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Genetic Polymorphism of Xenobiotics Me-
tabolizing Enzymes and Individual Sus-
ceptible Genes to Colorectal Cancer Pa-
tients in Korea
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Jung, MD', Hyun ]un Kim, B.S.
HoKyung Chun M.D.

Pa Jon
Gu Kong, M.D.5,

Departments of 'General Surgery and Pathology, College of
Medicine, Hanyang University, Department of Surgery, Sung-
kyunkwan University School of Medicine, Samsung Medical Center,
Seoul, Korea

Individual susceptibility to cancers may result from several
factors including differences in xenobiotics metabolism,
DNA repair, altered oncogenes and suppressor genes, and
environmental carcinogen exposures. To determine the
frequencies of the genotypes of phase | (CYPIAI and
CYP2EI) and phase Il (GSTMI and NAT2) metabolizing
enzymes and to identify the high-risk genotypes of these
metabolic enzymes to colon cancer in Korean, we have
analyzed |13 colorectal cancer patients and corresponding
age and sex matched healthy controls using polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP). In analysis of phase | enzymes, m|/m2, m2/m2
and Val/Val genotypes in CYPIAI enzyme polymorphisms
and CI/C2 genotype in CYP2EI polymorphism were as-
sociated with high relative risks to colorectal cancers (Odds
ratio; .51, 1.59, 1.76 and 1.38, respectively). Among the
phase Il enzymes polymorphisms, GSTM (-) genotype of
GSTMI enzyme and slow acetylator (§/S) of NAT2 enzyme
had 1.48 and 1.34 times of relative risks to colorectal
cancers, respectively. In combined genotyping of phase |
enzymes and GSTMI polymorphisms, the patients with
ml/m2 and GSTM (-), Val/Val and GSTM (-), and CI/C2
and GSTM (-) combined genotypes had higher relative
risk than the patients with each baseline of combined
genotypes (Odds ratio; 2.15, 5.81 and 2.20, respectively).
In combined genotyping of phase | enzyme and NAT2
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polymorphisms, the combined genotypes of ml/m2 with
slow acetylator and C1/C2 with slow acetylator were more
susceptible to colorectal cancer (Odds ratio; 3.5 and 4.5,
respectively). These results suggest that the combined
genotypes of Val/Val and GSTM (-), ml/m2 and slow
acetylator, and CI/C2 and slow acetylator were more
susceptible to colorectal cancer in Korean. And genotyping
of xenobiotics metabolizing enzymes could be useful for
predicting an individual susceptibility to colorectal cancer.
] Korean Soc Coloproctol 2002;18:205-215

Key Words: Susceptible gene, Phase | and Il metabolizing en-
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cancer
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e WFo e A2 phase I ARl o3 &4
53 gA43tE AUERS DNAS A§ste] DNA
adduct= ?‘Sé]/\gfj}.tq ?l_,\é_()__i %]—/pr’_ﬂ HLO]—UZ1%
phase II tAlel o) vl slE Tt Q1A DNAS &4
2 Hol= AAEH T A3E DNA adduct Fgl 9
hase I THAF &40 AT
ozl o WY AF=T}

& WA E 2 =Z phase I
o] w2 DNA adduct ol
A48 g.H!
Fd #EE HY, 5, B3 FollA xen-
obiotics A} €49 t-dAF & F3= Zs]
o e B2 AF7F AP o] FAT, tHF U xen-
obiotics THAF &9 A & {3 dg dF=
GSTM1, GSTT1 ¥ NAT2 59| phase II thA} & Aol
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3tk 22 Yo ZHE| S DNA FE-& Wizard ™
Genomic DNA purification system (Promega, Madison,

