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1. DNADOHH

B B & 50 IR ERALRE, RIS O AL R
AR, BEHIZEKE L. #0%, DNA Extraction Kit
(Stratagene, Cloning Systems, La Jolla, USA) DR{EEIZHE -
TDNAZ i L7z,

2. PCRi%E

#1112, BEOREGTFLROBRE L p5S3RIETEHIIOWRED
LR LZPCRT T 4 v —DE#RT|, PCREHHKEX
BE-EIZLTRLE. 94— ORI EERE &) 12
FE L7 F212, PCREEOESLRE LT 17 VemRL
7.

3. BMEORGTEHORE

1) CYPIAL

Hayashi & 90 FikE % VT CYPIAL R T B ARz L /-,
[J— Rt L CHaBIER M7 7 4 v — CYPIAL A Va4 L >
(isoleucine, Ile) //31) ¥ (valine, Val) -F & eS8 507
5 47— (CYPIAIlleR), CYPIAIlle/Val-F & Val§EHy:J5

Table 1. Oligonucleotide primers used for the analyses of the CYPIAI, CYP2EI, GSTM1, NAT2 and p53 genes

Gene Primer sequence

Product size (bp)  Refarence

CYPIAI
CYPIAI-lle/Val-F
CYPIAI-Tle-R
CYPiAI-Val-R

5'-GAACTGCCACTTCAGCTGTCT-3' 185 16)
5'-AAGACCTCCCAGCGGGCAAT-3'
5'-AAGACCTCCCAGCGGGCAAC-3'

CYP2EI
Forward 5'-CCAGTCGAGTCTACATTGTCAG-3' 413 17)
Reverse 5-TTCATTCTGTCTTCTAACTGG-3'
GSTM !
Forward 5'-GAACTCCCTGAAAAGCTAAAGC-3' 215 18)
Reverse 5'-GTTGGGCTCAAATATACGGTGG-3'
B -globin
Forward 5'-CAACTTCATCCACGTTCACC-3' 268 18)
Reverse 5'-GAAGAGCCAAGGACAGGTAC-3'
NAT2
Forward 5-TGACGGCAGGAATTACATTGTC-3' 559 18)
Reverse 5-ACACAAGGGTTTATTTTGTTCC-3'
pS3
Exon5/6 forward 5-TCTGTCTCCTTCCTCTTCCTACAG-3' 426 20)
Exon5/6 reverse 5-AGAGACCCCAGTTGCAAACCAGAC-3'
Exon7 forward-1 5-TCTTGGGCCTGTGTTATCTCCTAG-3' 229 20)
Exon7 reverse-1 5" TGGAAGAAATCGGTAAGAGGTGGG-3'
Exon7 forward-2 5-CTTGCCACAGGTCTCCCCAA-3' 259
Exon7 reverse-2 5-GAAATCGGTAAGAGGTGGGC-3'
Exon8/9 forward 5'-GACAGGTAGGACCTGATTTCCTTA-3' 413 20)
Exon8/9 reverse 5-GAGTGTTAGACTGGAAACTTTCCA-3'
Exon5 forward 5-GTTTCTTTGCTGCCGTGTTCCA-3' 339
ExonS5 reverse 5'-ATCAGTGAGGAATCAGAGGCCT-3'
 Exon6 forward 5-GCTGCTCAGATAGCGATGGTGA-3' 268
Exon6 reverse 5'-GCCACTGACAACCACCCTTAAC-3
Exon8 forward 5'-GGACCTGATTTCCTTACTGCCTC-3' 240
Exon8 reverse 5'-AGGCATAACTGCACCCTTGGTCT-3'
Exon9 forward\ 5'-AGACCAAGGGTGCAGTTATGCCT-3' 238

Exon9 reverse

5'-GGCAAATGCCCCAATTGCAGGTA-3'
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Table 2. Conditions for PCR

[Temperature ("C)/duration (sec)]

Gene Denaturation Annealing Extension  Cycle

CYPIAL 94/60 72/60 72/30 25

CYP2El 95/60 55/60 72/60 30

GSTM1 94/60 55/60 72/60 40

NAT?2 94/50 55/50 65/50 40

53 94/35 60/60 72/60 30

Sequening 96/30 50/15 60/240 25
M A B C

1 2 1 2 1 2
Fig. 1. Representative electrophoresis patterns of PCR
products to identify CYP1A1 lle-Val polymorphisms. A, lle/Ile
homozygote; B, Ile/Val heterozygote; C, Val/Val homozygote.
PCR was performed with primers CYP1Al-Ile/Val F and
CYP1Al-Ile-R in lane 1, and CYP1Al-lle/Val F and CYP1Al-

Val-R in lane 2. Lane M, DNA size marker (¢ X174DNA
digested with Hae III).

~61 bp

Fig. 2. Representative electrophoresis patterns of PCR-
restriction fragment length polymorphism to identify CYP2E1
Rsa I polymorphisms. Lanes A, B and C indicate c1/cl
homozygote, c1/c2 heterozygote and c2/c2 homozygote,
respectively. Lane M, DNA size marker ( 4 X174DNA digested
with Hae III).
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i7" 4 <=— (CYPIAIValR) D2MDA ) TX 2 LA F K75
{2 — % F\T CYPIAL BET- 2 BB L 7=, PCREUEAZIL, 4l
WL AEDNAD ) 505 p g2 —HORIGOHE & L TH
Wiz, BUBHE GO ul) iE, 05 MOT 74 ~<—1#, 0.2mM
DEFAFF L) RX 7 Lt F (AATP, dCTP, dGTP, dTTP),
20HAL D Taq R ) 2T —+ (Amplitaq ; Perkin-Elmer Cetus,
Norwalk, USA) , 10mM ® Tris-HCl (pH8.3), 50mM KCI,
0.01% (w/v) €75, 1.omM MgCh & L, H—<L¥ 1275
— (Perkin-Elmer Cetus) % AW TPCRIIEZ T 272, 9 p 10
PCREM%, RILZF VY L2 &EG2%DT AT —-ATVIZE
BE100V T TRAKE L, SIRIBET CPCREEY % T4 1L
L7:. CYPIAINle-R% 774 <—& LTHW/IPCRRILT185
bp DREM DAL, CYPIAIValR % i\ 7L IZIX PCRIEY
U W, BARR RE T B HEA R (e/lle ) R4
HrHwESNAE, CYPIAIValRZ2 774 v —¢t LTHWAEK
JEHEIZ PCREEWHH L, CYPIAI-le-R % F V72 BULHEIZIE PCR
M & A LW ERE, ZREEEF R ERA M (Val/Val
Y REEELHEENS, CYPIAIeR, CYPIAIValR% 75
4 w—& LTV SIBROMZIZ PCREWH A4 U 2 Bk,
AT OEAER (le/Valll) REZH L HE SN D (K1),

