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Cancer of the bile duct in populations of the Mekong
basin has been recognized to be associated with liver fluke
infection. However, other factors may also play important
roles in relation to the high prevalence of cancer in
populations of this region. Drug metabolizing enzymes
are important in detoxifying toxic chemicals including
carcinogenic agents. However, the enzymes can play
another role in activating chemicals into more toxic
metabolites. Alarge variation of activity of drug metabolizing
enzymes is usually due to polymorphism of genes
encoding these enzymes. The defective or variant alleles
of drug metabolizing genes may modify the risk of
cancer in people who expose to carcinogenic agents. Drug
metabolizing genes mentioned in this review have been
reported to be associated with cholangiocarcinoma risk. The
genes included CYP1A2, arylamine-N-acetyltransferase-1
(NAT1) and NAT2, NADPH-quinone oxidorecutase-1
(NQOY1), glutathione-S-transferase M1 (GSTM1), GSTT,
GSTO1 and methylenetetrahydrofolate reductase
(MTHFR). The variant alleles which have been reported
to cause an excessive risk include: CYP1A2*1F, GSTT1
null, GSTO1 and MTHFR 677C>T, whereas, slow NAT2
and NQO1*2 show to decrease the risk and NAT1
variants and GSTM1 null show no effect. These genes
modify cancer risk probably by alterations of the
metabolism of carcinogenic compounds from food and
environment.
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Carcinogenic chemicals Tumor Activating enzymes Detoxifying
enzymes
PAHSs (coal tar, tobacco): benzo[a]pyrene, Lung, skin, bladder CYP1A1, 1A2, 1B1, EHSs, GSTs, UGTs,
dibenz[a]nthracene, chrysene, EHs, SULTSs,
3-methylcholanthrene, PCBs NQO1
Aromatic, heterocyclic amines: (high tempera- Colon, bladder CYP1A2,, NQO1, NAT1, GSTs
ture cooking) MelQ, PhIP, benzidine, NAT2, SULTs
2-naphthylamine, 2-aminofluorene (dyes)
Nitroso compounds: (smoked foods, tobacco) Liver, lung, esophagus CYP2E1, CYP2AG, UGTs
dimethylnitrosamine, NNN, NNK CYP2A13
Mycotoxins: (mould contamination) aflatoxins, Liver, lung CYP1A2 CYP3A4 GST-alpha,-mu
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6,12-quinone
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AU NLDATNIBIANT Benzo[a]pyrene ansgnidasuuilassng CYP1A1 waz 1A2 14 reactive

metabolite msﬂ@u epoxides 78 quinones L‘ﬂum‘i ultimate carcinogen mmmmﬂ{]ﬂa‘mﬂu
m‘EuL@n@Mmmmu mmmiqﬁgmmmmumm@mwwmaLmﬂﬁnu epoxide hydrolase (EH),
glutathione S-transferase (GST), sulfotransferase (SULT) a2 NADPH-quinone o><|doreducatse1
(NQO1) ez UDP-glucuronosyltransferase (UGT) ”meawmqmﬁ EH ui_lvm’mw\il,ﬂ@ﬂul,l,ﬂm
mﬂmqmmmzwﬂwmww (Aatasann Shimada 2006)
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T3ivinanu) 3. ﬁmu"lfﬁﬁﬁwmﬂnﬁ “Rapid Metabolizer”
(RM) (Ruaaaaundnia 2 419) ve 4. Heuladiney
FaunEALUNG “Ultra-rapid Metabolizer” (UM) (sintAaann
AITidNuud LA ALNFIRNEANTL) AN
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wraddandn Ananauis (ifaqiliy 2-naphthylamine,
benzidine ﬂﬂ‘W\ﬁfL‘H lak) polychlorlnated blphenyls
(PCB) maﬂﬂu@mmwmmmﬂ TSR AL TN
mmﬂu mﬂmuﬁmm LATEIUTRNANGRN WATANNIN
Wuﬂmﬂﬂu‘lummmau CYP1A2 wuma‘mmuiumu
Wit d9u CYPIAT war 1B1 wuflibeldeuansy
fiu CYP1AT Huasdastsiies 11 LUy (g http://www.
cypalleles.ki.se) ﬁmanmwﬁuﬁuuuﬁmﬂmuﬁmuu
missense wAkaNIznufan1sineeulasinauldisudna
HANITNUTNRUENITNFAN1INN9 ATl T AU Yinues
WReafl CYP1BT Hueadasnednuetneies 26 WUy
ﬁummmﬁ’]ﬁmm‘uﬁuiumil,ﬂ?;ﬂul,mmmﬁ”mﬁTu
95 estrogen sl‘wﬂmﬁLﬂumLmu@”l,wmmiqﬂgmm
NNINANURUTIDILDAAALUA1HNL fuaasunilag
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Gene Variant alleles Phenotype activity Variant allele frequency
Thai Chinese  Caucasian  African

