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CYP2E1 Genetic Polymorphism relating to Styrene Metabolism of
Korean Workers

Chang Hee Lee, Jin Ho Chun, Jun Han Park, Dong Mug Kang,
Dae Hwan Kim, Deog Hwan Moon, Chae Un Lee

Department of Preventive and Occupational Medicine, College of Medicine, Inje University

The goal of this study is to observe the associations between the metabolic phenotype by
personal exposure and urinary metabolites and genetic polymorphism of CYP2El which is
known to be related with styrene metabolism. To complete this study, the author executed
a battery of tests on 46 workers who were working at laminating department of fiberglass-
reinforced plastics (FRP) industry located in Pusan and Kyungnam area during April to
June 1998. Those were - (1) personal exposure assessment with organic vapour monitor
and gas chromatography, (2) measurement of urinary metabolites - mandelic acid (MA)
and phenylglyoxylic acid (PGA) ~ with high performance liquid chromatography (HPLC),
(3) CYP2E1 genotying with PCR and restriction fragment length polymorphism (RFLP)
using Dral and Rsal, and (4) questionnaire survey for some individual characteristics.

Study subjects were composed of 32 men and 14 women, and whose average age was
39.4 years, average tenure was 7.7 years.

Each concentration expressed by geometric mean(range) was as follows: air styrene
15.6(3.1-81.0) ppm, urinary MA 187.8(36.8-1007.2) mg/g creatinine, PGA 232.8(46.8-
1075.7) mg/g creatinine. Correlation coefficients between air styrene were MA 0.54, PGA
0.37, MA+PGA 0.54 (p{0.05). The relative frequency of CYP2E1 mutant allele was
45.7%Dral 43.5%. Rsal 37.0%), and homozygous mutant type (M/M) was not observed.

The value of (geometric mean of (air styrene/urinary metabolites)) x 1000 according to
genotype was significantly higher in mutant type than wild type (p<0.05), as in case of
MA, mutant type 106.4 and wild type 84.4, and in case of MA+PGA, mutant type 84.4
and wild type 55.6.
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The value of air styener yrwa/urinary metaboliteszy was used as a cut-off value of clas-
sifying phenotype. That is, the value of air styenemy.rwa/urinary MAg;>0.063 and air
styrenemy-rwa/urinary MA+PGAgz>0.048 was classified as poor metabolizer, and, the
value of air styeneryrwa/urinary MAg;<0.063 and air styrenem,vrwa/urinary MA+PGApg
<0.048 was classified as extensive metabolizer. As the result, the frequency of poor
metabolizer was higher in mutant type than wild type with no statistical significance
(p>0.05), as in case of MA, mutant type 66.7% and wild type 48.0%, and in case of
MA+PGA, mutant type 81.0% and wild type 56.0%. These results suggests that CYP2E1
mutant allele has a tendency toward the poor metabolizer. ’

This study has several limitations as small sample size, and no considerations on work
intensity, alcohol habit, obesity, etc which can affect styrene metabolism. However, this
study is of value because this is first study to propose the fundamental data about associ-
ations between exposure level, biological monitoring, and CYP2E1 genetic polymorphism
in Korean workers dealing with pure styrene. To improve accuracy of the study, that
means, to applicate the result of this study on the personal risk assessment of styrene

workers, larger sample size and consideration for confounders are needed.

Key Words : Styrene, Metabolic phenotype, CYP2E1, Genetic polymorphism
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2E @2 AAFRNA] dE] AMSHY F2 AA
Al 9L YRl GMaH o] F, A% Aol
wota st Fo A4S AY AP HolollA
Al o] He Edold. Ulde F2 ¥4
1T 5o 982 Wo AMEHALY HId = Fe
29, Ee2Eldl, Edxez9, fEdH A3
#2] (fiberglass-reinforced plastics, FRP)2] #]
Z 7, AR HA olgHm JTHWHO,
1983: Z773, 1991; =%% 1994).

AR oz HA 2Elf] FE = FRP A%
oA 7 Wi o]RAY, MW FHe F
2 3F71E€ B8 o]FojArhIkeda T, 1982:
Galassi %, 1993; Ong %, 1994). A= {58
ZE|fE 1A4H L2 styrene 7,8-oxideZ AEH
31, epoxide hydrxoylased] 2]3te} 7l=H-8] 5 o]
styrene glycol2 W3dd vhg, dF-E(85%)
mandelic acid(MA)9] Y= 2, YA & phenyl-
gyoxylic acid(PGA)$}t hippuric acid(HA)2] ¥
HE =& F3to] wd-ec(WHO, 1983: ]33
%, 1996: A28 &, 1997). ulEA HIAA Y
2EJ Z20] g JYEFHRA = o =F g4}
MRS 23e Whiem o)Foa geonm LF

wAdzFe] E-&e A o F MAJL 78 8ol
o] &5 it}

S B E AFY MARS), 71E9 B
ATolM AAE AAYE AR EAES Al 7l
e} At F¥ RolR QA3 (Jotshy %5, 1977:
Breimer, 1983; Harris, 1989) =% MASY] &%
o ze AR E2) i B4 FAL &
3A] B3 Aoz HriHa g ),

