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GENETIC SUSCEPTIBILITIES OF CYTOCHROME P450 1A1, 2E1, AND
N-ACETYLTRANSFERASE 2 TO THE RISKS FOR KOREAN
HEAD AND NECK CANCER PATIENTS

Young-Soo Lee, Te-Gyun Kim, Soon-Seop Woo, Kwang-Sub Shim, Gu Kong*
Department of Dentistry, Department of Pathology®, College of Medicine, Hanyang Untversity

Individual genetic susceptibilities to cancers may result from several factors including differences in xeno-
biotics metabolism to chemical carcinogens, DNA repair, altered oncogenes and suppressor genes, and envi-
ronmental carcinogen exposures. Among them, genetic polymorphisms of metabolizing enzymes to chemical
carcinogens have been recognized as a major important host factors in human cancers. They have two main
types of enzymes: the- phase I cytochrome P-450 mediating enzymes (CYPs) and phase II conjugating
enzymes. '

The purpose of this study is to determine the frequencies of genotypes of phase I (CYP1A1 and CYP2E1) -
and phase II (NAT2) metabolizing enzymes in healthy control and head and neck cancer patients of
Korean and to identify the relative high risk genotypes of these metabolizing enzymes to head and neck
cancer in Korean. The author has analyzed 132 head and neck cancer patients and 113 healthy controls
using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). The results were

- as following: ‘ '

1. The frequencies of genotypes of CYP1Al, CYP2E1 and NAT2 in healthy control were as following:
CYP1A1 exon 7 polymorphism: Ile/lIle: lle/Val: Val/Val = 59.3%: 36.3%: 4.4%

CYP2E1 Pst I polymorphism: C1/C1: C1/C2: C2/C2 = 61.1%: 32.1%: 6.2%
NAT2 polymorphism: F/F: F/S: 8/S = 43.4%: 48.7%: 8.0%

2. In analysis of phase I enzyme, Val/Val genotype in CYP1A1 exon 7 polymorphism and C2/C2 geno-
type in CYP2E1 Pst I polymorphism were associated with relative high risks to head and neck cancers
(Odds ratio: 2.09 and 1.37, respectively).

3. Among the genotypes of NAT2 enzyme polymorphism, S/S genotype of NAT2 enzyme had 1.03 times
of relative risk to head and neck cancers. - '

4. In combined genotyping of CYP1Al, CYP2E1, and NAT2 enzymes polymorphisms, the patients with
Val/Val and C1/C1, C2/C2 and fast acetylator, and Val/Val and fast acetylator had higher relative
risks than the patients with each baseline of combined genotypes (Odds™ ratio: 2.82, 1.98 and 2.1,
respectively).

These results suggest the combined genotypes of Val/Val and C1/C1, C2/C2 and fast acetylator, and

Val/Val and fast acetylator were more susceptible to head and neck cancers in Korean. And genotyping of
metabolizing enzymes could be useful for predicting individual susceptibility to head and neck cancer.
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Table 1. Primers sequences for genotyping of xenobictic
metabolizing enzymes.

- CYPIALI exon 7 polymorphism (Hirvonen et al, 1992)
Forward: CYP1A1 A(lle)
5 -CGG AAG TGT ATC GGT GAG ACCA-3
CYP1A1 G(Val)
5 -CGG AAG TGT ATC GGT GAG ACCG-3
Backward: 5 -GTA GAC AGA TCT AGG CCT CA-3

- CYP2E1 Pst I polymorphism (Hayashi et al, 1991b)
Forward: 5 -CCA GTC GAG TCT ACA TTG TCA-3
Backward: 5 -TTC ATT CTG TCT TCT AAC TGG-3

- NAT? polyrnorphism (Hickman and Sim, 1991)
Forward: 5 -GAC ATT GAA GCA TAT TTT GAA AG-3
Backward: 5 -GAT GAA AGT ATT TGA TGT TTA GG-3'

@ CYP1A19] exon 7 Thg Ao i3t PCR #H8 2 23
=4

CYP1A19] exon 7 AL dHAA-FolFHE
(allelic specific PCR) ¥¥& o] &3t & forward
primer?] 3 -2 ¥ 9¥42 vehlie g7 Widy
zlo] 2 primerE A3t backward primerg 35
bkl el Hhe-Z FAld 4o PCR ¥ il
w2} 3 Al-S AT PCR ¥ 2722 denatura-
tione 95CA 1%, annealing® 60CAM 183 % 35
cycle ¥HSAZATH F He] PCR ¥H8 -5l ot AA
(Tle/lle), AG(Ile/Val), GG(Val/Val) 44 322
FAG. FEEA e AEY 971 271E 200bpelH
A(lle) primerZ ©| 43 F#EAL WHgol| T band7} W
e Tle/Tle f-80lx, B(Val) primer® ©)43 FE
& Wrgo] % band7t YERUE Val/Val 30,
A(lle), B(Val) 254 band7} VERIH Tle/Val fr3 0]
A (Fig. 1).