WI, USA)°ll o]sf A] & s}t

2) Xenobiotics CHAl 4 Cadof CHEt FEA}
o 24 &Y

Ao g3 418 PCR-RFLP ol 93] &
Astlon, dAPS A T 54 WHEEPCR)S
3} primere] 7|4 €& Table 10 2 2F5}3c}h S84
4 ¥F&-(0]3} PCR)S 1xPCR buffer (50 mM KCI, 10
mM Tris-Cl (pH=8.0, 0.01% gelatin, 0.1% Triton x-100),
1.5 mM Mgcly), 200uM dNTPs, 1 unit®] Taq DNA
polymerase (Takara, Tokyo, Japan)Q] &3t ol Z}tz}o]
primer 20 pmol 2 0.2pg9] DNAE &E3sle & 201
438 9E 3 DNA thermal cyclerE ©]-&3} PCR

M

(1) CYP1A1 CIE M0 CHst PCR EtE 3! HAIEA

@O CYP1A19| Msp I CtEHof CHEH PCR Bt H
Z1 EM; CYP1A12] Msp I thE Aol th3F PCR WH&-
L denaturatione 95°CollA] 18 % annealing-2 60°Col|
A1 4% ¥hEE T PCR AHES 5UE 2%
agarose geloll 7] 03%3]-0:] PCR G52 3olslyt).
PCR 4HF-§-2 221 & PCR 4HE 1511, 1x enzyme buffer,

Table 1. Primers sequences for genotyping of xenobiotic
metabolizing enzyme

* CYP1A1 Msp I polymorphism (Reference: 5)
Forward: 5°-CAG TGA AGA GGT GTA GCC GCT-3’
Backward: 5’-TAG GAG TCT TGT CTC ATG CC-3’

* CYP1A1 exon 7 polymorphism (Reference: 18)
Forward: CYP1A1 A (Ile)
5’-CGG AAG TGT ATC GGT GAG ACCA-3’
CYPIA1 G (Val)
5’-CGG AAG TGT ATC GGT GAG ACCG-3’
Backward: 5’-GTA GAC AGA TCT AGG CCT CA-3’

* CYP2EI Pst I polymorphism (Reference: 17)
Forward: 5’-CCA GTC GAG TCT ACA TTG TCA-3’
Backward: 5°-TTC ATT CTG TCT TCT AAC TGG-3’

* GSTM1 deletion polymorphism (Reference: 47)
Forward: 5’-CTG CCC TAC TTG ATT GAT GGG-3’
Backward: 5’-CTG GAT TGT AGC AGA TCA TGC-3’

* NAT2 polymorphism (Reference: 39)
Forward: 5-GAC ATT GAA GCA TAT TTIT GAA AG-3’
Backward: 5°-GAT GAA AGT ATT TGA TGT TTA GG-3’
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Msp I &A&(5 unitjpl) 0.5pS & 20p0] & 3o
37°Coll A 197 WA AT ¥H§ F 60~70°Coll 4] 5
B 71Esto AELAE B F 2% aga-
rose geloll Al F7] F&3sto] Agaic o3 <14 F
9 5ol wat CYP1A1S] Msp I 8 AS A A
ok AFas g Hol| PCR 2HE2] 97] Z7]= 340
bpol™ F 709 allele =50l A|SFaA 9] Q4] FL7}
212 140 bp, 200 bp =71¢] band7} VFEFH (m2/m2
type), 3+ 71 2] allele?t 912 % 340 bp, 200 bp, 140 bp7}
UEld T ml/m2 type). & 719 allele 257} A g+a 4
o] 214 H-917} {15 "= 340 bp] band¥ro] yHERG
THml/ml type)(Fig. 1A).

@ CYP1A19| exon 7 C}&AMof| C{st PCR EH2 2
ZotEM; CYPIAL1S] exon 7 TFE A S
Z3Hk-S-(allelic specific PCR) -2 o] )
forward primere] 3’-¢T F o IS YeEl=

!