JAJEA Ui /MM dhAlE (metabolic
capacity) xlold] gl o & Eol, oj® B9
tAbiHEe] E4do] e Edxc) ada ¥ o o
A7} B27) o] FoAH fajEHgo] HAXA & Ao
o, ¥R gAl =2A o|FojA W {3 zrgo]
2318 vl Hold Zol& AWl 7tFdt
(Barbeau &, 1985: Poirier %, 1987; Nebert,
1991: <193t &, 1994). ol g AL AEAe
Bz A & Jon, wy dAg Z2F ®
ok olg} JMAe] tiAlsel weld A7A Bl u
A 9o FE AR ARG,

A ANPE e FEGH =F gARES] &
Aol 9 PYEFAZAITo2ZE AU nlAE
dgS AY3] HyrEted oi vESR Hol e
&, o|g B3] sl H9 d7Ale AH
A ojalel #AAZE cytochrome P450(CYP450)2)
Ze7)1A3 A (isozymes)d] FE T g
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ATE £ 8 A} (Nakajima %, 1994:
Nedelcheva, 1996; Kim %, 1997). & < ¥
AYESH, FAGEHH A7 o3 g 9
Q& CYP450 &aA 9 93l AL go] ¥y
A i (Pelkonen® Raunio, 1995: Nakajima,
1997), 2E]dl dAllle CYP450 2E1(CYP2E1)
o] & o Ao gAA AU,

2E]d9] #¢ A7 kF MAY 33 5, 2
W diAbee] ZEYP P Aol diREeIeH
(Galassi &, 1993; 247 &, 1993: °|&3] F,
1996) thAlzel RFAFe] AT AT A9 FEA
de] dAle] piRfEn g ¥ £ AFMAE 2
H 263 FAF 22AE ddez 3o CYP2ELY
FARGYAYE TR ¥ AFE gl

A2 FHELAHNEY (PCRIT AFAELE o]
4% #2234 (genetic polymorphism) 793
o] HlmA Bo|3lA o] fARA HALH o] Fg
o] EFEAL WAEle E2Al9 RAAHAAS
WAL EE Y (metabolic phenotype) 7te] ©&Ay
A77t 7FssHAl HA, oo AFAE QA =
g HF 22AE WP MAZE2F YEIF
A F oF PARE & T UAREE, o
ga 2HA dAld @ddte Aoz g
CYP2E1e] #AACIYAE AFse] o BAdS
vetsl Bzl &, ol #AF r|2AAEE A4
3 o] AR 2Ed ERd) giF FA3 B
g Al FFHeE: § BEAL AFe 22
Aol A73de]o] Yzstaat g,

ALY N U
1. oo

£ zAMe F4 - Agxgd f2% 57
FRP AzAA9] 35 224 558& Az
slon o|ERRE AN A A ERN
AT FL 4L F INUD 46%8% HF ATFRA
A= (et FRP AZARIAL 2 AzFFel A
9] &% 26l Z22 43E 4 R dRE T
27} 2 fge] doEin ARIFs 22ate] A4
RZog iga g B ool Ul

AT7ZFHE FAE 7ol Y AdAY =
AE(@EaQ)d U BAE oz ATA}

A 1:1 4EXATE B8] AdPEE 2
At dES HE2 4, 4%, J1sk F¥A, =
$3E T4 71EAY AW, A998 3A AWy,
ZYPA] B o] #g AlY, FAR &5 Ad 5ol
Art.

2. ALY

1) 7ielE= gt

Passive air sampler(Organic Vapour Moni-
tor #3500, 3M, St Paul, Minnesota, USA)&
Ve & 22219 35719 7 AR 344
Atk 57 AFE 3 AT A= A AlEY 2
A 94 7e AgIRen, Aol Fay =S
2% 5X ¢ g3t ¥PE 2E]AL NIOSH
methodol &JA ©|#3}e2(CS,) 1 mio] 3083 W
2% F FFEAATHNIOSH, 1984). 334
de 7tz zetEagy (Hitachi G-3000 Model)
£ o8 en o AMENE A&7 flame
ionization detector(FID)2 2 392, BM230
2 Column2=¥ 100C, FUT% A&7 2=
250C, H%FL 2.5 kef/aw, columne OV-1 cap-
illary(GL Science)& A3ttt

2) =& ChARME FIt

SAIRE % 5A17 passive air sampler?] &
23} 97 AARYT Chua $(1993)¢] L ol
43l &F tAME MA, PGAE 233t
Axe)FHPez 8 200 48 20 49 o-methyl
hippuric acid(2 me/ ! )¢} 60 mge] NaCla X3}
7132 6 N HCl 20 42 P32 F, 2 Aol
800 #9) ethyl acetate® A71skx, 283 3}
o 12000 rpmolA 2 £t Q4E ARG A3
£ 0.5 ME ¢FvF 3U2 ¥ Fue Hn
70ColA AH3] A2AZHT. FAEE 0.5 me] o]
o2 59 ¥ 20 HE AHsld n&dA Az}
Eag (HPLC) Y Fdatct.