® CYP2E19] Pst I tF@A4el] tig PCR ¢ 2 Ao
A
CYP2E19] Pst I th& Al tigt PCR ¥Hg 3lojA
denaturation 95C°lA 1%, annealing 55Cel|lA 1&,

82 extensione 72CoM 182 35 cycle Al&s
ojz|gko 2 72¢dlA 108 94 ¥-3A1 A PCR ¥+& &
ol & PCR AHE 154, 1x enzyme buffer, Pst I E4:(5
unit/#) 054 % 204 & F 37CAM 187 #F
gtz 70CAA 583 7183 F 2% agarosed] A7 AE

slod | A3t Fad] 93 a9 §-54) e} CYP2E1LS
Pst I 8 S A8t A &4 #gjdol PCR 4
9] 47] A7)= 410bpel, F 719 allele Z50l AT &

i

oi

29l 914 Fe7t 9o, 290bp, 120bp 2712 band7}
YER (C2/C2 type), 3 715 912 410, 290, 120bp
9] band7} YERFH (C1/C2 type), 5 719 allele =5
Ag 'rol 914 F7} 9L ol 410bpT VERET
(C1/C1 type)(Fig. 2).

@) NAT2 B Aol tig PCR ¥ % ZHEA:

PCR 8h¢ 2712 94Told 587 denaturation,
annealing2 60TYA 18, 2811 extension® 72T
M 1EE 35 cycle Al & npx e 2 72TCA 108
7} extension ¥H8-& A|Zth. PCR 2HE& 2% agarose A
oM A7) G953t 1000bpe] AHES BR1E Fo AT &
& A9 B9 wa} 51, 82, 2212 839 slow acetyla-
tor frAAl 8-S 243

(a) S1 /&9 2%:

S1 ¥8< 1000bpel PCR 48 104E Kpn [ A3t &
4 (Boehringer Mannheim, Mannheim, Germany) 9
unit® 7PA 3 37ClA 3AIZE o8 BIE F 2%
agarose Ao A7] 3t 3] 1000bpe] PCR 4
Bo] B3" 7%, = 520bpat 480bpTt Heole= A, S1
allele”} §1+ homozygote 2 EH38l2n, £a7} 1&gl
°] 1000bp¥* Bole Z$E S1 allele®] homozygoteZ,
1000bps}t 520bp, 480bp7t Eel A$+= S1 alleled]
heterozygote 2 33t} (Fig. 3A).

(b) S2 frE9 2%

S2 FEL (a)lM 9l v371A 2 PCR AHES Tag [ Al
& & 2 (Boehringer Mannheim, Mannheim, Germany)
2 A7) %39, 400bpe] band€t 400bpe] w3 27
9l 230bp¥} 170bpe 7ol w2} 529 /&S 2A s
th %, 400bpe} band%t $12W S2 homozygoteZ,
230bp= 170bp9 band® o™ S27} $l& homozy-
gote2 EF3tATH (Fig. 3B).

(c) 83 34 2%4:

839 Fd& (a), (b)ollA s}7HAI2 PCR &2
BamH I A)&-& 4 (Boehringer Mannheim, Mannheim,
Germany) 11 unitZ 72 37ColA 3A|zko]4d §-kst
% A7 9 A4 1000bp% Rol® S3 alleles]
homozygoteE, 150bp# 850bpT+ HolH S3 allele?} §
£ homozygoteZ £73t5th
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Fig. 1. Genotyping of the CYP1A1 gene in Val/lle polymorphism. Predominant homozygotes for isoleucine
(lle/lle): Case 2, 3, 5, heterozygotes for lle/Val polymorphism (lle/Val): Case 1, rare homozygote for valine

