen PSMC4 (Proteasome 26S Subunit, ATPase, 4)

Q Relativni kvantita (Relative Quantity)

QARS Gen QUARS kéduje Glutaminyl-tRNA Syntetazu
Kvantitativni polymerazova fetézova reakce (real-time
polymerase chain reaction, také Quantitative real time

gPCR polymerase chain reaction; Q-PCR/gPCR/qrt-PCR) je
metoda zaloZena na principu klasické PCR, umoziuje vSak
kvantifikaci sledovaného useku DNA.

R? Determinacni koeficient uzivany v regresnich modelech

RAL-GTP Ras-realated protein

RELP Polym_orﬁsmus délky restrik¢nich fragmeptﬁ
(Restriction Fragment Length Polymorphism)

RIN Koeficient V}_/j adiujici miru integrity RNA
(RNA Integrity Number)

RNA Ribonukleova kyselina (Ribonucleic Acid)

RPL30 Gen RPL30 (Ribosomal Protein L30)

RPS17 Gen RPS17 (Ribosomal Protein S17)

Referenéni ¢islo polymorfismu (reference SNP ID number)
rs v databazi (Single Nucleotide Polymorphism
Database- dbSNP) http://www.ncbi.nlm.nih.gov/SNP

RT-PCR Reverzné—transkr_ipé'ni polymerazova fet_ézové re_akce
(Reverse Transcription Polymerase Chain Reaction)

S.D. Standard Deviation- ang. smérodatna odchylka
Small Cell Carcinoma of Lung- ang. malobuné¢ny

SCLC - -
karcinoma plic

SDS Dodecylsiran sodny (Sodium dodecyl sulfate)

Ser Serin ((2S)-2-amino-3-hydroxypropanova kyselina)

- angl. small interfering RNA, pfipadné short interfering
RNA ¢i silencing RNA) je oznaceni pro skupinu

SiRNA dvouvlaknovych RNA o délce 20-25 nukleotida.

. Solute carrier transporters- skupina transportérit obsahujici

SLC transportery pies 300 rozdélenyf:)h do 51 roé)ina P :

SLC28A1 SLC transportér- ¢len 1 rodiny 28A

SLC28A2 SLC transportér- ¢len 2 rodiny 28A

SLC28A3 SLC transportér- ¢len 3 rodiny 28A

SLC29A1 SLC transportér- ¢len 1 rodiny 29A

SLC29A2 SLC transportér- ¢len 2 rodiny 29A

SLC29A3 SLC transportér- ¢len 3 rodiny 29A

SNP Jednonukleotidovy polymorfismus/polymorfismy (Single

(s) . : L. L2
Nucleotide Polymorphismus/(s)-oznacuje mnozné ¢islo)

SOD?2 Gen SOD2 (Superoxide dismutase 2)

SOD3 Gen SOD3 (Superoxide dismutase 3)

STD Standard

SULT Sulfotransferaza

SzU Statni zdravotni ustav v Praze
Thymin (2,6-dihydroxy-5-methylpyrimidin,

T 5-methyluracil; pyrimidinova baze)
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Transportér souvisejici s ptipravou antigenu pro prezentaci

TAPLI2 (Transporter associated with antigen processing 1/ 2)

TBE TBE (Tris/Borate/EDTA)- pufr obsahujici mix Tris,
Kyselinu boritou, EDTA

TBP Gen TBP (Tata Box-binding Protein)

TFRC Gen TFRC (Transferrin receptor)

T™MD Doména pfemostujici bunéénou membranu

(Transmembrane Domain)

TNM klasifikace

odrazi znalost rozsahu primarniho tumoru (T-tumor),
nepfitomnost ¢i pfitomnost metastaz v regionalnich
lymfatickych uzlinach (N-nodes) a nepfitomnost ¢i
ptitomnost vzdalenych metastaz (M-metastasis)

TP53 Gen TP53 (Tumor protein p53)

Tris 2-Amino-2-hydroxymethyl-propane-1,3-diol

Tyr Tyrosin ((28)—2—Amino—3—(4—hydroxyfenyl)—
propanova kyselina)

UGT UDP-glukuronosyl transferaza

Val Valin ((2S)-2-amino-3-methyl-butanova kyselina)
Enzymy metabolizujici cizorodé slouc¢eniny (Xenobiotic

XME metabolizing enzymes)

YWHAZ Gen YWHAZ (Tyrosine 3-Monooxygenase/Tryptophan 5-

Monooxygenase Activation protein, Zeta isoform)
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ORIGINAL ARTICLE

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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Superoxide Dismutase and Nicotinamide
Adenine Dinucleotide Phosphate

Quinone Oxidoreductase Polymorphisms and Pancreatic Cancer Risk
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Objectives: Pancreatic carcinoma etiology and molecular pathogenesis
is weakly understood. According to the assumption that genetic variation
in carcinogen metabolism further modifies the risk of exposure-related
cancers, an association of functional polymorphisms in oxidative stress—
modifying genes superoxide dismutase 2 (SOD2 [Alal6Val, rs4880]),
SOD3 (Arg231Gly, rs1799895), nicotinamide adenine dinucleotide phos-
phate:quinone oxidoreductase (NQO! [Prol87Ser, rs1800566], and NQO2
(Phe47Leu, rs1143684) with pancreatic cancer risk was studied.
Methods: Polymorphisms were studied by allelic discrimination.
Results: In a hospital-based case-control study on 500 individuals
(235 cases and 265 controls) of Czech white origin, SOD2, SOD3, NQOI,
and NOO2 polymorphisms showed no significant association with pan-
creatic cancer risk. Major lifestyle factors such as smoking and alco-
hol, coffee, or tea consumption did not modify the effect of the studied
polymorphisms.

Conclusions: The first European study of the SOD2, SOD3, NQOI,
and NQO? roles in pancreatic cancer etiology did not find significant
associations. Despite this observation, other populations with different
lifestyle(s) may be at risk and should be further studied.

Key Words: pancreas, cancer, susceptibility, superoxide dismutase,
quinone oxidoreductase

(Pancreas 2011;40: 72-78)

Pancreatic carcinoma (International Statistical Classification
of Diseases, 10th Revision, C25; Online Mendelian Inheri-
tance in Man [OMIM], 260350) is the fourth leading cause of
cancer-related death in the Czech Republic, with only a mini-
mum number of patients surviving by 5 years.'

The etiology and molecular pathogenesis of the disease is
still weakly understood. Published risk factors include age, sex,
diabetes, obesity, history of chronic pancreatitis, diet rich in fat,
tobacco, and infection by Helicobacter pylori.>~> Alcohol is
suspected to promote carcinogenesis. However, epidemiologic
studies have reported inconsistent results on associations of
alcohol intake with pancreatic cancer risk.*” Metabolism of
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environmentally important contaminants (both activation of pre-
carcinogens and detoxification of carcinogens) may present an
important susceptibility factor as well. Polymorphisms in geneti-
cally variable xenobiotic-metabolizing enzymes may modify the
risk of carcinogenesis.®

Reactive oxygen species are potential carcinogens because
they facilitate mutagenesis and tumor promotion and progres-
sion.”™'" The genotoxic superoxide anion radical is formed by
the univalent reduction of triplet-state molecular oxygen. This
process is mediated by enzymes such as nicotinamide adenine
dinucleotide phosphate (NADPH) oxidases and xanthine oxidase
or nonenzymatically by redox-reactive compounds such as the
semi-ubiquinone compound of the mitochondrial electron trans-
port chain.'?

Manganese superoxide dismutase (MnSOD or SOD2;
OMIM, 147460) converts the superoxide anion radical into
hydrogen peroxide and oxygen in mitochondria and plays a key
role in protecting cells from oxidative damage. The SOD2 poly-
morphism (Alal6Val, rs4880) in gene signal sequence leads to
a conformational change in the helical structure of the protein.
The Val variant of the enzyme has lower efficiency of transport
into mitochondria."? Previous studies found a significantly higher
risk of lung,'* bladder,'® and breast cancer'® in individuals car-
rying the variant Val allele. Contrary to these findings, association
of the wild-type SOD2 Ala variant with increased acoustic neu-
roma and prostate cancer risk was found.'”'® The homozygous
variant genotype (Val/Val) has been associated with a higher risk
of pancreatic cancer (odds ratio [OR], 1.96; 95% confidence in-
terval [CI], 1.0-3.8)."® The extracellular isoform of SOD has Cu
and Zn in the catalytic center (extracellular SOD or SOD3;
OMIM, 185490). Several polymorphisms in SOD3 have been
studied (Ex3-631C>G, rs1799895; IVS1-186C>T, rs699473;
Ex3-516 C>T, rs2853796; and Ex3-489 C>T, rs2855262), but the
association with cancer risk has not been found.'®

Nicotinamide adenine dinucleotide phosphate:quinone oxi-
doreductase (NQO1; OMIM, 125860) protects cells from oxida-
tive damage by catalyzing the reduction of carcinogenic quinoid
compounds to their hydroquinone forms. Nicotinamide adenine
dinucleotide phosphate:quinone oxidoreductase can use NADH
and NADPH as cofactors, whereas NQO2 (OMIM, 160998) re-
quires the nonbiogenic compound dihydronicotinamide riboside
or related molecules.?® Both proteins have also been involved in
the stabilization of tumor protein p53 (OMIM, 191170).%!

Polymorphisms in exon 6 of NQO1 (Pro187Ser, rs1800566)
and exon 3 of NQO2 (Phe47Leu, rs1143684) are associated with
lower enzyme activities.”>*> Nicotinamide adenine dinucleotide
phosphate:quinone oxidoreductase expression was suggested to
be a possible candidate as a biomarker for pancreatic cancer,
especially in smokers.>*

This study aimed to evaluate whether the association of
pancreatic cancer risk with functional polymorphisms in SOD2
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(Alal6Val, rs4880), SOD3 (Arg231Gly, rs1799895), NQO!
(Pro187Ser, rs1800566), and NQO2 (Phe47Leu, rs1143684)
exists. For this purpose, the first case-control study on European
white population was conducted.

MATERIALS AND METHODS

Subjects

The study design was described in detail elsewhere.”> In
brief, a total of 630 individuals of Czech white ancestry were
included into the study in the period between September 2004
and February 2008. The cases were 298 incident pancreatic
cancer patients attending 5 oncology and surgery departments in
Prague and one in Pribram (central Bohemia). Patients were
eligible for the study when they fulfilled at least 1 of the fol-
lowing criteria: (a) histology- or cytology-confirmed pancreatic
adenocarcinoma and (b) at least 3 clinical signs of pancreatic
cancer (presence of tumor mass revealed by endoscopic retrograde
cholangiopancreatography, endoscopic ultrasound with fine nee-
dle aspiration biopsy, computed tomography or magnetic reso-
nance imaging, weight loss, anorexia/cachexia, and obstructive
jaundice). Clinical and pathological data on the cases (date of
diagnosis, stage, grade, and histologic diagnosis where available)
were collected from their medical records. Thirty-eight patients
were excluded because of diagnoses other than pancreatic cancer
(15 pancreatitis and 23 other diagnoses) found during follow-up.
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
recruitment of the cases by general practitioners in Prague (179
controls) and blood donors from 2 centers in Prague and Pribram
(153 controls). The controls were included into the study under the
condition that the difference in their age and that of the cases
recruited in the same period was not larger than 5 years. No other
selection criteria were applied to the recruitment of the controls.
Basic epidemiologic data on all participants (personal and family
history, short occupational history, physical activity, smoking-and-
drinking history, and nutritional information) were collected.
Sixty-seven controls and 25 cases were excluded because vari-
ables needed for the analysis were missing. 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, Praque, Czech Republic.

Study Questionnaires

All study participants filled out a self-guided, structured
questionnaire to determine demographic characteristics and po-
tential risk factors. The study subjects provided information on
their lifestyle habits (smoking and drinking of alcohol, coffee, or
tea), weight (in kilograms), personal history of diabetes, pan-
creatitis, and family/personal history of cancer. The characteris-
tics of the study population have been reported previously.*®

DNA Isolation and Genotyping

Blood was collected during the diagnostic procedures by
using tubes with a K3EDTA anticoagulant. Genomic DNA was
extracted from peripheral lymphocytes by using a BioSprint
15 DNA blood kit (Qiagen, Valencia, Calif) by KingFisher mL
automated system (Thermo Electron Corporation, Vantaa, Fin-
land) according to the procedure supplied by the manufacturer.
Polymorphisms in SOD2 (1s4880), SOD3 (1rs1799895), NOOI
(rs1800566), and NQO?2 (rs1143684) were determined by real-
time polymerase chain reaction using the RotorGene 6000
(Corbett Research, Sydney, Australia) apparatus. The reaction

© 2011 Lippincott Williams & Wilkins

mixture contained 5 pL of ABsolute QPCR ROX Mix (Thermo
Fisher Scientific, Rockford, Ill), 0.25 pL of TagMan Drug
Metabolism Genotyping Assays (Assay IDs: C_8709053_10 for

TABLE 1. Characteristics of the Studied Population

Controls, n (%) Cases, n (%)

Sex
Male 158 (60) 148 (63)
Female 107 (40) 87 (37)
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
Negative 245 (94) 194 (85)
Positive 17 (6) 33 (15)
Total 262 227
Personal history of pancreatitis
Negative 258 (98) 212 (93)
Positive 4(2) 15 (7)
Total 262 227
Smoking
Never smoker 106 (41) 71 (38)
Former smoker >10 yr 54 (21) 34 (18)
Former smoker 0—10 yr 22 (9) 25 (13)
Current smoker 75 (29) 57 (31)
Total 257 187
Alcohol
Nondrinker 78 (30) 68 (36)
Occasional drinker 40 (16) 51(28)
Current drinker* 141 (54) 68 (36)
Total 259 187
Coffee
Never or <1/mo 35(13) 73 (32)
<l/wk 4(2) 73)
1-2/wk 26 (10) 14 (6)
3-5/wk 16 (6) 18 (8)
1-2/d 135 (51) 85 (37)
3-4/d 43 (16) 22 (10)
>4/d 6(2) 94
Total 265 228
Tea
Never or <1/mo 68 (25) 99 (43)
<l/wk 15 (6) 14 (6)
1-2/wk 32 (12) 28 (12)
3-5/wk 37 (14) 27 (12)
1-2/d 71 (27) 52 (23)
3-4/d 32 (12) 73)
>4/d 10 (4) 1(1)
Total 265 228

*Consumed more than 1 serving per day, where serving means ap-
proximately 15-20g of ethanol. This is the mean amount of ethanol in a
common glass of beer (0.5 L), wine (0.2 L), and spirit (0.05 L) in the
Czech Republic.
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SOD2, C_2307506_10 for SOD3, C_2091255_30 for NQOI,
and C_8774861_1 for NQO2; obtained from Applied Biosys-
tems, Foster City, Calif), and 4.75 pL of DNA template diluted
to a concentration of 0.7 ng/pL. Cycling parameters were ini-
tial denaturation at 95°C for 15 minutes, followed by 50 cycles
consisting of a denaturation at 95°C for 15 seconds and an
annealing: for SOD2 at 64°C for 15 seconds; SOD3 and NQOI,
60°C for 60 seconds; and NQO2, 62°C for 60 seconds. The
nontemplate control consisted of a reaction tube in which water
was used in place of a DNA sample. Ten percent of randomly
selected samples were reanalyzed, with 100% concordance of
the results.

Statistical Analyses

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.
Differences in distribution of the genotypes between the cases
and the controls were assessed from 2 x 2 tables, and the Pearson
X* test was used to test for their significance. Then the binary
logistic regression was used to model the association between
the risk of pancreatic cancer and the studied genotypes when
controlling for the effects of age at recruitment, sex, weight, dia-
betes, pancreatitis, smoking, and alcohol, coffee, and tea con-
sumption. Finally, the data were stratified according to different
levels of variables for smoking and alcohol, coffee, and tea con-
sumption to check for the presence of the modifying effect. A
2-sided P < 0.05 would be considered statistically significant.
Analyses were performed using the Win SPSS v13.0 (SPSS,
Chicago, Ill). The study had 80% power to detect an OR of 1.7
for NOO1 and NQO?2 polymorphisms by using a dominant model

and SOD2 by using a recessive model as calculated by Quanto
v1.2.4 program (http://hydra.usc.edu/gxe).

RESULTS

Characteristics of the Studied Population

The complete characteristics of the studied population are
displayed in Table 1. Our previous study showed advanced age at
recruitment (P = 0.016), low weight (P < 0.001), positive personal
history of pancreatitis (P < 0.001), and diabetes (P < 0.001) as the
pancreatic cancer risk predictors.?® Tea drinkers (>3 teacups per
day) had a significantly reduced pancreatic cancer risk than those
who drunk less than 3 teacups per day (P < 0.001). Smoking,
alcohol consumption, and coffee drinking played no role as in-
dependent risk factors.*

SOD2, SOD3, NQO1, and NQO2 Polymorphisms
and Pancreatic Cancer Risk

Unadjusted analyses did not detect any of the genotypes
as a potential pancreatic cancer risk factor (results not shown).
Age-, sex-, weight-, diabetes-, pancreatitis-, smoking-, alcohol-,
coffee- and tea-adjusted logistic regression also failed to find any
significant association of all analyzed genotypes and alleles with
the risk (Table 2). No significant interactions between the potential
modifiers of effect, that is, the exposure factors (smoking, alcohol,
coffee, and tea) and the studied genotypes were found either
(Tables 3-6).

DISCUSSION

Pancreatic cancer is a dreadful disease with medium
incidence but extremely high mortality and short survival.

TABLE 2. Associations of SOD2, SOD3, NQOT, and NQO2 Polymorphisms With Pancreatic Cancer Risk

Genotype Controls, n (%) Cases, n (%) OR* 95% CI P

SOD2, rs4880
Ala/Ala 58 (21.9) 48 (20.4) Reference — —
Ala/Val 134 (50.6) 121 (51.5) 1.24 0.72-2.12 0.440
Val/Val 73 (27.5) 66 (28.1) 1.04 0.57-1.90 0.896
Ala/Val + Val/Val 207 1.16 0.70-1.93 0.560
Total 265

SOD3, rs1799895
Arg/Arg 264 (99.6) 229 (97.4) Reference — —
Arg/Gly 1(0.4) 6 (2.6) 4.41 0.42-46.05 0.215
Gly/Gly 0 —F —F T
Total 265

NQOI, 151800566
Pro/Pro 187 (70.6) 164 (69.8) Reference — —
Pro/Ser 71 (26.8) 64 (27.2) 1.12 0.69-1.81 0.642
Ser/Ser 7 (2.6) 7 (3.0) 1.70 0.47-6.19 0.418
Pro/Ser + Ser/Ser 78 1.16 0.73-1.85 0.523
Total 265

NQO2, 151143684
Phe/Phe 153 (57.7) 146 (62.1) Reference — —
Phe/Leu 104 (39.3) 78 (33.2) 0.82 0.53-1.27 0.375
Leu/Leu 8 (3.0) 11 (4.7) 1.23 0.37-4.06 0.734
Phe/Leu + Leu/Leu 112 0.85 0.55-1.30 0.447
Total 265

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

TSignificance could not be determined because of the absence of variants in both studied groups.
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Despite efforts of molecular epidemiologists and geneticists,
the etiology and molecular pathogenesis of this cancer is still

weakly understood.

TABLE 3. Genotype Distribution According to Smoking Status

Genotype Controls Cases OR* 95%Cl P

Never smokers

SOD?2, rs4880
Ala/Ala 22 18 Reference — —
Ala/Val 53 32 0.74 0.34-1.58 0.434
Val/Val 31 21 0.83  0.36-1.96 0.657
Ala/Val + Val/Val 84 53 0.77 0.38-1.57 0.474
Total 106 71

SOD3, 1s1799895
Arg/Arg 103 69 Reference — —
Arg/Gly 3 2 0.99 0.16-6.11 0.996
Gly/Gly 0 o — ¥ —t
Total 106 71

NQOI, 151800566
Pro/Pro 74 50 Reference — —
Pro/Ser 29 17 0.87 0.43-1.74 0.690
Ser/Ser 3 4 1.97 0.42-9.20 0.387
Pro/Ser + Ser/Ser 32 21 0.97 0.50-1.87 0.931
Total 106 71

NQO2, 151143684
Phe/Phe 58 36 Reference — —
Phe/Leu 46 33 1.16  0.63-2.13 0.642
Leu/Leu 2 2 1.61  0.22-11.95 0.641
Phe/Leu + Lew/Leu 48 35 1.18  0.64-2.15 0.600
Total 106 71

Current and former smokers

SOD2, rs4880
Ala/Ala 36 24 Reference — —
Ala/Val 72 63 1.31  0.71-2.43 0.388
Val/Val 43 29 1.01  0.50-2.03 0.974
Ala/Val + Val/Val 115 92 1.20  0.67-2.15 0.541
Total 151 116

SOD3, rs1799895
Arg/Arg 151 113 Reference — —
Arg/Gly 0 3 ¥ —t
Gly/Gly 0 o —f —f
Total 151 116

NQOI, 151800566
Pro/Pro 103 77 Reference — —
Pro/Ser 44 37 1.12 0.66-1.91 0.662
Ser/Ser 4 2 0.67 0.12-3.75 0.647
Pro/Ser + Ser/Ser 48 39 1.09  0.65-1.82 0.751
Total 151 116

NQO2, rs1143684
Phe/Phe 93 81 Reference — —
Phe/Leu 53 29 0.63 0.37-1.08 0.093
Leu/Leu 5 6 1.38  0.40-4.68 0.608
Phe/Leu+ Lew/Leu 58 35 0.69 041-1.16 0.162
Total 151 116
*Crude OR.

TSignificance could not be determined because of the absence of

variants in both studied groups.

© 2011 Lippincott Williams & Wilkins

TABLE 4. Genotype Distribution According to Alcohol

Drinker Status

Genotype Controls Cases OR* 95% CI P

Nondrinkers

SOD?2, 1s4880
Ala/Ala 14 14 Reference — —
Ala/Val 41 31 0.76 0.31-1.82 0.531
Val/Val 23 23 1.00 0.39-2.56 0.999
Ala/Val + Val/Val 64 54 0.84 0.37-1.92  0.686
Total 78 68

SOD3, 151799895
Arg/Arg 76 66 Reference — —
Arg/Gly 2 2 1.15 0.16-8.40 0.889
Gly/Gly 0 0 — — —
Total 78 68

NQOI, rs1800566
Pro/Pro 56 52 Reference — —
Pro/Ser 19 15 0.85 0.39-1.85 0.682
Ser/Ser 3 1 0.36 0.04-3.56 0.381
Pro/Ser + Ser/Ser 22 16 0.78 0.37-1.65 0.521
Total 78 68

NQO2, 151143684
Phe/Phe 45 36 Reference — —
Phe/Leu 30 28 1.16 0.59-2.29 0.655
Leu/Leu 3 4 1.67 0.35-7.935 0.521
Phe/Leu + Lew/Leu 33 32 1.21 0.63-2.33  0.630
Total 78 68

Occasional and current drinkers

SOD2, 154880
Ala/Ala 44 29 Reference — —
Ala/Val 86 63 1.11 0.63-1.97 0.717
Val/Val 51 27 0.80 0.41-1.56 0.516
Ala/Val + Val/Val 137 90 1.00 0.58-1.71 0.581
Total 181 119

SOD3, rs1799895
Arg/Arg 180 116 Reference — —
Arg/Gly 1 3 4.66 0.48-45.29 0.185
Gly/Gly 0 0 — — —t
Total 181 119

NQOI, rs1800566
Pro/Pro 123 76 Reference — —
Pro/Ser 54 38 1.14 0.69-1.89 0.613
Ser/Ser 4 5 2.02 0.53-7.77 0.305
Pro/Ser + Ser/Ser 58 43 1.20 0.74-1.95 0.464
Total 181 119

NQO2, 151143684
Phe/Phe 108 81 Reference — —
Phe/Leu 69 35 0.68 0.41-1.11 0.124
Leu/Leu 4 3 1.00 0.22-4.59 0.999
Phe/Leu + Leu/Leu 73 38 0.69 0.43-1.13 0.141
Total 181 119
*Crude OR.

TSignificance could not be determined because
variants in both studied groups.

of the absence of

Oxidative stress is associated with several pathological
conditions including inflammation and infection.?® An excess
of oxidative stress above the physiological level important for
cell signaling belongs to the generally suspected factors leading
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to carcinogenesis.?® Reactive oxygen species may be generated
as byproducts of the metabolism of both endogenous and ex-
ogenous substrates, for example, tobacco smoke?’ or alcohol.?®
Pancreatic cancer risk has been linked to chronic pancreatitis,

TABLE 5. Genotype Distribution According to Coffee
Drinker Status

Genotype Controls Cases OR* 95% CI P

Never or <3 cups per day
SOD2, rs4880

Ala/Ala 48 45 Reference — —
Ala/Val 106 92 093 0.56-1.52 0.759
Val/Val 62 59 1.01  0.59-1.73  0.957
Ala/Val + Val/Val 168 151 096  0.60-1.52  0.858
Total 216 196

SOD3, rs1799895
Arg/Arg 214 191 Reference — —
Arg/Gly 2 5 2.80  0.54-14.60 0.222
Gly/Gly 0 0 —t —f —t
Total 216 196

NQOI, rs1800566
Pro/Pro 149 138 Reference — —
Pro/Ser 62 54 094 0.61-1.45 0.780
Ser/Ser 5 4 0.86  0.23-3.28  0.830
Pro/Ser + Ser/Ser 67 58 093 0.61-1.42 0.753
Total 216 196

NQO2, 151143684
Phe/Phe 122 122 Reference — —
Phe/Leu 90 66 0.73  0.49-1.10 0.133
Leu/Leu 4 8 2.00 0.59-6.82 0.268
Phe/Leu + Leu/Leu 94 74 0.79  0.53-1.17  0.235
Total 216 196

>3 Cups per day
SOD?2, rs4880

Ala/Ala 11 4 Reference — —
Ala/Val 24 23 2.63 0.73-9.47 0.138
Val/Val 14 5 098 0.21-4.55 0.982
Ala/Val+Val/Val 38 28 2.03 0.58-7.03 0.266
Total 49 32

SOD3, rs1799895
Arg/Arg 48 31 Reference — —
Arg/Gly 1 1 1.58  0.10-25.68 0.760
Gly/Gly 0 0 —t —F —t
Total 49 32

NQOI, rs1800566
Pro/Pro 35 23 Reference — —
Pro/Ser 12 7 0.89  0.30-2.59 0.827
Ser/Ser 2 2 1.52  0.20-11.58 0.685
Pro/Ser + Ser/Ser 14 9 0.98  0.36-2.63  0.965
Total 49 32

NQO2, 151143684
Phe/Phe 35 19 Reference — —
Phe/Leu 11 11 1.84  0.67-5.03 0.234
Leu/Leu 3 2 1.23  0.19-8.00 0.830
Phe/Leu + Leu/Leu 14 13 1.71  0.67-4.38 0.263
Total 49 32
*Crude OR.

TSignificance could not be determined because of the absence of
variants in both studied groups.
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TABLE 6. Genotype Distribution According to Tea Drinker Status

Genotype Controls Cases OR* 95% CI P

Never or <3 cups per day
SOD2, 154880

Ala/Ala 58 48 Reference — —
Ala/Val 101 111 1.33 0.83-2.12 0.235
Val/Val 64 61 1.15 0.68-1.93 0.594
Ala/Val + Val/Val 165 172 1.26 0.81-1.95 0.302
Total 223 220

SOD3, 11799895
Arg/Arg 220 214 Reference — —
Arg/Gly 3 6 2.06 0.51-8.33 0.312
Gly/Gly 0 0 —Ff L
Total 223 220

NQOI, 151800566
Pro/Pro 158 158 Reference — —
Pro/Ser 60 57 0.95 0.62-1.45 0.813
Ser/Ser 5 5 1.00 0.28-3.52  0.999
Pro/Ser + Ser/Ser 65 62 0.95 0.63-1.44 0.822
Total 223 220

NQO2, rs1143684
Phe/Phe 131 137 Reference — —
Phe/Leu 87 73 0.80 0.54-1.19 0.272
Leu/Leu 5 10 1.91 0.64-5.75 0.248
Phe/Leu + Leu/Leu 92 83 0.86 0.59-1.26 0.448
Total 223 220

>3 Cups per day
SOD2, 154880

Ala/Ala 1 1 Reference — —
Ala/Val 29 4 0.14 0.01-2.67 0.190
Val/Val 12 3 0.25 0.01-5.26 0.373
Ala/Val + Val/Val 31 7 0.17 0.01-3.06 0.230
Total 42 8

SOD3, 11799895
Arg/Arg 42 8 Reference — —
Arg/Gly 0 o —t —f
Gly/Gly 0 0 —f —t —f
Total 42 8

NQOI, 151800566
Pro/Pro 26 3 Reference — —
Pro/Ser 14 4 2.48 0.48-12.66 0.276
Ser/Ser 2 1 433 0.30-63.30 0.284
Pro/Ser + Ser/Ser 16 5 2.71 0.57-12.90 0.211
Total 42 8

NQO?2, 151143684
Phe/Phe 26 4 Reference — —
Phe/Leu 14 4 1.86 0.40-8.58 0.428
Leu/Leu 2 0 —t —t —t
Phe/Leu + Leu/Leu 16 4 1.62 0.36-7.42 0.531
Total 42 8

Drinkers were divided to groups (never or <lcup per day vs >1 cup per
day) for the study of interactions with genotypes to achieve reasonable
study power considering the genotype frequencies in the followed up
groups.