47171 dual pump(Toso Co. CCPM)$}
UV-Vis detector(Toso Co. UV-8010)7} 3¢l
HPLC, data system(Toso Co. SC-8010),
spectrophotometer(Beckman)& AH&-3%ich. ¥
MzAe BY¥L Lichrosorb RP-18(10 m), 2
A€ octadesylsilan(10 m), &8N F&L 0.8
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m/min, A8%de 20 4 den AEWge
257 mg AMB3I4Ac}. ©]F/32 water, metha-
nol, acetic acid® ¥l& 90:10:0.5%(V/V) &2
2 3. =3 dAMEe 2 S 4% =F cre-
atininee A-EA3E E471(AU5200, Olym-
pus, Japan)& AH8-dld 38t

3) CHALEEY o}

239 71F 28558 =% MA ¥ MA+
PGA &2 UE h(AH)S dAIEEY W71
NEez AAsten, AWA AFEHR A9 EX
(skewed distribution)& Jehfo], di@Bgste]
o] 83t EF 71F 2E/S ACGIHS A7}
%3] 8% X (Threshold Limit Value-Time
Weighted Average, TLV-TWA)¢! 50 ppm3}
ZE|Jl gAHE MAO oigt ACGIHS &34
Z 22 E(biological exposure index, BEDY
800 mg/g creatinine, 2E]d WAMIE MA+
PGA® digt BEIS] #9l 1040 mg/g creatinine
€ dAR Y AEriEe s AMgaen, ol& 24
2 air styener yywa/urinary MAgg=>0.0633
air styreneryrwa/urinary MA+PGAgg =
0.048% AANALY (poor metabolizer, PM) 2.2,
air styreneryqwa/urinary MAgy<0.063%} air
styrenery-rwa/urinary MA+PGAgg<0.048%
A&UAY (extensive metabolizer, EM) 2.2 2}
2t FE-sr ot

4) SNEciES Yot

H7A CYP2EL®] #AAGE A BAlde 2
7EA 9] APALEA (restriction fragment
length polymorphism, RFLP) A%7} KHiso]
Act. dvke CYP2E19] 5 -dArzd 99 91
3 Rsa I (GT]AC) v Pst I(CTGCAIG) A
FRA QY id) OF $338 A (Umeno 7,
1988) °lW, & 3l CYP2ELY intron 60
AT Dral(TTT | AAA) ATEE A4 o
& fAAGgAdoltH(Uematsu 5, 1991a). £ &
FoXE LT A DNAC st 27149
RFLPE 2% &3l 4¥S AP3A.

(1) DNA 32

¢ 5mie) AYZHE DNAE FE3Uch AF

9 lysis buffers} FHFE o] 83l WYTE &
#A1Z1 ¥, RNase®} proteinase K& 713 2,
phenol/chloroform/water %3} sodium chlo-
ride, ethanol& ©]43ld DNAE F&3ddtt. F
2¥ DNAE v FFF9 o 260 nmel ¥%
X& °]83l9 UV spectrophotometry® 333
TR, A% 4 w7kx] -20Cq] Rn@sle] ALgs)
ot

(2) PCR for CYP2E1 genotyping

Dra ] RFLPE $1% PCR< CYP2E19] Intron
6ol HXT AFEL AYAE o] &3l7] Hdld
Primer 7013 Primer 703& o] 432 (Umeno
. 1988: Uematsu ¥, 1991a), Rsa] RFLPE&
A PCRE 5 -AAL2A Ao AT AFasr
A &g o] 837 A8l Primer 6159 Primer
616% °]83NHUmeno %, 1988: Uematsu
%. 1991a: Hayashi %, 1991). PCRe =42
3t #vh, 0.5 ml eppendorf tubeel buffer
(Tris HC1 10 mM, KCl1 50 mM, MgCl, 2 mM,
pH 8.3) 5.0 #, 1.875 mM dNTP(Pharmacia,
Piscataway, NJ, USA) 8.0 4, 8.0 pmol/H$]
primer 701, primer 703 2+ 5.0 4, Taq poly-
merase(Perkin Elmer, Norwalk, CT, USA)
2.5 units, genomic DNA 0.1 #4(0.1 we)¥ &#&
T 30.5 W& 7151 F 50 4B TE oS, 3EE
27] 918 mineral oil 50 4 & $%3 31 Thermal
cycler(Ericomp, USA)9lA] 94¢ 4% F<¢ 1
cycle Z2A1Z} g, denaturation 94t¢ 1¥,
annealing 63°C 1¥, extension 72C 1¥2} 3
& 35 cycle WHEg & 72T 4% 1 cycle® AH
PCRE €43ttt 94¥ PCR 4HEE 2.2%
agarose geldll A7]19%E& ths, ethidium bro-
mide 94& 3] UV light boxdAl @&so
v @Y wz=e) AVE 995 bp(Dra ) 412
bp(Rsa )1}, PCRe 7=+ Fig. 1, Fig.
29} 2t}