(Val/Val): Case 4.
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Fig. 2. Genotyping of the CYP2E1 gene in Pst | polymorphism. Homozygotes with (-) restriction site of Pst |
enzyme (C1/C1): Case 3, 4, 5, 8, 10, heterozygotes for Pst | polymorphism (C1/C2): Case 1. 2, 7. 9, 11,
rare homozygotes with (+) restriction site of Pst | (C2/C2): Case 86,

=
(oW

tor #32t #8 S/SZ, F allele F $I& A% rapi
acetylator 32 8 F/F&, & Aol e 2
intermediate A £3 S/FE &) ®£3 S/F
F/F #7342 #8 & rapid acetylator ¥838 4302
Fatal, /S F4AF 482 slow acetylator T8E 43
E /At (Fig. 3C).
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Fig.3. Genotyping of the NATZ2 gene.
A Determination of S1 allele with Kpn | digestion
S1X:Case 1,7, 11, XX: Case 2,3,4,5,6,8 9,10
B: Determination of S2 allele with Taq | digestion
S§252: Case 8, 52X Case 2,4, 10, 11, XX:Case 1,3, 5,6, 7, 9
C: Determination of S3 allele with Bam Hl :
S3X: Case 3, 6,8, 10, XX: Case 1,2, 4,5,7,9, 11
(X: undetermined allele)
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1. d&QlolM CYPTAT, CYP2ET, NAT2 ChAt 45

olcidd 7Y BX

11399 A4 d=2lo) X CYP1AL exon 7 (Val/Ile) ©

A4 EE = Nle/lle, 1le/Val, Val/Val §8o| Z7}
59.3%, 36.3%. 28l1 4.4%$h. CYP2EL Pst 1 thd
Ao daidE C1/C1, C1/C2, C2/C2 &80 7‘%‘
61.1%, 32.1%, 2811 6.2% AT}, Phase IT AFEAS
NAT2 &4 v04 TX& F/F, F/S, S/S #3o| 44
43.4%, 48.7% 2 8.0% AT} (Table 2).

13299 FAYY $xjo A CYP1AL exon 7 (Val/Ile)
o 3ttt 78 B Tle/lle, Tle/Val, Val/Val %iﬂ
ol Z}7} 58.3%, 42.6%, 9.1%% A7 vlwgS uj
Val/VaI FHo] 28] A= F2 HIEE Hgo fﬂml

BAEAE f94 (P=0.583)L It lle/lle S8l ol
6& FhE AE=E Nle/Val, Val/Val §8¢] 224 0.91 2
2.0940¢] Fha YA =S Byt CYP2E] Pst 19 o
49 ¥ C1/CL, C1/C2, C2/C2 w30 22t 59.8%.
31.8%. 8.3%% C2/C2 3ol A3l g A z&

Table 2. Frequencies of CYP1A1, CYP2E1. and NAT2 enzymes genetic polymorphisms in head and neck cancers

Genotypes

No. (%) Total(%) P value
CYP1AL polymorphism Tie/Tle Tle/Val Val/Val
(exon 7)
Healthy control 67(59.3) 41(36.3) 5(44) - 113(100)
Cancer patients 77(58.3) 43(32.6) 12(9.1) 132(100) 0.583
OR 1 0.91 2.09
Cl 0.53~1.56 0.70~6.23
CYP2E1 polymorphism c1/c1 c1/c2 C2/C2
Healthy control 69(61.1) 37(32.7) 7(6.2) 113(100)
Cancer patients 79(59.8) 42(31.8) 11(8.3) 132(100) 0.529
OR 1 0.99 1.37
CI 0.57~1.71 0.50~3.73
NAT2 polymorphism F/F F/S 3/8 0.987
Healthy control 49(43.4) 55(48.7) 9(8.0) 113(200)
Cancer patients 58(43.9) 63(47.7) 11(8.3) 132(100}
OR 1 0.97 1.03
CI 0.57~1.74 0.40~2.70

OR: Odds ratio; CI: 95% confidence interval

Table 3. Combined CYP2E1 and CYP1A1 enzymes genetic
polymorphisms in head and neck cancer.

Table 4. Combined CYP2E1 and NAT2 enzymes genetic
polymorphisms in head and neck cancer.

