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Development of Biomarkers for the Exposure

Assessment of Hazardous Chemical

- Exposure assessment with genetic polymorphism -

Ki-Woong Kim, Seong-Kyu Kang, Tea-Kyun Kim, Hyo Seok Joung,
Nam-Seok Sohn, Kwanhyung Yi and Sang Shin Park

Center for Occupational Disease Research
Indusirial Safety and Health Research Institute
Korea Industrial Safety Corporation
34-6, Kusan-dong, Pupyeong-ku, Incheon 403-120, Korea

- Abstract -

Cytochrome P-4501A1 (CYPl1Al) has been shown to be polymorphic in
humans and responsible for the individual differences in hazards to cigarette
smoking and polycyclic aromatic hydrocarbon (PAHs). In order to develop the
methods for exposure assessment and find susceptibility markers for the
industrial workers who were exposed to low doses of benzene, toluene, xvlene
and other chemicals such as PAHs in petroleum industries, Msp 1
polvmorphisms of CYP1Al were studied for 289 controls and 225 workers
exposed to organic solvents. They could be classified into three tyvpes (A, B

and C) depending on their CYP1Al genotypes. The genotypes were determined
by restriction fragment length polymormphism (BFLP) of genomic DNA
amplified by polymerase chaine reaction (PCR). The frequenciesf CYP1Al
genotvpes A, B and C for the control group (general population) were 33.58%4,
6.34% and 1007% and 41.52%, 47.32% and 11.16% for the exposed group,
respectivelv. The differences in frequencies between the exposed group and
control group were not statistically significant (p>0.03). The appearance ratios

of CYPIA] genotypes of control group to exposed group were not affected by



the amount of smoking (day/cigarettes) and duration of smoking and working

(p>0.05).

These results suggested that the differences in exposure levels to organic
solvents, determined by CYPlAl expression were simple reflection of the
degree of the gene expression. The mean concentrations of benzene, toluene
and xylene in the air near the workplaces were less than 1/100th of the time
weight average (TWA) level and the mean concentrations of metaholites for
the solvents, such as phenol, hippuric acid and methy] hippuric acid were also
low and less than 1/10th of the biological exposure index (BEI) recommended
by the Labor Ministty of Republic of Korea. Thus, the studies on CYP1AlL
genotypes with respect to susceptibility for the workers exposed to hazardous
chemicals should be further investigated for high, low and all levels of

exposure to organic solvents.

Key words : Benzene, Toluene, Xylene, Human lvmphocyvtes, Metabolites,
Cytochrome P-4501A1 genetic polymorphism
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1. A5 7

FrelEEt e 3 gHeEEd S 22 22 o] & E(xenobiotics)o] H el
F4E9E Ay g EE AR F, olEF diAl E4Ed oA fHe oAb
#A L AAA Bk F48 329 dAdAE 208y, WA phase [ 482
-3l 2hge st @4stE WA F3 A (activated metabolites)sh w24
8 A E3HAl(inactivated metabolites) 2 thAPEEe] o] Feojz|n, diAl S
84 mAde] wizle] weld si=3Hdetoxification) HEA SARFY A2 HEE
HAE Phase I &4 2j#iA diAl BEE XA 522 phase I 4
R A 39 BEAE EEoAs 44 4F(reactive oxygen species, ROS) AAE
A(scavenger enzymes)E2] ZHEo] &M 53 FHHE AAMM AE didd
o a2y FE By B Ro S43 9o & E4skd diab A9
YR Ae] B 2 deAsSH 22 A EAS(macro molecules)d FHEE
& ¥3l9 54& FLA2HHinson® Pumford, 1995). 5448 7]1&(organ)?]
AL AEE =829 £, 3830l 423 =3 Hd e g2 Ao
& 224, wekd 8 ygE st d AAFHE fIfEgEde] diaL =
Aud 71d R AAFs S g A7 8938 o|FA L gitHMorettos}t Lott,
1990; Melin 5, 1996; Yamamoto 5, 1997, Sinjari &, 1998). 2y Algke] Alx
HE7l Flquantity) R dlquality)® ¢l HEE FFsta 1o & &8 F
27171 9@ 53, A0 A4 $8 Fo= Qlsd A= HeEde §4
I Aol vid F7isia slof, AYe= e 2EAEY »2E @3 371
g Ao woltk weld ol FHA2Ad HiF 54 2 Fsi4 FHrivh "3
s7EH. 53, A Hukd ZAHM ALEHL e EEEE F A718As F
@dde] 23 AFHZFo] s AW F4rt WEr] g2 §718Ad o 2=
A= ARG S4LE AEE WE 5 P Wy Age] AFdda
Azrdch A 22aEe] A fdste rdEE AEe dyn AFGRE
g f3ME AL 2AE = FHgdEds T/ =g5=d di# 2