*Crude OR.

fSignificance could not be determined because of the absence of
variants in both studied groups.

suggesting a role of inflammation in the disease etiology. In-
deed, the tobacco smoke was experimentally proven to lead
to pancreatic inflammation®® through induction of oxidative
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stress.>® Moreover, it seems that B-cell dysfunction in human
type 2 diabetes is also mediated by oxidative stress.>' Our pre-
vious study confirmed a positive personal history of pancre-
atitis (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 a pancreatic cancer
risk predictor.® However, neither alcohol alone nor polymor-
phisms in alcohol dehydrogenase ADH1B (OMIM, 103720) and
ADHIC (OMIM, 103730) genes were associated with pancreatic
cancer risk.”> Therefore, the present study addressed the ques-
tion whether polymorphisms in enzymes taking part in antioxi-
dant capacity (SOD2 and SOD3) or mediating oxidative stress
formation (NQO1 and NQO2) may be related to the risk of pan-
creatic carcinogenesis.

Genetic polymorphisms coding superoxide dismutases or
quinone oxidoreductases with altered activity and/or stability were
frequently studied as potential susceptibility factors in various
cancers.>>33 However, pancreatic cancer generally belongs to the
least studied cancers. Reduced antioxidant gene expression in-
cluding SOD2 has been described in chronic pancreatitis and
pancreatic cancer compared with the normal pancreas in con-
trols.>* Furthermore, Cullen et al*® concluded that inhibition of
NQOI1 increases intracellular superoxide anion radical produc-
tion and inhibits an in vitro malignant phenotype of pancreatic
cancer. These mechanisms suggest that altering the intracellular
redox environment of pancreatic cancer cells may inhibit growth
and delineate a potential strategy directed against pancreatic
cancer. Wheatley-Price et al'® reported the first association between
pancreatic adenocarcinoma risk and polymorphisms in inflam-
matory pathway genes myeloperoxidase MPO (OMIM, 606989;
G463A) and SOD2 (Alal6Val). Their results are in line with
preclinical models of pancreatic carcinoma cell lines, where re-
duced SOD2 protein levels were correlated with increased rates
of tumor cell proliferation.36 Nevertheless, no significant associ-
ation between SOD2 Alal6Val or the additionally studied SOD3
(Arg231Gly) functional polymorphisms and pancreatic cancer
risk was found by the present study. Study design, for example,
lower number of studied patients (n = 122, Wheatley-Price et al'),
different structure of data used for adjusted analyses (in unad-
justed analyses borderline significances, P = 0.05 and P = 0.04
were observed in dominant and recessive models, respectively'®),
or population-specific differences (US vs central European whites),
may be among the possible reasons for disagreement between
both studies. Because of this discrepancy, the elucidation of the
role of superoxide dismutases in pancreatic cancer etiology will
require validation in larger studies on homogeneous popula-
tions with well-defined environmental exposure. No association
of the functionally relevant polymorphisms in NOOI and NOQO2
with pancreatic cancer risk was found as well. Our study thus
confirmed the null results of a previously published small-sized
explorative study on NQO! rs1800566 polymorphism in pancre-
atic cancer and pancreatitis patients.>” The association of poly-
morphisms in SOD3 and NQO2 with pancreatic cancer was never
studied.

In conclusion, the first study evaluating the role of SOD2,
SOD3, NQOI, and NQO2 polymorphisms in the pancreatic
cancer etiology in the central European population with one of
the highest incidences in the Western world did not find any
association. It remains to be discovered whether other popula-
tions with different lifestyle(s) may be at risk.
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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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Checkpoint kinase 2 gene (CHEK2) alterations increase risk of several cancer types. We analyzed selected
CHEK?2 alterations in 270 Czech pancreatic cancer patients and in 683 healthy controls. The pancreatic
cancer risk was higher in individuals who inherited rare alterations in CHEK2 region involving forkhead-
associated domain other than [157T (OR = 5.14; 95% CI = 0.94-28.23) but the observed association was
non-significant (p = 0.057). The most frequent 1157T mutation did not alter the pancreatic cancer risk
and neither the followed deletion of 5395 bp nor c.1100delC were found in any of pancreatic cases. We
conclude that the 1157T, other alterations in its proximity, del5395 and c.1100delC in CHEK2 do not
predispose to pancreatic cancer risk in the Czech population.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Pancreatic carcinoma (OMIM: 260350) is the fourth leading
cause of cancer-related deaths in the Czech Republic with a 5-year
survival rate less than 5% [1,2]. The majority of genetic changes,
identified in ductal pancreatic adenocarcinoma target the core
intracellular signaling pathways including apoptosis, cell cycle and
also DNA repair [3].

Checkpoint kinase 2 (CHEK2, CHK2, OMIM 604373) is a nuclear
phosphoprotein involved primarily in DNA repair signaling and
hence genome integrity maintenance, however, its activities also
contribute to cell cycle regulation, apoptosis and senescence [4].
Mutation analyses have been indicating that CHEK2 acts as a
multiorgan cancer susceptibility low or moderate penetrant gene
modifying the risk of sporadic and/or familial breast, colorectal,
prostate, ovarian, thyroid, kidney and lung cancers [5-8]. The role
of CHEK?2 in sporadic pancreatic cancer development has not been
studied so far, however, it has been shown that the risk of
pancreatic cancer development is increased in several hereditary
cancer syndromes resulting from inherited mutations in genes

* Corresponding author. Tel.: +420 26708 2711, fax: +420 26731 1236.
E-mail address: psoucek@szu.cz (P. Soucek).
1 These authors contributed equally to this work.

1877-7821/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
do0i:10.1016/j.canep.2010.06.008

directly involved in DNA repair pathways (e.g. BRCA1, BRCA2) [9].
Our previous studies on the Czech population have shown
significant associations of alterations flanking to or localized
within the CHEK2 forkhead-associated (FHA) domain-coding
region (residues 112-175; containing the most prevalent CHEK2
mutation - I157T) with the increased risk of sporadic colorectal but
not breast cancer [10,11].

We aimed to assess the relevance of the previously identified
cancer risk-modifying CHEK2 alterations including alterations
encompassing the FHA domain-coding region, c.1100delC mutation,
and the large genomic deletion of 5395 bp (del5395)in exons 8 and 9
[12] for pancreatic cancer risk in the Czech population.

2. Patients and methods
2.1. Subjects

A total of 953 individuals of Czech Caucasian ancestry were
included into the study in the period between January 2003 and
February 2009. The cases included 270 incident pancreatic cancer
patients. The design, eligibility criteria, and characteristics of the
cases were described in detail previously [13].

Randomly selected controls represented 683 unrelated non-
cancer individuals from the same catchments area as the cases.
Characteristics and recruitment criteria of the control group
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Table 1
Identified alterations in sequence surrounding the CHEK2 FHA domain.
Cases, N (%) Controls, N (%) OR? 95% CI* p?

No alterations® 259 (96.3) 664 (97.2) Reference (1.00)
c.470T>C (I157T) 6(2.2) 17 (2.5) 0.89 0.35-2.29 0.815
¢.538C>T (R180C) 0 1(0.1) - - -
IVS1-5T>A 1(04) 0 - - -
IVS2+24C>T 1(0.4) 1(0.1) - - -
IVS2+1G>A (fs154X) 1(0.4) 0 = = =
IVS2-55C>T 1(0.4) 0 - - -
Alterations excluding 1157T 4 (1.5) 2 (0.3) 5.14 0.94-28.23 0.057
All alterations 10 (3.7) 19 (2.8) 1.35 0.62-2.94 0.451

¢ Common odds ratio (OR) estimate with 95% confidence interval (CI) and significance p by 2-sided Fisher’s Exact Test.
b Alterations were not determined in one case due to the absence of PCR product in the sample.

including the results of mutation analysis of CHEK2 FHA domain,
del5395, and c.1100delC were previously described [11,12,14].
All participants gave their informed written consent to
participate in the study approved by the Ethical Committee of
the First Faculty of Medicine, Charles University in Prague and
Masaryk Memorial Cancer Institute, Brno, Czech Republic.

2.2. Mutation analyses

Genomic DNA was isolated from peripheral blood lymphocytes
by published protocols [13,14]. The analyses of CHEK2 alterations
in FHA domain-coding exons 2 and 3 (with adjacent intronic
sequences of introns 1 and 3 and whole sequence of intron 2) and
the c.1100delC mutation were based on denaturing high-perform-
ance liquid chromatography (DHPLC WAVE system 3500) and
sequencing of samples with aberrant chromatograms, whereas the
del5395 mutation was resolved by fragment analysis of long-range
PCR products on agarose gel electrophoresis as we described in
details recently [11,12,14].

2.3. Statistical analyses

Two-sided Fisher’s Exact Test was used for evaluation of
significance of results. Crude odds ratios (OR) were calculated from
2 x 2 tables by unconditional Mantel-Haenszel statistics using
Win SPSS v 15.0 program (SPSS Inc., Chicago, IL, USA).

3. Results and discussion

We analyzed the impact of CHEK?2 alterations to the development
of sporadic pancreatic cancer in 270 Czech patients. The c.470T>C
(p.I157T) mutation affecting the FHA-coding domain was the most
prevalent CHEK2 alteration in pancreatic cancer cases found in six
out of 269 analyzed cases (2.2%). However, this frequency was
similar to that noted in controls (2.5%) resulting in non-significant
association with the pancreatic cancer risk (p = 0.815; Table 1). The
occurrence of other alterations within the CHEK2 FHA domain-
coding sequence (IVS2+1G>A) or those localized in its proximity
(IVS1-5T>A, IVS2+24C>T, IVS2-55C>T, ¢.538C>T) was in our study
higher among cases (4/269; 1.5%) compared to controls (2/683;
0.3%) but the association with the pancreatic cancer risk was non-
significant (p=0.057; Table 1). All four intronic alterations
characterized in this CHEK2 fragment were described previously
in breast and/or colorectal cancer cases from the Czech Republic
[10,11]. Except the mutation IVS2+1G>A demonstrably altering the
CHK2 protein structure (fs154X), the biological relevance of the
others remains unknown in vivo. Based on computer prediction, we
previously deduced that intronic variants IVS1-5T>A and
IVS2+24C>T may interfere with binding of splicing factors [11],
whereas [VS2-55C>T may affect the most probable branching site
[10]. The ¢.538C>T (R180C) found in one control individual occurs in
the less conservative coding sequence flanking to C-terminal

proportion of the FHA domain and it has been described previously
in several cancer patients representing rare, probably neutral
polymorphism [10]. Analyses of other CHEK2 hot-spot regions in
our set of pancreatic cancer patients revealed no carrier of either
CHEK2 ¢.1100delC mutation or the del5395 (described as Czech
founder mutation in breast cancer cases) [12]. The frequency of
¢.1100delC in the Czech population is low (0.3%) and our results
indicate that this alteration unlikely contributes to the sporadic
pancreatic cancer development [14]. One heterozygote carrier of
del5395 was previously identified in the control group only (1/565;
0.2%) and thus the del5395 remains relevant exclusively for breast
cancer families [11,12]. However, the overall number of detected
variants in our study was relatively small, and some associations
may have been missed as a result of limited study power.

The role of CHEK2 alterations in sporadic pancreatic cancer has
not been studied so far. Bartsch et al. identified one 1100delC
mutation carrier among 35 German familial cancer patients and
suggested a possible contribution of this alteration to onset of
familial pancreatic cancer [15]. Miyasaka et al. indicated that DNA
damage checkpoint activation occurs at an early stage of
intraductal papillary mucinous neoplasms of pancreas (IPMNs)
and prevents their progression [16]. Disturbance of this pathway
due to CHK2 inactivation or TP53 mutation was suggested to
contribute to carcinogenesis of [IPMNs.

Duetothe limited sample size, the effect of familial etiology could
not have been discerned but it remains an interesting task for future
studies as the 1157T was recently demonstrated to positively
associate (OR=2.1; p=0.0004) with mismatch repair-negative
hereditary non-polyposis colorectal cancer in Polish population [17].

In conclusion, our data suggest that in contrary to breast and
colorectal cancers, alterations in the CHEK2 FHA domain-coding
region, c.1100delC and del5395 do not significantly modify the risk
in sporadic pancreatic cancer.
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Abstract. Associations of functional single nucleotide poly-
morphisms in cytochrome P450 1B1, epoxide hydrolase 1,
NAD(P)H:quinone oxidoreductase 1, glutathione S-trans-
ferase Pi-1 and deletions of glutathione S-transferases Mu-1
and 6-1 with colorectal cancer risk were investigated in a
hospital-based case-control study on 495 matched pairs of
Czech Caucasians. Polymorphisms were assessed by poly-
merase chain reaction restriction fragment length polymor-
phism-based methods, allele-specific multiplex and allelic
discrimination by real-time polymerase chain reaction.
Carriers of variant Ser allele in codon 453 of cytochrome
P450 1B1 (rs1800440) were at a significantly lower risk of
colorectal cancer compared to carriers of the wild-type allele
(adjusted odds ratio, aOR=0.68, CI=0.51-0.89, p=0.006). The
combination of polymorphisms in codons 453 and 432
(rs1056836) of cytochrome P450 1B1 further increased the
protective effect (aOR=0.53, CI=0.34-0.83, p=0.005). The
glutathione S-transferase Mu-1 deletion was associated with a
moderately elevated colorectal cancer risk (aOR=1.30,
CI=1.01-1.68, p=0.044). Combination of glutathione S-
transferase Mu-1 and 6-1 deletion was associated with a
significantly higher colorectal cancer risk compared to the
presence of both full-length genes (aOR=1.58, CI=1.01-2.47,
p=0.044). Genetic polymorphisms in glutathione S-
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transferase Pi-1, NAD(P)H:quinone oxidoreductase 1, epoxide
hydrolase 1 and deduced epoxid hydrolase 1 activity did not
modify the risk of colorectal cancer. These results provide
further evidence that interaction between metabolic gene
variants contributes to colorectal carcinogenesis.

Introduction

Worldwide, colorectal cancer (CRC) is the third most common
cancer with an estimated 1,023,256 newly diagnosed cases
and 529,020 deaths per year (1). In terms of CRC incidence,
the Czech Republic ranks second in Europe (2) and the
number of new cases is rapidly increasing (3). It is postulated
that 20-30% of all patients with CRC have a family history of
CRC that suggests a genetic contribution, common exposures
among family members, or a combination of both (4). Red
meat consumption has frequently shown an association with
an increased risk of CRC. It has been proposed that this risk
may be due to carcinogenic polycyclic aromatic hydrocarbons
(PAHs) and heterocyclic amines produced when meat is
cooked at high temperatures (5). These chemicals, aromatic
amines and nitroso compounds may be found in tobacco
smoke which is also recognized as a potential CRC risk
factor (6). Metabolism of these chemicals is performed by
the genetically variable xenobiotic-metabolizing enzymes
(XME). Briefly, phase I XME such as cytochromes P450
(e.g. CYP1B1), epoxide hydroxylases (e.g. EPHX1) or
oxidoreductases (e.g. NQO1) produce reactive metabolites
which are then conjugated by transferases (e.g. GSTMI,
GSTPI1, GSTT1) to polar compounds in phase II reactions.
Phase II metabolites may be further processed (metabolism,
cleavage, hydrolysis, acetylation, etc.) by phase III XME (7).
Genetic polymorphisms in XME genes that alter the expression
and activity of the protein products are thus strong candidates
for CRC risk modifiers.
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Cytochromes P450 (CYPs) are the most important
enzymes involved in the phase I of biotransformation. CYPs
catalyze a large number of reactions modifying dietary and
smoking-derived pre-carcinogens and participate in the meta-
bolism of endogenous compounds including hormones and
bile acids (8). CYPIBI1 plays an important role in activating
PAHs or heterocyclic amines to reactive metabolites that cause
DNA damage. Polymorphisms in CYPIBI have recently been
associated with CRC susceptibility (9). Epoxide hydrolase
(EPHX1) catalyzes the hydrolysis of major metabolites of
PAHs (epoxides) to less reactive trans-dihydrodiols. Two
common alleles of EPHX1 in codons 113 (site T337C, amino
acid change Tyr113His, dbSNP: rs1051740) and 139
(A415G, His139Arg, rs2234922) affect enzyme activity (10).
However, a lack of association of EPHXI polymorphisms
with CRC risk has been reported (11,12). NAD(P)H:quinone
oxidoreductase (NQO1) is an obligate two-electron reductase
that can either bioactivate or detoxify quinones and may
play an important role in chemoprevention (13). An NQO!
polymorphism in codon 187 (C609T, Pro187Ser, rs1800566),
resulting in an inactive enzyme, has been associated with the
risk of CRC (12,14) and sporadic distal colorectal adenomas
(15). Glutathione S-transferases (GST), GSTM1, GSTP1 and
GSTT1 belong to the most frequently studied XMEs in mole-
cular epidemiology of cancer. Large genomic deletions (null
genotype) of GSTMI and GSTTI result in a complete lack
of enzyme activities. A GSTPI polymorphism in codon 105
(A313G, Ile105Val, rs1695) generates an enzyme with
different heat stability and substrate affinity (16). A study by
Ferraz et al (17) suggested that GSTT1 and GSTP1 could
play a role in the occurrence of KRAS and 7P53 mutations in
CRC and a report by Moore et al (18) showed associations
between colorectal adenomas and GSTMI-plus and GSTT1-
null among smokers. Recently, we have reported an asso-
ciation of combined EPHXI, GSTM1 and GSTTI polymor-
phisms with genetic damage (higher DNA single-strand
breaks) in general Czech population (19).

This study evaluated associations between polymor-
phisms in CYPIBI, EPHXI, NOQOI, GSTM1, GSTP1, GSTTI
and risk of CRC in a relatively homogeneous population with
one of the highest CRC incidences.

Materials and methods

Subjects. The study population comprised 495 patients
with CRC (cases) and 495 individuals with no evidence of
colorectal malignancy (controls). Eligibility criteria for study
participation of cases and controls included Czech origin,
ages 29 years or more, and consent to provide biological
samples for genetic analysis. To reduce selection bias, only
those subjects with no previous diagnosis were included in
the study to avoid inclusion of patients with chronic diseases
who may be repeatedly admitted to hospital and modify their
habits because of their disease. Recruitment of participants
was coordinated by Department of Oncology, General
Teaching Hospital in Prague in the period between September
2004 and February 2006. Cases with histologically-confirmed
positively-diagnosed CRC were recruited from patients visiting
nine oncology departments (two in Prague, one in Benesov,
Brno, Liberec, Ples, Pribram, Usti nad Labem and Zlin). The
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participating hospitals are located throughout the Czech
Republic; therefore, it is reasonable to expect, that the cases
represent the general Czech population. During the study
period, a total of 968 CRC cases provided consent to parti-
cipate in the study. Of the recruited group, 16 cases met the
Amsterdam criteria I and II for hereditary CRC and were
excluded from the study (20). Four hundred and fifty-seven
cases were excluded because eligibility criteria were not met
or incomplete lifestyle and potential risk factor information
was available or biological material was lacking.

Controls were recruited over the same period as the cases
from individuals undergoing colonoscopy for various gastro-
intestinal complaints (macroscopic bleeding, positive fecal
occult blood test, hemorrhoids, abdominal pain of unknown
origin) from five large gastroenterological departments
(Prague, Brno, Jihlava, Liberec, and Pribram). Due to the high
incidence of CRC in the Czech Republic, colonoscopy is
highly recommended and widely practiced. Controls were
selected from those showing negative colonoscopy results
for malignancy or idiopathic bowel diseases. Controls had
no diagnosis of chronic disease necessitating repeated admit-
tance to hospital (21). One hundred and ninety-three controls
were excluded because eligibility criteria were not met or
incomplete lifestyle and potential risk factor information
was available or biological material was lacking. In the last
step, controls were matched on the basis of age (+2.5 years)
to cases and thus 495 case-control pairs were established
for this study. Study subjects provided by self-guided ques-
tionnaire information on their education, living area, lifestyle
habits, body mass index (BMI), diabetes, family/personal
history of cancer and long-term (at least 6 consecutive months)
drug use. The case-control set was not collected specifically
for the present study, but for previous studies on the risk of
genetic polymorphisms in different pathways, as recently
described (21).

All subjects were informed and gave written consent to
participate in the study. The design of the study was approved
by the Ethics Committee of the Institute of Experimental
Medicine, Prague, Czech Republic.

Genotyping. Blood was collected during diagnostic procedures
using tubes with K;EDTA anticoagulant. DNA was isolated
from lymphocytes using the phenol/chloroform extraction
method as described earlier (22). Polymorphisms in CYPIBI
(Leu432Val, dbSNP: rs1056836 and Asn453Ser, rs1800440),
GSTM1 (gene deletion) and GSTTI (gene deletion) were
assayed by published methods: polymerase chain reaction
(PCR) restriction fragment length polymorphism and allele-
specific multiplex PCR (23). Oligonucleotide primers were
synthesized by Generi Biotech (Hradec Kralove, Czech
Republic). Polymorphisms in GSTPI (Ile105Val, rs1695),
NQOI (Prol187Ser, rs1800566) and EPHX1 (His113Tyr,
rs1051740 and Argl39His, rs2234922) were assayed
by allelic discrimination with TagMan Drug Metabolism
Genotyping Assays (Applied Biosystems, Foster City, CA)
using real time PCR in RotorGene 6000 (Corbett Research,
Brisbane, Australia). The TagMan assays (GSTP1,1le105Val,
C-3237198_20; NQOI, Prol87Ser, C-2091255_30; EPHXI,
His113Tyr, C-14938_30 and Argl39His, C-11638783_30)
were performed according to manufacturer's instructions
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Table I. Characteristics of the studied population.
Cases Controls cOR? 95% CI* P-value
Gender
Female 206 (41.6) 230 (46.5) 1.00 (reference)
Male 289 (58.4) 265 (53.5) 1.22 0.95-1.57 0.125°
Age at recruitment (years)
Mean + SD 57.2+11.5 55.5+13.8 1.01° 1.00-1.02 0.036°
Range 23-89 25-91
BMI
Mean + SD 26.6+4.3 26.7+4.5 1.00 0.96-1.03 0.821¢
Range 13.1-449 16.6-44.3
Smoking status
Never smokers 243 (49.1) 195 (39.4) 1.00 (reference)
Smokers 74 (14.9) 76 (15.4) 0.78 0.54-1.13 0.1932
Ex-smokers >5 years 99 (20.0) 76 (154) 1.05 0.73-1.49 0.806*
Ex-smokers <5 years 47 (9.5) 17 (3.4) 222 1.24-3.99 0.008*
Missing 32(6.5) 131 (26.4) 0.20 0.13-0.30 <0.001*
Education
Basic 112 (22.6) 89 (18.0) 1.00 (reference)
High school 174 (35.2) 200 (40.4) 0.69 0.49-0.98 0.036*
University 41 (8.3) 72 (14.5) 0.45 0.28-0.73 0.0012
Missing 168 (33.9) 134 (27.1) 1.00 0.70-1.43 0.9842
Living area
Countryside 98 (19.8) 79 (16.0) 1.00 (reference)
Suburban 50 (10.1) 78 (15.8) 0.52 0.33-0.82 0.0052
Urban 207 (41.8) 212 (42.8) 0.79 0.55-1.12 0.1842
Missing 140 (28.3) 126 (25.4) 0.90 0.61-1.31 0.5722

Percentages in brackets. “Pearson y? test; cOR, crude odds ratio; 95% CI, 95% confidence interval; Pincrease of risk per one unit change in age at recruitment;

cANOVA test.

(Applied Biosystems). EPHX1 enzyme activity was inferred
according to the results of His113Tyr and Argl39His geno-
typing (22). For quality control, 10% of the samples were
randomly selected and re-genotyped with 100% concordance
of the results.

Statistical analysis. In the first round of analyses, Hardy-
Weinberg equilibrium was assessed for the control group.
The distribution of genotypes did not significantly deviate
from equilibrium. The differences in distribution of the geno-
types between cases and controls were assessed from 2x2
tables and Pearson's y? test was used to test significance. We
further employed binary logistic regression to model the
association between the risk of CRC and the studied geno-
types and their combinations while adjusting for the effects
of the age at recruitment, sex, BMI, smoking, alcohol con-
sumption, living area and education. The two-sided p<0.05
was considered statistically significant. Analyses were per-
formed using Win SPSS v13.0 (SPSS, Chicago, IL). Our study
had 85% power to detect odds ratio (OR) 1.5 at 0=0.05 for the
0.15 rare allele frequency of CYPIBI codon 453 (the lowest
frequency from the analyzed polymorphisms). The rest of the
studied polymorphisms had higher power to detect this OR.

Results

Characteristics of study population. This case-control study
is based on a comparison of 495 CRC cases and 495 controls.
Basic characteristics and crude comparison of the cases and
controls with respect to the potential confounders are given
in Table I. The cases and controls differ significantly in their
smoking status, education and living area. Despite the effort
to match the controls and cases for age, the controls tend to
be slightly younger than the cases (mean difference 1.7 years,
p=0.036). A biological significance of this age difference is
unlikely; nevertheless, when evaluating the effects of studied
genotypes and their combinations on the CRC risk, we
accounted for age and for effects of the other potential risk
factors by means of the binary logistic regression.

Associations of polymorphisms and selected gene com-
binations with colorectal cancer risk. The summary of crude
and adjusted odds ratios (cOR and aOR), 95% confidence
intervals (CI) and corresponding p-values is given in Tables II
and III. Carriers of the variant Ser allele in codon 453 of
CYPIBI were at significantly lower risk of CRC than the
carriers of the wild-type (cOR=0.74, 95% CI=0.56-0.96,
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Table II. Associations of polymorphisms in CYPIBI, EPHX1,NQOI,GSTM1,GSTTI and GSTPI with colorectal cancer risk.

Gene Genotype Cases Controls cOR? 95% CI*  P-value® aORP 95% CI°P  P-value®
CYPIBI Leu/Leu 174 (35.2) 155(31.3)  1.00 (reference) 1.00 (reference)
codon 432 Leu/Val 237 (479) 262 (52.9) 0.81 0.6-1.07 0.129 0.84 0.63-1.11 0.222
Val/Val 84 (17.0) 78 (15.8) 0.96 0.66-1.40 0.829 1.04 0.70-1.52 0.862
Leu/Val+Val/ 321 340 0.84 0.65-1.10 0.200 0.88 0.67-1.16 0.360
Val
qgVal* 041 042
CYPIBI Asn/Asn 353 (71.3)  320(64.6) 1.00 (reference) 1.00 (reference)
codon 453 Asn/Ser 134 (27.1) 163 (32.9) 0.75 0.57-0.98 0.035 0.69 0.52-091 0.010
Ser/Ser 8(1.6) 12(24) 0.60 0.24-1.50 0.277 0.52 0.21-1.29 0.157
Asn/Ser+Ser/ 142 175 0.74 0.56-0.96 0.025 0.68 0.51-0.89 0.006
Ser
qSer® 0.15 0.19
CYPIBI Leu/Leu+Asn/ 103 77 1.00 (reference) 1.00 (reference)
diplotype Asn
Val+Ser! 71 97 0.55 0.36-0.84 0.005 0.53 0.34-0.83 0.005
NQOI Pro/Pro 346 (69.9) 344 (69.5)  1.00 (reference) 1.00 (reference)
codon 187 Pro/Ser 134 (27.1) 138 (27.9) 0.97 0.73-1.28 0.806 1.00 0.75-1.33 0.997
Ser/Ser 153.0) 13 (2.6) 1.15 0.54-2.45 0.722 1.32 0.61-2.85 0.481
Pro/Ser+Ser/ 149 151 0.98 0.75-1.29 0.890 1.03 0.78-1.35 0.853
Ser
qSer® 0.17 0.17
GSTM1 plus 228 (46.1) 254 (51.3)  1.00 (reference) 1.00 (reference)
(deletion) null 267 (53.9) 241 48.7) 1.23 0.96-1.58 0.098 130 1.01-1.68 0.044
GSTTI plus 392(79.2)  395(79.8)  1.00 (reference) 1.00 (reference)
(deletion) null 103 (20.8) 100 (20.2) 1.04 0.76-1.41 0.813 1.07 0.78-1.47 0.664
GSTPI lie/lle 223 (45.1) 224 (453)  1.00 (reference) 1.00 (reference)
codon 105 lle/Val 229 (46.3) 226 (45.7) 1.02 0.78-1.32 0.895 1.01 0.77-1.32 0.944
Val/Val 43 (8.7) 459.1) 0.96 0.61-1.52 0.861 1.01 0.63-1.61 0.969
1le/Val+Val/ 272 271 1.01 0.79-1.30 0.949 1.01 0.78-1.30 0.942
Val
qVal* 0.32 0.32
EPHX1 Tyr/Tyr 221 (44.6) 231(46.7)  1.00 (reference) 1.00 (reference)
codon 113 Tyr/His 224 (453) 212 (42.8) 1.10 0.85-1.44 0.460 1.09 0.83-1.43 0.534
His/His 50 (10.1) 52 (10.5) 1.01 0.65-1.55 0.982 0.96 0.62-1.49 0.869
Tyr/His+His/ 274 264 1.09 0.85-1.39 0.523 1.06 0.82-1.37 0.635
His
qHis® 0.33 0.32
EPHXI His/His 297 (60.0) 290 (58.6)  1.00 (reference) 1.00 (reference)
codon 139 His/Arg 173 (349) 183 (37.0) 0.92 0.71-1.20 0.551 0.89 0.68-1.17 0411
Arg/Arg 25(5.1) 22 (44) 1.11 0.61-2.01 0.732 1.06 0.58-1.96 0.845
His/Arg+Arg/ 198 205 0.94 0.73-1.22 0.651 091 0.70-1.18 0.482
Arg
qArgt 0.23 0.23

Number of genotype carriers presented (percentages in brackets). *Crude odds ratios (cOR) and 95% confidence intervals (95% CI); "odds ratios (aOR) and 95%
confidence intervals (95% CI) adjusted for age at diagnosis, gender, smoking, education and living area; “frequency of variant allele carriage in studied subgroups;
dearriers of at least one variant allele in codons 432 and 453.
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Table III. Associations of combinations of polymorphisms in EPHX1, GSTM1,GSTTI and GSTP1 with colorectal cancer risk.