A7) Wl g2l o] 2 primerE A| 25}l backward prim-
ers FE R AMESt F o WS FAlY Yo
7 PCR W& 5ol w2} 0345 243t PCR
kg 27L& denaturation2 95°Col A 1%, annealing->
60°Coll A} 1387 & 35 cycle ¥H3-A1Zth ¥ 719 PCR

M 1

2 3 45 6 7 8 910

400 bp—»

340 bp
200 bp —p

140 bp

1 2 3 4 5
M A BAB ABABARB

Fig. 1. Picture shows a genotyping of the CYP1Al gene
polymorphism. A. Genotyping of the CYP1A1 gene in Msp
I polymorphism. Lane 9 = homozygotes with (+) restriction
site of Msp I (m2/m2); Lane 2, 3, 4, 5, 7 = heterozygote
(m2/ml); Lane 1, 6, 8, 10 = homozygotes with (-)
restriction site of Msp I (m1/m1) (M: molecular marker). B.
Genotyping of the CYP1A1 gene in Val-Ile polymorphism.
Lane 1, 4, 5 = predominant homozygotes for isoleucine
(Tle/Tle); Lane 2 = heterozygotes of Ile/Val polymorphism
(Ile/Val); Lane 3 = rare homozygotes for valine (Val/Val)
(M: molecular marker).
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B (Val) primerg
e Val/Val 38019, A (lle), B (Val) =5
band7} YEFYA Ile/Val f3o] ®UhFig. 1B).

(2) CYP2E12| Pst I C}&iAJ0f CHSH PCR HtS

oA

[

al Z
ES

4
CYP2E19] Pst I th3 o] tjgk PCR ®E-&&
denaturation 95°Col| A 134, annealing2 55°Coll A 1,
18] 31 extension> 72°Col Al 155 35 cycle A 333 &
A ek o 2 72°Col A 103 A73HHg-8F Tt PCR HE
5 392 & PCR ’\L% 150, 1x enzyme buffer, Pst I &
2x(5 unit/pl) 0.5 20p1<>ﬂ grE 3 37°CAlA 19
b RFEHnh B 3 70°Col A 58 7D F 2%
agarose gelol # 7] 03%0}0:] A B E o] o)k 912 B
# 7ol WEk CYP2ELY Pst I &S 283kt
Agrai 2] Mol PCR AHE2] 7] 7] 410 bpo]
™, F 71¢] allele 277k AFALS A4 971 3
o, 290 bp, 120 bp =719 band7} YEFYH(C2/C2
type), 3+ 7HTF 2127 410 bp, 290 bp, 120 bp2] band7}
UEH(CLC2 type), T M9 allele BF7} A3 E 4
o] 912] ¥-917} §1S o= 410 bpyt YERITHCI/CL

type)(Fig. 2).

(3) GSTM12| Z& 2| Ctd 4o Cist PCR B+
3 ZoHEA: GSTM19] Z& 59 B34S 91§ PCR
HF-3-2 denaturation®] 95°Col|A] 14, annealing®] 55°C
oA 18, 183l extension®] 72°ColA] 1ESZ 35

cycle A3t & wpx]eto 2 72°CoA] 10 A ¥H&

iy

3} ). PCR HH3-E8 2% agarose geloll % 7] 53}
PCR #%FE #<13 & 273 bp band7} U2 GSTM

(HE, band7} Lo GSTMI (OHE &EF

319 th(Fig. 3).

Fig. 2. Picture shows a genotyping of the CYP2EI gene.
Lane 1, 3, 4, 6 = homozygotes with (-) restriction site of
Pst I (C1/Cl); Lane 5, 7 = heterozygotes of Pst I poly-
morphism (C1/C2); Lane 2, 8 = hemozygotes with (+)
restriction site of Pst I (C2/C2) (M: molecular marker).
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@) NAT2 C}&4of st PCR EHS X ZIEAM:
PCR WS 2712 94°Col| A 5%-7F denaturation, 12| 3L
PEA] kO 2 extension RH-g-& 72°Coll A 1023+ A AT
PCR 2H&E-8 2% agarose gelolA A 71953t 1,000
bpe] AHES RIS S AFaL AY FH it
S1, 82, 18] aL A F¥EES 4
Attt

@ S1 789o| ZA; S1 #3832 1,000 bpe] PCR AH&
10118 Kpn I A3t 4 (Boehringer Mannheim, Man-
nheim, Germany) 9 unitS 7} AL 37°Co| A 3A]7F o] 4
HFS A AT ¥H-8 & 2% agarose gelol]l 71953
o} &23] 1,000 bpe] PCR AH&Eo] E3H HA+e =,
520 bp3} 480 bpWt H.o]= 74 Sl allele”} §1+= homo-
zygote 2 EF3FF o, Byt A3 glo] 1,000 bpit
Hol& ZA$E S1 allele®] homozygoteZ %12 M, 1,000
bpe} 520 bp, 480 bp7t Hol= 9= S1 allele®] he-
terozygote 2 3} S ThH(Fig. 4A).