Enzymes Genotypes Enzymes Genotypes
CYP2E1 C1/c1 c1/c2 C2/C2 CYP2E1 C1/c1 C1/C2 Cc2/C2
CYP1Al N \ N \ N Vv NAT2 F S F S F S

healthy control 66 3 35 2 11 0

cancer patient 70 9 39 3 11 0

OR I 28 105 141 094 -
0.73~ 059~ 022~ 0.38~

Cl . 1090 185 873 232

healthy control 64 5 35 2 5 2
cancer patient 71 8 39 3 11 0
OR 1 144 100 135 1.98 -

or 044~ 059~ 021~ 065~
463 177 835 601

N: Non-Val/Val V: Val/Val
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Table 5. Combined CYP1A1 and NAT? enzymes genetic
polymorphisms in head and neck cancer,

Enzymes Genotypes
CYP1Al Tle/lle Ile/Val Val/Val
NAT2 F S F S F S

healthy control 63 4 36 5 5 0
cancer patient 60 7 41 2 10 2
OR 1 18 120 042 21 -

051~ 0.67~ 007~ 068~

ci 659 211 225 650

F: Fast acetylator  S: Slow acetylator

NEE Bgoy SA fade gl C1/C1 #38
of g dhd A¥=E C1/02 2 C2/C2 F¥eo] #7
0.99 % 1.37809] ha AEEE B0} Phase I oA
JAQ NAT2 84 #% £X= F/F, F/S, S/S 784 &
X7} 27 43.9%, 47.7% 2 8.3%2 BAAH Hl&@ &

€ der F/F 3 dig 4dd 8= F/S,
/8 3°] 2474 0.97 2 1.03°| gt

3. Phase | CHAlE 2 (CYP1A1 2 CYP2E1) ¥ Phase
Il ciAlEL (NAT2) £ REX 7Y Zgol iE Ay
A™T HIt

CYP1AL, CYP2E1 % NAT2 f3A #8 2F &
8 2% £2 € 33 JEEE A454 CYPLAL
exon 7 ©&842 CYP2E1 Pst [ th8Ad &3t 34 2
o EXoA Tle/lle B C1/C1 %8 2%l d&A
Val/Val 2 C1/C1 #% 2%}, Val/Val 2 C1/C1 #8 =
e 7zt 2.82 % 1414 AdH AEEE B4
(Table 3). CYP2E1%} NAT2 t}g Ao &g f42 £¥
A& C1/C1 2 fast acetylator f-3 e ciisf C2/C2 ¥
fast acetylator +382 C1/C1 2 slow acetylator 3]
zbzb 1.98W 3 1.44W¢] Hdid JEEE Ygdo
(Table 4). CYP1A13} NAT2 tt& Aol 23t §4A ¥
oA+ Tle/lle 2 fast acetylator F& ol hal A Val/Val
2 fast acetylator®t lle/lle % slow acetylator &38¢] 2}
Zh 218 2 1.83w9] A AR =E BT} (Table 5).
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e A7 SHEA T oy,

HEHoE QYL 3 wetdhy At didel &
A& polycyclic aromatic hydrocarbons{PAH)$} aro-
matic aminese|Htt. o) BHEL BF Fd) o8] A

© 2ERA Y AE I 2 AR A 2 3
F719 (T, 5% 59 2 99 IAE # S
At ol & tAld B HFAQ Fh2E
cytochrome P450 WA} B44) (CYPs), 282 GSTM1

3 NAT29 Z& SEfA} EAE ¢glor, o5 g9

A G¥AdlA 719" 2 (expression) 9] Aol ot
2} Aol glo} AHQIZtY] fRE Al Aolr} e

€ Ao2 B8R 2 9t CYPse phase I FETiAF &
224 oY #3EF 59 #¢Y (pro-carcinogen)
@45 Bojstn glon, FRY AY, TP o
CYPs EaAe] b3 22 #A7L e Aoz Bay
%i q15‘21-23) i

CYPIA<E aryl hydrocarbon hydroxylase?] #4x9}
o7 e CYPs E42Ale) EHQY AALE2HM, PCR-
RFLP #iel ofs) 5 2o g4 F471 ¢4 Ut &
Msp [ AgH &4 T4} exon 79 Val/lle T84 F¢o]
of, AE3t) Y /3 Nz Aolrt glFe] Euy
Atk Exon 7 /A2 £33 7 4=/ AY 2 §3
Val/Val 1822 dEJAM = 4.0%019, #AZFAA 0-
1%9] MIEE Ho|x rjnsa ¥ i st 3
590 A Val/Vald] 3 B2 44%2 4E09)
¢ v &siglch. CYP1ALY) Val/Val 32 953 ¢
A%, F5E, s FolA 2~4u9] AdA A3
ol glom, ol Hdid AAx A= AFIH Ao
7} Sle ZeR BRoER rp™e Z AFelr =l
FARGA Val/Val 8t tigt 4uiid d3dxs 2.09
ol 2 Vbt