(3) Dra] and Rsa] RFLP for

2E1 Genotyping

Genotypingg 1%+ RFLPY Dral% Rsal
(New England Biolab, Beverly, MA, USA)
5.0 units$} buffer(90 mM MgCl2, 1 mM
dithiothreitol) & o] 83} 37T oA 18AI:t A3

— 164 —



tglem AAe Gel marker(New England 100 bp) 9t 34 2.2% agarose gelol A71953%
Biolab, USA; 1000, 800, 500, 400, 300, 200, U©h3, ethidium bromide G4& 3l UV light

=» #701(TCG TCA GTT CCT GAA AGC AGQ®) Fig, 1, Strategy of PCR and Dra
I RFLP for CYP2E1(T—
A7668) genotyping.

4= #703(GAG CTC TGA TGG AAG TAT CGC A)

L 2

PCR for Dral CYP2E1 Genotyping
(995bp : 7367-8361)

2

Restriction fragment length polymorphism (RFLP)

=» #615(CCA GTC GAG TCT ACA TTG TCA) Fig., 2. Strategy of PCR and Rsa
[ RFLP for CYP2ElL
genotyping.
& #616(TTC ATT CTG TCT TCT AAC TGG)
]
PCR for Rsal CYP2El Genotyping
(412bp: -1368 ~ -957)
L 2
Restriction fragment length polymorphism (RFLP)
1234567 1234567809

1000bp — /412
P
1000bp — « 874bp 500bp — — 35%bp
000 — 57%p 300bp —
« 302bp 100bp —
100bp —

v Fig, 4, Result of Rsal RFLP for CYP2El geno-
Fig, 3. Result of Dral RFLP for CYP2E1l geno-

. typing.
typing. 1, 3, 4, 5, 6, 7 : Homozygous wild type
1 : Homozygous mutant type(MM) = 874, (WW) = 352, 60 bp
121 bp

2, 8, 9 : Heterozygous mutant type(WM)
2, 3, 4, 6, 7 : Homozygous wild type(WW) - 412, 352, 60 bp

= 572, 302, 121 bp
5 : Heterozygous mutant type(WM) = 874,
572, 302, 121 bp
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boxolA #APUT, FEHe wc=o AV Fig
3, Fig. 43} Zt}.

3. SAIEY

A Adet dEAC 93td Lo A aE
Microsoft Excel 97& o]&3le] A st
ARE AT oA e £X¥ ue A& A
HR, 52 1 54d A dEsteld HRE e
dRem, 2t F=(1F 2HA, 2% MA, PGA,
MA+PGA) & di¢¥8 3 7|89 #S Fath

Table 1, General characteristics of subjects (n=46)

Characteristics Frequency (%)

Gender Male 32 (69.9)
Female 14 (30.4)

Age (Years) under 30 10 2L7D
30 - 39 13 (28.3)

40 - 49 17 (37.0)

over 49 6 (13.0)
(Mean+SD)  39.4 + 10.0

Tenure (Years) under 1 7 (15.2)
1-5 18 (39.1)

6 - 10 10 (21.7)

over 10 11 (23.9)

(Mean+SD) 7.7 £ 7.2

Education (Years) under 6 9 (19.6)
7-9 13 (28.3)

10 - 12 22 (47.8)

over 12 2 (4.3
(Mean=*SD) 10.2 + 2.6

Smoking No 21 (45.7)
Yes 25 (54.3)

Drinking No 18 (39.1)
Yes 28 (60.9

7 sxzre] ARENE APRAeH FATAY
B el zolE umaisr,
SAS(ver 6.12) & ol-&ste} Alastleh,

= B0
BE BN

o7z a}
I o7 ChaRRle] Yurs S

A 46W o2 AY FRP AzdAe] H&y
Aol FAlshe TERAlelW, FAHoRE AYPAMY
AMzFA 324, AEA #A7E A2FH 59, 34T
g AXEH 4%, s A" A2FH 3%, ofv
E A&AA Az 2%oldet. @y pAvE ¢
A+ 327, A 1490l x, FFAYL 39,4492
o, EIFdRe .74, F9EY 588 47
54.3%, 60.9% %A} (Table 1).

2. 3718 AE set oE tlARtE S&

7zt =9 JlEgad HYe T 2EHdAe
15.64ppm (3. 14~80.97), =% MAE 187.79mg
/g creatinine(36. 83~1007.19), PGAE 42, 52ng
/g creatinine (6. 32~101,29), 2822 MA+PGA
£ 232.76mg/g creatinine (46.76~1075.65)©)}
t}(Table 2).