@ S2 7Ee A%; 82 7382 QoA &} vz A =2
PCR 2FEE Taq 1 #|3H&E A (Boehringer Mannheim,
Mannheim, Germany)Z 7 7] %453} %1t} 400 bp2] band
9} 400 bpe] #3 =712 230 bpH 170 bpe] 7ol
w2} 829] F& S 2 AT =, 400 bpe] bandTH 3L
©.™ S2 homozygote =, 230 bp¥} 170 bp2] band%F U
M S27} §1+ homozygoteZ 73} U} (Fig. 4B).

@ S3 7l Z2F; S39 FES @, @A wizbrt
A2 PCR 4+&S BamH I A 3F& 4 (Boehringer Man-
nheim, Mannheim, Germany) 11 unitE 7}X] 31 37°Col| 4]
3A17F o] Bttt 7195 el A 1,000 bpRt K
o] S3 allele®] homozygoteZ, 150 bpZ} 850 bpT+ 1 0]
83 allele”} R1E homozygote = #7359 tH(Fig. 4C).

S39] slow acetylator

FHA S 26 K8 2, o] 3714
S 7 APy xEA A4 ¥ 81, S2, S3

Fig. 3. Picture shows a genotyping of the GSTM1 gene.
Lane 2, 3, 8 = homozygous and/or heterzygous present
alleles, GSTM (+); Lane 1, 4, 5, 6, 7 = homozygous null
GSTM (-) (M: molecular marker).

38 S/SE, F allele &5 gl 7-F fast acetylator
Azt w8 FFZ, 3+ 7lvto] 9JJ+= 4% intermediate -+
AA 3 SFE /et Arh =g S/FeF FF 3%
35 fast acetylator 128y o= EReAA,
S/S FHAAF F82 slow acetylator X HE FPoz &
Fat st

3) SHAzE]

Z}Z} xenobiotics THA} E_/x\_l:ég] gd A ok /3
EE ztole] et Hrk 2 Al F = Zolo] Hrt
£ 913l Chi-square tests AH&-stAth 2 34 73
2 7 FAA FY e 230 wE AU AEE
=4S 9138 Odds ratio”} AH&-E ATE 2 A A g
+ SPSS program (ver. 10.0, SPSS Inc, Chicago, IL,

USA)E o] &34

1000 bp—»

520 bp—» «— 480 bp

1000 bp—p 850 bp

Fig. 4. Picture shows a genotyping of the NAT2 gene. A.
Determination of S1 allele with Kpn I digestion. S1X = Lane
4; XX = Lane 1, 2, 3, 5, 6, 7. B. Determination of S2 allele
with Taq I digestion. S2S2 = Lane 3, 5; S2X = Lane 1, 6;
XX = Lane 2, 4, 7. C. Determination of S3 allele with BamH
I digestion. S3S3 = Lane 4; S3X = Lane 1; XX = Lane 2,
3, 5, 6 (X: not determined, M: molecular marker).
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o] Z}7} 41.6%, 46.0% 1]l 12.4% Y2 exon 7 Tk
H Aol o3 A= Ile/lle, Ile/Val, Val/Val f+3 o] zZ+Zt
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61.1%, 32.7% 131 6.2% S THTable 2).

Phase II A} &4 5 GSTMI 23559 & 03
A FEAME GSTM (+) E GSTM (-)7} ZvZ} 53.9%
2 46.1% % TH NAT2 84 3o E¥X = FF FfS, S/S
FHo] 247t 43.4%, 48.7% 2 8.0% A TH(Table 3).