CYP2E1 WAl &4 methanold] 98] 43} %
& cytochrome P450A19] 8424, 1009 €< o §
Thkd SEtEA S tAARIL o5 Folle W EEE
2214 Q)& benzene, dimethylnitrosamine, vinyl chlo-
ride 5°] itk A F7A CYP2EL tE Aol diajA ] &
AolM L&A Ut & 5 ~flank 99 Rsa I/Pst [ A&
B9(C1/C2), intron 59 Psa I A& £, intron 69
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Dra I A% &4 %9 9 intron 79| Taq I A3 22 54
Solth. °]& % Rsa I/Pst [ A& &4 2971 CYP2EL
2 259 91 Aol o CYP2E] thEA s
et tigt AN A Are o GEelA AFER
=t FATHCZ fFodt AdE AARE Holx A&
Grjusan LA CYP2EL thdAd] g A
Me C2/C2 f30°] 1~1.58¢ Ay YIS Hole
A2 HuHJoa® B AJqME C2/C2 FHo)
1.3740e] AiA Ad=S Bglor ofd dafe o|He]
T A7) vlgt o2 Az

Phase II thAF 49 NAT2 E4E o8 45 2 38
A, &3] WAl benzidine™ aromatic amine A1¥ 3}
&A1Y acetylation A Boddhs 42N FA x| o}
2} slow 2 rapid acetylatorg2 FHEECH E3F FZd=
AR ESA 719 4d t8o] PCR-RFLP ¥l
oJslo] NAT2 49 g7] Wige] ZHHAH F43 #
o]t o) 81, S2, 339 F1 #4x fEeg ¢
ol 7FssiA. ofelg A #8 2 598 482 2
Z 9 AYzko) Alolrt e ALE BnH D gir} Wl
A slow acetylator #8°] 52%, $3U3 EAL 1
Jo 23 ool E 14%S Holn, EQdME 35%
2 AT ofAlolele] £7H ¥ E Yehn gloy, &=
Aol A= 8% 2wl 22 HITE Yehf 1 glrj@ed,

NAT29 tt8Ae] §3 #2432 S/S 738 ¢ slow
acetylator 9% 3] B} aromatic amine® &
H 4F 53] e wAd 2o QA w314 A
# Aol 1ol Budgm itk AYA 02 aromatic
amine®] &%= QA slow acetylator E8E 73
o] Uehd Jdde] tfal, aromatic amined =&g Apctd
o 24 wggtel S AW F e rteAlol AAlE
Saq_ﬂ,lsﬁz).

FFUA NAT2 288 78 2 534 3 o3Adst
AAA FAA el A A7t o B )
th. Gonzalez §'-2 W9lolA slow acetylator £8E &
ol 2uj9] & AUF YFEE HolE oy Hudln
A2w, Morita 5 LELINA NAT2 th3d Az} F59
of Wt ATt AL frelAdel 9len, slow acety-
lator 3] rapid acetylator S8 Xt} 2.78) & At
2 APEE Hole AeZ Bustn itk B dFdME
=9l TN slow acetylator EHE #3L w98t
A AF=E Holm A gor o2 Alo]y L 9=
el NAT2 TF3de tit 89 X ajolo} 44} &3
T2 X A g4 Aoz A £ ot

NAT2 H49 Ut A ze] dBAYE Husle 7]He
B2 F 7R AN ded 4 2 A4 wrgold o
ojvks B4 g0z Mz utd o] AAEHD 9