Table 2, Level of styrene exposures and urinary

metabolites
Parameters GM (Range)
Styrene in Air (ppm) 15.6 ( 3.1 - 81.0)
Urinary MA (mg/g cr) 187.8 (36.8 - 1007.2)
Urinary PGA (mg/g cr) 42,5 { 6.3 - 101.3)
Urinary MA+PGA (mg/g cr) 2328 (46.8 - 1075.7)

GM: Geometric Mean, cr: creatinine

Table 3, Correlations between air styrene and urinary metabolites

Parameters MA PGA MA+PGA
Styrene in breathing zone (ppm) 0. 54** 0.37 0.54**
Urinary MA (mg/g cr) 0.67* 0.99**
Urinary PGA (mg/g cr) 0. 74**

*; p<0.05, **; p<0.01 (Statistical significance was tested by correlation analysis.)

cr; creatinine
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Table 4. CYP2E1] genotypes and air styrene/urinary metabolites

Restriction Frequency GM of air styrene/urinary metabolites (range)'
enzymes (%) MA MA+PGA
Dral
W/W 26 (56.5) 69.9 (25.9-272.5) 56.7 (21.5-177.3)
W/M 20 (43.5) 106.2 (32.2-334.5)* 84.2 (27.5-250.9)*
Rsal
W/W 29 (63.0) 71.4 (25.9-272.5) 57.8 (21.5-208.0)
W/M 17 (37.0) 110.8 (43.7-334.5)* 88.0 (32.7-250.9)*
Mutation
No 25 (54.3) 68.6 (25.9-272.5) 55.6 (21.5-177.3)
Yes 21 (45.7) 106.4 (32.2-334.5)* 84.4 (27.5-250.9)*

*; P<0.05 (Statistical significance was tested by student t test.)
*. geometric mean (range) X 1000

Table 5. CYP2E1 genotypes and air styreneq y.rwa/urinary metabolitesgy

Restriction Air styrenery-rwa/urinary MAgg Air styreneyywa/urinary MA+PGAgg
enzymes PMua (%) EMy, (%) PMuawca (%) EMuaseca (%)
Dral
W/ W 13 (50.0) 13 (50.0) 15 (57.7) 11 (42.3)
wW/M 13 (65.0) 7 (35.0) 16 (80.0) 4 (20.0)
Rsal
w/wW 15 (51.7) 14 (48.3) 17 (568.6) 12 (41.4)
wW/M 11 (64.7) 6 (35.3) 14 (82.4) 3 (17.6)
Mutation
No 12 (48.0) 13 (52.0) 14 (56.0) 11 (44.0)
Yes 14 (66.7) 7 (33.3) 17 (81.0) 4(19.0)

rvrwa threshold limit value-time weighted average, gg: biological exposure index

PM: poor metabolizer, EM: extensive metabolizer

PMua: air styrener y.rwa/urinary MAgg >0.063, EMy,, ¢ air styreneq yrwa/urinary MAgg<0.063
PMuawaa: air styrener yorwa/urinary MA+PGAgg=0.048

EMpuaswaa: air styreney yrwa/urinary MA+PGAgg(0. 048

No statistical significance by chi-square test.

3. B7|1F 2 5k, &F djAEZEe] A 4. CYP2E1 RN Yol & 37|15 2EI//2F
A CHAMME 2| ot Bl

NF 2HA BES =F dARME o @ CYP2E19] #AATGHPA A Wolge] HHEL
Ae 23 AR fo% JAAAE 23w, Dral RFLP9 3% 43.5%, Rsal RFLP9 7
1% 284 F=9 MA, MA+PGA =9 4  § 37%%3, AFMALZ: 45.7%A WolBL
BAF7} 0.542, PGA B=9k0] A8A% 0.3750  Ygyen], homozygous mutant type(M/M)
£ O EL 284S BAH(Table 3)(p< 0.01). & #&AHA g3ttt CYP2ELS) fA%d ng F
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71% 2E|J/83 AR e JEgds T
atx oldlE folstAl dISstd 10008 F3h
A3

HolYoA 2Ztzte) 7)agEE FVF AHA/L
% MA = 106.4, 3715 2g]d/2% MA+PGA =
84.4, ok F A F71F 2E]9/8% MA = 68.6,
F71% 28A/85 MA+PGA = 55.62 Hel|¥d|
A ogERT} BAHCRE KA EUHTable
4)(p<0.05).

b. &=L/ d=8H Z2X|H H|of o&
EHE FEHYIe| BA

Air styrenery.rwa/urinary metabolitesgm 4
Wr)&d o3 R FAPT] dAle BAHS
2 folsiRe g%oy ol xel PM &
MA®] 739 66.7% MA+PGAS9] 3% 81.0%= ©}
Aol PMEE& MA 48.0%. MA+PGA
56.0% 5} 2tz; ¥skeH(Table 5).

