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Xenobiotic-metabolizing machinery contains two main types of enzymes: the phase I
enzymes mediating oxidative metabolism, cytochrome P450 (CYPs) and phase II
conjugating enzymes involved in detoxification, glutathione-S-transferase (GSTs). Genes
that encode these enzymes are polymorphic, and such polymorphisms are associated with
the susceptibility to the hazardous action of chemicals such as carcinogens in some indi-
viduals. Moreover, genetic polymorphisms of xenobiotic-metabolizing enzymes have been
shown considerable ethnic differences in gene structure and allelic distribution. In this
study, we investigated the polymorphic genotypes of CYPIAI (Mspl and exon 7 poly-
morphisms), CYP2E] and GSTMI from oral epithelial cells of 225 healthy Koreans
collected by mouthwash method. The genomic DNA was purified by phenol-chloroform
extraction and the genotypes of CYPIAI, CYP2EI and GSTMI were determined by
polymerase chain reaction-based assay. CYPIAI Mspl genotypes ml/ml, ml/m2 and
m2/m2 were found in 36.3%, 55.7% and 8.0% of healthy Koreans and exon 7 genotypes
were 16.8% for ilefile, 74.8% for ilefval and 8.4% for val/val. The frequency of CYPIAI
ml/m2 was higher in Koreans than Europeans as compared with the previous studies.
CYPIAI ilefval genotype in Koreans was found to be significantly high in comparison
with Japanese as well as Europeans and Caucasian. The cl/cl, cl/c2 and c2/c2 genotypes
of CYP2EI were observed as 53.3%, 43.8% and 2.9%. The presence of c2 allele was
significantly more frequent in Koreans (24.3%) than in Swedish (5.0%), European- Ameri-
can (1.0%) and African-American (4.0%). GSTM1 wild and null genotypes were found
in 39.0% and 61.0%, respectively and this was not significantly different from other ethnic
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community-based studies.

group. Taken together, these results demonstrate that the distribution of genetic poly-
morphisms in Koreans are different from that in other races or ethnic group. Our results
also indicate that the mouthwash method was more effective and easier in large

Key Words: Xenobiotic-metabolizing enzyme, CYP1A1, CYP2E1, GSTMI1, Genetic

polymorphism
M = = Aot 53 Sl o) AR HG

RFI=A ] AL F2MAT Akt

A EHe] wdy HEe] B R/ §  Xolrt dv ALE Hauwo] ded o3t X
Al EHH, o] EAE F YHEEAE W o7l VERE AL RS 43} 52
off f4A HH=o] AAZ} FA g A =4S W53 e WAELY A AR AR
UetiiAY AlZE E4A71 2oz S8 9 dEA Y Hol] wliEd Aoz Azksiar ekt o]
tl QA= ole} e 9] X891 %A (xenobiotics)oll  #3 FHA} thFHA S oy} uierEAd sk
i3k Wol7|de s %Z—J% AASAY dFste NI w3t %L | d= Ao
71AE A I PG, ol F2 GEFYELS  Z dHA k) HEA Bad R GdEA
A4l o] & FE&A HelE WHIAA A W AR {HA A rﬂ‘o& AT AzHEel

AR5 sl oRRYE4d AR 4 (xenobiotic-
metabolizing enzyme)7} e}, b
SRR Al el Batee
RAZ e 4 ook ol
9 QRFYUEAES IXH .‘li cytochrome P450
(CYP)®} 22 Al1d Aol o3l 7hr2all= A
W3- geslo] 1} oIS B s,
A0l =2 1XF HAMEEY glutathion-S-transferase
GSD)%F 22 A Hzell oz =3} (methy-
lation), &5 Zu}o] =3} (glucuronidation), &4k
3}(sulfation), %3} (conjugation) 52 IS AX 2
A OALER 5T o} al5E A Tk
739 AR RAARA 15 WAEL A ZEY DNA
9} Hkgsto] RIFA|(DNA adducts)E A gct?
DNA —rﬂ*ﬂOﬂ o3l W= A7y a2 Elol
=7t AL 93l 11]715111 Fs" DNA
A v‘JrZq = 74*4 HEH o2 A7 T4
oI} elolibiul el 14E chebA Lepsy
oldE A G ARt ek welbA g
&oll o3t o B{1FAe] AEF% %}(blotransforma-
tlon)*‘ 317 ubekEA o] ulkelil o] 93} ©