2) CYP2E1

Hayashi & "0 J7 % IV T CYP2EL BAZ T M % i L7,
PCRIZISTE DML T T 4 = — DI Id CYPIAL L[t & L
7z. PCREAT- IR L, 2%0DT AU — A5 VTER
kB L, 413 bp D CYP2EIB{ZTPCREWEZ VT FNLT I/ L
F v (diethylaminoethyl, DEAE) [ (Schleicher&Schuell,
Dassel, Germany) THIXL 7. Z®PCREY 400ng % 10 H AL
DRsal Afa D) (EiliE) T37C SEEEHELORZ, BRIEZFIY
LEELASYTHO—AL N B%DT HO— R & LE%D
Nusieve GTG 7 #' 10 — R) (FMC Bioproducts, Rockland, USA)
CTERKKE L7z, B4R RIEF I3 B0 (5512 Rsa 1Y)
WiEsAr % B, BERETMET I Rsa TEIBTEBAIZ 2 v,
L7:A">T, 352 bp & 61 bpD2ARDDNANY FAFERDLND
AR T B A= B S AR TR B AR (cl/c1BY) RAH, 413 bp
£ 352 bp & 61 bpD3ED N> NHED & 1L RIE AT 0
B (c1/c2) 1REE, 413 bp DXy ROAH D 65N B KL
LERBIBRET AR EREAE (c2/c2) LHESN D (M2).

3) GSTM1 B IRT DHth

GSTMIEfZT OWHHIZ0da s PO Jiikiz Lizh o7z, 2#0
FVITRXZLAF FTIA47—%NTCGSTMI & 3-globin%
FEZHIE L 72, 9 IO PCREW % 2% DT #H — A7V THE
kB L, 3-globin EIET (268 bp) AR S NAEIZBWT,
GSTM1B{ZE+H % D 215 bp O PCREM AT & L 7841
GSTM1B(ZTFRAEE, RDONLh - WKL GSTMI#IE T
rEHEEHES NS (M3) .

4) NAT2 i8R TR O

Oda b PO FHEE AWV T NAT2MEF R & #ag L7z, PCRIX
FBiid, fhE L7z gemfkDNAD S 5 1.0 4 g & — RO RIEOH
WELTHWZ, 100 IOPCREY 224D T Ha— A7 VT
ERKBIL, 559 bp» PCREW % DEAEECHIX L. 2O
PCREY 400ng % £  IZ 10 H. fiL ® BamH 1 (Boehringer
Mannheim, Mannheim, Germany) & Asp 718 (Roche
Molecular Biochemicals, Mannheim, Germany) T37TC 3 e ]
L L 7278, 10 HAL0 Tag 1 (Boehringer Mannheim) % NZ,
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Fig.3. Representative electrophoresis patterns of PCR
products for GSTM1 in cancer patients. A positive case is
shown in lane 1 (adjacent normal mucosa) and lane 2 (cancer
tissue); a negative case is shown in lane 3 (adjacent normal
mucosa) and lane 4 (cancer tissue). The j3-globin gene was
simultaneously amplified to verify sufficient extraction of DNA
from tissue samples. Lane M, DNA size marker (¢ X174DNA
digested with Hae III).
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L E¥EY— T2 AL X B ps3 B TR O YE

2‘52@&{‘1‘—[‘ IZPCRFEEFT» Tpb3 DLy vV >59%
BIRL, 2907 Ha— A4V CEAKEOR, DEAEK TR
L7, Thagfle LT, ¥4 - 934 —=F— -7
V=4 iy - &y b (Perkin-Elmer Corporation, Norwalk,
USA) # W A - ¥ — 37— =2 TRIBETT» 72 (82).
4T 1212 ABI PRISM 377 DNA ¥ — 4 »# (Perkin-Elmer
Corporation) # M\ 7z, & ToOHBMAMMMRORELADNAE
HRE L I|H’}ﬂ‘j}: iy r&wﬁ T A =R T )2 5
Lﬁéj{:ﬁaﬁu desg L7, ERALGIC BT ps3 MR- R ZE AR I
fﬁ‘-’“&EbﬂéFM'E W, RG-S 2 I S AL R o B ik
DNA @ p53 & 7B & T, B AL sk D3R AR & ik
L, *?ﬂe@ﬁﬂﬂfa’d&nzl,t.
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Fig. 4. Restriction enzyme sites of PCR products for four types
of NAT?2 alleles. Numbering is cited from [18]. Hatched boxes
indicate the specific fragments for alleles 2, 3, and 4, which are
generated by restriction enzyme digestion.

Combination of alleles
M 171 1/2 1/3 1/4 2/2 2/3 2/4 3/3

281 bp for allele 3
| 226 bpfor allele 4
| ~141 bpfor allele 2
|~ 99bp

Fig. 5. Electrophoresis patterns of NAT2 genotypes identified
by PCR-restriction fragment length polymorphism in this
study. A homozygous combination of allele 2 can be
differentiated from a heterozygous combination of alleles 1
and 2 by the absence of a 99-bp band generated with Taq [ and
BamH 1. Lane M, DNA size marker (¢ X174DNA digested
with Hae III).
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Table 3. Summary of clinical findings in controls and patients

Factor Control (%) Patient (%)
Gender
Male 120/177 (67.8) 97/146 (66.4)
Female 57/177 (32.2) 49/146 (33.6)
Age
X+SD 66.6+15.8* 623+ 11.2%
Range 20-93* 30-84*
Lauren's type
Intestinal 67/146 (45.9)
Diffuse 79/146 (54.1)
Smoking status
Smoker 52/145 (35.9) 60/145 (41.4)
Non-smoker 93/145 (64.1) 85/145 (58.6)
Drinking status
Drinker 62/147 (42.2) 72/144 (50.0)
Non-drinker 85/147 (57.8) 72/144 (50.0)
Gender/driking status
Men/drinker 56/147 (38.1) 64/144 (44.4)
Men/non-drinker 42/147 (28.6) 32/144 (22.2)
Women/drinker 6/147 ( 4.1) 8/144 ( 5.5)
Women/non-drinker ~ 43/147 (29.3) 40/144 (27.8)