380

ot 4L Ae@Ad F45 o] phase 1 thAte} phase
II At A Hdste a9 G438t s E=r} 5
=y, o] At AXF phase [[HA} 490 NAT2 &
&7} phase I At B4Z A31E 2ot BF S 8153} A
71t} 2322 NAT29 slow acetylator F3¢] &d71A
& oo AR o] £ Aoz Aio] spesty, Wl
A slow acetylator FrEelA Add 4F=r} £ Ao
old 71deoz dud £ ot FHARE NAT2 Ehe
& FHAM dojue whgd tig 71H ez NAT29
fast acetylator f8 Aol Uthe A+ A Mol
7V 7|Ae)71% st Slow acetylator 8B} fast
acetylator &M 4 249 JAARAN 72 &
7, @8l Foll Bo| FiHo e A2 4A ary-
lamine< ©] E&2 0 & acetylation*|ZIt}. Arylamine
acetylatorell ©J3] hydroxyl amine®]t} acetoxy ester &
o2 dlatEr o] 3 B8 electrophilic intermediate
E4 DNA® Z3ste 54 #olE fusly oj3g 24
Holgo] 54 & faAY o A fAA AN BAEE
Yot Wt 7|HE E3eHA HOB¥ B dFoAe
Table 4, 5914 1€ AAH fast acetylatore} C2/C2
¥ 283 fast acetylator®} Val/Vale] ztzt ok 2uje)
AdE 9EEg 2 Aoz eyt o A 32
oM AHH 02 TARY 45 Ao 2ot Eo] =
250} dojits FawkgolA NAT2 47t A% @
& Aol B A2 YZET T3 wdte] Yo &
#o ztole} F=x2lolA slow acetylator &S] of$ @&
W% Fo] slow acetylator 3 BUhe rapid acetylator
7t @29 SARGSE $An Ao g Aeg A7d
.

oF 2 U F 2R Z29 49EA L phase I dAMEA
(CYPs)% phase 11 thALE A (NAT, GST)Y 45 9
& AAUAA BT AR o]EH 02 o33 T 1
Al 520 A 23 8E 23 o FRF 32
T4 2L 9% FET Aloinf, & oo glof AdH 9
vt 58 AL A4S £ e 328 ARE AT
T US Aoz AZAPSN AF7A] FHEGAE
phase I # phase II Al &4 A& Ao AR &
9 23 o A Yz g d7e Eudol 8l
A %t Table 3, 4, 5944 F5% #2194 phase I
(CYP1AL, CYP2E1) ¥ phase I (NAT2) thA} &49]
934 f8 2 A8 A7 e BAegd F
8 AAEAME A Val/Valst C1/C1 2F] Non-
Val/Val#t C1/C1 2| vla] 2.82v1e] &2 Az 9
F=E Jehd Zolnt. o3 Ane §29 TFY 32
oA Val/Val 2 C1/Cl #3°] 713 18 $42 §3
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olgte A& AAGE Aeltt. EAZE fast acetylatoret
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Eolgt AR #8 T oju Ay uie} 2o
NATZ 48 B¥7} Q&7 E3] MY JFA Ao
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V.2 E

® 9704 PCR-RFLP %< o83l 34 834
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8.0
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Bg

ojte]l AMEL F§s =¥ Val/Vald C1/C1,
C2/C2¢} fast acetylator, Val/Val# fast acetylator +
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FAo] B2 o2 AztE

10.

11.

12.

13.

4.

15.

16.

ik

)

Mo
ra

. Hulka BS: Epidemiclogical studies using biological mark-

ers’ Issues for epidemiologists. Cancer Epidemiol
Biomarkers Prev 1: 13-19, 1991.

. Perera FP: Environment and Cancer: Who are suscepti-

ble? Science 278: 1068-1073, 1997.

. Perera FP, Mooney LA: The role of molecular epidemiology

in cancer prevention. In DeVita VT, Hellman 8,
Rosenberg SAleds): "Cancer Prevention.” Philadelphia:
J.B. Lippincott, 1-15, 1993.

. Alexandrie A-K, Sundberg MI, Seidegard J. Tornling G,

Rannug A: Genetic susceptibility to lung cancer with spe-
cial emphasis on CYP1Al and GSTM1: a study on host

- factors in relation to age at onset, gender and histological

cancer types. Carcinogenesis 15: 1785-1790, 1994.

. Hayashi S-I, Watanabe J, Nakachi K. Kawajiri K: Genetic

linkage of lung cancer-associated Mspl polymorphisms
with amino acid replacement in the heme binding region of
the human cytochrome P450IA1 gene. J Biochem 110:
407-411, 1991(a).

. Nakachi K. Imai K, Hayashi S-I, Watanabe J, Kawajiri K:

Genetic susceptibility to squamous cell carcinoma of the
lung in relation to cigarette smoking dose. Cancer Res 51:
5177-5180. 1991.

. Nakachi K, Imai K. Hayashi S, Kawajiri K: Polymor-

phisms of the CYP1Al and glutathione S-transferase
genes associated with susceptibility to lung cancer in rela-
tion to cigarette dose in a Japanese population. Cancer
Res 53: 2994-2999, 1993.