Genotypes Cases  Controls cOR? 95% CI*  P-value® aOR® 95% CI°®  P-value®
GSTM1-plus+GSTTI-plus 186 200 1.00 (reference) 1.00 (reference)

GSTM1-null+ GSTTI-null 61 46 143 0.93-2.20 0.107 1.58 1.01-2.47 0.044
GSTM1-plus+GSTP1-1le/lle 148 116 1.00 (reference) 1.00 (reference)

GSTM1-null+ GSTP1-Val® 104 133 1.24 0.87-1.77 0.231 1.26 0.87-1.80 0.220
GSTTI1-plus+GSTP1-1le/lle 174 178 1.00 (reference) 1.00 (reference)

GSTT1-null+ GSTP1-Val® 54 54 1.02 0.67-1.57 0918 1.09 0.70-1.71 0.694
GSTMI-plus+EPHXI-medium/high 147 168 1.00 (reference) 1.00 (reference)

GSTM1-null+ EPHXI-low 96 84 1.31 0.91-1.89 0.154 1.36 0.93-1.97 0.111
GSTTI-plus+EPHXI-medium/high 260 263 1.00 (reference) 1.00 (reference)

GSTTI-null+ EPHXI-low 38 45 1.20 1.75-191 0.446 1.27 0.79-2.05 0.330
GSTP1-lle/lle+ EPHX1-medium/high 142 146 1.00 (reference) 1.00 (reference)
GSTPI1-Valc+EPHXI-low 96 92 1.07 0.74-1.55 0.708 1.07 0.73-1.56 0.727

Number of genotype carriers presented. *Crude odds ratios (cOR) and 95% confidence intervals (95% CI); Podds ratios (aOR) and 95% confidence intervals

(95% CI) adjusted for age at diagnosis, gender, smoking, education and living area; ‘carriers of at least one variant allele, i.e. genotypes Ile/Val or Val/Val

in GSTP1.

p=0.025, Table II). The protective effect was more apparent,
when the carriers of the wild-type genotype in both codons
432 and 453 of CYPIBI were combined and compared to
carriers of the variant alleles in these codons (cOR=0.55, 95%
CI=0.36-0.84, p=0.005, Table II). The adjusted analyses of
the polymorphism in codon 453 of CYPIBI and the codon
432-453 diplotype also showed significant associations with
CRC risk (aOR=0.68, 95% CI=0.51-0.89, p=0.006 and
aOR=0.53,95% CI=0.34-0.83, p=0.005, respectively, Table II).
The deletion of GSTM1 was associated with a moderate
increase in the CRC risk (cOR=1.23, 95% CI=0.96-1.58,
p=0.098, Table II). This association reached the level of
statistical significance after adjustment (aOR=1.30, 95%
CI=1.01-1.68, p=0.044, Table II). Neither genetic polymor-
phisms in EPHX1, NOQOI, GSTPI and GSTT1 nor the inferred
EPHX1 activity modified CRC risk (results not shown). In
agreement with our previous studies (19,22), the effect of
functionally-relevant combinations of polymorphisms in
GSTs and EPHXI was also analyzed. Of the analyzed
combinations (GSTMI1-GSTTI, GSTMI-GSTPI, GSTTI-
GSTPI1, GSTMI-EPHXI-activity, GSTT1-EPHX-activity, and
GSTP1-EPHX]I-activity), none were significantly associated
with the CRC risk in crude analyses (Table III). However,
adjusted analyses showed a significantly higher risk in
individuals carrying the combination of GSTMI-null and
GSTTI-null genotype when compared to GSTMI-plus and
GSTTI-plus carriers (aOR=1.58, 95% CI=1.01-2.47,
p=0.044, Table III). Smoking did not modify the observed
effects of any studied polymorphisms (results not shown).

Discussion

The Czech Republic has one of the highest CRC incidences
worldwide. Possible factors contributing to the high CRC

incidence in the Czech Republic may involve dietary habits,
e.g. high content of fat containing diet based on fried and
roasted pork meat (24), relatively homogeneous genetic back-
ground (25), and a good capture of CRC cases due to well
established cancer registry.

The major purpose for defining genetic markers asso-
ciated with cancer disease is to target preventive screening
programs to high-risk individuals (FOBT, colonoscopy or
flexible sigmoidoscopy in CRC) and interventions to prevent
the development of cancer (dietary changes, cessation of
smoking, avoidance of obesity). The study of association of
XME polymorphisms with cancer needs to be controlled very
carefully in terms of exposure, age and gender of participants
(23,26). This was our primary focus during the statistical
analyses. Most of the variables (age, gender, BMI and
smoking) included in our statistical analyses as potential
confounders are so-called obligatory confounders in the field
of cancer epidemiology (27-29). Education was included as a
surrogate measure for socio-economic status of study parti-
cipants, which is also considered to be potentially important
confounder. The living area (urban vs. rural) was selected
as a surrogate measure of some features of lifestyle and
environmental exposures. In the Czech Republic, both living
area and education are commonly used for this purpose (30).
We have used the colonoscopy-negative control group to
ensure disease-free control individuals, as a negative colono-
scopy result serves as the best available proof of the absence
of CRC (31).

Variant allele frequencies of the studied XME polymor-
phisms in the control group did not significantly differ from
previously published data from the Czech population (22,23).
Polymorphisms in EPHX] (neither single polymorphisms nor
their combinations which serve for enzyme activity deduction),
GSTPI1 and NQO! did not modify CRC risk. The results



1352

obtained in this study correspond to some previous studies
[EPHXI, negative results (11,12,15)] but do not confirm
findings published by others [EPHXI as a CRC protective
factor; (32) and NQOI as a CRC risk factor (12,14,33)]. It is
generally true that population-specific genetics and/or lifestyle
differences together with variations in study design, study
power and methodology may cause discrepancies among
case-control studies. It is essential to reproduce results on
adequate samples sizes from ethnically well-defined popu-
lations.

In our study, GSTMI-null genotype increased the CRC
risk 1.3-fold alone and 1.6-fold in combination with the
inheritance of GSTTI-null genotype. Similarly to our study,
GSTM1-null and GSTTI-null genotypes were identified as
CRC risk factors (OR=1.62, CI=1.06-2.46 and OR=1.64,
OR=1.10-2.59, respectively) in the Turkish population (34).
The combination of polymorphism in GSTPI with GSTM1-
null was associated with higher CRC risk in a Japanese study
(35). Elevation in CRC risk by inheritance of the GSTM1-
null allele (OR=1.41) was also observed amongst UK CRC
patients, although this effect did not reach statistical signi-
ficance (36). However, no association of GSTM1 or GSTTI
with CRC risk was observed in the Scottish population (37).
The combination of GSTM1 and GSTT! deletions was asso-
ciated with higher risk of developing a transverse or rectal
tumor (34). Functional study on 208 German individuals, who
underwent colonoscopy, observed significant decrease in GST
activity, GSH levels and GSTP1 expression from proximal to
distant colon (38). Moreover, GSTP1 seems highly relevant
for CRC therapy as the GSTPI polymorphism in codon 105
was associated in a dose-dependent fashion with increased
survival of patients with advanced CRC receiving 5-FU/
oxaliplatin chemotherapy (39). Thus, in addition to the
relevance for predictive testing, there may be a role of variants
in XME genes as predictive therapeutic markers.

A study of Huang et al (40) on African Americans
and American Caucasians found that GSTT! and GSTM1
polymorphisms may be slightly related to the CRC risk and
that there may be ethnic differences in gene-smoking inter-
actions. However, our study in the Czech population did not
find any modifying effect of smoking. According to the study
of Skjelbred et al (41), GSTM1, GSTPI and EPHXI may
modify the effect of dietary factors on the risk of developing
CRC and colorectal adenoma. Moore et al (18) published the
association between advanced villous colorectal adenomas
(precursors of CRC) and GSTM1-plus and GSTTI-null in
smokers. A recent meta-analysis supports the role of GSTM -
null as a potential CRC risk factor, especially in Caucasian
populations (42). Published results along with our data
suggest that colorectal carcinogenesis may be partly driven
by interaction between XME and environmental factors.
The exact nature of these interactions needs to be studied in
detail. Moreover, various populations and subpopulations
might have a higher CRC risk and the underlying mechanisms
may differ.

Carriers of the variant allele in codon 453 of CYPIBI
(rs1800440) indicated a lower CRC risk. Analysis of the
CYPIBI diplotype further underlined this effect. Our study
adds additional information to recently reported observations.
CYPIBI was found to be a CRC risk associated gene by
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Bethke et al (43). Fan et al (44) suggested a significant
interaction between CYPIBI and cigarette smoking in a
CRC case-only study in the Chinese population. Further-
more, the association between CRC risk and polymorphisms
in CYPIBI (and also CYPIAI and CYPIA2) was observed
in the case-control study of Landi et al (45). Although we
identified the rs1800440 polymorphism in CYPIBI as a
potential CRC risk-associated allele, the two previously
published studies did not associate this SNP with CRC risk
(43,45). Conflicting results of these case-control studies
may be due to unknown interactions with environmental or
other genetic factors and may vary according to the choice
of polymorphisms to be genotyped. Bandiera et al (46)
demonstrated that P450 1B1-Ser453 protein displays lower
intracellular protein levels and is degraded more rapidly
than the other P450 1B1 variants. They concluded that it is
probable that individuals with the CYPIBI-Ser453 allele
have reduced metabolic activation of some endogenous (e.g.
estrogens) and exogenous (e.g. PAHs or heterocyclic amines)
carcinogens. Indeed, carriers of the variant CYPIBI Ser/Ser
genotype in codon 453 showed a significantly reduced
incidence of endometrial cancer compared with homozygotes
who carried Asn at this position (OR=0.62; 95% CI=0.43-0.91)
47).

In conclusion, our study identified polymorphisms in
CYPIBI,GSTMI and GSTTI as modifiers of CRC risk in the
Czech population. If verified by independent studies, these
polymorphisms might be used for identification of high-risk
individuals. Preventive screening programs and interventions
to prevent the development of CRC could then be targeted to
these individuals.
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The question of susceptibility to squamous cell carcinoma of head and neck (SCCHN) in the environmental context was
addressed by analysis of functional polymorphisms in enzymes metabolizing smoke constituents and/or alcohol (CYP2A13,
CYP1BI1, EPHX1, NQOI, GSTM1, GSTP1, GSTT1, ADH1B and ADH1C). Case-control study of 122 age- and sex-matched
pairs of subjects was performed using so far unexplored Central European Slavic population with high level of tobacco and
alcohol abuse.

Age-, gender-, smoking- and alcohol-adjusted logistic regression failed to demonstrate any significant association of
the analyzed polymorphisms with the SCCHN risk. When interactions between potential modifiers of effect, i.e. smoking
and alcohol were tested, drinkers seemed to be at lower risk than nondrinkers when carrying the heterozygous genotype
Ile/Val in codon 432 of CYP1BI (OR=0.42; 95% CI=0.21-0.83; p=0.013 vs. OR=1.02; 95% CI=0.34-2.94; p=0.977). Similarly,
drinkers were at lower risk than nondrinkers when carrying the heterozygous genotype Pro/Ser in codon 187 of NQOI
(OR=0.41; 95% CI=0.19-0.88; p=0.022 vs. OR=0.96; 95% CI=0.29-3.12; p=0.948). More interestingly, drinkers carrying the
rare homozygous genotype Val/Val in codon 350 of ADHIC were at significantly higher risk than nondrinkers carrying this
genotype (OR=4.01; 95% CI=1.61-10.01; p=0.003 vs. OR=0.93; 95% CI=0.25-3.57; p=0.919). This result confirmed findings
of previously published studies. Smoking did not significantly modify the effect of genotypes.

Our data thus demonstrate that genetic susceptibility to SCCHN shall be further followed on populations with different

genetic background and lifestyle.

Keywords: oral cancer; exposure; metabolism; polymorphism; risk

Squamous cell carcinoma of the head and neck (SCCHN,
OMIM no.: 275355) represents a serious health problem.
In 2002, SCCHN was ranked as the eighth leading cause of
cancer death worldwide. Approximately 481,100 new cases
developed, and 320,000 persons died of this disease [1].
Although the SCCHN etiology remains unknown, the ma-
jority of cases can be attributed to tobacco and alcohol use
[2]. Certain subsets of SCCHN have been related to Human
Papillomavirus [3].

It has been estimated that main-stream tobacco smoke con-
tains over 60 pro-carcinogens or carcinogens [4]. Additionally,
anumber of studies have suggested that ethanol along with
elements of cigarette smoke may act as co-carcinogen and
enhance tumor formation [5, 6]. Regarding the ethanol itself,

its main metabolite acetaldehyde is a known mutagen and
carcinogen, but discrimination between the role of ethanol and
tobacco smoke is usually difficult due to synergic effects [7].

Sporadic carcinogenesis is a complex, multistage process,
putatively modulated by genetic polymorphisms (SNPs) in
a number of genes. SNPs in the coding and regulatory sequenc-
es of genes encoding xenobiotic-metabolizing (XME), DNA
repair and cell cycle enzymes may result in subtle structural
alterations with an effect on the protein function [8]. Thus,
sporadic cancer may develop in individuals with combinations
of relatively common allelic variants with low penetrance and
moderately altered functions, but with significantly increased
susceptibility to disease in connection with various environ-
mental exposures and lifestyle factors [9, 10].
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In order to address the question of susceptibility to SCCHN
in the environmental context, we have analyzed functional
polymorphisms in XME metabolizing smoke constituents
and/or alcohol (CYP2A13, CYP1B1, EPHX1,NQO1, GSTM1,
GSTP1, GSTT1, ADHI1B and ADHIC). Case-control study
was performed using Central European Slavic population
with high level of tobacco and alcohol abuse. Our study thus
reflected conclusion of the recent review: “Cohort studies that
simultaneously consider multiple genetic and environmental
factors possibly involved in carcinogenesis of the head and
neck are needed to ascertain not only the relative contribution
of these factors to tumor development but also the contribu-
tions of their putative interactions” [11].

Patients and methods

Subjects. Studied cases included 122 Czech and Polish
patients of Slavic Caucasian origin with histologically diag-
nosed squamous cell carcinoma of the upper-aerodigestive
tract (i.e. pharynx, hypopharynx and larynx) and the oral
cavity (SCCHN). Both the Czech (n=39) and Polish (n=83)
cases were sampled in the period between September 2004
and February 2007 by Otorhinolaryngology and Oncology
departments in Prague and Lodz. Clinical-pathological data
on patients were collected from their medical records (date of
diagnosis, localization of tumor, TNM stage according to UICC
and histological type of cancer). Information concerning sex,
age and tobacco and alcohol abuse was obtained from inter-
views or clinical records at the time of diagnosis. Randomly
selected controls were 179 cancer-free subjects recruited dur-
ing the 3 month period after the cases recruitment by general
practitioners in Prague. Controls were included into the study
under the condition that the difference in their age was not
larger than 5 years from cases recruited in the same period. Ba-
sic epidemiological data on all participants were collected from
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). At the end of the recruitment period controls
were age- and sex-matched to the cases and thus 122 controls
were included into the genotyping stage. Blood samples of
122 cases and 122 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 Committees of the 1* and
3 Faculty of Medicine, Charles University in Prague, Czech
Republic and Bioethical Committee of the Nofer Institute of
Occupational Medicine in Lodz, Poland.

DNA isolation and genotyping. Blood was collected during
diagnostic procedures using tubes with K,EDTA anticoagulant.
Genomic DNA was extracted from peripheral lymphocytes
using a BioSprint 15 DNA Blood Kit (Qiagen, Valencia, CA)
by KingFisher mL automated system (Thermo Electron Cor-
poration, Vantaa, Finland) according to the procedure supplied
by the manufacturer. Polymorphisms in CYPIBI (Leu432Val,

dbSNP: rs1056836 and Asn453Ser, rs1800440), GSTM I (gene
deletion) and GSTT1 (gene deletion) were assayed by published
polymerase chain reaction (PCR) restriction fragment length
polymorphism-based methods and allele-specific multiplex
PCR [12]. Oligonucleotide primers were synthesized by Generi
Biotech (Hradec Kralove, Czech Republic). Polymorphisms in
GSTP1 (Ile105Val, rs1695), NQO1I (Pro187Ser, rs1800566),
EPHX1 (His113Tyr, rs1051740 and Argl39His, rs2234922),
CYP2A13 (Argl01STOP, rs72552266), ADHIB (Arg48His,
rs1229984), and ADHIC (Ile350Val, rs698) were assayed
by allelic discrimination with TagMan Drug Metabolism
Genotyping Assays (Applied Biosystems, Foster City, CA)
using real time PCR in RotorGene 6000 (Corbett Research,
Brisbane, Australia). The TagMan assays (GSTP1, Ile105Val,
C__3237198_20; NQOI, Pro187Ser, C__2091255_30; EPHX1,
His113Tyr, C___14938_30, Argl139His, C__11638783_30;
CYP2A13, Argl01STOP, C_30634006_10; ADH1B, Arg48His,
C_2688467_20 and ADHIC, Ile350Val, C_26457410_10,)
were used according to instructions of manufacturer (Applied
Biosystems). EPHX1 enzyme activity was deduced according
to the results of His113Tyr and Argl139His genotyping [13].
The non-template control consisted of a reaction tube in which
water was used in place of DNA sample. 10% of randomly
selected samples were reanalyzed with 100% concordance of
the results.

Statistical analysis. In the first round of analyses, Hardy-
Weinberg equilibrium was assessed for the case and control
group. Then the Pearson’s x* was used to test differences in
genotype and allele distribution between case and controls and
unadjusted risk was estimated. Binary logistic regression was
performed to estimate odds ratios (OR), 95% confidence inter-
val for OR and corresponding p-values of different genotype
frequencies among the case and control group, adjusting for
the age at recruitment, sex, smoking and alcohol consumption.
Furthermore, we tested for modifying effect of smoking and
alcohol, on the associations of interest. The p<0.05 would be
considered significant. Analyses were performed using Win
SPSS v15.0 (SPSS, Chicago, IL).

Results

Characteristics of the studied population. Complete charac-
teristics of the studied population are presented in Table 1. The
gender distribution, age at diagnosis and alcohol consumption
did not significantly differ between both groups. Analyses
confirmed smoking as SCCHN risk predictor (OR = 15.49;
p<0.001; Table 1).

Polymorphisms and SCCHN risk. Unadjusted analyses
showed that carriers of the heterozygous genotype in codon
432 of CYPI1BI (Ile/Val) were at significantly decreased risk
of SCCHN in comparison with the common homozygous
genotype (Ile/Ile) carriers (OR=0.54; 95% CI=0.31-0.96;
p=0.035). However, inheritance of the rare homozygous Val/
Val genotype did not significantly affect the risk (OR=1.27;
95% CI=0.57-2.78; p=0.565) and the risk was not modified by
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TABLE 1: Characteristics of the studied population
Percentages in brackets

Controls Cases OR 95% CI P
Gender
Females 28 (23.0) 26 (21.5) 1.00 (reference)
Males 94 (77.0) 96 (78.5) 1.09 0.59 - 1.99 0.784'
Age at recruitment (years)
Mean + SD 60.5 +10.0 60.6 = 10.1 0.916*
Range 31-84 31-86
Smoking status
Nonsmokers 77 (65.3) 12 (10.8) 1.00 (reference)
Smokers 41 (34.7) 99 (89.2) 15.49 7.62 - 31.48 <0.001"
Unknown 4 11
Drinking status
Nondrinkers 33 (28.0) 34 (28.8) 1.00 (reference)
Drinkers 85 (72.0) 84 (71.2) 0.96 0.54 - 1.69 0.885°
Unknown 4 4

" Pearson Chi-Square Test; OR, crude odds ratio; 95% CI, 95% confidence interval, p-two sided

*ANOVA test

the second followed polymorphism in codon 453 of CYP1B1
(results not shown). Rare homozygotes for polymorphism in
codon 350 of ADHIC (Val/Val) were at significantly higher
SCCHN risk than carriers of the common homozygous
genotype Ile/Ile (OR=2.70; 95% CI=1.28-5.56; p=0.009).
Neither polymorphisms in EPHX1, GSTM1, GSTP1, GSTT1,
NQOI, CYP2A13, ADHIB nor the deduced EPHXI activ-
ity showed significant association with the SCCHN risk in
the unadjusted analyses (results not shown). Age-, gender-,
smoking- and alcohol-adjusted logistic regression failed
to demonstrate any significant association of the analyzed
polymorphisms with the SCCHN risk (Table 2). The effect
of heterozygous genotype in codon 432 of CYPIBI was at
the border of significance (p=0.055, Table 2) and the effect
of rare homozygous genotype of ADHIC was not signifi-
cant (p=0.237). Combination of EPHX1-low activity with
GSTM1-null genotype did not significantly affect the SCCHN
risk (OR=0.73; 95% CI=0.34-1.59; p=0.426). When interac-
tions between potential modifiers of effect, i.e. the followed
exposure factors (smoking and alcohol) and the studied
genotypes were tested, drinkers seemed to be at lower risk
than nondrinkers when carrying the heterozygous genotype
Ile/Val in codon 432 of CYP1BI1 (OR=0.42; 95% CI=0.21-
0.83; p=0.013 vs. OR=1.02; 95% CI=0.34-2.94; p=0.977).
Similarly, drinkers were at lower risk than nondrinkers when
carrying the heterozygous genotype Pro/Ser in codon 187 of
NQOI1 (OR=0.41; 95% CI=0.19-0.88; p=0.022 vs. OR=0.96;
95% CI=0.29-3.12; p=0.948). More interestingly, drinkers
carrying the rare homozygous genotype Val/Val in codon 350
of ADHIC were at significantly higher risk than nondrink-
ers carrying this genotype (OR=4.01; 95% CI=1.61-10.01;
p=0.003 vs. OR=0.93; 95% CI=0.25-3.57; p=0.919). Other
interactions with alcohol were not significant (results not

shown). Smoking did not significantly modify the effect of
genotypes as well (results not shown).

Discussion

It is assumed that genetic variation in carcinogen me-
tabolism modifies the risk of exposure-related cancer [14].
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 as well as the
nasal cavity, pancreatic cancer, and liver tumors in rats [15].
P450 2A13 (OMIM: 608055) was suggested the most active
enzyme in metabolic activation of NNK [16]. The nonsense
polymorphism, CYP2A13*1/*7 (Argl01Stop, rs72552266,)
may be important modifier of tobacco-associated cancer risk
because the truncated protein lacks enzymatic activity [17].
The role of CYP2A13 knock-out polymorphisms in SCCHN
was so far not studied and our recent study suggested a possible
role of this polymorphism in pancreatic cancer etiology [18].
However, due to the low numbers of studied SCCHN cases
the power of our present study was not high enough to answer
this question and larger multi-centric study should be used in
order to clarify the role of rs72552266 in SCCHN.

Cytochrome P450 1B1 (OMIM: 601771) plays an important
role in activating polycyclic aromatic hydrocarbons (PAH)
or heterocyclic amines to reactive metabolites that cause
DNA damage. Certain CYP1BI haplotypes have recently
been associated with SCCHN [19]. Our results suggested
possible association of the heterozygous genotype Ile/Val
in codon 432 of CYP1B1 with the increased SCCHN risk in
unadjusted analyses (p=0.035). However, this observation
was not confirmed by age-, gender-, smoking- and alcohol-
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TABLE 2: Associations of polymorphisms in CYP1BI, EPHX1, NQOI, GSTM1, GSTP1, GSTT1, CYP2A13, ADHI1B and ADHIC with SCCHN risk

Numbers of genotype carriers presented (percentages in brackets).

Gene Genotype Controls Cases OR' 95% CI' p'
CYPIBI Leu/Leu 37 (30.3) 46 (39.7) 1.00 (reference)
codon 432 Leu/Val 71 (58.2) 48 (41.4) 0.49 0.24-1.01 0.055
Val/Val 14 (11.5) 22 (19.0) 1.02 0.36 - 2.94 0.982
Leu/Val+Val/Val 85 70 0.58 0.29-1.14 0.115
CYPIBI Asn/Asn 83 (68.0) 79 (68.1) 1.00 (reference)
codon 453 Asn/Ser 34(27.9) 31(26.7) 1.56 0.72 - 3.45 0.252
Ser/Ser 5(4.1) 6 (5.2) 1.37 0.30 - 6.25 0.684
Asn/Ser+Ser/Ser 39 37 1.51 0.74 - 3.12 0.257
NQOI1 Pro/Pro 83 (68.6) 92 (79.3) 1.00 (reference)
codon 187 Pro/Ser 35(28.9) 21(18.1) 0.53 0.25-1.14 0.105
Ser/Ser 3(2.5) 3(2.6) 1.10 0.12 -10.0 0.935
Pro/Ser+Ser/Ser 38 24 0.57 0.28 - 1.19 0.134
GSTM1 plus 52 (42.6) 52 (44.8) 1.00 (reference)
(deletion) null 70 (57.4) 64 (55.2) 0.99 0.71 - 1.37 0.946
GSTT1 plus 93 (85.3) 92 (79.3) 1.00 (reference)
(deletion) null 16 (14.7) 24 (20.7) 1.02 0.68 - 1.56 0.908
GSTPI Iie/Ile 57 (46.7) 56 (48.3) 1.00 (reference)
codon 105 Ile/Val 55 (45.1) 53 (45.7) 1.22 0.63 - 2.38 0.564
Val/Val 10 (8.2) 7 (6.0) 1.06 0.33 - 3.45 0.920
Ile/Val+Val/Val 65 60 1.20 0.64 - 2.27 0.557
EPHX1 Tyr/Tyr 53 (46.9) 60 (51.7) 1.00 (reference)
codon 113 Tyr/His 48 (42.5) 42 (36.2) 0.71 0.34-1.45 0.348
His/His 12 (10.6) 14 (12.1) 1.69 0.56 - 5.01 0.354
Tyr/His+His/His 60 56 0.83 0.43 - 1.61 0.591
EPHX1 His/His 77 (63.1) 71(61.2) 1.00 (reference)
codon 139 His/Arg 41 (33.6) 40 (34.5) 0.96 0.49 - 1.89 0.910
Arg/Arg 4(3.3) 5(4.3) 0.94 0.20 - 4.55 0.940
His/Arg+Arg/Arg 45 45 0.94 0.49 - 1.82 0.861
EPHX1 low 44 (38.9) 38 (32.8) 1.05 0.53 - 2.08 0.870
activity medium 49 (43.4) 55 (47.4) 1.00 (reference)
high 20(17.7) 23(19.8) 0.89 0.39 - 2.04 0.796
CYP2A13 Asn/Asn 119 (68.0) 120 (99.2) 1.00 (reference)
codon 101 Asn/STOP 2(1.7) 1(0.8) 1.12 0.07 - 16.67 0.932
STOP/STOP 0(0) 0(0) -+ -+ -+
ADHIB Arg/Arg 111 (91.0) 101 (90.2) 1.00 (reference)
codon 48 Arg/His 10 (8.2) 21 (9.0) 2.38 0.61 - 9.10 0214
His/His 1(0.8) 0(0) -* -* -*
Asn/Ser+Ser/Ser 11 21 1.67 0.45 - 6.25 0.443
ADHIC Ile/Ile 39 (32.2) 30 (24.8) 1.00 (reference)
codon 350 Ile/Val 64 (52.9) 54 (44.6) 0.98 0.46 - 2.13 0.971
Val/Val 18 (14.9) 37 (30.6) 1.75 0.69 - 4.55 0.237
Ile/Val+Val/Val 82 91 1.12 0.54 - 2.33 0.756

7Odds ratios (OR) and 95% confidence intervals (95% CI) adjusted for age at diagnosis, gender, smoking and alcohol
¥ Statistics could not be performed due to the absence of individuals in one or more of analyzed groups

adjusted analyses (p=0.055) and the contribution of the rare
homozygous genotype to the risk was also non-significant.
On the contrary, the observed modification of SCCHN risk by
interaction between alcohol and this polymorphism (p=0.013)

warrants further study.