*Years

Table 4. Distribution of genotypes of the CTPIAI, 2E1,

GSTM1 and NAT?2 in controls and patients

Factor Control (%) Patient (%)

CYPIAI (Ile/Val)

lle/lle 104/177 (58.8) 84/144 (58.3)

Ile/Val 65/177 (36.7) 51/144 (35.4)

Val/Val 8/177( 4.5) 9/144 ( 6.3)
CYP2E]

clfel 112/177 (63.3)* 107/145 (73.8)*

c2 (cl/c2+c2/c2) 65/177 (36.7)* 38/145 (26.2)*
GSTM 1

GSTM 1+ 93/177 (52.5)* 58/145 (40.0)*

GSTM 1 — 84/177 (47.5)* 87/145 (60.0)*
NAT2

Rapid 93/177 (52.5)* 58/145 (40.0)*

Intermediate 72/177 (40.7) 69/145 (47.6)

Slow 12/177 ( 6.8) 18/145 (12.4)

*p<0.05 between control and patient.

*

I. FRRHBRBETSE L BREBRIENER (F9)

1. CYPiAl

LIFEREIRRE] AT7H) 1I2BWT, CYPIAIBIZTFHHIES R
7o, BEEETIE, 14661h 14460128V TREF OHIRICHK
ThL7z. Ne/lle®, Ne/Val®l, Val/ValZ i3I FBETIZ104 A
(58.8%), 65 A (36.7%), 8 A (4.5%) THhH, BEHETIZSMA
(58.3%), 51 A (35.4%), 9A (6.3%) TH o7z, xEEM L HER
DETHCYPIAIBIZFSEOEEIZETA LN Eh o7z,

2. CYP2E1

CYP2EI BIRTIAER 1776, BF M4SHFICB VW THIFS 1,
FORIZFEOHEITE . cl/clBEDBEENEE (107 A,
73.8%) 1S3 IREE (112 A, 63.3%) ICH~NEEIIE L (Fv Al =
1.63), Mz, ERENTBRIZF22HATHBE (cl/c2B
c2/c28) DEIE (38 A, 26.2%) IIXTHEEE (65N, 36.7%) \ZIbEk
L CHEIZIED - 72 (p=0.04<0.05).

3. GSTMI1

A-globin BAETHY, 177 D&t BHRG I BV THIF S L,
BRBE 146505, FEMIBMMA S L2 DNAZ Flwizk
E I B VT pglobin BIZT25EE S /2%, TR
Ao L72DNA # vz & &, 145818V TRIEF
PRSIz, GSTMIORBEI OB, *H B4 A, 47.5%)
ICHLBERE Q7T A, 60.0%) 2B WTED 272 (p=0.03<0.05).
* v A 1.68TH o7z,

Table 5. Distribution of combined risk factors in controls and
patients

Factor Control (%) Patient (%)

CYPI1Al/smoking status

Ile/Ile smoker

Ile/Ile non-smoker
Ile/Val smoker
Ile/Val non-smoker
Val/Val smoker
Val/Val non-smoker

CYP2E]/drinking status

cl/cl drinker
cl/cl non-drinker
¢2 drinker

¢2 non-drinker

CYPIAI/GSTM1
lle/lle GSTM 1+
lle/lle GSTM I —
Ile/Val GSTM 1+
Ile/Val GSTMI —
Val/Val GSTM1+
Val/Val GSTM1—

GSTMI1/NAT2
GSTM1 + [rapid
GSTM + /non-rapid
GSTM 1 — /rapid
GSTM 1 — /non-rapid

36/145 (24.8)
52/145 (35.9)
13/145 ( 9.0)
37/145 (25.5)
3/145( 2.1)
4/145 ( 2.8)

41/147 (27.9)
51/147 (34.7)
21/147 (14.3)
34/147 (23.1)

55/177 (31.1)
49/177 (27.7)
34/177 (19.2)
31/177 (17.5)
4/177 ( 2.3)
4/177( 2.3)

47/177 (26.6)*
46/177 (26.0)
46/177 (26.0)
38/177 (21.5)*

36/143 (25.2)
47/143 (32.9)
21/143 (14.7)
30/143 (20.4)
3/143 ( 2.1)
6/143 ( 4.2)

55/143 (38.5)
51/143 (35.7)
17/143 (11.9)
20/143 (14.0)

34/143 (23.8)
49/143 (34.3)
19/143 (13.3)
32/143 (22.4)
4/143 ( 2.8)
5/143 ( 3.5)

21/145 (14.5)*
37/145 (25.5)
37/145 (25.5)
507145 (34.5)*

. *p<<0.05 between control and patient.
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'CCTGCATGGGCGGCATGARC
) 90 10¢

CCTGCATGGTCGGCATGAAC(
120 130

Fig. 6. Direct sequencing data of exon 7 of the p53. Top and
bottom show the sequences using DNA isolated from adjacent
normal mucosa and cancer tissue, respectively, in Case 1. An
arrow indicates T peak of the mutant type.

Table 6. Point mutations of the p53 gene in gastric cancer

4. NAT2

NAT2 D3t ERIET 1 B ERABRE S (RER) 30 HE
Bl 93/177 A, 52.5%) icl L, BHEE (58/145 N, 40.0%) I
BWTED o7z (p=0.02<0.05 . * v X =0.60). BIERIIE
Bl (12/177 A, 6.8%) \ZHBIL THE (18/145 A, 12.4%) K%
WD D o 1205, MA RN LLABEZEAODR I, o
(p=0.08>0.05).

B, FA—EEIBNT, BEEAREHVCRE LR
FOREGTRE Z0OEBEOFEBIAME AV CiRE L HEE
FOBREBEFHERZTT—%KLE. Thbb, #Bbic k588
BERGETFREOB{I 2 ho 1.