. Nebert DW: Role of genetics and drug metabolism in

human cancer risk. Mut. Res. 247: 267-281, 1991.

. Board PJ: Biochemical genetics of glutathione S-trans-

ferase in man. Am J Hum Genet 33: 36-43, 1981.
Hayashi S, Watanabe J. Kawajiri K: Genetic polymor-
phisms in the 5 -flanking region change transcriptional
regulation of the human cytochrome P450IIEl gene. J
Biochern 100: 559-564. 1991(b).

Kawajiri K. Nakachi K. Imai K, Yoshii A, shinoda N.
Watanabe J: Identification of geneticaily high risk individ-
uals to lung cancer by DNA polymorphisms of the
cytochrome P450IA1 gene. FEBS Lett 263: 131-133,
1990.

Kellermann G, Shaw CR, Luyten-Kellermann M: Aryl
hydrocarbon hydroxylase inducibility and bronchogenic
carcinoma. New Engl J Med 298: 934-937, 1973.

Kuori RE, McKinney CE, Slomiany DJ, Snodgrass DR,
Wary NP, McLemore TL: Positive correlation between
high aryl hydrocarbon hydroxylase activity and primary
lung cancer as analysed in cryopreserved lymphocytes.
Cancer Res 42: 5030-5037, 1982.

Gonzalez MV. Alvarez V., Pello MF, Men ndez MJ. Su rez
C, Coto E: Genetic polymorphism of N-acetyltransferase-
2. glutathione S-transferase-M1, and cytochromes
PA50ITE] and P4501ID6 in the susceptibility to head and
neck cancer. J Clin Pathol 51: 294-298, 1998.

Morita S, Yano M, Tsujinaka T, Akiyama Y, Taniguchi M.
Kaneko K, Miki H, Fujii T. Yoshino K, Kusuoka H,
Monden M: Genetic polymorphisms of drug-metabolizing
enzymes and susceptibility to head-and-neck squamous-
cell carcinoma. Int J Cancer 80: 685-688, 1999.

Park JY, Muscat JE, Ren Q, Schantz SP, Harwick RD.
Stern JC, Pike V, Richie JP Jr, Lazarus P: CYP1Al and
GSTM1 polymorphisms and oral cancer risk. Cancer

381



CistofotH S RIA 2/ 2818 X]: Vol. 22, No. 4, 2000

Epidemiol Biomarkers Prev 6: 791-797, 1997.

17. Rannug A, Alexandrie A-K, Persson I, Ingelman-Sundberg
M: Genetic polymorphism of cytochromes P450 1A1, 2D6
and 2E1: Regulation and toxicological significance. JOEM
37: 25-36, 1995.

18. Raunio H, Husgafvel-Pursiainen K, Snttila S, Hietanen E,
Hirvonen A, Pelkonen O: Diagnosis of polymorphisms in
carcinogen-activating and inactivating enzymes and cancer

“susceptibility—a review. Gene 159: 113-121, 1995,

19. Perera FP: Molecular cancer epidemiology: A new tool in
cancer prevention. J Natl Cancer Inst 78: 887-898, 1987.

20. Schulte PA, Perera FP: Molecular epidemiology: Principles
and Practices. New York: Academic Press. 1993.

21. Gonzalez FJ: The molecular biology of the cytochrome
P450s, Pharmacol Rev 40: 243-288, 1989.

22. ldle JR: Is environmental carcinogenesis is modulated by
host polymorphism? Mutation Res 247: 259-266, 1991,

23. Seideg rd J, Pero RW, Markowitz MM, Roush G, Miller
DG, Beattie EJ: Isoenzyme(s) of glutathione transferase
{class Mu) as a marker for the susceptibility to lung can-
cer: a follow up study. Carcinogenesis 11: 33-36, 1990.

24. Tefra T. Ryberg, Haugen A, Nebert DW. Skaug V. Br gger -

A, B rresen A-L: Human CYPI1A1l (cytochrome P1450)
gene: lack of association between the Mspl restriction
fragment length polymorphism and incidence of lung can-
cer in a Norwegian population. Pharmacogenetics 1: 20~
25, 1991. '

25. Farker K. Lehmann MH, Kastner R, Hoffmann A,
Janitzky V, Schubert J, Matz U, Hofmann W: CYP2E1
genotyping in renal cell/urothelial cancer patients in com-
parison with control populations. Int J Clin Pharmacol
Ther 36: 463-468. 1998.