NAD(P)H:quinone oxidoreductase (NQO1, EC 1.6.99.2,
OMIM: 125860) is an obligate two-electron reductase that can
either bioactivate or detoxify quinones and has been proposed
to play an important role in chemoprevention [20]. NQO1
polymorphism in codon 187 (Pro187Ser, rs1800566), encoding
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an inactive enzyme was shown to influence the risk of breast
cancer in Czech [21] and Austrian [22] populations. Moreover,
recent study showed that NQOI Prol187Ser polymorphism
may play role of a strong prognostic and predictive factor in
breast cancer [23]. Begleiter et al [24] did not find significant
association of two NQO1 polymorphisms (Pro187Ser and
Trp465Arg) with SCCHN. Similarly, Harth et al. [25] also did
not find association of Prol87Ser polymorphism in NQO1
with SCCHN. We observed, that drinkers had significantly
lower SCCHN risk when carrying the NQOI1 heterozygous
genotype (p=0.022) in comparison with drinkers carrying
the common genotype (Pro/Pro) but in nondrinkers no effect
on the risk was evident (p=0.948). However, not much was
published about interaction between NQO1 and alcohol. The
association between alcohol and colorectal adenoma was mod-
ified by NQO1 Pro187Ser genotype in UKFSS Study. Higher
risk was found among individuals with the common Pro/Pro
genotype (OR=1.49; 95% CI=1.11-2.02; P-interaction=0.024;
[ref. 26]). Therefore, larger studies should confirm or rule out
our observation of interaction between NQO!1 knock-out poly-
morphism and alcohol consumption towards SCCHN risk.

Epoxide hydrolase (EPHXI, EC 3.3.2.3, OMIM: 132810)
catalyzes the hydrolysis of epoxides (originating from e.g.
P450 1B1-mediated metabolism of PAHs) to less reactive
trans-dihydrodiols. Two common alleles of EPHX1I that
can be detected in codons 113 (Tyr113His, rs1051740) and
139 (His139Arg, rs2234922) change the enzyme activity
[27]. Glutathione S-transferases (GST, EC 2.5.1.18) GSTM1
(OMIM: 138350), GSTP1 (OMIM: 134660) and GSTT1
(OMIM: 600436) belong to the most frequently studied
XME in molecular epidemiology of cancer. Large genomic
deletions (null genotype) of GSTMI and GSTTI produce
complete lack of enzyme activities. GSTP1 polymorphism in
codon 105 (Ile105Val, rs1695) generates enzyme with differ-
ent heat stability and substrate affinity [28]. We have found
that combination of EPHX1-low deduced activity with either
GSTMI-null or GSTTI-null genotypes significantly increased
levels of DNA single strand breaks as an early genotoxic-
ity marker in peripheral blood lymphocytes of 158 healthy
volunteers [9]. SCCHN is cancer highly dependent at envi-
ronmental factors (alcohol and smoking) and thus it seemed
to be a suitable candidate for evaluation of the previously
found genotoxicity relevance of metabolic polymorphisms.
However, we did not find association of either single EPHX1,
GSTM1, GSTP1, GSTT1I polymorphisms, the deduced EPHX1
activity nor the combination of EPHX1 activity and GSTM1
polymorphism with SCCHN risk. Thus, our results confirmed
the lack of association of functional EPHXI polymorphisms
and the deduced enzyme activity with SCCHN risk published
previously [29, 30]. Our results also support the conclusion of
recent meta-analysis that GSTMI null genotype significantly
increases susceptibility to oral cancer in Asians but not Cau-
casians [31] and comply with negative results on GSTPI and
GSTT1I polymorphisms [32].

Ethanol metabolism is mediated by both the oxidative and
the non-oxidative pathways [33]. The oxidative pathway is
particularly catalyzed by alcohol dehydrogenases (ADH, EC
1.1.1.1), aldehyde dehydrogenases (ALDH, EC 1.2.1.5) and less
by P450 2E1 [34]. Previous case-control studies showed the
association between ADHI1B*1 (Arg) allele and an increased
risk of SCCHN [35, 36]. Carriage of ADHIC*2/*2 (Val/Val)
genotype increased risk of SCCHN in heavy (OR=2.65; 95%
CI=1.08-2.14) and moderate (OR=1.6; 95% CI=1.15-2.03)
drinkers [37]. Similar results were published by Hashibe et al.
[38] in a large study on Central European population (Czech,
Polish, Romanian, Russian and Slovak) but this study followed
more heterogeneous patient group including SCC esophageal
cancers. Our study thus did not confirm the published associa-
tions of SCCHN with the ADH1B (OMIM: 103720) common
homozygous genotype. However, in our study the ADHIC
(OMIM: 103730) rare homozygous genotype (Val/Val) was
associated with SCCHN risk in all participants (unadjusted
OR=2.70, p=0.009) and especially in drinkers (OR=4.01,
p=0.003). On the other hand, the common Ile/Ile genotype of
ADHIC was identified as an independent risk factor for the
development of alcohol-associated tumors among heavy drink-
ers, indicating a genetic predisposition of individuals carrying
this genotype [39]. Another study on Caucasians, however
reported an inversed association in heavy drinkers carrying
the rare ADHIC Val/Val genotype (OR=7.1; 95% CI=2.3-22.0)
suggesting its association with susceptibility to smoking and
drinking-related SCCHN by modifying the biologically ef-
fective dose of alcohol [40]. It remains to be discovered e.g.
by meta-analyses, whether these discrepancies were caused
by different populations under study (Asians vs. Caucasians)
or variation in study design. Reports on null or confirmatory
results may play an important role in this effort.

In conclusion, our data demonstrate complex nature of
interactions between genetic susceptibility, environmental fac-
tors and SCCHN risk. More studies in various populations with
different genetic background and lifestyle habits are needed
to understand the variations in SCCHN risks reported so far
and to move towards reliable biomarker of susceptibility for
targeting of preventive measures.

Acknowledgements: The study was supported by grant of the
Internal Grant Agency of the Czech Ministry of Health no.: IGA
9423-3.

References

[1]  PARKIN DM, BRAY E FERLAY ], PISANI P. Global can-
cer statistics, 2002. CA Cancer ] Clin 2005; 55: 74-108.
doi:10.3322/canjclin.55.2.74

[2]  SCHANTZ SP, HUANG Q, SHAH K, MURTY VV, HSU TC
et al. Mutagen sensitivity and environmental exposures as
contributing causes of chromosome 3p losses in head and neck
cancers. Carcinogenesis 2000; 21: 1239-1246. d0i:10.1093/
carcin/21.6.1239



http://dx.doi.org/10.3322/canjc������������ 
http://dx.doi.org/10.1093/carcin/21.6.1239
http://dx.doi.org/10.1093/carcin/21.6.1239

420

P. SOUCEK, S. SUSOVA, B. MOHELNIKOVA-DU CHONOVA, ]. GROMADZINSKA, A. MORAVIEC-SZTANDERA, P. VODICKA, L. VODICKOVA

(13]

RAGIN CC, MODUGNO E GOLLIN SM. The epidemiology
and risk factors of head and neck cancer: a focus on human
papillomavirus. ] Dent Res 2007; 86: 104-14. do0i:10.1177/
154405910708600202

International Agency for Research on Cancer. Tobacco smoke
and involuntary smoking. In: JARC monographs on the evalu-
ation of carcinogenic risks to humans, 2004, vol 83. IARC,
Lyon, France, pp. 53-119.

MALATSN, PORTA M, COROMINAS JM, PINOLJL, RIFA J,
etal. Ki-ras mutations in exocrine pancreatic cancer: association
with clinico-pathological characteristics and with tobacco
and alcohol consumption. PANK-ras I Project Investigators.
Int J Cancer 1997; 70: 661-7. d0i:10.1002/(SICI)1097-
0215(19970317)70:6<661::AID-1JC6>3.0.CO;2-T

ZHANG L, WEDDLE DL, THOMAS PE, ZHENG B, CAS-
TONGUAY A, et al. Low levels of expression of cytochromes
P-450 in normal and cancerous fetal pancreatic tissues of
hamsters treated with NNK and/or ethanol. Toxicol Sci 2000;
56: 313-23. d0i:10.1093/toxsci/56.2.313

LEWIN E NORELL SE, JOHANSSON H, GUSTAVSSON P,
WENNERBERG J et al. Smoking tobacco, oral snuV, and alco-
holin the aetiology of squamous cell carcinoma of the head and
neck. Cancer 1998; 82: 1367-1375. doi:10.1002/(SICI)1097-
0142(19980401)82:7<1367::AID-CNCR21>3.0.CO;2-3
PERERA FP. Environment and cancer: who are susceptible? Sci-
ence 1997; 278: 1068-73. doi:10.1126/science.278.5340.1068
NACCARATT A, SOUCEK P, STETINA R, HAUFROID YV,
KUMARR, et al. Genetic polymorphisms and possible gene-
gene interactions in metabolic and DNA repair genes: effects
on DNA damage, Mutat Res 2006; 593: 22-31. d0i:10.1016/
j.mrfmmm.2005.06.016

BERMEJO JL, HEMMINKI K. Gene-environment studies:
any advantage over environmental studies? Carcinogenesis
2007; 28: 1526-32. d0i:10.1093/carcin/bgm068

HIYAMA T, YOSHIHARA M, TANAKA S, CHAYAMA K.
Genetic polymorphisms and head and neck cancer risk. Int J
Oncol 2008; 32: 945-73.

NEDELCHEVA-KRISTENSEN V, ANDERSEN TI, ERIK-
STEIN B, GEITVIK G, SKOVLUND E et al. Single tube
multiplex polymerase chain reaction genotype analysis of
GSTM1, GSTT1 and GSTP1: relation of genotypes to TP53
tumor status and clinicopathological variables in breast cancer
patients. Pharmacogenetics 1998; 8: 441-447. doi:10.1097/
00008571-199810000-00009

SARMANOVAJ, TYNKOVA L, SUSOVASS, GUT I, SOUCEK
P. Genetic polymorphisms of biotransformation enzymes:
allele frequencies in the population of the Czech Republic,
Pharmacogenetics 2000; 10: 781-788. d0i:10.1097/00008571-
200012000-00003

SUZUKI H, MORRIS JS, LI Y, DOLL MA, HEIN DW, et al.
Interaction of the cytochrome P4501A2, SULT1A1 and NAT
gene polymorphisms with smoking and dietary mutagen
intake in modification of the risk of pancreatic cancer. Car-
cinogenesis 2008; 29: 1184-91. doi:10.1093/carcin/bgn085
HECHT SS. Biochemistry, biology, and carcinogenicity of
tobacco-specific N-nitrosamines. Chem Res Toxicol 1998;
11: 559-603. doi:10.1021/tx980005y

(16]

(22]

[24]

(25]

(26]

(27]

SUT,BAO Z,ZHANG QY, SMITH TJ, HONGJY, et al. Human
cytochrome P450 CYP2A13: predominant expression in the
respiratory tract and its high efficiency metabolic activation
of a tobacco-specific carcinogen, 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone. Cancer Res 2000; 60: 5074-9.
ZHANGX, CHEN Y LIU Y, REN X, ZHANG QY, et al. Single
nucleotide polymorphisms of the human cyp2al3 gene: evi-
dence for a null allele. Drug Metab Dispos 2003; 31: 1081-5.
d0i:10.1124/dmd.31.9.1081
MOHELNIKOVA-DUCHONOVA B, VRANA D,
HOLCATOVA I, RYSKA M, SMERHOVSKY Z, et al.
CYP2A13, ADHI1B and ADHI1C Gene Polymorphisms and
Pancreatic Cancer Risk. Pancreas 2009; 39: 144-8. d0i:10.1097/
MPA.0b013e3181bab6c2

SINGH AP, SHAH PP, MATHUR N, BUTERS JT, PANT MC et
al. Genetic polymorphisms in cytochrome P4501B1 and suscep-
tibility to head and neck cancer. Mutat Res 2008; 639: 11-9.
TRAVER RD, SIEGEL D, BEALL HD, PHILLIPS RM.
Characterization of a polymorphism in NADP;H:quinone oxi-
doreductase DT-diaphorase, Br ] Cancer 1997; 75: 69-75.
SARMANOVA ], SUSOVA §, GUT I, MRHALOVA M,
KODET R, et al. Breast cancer: role of polymorphisms in bi-
otransformation enzymes. Eur ] Hum Genet 2004; 12:848-54.
doi:10.1038/sj.ejhg.5201249

MENZEL HJ, SARMANOVA ], SOUCEK P, BERBERICH
R, GRUNEWALD K, et al. Association of NQO1 polymor-
phism with spontaneous breast cancer in two independent
populations. Br ] Cancer 2004, 90, 1989-1994. do0i:10.1038/
5j.bjc.6601779

FAGERHOLM R, HOFSTETTER B, TOMMISKA ], AALTO-
NEN K, VRTEL R et al. NAD(P)H:quinone oxidoreductase
1 NQO1*2 genotype (P187S) is a strong prognostic and pre-
dictive factor in breast cancer. Nat. Genet. 2008; 40: 844-53.
doi:10.1038/ng.155

BEGLEITER A, NORMAN A, LEITAO D, CABRAL T,
HEWITT D, etal. Role of NQOL1 polymorphisms as risk factors
for squamous cell carcinoma of the head and neck. Oral Oncol
2005; 41: 927-33. doi:10.1016/j.oraloncology.2005.05.004
HARTH V, SCHAFER M, ABEL ], MAINTZ L, NEUHAUS T,
etal. Head and neck squamous-cell cancer and its association
with polymorphic enzymes of xenobiotic metabolism and
repair. ] Toxicol Environ Health 2008, A 71: 887-97.
MITROU PN, WATSON MA, LOKTIONOV AS CARDWELL
C, GUNTER MJ et al. Role of NQO1C609T and EPHX1 gene
polymorphisms in the association of smoking and alcohol with
sporadic distal colorectal adenomas: results from the UKESS
Study. Carcinogenesis 2007; 28, 875-82. d0i:10.1093/carcin/
bgl194

HASSETT C, AICHER L, SIDHU JS, OMIECINSKI CJ. Hu-
man microsomal epoxide hydrolase: genetic polymorphism
and functional expression in vitro of amino acid variants,
Hum Mol Genet 1994; 3: 421-8. d0i:10.1093/hmg/3.3.421
ZIMNIAK P, NANDURI B, PIKULA S, BANDOROW-
ICZ-PIKULA J. Naturally occuring human glutathione
S-transferase GSTP1-1 isoforms with isoleucine and valine
in position 104 differ in enzymic properties, Eur ] Biochem
1994; 224: 893-9. d0i:10.1111/j.1432-1033.1994.00893.x



http://dx.doi.org/10.1177/154405910708600202
http://dx.doi.org/10.1177/154405910708600202
http://dx.doi.org/10.1002/%28SICI%291097-0215%2819970317%2970:6%3C661::AID-IJC6%3E3.0.CO;2-T
http://dx.doi.org/10.1002/%28SICI%291097-0215%2819970317%2970:6%3C661::AID-IJC6%3E3.0.CO;2-T
http://dx.doi.org/10.1093/toxsci/56.2.313
http://dx.doi.org/10.1002/%28SICI%291097-0142%2819980401%2982:7%3C1367::AID-CNCR21%3E3.0.CO;2-3
http://dx.doi.org/10.1002/%28SICI%291097-0142%2819980401%2982:7%3C1367::AID-CNCR21%3E3.0.CO;2-3
http://dx.doi.org/10.1126/science.278.5340.1068
http://dx.doi.org/10.1016/j.mrfmmm.2005.06.016
http://dx.doi.org/10.1016/j.mrfmmm.2005.06.016
http://dx.doi.org/10.1093/carcin/bgm068
http://dx.doi.org/10.1097/00008571-199810000-00009
http://dx.doi.org/10.1097/00008571-199810000-00009
http://dx.doi.org/10.1097/00008571-200012000-00003
http://dx.doi.org/10.1097/00008571-200012000-00003
http://dx.doi.org/10.1093/carcin/bgn085
http://dx.doi.org/10.1021/tx980005y
http://dx.doi.org/10.1124/dmd.31.9.1081
http://dx.doi.org/10.1097/MPA.0b013e3181bab6c2
http://dx.doi.org/10.1097/MPA.0b013e3181bab6c2
http://dx.doi.org/10.1038/sj.ejhg.5201249
http://dx.doi.org/10.1038/sj.bjc.6601779
http://dx.doi.org/10.1038/sj.bjc.6601779
http://dx.doi.org/10.1038/ng.155
http://dx.doi.org/10.1016/j.oraloncology.2005.05.004
http://dx.doi.org/10.1093/carcin/bgl194
http://dx.doi.org/10.1093/carcin/bgl194
http://dx.doi.org/10.1093/hmg/3.3.421
http://dx.doi.org/10.1111/j.1432-1033.1994.00893.x

METABOLIC POLYMORPHISMS AND CANCER

421

(29]

(30]

(31]

(32]

(33]

(34]

(35]

WENGHOEFER M, PESCH B, HARTH V, BROEDE P,
FRONHOFFES §, et al. Association between head and neck
cancer and microsomal epoxide hydrolase genotypes. Arch
Toxicol 2003; 77: 37-41. d0i:10.1007/s00204-002-0414-y
LACKO M, ROELOFS HMJ, TE MORSCHE RHM, VOOGD
AC, OUDE OPHUIS MB, et al. Microsomal epoxide hydrolase
genotypes and the risk for head and neck cancer. Head Neck
2008; 30: 836-44. d0i:10.1002/hed.20781

ZHUO W, WANG Y, ZHUO X, ZHU Y, WANG W, et al.
CYP1A1 and GSTM1 polymorphisms and oral cancer risk:
association studies via evidence-based meta-analyses. Cancer
Invest 2009; 27: 86-95. doi:10.1080/07357900802146170
BUCH SC,NAZAR-STEWART V, WEISSFELD JL, ROMKES
M. Case-control study of oral and oropharyngeal cancer in
whites and genetic variation in eight metabolic enzymes. Head
Neck 2008; 30: 1139-47. d0i:10.1002/hed.20867

HABERPS, APTE MV, MORAN C, APPLEGATE TL, PIROLA
RC, et al. Nonoxidative metabolism of ethanol by rat pancreatic
acini. Pancreatology 2004; 4: 82-9. doi:10.1159/000077608
VONLAUEFEN A, WILSONJS, PIROLA RC, APTE MV, et al.
Role of Alcohol Metabolism in Chronic Pancreatits. Alcohol
Res Health 2007; 30: 48-54.

HIRAKI A, MATSUO K, WAKAI K, SUZUKI T, HASEG-
AWA'Y, et al. Gene-gene and gene-environment interactions
between alcohol drinking habit and polymorphisms in alco-
hol-metabolizing enzyme genes and the risk of head and neck

(36]

(37]

(38]

(39]

(40]

cancer in Japan. Cancer Sci 2007; 98: 1087-91. doi:10.1111/
j.1349-7006.2007.00505.x

LEE Ch, LEE JM, WU DC, GOAN YG, CHOU SH, et al.
Carcinogenetic impact of ADHIB and ALDH?2 genes on
squamous cell carcinoma risk of the esophagus with regard
to the consumption of alcohol, tobacco and betel quid. Int J
Cancer 2008; 122: 1347-56. doi:10.1002/ijc.23264
SOLOMON PR, SELVAM GS, SHANMUGAM G. Polymor-
phism in ADH and MTHFR genes in oral squamous cell
carcinoma of Indians. Oral Dis 2008; 14: 633-9. doi:10.1111/
j.1601-0825.2007.01437.x

HASHIBE M, BOFFETTA P, ZARIDZE D, SHANGINA O,
SZESZENIA-DABROWSKA N, et al. Evidence for an Impor-
tant Role of Alcohol- and Aldehyde-Metabolizing Genes in
Cancers of the Upper Aerodigestive Tract. Cancer Epidemiol
Biomarkers Prev 2006; 15: 696-703. d0i:10.1158/1055-9965.
EPI1-05-0710

HOMANN N, STICKEL E KONIG IR, JACOBS A, JUNG-
HANNSK, et al. Alcohol dehydrogenase 1C*1 allele is a genetic
marker for alcohol-associated cancer in heavy drinkers. Int J
Cancer 2006; 118: 1998-2002. doi:10.1002/ijc.21583
PETERS ES, MCCLEAN MD, LIU M, EISEN EA, MUEL-
LER N, et al. The ADH1C polymorphism modifies the risk
of squamous cell carcinoma of the head and neck associated
with alcohol and tobacco use. Cancer Epidemiol Biomarkers
Prev 2005; 14: 476-82. d0i:10.1158/1055-9965.EP1-04-0431



http://dx.doi.org/10.1007/s00204-002-0414-y
http://dx.doi.org/10.1002/hed.20781
http://dx.doi.org/10.1080/07357900802146170
http://dx.doi.org/10.1002/hed.20867
http://dx.doi.org/10.1159/000077608
http://dx.doi.org/10.1111/j.1349-7006.2007.00505.x
http://dx.doi.org/10.1111/j.1349-7006.2007.00505.x
http://dx.doi.org/10.1002/ijc.23264
http://dx.doi.org/10.1111/j.1601-0825.2007.01437.x
http://dx.doi.org/10.1111/j.1601-0825.2007.01437.x
http://dx.doi.org/10.1158/1055-9965.EPI-05-0710
http://dx.doi.org/10.1158/1055-9965.EPI-05-0710
http://dx.doi.org/10.1002/ijc.21583
http://dx.doi.org/10.1158/1055-9965.EPI-04-0431

Piiloha €. 7

Mohelnikova-Duchonova B, Oliverius M, Honsova E, Soucek P.

Evaluation of reference genes and normalization strategy for quantitative real-time PCR
in human pancreatic carcinoma.

Dis Markers. 2011 - pfijato k publikaci. ~ (IFz012=1,7)

39



Galley Proof 18/11/2011;9:38 File: dma875.tex; BOKCTP/wyn p. 1

Disease Markers 31 (2011) 1-8 1
DOL10.3233/DMA-2011-0875

I0S Press

Evaluation of reference genes and
normalization strategy for quantitative
real-time PCR 1n human pancreatic carcinoma

Beatrice Mohelnikova-Duchonova® P, Martin Oliverius¢, Eva Honsovad and Pavel Soucek®*
&Department of Toxicogenomics, National Institute of Public Health, Prague, Czech Republic

b First Faculty of Medicine, Charles University in Prague, Czech Republic

®Department of Transplantation Surgery, Institute of Clinical and Experimental Medicine, Prague, Czech Republic
dDepartment of Clinical and Transplantation Pathology, Institute of Clinical and Experimental Medicine, Prague,
Czech Republic

Abstract. Histologically verified pairs (n = 10) of pancreatic tumors and non-neoplastic tissues were used for quantitative
real-time PCR and the stability of 24 reference genes was analyzed with geNorm and NormFinder software. Raw C, values
correlated with the degree of RNA degradation. This correlation was abolished by normalization to C, of 18S endogenous control
gene. Both geNorm and NormFinder programs suggested EIF2B1, ELF1, MRPLI9, and POP4 as the same most stable genes.
We have thus identified suitable reference genes for future expression studies in pancreatic carcinoma. Normalization method|

reducing the effects of RNA degradation on the quality of results was also developed.

Keywords: Pancreas, carcinoma, transcript, quantification, reference gene, normalization

1. Introduction

Pancreatic cancer is the fourth leading cause of can-
cer death in the United States [1] as well as in the Czech
Republic [2]. It has a dismal five-year survival less
than 5% [3], primarily related to the fact that disease-
specific symptoms occur late in the course of the dis-
ease. Pancreatic cancer belongs to one of the most dif-
ficult conditions to treat [4] and its etiology and molec-
ular pathogenesis is still poorly understood.

Gene expression profiles are commonly used for
identification of groups of genes involved in specif-
ic functional aspects of tumor biology and for the de-
velopment of candidate biomarkers [5]. A number of
methods have been developed to study gene expression.

*Address for correspondence: Pavel Soucek, PhD., Toxicogeno-
mics Unit, National Institute of Public Health, Srobarova 48, Prague
10, 100 42 Czech Republic. Tel.: +420 267082711; Fax: +420
267311236; E-mail: psoucek@szu.cz.

The relative quantification by real-time PCR method
(qPCR) is adequate strategy for most purposes where|
investigation of physiological changes in gene expres-
sion levels is conducted [6—8]. There are several es-
sential requirements for successful expression analysis.
The first and crucial step is correct sample collection,
handling and preparation [9]. By the time of diagno-
sis no more than 20% of patients with pancreatic car-
cinoma have surgically operable disease [10]. Thus,
sampling in large specialized centers rather than in nu-
merous smaller surgical departments is necessary for
practical reasons. Typically, pancreatic tumors have
low neoplastic cellularity and a predominance of non-
neoplastic fibrous (or desmoplastic) stroma. This is
rather unique to duct adenocarcinomas of the pancreas;
in contrast to infiltrating carcinomas arising in other|
organs. To overcome this obstacle potentially leading
to spurious results, two approaches are generally used.
Firstly, microdissection or other methods of purifica-
tion of the epithelial component are utilized. Second-

ISSN 0278-02407117$27.50 © 2011 - 10S Press and the authors. All tights reserved
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Characteristics of the patient population

Sample  Date of diagnosis ~ Gender  Age at diagnosis

Surgery® Stage Lymph nodes®  Grade

PCI2 August 2008 female 54
PCI4 August 2009 male 69
PCI5 November 2009 male 63
PCI7 December 2009 male 46
PCI8 December 2009 female 74
PCI9 December 2009 female 54
PCI10 December 2009 female 53
PCI12 January 2010 female 71
PCI15 February 2010 male 72
PCI17 May 2010 female 65

head/RO  pT3NOMI1 0/9 3
head/RO  pT3NOMx 0/3 3
head/RO  pT3N1IMx 1/3 3
head/RO  pT3N1IMx 1/9 3
head/RO  pT3N1IMx 5/14 3
head/R1  pT2NIMx 9/18 2
head/RO  pT4N1Mx 1724 2
head/RO  pT2NOMx 0/14 2
head/RO  pT2NOMx 0/14 2

tail/RO pT3N1Mx 1/23 3

2 Anatomical localization of tumor/radicality of surgery; PNumber of nodes with histologically confirmed metasta-

sis/number of evaluated nodes.

ly, differences between macrodissected pancreatic tu-
mors and non-neoplastic control tissues and eventually
specimen from patients with chronic pancreatitis as an
intermediate group are analyzed with stable cell lines
as correctors [11]. In pancreatic tissues specifically,
high-quality RNA preparation as the prerequisite con-
dition for successful analysis presents an extremely dif-
ficult challenge. Subsequent assessment of RNA qual-
ity and quantity is the next critical step in expression
analysis [6]. Pancreatic tissues contain a large amount
of endogenous RNAses. RNAses are a major secreto-
ry product of normal pancreatic acinar cells and cause
extensive degradation of mRNA in pancreatic tissues.
Moreover, there is a frequent loss of acinar cells dur-
ing development of infiltrating pancreatic cancers due
to atrophy or destruction of the gland by the tumor
growth [11]. The content of RNAse secreting cells thus
may vary among tumors. Thus for laboratories aiming
at expression profiling of pancreatic cancer, it is essen-
tial to introduce specific protocol for the handling of a
pancreatic specimen, RNA isolation procedure and rig-
orous control of RNA and cDNA quality and quantity.
The appropriate choice of internal standards (reference
genes) is critical for QPCR performance. Ideally, the
internal standards should be constitutively expressed in
all cell types under study. Internal standards should al-
so be independent of experimental conditions and unaf-
fected by human disease conditions. Formerly, a num-
ber of housekeeping genes, which are necessary for ba-
sic cell survival, like glucose-6-phosphate dehydroge-
nase (GAPDH), ribosomal RNA subunits (18S and 28S
rRNA), 3-actin or cyclophilins were used as reference
genes. However, it has become clear that these high-
ly popular reference genes show distinct differences in
gene expression in certain tissue types and considerably
vary between normal and malignant tissues [12—14].
The purpose of our study was to assess performance
of 24 reference genes by qPCR in a series of 10 mac-

rodissected pairs of pancreatic carcinomas and adjacent
non-neoplastic tissues. The robustness of qPCR analy-
sis on samples with quality unavoidably compromised
by RNA degradation was assessed as a major endpoint.