<= 3™, DNAS} Hh33l= HF

m kok
oot P
S

M

'l E
=4
WA B

=
A SAR Aol AF WFoll wheh 4P
o7k = Aem 2AF I, kA& vt
& RFIBAL Felg ol e Aol

123} ql1Z]] ule} A3l XfolE By Ao
2 Azl 0146“21) w4, U];_'L QHS H|E
b AR Lol A WEE oF ublyl ulolbEA ¢
axe] A7 Al it AT AFAE B
AdollAl atiz A g3 S ek wheld a9

N

,1_‘_

>

AE FAA S 2ol B4R
W A S F A A

j=3
Foshl w oY a %0

22 s Aol
o] =59 u] Mele AFAL XA ")
FAH QAtol w}a} Az vhEA ek, 317
QAAS} AN A Aolol] Bt Az AE
o] Yolup= Aoz FefA ek

B Ao AE 27 dEel| A o faT
el B3t Bl =3l Tofsl= CYPIAL CYP2-

EI9} GSTMI®] $37 84S At 4

WH oz o)l EAel vt wo] ol YiA
Ta9) FAAe 7ol g Welrl A A

o7 YZE|E= 2= ) A7)EE shAle Ak

Rl

o YAREY §A4 IS 2 ©



170 cHgttoAlgeb3] 2] - Al 74 A3 % 2002

g FAANARoE AT FTRDSAINEE o]
ot A4 d@Ade =4 B del
Axp g Aol gk A= 5 e ARdE F
& THAAE =4

1

fr o o
ru

4=

CH&

Ha

1) AFCOH& XY

HI

TAAANE B8 AZsla 75 ol oA
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A 757 (20~294) e 2 HE AR Bl A
2 AT A EZ 9 tKTable 1). X 3 1A]7ke] 7
Tt BE ZAAA 20 mle] 7FFN(Listerine”,
Warner-Lambert Consumer Healthcare, NJ, USA)2. %=
127F XA AR S 3] 3k 3 A AE 87
o] gkl 2,700 pmollA] 1527 YA Resk = K
Aol 25 mle] TE <HH [10 mM Tris (pH 8.0), 10
mM EDTA (pH 8.0)1% 7}sle] &eA|7]a t}A
3,000 rpmol] 4] 15%:'47} AR A 27
g2t A9 E£E DNA F3l| A8l

2) DNA F&

F7reEl A A Eol|l 70012 lysis buffer [10
mM Tris (pH 8.0), 10 mM EDTA (pH 8.0), 0.1 M
NaCl, 2% SDS]¢} 3512] proteinase K (20 mg/ml)
£ 7hslel AlZE & AEAT] $F 58°Co 2ol
A 2A17F Bk vb-S A Z ek ¥ES 2 8,000 rpmell
A 287 AR E sta AeHE NEE vlAl
ARz HZlvk 2 79| phenol-chlo-
roforme ¥o] DNAE F%3}9lt}h 14,000 rpmeol]

\=]
A
A 287 AR EeleR 2 ¥ulo) FReTE
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Table 1. Characteristics of population in the study group

Male Female Total
Adolescence” 57 93 150
Adult” 47 28 75
Total 104 121 225
V<18 years

?>18 years
S Y3 10% E¢F I 2 14,000 rpmoll A 4

=2 AAEE sieleh el yiomie] 3 M
NaOAc, -+ H $3]¢] 99% ole-&& 713t ¥ 20°C
ofl Al 2417F &<t WA AIZ el 14,000 rpmell A 15
7 AAEERE &, 70% ollghEE AIXElaL speed-
vac system AES1010 (Savant Instruments Inc., NY,
US.A)AA 3087 Azslgdct. A =3 DNAES
TE bufferoll &3 A1 260 nm<} 280 nmol|A FE
sk 25 A

3) St CafHFZ(Polymerase Chain Reac-
tion, PCR)

PCRZ Gene-Amp PCR System 9600 (Perkin-
Elmer, Cetus Corp., Norwalk, CT, USA)S A}-&3}
o] Fefsgirk. PCR Hb-3-
lpg, upstream¥} downstream primerE ZZF 20
pmole, dNTP 1.25 mM, 5 Ujle] Taqg TTE4E
(Perkin-Elmer, Cetus Corp., Norwalk, CT, USA)&
7¥sle] vbg FFe 30pE 33Utk Primere E
% TaKaRa Custom DNAA} A% (TaKaRa Shuzo
Co., Ltd., Shiga, Japan)S A-83}%t}.