o E

2B HF8he 224 v TSI
ARt 10919 0] Yo (Murer &, 1994), $8lve}
= g e flov 43ert 28 A=
235 vho|AE, 1985: AT 5, 1993), A
Zdoll vl Qe Adedt FolollA #4le oA
o] 53 gt}

2E]QE dFE HE B3 AUz F4HH
(Astrand, 1975) ¥9€ 39 5% Az 3 &
E35 ohA] wi&=E 2 (Dutkiewicz®t Tyras, 1968:
Bardodej®t Bardodejova, 1970; Fernandez$}
Caperos, 1977) 2% A=+ H¥ER e Y=
ayoz wAddd, AV wEAN Z29 A%
ARG FFo] A= Fx= o]FojAH, ¥7|E 44
3 Aot EFAAG &Y 3], 1995). A
2 Boj& 2L CYP450 EAA 4] 93l 13
Ao styrene 7,8-oxideZ HP=H 1 90% FE7}
8 tARIES MASH PGAZ diAlso] Lo
WA (WHO, 1983 Ong 5, 1994: 54387}
AG7)=Yo)8, 1995: o|FE %, 1996: H7E
. 1997). 2519 tjAlelA AR A EE
styrene 7,8-epoxideZ WHHv+ Z7GANAN 2

AH e B (A€ 5. 1997), A7l vA= 9
e 22 13 dAMHEQ styrene 7,8-epoxideci
o3 Aoz Azt

2E)a) 2 oA A4y 28] 17
)R G Al =g B9 ofue A9 o
Apgo uial olg BY Aoz AYZErt. A
olgigt Bdo] 7o WX Aol T A
A¥= Hrlol] 4ol nzEn om, AE- o
Al FAsNE =F MAY 34 § F2 Al
EPYd B3t F2 APHo fH(Galassi F,
1993; 24T %5, 1993: Ong &, 1994; ©]#3]
=, 1996).

FH3d o2y FHRLANNSH(PCR)TZ AT
BEAEY F £ e wdz 5389
tALe} FAZ BAA S FAATHEA A7t Bolst
A HAJct. 2 F CYP450 44 97 /M4 dE
A Aoz oy F AL UiFie] Ay B3
thALe #ed sl (Nebert9t Gonzalez, 1987:
Schuster, 1989: Guengerich®} Shimada, 1991)
AQlel wpel Ao zlelrt glivhe A wHEoR o
AZHHarris, 1989; Vesell® Penno, 1983).

CYP2E12 N-nitrosamines, aniline, vinyl
chloride, urethane %9 A£A% Ad4EAS] dA}
(Guengerich®} Shimada, 1991: Yang &, 1990)
9} ~E)A A} (Nakajima %5, 1994: Nedelcheva,
1996: Kim %, 1997)l 23R #AAsh= oz &
Z 3}, & Nakajima $(1994)2 33 %
microsomes2 ©]-8-3 styrened styrene glycol
2 gl EdE FHox 478(CYP2C11/86,
CYP2E1, CYP2B1/2 2 CYP1Al /2)9] ES1&x
7} #qslw 1 ¥ CYP2El¢] styrene =9 F
a2 s, Kim $5(1997)8] @7ME AEx
o] 2g]dl dialele £2 CYP2ElLC] #d3l= Zle
2 Budtxn o Fdddie 839 8 micro-
someS ©]-43% 2Ej# = Ao F2 CYP2B1
/29, CYP1A1/2 2 CYP2El¢] 3= Aoz
Hndtn 7= S A7$ 5, 1997).

BA ABED e A Z2F 5F JARE
9 ] Q% AEFHUAE BHddte FEeR
ZE|@ tiAtel]l AT CYP2E19]l #AATYAS
3R e Alee Frie A9 drtelr],
gy AR S AER tAbse] FAE #F
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AT7E A9 FEAYR 93 ol HH 2
AF S2AE UdeE § E dte A9y
QoA 9lej7t A

B3 AAE B9 ol A&, FIFAAE cyto-
chrome P450 &4 49| AT Heojo} ¢
% 9 AR A5 dFd ATt v o] Fof
A glervi(Nakamura 5, 1985 Schellens &,
1988: GQuengerich®} Shimada, 1991: Bertils-
son %, 1992: Wang &5, 1993: Yokota ¥,
1993; Kiivet %, 1993), A& A2 o]Fo]
A YA gemg, B AFE old did 712AHQ
Aag AFshe 424U B4z X drh,

2 dFdAe dAl AAZN 2EldE HF3)
E ZBAE YA 3o 2ER E29l #AF
CYP2El19] 33 t3dA4dL BRuA d3en o|g
sld AR, AAE=RF, EX, YEXHPA F
5% UAMIE &3S 53 OAERY, aEln Al
A, 2EA il #HIte Ao g
CYP2E19] #3ATIES A3t