0. #5EAFOMAEHE & BREBRSEOHEM 3K5)

1. CYPIAIREFEH L REOHEORAE DY

CYPIAI RIZFSE (le/Nle, lle/Val, Val/Val) & B2
LD GBI LIRE L7, R BN THEICE
ALl ol.

2. CYPZEIRIZTFESHERBEORAEHE

CYP2E]1 cl/cl 2B ¥ 2KEHOH AL, EHE 41/147A,
27.9%) (S LBER (55/143 A, 385%) KBV THWEMICD
o727, HEHEMICIIEEZE R b o 72 (p=0.11>0.05).

3. CYPIAIR{ZTFHE & GSTMI RIZFER OB A& b

CYPIAI REFE L GSTMI DREFRIC L b 6 BB LIR
L, BEFLARECREFREORECERIAS N 20

o7,

Case No. Exon Affected codon Nucleotide substitution Amino acid change
1 7 244 GGC—GTC Glycine—Valine
3 7 248 CGG—CAG Arginine—>Glutamine
5 7 236 TAC—TGC Tyrosine—Cysteine
6 7 248 CGG—CAG Arginine—Glutamine
9 7 245 GGC—AGC Glycine—Serine
13 7 244 GGC—TGC Glycine—Cysteine
21 8 270 TTT—CTT Phenylalanine—Leucine
29 8 282 CGG—TGG Arginine—Tryptophan
31 6 196 CGA—TGA Arginine—Stop
36 5 173 GTG—CTG Valine—>Leucine
42 6 192 CAG—TAG Glutamine—Stop
45 5 179 CAT—AAT Histidine— Asparagine
50 8 282 CGG—TGG Arginine—Tryptophan
53 8 273 CGT—CAT Arginine—Histidine
65 5 141 TGC—TAC Cysteine— Ttyrosine
70 8 273 CGT—TGT Arginine—Cysteine
72 6 220 TAT—TCT Tyrosine—Serine
73 6 213 CGA-~TGA Arginine—Stop
78 5 175 CGC—CAC Arginine—Histidine
83 8 285 GAG—AAG Glutamine—Lysine
90 6 193 CAT—CGT Histidine—> Arginine
101 5 141 TGC—TAC Cysteine—Tyrosine
103 7 241 TCC—TGC Serine—Cysteine
108 6 220 TAT—TGT Tyrosine—Cysteine
110 6 220 TAT-TGT Tyrosine—Cysteine
116 5 152 CCG—CCT Proline—Proline
117 6 213 CGA—TGA Arginine—Stop
120 5 145 CTG—CAG Leucine—Glutamine
122 8 282 CGG—TGG Arginine—Tryptophan
124 5 151 CCC—~CGC Proline— Arginine
128 5 156 CGC—CAC Arginine—Histidine
5 185 AGC—AGT Serine—Serine
131 8 306 CGA—TGA Arginine— Stop
134 7 245 GGC—AGC Glycine—Serine
137 5 175 CGC—CAC Arginine—Histidine
146 7 245 GGC—AGC Glycine—Serine
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4. GSTMIBIZFEE L NAT2REFEHOMAAS DY

GSTM1 &E NAT2DBEFEIC LY 4 8 (GSTMIRBHR
/NAT2 B8R, GSTMIGHEE/NAT2 R R, GSTMIKIE
BI/NAT2 BER, GSTMIRIEE/NAT2FEAGER) I2H0B LR
FHL& GSTMIBHR/NAT2AER OBEO S &13, *EE
@7/177 A, 26.6%) I2I L BHEEE (21/145 A, 14.5%) 2B\ T
o7 (p<0.05). W, GSTMIRIBE/NAT2 IR ER 2 H

Table 7. Incidence of p53 gene point mutations with respect to
risk factors of gastric cancer in patients

Factor p53 gene point mutation (%)

Lauren's type

Intestinal 23/67 (34.3)*

Diffuse 12/79 (15.2)*
Subsite

Cardia 6/19 (31.6)

Corpus and antrum 29/127 (22.8)
Smoking status

Smoker 17/60 (28.3)

Non-smoker 18/85 (21.2)
Drinking status

Drinker 24/72 (33.3)**

Non-Drinker 11/72 (15.3)**
CYPIAI

Ile/Tle 25/84 (29.8)

Val+ 10/60° (16.7)
CYP2El

cl/cl 29/107 (27.1)

c2+ 6/38 (15.8)
GSTM1

GSTM1+ 14/58 (24.1)

GSTMI— 21/87 (24.1)
NAT2

Rapid 16/58 (27.6)

Intermediate 14/69 (20.2)

Slow 5/18 (27.8)

CYP2E! (cl/c1)/drinking status
Drinker 21/55 (38.2)*
Non-drinker 8/52 (15.4)*

CYP2E1 (c1/c2 and c2/c2)/drinking status

Drinker 3/17 (17.6)
Non-drinker 3/20 (15.0)
CYP1AI/GSTM I
Ile/Me + 9/34 (26.5)
Nle/lle—~ 16/50 (32.0)
lle/Val+ 5/19 (26.3)
lle/Val— 5/32 (15.6)
Val/Val+ 0/4 ( 0.0)
Val/Val— 0/5s (0.0

*p<0.01, * *p<0.05 between two groups.

BEEDMSNZEOTHY, *EE Q15% LhBLTEk
T o7z (p<0.05) .

V. BEE#ICH T2 ps3BIETFARRER

B E 146F T 1458 B VT P53 BIZFLHETE, &
BREROFEIIOWTHRRET AW TE. H6ICEEY
=LY AN LB pSIREFRAERDIPIZ L7, 1454
3561 (24.1%) 2BV THERERN A LN (R6). fEF 128
TR2HFROERMA LN, SERNTEF36ED pSIRETF S
RRERPBEIN:. FORRE, =7V X 5OERNT111E,
I8, TV THME, V8N 8HTH-
o, VN ERIAL N0, 36EOEROARIL
AL VAERNME, Fre s ALERNSE, FAL YR
BEN2@THo. EH1281ICA LN 2BORIZTFERIEY
AV I ERIEEIALVAZRIATH -7, T PRI
AbE, a K220, 245, 2821213348, = N 141, 175, 213,
244, 248, 2731THI2BDERL A LN,

V. BEBEICS I 3EEFLps3RIEFEERERDIDY

&7)

1. %R

CEAEE®E (12/79A, 15.2%) LY LBEIBEM (23/67 A,
34.3%) X pSIMETFRMERNE (B S Nz (p=0.007<0.01).