E3HE2 genomic DNA

4) CYPIAI Mspl (T—C transition) CF&A

Mspl (PCR-restriction nuclease)oll th3at & =}p
4> Hayashi G WHez zAsiglch?
Primer upstream 5’-CAGTGAAGAGGTGTAGCC
GCT-3’, downstream 5’-TAGGAGTCTTGTCTCAT
GCCT-3"S AF£3}9it). PCRES #%7] denaturation
S 95°CollA 487 13] AJ3B3}al, denaturations
95°CollA] 14, annealing 65°CollA4] 14, extension
& 72°ColA 1489 vhgo & 303 ubud ¥ 2
% annealing¥} extensions Z+7Z¢ 65°CollA 1%,
72°Coll A 87k Alggelict. Hb-3AbE S Mspl Al
Ste A 37°Col|A] 2417 &}t TR g oy
ethidium bromide (EtBr)7} & 1.8% agarose gel 4
o4 A7]d53F3L UV transilluminatoroll A 73}
E ik Aabel A2 ukg-4HEo] 340 bpellAl
Ueh= 218 5384 EA (homozygous wild geno-
type, ml/m1), 140 bp2} 200 bpollA YehtE A&
=91 o)A (homozygous variant genotype or mutant,
m2/m2), 140 bp, 200 bp, 340 bpollA] Vel = AS
o] %4 kAl (heterozygote, m1/m2)e} 788}l c}(Fig.
1A).
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5) CYPIAI ile/val C}FHM(A—G transition)

CYPIAI gene| exon 7014 A7} GE 7|7} A
9] (transition) ¥ &= ile/val AL AR5
o] FHA AME-E ZFH(allele-specific PCR
amplification) 2 £l w416} ch%* Primers 2A
5’-AAGACCTCCCAGCGGGCAAT-3’ (wild type up-
stream), 2G 5’-AAGACCTCCCAGCGGGCAAC- 3

B.C

A. CYP1A1 Mspl

200bp —

140bp —»>

C. CYP2E1 Pstl
1

290bp —>

120bp —»

Fig. 1. Genotyping of the CYPIAI, CYP2E] and GSTMI.

AGA GAGAGAG

wRol S Az A4S AR oY
TCCACCCTCT-3" (downstream)< AH8-3}%1ct}. PCR
HE-S-2 £7] denaturationg 94°CollA] 1& 30%7+
13] Ale¥st)a, o] FHE|= denaturations 94°C
ollA 148, annealings 70°Coll4] 1& 303, extension
& 72°Coll A 13 30227F9] Hb-S-S 253] whaEbaL,
#|% annealing¥} extensions Zt7Z; 70°CollA] 1,

72°Cell A 8iE7F Alfekadet. Hb-gAES EtBro|
£ 1.8% agarose geloll A7]d5 3 3 UV trans-

YP1A1 exon 7

L B 1]« 340bp

D. GSTM1

A. Lane 1, homozygous wild genotype, ml/ml; Lane 2,

heterozygote, ml/m2; Lane 3, homozygous variant genotype, m2/m2. B. Lane A, homozygous wild genotype,
ile/ile; Lane G, homozygous mutant genotype, val/val; heterozygote shows bands in both of Lane A and G. C.
Lane 1, homozygous wild genotype, cl/cl; Lane 2, heterozygote, cl/c2; Lane 3, homozygous mutant genotype,

c2/c2. D. Lane 1, wild type; Lane 2, null type.
(mutant type upstream), C 5’-GAAAGGCTGGG-

illuminatorol| 4] &3}t A7dEs A3, 322
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bp2] HF-GA4HEo] wild type primer QA)E FH3F
Soll A vehbd A-tiR A2 581 3 Al (ho-
mozygous wild genotype, ile/ile), mutant type primer
QG)E FH3 Lol At vkg4kEo] YeEhE G-
B2 58 A A (homozygous mutant geno-
type, val/val), %% EFollA] RE-gAHEo] Ho|H o]
A A (hetetozygote, ilefval) Z T-5313thFig. 1B).