CYP1A2 CYP1A2*1F Higher inducibility 72.3 67 72.3 61
NAT2 NAT2*5, *6, *7 Slow acetylation 56.7 49 75 63
NAT1 NAT1%3,*10,11,*14  Unchanged 49.6 50 21 51.5
NQO1 NQO1*2 Reduced activity 58.7 41.4 18 16
GSTM1 GSTM1 null Gene deletion 67.2 44 53.5 26.1
GSTT1 GSTT1 null Gene deletion 39.2 51 17.5 22
GSTO1 GSTO1*A140D Unchanged 13 17 334 8.1
MTHFR MTHFR C677T Reduced activity 16.5 32.8 42 13

/1N 8, 13,16,17, 25
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d7u CYP1A2 Avuidilaeuutasansnansifs
edundndadeuutasemansaiia 1 theophylline,
caffeine, clozapine, fluvoxamine, estradiol Husu nmay
WARDUFIUNNAUGNITUNLNNNGT 21 LY Tudnuouil
wmﬂLL‘uuwwmmL@uisﬁmmmu@mm U CYP1A2*1C
waz “1K ”Lummv‘w CYP1A2*1F ummmmiamﬁmm
mewmmummu Iﬂtl‘V]LL@@@@uNﬂQWNﬁﬂiuﬂﬁ‘wﬁj’mﬁ‘
gaNn ( ﬂu"l.muma*faﬂ 72) MIAATERNEUNAIF U

NNAUGNITNUBIRIUIUIUNINAUNZTINU AN ANTUS

vauffifuaniia CYP1A2:2C fupmnuidaszdesn|dlg)
19 2 W1 (odds ratio: 2.15, 95%Cl: 1.36-3.39)" ’L}Lms
AneaadinusuazAnENUI AN ZINATILTIN WL
@‘Eu”lmﬂuuuﬂﬂm (wild type) A8 CYPTAT*1A aziimqna
memum\m@mmu@mfnLumﬁﬂummmumm‘[ﬂmﬂ
CYP1A2*1F/*1F Iaeiil odds ratio 0.28, 950{?C|. 0.08-0.94°
LazsnueaAenfAln CYP1A21F tifinannudes
m@m La‘qmua@uiummuumm@Lﬂ?ﬂﬂL%ﬁUﬂummim@u
muumwmﬁmmq CYP1A2 wmmummuuummmm
ﬂumini”muq”wﬁmm@u L5l ANt AaudnEo
Wuﬁm?mmuummefmumﬂﬂummuuml,m”"l,mu
ansnanziialungy PAH

NIENYAUFIUNNNUGNTTNURIEY arylamine-N-
acetyltransferase

£l arylamine-N-acetyltransferase (NAT) il DME
svaed 2 aglu cytosol ¥1UNFEN acetylation Fedns