2. Material and methods
2.1. Samples

Tissue specimens were obtained from 10 surgically
treated pancreatic carcinoma patients diagnosed over a
period between August 2008 and May 2010. The resec-
tion specimens were immediately transferred from the
Surgery to the Pathology Department, then macrodis-
sected, snap-frozen in liquid nitrogen and stored af
—80°C until RNA preparation. Histological diagnoses
of pancreatic carcinomas including types, stages, and
grades of the tumors were performed according to the
rules for classification [15]. Only histologically con-
firmed tumor and non-neoplastic tissue samples were
used for RNA analysis. The following data on patients
were retrieved from medical records: age, sex, date of
diagnosis, pTNM stage, histological type and grade of]
the tumor (Table 1). All patients were asked to read
and sign an informed consent in accordance with the
requirements of the Ethical Commission of the Institute
of Clinical and Experimental Medicine in Prague.

2.2. Isolation of total RNA and cDNA synthesis

Tissue samples were homogenized by mechanical
disruption using Precellys instrument (Bertin Tech-
nologies, Montigny-le-Bretonneux, France) at a speed
of 6,500 for 15 sec. Total RNA was isolated using
Trizol Reagent according to manufacturer’s protocol
(Invitrogen, Carlsbad, CA) and stored at —80°C inl
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Table 2
Information about reference genes and the respective Assays

Gene symbol (ID) Assay ID Location of probe Amplicon length (bp)  Gene name

GAPDH (2597) Hs02758991_gl 3’-most, exon 7-8 boundary 93 glyceraldehyde-3-phosphate
dehydrogenase

HPRTI (3251) Hs99999909_m1 3’-most, exon 67 boundary 100 hypoxanthine phosphoribosyltrans-
ferase 1

GUSB (2990) Hs99999908 _m1 3’-most, exon 11-12 boundary 81 glucuronidase, beta

ACTB (60) Hs00357333_gl exon 1-2 boundary 77 actin, beta

B2M (567) Hs99999907 _m1 3’-most, exon 2-3 boundary 75 beta-2-microglobulin

HMBS (3145) Hs00609297_m1 3’-most, exon 1-2 boundary 64 hydroxymethylbilane synthase

IPOS8 (10526) Hs00183533_m1#  3’-most, exon 20-21 boundary 71 importin 8

PGK1 (5230) Hs00943178_gl*  3’-most, exon 5-6 boundary 73 phosphoglycerate kinase 1

TBP (6908) Hs00427621.m1*  exon 3—4 boundary 65 TATA box binding protein

TFRC (7037) Hs99999911_m1 exon 14 105 transferrin receptor

YWHAZ (7534) Hs00237047_m1 exon 1-2 boundary 70 tyrosine 3-monooxygenase/trypto-
phan 5-monooxygenase activation
protein, zeta polypeptide

PPIA (5478) Hs01565700_g1 exon 3—4 boundary 94 peptidylprolyl isomerase A

POLR?2A (5430) Hs00172187_-m1®  3’-most, exon 1-2 boundary 61 polymerase (RNA) II (DNA direct-
ed) polypeptide A

GADD45A (1647)  Hs00169255-m1?  exon 3—4 boundary 123 growth arrest and DNA-damage-
inducible, alpha

EIF2BI (1967) Hs00426752_m1*  3’-most, exon 4-5 boundary 75 eukaryotic translation initiation fac-
tor 2B, subunit 1 alpha

ABLI (25) Hs00245445_m1P  exon 3—4 boundary 91 c-abl oncogene 1, non-receptor ty-
rosine kinase

ELF1 (1997) Hs00152844_m1®  3’-most, exon 2-3 boundary 76 E74-like factor 1

MRPLI9 (9801) Hs00608519_-m1®  exon 2-3 boundary 72 mitochondrial ribosomal protein
L19

PESI (23481) Hs00362795_g1®*  3’-most, exon 13-14 boundary 56 pescadillo homolog 1

RPL30 (6156) Hs00265497_m1#  exon 4-5 boundary 149 ribosomal protein L30

RPS17 (6218) Hs02386586_g1 exon 2-3 boundary 88 ribosomal protein S17

POP4 (10775) Hs00198357_.m1#  exon 3—4 boundary 68 processing of precursor 4, ribonu-
clease P/MRP subunit

PSMC4 (5704) Hs00197826_.m1#  exon 67 boundary 83 proteasome 26S subunit, ATPase, 4

18S (100008588) Hs03928990_g1*  not applicable 61 18S ribosomal RNA

2assay recommended by the manufacturer (for criteria see www.appliedbiosystems.com);
bBased on assay re-evaluation in August 2010 with NCBI Entrez Gene annotations, this assay may detect transcript(s) from off target gene(s)

(see. www.appliedbiosystems.com).

aliquotes. RNA quantity was assessed in duplicates
by Quant-iT™ RNA Assay Kit (Invitrogen) using In-
finite M200 fluorescence reader (Tecan, Vienna, Aus-
tria). RNA quality was assessed by measurement of the
RNA Integrity Number (RIN) using Agilent 2100 Bio-
analyzer (Agilent Technologies, Santa Clara, CA) and
RNA Nano 6000 LabChip kit (Agilent Technologies).
RNA with RIN above 2.0 was used for further pro-
cessing. cDNA was synthesized using RevertAid™
First Strand cDNA Synthesis Kit with random hexam-
er primers according to manufacturer’ protocol (MBI
Fermentas, Vilnius, Lithuania). For cDNA synthesis
2 ug of total RNA were reverse-transcribed in a final
reaction volume of 80 ul, i.e. 25 ng/ul final concentra-
tion of cDNA at theoretical 100% efficiency. Quantity
and quality of cDNA in terms of DNA contamination
was then confirmed by PCR amplification of ubiqui-
tin C fragment discriminating between products from

cDNA (190 bp) and from genomic DNA (1,009 bp)
as described previously [16]. All cDNA samples that
were free of DNA contamination (absence of 1,009 bp
band in samples incubated without reverse transcrip-
tase) were stored at —20°C until analysis.

2.3. Quantitative real-time PCR

gqPCR was performed in 7500 Real-Time PCR Sys-
tem by help of TagMan® Custom Plates (Applied
Biosystems, Foster City, CA). For analysis of refer-
ence genes 4x24 well format was used comprising
of TagMan® Gene Expression Assays with optimized
primer and probe sets (Table 2). The following criteria
were applied to the selection of TagMan® Gene Ex-
pression Assays: i/ exon-exon boundaries span where
possible in order to minimize signals from traces of]
contaminating DNA, ii/ as short as possible amplicons
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Fig. 1. Output from geNorm. Legend: Relative quantities for the respective genes described in Table 2 were input to geNorm program. The
calculation of relative quantities is described in Material and Methods. The figure represents output from the program where genes with the lowest|
average expression stability value (M) are the most stable ones and may serve as suitable reference genes for study of the same type of samples.
Genes located in the far right part of the x-axis were selected as candidates for reference genes. The underlying principles and calculations are

described in Vandesompele et al. [17].

and iii/ location near to 3’-end of the transcript to re-
duce influence of RNA quality on qPCR. Priority was
given to assays from the validated endogenous control
set. The list of reference genes and respective assays
is given in Table 2. Each reaction contained in total
20 4l of premixed cDNA and 2x TagMan® Gene Ex-
pression Master Mix (Applied Biosystems) in 1:1 ratio.
The amount corresponding to 25 ng of total RNA used
for cDNA synthesis was loaded per each sample well.
Cycling parameters were: 2 min. at 50°C and initial
denaturation at 95°C for 10 min, followed by 50 cy-
cles consisting of denaturation at 95°C for 15 sec and
annealing at 60°C for 60 sec.

2.4. Analyses of stability of reference genes

Firstly, AC, was calculated for each sample where
AC, = Cy(sample) — C,(calibrator, i.e. non-neoplastic
sample with the lowest average C, from all tested sam-
ples, i.e. ZPI5). Then relative quantity Q = EACY
where efficiency E was considered as 100%, i.e. 22C¢
value was calculated and used for analysis of stability of
reference genes. The study design adhered to the MIQE
Guidelines (Minimum Information for Publication of
Quantitative Real-Time PCR Experiments) published
in 2009 [9]. geNorm version 3.5 of March 2007 [17]
and NormFinder version 19 of June 2009 [18] software

programs were used for evaluation of stability of refer-
ence genes according to manuals available at the web-
site for their download. Differences between groups
were analyzed by non-parametric Wilcoxon test and
correlations were analyzed by non-parametric Spear-
man’s test using SPSS version 15.0 software.

3. Results
3.1. RNA quantity and quality assessment

The total RNA was isolated from surgically removed
tumor and non-neoplastic tissues of 10 patients with|
pancreatic carcinoma diagnosis. The median RIN of|
tumor and non-neoplastic tissue samples was 6.5 £ 1.0
(range4.2-7.4)and of 3.3 £ 1.6 (2.1-6.5), respectively.
RIN values differed significantly between tumors and
non-neoplastic tissues (p = 0.005, Wilcoxon test). cD-
NA was synthesized using 2 ug of total RNA. Samples
free of genomic DNA contamination as assessed by
PCR for ubiquitin C fragment were used for subsequent
analyses.

3.2. Quantitative real-time PCR

We analyzed transcript levels of 24 candidates for
reference genes for qPCR studies of pancreatic tumorn
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Fig. 2. Output from NormFinder. Legend: Relative quantities for the respective genes described in Table 2 were input to NormFinder program.
The calculation of relative quantities is described in Material and Methods. The figure represents inter-group and intra-group variability among
the tested samples. Candidate genes with an inter-group variation as close to zero as possible, and at the same time with the smallest errors bars|
possible were selected as suitable reference genes. These genes are highlighted by arrows in the figure. TFRC as alternative reference gene is|
highlighted by the grey arrow. The model and statistical framework underlying “NormFinder” are described in Andersen et al. [18].

and non-neoplastic tissue samples. The mean raw C,
values for all genes except 18S in tumors and non-
neoplastic tissues were 27.06 + 3.47 and 27.27 £ 2.88,
respectively. The median raw C, values in tumors and
non-neoplastic tissues were 27.02 and 27.24, respec-
tively. The raw C, values were highly dependent on
the degree of RNA degradation represented by RIN.
Significant correlation of RIN with the mean of raw
C, for all studied genes except 18S was observed in
control tissues (p = 0.010, Fig. 3A). Non-significant
trend was found in tumors (p = 0.074, Fig. 3A) and
the effect became highly significant when all tissues
were analyzed together (R? = 0.57, p < 0.001, data not
shown). After normalization of data by calculation of
C,(reference gene)/C,(18S endogenous control gene)
none of the correlations with RIN remained significant
(p = 0.253 in controls, p = 0.301 in tumors, and p =
0.841 in all tissues; Fig. 3B).

3.3. Identification of reference genes

The relative quantity Q defined in Materials and
Methods was used for analysis of stability of reference
genes by geNorm and NormFinder. Sample ZPI5 with
average C, =25.27 & 2.44 and RIN = 5.3 was used as
calibrator. Both programs showed similar results, i.e.
identified the same genes among the five most stable
genes (EIF2BI1, ELF1, MRPLI9 and POP4) and sug-

gested 2-3 reference gene combinations as sufficient
for gPCR in pancreatic carcinoma. qPCR efficiency
was then evaluated for the four best reference genes,
i.e. EIF2B1, ELF1, POP4 and MRPL19 by assessment
of serial dilutions of calibrator sample (ZPIS5). Analy-
sis of the efficiency, R?, and slope of calibration curves
and C, in non-template controls (NTCs) proved that all
genes were suitable for further use in gPCR as reference
genes (Table 3).

4. Discussion

Research of pancreatic cancer is hindered by difficul-
ties with the recruitment of pancreatic cases with brief
survival and poor performance status. Additionally, in
inoperable patients (the majority in pancreatic cancer)
the verification of diagnosis is complicated by the lack
of pathological specimen. Moreover, pancreatic speci-
mens present a hurdle in isolation of intact RNA due to
the presence of high amounts of RNAses. Therefore, it
is essential to validate the protocol of sample handling
and RNA isolation from pancreatic tissues for qPCR|
purposes and minimize the effect of poor RNA quality.
The aim of our study was to identify the most stable ex-
pressing endogenous control genes in tissue specimens
from pancreatic cancer patients as potential reference
genes for qPCR. Special attention was paid to the eval-
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Fig. 3. Correlations between RIN and levels of reference genes. Legend: Mean + S.D. of raw Cq of all studied genes except 18S for each sample
was plotted against RIN (A). Mean =+ S.D. of raw Cq/18S was plotted against RIN (B). Correlation coefficients and significances were calculated

by the non-parametric Spearman test.

uation of the effect of RNA stability and assessment
whether or not proper normalization can influence this
effect.

We have found that under the same standard condi-
tions of sample collection (tumor and non-neoplastic
tissues macrodissected and snap frozen at the same
time), storage and RNA isolation, the quality of RNA
(by RIN comparison) from non-neoplastic pancreatic
specimens is considerably lower than that from the re-
spective tumor samples (p = 0.005). This was true
for all of the inspected (n = 10) sample pairs and
therefore we can speculate that the RNAse content may
generally be higher in non-neoplastic tissues. It is as-
sumed that the ischemia time from ligation of the duo-
denal/pancreatic vessels to the withdrawal of tissue for

O Controls

R?=0.58

6
RIN
O Controls
R?=0.14
6
RIN

analysis is too long and causes massive RNA degrada-
tion. Since this ischemia time is an unalterable com-
ponent of the operation, RNA analyses of pancreatic
tissues present very difficult procedure [19]. For isola-
tion of total RNA, Trizol Reagent-based procedure was
used according to the recent literature [20,21]. Thus,
the method of RNA isolation most probably did not
cause the observed differences in RNA stability be-
tween samples. Our observation confirmed the previ-
ously published results that RNA isolated from solid tis-
sues usually has the RIN between 6 and 8, but that from|
gastrointestinal tract has great RIN variation with RIN|
around 4 under experimental conditions with boving
organs [22]. The relatively low RIN values also pre-
cluded laser capture microdissection, which lowers the
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Table 3
Performance of reference genes in qPCR

Sample EIF2B1 MRPL19 ELF1 POP4
NTCs > 40 > 40 > 40 > 40
Standard 1~ 22.02 £0.03  24.51 £0.01 19.59 £0.01  23.29 £ 0.02
Standard 2 23.24 £0.03 2578 £0.04 20.59 £0.02 24.53 +0.02
Standard 3 24.52 +£0.07 27.13+£0.04 21.754+0.02 26.11 £ 0.01
Standard 4  26.81 £0.04 29.48 £0.12 24.14 £0.07 28.28 +0.04
Standard 5 29.24 £0.04 3193 £0.14 26.68 £0.05 30.62 £ 0.08
Efficiency 98% 94% 98% 96%
Slope —3.38 —3.48 —3.37 —343

R? 0.999 0.999 0.999 0.998

c¢DNA of sample ZPI5 used for construction of the calibration curve was diluted
5-times (standard 1), 10-times (standard 2), 25-times (standard 3), 125-times
(standard 4) and 625-times (standard 5). NTC (non-template control) consisted
of water instead of cDNA. Samples were analyzed in triplicates (mean Cq+

S.D. shown).

RIN by 1-2 points in pancreatic specimens [21]. Fleige
et al. [6] found a significant impact of RIN on results
of expression analysis, mainly the quantification cycle
(Cy, formerly C;) and minor effect on PCR efficien-
cy. Antonov et al. [23] demonstrated in a biologically
homogenous system of intact and partially hydrolyzed
RNA derived from a cell line that degradation-related
shifts of C, values can be compensated by calculating
delta C, values between test genes and the mean C,
values of several reference genes. These delta C, val-
ues were less sensitive to fragmentation of the RNA and
were unaffected by varying amounts of input RNA [23].
In our experimental setting RIN significantly correlated
with mean raw C, values of 24 tested genes. There-
fore, we used normalization of data by calculation of
C,(reference gene)/C,(18S endogenous control gene).
This normalization abolished the observed correlation
with RIN. Thus, we demonstrated that the degradation-
related C, shifts caused by RNA fragmentation can be
compensated by normalizing of the C, of the reference
gene and potentially the gene of interest to C, of the
endogenous 18S control gene.

We have screened 24 candidates for reference genes
selected preferably from commercially available val-
idated endogenous controls. There are several ap-
proaches for selection of most stable reference genes for
gPCR in the literature, including the use of various pro-
grams for evaluation of results. In order to provide an
overview of their performance, we have used two exam-
ples of the most frequently used software (NormFinder
and geNorm) for evaluation of results. Both of these
programs gave consistent results, although when rigor-
ously evaluated, the most stable genes were not picked
in the same order. However, EIF2B1, ELF1, MRPL19
and POP4 were among the first five most stable genes
in both NormFinder and geNorm output. The ampli-

fication efficiency of target genes and reference genes
should be tested before their use in relative quantifica-
tion by qPCR. Slope and linearity of calibration curves
should be analyzed as well [24]. We have shown that all
selected genes perform well in qPCR (efficiency in the
range 90-110%, R? > 0.998) and thus we recommend
the use of these genes as reference genes for qPCR
in pancreatic cancer research. Rubie et al. [25] test-
ed 21 reference genes by qPCR in five gastrointestinal
cancers. Tumor and normal tissues from 10 patients
with pancreatic carcinoma were followed, amongst oth-
ers. 18S-RNA, glutaminyl-tRNA synthetase (QARS),
phosphomannomutase (PMM1), RNA polymerase 11
polypeptide L (POLR2L) and 3-glucuronidase (GUSB)
showed the most stable expression. Analysis of agarose
gel electrophoretic profiles was used as RNA quality
control instead of RIN. In this study the comparative
AC, method was used. Results were then transformed
to linear form by calculation of 2-AC, (mean C, patho-
logical tissue-mean C, calibrator) [25]. Our study of
the same size (n = 10) considered a bit different se-
lection of genes (7 of 21 previously used genes were
included in our study). However, GUSB was not con-
firmed among the five most stable genes by any of the
programs used in our study. HPRT, GAPDH, PGK],
ACTB, and B2M did not perform well in both our and
the previous study [25].

The published microarray data contain more than
2,500 potential reference genes [26]. It seems intrigu-
ing to compare the results of this study with appropriate
selection of the most stable reference genes from mi-
croarray data. However, the recently discussed incom-
plete information on tissue composition and/or the use
of well-defined tissues severely hampers any meaning-
ful microarray data analysis and conclusive data inter-
pretation [27]. In context with the fact that repeatabil-
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ity of microarray data is considered limited [28] such
comparison may be an interesting goal for future inves-
tigations after major shortcomings are resolved.

In conclusion, we have identified four potential can-
didates as reference genes for future qPCR studies in
pancreatic cancer research. We also suggest the nor-
malization method which may reduce the effect of poor
RNA quality on the quality of results.
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Worldwide, colorectal cancer (CRC) is the third most
common cancer, with the highest mortality rates occurring
in Central Europe. The use of chemotherapy to treat CRC
is limited by the inter-individual variability in drug
response and the development of cancer cell resistance.
ATP-binding cassette (ABC) transporters play a crucial
role in the development of resistance by the efflux of
anticancer agents outside of cancer cells. The aim of this
study was to explore transcript levels of all human ABCs in
tumours and non-neoplastic control tissues from CRC
patients collected before the first line of treatment by 5-
fluorouracil (5-FU)-containing regimen. The prognostic
potential of ABCs was evaluated by the correlation of
transcript levels with clinical factors. Relations between
transcript levels of ABCs in tumours and chemotherapy
efficacy were also addressed. The transcript profile of all
known human ABCs was assessed using real-time poly-
merase chain reaction with a relative standard curve. The
majority of the studied ABCs were down-regulated or
unchanged between tumours and control tissues. ABCA12,
ABCA13, ABCB6, ABCC1, ABCC2 and ABCE1 were up-
regulated in tumours versus control tissues. Transcript
levels of ABCA12, ABCC7 and ABCCS8 increased in
direction from colon to rectum. Additionally, transcript
levels of ABCB9, ABCB11, ABCGS5 and ABCGS followed
the reverse significant trend, i.e. a decrease in direction
from colon to rectum. The transcript level of ABCC10 in
tumours correlated with the grade (P = 0.01). Transcript
levels of ABCC6, ABCC11, ABCF1 and ABCF2 were
significantly lower in non-responders to palliative chemo-
therapy in comparison with responders. The disease-free
interval of patients treated by adjuvant chemotherapy was
significantly shorter in patients with low transcript levels
of ABCA7, ABCA13, ABCB4, ABCC11 and ABCD4. In
conclusion, ABCC11 may be a promising candidate
marker for a validation study on 5-FU therapy outcome.

Introduction

Worldwide, colorectal cancer (CRC) is the third most common
cancer, with an estimated 1 233 700 newly diagnosed cases
and 608 700 deaths/year in 2008. For this type, Central Europe
has repeatedly recorded the highest mortality rates (1).

Although inherited susceptibility underlies roughly 35% of
variance in CRC risk (2), germ line mutations in genes with
high penetrance account for <6% of cases (3). There is
growing evidence that lifestyle and environmental factors
contribute to the CRC development (4).

Systemic chemotherapy is an important component of the
complex treatment of CRC, with regimens based on 5-
fluorouracil (5-FU), irinotecan and/or oxaliplatin used as
standard. These drugs are often used in combination with
biological therapy in patients with advanced disease. Gener-
ally, the use of chemotherapy to treat cancers is limited by the
inter-individual variability in drug response and the develop-
ment of cancer cell resistance. Xenobiotics, including antican-
cer drugs, are extensively metabolised in the body by Phase I
(activation enzymes, e.g. cytochromes P450) and Phase II
(conjugation enzymes as glutathione S-transferases, GSTs, or
glucuronide transferases, UGTs) enzymes. Phase III of bio-
transformation represented by ATP-binding cassette (ABC)
transporters presents another important component of xenobi-
otic metabolism (5). ABC transporters play a crucial role in the
development of resistance by the efflux of anticancer agents
outside of cancer cells (6). In fact, the expression of ABCs may
significantly vary among individuals and thus affects the
efficacy of drug treatment (7).

The human ABC transporters are encoded by a large
transporter gene superfamily, which is composed of 49 members
grouped into seven subfamilies (A—G) according to the sequence
homology. ABC proteins facilitate translocation of heteroge-
neous substrates including metabolic products, lipids and sterols,
peptides and proteins, saccharides, amino acids, inorganic and
organic ions, metals and drugs across the cell membrane. To
transport these substrates across extracellular and intracellular
membranes against a concentration gradient, ABCs use energy
acquired by the hydrolysis of ATP (8). Genetic variation in these
genes causes a variety of genetic diseases and disorders (9). The
structure of ABC transporters consists of two types of domains:
ATP-binding domains, also known as nucleotide-binding folds
(NBFs) and transmembrane domains (TMDs). The NBFs
contain typical motifs: Walker A and Walker B and so-called
ABC-signature sequence. The TMDs are formed by 6—11 alpha
helices and provide the substrate specificity (10). Although all
share a similar NBF, their domains are organised in different
ways, with different numbers and localisations of TMDs (11).
Some of the ABCs behave as full transporters with two TMDs,
each with six transmembrane segments, and two NBFs. Others
are half transporters with only one TMD and become functional
after dimerisation or oligomerisation (12).
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The ABCA subfamily contains 12 members acting as full
transporters (13; supplementary Table IS, available at Muta-
genesis Online). ABCA5 mRNA was detected in poorly
differentiated colon adenocarcinoma cell lines G-112 but not in
normal colon. In contrast, ABCA2 mRNA was detected in
well-differentiated colon adenocarcinoma cell lines CX-1.
Thus, induction of ABCAS may correlate with the differenti-
ation status of human colon tumours and contribute to the
tumour development (14).

The ABCB subfamily consists of 11 members (supplemen-
tary Table IIS, available at Mutagenesis Online). Four of them
are full transporters (ABCB1, ABCB4, ABCBS5 and ABCB11)
and the rest is composed of half transporters. P-glycoprotein,
a product of ABCBI gene, is localised in epithelial cells of the
small and large intestine as a part of the barrier that protects
cells against xenobiotics from diet, bacterial toxins, drugs and
other biologically active compounds (15). ABCBI1 confers
MDR phenotype to cancer cells (16). ABCB1 substrates are
generally amphipathic lipid-soluble compounds including
anticancer drugs as vinca alkaloids, anthracyclines, taxanes,
epipodophyllotoxins, camptothecins or anthracenes (17).
Single-nucleotide polymorphisms (SNPs) in ABCB/I have been
shown to influence its phenotype (expression, protein function
and drug response) in context with numerous diseases
[(11,18,19); supplementary Table VS, available at Mutagenesis
Online]. ABCBI is highly expressed in the apical membrane of
enterocytes, where it pumps xenobiotics back into the intestinal
lumen. No relationship was seen between ABCBI1 protein
expression, genotype and long-term prognosis of patients
treated by 5-FU and leucovorin (20). Hypoxia is generally
associated with chemoresistance. Ding et al. (21) suggested
that hypoxia induced the expression of hypoxia-inducible
factor, alpha subunit and ABCBI1 in colon carcinoma.
Complementary DNA (cDNA) microarray analysis of cell
sublines derived from K562 leukaemia, MCF7 breast cancer
and Sl1-colon cancer with acquired resistance against dauno-
rubicin, doxorubicin, vincristine, etoposide and mitoxantrone
has shown that ABCB1, ABCB4 and ABCG2 were up-
regulated in several resistant sublines (22). ABCB2 and
ABCB3 expressions were significantly associated with major
histocompatibility complex class I antigen (MHCI) expression
in 336 sporadic CRC tumours examined by immunohisto-
chemistry. Thus, the expression of key components of the
antigen-processing machinery represented by ABCB2 and
ABCB3 is linked with the density of tumour-infiltrating
lymphocytes (TILs), which are positive prognostic factors in
CRC in vivo (23).

The ABCC family contains 13 members; nine of them are
the multidrug resistance-associated proteins (MRPs; ABCCl,
ABCC2, ABCC3, ABCC4, ABCC5, ABCC6, ABCCIO,
ABCC11 and ABCCI12, supplementary Table IIIS, available
at Mutagenesis Online). In vitro ABCC transporters can
collectively confer resistance to anticancer drugs and their
conjugated metabolites, platinum compounds, folate antimeta-
bolites, nucleoside and nucleotide analogues (24). ABCCl1
and ABCC2 have been shown to act synergistically with
several Phase II enzymes including GSTs and UGTs and
this synergy conferred resistance to several drugs (25,20).
ABCC1 exports drug conjugates with glutathione and un-
conjugated drugs together with free glutathione (17). By
contrast, ABCC2 transports a wide range of unconjugated
organic anions, including e.g. methotrexate, irinotecan or
ampicillin (27). ABCC2 haplotype predicted variability in
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pharmacokinetics of irinotecan in Japanese metastatic CRC
patients treated by FOLFIRI (regimen containing 5-FU and
irinotecan) (28). mRNA expression of ABCC2 was signifi-
cantly associated with resistance to cisplatin but not 5-FU (29).
5-FU significantly suppressed ATP7B and the organic cation
transporter SLC22A2 and increased ABCC2 mRNA expres-
sion (5.8-fold) in human cells from colon adenocarcinoma
(LS180). Overexpression of ABCC2, ABCC3 and ABCG2
was demonstrated to be beneficial for the efficacy of oxaliplatin
in Madin-Darby canine kidney II cells (MDCKII). Thus, the
authors predicted that the modulation of expression of trans-
porters of both drugs could favour the synergic action of the
FOLFOX (5-FU/leucovorin/oxaliplatin) combination (30).
ABCCS5 protein confers resistance to 5-FU by the efflux of
monophosphate metabolites. The overexpression of ABCC5 in
CRC may contribute to the resistance to 5-FU (31). In cell lines,
celecoxib induced ABCC4 and ABCCS expression at both
mRNA and protein levels, but no induction of ABCCI and
ABCC2 was found. This observation suggested that the low
response rate observed in clinical trials using combinations of
celecoxib with 5-FU or irinotecan may reflex celecoxib-mediated
induction of efflux of drugs from cancer cells through the up-
regulation of ABCs (32). Interestingly, patients treated with
oxaliplatin- and 5-FU-based regimen for metastatic CRC (n =
40) had a significantly shorter progression-free survival in the
case where their circulating tumour cells (CTCs) expressed
alcohol dehydrogenase (ALDH) 1, survivin and ABCCS. Thus,
detection of survivin+/ABCC5+ CTCs from peripheral blood
may help in identifying metastatic CRC patients resistant to
standard oxaliplatin- and/or 5-FU-based regimen (33). ABCCI11
shares the highest structural similarity with ABCC4 and ABCCS.
ABCCI11 was also shown to confer resistance to 5-FU and
certain fluoropyrimidines (supplementary Table IIIS, available at
Mutagenesis Online). The rs17822931 SNP in ABCC11 affects
enzyme function that determines earwax type (34).