6) CYP2E1 PsAl CIE M

CYP2E] F+A1A}+9] 5° flanking H-$]of] Pstl ATk
5 7= @A e g A THELE AiRbS-
A| gk & A= (PCR-restriction nuclease) 723l 24
S 22319t A28 primers upstream strand
5’-TTCATTCTGTCTTCTAACTGG-3’, downstream st-
and 5’-CCAGTCGAGTCTACATTGTCA-3'E A&
st9lrh. PCR ¥F2-2 7] denaturations 95°CollA]
477 13] Aol o] ¥ HE]= denaturations
95°Coll A 1+, annealingS 55°CollA] 1+, extension
& 72°CollA 139 Hbg& 253] wbEela, 3HF
annealing¥} extensions 2+ 55°Cell A 18, 72°C
of A 727 Algeldct. WEAbES Psd AlEE
&R 37°Coll A 2A17F Z<t 7Bl 3k 3 EtBro]
£ 1.8% agarose geloll A7|d53l3L UV transill-
uminatorol| 4] 3H2s}ei ek WE-3-AkEo] 410 bpoll A
vk Yehd 78 53" @A (homozygous wild geno-
type, cljcl), 290 bp2} 120 bp $1X|oll Yeht A&
=91 o] A|(homozygous mutant genotype, c2/c2)E,
410 bp, 290 bp, 120 bpollA ¥HEAHZo] v}
AL o] A A (heterozygote, clf/c2)Z =53}
t}(Fig. 1C).

7) GSTM1 gene loci2| ZZ=(deletion) 24

GSTM19] genotype> WHEAHE9] 52 HiF
%] =d, primerZ+= upstream strand 5’-GAAGGTG-
GCCTCCTCCTTGG-3’, downstream stand 5°-AAT-
TCTGGATGTAGCAGAT-3'S A-&3l3ch>® Null
types 2l3sl7] $13l internal standardZ & 268
bpoll Al DNA bandE YEHE f-globing AH-&3F
et B-globin®] primer= upstream strand 5’-
CAACTTCATCCACGTTCACC-3’, downstream strand
5’-GAAGAGCCAAGGACAGGTAC-3'E A-8313)
t}. PCR WF22 %7] denaturations 94°Coll A 45

7F 13] Ald¥elar, o] FZRE]E  denaturations
94°Col| Al 14&, annealings 63°Coll 4], 1+, exten-
siong 72°CollA] 14-¢] Hhe-& 303] wHE3Ach
Final annealing@} extension< Z+Z} 63°CollA] 1,
70°Coll A 1027 Alegssiet. vh-eAbHe< EtBro]
£ 1.5% agarose geloll A7]d-538laL UV transillu-
minatorol] 4] ZslA e} WA 268 bpellAl Bglobin
9] band7} WEISEEAE &RIZE ¥, 215 bpellA
HhgAbEo] vebd 739 wild type, RE-5-4AHE©]
UehA] ¢k 73 null typeeE =3}k
(Fig. 1D).

8) SAHANzZ

gharlellA] dA# of A, Al =537
7k §A2 thAd o] Nl & vty 9lst
FFol AlF FA| = (Chi-sqared test) = I A2 A
273 7 ¥ (Fisher’s exact test) B -2|2HE(p-value)
= ol&3lo] FA ALt

2 Lo

e ot

1) CYPIA1 Mspl genotype (T—C transition)

9o 2X

77438k k=l o] 7| A4 CYPIAL Mspl
genotype®| HEE ZASE A3, o|FAH A (ml/
m2)9] MEANIET} 557% % 7P =% FEAY
Al(ml/m1)et Eed ol H(m2/m2)e] ARl == 7+
Z} 36.3%2} 8.0% % ZAE| 9 th(Fig. 2A). CYPIAI
Mspl genotype®] WSARIEE 4™ (p=0.4033)7}
& (x’=10.5427, p=0.0051)ll we} v w3}elS ull,
o7t 25T AYNA FE FAA o vl o]
AdA7E =A vebskek(Table 2).