#2e 2EA E2EEe F4%E 50 ppmol
E MAe AsE F213, MA 73¥asEs
247 ©(1993)8) 519 mg/g creatinine(Z2%
%= 8 ppm), Galassi 5(1993)9] 450 mg/g crea-
tinine(ZF2¥E 165 mg/n®), ©13F3 5(1996)¢]
404 mg/g creatinine(Z2%%= 17.4 ppm)Erct
dgton Ong 5(1994)9] 109.84 mg/g creati-
nine(ZF2% % 10.36 ppm)# FAHE FH-& H),
222e] MA+PGA 731 asEE o133 &
(1996)¢] 467 mg/g creatinine(ZF2%% 17.4
ppm), Triebig 5(1989)9) 410 mg/g creati-
nine(Z2% % 18 ppm)Rthe ¥tey Ong ¥
(1994)2] 187.3 mg/g creatinine(F2%% 10.36
ppm), Fallas 5(1992)¢] 284.4 mg/g creati-
nine(F2%F % 25 ppm)I FARIKCS. 713 2¥)
4 F=9 53 MA, PGA, MA+PGA Fxs8}e|
A@AsE 47 0.54, 0.37, 0.542 AZBBAE
vehdiglen] o)%s F(1996)9 0.80, 0.74,
0.81, Tkeda %(1982)9] 0.86, 0.82, 0.888<c} &
< #FE 2AT FAFLE R, o)
ztole ZAMAAS] 715 2 Tk, AF, AFW
W, ¥3A T 719 Ao Algdrt

CYP2E1 &47A /34 g ygel A A7 3

<74 27tX9] RFLP 97 A37} Hase] it
s 5 -FAlRE 999 X Rsa I (GT | AC)
Et Pst[(CTGCA |G) AgEL: QY2 tig
424 gdAol, th& 3k intron 69 AAF
Dral(TTT | AAA) ARE2 Q20 R #42
t@Aoltt, £ dFelME 1A YHE BT B
et 2 A7 Wol¥ol WPEL 45.7 %(Dral
43.5%, Rsal 37.0%)¢1329, homozygous
mutant type(M/M)2 #2A=%] goir), 7|&9] A
TFA CYP2EL #3#} Wol¥e] HHEL ¥ 2~
10%(Kato %, 1992: Persson &, 1993), Bg=ql
10% (Hirvonen %, 1992), 29 9%(Persson
F, 1993), 39 2% (Kato 5, 1992) 28lx $Y<l
9] 7% 26~43%Uematsu 5, 1991a; Uematsu
%, 1991b), YEQ 27%(Kato ¥, 1992) 5oz
B3ndx glow, & A7e] dis F9AMMY 4
A} FA e B 94 S

Y WE (F2F/=F e 73y
A S LolstA 37l Asted 2 kel 1000
& F3lo AMEPTE. 2 AT MASY AS ¥Holy
106.4, ok¥¥ 68.6, MA+PGAS 7% wHo|¥
84.4, kY 55.62.2 WolPoA PR} §
3A ERHPC0.05). &, °] dAMIZE o &
F dARREC] AA WlEE-E el ole Wl
A okl wia] Ayl AdEe RE ARG
o B3, 715 53 dARIES o] &3 diA}
3 TR g 53 7] vidEHY YA ¥
22 AAe A Aol AMgHL e
TLV$t BEIE Yl o 7124dE¢ AR se Iy
£ o] &3t F, 2E]YS ACGIHY Azt 745
#8%%=2 50 ppmI} AE]FA hAHE MAd o
3 ACGIH®] 434 Z2x%9] 800 mg/g cre-
atinine, 2E]3 tlAHHE MA+PGA¢] i@ J&
g8 Zex ¥ §el 1040 mg/g creatinined o)
daisien AFE F;E dFugEled o439
kA MAS thAlH] >0.063, MA+PGAS] tiAly]
20.048%0 A $-E ANAUAY, MAS tiAy
€0.063, MA+PGAS] thAM[(0.048%] A& A%
Ao s TR 1 A7 AW LS MA
9] 7% WolYoA 66.7%, °HIPNAN 48.0%,
MA+PGAS] 79 Wol3olA 81.0%, otigolA
56.0%°) ad3te] FAAHQA KL A Ho]
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oA NAQAE-E Yehlle & w3t (p>
0.05). &, CYPIE19 A% & Z23F/ %
AR s AR vadde de 54
Hog FosIYAT, 71E #holl wE HAHY B
¥2 v@3lys o Age BAHIAT FAA
2 foAlE gt ole Axt AR dA
FEo 3 71E2H0] A AoY] MELR E
o] & & R, wehx F7HHQ ATE T
A FEE 93 FA>3 JERE AFse Aol
g astele Adrt,