2. thil

FERKTEEBE (11/72 A\, 15.3%) CHBr L, SRiEEEE (24/72 A,
33.3%) Tit, EREETHHENED 272 (p=0.012<0.05). #
v AWiE 277 CTH o 72,

3. CYPZE1 L SKBDHAEHYE

CYP2EIcl/cl1 2 BFT28%F (107AN) o9 b, RhiEEH
(21/55 A, 38.2%) I3FEERIEEE (8/52 A\, 154%) IZHERE
B Ao 72 (p=0.008<0.01) . * v X340 THo7%. —H,
CYP2EIC2%FTHHBE BTN 9 b, KRiEEH Q/17A,
17.6%) & FERRIEER (3/20 A, 15.0%) Tii, EERIIEIEZHD
iz d o7z (p=0.83>0.05) .

4. CYPIAI & CYP2E1

CYPIAIVal* F¥ 28 (10/60 N, 16.7%) & k&L T,
CYP1A1 Tle/Tle B DB (25/84 A, 29.8%) (3L RIHTE WEMIC
Holzh, HMEFEMBEEZEIALN 227 (p=0.07>0.05) .
CYP2E1 2% & ¥ 58 (6/38 N\, 15.8%) L IL# L T, CYP2EI
cl/cl1EIDEE (29/107 N, 27.1%) BERRIBVEMIICH -7
DY, BMEFERREEEIIA SN2 H o (p=0.16>0.05) .

5. D

GSTM1, NAT2, CYPIA1lk GSTMI, NAT2k GSTM1, B
MREEWM (FAFIE & EMPIER), RESL ps3 RIEFARRE
RBEFRIZIIBEI AL Lo,

* =

REFETIR, FUDIABRORBBEORETEZHLERE
BEEL OMEICOWT, BMEEN L HREMBEL T
BRE LY. 0L hr—X -2y Na—LVARYF 1 TRD
BEELZTWE RS2 W &, WREFBOEEICREY I
W EThD, RFRICHWRENRE I, SEESRICE
L CTHESTHRLUR, RERCKERLZ EOFTER P27,
Tz, ThETORETINOBREORETSE L BRETHE

LAY H B L STV AKBEY, BHED, Mg OCE

BLIEST, AR TIITBENR, ORI LA 85I
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KD IEBEIZ BT B CYPIAL, GSTM1, NAT2D% 4 D&
EFROMIAER, ChETIRESNTWEHEARZESR

PLET =R A O— VA YFAIIBIT B IREEOEE &
ARTH 5992 J=k 212, Hayashi 5 O0## Iz Lhid, #
Hh HARAIBIT B CYPIAI O Tle/lle B, Tle/Valll, Val/Val
HOMEE T &4 58.2%, 33.7%, 8.1%THh Y, AE O MRS
75 CYPIAI BIGTZRIOMEE (% 4, 58.8%, 36.7%, 4.5%) &
FEAEEDL RV, Lo T, FIIZEORBEREIE
NigewneELILND,

CYPIAL i3l %2 E DN TR L TV 2HETHY, ¥
NER DN E L SEORBHELRG ik L, L%
BIpBEE 2 b EERETO—D2TH5. CYPIAIT R Y
462 (lle) 2 ZE Bk % O VaBIEE L e HICL L THHFES e
T, COBRETHEETHEKRIBBEEUIECLEZDS
NTWA. EE, ValTlZ i O < Bl ™ o5 4 (B
HHLMEIN TS, FEH 3N LR AL EM TR, S b
WIS, BHOCYPEERIIL - THEHLaNLEELI LN
TWBDTY, FZHB1F 5 CYPIAL BEEIE VORI H Mo 5
EIrbEE LTWATREENSHAE, LarL, AT, BE
BELWIRBE T CYPIAI BRIET ST OBEE I EE &2 o 72,
CYPIAI BETH I EBEREOREMICHBL T RVWEE
bhs.

CYP2E1ZE, FFIBOD A7 & ¢ 8 13 U O TS T b %3
ANDBMETH D, AYICEENLSBOESFIEEEY
EOMLBRICB T LTHIELTBY®, Z0ORHEE
M SR R T R 52 DRSS 5P, CYP2E]
BIEFIHIW O DOBFEO LR ALNE D, 20 HDT
EOTHh A BIEMRFEMD Rsa 12 HIL, BERTFOHKEITH
Wl r EMERICEGETELEEL L vbRTNE YD,
FITAME, ZOBGETFLEHEFORBRIMEL OBE,S
F—RZ -0 A= VAYFTA e To72825, cl/clilzg
THERBEOHAINBEIIL_AEEILEL, 2EFTLE
# (cl/c2d B\ dc2/c2) DEIEIIIBRE L i L THEIZK
ol TEcl/cdBEATHEAERIIERO) A7 HEL,
REAETAHREKIIBRD ) A7 AT L ERE LTS, #
FIEHBREN & CYP2EI BIET 41 & OBE 4 BT L 72FF%
B, ERMESBZIMBAEEHREEMALNRELT
CYP2E] %H %~ 7-Kato 5 P O#EIZ L B L, cl/cl A
THRMKIZE R BB ERET8T A (58.8%), B EL TS5
A (65.5%) T, FHTHETHEIE VDS, HEANTEAILR
BTwRW, HRZIIVAERRE LI REOHI5 T
i, BRELSOANEEEBEEEIBA T/ M4 5k
DEFIZEE LW, ARREL CORTTHIET S L HRE
BBV Tcl/cl % AT 2 BEOFE & RIS B L]
HELTWE, KBTI, B E BUEREDALOFHRI V720
B2 iz ¢ & vt CYP2E1BIn14 BNk o 5%
ERSHICREBL TV ARGV, /2L, 2OREIE
BERLREDBVWIZLI-TRELEEDNS, &b, KL
ERE DR RILME 2R B O ME ST 5.