The ABCD subfamily consists of four half transporters
localised in peroxisomes, providing thus peroxisomal transport
of long-chain fatty acids (supplementary Table IVS, available at
Mutagenesis Online). ABCE and ABCF subfamilies contain
genes that are clearly derived from ABC transporters and have
ATP-binding domains but not TMDs (35, supplementary Table
IVS, available at Mutagenesis Online). There are currently no data
available on the role of ABCD and ABCF subfamilies in CRC.

The six known members of ABCG subfamily are half
transporters that have a reversed structure. N-terminus contains
NBF and TMD is at the C-terminus (supplementary Table IVS,
available at Mutagenesis Online). ABCG2 is a multidrug
resistance enzyme that can export both unmodified drugs and
drug conjugates, including mitoxantrone, bisantrene, epipodo-
phyllotoxins (e.g. etoposide), camptothecins (topotecan and
irinotecan) or flavopiridol (17). Patients harbouring the
—19572 to 19569delCTCA mutation in ABCG2 had a signif-
icantly lower relative extent of conversion of irinotecan to its
SN-38 metabolite than patients carrying the ancestral genotype
without this deletion (P = 0.019; 36). Dietrich et al. (37)
examined 29 colon adenomas from 21 patients and 8 adenomas
from C57BL/6 Apc™™" mice. ABCG2 protein was signifi-
cantly down-regulated in both human and mice colon
adenomas. ABCG2 confers resistance to a narrower range
of anticancer agents than ABCB1 and ABCC1 or ABCC2, e.g.
anthracyclines, mitoxantrone and irinotecan. ABCG2 trans-
ports the glucuronide conjugate of SN-38, the active metabolite
of irinotecan, but with ~7-fold lower affinity than unconjugated
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SN-38 (38). Dye-efflux effective side population (SP) of SW480
colon cancer cells has shown a higher resistance to 5-FU and
irinotecan, higher ABCB1 and ABCG2 expressions and
activation of the Wnt signalling pathway when compared to
non-SP containing cells. Silencing the Wnt signalling pathway
may thus present a promising strategy for targeting chemother-
apy-resistant CRC cells (39). The ABCG5 and ABCGS8 form
heterodimers and overexpression of putative stem cell marker
EpCAM with ABCGS5 within the buds of colorectal tumours is
frequently observed and associated with poor prognosis (40).

The current state of knowledge shows that ABCs are
functionally important for anticancer drug disposition and
efficacy. However, apart from functional data obtained using
cell and animal models, there is a limited amount of
information on the importance of ABCs for the prognosis of
individual patients and the prediction of the chemotherapy
outcome. Some of the published studies in patients suggested
that ABCs may influence not only cancer initiation but also its
progression, invasion and metastasis. The aim of our study is
to: (i) explore transcript levels of ABCs in tumour and control
tissues from CRC patients treated by substrates of ABCs, (ii)
evaluate prognostic potential of ABCs by the correlation of
transcript levels with clinical factors such as tumour size,
lymphatic node involvement and grading and (iii) elucidate
relations between transcript levels of ABCs in tumours and
chemotherapy efficacy. In our pilot study presented here, we
have addressed these points in a complex way by an
assessment of the transcript profile of all known human ABCs.
This is because some of the drugs under study are transported
by numerous and in some cases unknown transporters. The
selection and validation of candidate genetic markers identified
in the pilot study are the final goal of our current research.

Materials and methods

Materials

Phenol, chloroform, agarose and chemicals for preparation of buffers were
purchased from Sigma—Aldrich (Prague, Czech Republic). Deoxynucleotides
(dATP, dCTP, dGTP and dTTP) for polymerase chain reaction (PCR),
molecular weight standard for electrophoresis ®X174DNA-Haelll digest and
Lambda DNA EcoRI + HindIIl Marker were products of New England Biolabs
Inc (Ipswich, MA, USA) and Fermentas Inc (Vilnius, Lithuania), respectively.
Taq-Purple DNA polymerase and Combi PPP Master Mix for PCR were
supplied by Top-Bio s.r.o. (Prague, Czech Republic).

Subjects

Tissue samples of primary tumour of human colorectal carcinoma and paired
distant unaffected mucosa were collected from CRC patients diagnosed and
treated at the Departments of Surgery and Oncology, at the Teaching Hospital
and Medical School in Pilsen and Charles University in Prague, both in the
Czech Republic during the period 2008—10. Native tissue samples were taken
during surgery, macrodissected, snap frozen in liquid nitrogen and stored at
—80°C until total RNA isolation. The control mucosa samples were taken from
the macroscopically unaffected resection margins of colon tissues. The
resection margins were microscopically evaluated and only samples free of
malignant cells were further analysed. Corresponding tumour tissue samples
were verified by the experienced pathologist. Only histologically verified
patients and their samples were included in this study. The following data on
patients were retrieved from medical records: age, gender, date of diagnosis,
pTNM stage according to Union for International Cancer Control (41),
histological type and grade of the tumour, type of chemotherapy and treatment
response.

The following eligibility criteria were applied to the recruitment of patients
into the study: (i) patients who were subject to surgery for CRC, (ii) no prior
chemotherapy before surgery (in order to eliminate its influence on transcript
levels), (iii) patients who received only first-line chemotherapy in either
palliative (Group A) or adjuvant (Group B) setting and (iv) patients who
received regimens based on 5-FU, leucovorin and/or oxaliplatin, e.g. FOLFOX.

Role of ABC transporters in CRC therapy

Response to the treatment was evaluated by Response Evaluation Criteria In
Solid Tumors (RECIST) criteria (42) based on routinely used imaging
techniques for assessment of tumour mass (by computer tomography, with or
without positron emission tomography, magnetic resonance or ultrasonography).

Increase in tumour mass or the appearance of new lesions in patients with
palliative treatment (Group A) indicated progression and thus no response to
the treatment. Response to the treatment was defined as a decrease of the
number or volume of metastases or stabilisation of the disease.

In patients treated by adjuvant therapy after radical surgical resection RO
(Group B), disease-free interval (DFI) served as the treatment outcome for
analyses. DFI was defined as the time elapsed between radical surgical RO
resection and disease recurrence. CRC patients treated by 5-FU and/or
oxaliplatin were monitored for adverse symptoms of treatment and toxicity was
scored according to the National Cancer Institute Common Toxicity Criteria,
Version 2, during the whole period of treatment. Grade 3 or 4 toxicity was
followed as an important factor of toxicity of the administered regimens.

All patients were informed about the study aims, methods and potential risks
and signed consensually an informed consent form in agreement with the
requirements of the Ethical Commission of the Medical Faculty and Teaching
Hospital in Pilsen, Czech Republic.

Isolation of total RNA and cDNA preparation

Methods were published (19,43) and are presented in the supplementary
Material, available at Mutagenesis Online.

Quantitative real-time PCR

The diluted amplified cDNA was used for quantitative real-time polymerase
chain reaction (QRTPCR) by the relative standard curve method performed in
7500 and ViiA7 Real-Time PCR System using TagMan Gene Expression
Assays (Life Technologies). The following criteria were applied to the selection
of TagMan Gene Expression Assays: (i) exon—exon boundaries span where
possible, in order to minimise signals from traces of contaminating DNA, (ii) as
short as possible amplicons and (iii) location near to 3'-end of the transcript to
reduce possible influence of RNA quality on gqRTPCR. The list of reference
genes, genes of interest and respective assays is given in supplementary Table
VIS, available at Mutagenesis Online. Cycling parameters of qRTPCR were
initial hold at 50°C for 2 min and initial denaturation at 95°C for 10 min,
followed by 50 cycles consisting of denaturation at 95°C for 15 sec and
annealing at 60°C for 60 sec (except ABCC9, ABCG4 and ABCGS5 where 90
sec and ABCB1 where 58°C for 90 sec were used). Each reaction contained 2.5
pl of 20 times diluted preamplified cDNA, 5 pl of TagMan Gene Expression
Master Mix and 0.5 pl of TagMan Gene Expression Assay in a final reaction
volume of 10 pl. Fluorescence was acquired after each extension step. Each
sample was assessed in duplicate and the mean value was used for further
analyses. Samples with >15% variation between duplicates were reanalysed.
The non-template control contained water instead of cDNA. Negative cDNA
synthesis controls (RNA transcribed without reverse transcriptase) were also
employed to reveal possible carry-over contamination. One sample of normal
colon mucosa was used as calibrator for preparation of standard curves for each
gene to assess reaction efficiency. For the real-time PCR reactions, preamplified
cDNA of the calibrator diluted 1:4 was used as the highest template
concentration point for construction of the standard curve. The rest of the
standard curve points were prepared by five subsequent serial five times
dilutions. The resulting standard curve was used for calculation of PCR
efficiency (E) according to the following formula: E = 107/°Pe _ |
(supplementary Table VIS, available at Mutagenesis Online). Reference genes
were selected on the basis of our pilot study, where the TagMan Array Plates
(Life Technologies) were used to compare the stability of 24 different potential
reference genes chosen from the literature in a set of 10 pairs of human CRC
tumours and distant unaffected mucosa samples. Stability of reference genes
was analysed by geNorm version 3.5 of March 2007 (44) and NormFinder
version 19 of June 2009 (45) software programs. According to both programs,
EIF2B1, MRPL19, PSMC4, POLR2A, PPIA and HPRT1 were selected as the
most stable genes for normalisation of transcript levels of target genes. The
qRTPCR study design adhered to the MIQE Guidelines (Minimum Information
for Publication of Quantitative Real-Time PCR Experiments; 46).

Statistical analyses

Transcript levels were analysed by 7500 and ViiA7 System Software. Acquired
average Cr values were further processed by relative expression software tool
(REST) 2009 Software (47; Qiagen, Hildesheim, Germany). REST is routinely
used for the determination of differences between different types of sample and
control groups and considers both normalisation to numerous reference genes
and reaction efficiency. For statistical analyses of correlation of transcript levels
of all established genes with clinical data, the non-parametric tests as Mann—
Whitney, Kruskall-Wallis and Spearman rank tests were used according to the

189

2T0Z ‘TE Afenuer uo 1s9nb Aq /B10s eulnofpiosxo-afieinwy/:dny wolj pspeojumoq


http://www.mutage.oxfordjournals.org/lookup/suppl/doi:10.1093/mutage/ger075/-/DC1
http://www.mutage.oxfordjournals.org/lookup/suppl/doi:10.1093/mutage/ger075/-/DC1
http://www.mutage.oxfordjournals.org/lookup/suppl/doi:10.1093/mutage/ger075/-/DC1
http://www.mutage.oxfordjournals.org/lookup/suppl/doi:10.1093/mutage/ger075/-/DC1
http://www.mutage.oxfordjournals.org/lookup/suppl/doi:10.1093/mutage/ger075/-/DC1
http://www.mutage.oxfordjournals.org/lookup/suppl/doi:10.1093/mutage/ger075/-/DC1
http://mutage.oxfordjournals.org/

1. Hlavata et al.

distribution of data. The mean, median, SD, variance, minimum, maximum,
quantiles, frequencies and other basic statistical measurements were computed
in the given groups and subgroups. The relations between the parameters were
computed by Spearman correlation coefficient. The DFI analyses were
performed by Kaplan—-Meier Survival estimates and Cox regression hazard
model. In the first step, each of the investigated covariates were divided into
four groups using quartiles of the investigated variable. For these groups, the
Kaplan—Meier survival functions were computed. All possible cut-offs were
tested and the ‘optimal cut-off” was defined as the highest statistical
significance in Kaplan—Meier (log-rank test). For these cut-offs, the hazard
ratios (HRs) were then computed. In order to reduce the chance of Type I and II
errors, only the cut-offs, where the DFI divided by quartiles had a similar
direction to the DFI, were used. P-values are always departures from two-sided
tests. A P-value of <0.05 was considered statistically significant. Statistical
analyses of clinical data were performed using SPSS v15.0 software (SPSS Inc,
Chicago, IL, USA).

Results

Fifty-one patients meeting the eligibility criteria were recruited
into the study (26 patients in the palliative Group A and 25
patients in the adjuvant Group B). The clinical and pathological
characteristics of the patients are listed in Table I. Patients in
both groups did not significantly differ in terms of gender, age
at diagnosis, tumour size, lymph node involvement and
grading. On the other hand, patients significantly differed in
metastatic spread of the disease (all patients in the palliative
group were M1 versus MO in all adjuvant patients) and
subsequent treatment (the palliative group was treated pre-
dominantly by more aggressive FOLFOX regimen). Tumour
localisation also significantly differed between both groups
(rectum prevailed in the palliative group versus adjuvant group,

P = 0.008). The median of follow-up was 20 months. Neither
the median overall survival nor the median DFI was reached.
Therefore, the importance of transcript levels of ABCs for
overall survival was not evaluated. DFI was evaluated as
a measure of short-term survival; 72% of censors occurred in
the course of follow-up.

Differences in transcript levels of ABCs between tumour and
control tissues

A large number of ABC transcripts were down-regulated in
tumour versus control mucosa tissues (REST 2009 software,
Table II). Among these, ABCA1, ABCA4, ABCAS, ABCAG6,
ABCAS, ABCA9, ABCA10, ABCBI1, ABCB4, ABCBS,
ABCBI11, ABCC3, ABCC5, ABCC6, ABCC7, ABCCS,
ABCC13, ABCD2, ABCD3, ABCD4, ABCG1 and ABCG2
transcripts were down-regulated at a very high level of
significance (P < 0.001). Contrastingly, ABCA12, ABCA13,
ABCB6, ABCCI1, ABCC2 and ABCE1 were up-regulated in
tumours versus control tissues to a high extent (Table II). The
remaining ABCs did not show significant deregulation in
compared tissues. Transcript level of ABCC12 was below the
limit of detection in all samples.

Correlations between transcript levels of ABCs in tissues and
clinical data

Relative transcript levels of ABCs were first normalised to six
reference genes. Average Cr value of EIF2B1, MRPLI19,
PSMC4, POLR2A, PPIA and HPRTI transcript levels was
calculated for each sample and designated as ENDO value.

Table I. Clinical characteristics of studied groups

Group A (palliative), n = 26 Group B (adjuvant), n = 25 P?
Gender (males/females) 19/7 16/9 0.555 (Fisher’s exact test)
Age at diagnosis (years), median £+ SD 64.5 + 9.7 63.0 £ 8.5 0.676 (ANOVA)
Tumour size (T) 0.798
T2 2 2
T3 19 20
T4 5 4
Lymphnodes involvement (N) 0.856
NO 7 7
N1 11 11
N2 8 7
M classification <0.001
MO 0 25
Ml 26 0
Grade 0.361
Gl 4 2
G2 21 18
G3 1 5
Primary tumour localisation 0.008
Colon 8 17
Rectosigmoideum 6 6
Rectum 12 2
Chemotherapy 0.006 (Fisher’s exact test)
5-FU #+ leucovorin® 6 12
FOLFOX 20¢ 13
Grade 3 or 4 toxicity 1 3
Post-operative radiotherapy 3 4 0.477
Chemotherapy outcome NA
Responders/non-responders 13/13 NA
Relapse/remission NA 7/18
Footnotes:

“Analysed by Pearson chi-square test. The use of Fisher’s exact test or analysis of variance (ANOVA) is specified in brackets; NA—not applicable.
"Ten patients received deGrammonte regimen, six patients received Xeloda (capecitabin) and four patients received 5-FU and leucovorin (FUFA) combination.
“Twelve patients also received Avastin in combination. Significant differences between groups in bold.
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Table II. Differences in transcript levels of ABCs between tumour and
control tissues

Gene All patients, n Tumour versus control
= 51"
ABCAI 0.001 Down-regulation
ABCA2 NS No change
ABCA3 0.017 Down-regulation
ABCA4 0.001 Down-regulation
ABCAS <0.001 Down-regulation
ABCA6 <0.001 Down-regulation
ABCA7 NS No change
ABCAS8 <0.001 Down-regulation
ABCA9 <0.001 Down-regulation
ABCAIO <0.001 Down-regulation
ABCAI2 <0.001 Up-regulation
ABCAI3 0.002 Up-regulation
ABCBI <0.001 Down-regulation
ABCB2 NS No change
ABCB3 NS No change
ABCB4 <0.001 Down-regulation
ABCB5 <0.001 Down-regulation
ABCB6 0.004 Up-regulation
ABCB7 NS No change
ABCBS NS No change
ABCB9 NS No change
ABCBI0 0.003 Down-regulation
ABCBI1 <0.001 Down-regulation
ABCCI <0.001 Up-regulation
ABCC2 0.001 Up-regulation
ABCC3 <0.001 Down-regulation
ABCC4 0.008 Down-regulation
ABCCS <0.001 Down-regulation
ABCC6 <0.001 Down-regulation
ABCC7 0.001 Down-regulation
ABCCS8 <0.001 Down-regulation
ABCC9 NS No change
ABCCI0 NS No change
ABCCI1 NS No change
ABCCI3 <0.001 Down-regulation
ABCDI NS No change
ABCD2 <0.001 Down-regulation
ABCD3 <0.001 Down-regulation
ABCD4 <0.001 Down-regulation
ABCEI1 <0.001 Up-regulation
ABCF1 NS No change
ABCF2 NS No change
ABCF3 NS No change
ABCGI <0.001 Down-regulation
ABCG2 <0.001 Down-regulation
ABCG4 NS No change
ABCGS5 NS No change
ABCGS NS No change

“Significantly deregulated genes by REST software (P-value displayed);
NS—non significant.

Then, the ratio of C; values for ABC gene/ENDO was
calculated and used for non-parametric tests as described in
Materials and methods. Thus, the higher ABC/ENDO ratios
signify lower relative ABC transcript levels. Clinical character-
istics presented in Table I were correlated with transcript levels
of ABC genes in tumour tissues. A significant inverse
correlation between ABCC10 and tumour grade was found;
the higher the grade, i.e. the more aggressive the tumour, the
lower the ABCCI10 transcript level (Table III). Transcript levels
of ABCA12, ABCC7 and ABCCS in tumour tissues had the
following significant trend in tumour localisation: colon <
rectosigmoideum < rectum. Interestingly, all three of the
above listed transcripts followed exactly the same trend in
control tissues as in tumours (Table IIT). However, ABCB9Y,
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ABCB11, ABCG5 and ABCGS8 followed the opposite
significant trend, i.e. a decrease in transcript levels in the
direction from colon to rectum (Table III).

Relations between transcript levels of ABCs in tumours and
chemotherapy outcome

In the group of patients with metastatic CRC, the response to
the palliative chemotherapy significantly correlated with the
transcript levels of ABCC6, ABCC11, ABCF1 and ABCF2
(Table III). In the group of patients with radically RO removed
tumours, the DFI after adjuvant chemotherapy was influenced
by transcript levels of several ABCs. Patients with a low
transcript level of ABCA7 (cut-off > 1.25) had a significantly
shorter DFI (P = 0.033, log-rank test) and a higher HR of
progression than patients with a high transcript level (HR =
5.09, 95% HR confidence limits = 0.97-6.7; Figure 1A).
Similarly, patients with low transcript levels of ABCA13 (cut-
off > 1.58), ABCB4 (cut-off > 1.48), ABCC11 (cut-off >
1.68) and ABCD4 (cut-off > 1.19) had a shorter DFI and
a higher HR of progression (P = 0.011, HR = 5.75, 95% HR
confidence limits = 1.25-26.37; P = 0.003, HR = 15.83,95%
HR confidence limits = 1.72-145.92; P = 0.016, HR = 8.81,
95% HR confidence limits = 1.05-74.16; P = 0.023, HR =
5.51, 95% HR confidence limits = 1.07-28.48, respectively,
Figure 1B-E) than patients with high transcript levels.
ABCCI11 was thus a significant predictor of chemotherapy
outcome in both groups of patients.

Discussion

The efflux of endogenous substrates and also xenobiotics
including anticancer drugs out of the cells presents the
principal activity of ABCs. Thus, ABCs could be important
for both CRC onset and CRC treatment outcome. A number of
monogenic disorders have been associated with ABCs, e.g.
mutations in ABCC7 gene with the onset of cystic fibrosis and
thus, the analysis of mutations in ABCs is routinely used for
genetic testing (9). Although some of the studies observed
significant associations between polymorphisms in ABCs and
the cancer risk, including CRC, there has been no validated
marker among all known 49 human ABCs for CRC prognosis
and therapy outcome prediction until now. Based on the results
of our pilot study, we propose ABC10 and ABCC11 as such
markers and targets for validation studies focused on their
confirmation or rejection.

Despite numerous published studies in animals and cell
models showing the functional impact of ABCs on multidrug
resistance, no convincing evidence of a clinical utility of ABCs
as markers for the prediction of chemotherapy outcome in
cancer patients has been published to date. The majority of
published studies deal with associations of SNPs with therapy
outcome or toxicity. However, there is limited knowledge
about the association between genotype and phenotype. The
reason may be the complexity of ABCs, which are pro-
miscuous and overlap in spectra of transported substrates. The
lack of information about gene and protein expressions and
activity of ABCs in homogenous groups of patients treated by
the same spectra of drugs further complicates the evaluation of
their importance. CRC seems to be a suitable disease for the
pharmacogenomic profiling of ABCs because it is routinely
treated by prototypical substrate of certain ABCs, 5-FU.
Therefore, we have conducted a pilot study aimed at the
evaluation of transcript profiles of all human ABCs in two
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Table III. Significant correlations of transcript levels of ABCs with clinical data

Grade Gl (n = 6)° G2 (n = 38)° G3(n =77 P°
ABCCI10 1.14 £ 0.04 1.17 £ 0.04 1.23 £ 0.05 0.010
Primary localisation—tumour tissue Colon Rectosigmoideum Rectum P°
(n = 24)* (n = 12)* (n = 14)
ABCA12 1.65 £ 0.22 1.50 + 0.10 1.46 £ 0.17 0.020
ABCC7 1.14 £ 0.18 1.07 £ 0.10 1.02 £+ 0.04 0.017
ABCCS8 1.78 £ 0.15 1.77 £ 0.14 1.67 £ 0.15 0.042
Primary localisation—control tissue
ABCAI12 1.76 £ 0.14 1.64 £ 0.10 1.59 £ 0.10 0.001
ABCC7 1.04 £ 0.08 1.01 £ 0.04 0.98 £+ 0.04 0.005
ABCCS8 1.52 £+ 0.08 1.50 £ 0.05 1.44 £ 0.04 0.002
ABCB9 1.25 £ 0.03 1.27 £ 0.04 1.29 £ 0.03 0.005
ABCBI11 1.29 + 0.11 1.32 + 0.05 1.37 + 0.05 0.004
ABCGS 1.52 £ 0.10 1.62 £ 0.07 1.65 £ 0.09 <0.001
ABCG8 1.47 £ 0.11 1.58 £ 0.07 1.60 £ 0.10 <0.001
Response in palliative group Responders Non-responders PP
(n = 13)* (n = 13)*
ABCC6 1.23 £ 0.05 1.28 £ 0.06 0.033
ABCCl11 1.57 £ 0.06 1.69 + 0.06 <0.001
ABCF1 1.06 £+ 0.03 1.08 £ 0.03 0.044
ABCF2 1.09 £ 0.03 1.12 £ 0.03 0.015
“Mean + SD.

hSigniﬁcamt differences analysed by independent Kruskal-Wallis test.

groups of CRC patients strongly differing in prognosis.
Patients who underwent the radical surgical resection of the
tumour have better prognosis than patients with the metastatic
disease. Both groups were treated by chemotherapy regimens
based on 5-FU and the short-term evaluation of response to this
treatment was available. We hypothesised that a strong effect
of potential marker(s) should be clearly visible in both groups.
As far as we are aware, this is the first complex study of the
role of ABC transporters in the tumour development and
treatment conducted on CRC patients.

The majority of the studied ABCs were down-regulated or
unchanged between tumours and non-neoplastic control tissues
in this study. ABCA12, ABCA13, ABCB6, ABCC1, ABCC2
and ABCEl were up-regulated in tumours versus control
tissues. There are several studies on the assessment of
transcript or protein levels of the selected ABCs (usually
ABCB1, ABCG2 and members of ABCC subfamily) in the
literature of CRC. Our data comply with the previous reports
with regard to the down-regulation of ABCBI1 (20) and
ABCC3 as well as the up-regulation of ABCC2 in colorectal
tumours (29). In addition, we found the up-regulation of
ABCCI1 that had not been previously detected (29). Moreover,
our results confirmed the previously observed down-regulation
of ABCG2. ABCG2 mRNA showed a 6-fold decrease in
colorectal tumours in comparison with control tissues (48). A
ubiquitous expression of ABCE1 mRNA in normal and tumour
colon tissues was found. Among 21 peptides with the HLA-
A2-binding motifs, two ABCE1-derived peptides were recog-
nised by the colon cancer-reactive cytotoxic T lymphocytes in
a dose-dependent manner. The authors suggested that ABCE1
and its peptides could be target molecules in specific
immunotherapy for HLA-A2-positive CRC patients (49).
Our observation of significant up-regulation of ABCEI1 in
tumour tissue of CRC patients, if confirmed by independent
study, may be relevant for targeted therapy of CRC. There are
no literature data on transcript or protein levels of other ABCs
in tumour and non-neoplastic tissues from a series of CRC
patients.
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The analysis of the tumour localisation has identified highly
interesting trends. Transcript levels of certain ABCs increased
or declined in direction from colon to rectum in a significant
trend. Firstly, we noticed this effect in the tumour tissues. To
discern this effect from possible deregulation of mRNA
expression by the tumour pathophysiology, we analysed the
tissue distribution of transcripts of ABCs also in non-neoplastic
control tissues. The same ABCs as in tumours, namely
ABCA12, ABCC7 and ABCCS8, were found differentially
distributed in control tissues maintaining the same trend
towards localisation (increase from colon to rectum). Addi-
tionally, ABCB9, ABCB11, ABCGS5 and ABCGS followed the
opposite significant trend, i.e. a decrease in transcript levels in
direction from colon to rectum. Significant changes in gene and
protein expression along the anterior—posterior intestinal axis
were observed for solute carrier transporters in mice (50).
Moreover, mRNA expression levels of murine Abcb2, Abcb3,
Abcb9, Abcc3, Abcc6, Abcdl, Abcg5 and Abcg8 displayed
significantly differential gene expression along the duodenum,
jejunum, ileum and colon (51). In human samples, the
expression of mRNA for ABCB1 and ABCC2 was highest in
jejunum and decreased towards more distal regions, whereas
ABCCI1 was equally distributed in all intestinal regions (52).
We did not confirm the results of Gutmann et al. (53) who
found that mRNA expression of ABCG2 was maximal in the
duodenum and decreased continuously down to the rectum,
perhaps due to the fact that we had no access to samples from
duodenum. Moreover, human ABCs identified by us to be
differentially distributed in colorectal tissues have not been
studied in this regard yet. A possible relevance of the observed
gradient in expression of ABCs for efficacy of CRC
chemotherapy shall be further studied.

The majority of clinically associated ABCs were either
down-regulated or unchanged in tumours versus control
tissues. In terms of chemotherapy outcome, the induction of
mRNA levels of ABCs and subsequent enhancement of their
effect cannot be ruled out. In fact, the ABCG2 mRNA content
in hepatic metastases was found to be higher after an
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Fig. 1. Kaplan—Meier survival plots presenting the relation between DFI and transcript levels of ABCs. Survival curves are shown for two groups of patients divided
by cut-off (for evaluation of cut-off, see Materials and methods). Individual figures illustrate Kaplan—Meier survival plots of patients with respect to transcript levels
of ABCA7 (A, cut-off 1.25), ABCA13 (B, 1.58), ABCB4 (C, 1.48), ABCCI11 (D, 1.68) and ABCD4 (E, 1.19). Dashed lines represent the group with higher
normalised values than cut-off (meaning low transcript levels of ABCs) and solid lines represent the group with lower or equal values than cut-off (high transcript
levels of ABCs).
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Fig. 2. Proposed involvement of ABCs in CRC development, progression and treatment outcome.

irinotecan-based chemotherapy than in irinotecan-naive metas-
tases (54). However, the access to post-operative liver
metastases in the studied group of patients was limited and
such analysis will be the subject of the validation study. In this
context, it seems quite interesting that, according to recent
study, synchronous or metachronous liver metastases could be
treated differently on the basis of different gene expression
signatures (55).