26. Morita S, Yano M, Shiozaki H, Tsujinaka T, Ebisui C.
Morimoto T, Kishibuti M, Fujita J, Ogawa A, Taniguchi
M, Inoue M: CYP1Al, CYP2El and GSTMI1 polymor-
phisms are not associated with susceptibility to squamous-
cell carcinoma of the esophagus. Int J Cancer 71: 192-
197, 1997.

27. Lucas D. Menez C, Floch F, Gourlaouen Y, Sparfel O,
Joannet I, Bodenez P, Jezequel J, Gouerou H, Berthou F,
Bardou LG, Menez JF: Cytochromes P4502E1 and
P4501A1 genotypes and susceptibility to cirrhosis or upper
aerodigestive tract cancer in alcoholic Caucasians. Alcohol
Clin Exp Res 20: 1033-1037, 1996

28. Matthias C, Bockmuhl U, Jahnke V, Jones PW, Hayes

A e ek

SHENE 133-791

MNEEHA BT BEE 179
ok gtg B9 A3

o 4

1 42 20004 48 239
AM &HA 20004 6% 02

382

29.

30.

31.

32.

33.

34.

35.

36.

37.

JD, Alldersea J, Gilford J, Bailey L, Bath J, Worrall SF,
Hand P. Fryer AA, Strange RC: Polymorphism in
cytochrome P450 CYP2D6, CYP1Al, CYP2E! and glu-
tathione S-transferase, GSTM1, GSTM3. GSTT1 and sus-
ceptibility to tobacco-related cancers: studies in upper
aerodigestive tract cancers. Pharmacogenetics 8: 91-100,

1998.

Deguchi T, Mashimo M, Suzuki T: Correlation between
acetylator phenotypes and genotypes of polymorphic ary-
lamine N-acetyltransferase in human liver. J Biol Chem
265: 12757, 1990.

Hickman D. Sim E: N-acetyltransferase polymorphism
comparison of phenotype and genotype in humans.
Biochem Pharmacol 42: 1007, 1991.

Yu MC, Skipper PL, Taghizad® K, Tannenbaum SR,
Chan KK. Henderson BE, Ross RK : Acetylator pheno-
type. aminobiphenyl-hemoglobin adduct levels. and blad-
der cancer risk in white, black, and Asian men in Los
Angeles, California. J Natl Cancer Inst 86: 712, 1994.
Cartwright RA, Glashan RW, Rogers HJ, Ahmad RA,
Barham-Hall D, Higgins E: Role of N-acetyltransferase
phenotypes in bladder carcinogenesis: A pharmacogenetic
epidemiological approach to bladder cancer. Lancet 2: 842-
845, 1982.

Grant DM: Molecular genetics of the N-acetyltransferases.
Pharmacogenetics 3: 45-50, 1993.

Hein DW, Rustan TD, Grant DM: Human liver polymor-
phic (NAT2) and monomorphic (NAT1) N-acetyltrans-
ferase isozymes catalyze metabolic activation of N-hydrox-
yarylamine and N-hydroxy-N-acetyl-arylamine proximate
carcinogens. FASEB J 6: A1274, 1992.

Kawajiri K. Watanabé J, Eguchi H, Hayashi S: Genetic
polymorphisms of drug-metabolizing enzymes and lung
cancer susceptibility. Pharmacogenetics 5 Spec No: S70-
S73, 1995.

Mooney LA, Perera FP: Application of molecular epidemi-
ology to lung cancer chemoprevention. J Cellular Biochem
253: 63-68, 1996.

Hirvonen A, Husgafvel-Pursiainen K, Karjalainen A,
Anttila S. Vainio H: Point-mutational Mspl and Ile-Val
Polymorphisms closely linked in the CYP1A1 gene: Lack
of association with susceptibility to lung cancer in Finnis
study population. Cancer Epidemiology, Biomarkers &
Prevention. 1: 485-489, 1992.

Reprint requests

Young-Soo Lee

Dept. of of Dentistry, Hanyang University Hospital

#17 Haengdang-Dong, Seongdong-Ku, Seoul. 133-791, Korea
Tel. 82-2-2290-8671, 8675 Fax. 82-2-2290-8678

Paper received 23 april 2000
Paper accepted 02 june 2000