2) CHZE EHXIO[ A xenobiotics CHAF S 42| C}

o [
Aol R 22 U SR RO @2 Ao

1139 9] &Y &Abo| A phase I thAF &40 F
YPIALIS] Msp I TF8A 78 EXE=m /ml,

H 31
X

rr
O

Table 2. Frequencies of phase I CYPs enzyme polymorphism in healthy control and colon cancer patients

Genotypes No. (%) Total (%) P value
CYP1A1 polymorphism (Msp I) ml/ml ml/m2 m2/m2
Healthy control 47 (41.6) 52 (46.0) 14 (12.4) 113 (100)
Cancer patients 36 (31.9) 60 (53.1) 17 (15.0) 113 (100) 0.314
OR 1 1.51 1.59
CI 0.85~2.67 0.70~3.64
CYP1A1 polymorphism (exon 7) Ile/Ile Ile/Val Val/Val
Healthy control 67 (59.3) 41 (36.3) 5 4.4 113 (100)
Cancer patients 61 (54.0) 44 (38.9) 8 (7.1) 113 (100) 0.583
OR 1 1.18 1.76
CI 0.68~2.04 0.55~5.66
CYP2EI polymorphism C1/C1 C1/C2 C2/C2
Healthy control 69 (61.1) 37 (32.7) 7 (6.2) 113 (100)
Cancer patients 61 (54.0) 45 (39.8) 7 (6.2) 113 (100) 0.529
OR 1 1.38 1.13
CI 0.79~2.40 0.38~3.41
OR = Odds ratio; CI = 95% confidence interval.
Table 3. Frequencies of phase II enzyme polymorphism in healthy control and colon cancer patients
Genotypes (+/-) No. (%) Total (%) P value
GSTM1 polymorphism GSTM1 (+) GSTM (-)
Healthy control 61 (53.9) 52 (46.1) 113 (100)
Cancer patients 50 (44.2) 63 (55.8) 113 (100) 0.183
OR 1 1.48
CI 0.88~2.50
NAT2 polymorphism F/F F/S S/S
Healthy control 49 (43.4) 55 (48.7) 9 (8.0) 113 (100)
Cancer patients 53 (46.9) 47 (41.6) 13 (11.5) 113 (100) 0.470
OR 1 0.79 1.34
CI 0.46~1.37 0.52~3.40

OR = Odds ratio; CI = 95% confidence interval; F = fast acetylator; S = slow acetylator.
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ml/m2 % m2/m2 & °] 22 31.9%, 53.1% R 15.0%
Ao, gAY Exo vustges W SAE f
oL gl om, mi/miol HE ml/m2 ¥ m2/m2
ol 2tz 1.51 E 1.59419] Ul HI=E B
123l exon 79 thek BHEAY FE Y Exe WA
ZA}ol A Ileflle, Ile/Val, Val/Val F+8°] 2z} 54.0%,
389% % 7.1%R 0w HA ot vlaste] 5 A St
A FoAde glem, Teflle w3 HIsH 1.18 & 1.76
e AdE IS I CYP2EL Pst 19 13 A
3 £X & C1Cl, ClC2, C2/C27} Z+7} 54.0%, 39.8%
2 62%= A1 BlustFS W F3o ©E X
o] o= BAITH FodL2 gien, Ccycl F3 ol
Hl3] c1/c2 2 c2/C27t 77t 1.38 2 1.138] 9] A A
AF=E HATH(Table 2).

o) 7g ¢t el A phase I tHAF EA9] 3
A= GSTML &4 239 f5d 2 /3 =
GSTM (+) 2 GSTM (-)°] 442% 2 55.8%R M, 4
A3 HluE RS W FH mE EE Aole F
AT TS JAAT GSTM (H)oll ek GSTM
()9 AU YITE 14842 B Yk NAT2 &4
o] 38 EIXE FF, FS, /S £39 2x7 zz
46.9%, 41.6% 2 11.5%S B F42 9 sl:j&}
Hwgs o FAHA Fod2 o™, FF 13l
g 2 == FS 2 §/S 80l 242+ 079 %

1.34u1 o] i 2 =S H{TH(Table 3).

3) Phase I CHAl §4(CYP1A1 2! CYP2E1) 2!