The transcript level of ABCCI10 in tumours correlated with
the grade in our study. There are no data on ABCCI10 role in
CRC in the literature. The lower ABCB1 expression was found
in poorly differentiated CRC tumours (P < 0.05; 20) in line
with the study on cell lines, where ABCB1 had a higher
expression in well-differentiated colon cancer cells, when
compared with the poorly differentiated ones (14). An
increasing expression of another member of ABCC subfamily,
ABCC3 with higher grade, i.e. the opposite trend to our
observation with ABCC10, was found in pancreatic tumours
(56). No further data on the association of other ABCs with
grading in CRC are currently available. Zhang et al. (57)
indicated that ABCB1 expression significantly correlated with
tumour localisation (P = 0.039) and gender (P = 0.043). The
intensity of immunohistochemical ABCG2 protein staining
was higher in tumours of CRC patients with lymph node
positive than in negative disease (30 versus 6.7%, respectively;
P < 0.025). Thus, it seemed that ABCG2 expression may be
important for progression and metastasis of CRC (58). Our
pilot study, however, did not confirm any of the above
published associations.

In the group of patients treated by palliative chemotherapy,
the response was analysed using RECIST criteria. Patients
were divided into two groups (responders versus non-
responders). Transcript levels of ABCC6, ABCC11, ABCF1
and ABCF2 were significantly higher in responders in
comparison with non-responders. In the group of patients
treated by the adjuvant chemotherapy after the radical surgical
resection of tumour, the relation between transcript levels of
ABCs and DFI was evaluated. DFI was significantly shorter
and HR of progression higher in patients with low transcript
levels of ABCA7, ABCA13, ABCB4, ABCC11 and ABCDA4,
suggesting that these genes play a role in the therapy outcome
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of patients treated by the adjuvant chemotherapy. Thus,
ABCCI11 was up-regulated in the chemotherapy-naive tumours
from patients who subsequently achieved a good response to
the chemotherapy in both palliative and adjuvant groups.
ABCCI11 was shown to be a resistance factor for fluoropyr-
imidines (34). Oguri et al. (59) discovered that expression of
the ABCCI11 is induced by 5-FU and that ABCC11 is directly
involved in 5-FU resistance by the efflux transport of the active
metabolite FAUMP in human small-cell lung cancer cell lines.
We hypothesise that the high ABCC11 expression in tumours
before chemotherapy observed in both groups of CRC patients
studied by us may limit further induction of ABCC11 by 5-FU
treatment. However, to confirm or reject our idea, we need to
analyse post-chemotherapy samples from the same patients or
run a larger validation study.

It is also interesting that the most studied ABCs in the area
of chemoresistance, ABCB1, ABCC1-5 and ABCG2 did not
predict 5-FU therapy outcome in our CRC patients. We cannot
add more evidence to the results of the recent study reporting
that ABCC1 in CRC tissues could predict the reduced folate
level after leucovorin administration and determine the efficacy
of treatment by leucovorin (60). Schmidt et al. (61) observed
up-regulation of ABCC6 in 5-FU-resistant colon tumour cell
lines. Quite recently, ABCC3, ABCC4 and ABCCS5 were
found up-regulated in 5-FU-resistant pancreatic carcinoma
cells (62). Nevertheless, results obtained using rather uniform
cell line models cultured in the presence of a drug for a long
time may not reflect the real situation in such a heterogeneous
entity as colorectal tumour or a series of such tumours. As
regards, observation in cancer patients, a significant de-
regulation of gene expression in a number of ABCs was found
in breast cancer patients (n = 19) receiving preoperative
(neoadjuvant) chemotherapy regimens including 5-FU.
ABCA1, ABCA12, ABCB6, ABCCS5, ABCC11 and ABCC13
were down-regulated in patients with complete pathological
response, in comparison with patients with residual disease. In
contrast, ABCB2, ABCC7 and ABCF2 were up-regulated in
patients with complete pathological response (63). In breast
cancer patients treated with endocrine therapy, ABCF2 protein
immunopositive tumours had a longer disease-free survival
when the tumours were oestrogen receptor negative or
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progesterone receptor negative (P = 0.002 and 0.005,
respectively; 64). Thus, the up-regulation of ABCF2 observed
by us in CRC patients corresponds to available data on breast
and cervical cancers. It seems obvious that ABCs have tumour-
specific expression profiles (65) and thus also different roles in
the mechanism of chemoresistance of the cancer cell
(summarised in Figure 2). Thus, further studies are needed to
evaluate the importance of the results obtained by this study.

The study of transcript levels rather than protein expression
may be seen as the major limitation of our study. The power of
protein analysis is obvious. However, the use of immunohis-
tochemical analysis is semi-quantitative and reflects only
protein level and not its activity. In addition, the issue of
availability, specificity and selectivity of the antibodies further
limits protein analysis. The correlations between transcript and
protein levels of human ABCs are mostly unknown and thus,
we shall consider transcript levels as independent markers. For
the assessment of transcript levels, we have used highly
sensitive methods based on real-time PCR, which is superior to
relative or semi-quantitative approaches. The small sample size
and absence of correction for multiple testing could be seen as
another limitation of our pilot study. Thus, all results should be
interpreted with caution and need to be confirmed by both
retrospective and prospective validation studies on a larger and
independent series of CRC patients.

In conclusion, our pilot study brings to light new and
interesting data. Transcript levels of all known human ABC
transporter genes were assessed in a series of tumour and
control tissue samples from well-characterised CRC patients.
Several genes were found deregulated in tumours compared
with control tissues and a gradient of transcript levels along the
superior—inferior axis of the large intestine was observed for
the first time. The comparison of outcomes of patients treated
by the 5-FU-based regimens suggested that ABCC11 may
present a promising candidate marker. The validation of
candidate genetic markers identified in the pilot study will be
the next goal of our current research.

Supplementary data

Supplementary Table IS—-VIS and Material are available at
Mutagenesis Online.
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Pancreatic carcinoma is one of the most severe forms of
malignant disease with high mortality [1]. The etiology and molecular
pathogenesis of the disease is still weakly understood [2]. The
prognosis of patients remains very poor. Operative resection is the
only therapeutic option with curative potential, but no more than
20% of patients have potentially operable tumors, and many of them
experience recurrence of the disease despite the radical surgery [3].
Patients who received chemotherapy showed better survival than
those who received only the best supportive care [4]. Despite this
fact, resistance developed against anticancer drugs significantly
limits their clinical use and influences the overall survival. Inter-
individual differences in anticancer drugs pharmacokinetics and
pharmacodynamics have been demonstrated. One of the most
important mechanisms of the drug resistance is low accumulation
of the drug in cancer cells caused by decreased uptake or increased
efflux of the drug. The efflux is performed mainly by transmembrane
ABC transporters [5]. The human family of ABC transporters has 49
members divided into 7 subfamilies (named ABCA - ABCG based
on sequence similarities, [6]). Fourteen ABC transporters have been
shown to contribute to the drug resistance in cancer cells, causing so
called “multi drug resistance” (MDR) phenotype in cell lines and/
or patients with various types of cancers (namely ABCA2, ABCB1/
MDRI1, ABCB4, ABCBI11, ABCCI-ABCC6, ABCC10-ABCCI12 and
ABCG2/BCRP) [7].

Besides the well-known function of ABC transporters in the
multidrug resistance to anticancer therapy there are important
physiological functions of these proteins. It is clear that ABC
transporters play an important role in all aspects of malignant disease:
individual cancer susceptibility, tumor initiation and progression
as well as the response of immunity system to tumor cells and the
sensitivity of tumor cells to chemotherapy. The efflux of endogenous
substrates and xenobiotics (including anticancer drugs) out of the
cells presents the principal detoxification activity of ABCs.

Mutant K-ras activation and/or hypoxia of human pancreatic
ductal epithelial (HPDE) cells led to induction of various ABC
transporters [8]. Thus, ABCs could be important for both the
pancreatic cancer onset and for the treatment outcome as well. Konig
et al. [9] quantified the mRNA expression of nine ABCC family
members and of ABCG2 in normal human pancreas and in pancreatic
carcinoma (n=37). The expression of ABCC3 and ABCC5 mRNA
was upregulated in pancreatic carcinoma samples. The authors
suggested that ABCC3 and ABCCS5 are involved in drug resistance
of pancreatic tumors and analysis of their expression may contribute
to the prediction of the chemotherapy outcome. ABCC5 mRNA
expression in pancreatic adenocarcinoma cell lines significantly
correlated with cellular sensitivity to 5-fluorouracil (5-FU) [10]. This
result suggests that ABCC5 is expressed and functionally active and
contributes to variable sensitivities of pancreatic adenocarcinoma
cell lines to 5-FU. Further investigations using models that resemble
human pancreatic tumors are necessary to prove a causative relation
between expression and activity of ABCC5 and tumor resistance
to 5-FU. In vitro, overexpression of the ABCB4 has been directly
implicated in resistance to a spectrum of chemotherapeutic agents
such as paclitaxel and doxorubicin [11,12]. ABCC10 mRNA levels

were remarkably increased in doxorubicin-treated (MCF?7) cells and
its expression seems to be regulated in a TP53-dependent manner
[13]. However, the nucleotides were not found to be transported by
ABCCI0 and nucleotide analogs are the most common pancreatic
cancer therapeutics.

In conclusion, contributions of ABCs to chemoresistance
of pancreatic cancer remain unknown. Similarly, their specific
functions in other aspects of malignant disease, e.g. individual cancer
susceptibility, tumor initiation, progression and the response of
immunity system to tumor cells are not well understood. Based on
the results of different studies, it is clear that some members of ABC
transporters superfamily (e.g. ABCC1, ABCC3, ABCC5, and ABCC10)
are possible genetic markers and targets for further validation studies
on pancreatic carcinoma chemoresistance. A better understanding of
genetic and molecular features of processes mediated by ABCs shall
greatly improve pancreatic cancer treatment modalities. It remains an
interesting field for future research to identify subgroups of patients
who may benefit from specific anticancer drugs and “tailor” therapy
to their “tumor profile”.
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Souhrn

onemocnéni. Cytostatikum ze skupiny nukleosidovych analog — gemcitabin — patii v soucasné
dobé mezi Siroce uzivané prepardty v onkologické 1écbé a zejména u karcinomu pankreatu.
Existuji véak vyznamné interindividuaIni rozdily ve farmakokinetice a farmakodynamice gem-
citabinu, které mohou vyznamné ovlivnit vysledek terapie u takto Ié¢enych pacientl. Vznik
Iékové rezistence vyrazné limituje klinické vyuziti gemcitabinu, stejné jako ostatnich cytostatik.
Cil: V tomto ¢lanku jsou shrnuty zékladni dostupné informace o vyznamnych membréanovych
proteinech Ucastnicich se transportu gemcitabinu pies bunécnou membranu a jejich role pri
vzniku chemorezistence u nadorovych bunék pankreatu.

Klicova slova
karcinom pankreatu - membranové transportni proteiny — ABC pfenasece - proteiny prendsejici
nukleosidy — gemcitabin

Summary

Backgrounds: Pancreatic carcinoma is one of the most serious forms of cancer, with a very high
mortality rate, and is the fourth leading cause of cancer-related death in the Czech Republic.
The etiology and molecular pathogenesis of the disease is still poorly understood. Gemcitabine
is a cytotoxic nucleoside analog, which is widely used in the treatment of malignancies, and in
particular in pancreatic carcinoma. Interindividual differences in gemcitabine pharmacokine-
tics and pharmacodynamics have been demonstrated, which can significantly influence the
outcome of the therapy in thus treated patients. Resistance developed to nucleoside analogs
limits their clinical use, just like in the case of any other cytostatics. Aim: This review summari-
zes available data concerning the membrane proteins involved in the transport mechanism of
gemcitabine through cellular membrane, and their role in the cellular resistance of pancreatic
carcinoma to gemcitabine.

Key words
pancreatic cancer — membrane transport proteins — ATP-binding cassette transporters —
nucleoside transport proteins — gemcitabine
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Uvod

Karcinom pankreatu (MKN-10 : C.25;
OMIM : 260350) je jednou z nejzévaz-
néjsich forem nadorového onemocnéni
s velmi vysokou mortalitou, ktera ho v CR
na nadorova onemocnéni (zdroj UZIS
2010, www.novis.cz). Etiologie a moleku-
larni patogeneze tohoto onemocnéni ne-
jsou stale objasnény. Mezi publikované
rizikové faktory patfi vék, pohlavi, diabe-
tes, chronickd pankreatitida, dietni na-
vyky, koureni a infekce Helicobacter py-
lori [1,2]. Navic geneticka variabilita gen(
koédujicich enzymy metabolizmu cizoro-
dych latek mdze rovnéz hrat dllezZitou
roli pfi vzniku a rozvoji této malignity.

Mezi zékladni prognostické faktory
patii stadium onemocnéni (staging),
provedeni radikalniho chirurgického vy-
konu a vykonnostni stav pacienta (per-
formance status) [3].

Molekularné biologické prognostické
faktory jsou intenzivné studovany, ale
zatim bez uplatnéni v klinické praxi [4].

Mutace v genu KRAS jsou pfitomny
pfiblizné v 85% sporadickych nadort
pankreatu [4]. Frekvence vyskytu KRAS
mutaci jsou asociovany s kourenim, al-
koholem a expozici organickym roz-
poustédlim [5,6]. Tyto mutace Ize dete-
kovat jiz na samém pocatku nddorového
procesu [7]. Mutace v kodonu 12 pusobi
zménu funkce KRAS proteinu, ktery se-
trvava v aktivovaném stavu, a umoz-
nuje tak funkci signdlnich drah (MAPK,
PI3K, NF-kB a RAL-GTP), coz vede k za-
staveni bunécného cyklu v G1 fazi
a nasledné kumulaci pozdéjsich alte-
raci v dalSich genech, jako CDKN2A,
TP53 apod. [8]. Studie s vyuzitim inhi-
bice exprese pomoci siRNA poukdzaly
na zasadni ulohu KRAS pfi udrzeni na-
dorové populace [9,10]. KRAS-negativni
tumory vykazuji, co se tyce prezivani
pacient(l po radioterapii, lepsi vysledky
nez tumory s pfitomnymi mutacemi.
Analyzou podtypl KRAS mutaci u karci-
nomu pankreatu bylo v souladu s vyse
zminénou studii prokazano, Ze na vy-
sledné prezivani nemocnych maji vliv
zejména mutace cGT, GcT a GaT v ko-
donu 12 (wild type GGT) [11]. Tumory
s mutacemi v kodonu 13 maji mensi ten-
denci k lokalni progresi i ke vzdalenému
metastazovani [12].

Progndza tohoto onemocnéni je vzhle-
dem k mortalité rovnajici se incidenci in-
faustni. Chemoterapii pokrocilého kar-
cinomu pankreatu je dosahovdno me-
didnu preziti jen kolem 5-8 meésicu.
V kontrolnich skupindch bez chemote-
rapie se pohybuje medidn preziti pouze
mezi 2 a 4 mésici [3]. Jednou z pficin je
pozdni diagnostika tohoto typu one-
mocnéni. Klinické ptiznaky se objevuji
azv pozdnich stadiich a vdobé diagnézy
je jiz 50% pacientl s metastatickym po-
stizenim. Jedinym dnes potencialné ku-
rativnim pfistupem je radikalni resekce.
S ohledem na pozdni diagnézu a Spatny
vykonnostni stav nemocnych podstu-
puje radikalni vykon jen kolem 15-20%
pacientd [13]. V adjuvanci i paliativni
chemoterapii se uplatiuji zejména
nukleotidové antimetabolity. Dnes je
uvadén jako Iék prvni volby gemcitabin
(2;2"-difluordeoxycytidin).

Gemcitabin

Gemcitabin - 2/2'-difluordeoxycytidin
(obr. 1) patfi ke druhé generaci nukleosi-
dovych analog. K 1é¢bé karcinomu pan-
kreatu je standardné pouzivan prepa-
rat Gemzar, ktery je vyuzivan i pfi 1é¢bé
NSCLC a karcinomu mocového méchyre,
v druhé linii i pro nadory ovaria a prsu.
PfestoZe je monoterapie gemcitabinem
uvadéna jako zlaty standard v lécbé
pokro¢ilého adenokarcinomu pan-
kreatu (NCCN Clinical Practice Guideli-
nes in Oncology: Pancreatic Adenocarci-
noma V.1.2009. National Comprehensive
Cancer Network), je odpovéd na tera-
pii gemcitabinem u nadorovych bunék
pankreatického duktalniho adenokarci-
nomu v nékterych studiich uvadéna jen
12% a vysledky lécby mezi jednotlivymi
pacienty se vyznamné lidi. V soucasnosti
je vyvijena maximalni snaha o nalezeni
prediktivnich faktor(i odpovédi na Iécbu
gemcitabinem u pacientl s karcino-
mem pankreatu a individualizaci [é¢by.
Matsubara et al [14] vytvofili skérovaci
systém (normogram), ktery v jejich ko-
horté 304 pacientl s pokrocilym karci-
nomem pankreatu lé¢enych gemcita-
binem dokazal rozliit vysoce rizikovou
skupinu pacientd s kratkym medidnem
prezivani do 150 dni (p =2 x 107). Sle-
dovanymi parametry tohoto normo-
gramu byly hladiny a1-antitrypsinu a al-
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Obr. 1. Gemcitabin.

kalické fosfatazy v plazmé pacient(,
pocet leukocytll a performance status.

Chemorezistence je zplisobena mnoha
rliznymi, pravdépodobné na sobé neza-
vislymi mechanizmy. Gemcitabin je trans-
portovan do intraceluldrniho prostoru
pomoci nukleosidovych transportérd [3],
naopak transportéry rodiny ABC zp(so-
buji jeho eflux ven z buriky [4]. Intracelu-
larné dochézi k jeho metabolické aktivaci.
Preparat je fosforylovan deoxycytosinki-
nadzou na gemcitabin-monofosfat a déle
konvertovan na dFd-dCDP a dFd-dCTP.
Vzniklé metabolity gemcitabin-trifosfat
a gemcitabin-difosfat [15] zodpovidaji za
vlastni cytostaticky efekt [éku.

Na fosforylaci gemcitabinu se muaze
podilet i mitochondrialni tymidinkindza
(TK2). Substratova specifita TK2 je vsak
pro gemcitabin vyrazné nizsi nez pro pfi-
rodni formy nuklesida.

Metabolicka inaktivace probihd ze-
jména cestou cytidindeaminazy anebo
po fosforylaci cestou deoxycytidindeami-
nazy (DCTD) [16]. DCTD se Ucastni reakce,
pfi které vznikd 2'-2’ difluordeoxyuridin.
Mezi dalsimi faktory, které velmi pravdé-
podobné ovliviuji citlivost, jsou zvysena
oprava DNA a alterace cesty apoptozy
[17].V posledni dobé je vénovano velké
Gsili studiu moznosti ovlivnéni cest bu-
nécné signalizace a uloze gent reguluji-
cich bunécny cyklus.

Nukleosidové transportéry

Prestoze gemcitabin je hydrofilni latka,
pravdépodobné nedochazi k jeho vy-
znamnému pruniku pies plazmatickou
membranu prostou difuzi. Nukleosidovy
transport se vyskytuje jako Na*-indepen-
dentni, obousmérny provadény hENT
(human Equilibrative Nucleoside Trans-
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porter, oznacovany také jako rodina
SLC29), nebo jako Na*-dependentni, pro-
vadény hCNT (human Concentrative Nu-
cleoside Transporter, rodina SLC28). Zatim
je znamo sedm nukleosidovych transpor-
térq, které se déli do dvou rodin protein(:
SLC29 (SLC29A2, SLC29A3, SLC29A4,
zndmé rovnéz jako hENT1, hENT2, hENT3
a hENT4) a SLC28 (SLC28A1, SLC28A2,
SLC28A3, také oznacovany jako hCNT1,
hCNT2 a hCNT3) [18,19].

Soucasny vyzkum prokazal, ze buriky,
které nejsou schopny transportu pomoci
téchto proteind, jsou k inhibici gemcita-
binem vyznamné rezistentni. Pfikladem
je napf. inhibice nukleosidovych trans-
portérl inhibitory typu dipyridamolu
[20].

Gemcitabin je podavan jako i.v. bolus
v infuzi trvajici cca 30 min, a to prvni,
osmy a patnacty den 28denniho cyklu,
nebo jednou tydné po dobu dvou mé-
sicl. Peak v séru dosahuje maximalné
50mM a deaminace zpUsobi rychly po-
kles plazmatické koncentrace, takze
v priibéhu 2 hod spadne pod hranici sta-
novitelnosti. Pfedpoklad, ktery z toho vy-
plyva, je, Ze buriky jsou vystaveny gem-
citabinu v signifikantni koncentraci jen
kratkou dobu a neudcinny bunécny upt-
ake je s nejvétsi pravdépodobnosti jed-
nim z mechanizma chemorezistence [20].

Gemcitabinovy uptake je zajistovan
4 transportéry: hENT1 = hCNT1 > hENT2
> hCNT3 [20]. Ve tkanich pankreatu je
exprimovan hENT1, hENT2 [19], ale vy-
skytuji se zde i hCNT transportéry
(hCNT1, hCNT2, hCNT3), jejichz exprese
v nadorovych tkanich je velmi variabilni
[20]. Hlavni mechanizmus pfijmu gemci-
tabinu bunkou je tedy pravdépodobné
zajistovan hENT transportéry, protoze ak-
tivita hCNT1 byla demonstrovana pouze
v ledvindch, jatrech, stievu a hCNT3 jen
v leukemickych burnkéch a v burikach ko-
lorektalniho karcinomu [22].

Studie in vitro ukazaly, Ze gemcitabin
je do bunék transportovan prevazné diky
hENT1 transportéru [21] a pouziti inhibi-
tord, jako je nitrobenzyl-merkaptopu-
rin-ribosid ¢i dipyridamol, snizilo vice nez
20nasobné citlivost ke gemcitabinu [20].
Imunohistochemicka studie na nadoro-
vych tkédnich od 21 pacienttd s pokroci-
lym karcinomem pankreatu ukdzala, ze
pacienti s expresi hENT1 méli vyznamné

del$i median preziti nez ti s nizkou ex-
presi ¢i absenci hENT1 (13 vs 4 mésice,
p = 0,01) [23]. Podobné vysledky uka-
zuje i farmakogeneticka studie na 83 pa-
cientech, kdy byla exprese analyzovéna
pomoci PCR. Dle autord bylo celkové
prezivani delsi u pacientli s vysokou hla-
dinou transkriptd hENT1 (25,7 vs 8,5 mé-
sice) [24].

ABC transportéry

Chemorezistence je zpUsobena mnoha
rdznymi, pravdépodobné na sobé ne-
zavislymi mechanizmy. Jednim z ddlezi-
tych mechanizmu je snizena akumulace
lé¢iva v nadorovych burnkach zpuso-
bena jeho zvysenym Unikem (eflux). Ten
je zprostfedkovan proteiny, které z velké
Casti prislusi k nadrodiné ABC transpor-
térd (human ATP-binding cassette trans-
porters). Kdnesnimu datu bylo v lidském
genomu identifikovéano 49 rliznych ABC
transportérl. Délise do 7 tfid (A-G) na z&-
kladé sekvenéni podobnosti. Prvnim po-
psanym lidskym ABC transportérem byl
P-glykoprotein (ABCB1) [25]. Nasledné
byl izolovan z bunék bunécéné linie bron-
chogenniho karcinomu MRP1 (ABCC1)
[26]. Ukazalo se, ze zejména zastupci ro-
diny ABCB, ke které se fadi i P-glykopro-
tein [22] a rodiny ABCC [27], jsou zod-
povédné za mnohocetnou |ékovou
rezistenci, tzv. MDR (multiple drug re-
sistance). Kromé uvedenych transpor-
térh lze jmenovat i dalsi transportéry,
napf. BCRP (ABCG2) [28].

ABCB1 (MDR1, P-glykoprotein)

ABCBT1, nazyvany také MDRT1 ¢i P-glyko-
protein, je nejdéle znamy a v soucas-
nosti nejlépe prostudovany zastupce ABC
transportér. Substrdtem ABCB1 jsou
obecné hydrofobni léky s polyaromatic-
kym jadrem a neutralnim nebo kladnym
nabojem, napf. etoposid, adriamycin,
vinblastin [29]. Dfive provedené studie
prokazaly, Ze genetické polymorfizmy
vABCBT genujsou dUlezitou determinan-
tou jeho exprese a funkce [30] a obecné
ovliviiuji odpovéd na farmakoterapii
[31]. Dle zavérud japonskych studii [32,33]
vykazuji haplotypy ABCB1 vyznamnéjsi
vztah k mife exprese nez jednotlivé po-
lymorfizmy. Proto Ize pfedpokladat, ze
haplotypy mohou [épe urcit vztah mezi
genotypem a fenotypem tohoto trans-

portéru a velmi pravdépodobné bude
tento princip univerzalni. Vysoce pozi-
tivni imunohistochemické barveni pro
P-glykoprotein bylo nalezeno u 73 %
duktalnich adenokarcinom( pankreatu
(n = 103), pficemz exprese ABCB1 genu
byla detekovdna ve viech vysetienych
tumorech, a to ve zvysené mire oproti
normalni tkani slinivky bfisni. Vyssi mira
exprese ABCB1 dle autord vyznamné ko-
relovala s lepsi prognézou a byla uve-
dena do souvislosti s mensi biologickou
agresivitou nadoru. Dale byla nalezena
vys$si exprese ABCB1 v dobfe diferenco-
vanych nadorech oproti tém hire dife-
rencovanym [34]. Na tuto studii navazala
skupina autort [35], v jejichz studii bylo
75 % vzorkl karcinomu pankreatu imu-
nohistochemicky pozitivnich na pfitom-
nost proteinu ABCB1 (n = 63). Pacienti
s nizkou ¢i stredni expresi proteinu vy-
kazovali delsi dobu pfreziti nez pacienti
s negativni expresi. Velmi zajimavé bylo,
Ze u pfipadl s vysokym stupném exprese
genu ABCBT bylo nalezeno kratsi prezi-
vaninezutéch snizsiexpresi[35]. Exprese
ABCB1 se tedy projevuje jako obecny fe-
nomén vyskytujici se v nenadorové i na-
dorové tkani, jehoz klinicky dopad neni
stale jasny, a jevi se jako aktualni pro po-
drobné studium v jednotlivych typech
nadorG. Na nasem pracovisti jiz probiha
studium ABCBT v nadorové tkani prsu.
Mezi prvni publikované vysledky patfi
prokazany vztah mezi jednotlivymi po-
lymorfizmy genu ABCBT a mirou exprese
tohoto genu (resp. hladinou transkriptu
v nadorech prsu). Vyskyt funkénich po-
lymorfizm(i navic koreloval s prognézou
onemocnéni (stav estrogennich recep-
tord) [36].

ABCC (MRP) rodina

ABCC rodina zahrnuje 13 ¢len(, pficemz
9 z nich se fadi mezi tzv. multidrug re-
sistence proteins (MRP1-MRP9, resp.
ABCC1-ABCC6 a ABCC10-ABCC12). ABCC
transportéry jsou integrdlni membra-
nové proteiny zpUsobujici ATP-depen-
dentni export organickych iontl ven
z bunék. ABCC1-6 transportuji lipofilni
slozky konjugované s glutathionem,
glukurondtem ¢i sulfatem. Substraty
pro ABCC4, ABCC5 a ABCC11 zahrnuji
také cyklické nukleotidy a nukleotidova
analoga [37-39]. ABCC4 byl navic iden-
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N

Tab. 1. Znamé udaje o expresi a ucincich ABCB1, ABCG2 a ABCC rodiny u nadorti pankreatu.

Vztah k rezistenci/citlivosti Pfitomnost Pfitomnost

Gen Protein OMIM Lokus ke skupiné léciv - ve zdravé tkani  ve tkani karcinomu  Reference
nukleotidova analoga pankreatu pankreatu

ABCB1 MDR1 171050 7921 zvyseni citlivosti ano ano 41,35,34
ABCC1 MRP1 158343 16p13 zvyseni citlivosti ano ano 41,40
ABCC2 MRP2 601107 10924 neprokazan ano ano 40
ABCC3 MRP3 604323 17922 neprokazan ano ano 40
ABCC4 MRP4 605250 13932 navozeni rezistence ano ano 51,40,37
ABCCS MRP5 605251 3q27 navozeni rezistence ano ano 40,42,37
ABCC6 MRP6 603234 16p13 neznamy ano ano 40
ABCC10 MRP7 neni 6p12 neznamy ano ano 40
ABCCT11 MRP8 607040 16912 navozeni rezistence ne ne 50,40
ABCC12 MRP9 607041 16912 neznamy ano ne 40
ABCG2 BCRP 603756 4922 jsou substratem ano ano 47,52,40,28

tifikovan jako kotransportér pro redu-
kovany glutathion se Zlu¢ovymi solemi
a transportér prostaglandint a DHEAS
(dihydroepiandrosteron-3-sulfat).