$ruaunnn Wenlafrdauany finliideduiegiu
duenlasiananiseglivaisuuy viseiinnznydigau
LL@wummmummnwmwﬂmﬂgm@mﬂmﬂ BHupIna
NAT H 2 HuRe NATT uay NAT2 gndueada NAT2
fiunwsneay Lﬂﬂﬂﬂﬂﬂ?WH[ﬁl’ﬂﬂ@ﬂﬂﬂiw@'ﬁW (peripheral
neuropathy) Luﬂslfﬁm isoniazid SnEdnulsa inldnim
nadnaLAeAesn sulfasalazine WAL hydralazine L'WIN%LL
slumm”ﬁ NAT1 wWaguntlasandaniuieniin uay
Lﬂ@ﬂuuﬂmmﬂmwmﬂ GLERIMIIEEN folate voulesd
a2 LﬂﬂﬂuLLﬂ@\‘m’]i‘ﬂ@N heterocyclic amine sﬁ\uﬂu food
mutagen LA 417 aromatic amine WaARA NAT2 VlUﬂWﬁ"m
Hualiavnausninljisen acetylation Hagad (slow
acetylation) 13£naufag 18 LUL AN SNP WLILIFN7
nanfu AdndtyARe NAT2*5, *6, *7 Taiaanugnaes
Leadaunnsaslulszannsia@afiainnddszaans
ABLAITEY LAZALAANLANETY (AN319T 2) d9u NATT
Uszneudneueadasa 27 wuu RdnAnRe NATT#10
fifaaugniuaulnaie¥enas 43.8 uAdAINdmAn
Tuwlssrnsraaiden (5aeay 18-20) wiasinglsimiunig
ynauaedeulmiannueadailinuLAnA19aI N Leaaa
Unf Tnemuudapulngasiiginanunizieulsl NAT2
NauLnngas (1w homozygous defective allele) ¥aaias
32.8 luanaudasay 28.3 LazAuAaALEauEasas 55.6

A15197 3 NENA U IUNNAUTNITHALANNALINZITMB U AU AT NSRS

Gene Variant allele CCA risk Other cancer risk
CYP1A2 CYP1A2*1F 1 (male)* ! panceas (smokers)
(-163C>A) Mung
NAT2 Slow acetylators wl/ <> pancreas, ']‘bladder (smokers), <=colon, \LHCC
NAT1 Variant alleles D T panceas (smokers), 1 bladder (slow NAT2 +smokers),
<>colon, <>HCC
NQO1 NQO1*2 (609C>T) v Tbreast, 1 colon (Caucasian), | bladder, | lung
GSTM1 GSTM1 null hig Tcolon, Tlung, 1 bladder (combination with GSTT1 null),
T prostate, <=renal
GSTT1 GSTT1 null i T panceas, 1 colon (Caucasian), 1 prostate, <*renal, THCC
GSTO1 GSTO1*A140D i T breast (advanced), { bladder (high As exposure), TALL, THCC
MTHFR MTHFR 677 (WT) 1+ TSER) ycolon, | panceas (Caucasian),
MTHFR 677C>T 1 (+ raw fish)

* dayalusafuuansieanndesiifinaulutenlafiszy aan 8-10, 14, 15, 17, 19, 20, 23-25
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mq.,wumuﬁmwwwuﬁmimm NAT2 ﬂwmm
mmmvww@mm PENNULBIEHNUT LA ADIT LI cwm
Lm@mﬂﬂmm 2 419 (homozygous wild type) qziANN
AeeransiAnNzISmInngn 3.8 Wines mwmm@m
LNWTRI NAT2*6 Uag *7°lwnmzvﬂuwummauwuﬁ SN

NATT AuAuReNzids uanannilinunisfiy fausiug

9eUINNEU NAT2 iU NATT vizadauniu CYP1A2®

mﬂmumwﬁmwuﬁarvmwmqkuﬁmﬁmmq
WUENIINTIDI NAT2 9138 NATT AUue mfau“] ’me slow
acetylator 189 NATZ2 ﬂ'i_lm’mLZQ?;NJJWLNHTWLW%ﬁMW%
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