WolgdA Al NAHE 716 daldes o
<3 2& FHol 7Fed Aotk 2EAE FA A
AMHEQ) styrene 7,8-oxideR2e] W# ¥ HF o
APHERS) Wigo] o]RolAE Reg UA UL,
e Ate] AWAQJA &=AAGAI cytoch-
rome P450& 49l 93 styrene 7,8-oxideZ WE
He g & & 7] W ASUAEY AN
o] ~Ej@le] #algt F3 HAMIEQ] styrene 7,8~
oxide® Heo] AL & 4 gt} 2R, A
iAol Alge] 24 Ed &, ~EUE A
e tiibse] ME A$ 1 54 Fittn &
4 sick. 2ejde] diajels CYP2EL o9l t&
Aae #9388, styrene 7,8-oxided] 2% =4
o= g 40| AF} AW, olHF U3
< AR B Q79 ZAAE el o AdE
= Horeh el o HAAe) g R °
Ao FLY = Y& Aolth

B A7 Adese QRS A7y AA
9] ojglg Foz FEF ude #AAA X A
£ & F Utk AT £ A7 231& wEH=
z . n¥Ee 28d 2o 19 A 9
ov E3] HIoe EFA Fol HEAHU &A=
di] AMgHol &4 2Ed F2 2248 FeId
a3 £ol3A] ¥7] wjEolrh. E3I 2E/AME
B & 9%E vd & e AYAY =2
= 5o & A 2= FFF] ze], 3FV
F4-4%, Agy, Huix 24w, FAAE 5
o g w2}t o|FoiARA] WL HE AFHeR
AHg}t 2o} A} A4S 9sde B &
g sdn a@sll Fd U nest ¥4 2y
oo} & Aojt},

B A3E 33 &5 284 HF 22A4AE Y

o2 FEHH, AEFY 2UHY, CYP2EL #
AARe) A8YE Hax & 22 Axd A7
€ A3 Ul 443 Eduiate #AY #
AQqRH J1xArY AN, 283 § A4S IAF
she o2Ae AZaes 28 2 Qi
& F & 712 FRE AFYPce AN

2 B

THQl 2Ed FHF TEAE ddoZ JAER
F AETAAA F 5F dAHE $3& 38 o
AIREY, a2ln 2E dAbdl ddEe Aoz
ge3 CYP2ELS] fAATHYY el i &
FgoaA olsh AT 7|2ARE vl FA
o & B4& Agske 2249 A7 d=xst
22} 1998 445 E 6¥7HA 4 ARG A

A% 5/ FRP AZQA9] HAFENNA Rete

S22} 469S Yo ATl 4L Afe v
3z,

1. 71897 CA)E AT MJAFEZFHFE 15.6
ppm(3.1-81.0)°]19 %, RF HAMIE F MAE
187.8 me/g creatinine(36.8-1007.2), PGAE
42.5 mg/g creatinine(6.3-101.3), 28} MA-+
PGA¥ 232.8 mg/g creatinine(46.8-1075.7)°1%}
o MRZFEFN =5 dAE TR e A
£ MA 0.54, PGA 0.37, MA+PGA 0.54%¢}
(p<0.05).

2. CYP2E19] #AAYgolM Wol¥e I
B2 45.7%(Dral 43.5%, Rsal 37.0%)°12
9, homozygous mutant type(M/M)< #3Ad]
Z gstcl. fAgd ©E (BREF/ =P HAME)
9] 713 T) x10009] #®2 MAS 7A¢ Wy
106.4, ok 68.6, MA+PGAS 7% Wy
84.4, oMY 55.622 WHo|Yor] oY HL}
oJ3tAl #RH(p<0.05).

3. S 8EE/AEHA ZaAH g AEE
Yol Alr|Eer 4o 1 gto] air styener.y-
mwa/urinary MAgg=>0.063, air styeneq.y.
mwa/urinary MA+PGAgg=>0.048% A$& A
WAME | air styenequypwa/urinary MAgg<
0.063, air styenepy.rwa/urinary MA+PGAgg

— 170 —



<0.048% 7A-$+& A&UAPoz FAHHUT. o

A3 AQAAFE & MAS] A4 Wol¥dlA 66.7%.
oM F oA 48.0%, MA+PGAS] 7% HolYoA
81.0%, YA 56.0%°] ATt AR &
g4e gIATE WHolPoN AAUAE vehlie
&o] 3t} (p>0.05).

o|4te] A= Woly CYP2EL #AAE 23 Sl
E A 2Ede dap) AdEE S AART
£ dFe gAY 7 A 24, dEEd,
Higte Fo] ~Eld F4o 9F-E vE £ e 8
Aol g FEF ;el7t o] FAXA] &L AT
At AT F=QE g s 2Bl Al #
d¥ CYP2El #AAYAol & 7|2A8E A
T3 the Ad 9oE € 4 Jovn, dF ARE
229 AZ#ed A4 Astde Hoh ge
Al i BekAQl A7 ag Aot

oos
eIgEH
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g 228 7|5 % €% 2Hd 3 =7 UdYy
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BT, RED, 2IE. F7)18A AF 224 343
of AT, QA : FFAAMAFTE AARAA 7Y,
1993.
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