Ve zdravé tkani pankreatu i v duktal-
nim adenokarcinomu jsou exprimovany
geny ABCC1-6 a ABCCI10, zatimco gen
ABCC12 (kédujici protein MRP9) byl pro-
zatim detekovan jen v normalnim paren-
chymu slinivky bfisni. Exprese ABCC3 pro-
teinu je v naddorovych vzorcich zvysena
a koreluje s gradingem nadoru [40]. In vitro
studie prokazala, Ze zvySena exprese
ABCBT1 a ABCC1 zpUsobuje bunécny stres,
jehoz dasledkem je i zvyseny metabo-
lizmus gemcitabinu a zvy3end vnima-
vost bunék k jeho plsobeni [22]. Oguri
et al [42] provéfili expresi genu ABCC5 na
bunécnych liniich NSCLC (non-small
cell lung cancer) a poukazali na kore-
laci mezi jeho expresi a rezistenci v{ci
gemcitabinu. Pfi inkubaci s inhibitorem
ABCCS5 (zaprinast) dochazi ke zvyseni cit-
livosti bunék (tj. cytotoxicity gemcita-
binu), coZ bylo potvrzeno i uzitim siRNA.

Dosud zndmé udaje o expresi a ucin-
cich ABCB1, ABCG2 a ABCC rodiny u na-
dord pankreatu jsou shrnuty v tab. 1.

ABCG2 (BCRP - breast cancer
resistance protein)

Podobné jako u ABCB1 vede i v pfipadé
genu ABCGT jeho zvy3end exprese ke
vzniku mnohocetné |ékové rezistence
v nadorovych burikdch. ABCG2 je polo-

vi¢nim transportérem a k jeho spravné
funkci je tfeba vytvoreni homodimerni
nebo oligomerni efluxni membranové
pumpy spojenim dvou anebo vice pro-
teind [43].

Substratem pro ABCG2 je fada cy-
tostatik, napf. topotekan, irinotekan
metotrexat, a vétSina nukleosidovych
analog vcetné gemcitabinu [44,45].
ABCG2 je exprimovan v fadé zdravych
tkani véetné slinivky a jeho exprese byla
detekovanaiv nadorovych burikéch kar-
cinomu pankreatu [40]. Zhou et al de-
monstrovali pfitomnost tzv. side popu-
lation cells v bunéc¢né linii PANC-1. Tato
bunécéna linie méla vyrazné vyssi expresi
ABCB1 a ABCG2 transportérd, coz mize
vyznamné prispivat k jeji zndmé Iékové
rezistenci. Po tfidenni kultivaci s gem-
citabinem doslo k narlstu populace
téchto bunék. Autofi usuzuji, Ze se mize
jednat o kandidatni nddorové kmenové
buriky, které se ucastni relapsu onemoc-
néni [46].

ABCG2 navic vykazuje spolu s P-gly-
koproteinem silnou tendenci k interak-
cim s klinicky vyznamnymi inhibitory
kinaz v¢etné erlotinibu [47].

Erlotinib (Tarceva) inhibuje receptor
typu 1 pro epidermalni rlistovy faktor
(EGFR, zndmy také jako HER1) mecha-
nizmem selektivniintracelularni inhibice
fosforylace EGFR-asociovanych tyrozin-
kindz, ¢imz vyvolava zménu proliferacni
aktivity bunék.

Erlotinib je aktivné transportovan do
bunék pomoci ABCB1 a ABCG2 trans-
portérl in vitro [48]. V souladu s timto
tvrzenim byla i in vivo nalezena vyssi
biologickd dostupnost erlotinibu po per-
oralnim podani u mysi, které mély tyto
dva transportéry inaktivovany, oproti
zvifatiim, kterd méla tyto transportéry
aktivni [48].

Zaveér

Karcinom pankreatu patii k nadorovym
onemocnénim s velmi vaznou progné-
zou a pétiletym prezitim pod 5%, a to
i pres celosvétovou snahu o hledani
ucinnéjsi lé¢by, vcetné 1écby biologické.
V soucasnosti se za nejucinnéjsi dostup-
nou lécbu povazuje kombinovana te-
rapie: gemcitabin (Gemzar) a erlotinib
(Tarceva). Pacienti s pokrocilym karcino-
mem pankreatu lé¢eni touto kombinaci
dosahuji jednoletého preziti az ve 20%
[49].

Chemorezistence je zplisobena mnoha
rliznymi, pravdépodobné na sobé neza-
vislymi mechanizmy. Nicméné jak u gem-
citabinu, tak i u erlotinibu byl in vitro i in
vivo prokazan vyznamny vliv membra-
novych transportér(i na biologickou do-
stupnost a ucinnost téchto preparatu.

Gemcitabin je transportovan do intra-
celularniho prostoru pomoci nukleosido-
vych transportérQ. Transportéry rodiny
ABC pak zpuUsobuji vypumpovani jak
gemcitabinu, takii erlotinibu ven z buriky.

Klin Onkol 2010; 23(5): 306-310
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ROLE MEMBRANOVYCH TRANSPORTERU V CHEMOREZISTENCI KARCINOMU PANKREATU PRI TERAPII GEMCITABINEM

Genetické alterace v genech, které koé-
duji transportéry, mohou byt u pacient(
s karcinomem pankreatu jednim z po-
tencialnich prediktivnich faktord pro in-
dividualizovanou chemoterapii.
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Abstract

Background: Pancreatic cancer remains an important health problem and belongs to
one of the most difficult conditions to treat. The etiology and molecular pathogenesis of
the disease is still weakly understood. Gemcitabine is a cytotoxic nucleoside analog,
which is nowadays the standard chemotherapeutic drug for patients with advanced
pancreatic cancer. Inter-individual differences in gemcitabine pharmacokinetics and
pharmacodynamics have been demonstrated. Resistance of tumor cells against the
nucleoside analogs limits their clinical use and it may seriously contribute to the fact that
5-years survival of the pancreatic carcinoma is about 5%. The first results of targeted
therapies have shown promising results in various cancers. However, until now just
erlotinib (an epidermal growth-factor receptor tyrosine kinase inhibitor) has demonstrated
modest survival benefit in phase Il clinical trial on pancreatic cancer when combined
with gemcitabine. However, its clinical significance has been criticized and its cost-
effectiveness is low.

Aim: This review provides survey of available data concerning the molecular factors
contributing to the resistance of pancreatic carcinoma against gemcitabine and erlotinib.
Mechanisms of transport of these drugs into and outside of the tumor cells and
perspectives of their use in personalized medicine will also be discussed.
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Introduction

Pancreatic carcinoma (ICD-10: C.25; OMIM: 260350) is one of the most severe form of
malignant disease with high mortality. It is the fourth leading cause of cancer-related deaths,
with only about 5% of patients surviving by 5 years. This figure has remained relatively
unchanged over the past 25 years [1]. The etiology and molecular pathogenesis of the disease
is still weakly understood. Known risk factors for the disease include age, sex, late-onset
diabetes, chronic or hereditary pancreatitis, familial cancer syndromes, cigarette smoking,
dietary habits and infection by Helicobacter pylori [2,3]. Furthermore, low-penetrance genes,
e.g. those coding xenobiotic-metabolizing enzymes, DNA repair and cell-cycle regulating
machinery may be relevant factors modifying an individual susceptibility [4, 5].

The prognosis of patients with pancreatic cancer remains very poor. Operative resection
is the only therapeutic option with curative potential, but just 10-15% of patients have
potentially operable tumors, and many of them experience recurrence of the disease despite
the radical surgery [6]. Although many studies have evaluated the prognostic factors of
pancreatic cancer, their results are mostly inconclusive. The prognosis of operable pancreatic
cancer is dependent rather on tumor-related factors, while the prognosis of patients with more
advanced pancreatic cancer is dependent on patient-related factors. The onset of symptoms as
abdominal pain, back pain, jaundice, general fatigue and nausea closely correlates with
prognosis [7]. Tumor markers such as CEA, CA 19-9, CA 72-4, hCG beta and CA 242, C-
reactive protein and albumin have limited prognostic value [8-10]. Multivariate analysis
showed that CA 19-9, poor tumor differentiation, large tumor size, regional lymph node
involvement and venous and/or neural invasion were good prognostic factors for survival in
the group of operable patients [11-13]. Interestingly, an extent of blood loss during the
surgery and/or a serum albumin level monitored during the first postoperative month seemed
to be significant adverse prognostic factors as well [13]. The role of positive resection margin
is still discussed and remains controversial [14]. The strongest currently recognized
prognostic factors are the extent of the spread of the disease and performance status.

Patients who received chemotherapy or chemoradiotherapy showed better survival than
those who received only the best supportive care [15]. Several studies have been performed to
determine factors that could predict survival time in gemcitabine-treated patients with
advanced pancreatic cancer. The chemotherapy has had poor results, mostly because of the
advanced stage of the disease and low chemosensitivity of the pancreatic tumor cells.
Gemcitabine, a deoxycytidine analogue, is now the standard drug for treatment of the
advanced pancreatic cancer [16]. The first results of targeted therapies have shown promising
results in various cancers. However, until now just erlotinib (an epidermal growth-factor
receptor tyrosine kinase inhibitor) when combined with gemcitabine has demonstrated modest
survival benefit in phase Ill clinical trial on pancreatic cancer [17]. However, its clinical
significance has been criticized and its cost-effectiveness is low. Resistance developed against
anticancer drugs significantly limits their clinical use and influences the overall survival.
Inter-individual differences in gemcitabine pharmacokinetics and pharmacodynamics have
been demonstrated, which may be due to the variability in cellular transport systems enabling
the drug to enter the cancer cell (drug uptake) or pumping the drug outside the cell (drug
efflux).



The Role of Membrane Transporters in Cellular Resistance... 3

This review provides survey of available data concerning the importance of drug
transporting enzymes for the resistance of pancreatic carcinoma against gemcitabine and
erlotinib as major anticancer drugs used in pancreatic cancer treatment.

Gemcitabine

Gemcitabine (2,2 -difluorodeoxycytidine, Gemzar, Eli-Lilly, Indianapolis, IN, Figure 1)
belongs to the second generation of nucleoside analogues [18].

A pivotal randomized trial found a significant improvement of the one-year median
survival rate in patients with advanced pancreatic cancer treated with gemcitabine over those
who were treated with 5-fluorouracil (18 vs. 2%; p=0.0001) [19]. Despite the fact that
gemcitabine became the gold standard of first-line therapy for advanced pancreatic cancer
[20], the response rate of pancreatic tumors to gemcitabine remains less than 10% [21,22].
Acquired resistance against gemcitabine demonstrated by inter-individual differences in its
pharmacokinetics and pharmacodynamics contributes to this fact.

NH,

Figure 1. Structure of gemcitabine.
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Drug resistance may be attributed to different, unrelated mechanisms, including abnormal
membrane transport, ineffective metabolic drug conversion, enhanced metabolite inactivation,
increased DNA repair and alterations in the apoptotic pathways (Figure 2, [23,24]).

Gemcitabine is transported into the cell via nucleoside (SLC) transporters, whereas
several members of the ATP-binding cassette (ABC) transporter superfamily cause its efflux.
Gemcitabine (dFdC) is phosphorylated to its monophosphate mainly by deoxycytidine kinase
(DCK, OMIM:125450). It may also be phosphorylated by thymidine kinase 2 (TK2,
OMIM:188250) but the substrate specificity of TK2 for gemcitabine is, just 5-10% of that for
deoxycytidine [25]. Gemcitabine monophosphate is then converted to diphosphate and
triphosphate (dFdCTP) responsible for the major cytostatic effect [26,27]. The gemcitabine-
triphosphate incorporates into DNA and causes chain termination [28] and inhibits CTP
synthetase (CTPS, OMIM:123860) and dCMP deaminase (DCTD, OMIM:607638) [24].
Gemcitabine is also known to incorporate to RNA [29]. The active gemcitabine-diphosphate
also inhibits DNA synthesis indirectly through the inhibition of ribonucleotide reductase
(subunits RRM1 and RRM2, OMIM:180410 and 180390). This inhibition causes a decrease
of competing nucleoside pools as the RRM is an unique enzyme converting ribonucleotides to
deoxyribonucleotides required for DNA polymerization and repair [30,31]. Gemcitabine is
inactivated mainly by cytidine deaminase (CDA, OMIM:123920) mediated conversion to
difluorodeoxyuridine (dFdU) and partly by DCTD to difluorodeoxyuridine-monophosphate
[24].

Research addressing the pharmacogenomics of gemcitabine so far focused mainly at
inter-individual differences in gemcitabine pharmakokinetics and variation in genes coding
transmembrane proteins such as ABC and SLC transporters and gemcitabine-metabolizing
enzymes such as DCK, RRM, DCTD, CDA [32-37].

ATP-Binding Cassette (ABC) Transporters

One of the most important mechanisms of the drug resistance is low accumulation of the
drug in cancer cells caused by increased efflux. The efflux is performed mainly by
transmembrane ABC transporters.

The human family of ABC transporters has 49 members divided into 7 subfamilies
(named ABCA - ABCG based on sequence similarities, ref. 38). Fourteen ABC transporters
which may be divided into two groups have been shown to determine drug resistance in
cancer cells (Table 1). First group contains proteins causing so called “multi drug resistance”
(MDR) phenotype in both cell lines and patients with various types of cancers. ABCB1 (or
MDR1, OMIM:171050), ABCC1 (MRP1, OMIM:158343) and ABCG2 (BCRP, OMIM:
603756) belong to this group. In the second group of transporters (i.e. ABCA2, OMIM:
600047, ABCB4, OMIM:171060; ABCB11, OMIM:603201; ABCC2, OMIM:601107;
ABCC3, OMIM:604323, ABCC4, OMIM:605250; ABCC5, OMIM:605251;ABCCS,
OMIM:603234; ABCC10, OMIM:612509; and ABCC1l, OMIM:607040; ABCCI12,
OMIM:607041) the ability to confer drug resistance has been demonstrated just in limited
number of experiments [39].

ABCAZ2 is highly expressed in the cells of the nervous and hematopoetic systems and is
associated with lipid transport and drug resistance in cancer cells. Recently, a single
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nucleotide polymorphism (SNP) in ABCA2 was linked to early onset of Alzheimer's disease
(reviewed in 40). Data on ABCA2 expression and genetic variability in pancreatic tissue were
not published so far.

ABCB1 (P-glycoprotein) is the first human ABC transporter cloned and characterized
through its ability to confer a MDR phenotype in cancer cells. ABCB1 substrates are
generally hydrophobic drugs with polyaromatic nucleus, such as adriamycin, etoposide or
vinblastine [41]. SNPs in ABCB1 have been shown to influence its phenotype (expression,
protein function and drug response) in context with numerous diseases [42-44]. ABCB1
mRNA and P-glycoprotein levels were detected by reverse transcription-polymerase chain
reaction (RT-PCR) and by immunohistochemistry (IHC) in 2 pancreatic cancer cell lines
SW1990 and CAPAN-1 [45]. Jensen et al. 1997 found higher sensitivity to gemcitabine in
small-cell lung cancer (SCLC) cells with overexpressed ABCB1 [46]. Similarly, non-small
cell lung cancer (2R160), ovarian (2780ADd), and epidermoid (KB8-5¢) cell lines with
ABCBL1 overexpression were also highly sensitive to gemcitabine [47]. High intensity of IHC
staining for P-glycoprotein was observed in 73.2% of pancreatic ductal adenocarcinomas
(PDAC, n=103) [48] and the staining inversely correlated with grade, tumor size, and
retroperitoneal and portal invasion. ABCB1 gene expression was significantly higher in
pancreatic tumors compared to unaffected tissue and high expression levels seemed to be
factor of better prognosis in patients with PDAC. Accordingly, northern blot analysis showed
that ABCB1 mRNA levels were increased by 1.4-fold in the pancreatic cancer samples
compared with the normal pancreas. Another study found IHC positivity of P-glycoprotein in
75% of pancreatic cancer samples (n=63). Patients with weak to moderate staining had longer
overall survival than patients without P-glycoprotein expression. In contrast, strong staining
was associated with shorter survival compared with weak to moderate staining. The authors
suggested that overexpression of other drug resistance genes (such as ABCB2) could possibly
exert a compensatory effect [49].

Thus, the ABCB1 (or P-glycoprotein) expression seems to be a quite common
phenomena in both tumor and adjacent non-tumor tissue and its clinical utility as prognostic
or predictive factor remains unclear. However, from so far published promising results of
functional and observational studies it seems worth to continue in study of complex relations
between tumor phenotype and ABCB1 genotype and protein function.

The ABCC family contains 13 members, 9 of them are the multidrug resistance-
associated proteins (ABCC1, ABCC2, ABCC3, ABCC4, ABCC5, ABCC6, ABCCIO0,
ABCC11, ABCC12). ABCC7 (CFTR, OMIM:602421) is a chloride channel associated with
cystic fibrosis. ABCC8 and ABCC9 (OMIM:600509 and 601439) are the sulfonylurea
receptors and ABCCL13 is clearly a pseudogene without transporting activity [50]. In vitro,
ABCC transporters can collectively confer resistance to natural product-derived anticancer
drugs and their conjugated metabolites, platinum compounds, folate antimetabolites,
nucleoside and nucleotide analogues, arsenical and antimonial oxyanions, peptide-based
agents, and (in concert with alterations in phase Il conjugating or biosynthetic enzymes) also
alkylating agents (reviewed in 51). The doxorubicin-resistant lung cancer cells 2R120
(overexpressing ABCC1) and 2R160 (overexpressing ABCB1) were nine- and 28-fold more
sensitive to gemcitabine than their parental SW1573 line, respectively (P<0.01). In 2R120
and 2R160 cells, DCK activities were seven- and four-fold higher than in SW1573,
respectively. Thus, ABCB1 and ABCC1 overexpression possibly caused a cellular stress
resulting in increased gemcitabine metabolism and sensitivity [47].
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ABCC4 and ABCCS transport nucleoside monophosphates [52,53]. Davidson et al. [34]
found a substantial resistance to cytarabine, gemcitabine, and cladribine in ABCC5-
overexpressing HEK293 cells. However, Reid et al. [54] observed nho ABCC4- or ABCC5-
mediated resistance against cytarabine, gemcitabine, or fludarabine in ABCC4- and ABCC5-
overexpressing HEK293 cells. To clarify these contradictory results, Oguri et al. [35]
examined the expression levels of ABCC5 gene in non-small cell lung cancer cell lines. The
ABCCS5 expression levels inversely correlated with gemcitabine sensitivity. Futhermore, the
treatment with the ABCC5 inhibitor zaprinast altered the sensitivity in ABCC5-expressing
cells and it was confirmed by using siRNA as well [35]. Therefore, ABCC5 remains an
intriguing target for future studies on drug resistance to gemcitabine.

ABCC10 gene expression assessed by quantitative PCR in different adult and fetal tissues
and various tumors was found to be highest in pancreas. Moreover, ABCC10 mRNA levels
were remarkably increased in doxorubicin-treated MCF7 cells. Conversely, in TP53-
dominant-negative MCF7 cells the ABCC10 upregulation was suppressed. These results
suggested that ABCC10 expression is regulated in a TP53-dependent manner and thus it may
vary in concordance with DNA damage-induced apoptosis [55]. However, neither cAMP nor
cGMP were found to be transported by ABCC10 [56].

ABCC11 is an amphipathic anion transporter able to efflux cAMP and ¢cGMP and
functions as a resistance factor for commonly used purine and pyrimidine nucleotide analogs.
Analysis of the sensitivity of ABCC11-overexpressing cells (LLC-PKZ1) revealed that they are
resistant to a range of clinically-relevant nucleotide analogs [57].

Konig et al. [58] quantified the mRNA expression of nine ABCC family members and of
ABCG2 in normal human pancreas and in pancreatic carcinoma (n = 37). The expression of
ABCC1, ABCC3, ABCC4 and ABCC5 mRNA in normal pancreatic tissue and in pancreatic
carcinoma samples was found using real-time PCR. cDNA fragments of the length
corresponding to ABCC2, ABCC6, ABCC10 and ABCC12 were also identified but the
relative quantification to the respective beta-actin mRNA levels has shown that their
amplification was very low. ABCC11 fragment was not amplified at all. The ABCC1 and
ABCC4 mRNA levels did not significantly differ between the normal pancreas and the tumor
tissues. On the other hand, the expression of ABCC3 mRNA was upregulated in pancreatic
carcinoma samples and correlated with tumor grade. The ABCC5 expression was upregulated
in carcinomas as well but did not correlate with tumor characteristics. The authors suggested
that ABCC3 and ABCCS are involved in drug resistance of pancreatic tumors and analysis of
their expression may contribute to the prediction of the chemotherapy outcome. It is
interesting that the ABCC12 was detected in normal pancreatic tissue only [58]. Although
numerous SNPs in ABCC genes exist, their association with clinical phenotype mostly
remains to be clarified [59].

The human ABCG2-transfected HEK293 cells are gemcitabine-resistant [60]. Five
pancreatic carcinoma cell lines tested by real-time PCR expressed significantly higher levels
of ABCG2 mRNA than non-malignant fibroblasts. Flow cytometry indicated the presence of
ABCG2 on the cell surface of these cell lines, although ABCG2 protein levels did not
correlate very well with the mRNA expression [61]. cDNA fragments of ABCG2 with the
expected length were amplified in both pancreatic normal and carcinoma samples. However,
ABCG2 mRNA levels in the normal tissues did not significantly differ from those in tumors
[58].
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Table 1. Expression and function of ABCB1, ABCG2 and
ABCC family in pancreatic cancer

Activity towards Expression | Expression
Gene Protein | OMIM | Locus | nucleoside . P . P Reference
In pancreas In tumor
analogs
ABCBL | MDR1 | 171050 | 7qz1 | 'Moreased Yes Upregulated | 38,45-49
SenSlthlty
ABCC1 | MRP1 | 158343 | 16p13 | Moreased Yes Unchanged | 38, 47, 58
sensitivity
ABCC2 | MRP2 | 601107 | 10q24 | Unknown Yes Yes 38,58
ABCC3 MRP3 | 604323 | 17922 | Unknown Yes Upregulated | 38, 58
ABCC4 MRP4 | 605250 | 13932 | None Yes Unchanged 38, 54, 58
ABCC5 | MRP5 | 605251 | 3qz7 | 'Moreased Yes Upregulated | o+ 3538
resistance 58
ABCC6 | MRP6 | 603234 | 16p13 | Unknown Yes Yes 38,58
ABCC10 | MRP7 | 612509 | 6p12 | Unknown Yes Yes 38,58
ABCCI1 | MRPS | 607040 | 16q12 | 'Moreased Yes Yes 38,57, 58
resistance
ABCC12 | MRPY | 607041 | 16g12 | Unknown Yes No 38, 58
ABCG2 | BCRP | 603756 | aqzz | Mereased Yes Unchanged | 38,58, 60
resistance

Nucleoside Transporters

Gemcitabine is a hydrophilic substance and thus, it is not expected to permeate
membranes by passive diffusion. Its cellular uptake is managed predominantly by specialized
membrane nucleoside transporters [62]. Nucleoside transport occurs by sodium-dependent,
inwardly directed concentrative process performed by hCNT (human Concentrative
Nucleoside Transporter, belonging to SLC28 family) or by sodium-independent, bidirectional
equilibrative process performed by hENT (human Equilibrative Nucleoside Transporters,
belonging to SLC29 family). In humans, 7 nucleoside transporters divided into the above
mentioned 2 families exist: SLC28A1 (hCNT1, OMIM:606207), SLC28A2 (hCNT2,
OMIM:606208) and SLC28A3 (hCNT3, OMIM: 608269), SLC29A1 (hENTL,
OMIM:602193), SLC29A2 (hENT2, OMIM:602110), SLC29A3 (hENT3, OMIM:612373),
SLC29A4 (hENT4, OMIM:609149) [63,64].

Gemcitabine is routinely administered weekly as an i.v. bolus infusion lasting 30-60
minutes in doses ranging from 800 to 1200 mg/m? and the peak of serum concentration does
not exceed 50 uM. From this fact it is obvious that tumor cells are in vivo exposed to effective
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gemcitabine concentration for quite short time period and therefore inefficient cellular uptake
could be an underlaying mechanism for the observed resistance in some solid tumors [62].
Using the panel of 12 different cell lines it has been shown that functional nucleoside
transporters are required for manifestation of gemcitabine toxicity in vitro. The efficiency of
gemcitabine uptake varied markedly among the cell lines with expression of single
transporters: SLC29A1 ~ SLC28A1 > SLC29A2 > SL.C28A3 >>> SLC28A2 [62]. Human
pancreatic adenocarcinoma cells NP9, NP18, NP29, and NP31 overexpressed predominantly
SLC29A1. The other transporters: SLC29A2, SLC28A1, SLC28A2 and SLC28A3 were
expressed as well but their expression levels differed among the cell lines, with apparent
selective loss or decrease of SLC28A mRNAs [36]. Exposure to 20 uM gemcitabine for 1h
elicited upregulation of ABCC1, ABCC3, ABCC5 and SLC29A1 transporters in vitro
suggesting a possible induction of drug resistance [65]. Cell lines lacking SLC29A1 are
highly resistant to gemcitabine [62,66] and patients with PDAC with detectable SLC29A1
protein by IHC had a significantly longer survival after gemcitabine chemotherapy than
patients whose tumors did not express SLC29A1 (13 vs. 4 months, p=0.01, n=21) [67]. This
observation was supported by the study on 31 patients with inoperable biliary tract cancer
treated by first-line gemcitabine-based regimen. SLC29A1 expression significantly correlated
with time to progression (6.33 vs. 2.83 months, p=0.04) and patients with positive SLC29A1
IHC expression showed a longer but non-significant median survival (14 vs. 7 months,
p=0.13). There were no significant associations between adverse drug toxicities, tumor
response and SLC29A1 levels [37]. High SLC28A3 expression has also been associated with
longer overall survival of patients with PDAC treated by gemcitabine-based chemoradiation
after curative resection (n=45). Furthermore, the combined analysis has shown that, patients
with both favorable prognostic factors (high SLC29A1 and SLC28A3 expression, n=15) had
a longer overall survival (median survival, 94.8 months) than those having just one factor
(18.7 months) or none (12.2 months) [68]. Therefore, expression of SLC29A1 and probably
also other nucleoside transporters like SLC28A3 may become relevant predictive marker(s)
of the outcome of cancer patients treated by gemcitabine-based regimen.

Erlotinib and ABC Transporters

Erlotinib hydrochloride (OSI-774, Tarceva, CP-358774) is an orally active small
molecule that blocks downstream intracellular signalling of epidermal growth factor receptor
(EGFR, OMIM:131550) by binding to its ATP binding site essential for tyrosine kinase
activity (Figure 3). The signaling pathways of tyrosine kinases as EGFR are involved in
cancer cell proliferation, apoptosis, angiogenesis and metastasis [69,70]. Erlotinib has been
approved for the treatment of a locally advanced inoperable or metastatic pancreatic cancer in
combination with gemcitabine [71].

Erlotinib is metabolized by several isoforms of the P450 enzymes (CYP), predominantly
by CYP3A4 (OMIM:124010) and CYP3A5 (OMIM:605325), less by CYP1Al
(OMIM:108330), CYP1A2 (OMIM:124060), CYP1B1 (OMIM: 601771), CYP2D6
(OMIM:124030) and CYP2C8 (OMIM: 601129).
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The main circulating metabolites of erlotinib are products of the O-demethylation of the
side chains (such as OSI-420 and OSI-413) [72-74]. Erlotinib is also a substrate for ABCB1
and ABCG2 but not ABCC2 in vitro [75]. The absence of ABCB1 and ABCG2 significantly
affected the oral bioavailability of erlotinib in mice in vivo. Erlotinib also inhibited the
ABCB1-, ABCG2- and ABCC10-mediated efflux at higher drug concentrations [76,77].
ABCG2 SNP (421C>A, Q141K, dbSNP: rs2231142 ) was associated with increased
accumulation of erlotinib and may be relevant to its toxicity and antitumor activity in patients.
No significant associations were observed between ABCB1 SNP 3435C>T (rs1045642) and
pharmacokinetics of erlotinib [78]. A recently followed diplotype comprised of two
polymorphic loci in the ABCG2 promoter (-15622C>T, no rs number assigned yet and
1143C>T, rs2622604) was significantly associated with erlotinib pharmacokinetics
parameters, including area under the curve and maximum plasma concentration. Variability in
dermal and gastrointestinal toxicity following erlotinib treatment in association with the
studied ABCG2 SNPs has been demonstrated as well [79].

No data are available on the activity of erlotinib in relation to genotype or phenotype of
the SLC transporter family.

In conclusion, erlotinib is doubtlessly a substrate and may act as inhibitor of ABCB1,
ABCG2, and probably also of ABCC10. Such feature may be useful especially in
combination with other anticancer drugs which are subject to efflux by these ABC
transporters. Further studies on individual variation in genotype and phenotype of membrane
transporters are needed to define the treatment modalities, e.g. erlotinib dose and personalized
drug combination regimen in order to achieve better outcome of pancreatic cancer therapy.

Figure 3. Structure of erlotinib.
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