)
GSTM1 SMAF 8 x=sto|| L= ACHA 2|5
= &t

Phase I THAl &4 (CYP1A1 % CYP2E1)$} GSTMI
A2 78 2o e 73 = 2 2 A
AP EE Table 4] 2oFstrh

FAA FE 2 BE HdE AdE=
Msp I T+8A4 % GSTMI 34 §38 =AM +=
ml/ml, GSTM (+) &< 7122 39S ) GSTM
(), ml/m2 @ GSTM (-), m2/m2 3o] Z+z} 2.15
2 1,941 9] FfA SHUEE BHYOH, exon 7 THE A
37 2= le/lle} GSTM (+) 3 ol o3|
A TlefVal®} GSTM ()¢} Ile/llex} GSTM (-) +3©]
Z}7} 1.87 2 58141 ] A 1P =F E Stk CYP2EL
I} GSTM1 FAA 538 Z3olA= C1/C19 GSTM
(+) Fo sl c1/Cc29t GSTM () & o] 2.208] 2]
AE JIEE HYTh

4) Phase I CHA} £4(CYP1A1 2 CYP2ElD) 2
NAT2 SMX} S8 x=&H0|| 2 MHAE ST

TI=

Phase T t)A} €4 (CYP1A1 ¥ CYP2E1)S} NAT2 |-
A 58 2P0l BE #Y 2T BE L 0 9

Table 4. Combined CYPs and GSTM1 genetic polymorphism in healthy control and colon cancer patients

Genotypes
GSTM1 CYPs
+ - + - + —

CYP1A1 polymorphism (Msp I) ml/m2 ml/ml m2/m2

Healthy control 21 26 33 19 7 7

Cancer patients 17 19 27 33 6 11

OR 1 0.90 0.45 2.15 1.06 1.94

CI 0.38~2.16 0.45~2.29 0.91~5.03 0.30~3.75 0.62~6.09
CYP1A1 polymorphism (exon 7) Tle/Val Tle/Tle Val/Val

Healthy control 30 37 27 14 4 1

Cancer patients 31 30 17 27 2 6

OR 1 0.78 0.61 1.87 0.48 5.81

CI 0.39~1.57 0.28~1.34 0.82~4.23 0.08~2.84 0.66~51.15
CYP2EI polymorphism C1/C2 C1/C1 C2/C2

Healthy control 36 33 20 17 5 2

Cancer patients 26 35 18 27 6 1

OR 1 1.47 1.25 2.20 1.67 0.69

CI 0.73~2.94 0.55~2.81 0.99 ~4.84 0.46~6.03 0.06 ~8.05

OR = Odds ratio; CI = 95% confidence interval.
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Table 5. Combined CYPs and NAT2 polymorphism in healthy control and colon cancer patients

Genotypes
NAT2 CYPs
F S F S F S

CYP1A1 polymorphism (Msp I) ml/ml ml/m2 m2/m2

Healthy control 53 4 48 4 13 1

Cancer patients 34 2 51 9 15 2

OR 1 0.78 1.66 35 1.8 3.1

CI 0.14~4.50 0.92~2.97 1.00~12.29 0.76~4.24 0.27~35.73
CYP1A1 polymorphism (exon 7) Ile/Tle Ile/Val Val/Val

Healthy control 63 4 36 5 5 0

Cancer patients 55 7 38 5 7 1

OR 1 2.0 1.21 1.15 1.60 0

CI 0.56~7.21 0.68~2.16 0.31~4.17 0.48~5.34
CYP2E1 polymorphism Cl1/C1 C1/C2 6C2/C24

Healthy control 64 5 35 2 5 2

Cancer patients 57 4 37 8 6 1

OR 1 0.9 1.19 4.50 1.35 0.56

CI 0.23~3.51 0.66~2.13 0.92~22.02 0.39~4.65 0.05~6.36

OR = Odds ratio; CI = 95% confidence interval; F = fast acetylator; S = slow acetylator.

T E Table 59 &9F3t3ot.

CYPIAI Msp I t+8 A7 NAT2 thd Aol o3t 73
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