RIFFEIEH L7 GSTMI & NAT2 DREIZFE 8 & BB E
REDWERIE, TTI20da s Oh s Lzl ) Th b5, 40
MEHEHEL L THKREFLVERELbOL L., Tabb,
GSTM1 BERIG A 2 v GSTMLE(Z T-RIBEI OB k1%, BIEE
EOfEBEAR R ¢, NAT2RET 2 F L ALEIIIEIGE 7 +

FILETIZ LR, HEBEOEBREIMEYV., Zhb /R,
GSTM1 & NAT2 2% & b1z, Mfb S hssMibEmEz &0
WL TN F 4 AELT v F L THFIMHRET 5 2w )
BplcEE LA EEDbNh D, GSTMIEETSE & BESE
FERASMEIZ DWW TIE, Katoh &% Harada & PASF RO %
LTWwaA, ZicEEdzwe+s@EPdbaohs, 7
NAT2EETF M E ERBEAEIODWTHBEBRIZEv T AHE
BRBHLH, TNLOHCHLTIE, 4%, FEOF—A -3

FO—NVAY T4 ORABRETET A,

WEIIZ LTS, ARFgETIE, CYP2EI, GSTMI, NAT2®D
HBIZH S EDMEED BB REEORZMICHE L T 2 TR
RIEE NI, F2T, RIZ, TNSOSEINERHOFHAGE
EDLI b o TWwAEDREHLNIIT A0, HETHE
WD SNEBIEFREDODEDTH 5 ps3 BIEZT D ERINE
B zsEE L7, pS3BIETFII393 WO T I /B o 7 B
HBEFTH Y, BETERSLATFIEAGEOEELZEIL-
T P53 B DIBIENN LT 2 Z LB HORBEBRICEETH
BLABENTVEPLTHE, BHEMTALNSHEK
EROKRBABI IV V5~BIZHFETHILAHLNLTY
BIWI0 RpRgEGlE Ty Y Y5~ IOV T HRREROA
AR TH, BRO2AUIBIIERN AL N, BIgEHIC
Lo TERD LD, BHEIZBITEps3RIETHERERELB
L #19.4% 55 375% L E SN TE D D90 REFEOHER
IEEEORGEIZFFE LRV, &6, UFARBREIIERL T
BT B R TIE pS3 MIE T ER RO B A IZH 5 W0 L iR &
NTWBD, KifRizBWwTh, VEAHE (15.2%) 1L T
B (34.3%) WWERD S Doz,

PEIEIE T H IR B HH#IE, GSTMI1 % %\ I NAT2D4%
EHLH & IR EZED ko725, BB X O CYP2EI D
EEMERN M L Tw, RIEEISIEREE IR, BER
BRREEP -7, TLHAFNEERET L Do 28
CYP2E1 % = BIN SL BIZF R THAME (c1/cl) 2F T 2ME
PEITEIEF M VERRPENEM D o 72, ZNIZEKIERED
HEEEMARI L THDL E, HERMLEEFREHEAKRESR
THEWBEENI L, RBEEFSIEIIBVTP3LEROIEE
WERENEBIZED 2. —J, CYP2EI 2R %2 F> B
BERCIE, pS3TRRIREOABEIHEIN 272 L
12h5o T, B &b CYPEIM RIS VB n R EHRAKE
AT HHIEHE, BROBRRECERLEL ICELRETT
HDPSIWIETANTERERE AL LT, HRBEIINTS
BOFVEDTE O D & AURIE S ND . BB E IS CYP2ET ¥4
WLEIZFREEAEREETAMAEIE , FORTHIEEL
BT ps3ERENE NI, BINEEERIZE VT IR
EIZH LS ERBNEOTHH . b MBI B CYP2E]
DRE LR L BERIGEOMBOMMIZ > TiE, LT L]
LA o T wnds, BaR T EETSERAE
(cl/cl) # A+ AKX 2HRIET4H T 2 BEMEIZHN,
CYP2EIEEEEM AR L™, 7 ha—VilkoTHES L
RTVEDEEYYH L, CYPELIC & » Ttk sh7zfi~
ORERLEWE G, BEODNALKEES LEETRECHE
TAHIENMONTWVAY, Lizhio T, CYP2EIHERIN I
BETNEEAREETEMGTIE, 2BETFEZATHERFIC
o, BRI EOWELA R, BRI RTvoR
LEN v, FF0 L) REKRTE, KIEICE D CYP2ELR
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BAELICERL, ThICkoTIEEL SN2 AL DR
L2 E A P53 BIETFHERERLFRL T 00 b Ltk
v,

—%, Eo &L, BECBY2BRBERSHOEIS
B2k, CYP2EI®I3H, GSTM1, NAT2 & OREMATRIE S
N, SUEEMTIEEESRED N o7, BEEERRIZE
PEIBIETF 737 Ch {, Kras, cmet, K-sam, c-erbB-2, bcl-2,
Cyclin E, APC, DCCz ¥ € F EE L BIETNREIHEFLT
W3R T, EEOBREERSIEEFHOLHFOTTH
POIBIETF HEREREEDHEERO AV EEZ OGNS,
12, PE3BIFETFHERERDBELFH LR TVEFTTH
BEEOFRBRTHICHET L LR ZVWEEDbNLS.

¥

HACHEE OBENEHESBFEORTHICB LI TESE
HELPICTZEMNT, BMESELHBE D CYPIAL
CYP2E1, GSTMI1, NAT2#ET 4B hEL, &5, BE
MBI B p53BETEERERLOBEIIDWTRE L
R, LT ofkHzEsrs.

1. CYP2E1, GSTMI1, NAT2 DBIZHE R HBRBEDRK
SHICEBE L TWAZENRBENT.

2. CYP2E1BFHERIN L RETFH EHAET AT HHIER,
BROMBREICHEST 5 p53 G T AERERETELRY
<, BREICHT HRIUIENI EATREENL.

m

# &

BERZBIHID, MRELHRBATED F LB ERER
WIERLRAHEERLTT. EAANEORTICERNEE, HERE
FFLAHERERICRORHRLET. 510, BRELEREH
5. LTV &IRKE AR BRI E R EHLE, BRI RBhEIE,
METHREGHRESE -BAEICEHLET. REBICERHHI LM
BEE o - EIRAZEEHEEE —RE R B4 © O RS
WE LR L TS,

B, AIFIE O —ER1L XX International Congress of the International
Academy of Pathology (2000, Nagoya) (2B THEL /.