2) CYPIAI exon 7 genotype (ilefval)2| £

T F A Fl|A] CYPIAI exon 7 (ilefval) geno-
typee] EE& ol H A lefval)e] WARIET}
748%% =/ JEbgeH, FRHAAAleile)et =
el o] Al (val/va)-FH A o] W=+ 27 16.8%%}
8.4% % VIEbkch(Fig. 2B). o] Aol A (x=
4.3563, p=0.1133)7} 1% (xX’=7.7891, p=0.0204)°]]
ulg} CYPIAI exon 7 genotypel] EEE Ak
A}, 25 ZAalA o] F A ¥ =
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Table 2. Distribution of CYPIAI (Mspl), CYPIAI exon7 (ile/val), CYP2EI (Pstl), GSTM1 genotypes in Koreans

Sex Age
Genotype b
Male Female Adolescence” Adults”
CYPIAI ml/ml 41 (36.3)" 22 (41.5) 19 31.7) 15 (23.4) 26 (53.1)
WispD m1/m2 63 (55.7) 26 (49.1) 37 (61.7) 43 (67.2) 20 (40.8)
P m2/m2 9 (8.0) 5 (94) 4 (6.7) 6 (9.4) 3 (6.1)
p=0.4033" X'=10.5427, p=0.0.0051°
CYPIAL ilefile 22 (16.8) 6 (10.3) 16 (21.9) 16 (20.5) 6 (11.3)
(oxon 7) ile/val 98 (74.8) 45 (77.6) 53 (72.6) 52 (66.7) 46 (86.8)
X val/val 11 (8.4) 7 (12.1) 4 (5.5) 10 (12.8) 1 (1.9
X’=4.3563, p=0.1133° X’=7.7891, p=0.0204°
CYPIE] clfel 56 (53.3) 32 (61.5) 24 (45.3) 22 (43.1) 34 (63.0)
(Psth cljc2 46 (43.8) 19 (36.5) 27 (50.9) 26 (51.0) 20 (37.0)
s c2/c2 3 (2.9 1 (1.9 2 (3.8) 3 (5.9 0 (0)
p=0.2722" p=0.0193"
GSTMI wild 62 (39.0) 35 (45.5) 27 (32.9) 34 (38.2) 28 (40.0)
null 97 (61.0) 42 (54.5) 55 (67.1) 55 (61.8) 42 (60.0)

X’=2.6199, p=0.1055"

X’=0.0532, p=0.8175°

YNumbers of subjects.

<18 years

¥>18 years

“Numbers in parentheses, percentages.
JFisher’s exact test

6)Chi—sqared test

< HIEE 32E 9 ch(Table 2).
3) CYP2E1 Psfl genotype & allele?] &I

CYP2EI Psd genotype®] HX= Z3HEA(cl/
c)7} 53.3%, ol AeHA|(cl/c2)7t 43.8%, =A™
olAl(c2/c2) = 29%% YERSTHFig 20). AW (p=
0.2722)3} A& (p=0.0193)0ll W&} CYP2E! Psd tf}
e vlaste] B Ad G HelA 5
AL ol AEA R} ¥ =2 =R Ve
tH(Table 2). Allele®] HIEE =ZA3H A3} wild
type (cl)< 75.7%, mutant-type (c2)< 24.3%=Z
2= gt

4) GSTMI genotype2| X

GSTM19] genotype?] &2+ wild type©] 39.0%,
null type®] 61.0%F ELSLch(Fig. 2D). o] AFE

A (¥=2.6199, p=0.1055) A (¥=0.0532, p=
0.8175)0l whe} vlazal Hgke o oAz 2T
Aol A wild typee]| null typeoll H]3l dA3] =A|
AAE g3 FAT AR wild typeo] B &
< HEE 3EE U rk(Table 2).

K
]

AAEY HEFS IRGAEAY Aol F
3 S Bhel, Aeld AAUY HaEe
gAe A3 AT Aol 2 Urhle 2
oz FeiA ek, ol ARG Hxe ofel 7
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Fig. 2. Distribution of CYPIAI, CYP2E] and GSTMI genotypes in healthy Koreans. A. ml/ml, homozygous wild

genotype; ml/m2, heterozygote; m2/m2, homozygous variant genotype. B.
heterozygote; val/val, mutant genotype. C. cl/cl, homozygous wild genotype; cl/c2, heterozygote; c2/c2,

ile/val,

ile/ile, homozygous wild genotype;

homozygous mutant genotype. D. wild, wild type with band of 215bp; null, null type.
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