X #w

1) Nebert DW, McKinnon RA, Puga A. Human drug-
metabolizing enzyme polymorphisms: effects on risk of toxicity
and cancer. DNA Cell Biol 15: 273-280, 1996

2) Kawajiri K, Eguchi H, Nakachi K, Sekiya T, Yamamoto M.
Association of CYP1A1 germ line polymorphisms with mutations
of the p53 gene in lung cancer. Cancer Res 56: 72-76, 1996

3) Yamazaki H, Inui Y, Yun CH, Guengerich FP, Shimada T.
Cytochrome P450 2E1 and 2A6 enzymes as major catalysts for
metabolic activation of N-nitrosodialkylamines and tobacco-
related nitrosoamines in human liver microsomes.
Carcinogenesis 13: 1789-1794, 1992

4) Lucas D, Menez C, Girre C, Berthou F, Bodénez P, Joannet
1, Hispard E, Bardou LG, Menez JF. Cytochrome P450 2E1
genotype and chlorozoxazone metabolism in healthy and
alcoholic Caucasian subjects. Pharmacogenetics 5: 298-304, 1995
5) Watanabe J, Hayashi S, Kawajiri K. Different regulaton and
expression of the human CYP2E1 gene due to the Rsa I
polymorphism in the 5-flanking region. J Biochem 116:321-326,
1994

6) Sram RJ. Effect of glutathione S-transferase M1
polymorphisms on biomarkers of exposure and effects. Environ
Health Perspect 106: 231-239, 1998

7) Vineis P, Caporaso N, Tannenbaum SR, Skipper PL,
Glogowski J, Bartsch H, Coda M, Talaska G, Kadlubar F.
Acetylation phenotype, carcinogen-hemoglobin adducts, and
cigarette smoking. Cancer Res 50: 3002-3004, 1990

8) Kiss I, Sandor J, Pajkos G, Bogner B, Hegedus G, Ember L.
Colorectal cancer risk in relation to genetic polymorphism of
cytochrome P450 1A1, 2E1, and glutathione-S-transferase M1
enzyme. Anticancer Res 20: 519-522, 2000

9) Katoh T, Nakano M, Yoshioka M, Inatomi H, Matsumoto T,
Kawamoto T. Urothelial cancer risk in relation to genotypes of
glutathione S-transferase (GST) M1, T1, P1 and N-
acetyltransferase 2 (NAT2), and tobacco smoking. J Occup
Health 41: 12-18, 1999

10) Nakachi K, Imai K, Hayashi S, Kawajiri K. Polymorphisms
of the CYP1A1 and glutathione S-ransferase genes associated
with susceptibility to lung cancer in relation to cigarette dose in a
Japanese population. Cancer Res 53: 2994-2999, 1993

11) Hsieh LL, Hsieh JT, Wang LY, Fang CY, Chang SH, Chen
TC. p53 mutations in gastric cancers from Taiwan. Cancer Lett
100: 107-113, 1996

12) Lim BHG, Soong R, Grieu F, Robbins PD, House AK,
lacopetta BJ. p53 accumulation and mutation are prognostic
indicators of poor survival in human gastric carcinoma. Int J
Cancer 69: 200-204, 1996

13) Ricevuto E, Ficorella C, Fusco C, Cannita K, Tessitore A,
Toniato E, Gabriele A, Frati L, Marchetti P, Gulino A, Martinotti
S. Molecular diagnosis of p53 mutations in gastric carcinoma by
touch preparation. Am J Pathol 148: 405-413, 1996

14) Poremba C, Yandell DW, Huang Q, Little JB, Mellin W,
Schmid KW, Bocker W, Dockhorn-Dworniczak B. Frequency
and spectrum of p53 mutations in gastric cancer: a molecular
genetic and immunohistochemical study. Virchows Arch 426:
447-455, 1995

15) Uchino S, Noguchi M, Ochiai A, Saito T, Kobayashi M,
Hirohashi S. p53 mutation in gastric cancer: a genetic model for
carcinogenesis is common to gastric and colorectal cancer. Int ]
Cancer 54: 759-764, 1993

16) Hayashi S, Watanabe J, Nakachi K, Kawajiri K. Genetic
linkage of lung cancer-associated Msp I polymorphisms with
amino acid replacement in the heme binding region of the
human cytochrome P450 IA1 gene. ] Biochem 110: 407-411, 1991
17) Hayashi S, Watanabe ], Kawajiri K. Genetic polymorphisms
in the 5-flanking region change transcriptional regulation of the
human cytochrome P4501IE1 gene. ] Biochem 110: 559-565, 1991
18) Oda Y, Kobayashi M, Ooi A, Muroishi Y, Nakanishi L.
Genotypes of glutathione S-transferase M1 and N-
acetyltransferase 2 in Japanese patients with gastric cancer.
Gastric Cancer 2: 158-164, 1999

19) Abe M, Suzuki T, Deguchi T. An improved method for
genotyping of N-acetyltransferase polymorphism by polymerase

" chain reaction. Jpn J Hum Genet 38: 163-168, 1993




EAHBEORET S L BRBRZMN 309

20) Kobayashi M, Kawashima A, Mai M, Ooi A. Analysis of
chromozome 17p13 (p53 locus) alterations in gastric carcinoma
cells by dual-color fluorescence in situ hybridization. Am J Pathol
149: 1575-1584, 1996
21) Laurén P. The two histological main types of gastric
carcinoma: diffuse and so-called intestinal -type carcinoma. Acta
Pathol Microbiol Scand 64: 31-49, 1965
22) Katoh T, Kaneko S, Kohshi K, Munaka M, Kitagawa K,
Kunugita N, Ikemura K, Kawamoto T. Genetic polymorphisms of
"tobacco- and alcohol-related metabolizing enzymes and oral
cavfty cancer. Int ] Cancer 83: 606-609, 1999
23) Longuemaux S, Deloménie C, Gallou C, Méjean A, Vincent-
Viry M, Bouvier R, Droz D, Krishnamoorthy R, Galteau MM,
Junien C, Béroud C, Dupret JM. Candidate genetic modifiers of
individual susceptibility to renal cell carcinoma: a study of
polymorphic human xenobiotic-metabolizing enzymes. Cancer
Res 59: 2903-2908, 1999
24) Tatemichi M, Nomura S, Ogura T, Sone H, Nagata H,
Esumi H. Mutagenic activation of environmental carcinogens by
microsomes of gastric mucosa with intestinal metaplasia. Cancer
Res 59: 3893-3898, 1999
25) Kato S, Onda M, Matsukura N, Matsuda N, Tokunaga A,
Matsushita H, Kitoh T, Kudoh H, Naito Z, Asano G, Shields PG.
Genotype-phenotype relationships for cytochrome p450s (CYP)
in gastric normal and tumor tissues. Proc Am Assoc Cancer Res
40: 244,1999
26) Guengerich FP, Kim DH, Iwasaki M. Role of human
cytochrome P-450 IIE1 in the oxidation of many low molecular
weight cancer suspects. Chem Res Toxicol 4: 168-179, 1991
27) Nishimoto IN, Hanaoka T, Sugimura H, Nagura K, Thara M,
LiXJ, Arai T, Hamada GS, Kowalski LP, Tsugane S. Cytochrome
P450 2E1 polymorphism in gastric cancer in Brazil: case-control
studies of Japanese Brazilians and non-Japanese Brazilians.
Cancer Epidemiol Biomarkers Prev 9: 675-680, 2000
28) Kato S, Onda M, Matsukura N, Tokunaga A, Matsuda N,
Yamashita K, Shields PG. Genetic polymorphisms of the cancer
related gene and Helicobacter pylori infection in Japanese gastric
cancer patients. an age and gender matched case-control study.

Cancer 77: 1654-1661, 1996

29) Persson I, Johansson I, Bergling H, Dahl ML, Seidegard J,
Rylander R, Rannug A, Hogberg J, Sundberg MI. Genetic
polymorphism of cytochrome P450 2E1 in a Swedish population.
Relationship to incidence of lung cancer. FEBS Lett 319: 207211,
1993

30) Lin DX, Tang YM, Peng Q, Lu SX, Ambrosone CB,
Kadlubar FF. Susceptibility to esophageal cancer and genetic
polymorphisms in glutatione S-transferases T1,P1, and M1 and
cytochrome P450 2E1. Cancer Epidemiol Biomarkers Prev 7:
1013-1018, 1998

31) Katoh T, Nagata N, Kuroda Y, Itoh H, Kawahara A, Kuroki
N, Ookuma R, Bell DA. Glutathione Stransferase M1 (GSTM1)
and T1 (GSTT1) genetic polymorphism and susceptibility to
gastric and colorectal adenocarcinoma. Carcinogenesis 17: 1855-
1859, 1996

32) Harada S, Misawa S, Nakamura T, Tanaka N, Ueno E,
Nozoe M. Detection of GST1 gene deletion by the polymerase
chain reaction and its possible correlation with stomach cancer in
Japanese. Hum Genet 90: 62-64, 1992

33) Katoh T, Boissy R, Nagata N, Kitagawa K, Kuroda Y, Itoh
H, Kawamoto T, Bell DA. Inherited polymorphism in the N-
acetyltransferase 1 (NAT1) and 2 (NAT2) genes and
susceptibility to gastric and colorectal adenocarcinoma. Int J
Cancer 85: 46-49, 2000

34) Tahara E, Semba S, Tahara H. Molecular biological
observations in gastric cancer. Semin Oncol 23: 307-315, 1996

35) Tahara E. Genetic alterations in human gastrointestinal
cancers. Cancer 75: 1410-1417, 1995

36) Tolbert D, Fenoglio-Preiser C, Noffsinger A, Voe GD,
MacDonald J, Benedetti J, Stemmermann GN. The relation of
p53 gene mutations to gastric cancer subsite and phenotype.
Cancer Causes Control 10: 227-231, 1999

37) Marchand LL, Wilkinson GR, Wilkens LR. Genetic and
dietary predictors of CYP2E1 activity: a phenotyping study in
Hawaii Japanese using chlorzoxazone. Cancer Epidemiol
Biomarkers Prev 8: 495-500, 1999



310 Eid K

Relation between Genotypic Polymorphisms of Drug Metabolizing Enzymes and Gastric Cancer Susceptibility
Shioto Suzuki, First Department of Pathology, School of Medicine, Kanazawa University, Kanazawa 920-8640 — J. Juzen
Med Soc., 109, 300 — 310 (2000)

Key words gastric cancer, genetic susceptibility, metabolizing enzyme polymorphism, p53 gene point mutation
Abstract

Genetic polymorphisms of drug metabolizing enzymes have recently been shown to affect the susceptibility to chemical
carcinogenesis. In the present study, the genotypes of cytochromes P450 (CYPIAI exon7 and CYP2E] transcription region),
glutathione-S-transferase (GST) M1 and N-acetyltransferase (NAT) 2 were investigated by PCR, allele-specific PCR or
restriction fragment length polymorphisms following PCR in 146 Japanese patients with gastric cancer and 177 autopsied
patients without stomach, lung, urinary bladder, or colon cancer. In addition, p53 gene point mutations of exons 5 through 9 in
gastric cancer tissues were determined by direct sequencing to investigate which polymorphisms are closely related to the
induction of genetic alterations. No significant difference in the CYPIAI genotypes was observed between the cancer and
control groups. The frequencies of CYP2EI cl/cl genotype and GSTMI null genotype were significantly higher in patients
with gastric cancer than in control subjects. The frequency of patients with the homozygously wild genotype of NAT2 (rapid
acetylator) was significantly lower in the cancer group than in the control group. Point mutations in exons 5, 6, 7 or 8 of p53
gene were detected in 35 of 145 (24.1%) cancer cases. p53 gene point mutations were more frequently observed in gastric
cancer patients with CYP2E1 cl/cl genotype than in patients with c2 allele, although not significantly. However, the
incidence of p33 gene point mutations was significantly higher in gastric cancer patients with CYP2EI c1/cl genotype and a
history of alcohol-drinking than in those with CYP2EI cl/cl genotype but without a drinking history. These findings suggest
that individual susceptibility for gastric cancer is influenced by CYP2EI, GSTMI and NAT2 genotypes. In particular,
individuals with both CYP2E] cl/cl genotype and a drinking history have an increased risk of gastric cancer with a high
frequency of p53 gene point mutations in the gastric mucosa.