AE7H Bk ANEY 3 48 F)E of £ AEE TUE o] o] Fojzc}
o S EERY =E2HE AYe] dAHE AL dAEE FEste 4
F37le WS oy, Ty fEid g2 e =54 2d Ay L4nA A
PUEHZS & ¢ e Qe =F5=d A 7% ¥7 24 d9ag 7}
A4S Grlsle @AZ FEE £ glon, AY{d seAs Hrlste dAE
oAl Al gAE FEE £ Ao 94 AdeY Fr AEE Holee dAg 4F
g3 Hyds, § AFEAY &47 22 AT adductss] FAHTDA, 222 v1A
Hoz g =3 A B FAUA &4 522 QlEo o5 FxvF dEEE
HAZ dg & dhHuka F, 1990). @EkA fFgEER L] cFo o5 AW+
2 lsde WA 4 A A2%E A E(biological markers)ZE =50 o
&3 A E(biological markers of exposure), A1H o] F&o] i HEEH 7
H(biclogical markers of effect)s} WFH(ZFAd)] ofE AHETH AE
(biclogical markers of susceptibility) 5 37FRZ AET + ch(National
Research Council, 1989). ©A, & st AEHH AFE= APy =FEZH
o] s =AY £ AEFTH =357 E(biological exposure indices, BED) = #
£33t Hriahe Welth oz AEHH AFE= @A AYRY BokdlM 2e]
AHEE T gl dhgelth =y oS WHe ©R =27 AU Fod oOiF 3
7hell ALEE # AelA dejubes &4 2EAEY] WG J|Eke] AlA o
el dishAd HWrlslzldle g o3& el dvtn AZEch HEEHH AR
Z o ss A7 =2 g8 dFE LAY B JHsAe] deTt
g H7heke WRlelt. J, 5RERE Frd 8l Axd geid A7) ol
2d 759 Wi dojuxn, O dde HAHWE FEAE £ e BEEEY A
A Z7}e) ol EAEL AAL F 9= 5Ye FAZ A 4 =4 7
o] BFEL zFYsied, ol8E Vv EF¥E HrketnA 3 wdeth
A olgd M8 AE AL ATFEA= Sl Hgide] Hold #&4
(receptor) 2} BEEA ] vxe 9F 2L adducte] 4A4F Sl dig AF7t o F
oA gleh E=F A 3049 dzb A ¥ EAAESe] FAY wHeE Qg
o FAAe Fx 2 7F S dig R olFz {FHR A o Aol
gHER fasetEde wFol o FAuda rd Sell i@ AT 2Es] e
2ol gltHMarcel® Grausz, 1997: Li 5, 1997 Kiyohara 5, 1998). webd F5



B 22 tjalell BeddirlEx] JFE g JMeAE L dE A4S diF &
AA T kA (genetic polymorphism) 248 3] 32 e & F+ 220 o
g giAbsde AYUAE Hrleta FYgez 7dsHe A fAAgd e 3
ole] wE& () A7 ol FeiAR UrHGoldstein, 1996). 1Y 3
gz w23 Aue dFL A FHrkE] AMMe HdA ZEd B
7kA W & ojm e MBS AFEFAC|EA FEAHL A3, FoldH A"
#of Foh offE HEdm Sejide] Acdn dujzt: FEAES 7HAL UGH
22 gdEdg =5 dig griwts # oitd do 2y A 22
AEe] =E2HE fgdEZES dEE B9E FHE =252 th g #
& AFAEL dUEH =2E o) EFEZ] HeYgE =2 A5 U
A giAbeE B o ejdsre o], e F4E EF 2 A FTATY 4R
e Fof #ate] AFE ST oy, 2o g2 549 3eo] g oy
o] 2 METE AXEZD /L B2 BAE 7R A



2. 944574

T d7e ¥R 478 3d AT A8 et FREe dYaga
g7 2 #E(brain pool A=t A@std AAFHe = FPEojA Aol 13
dx |709%615E 'B12¥) e AdAleld €] AL8E%E benzene, toluene,
xylene B styrene 53 L v gilrA(monocyelic aromatic hydrocarbons,
MAHs)A #718H% oY, He 2 E¥99 €2 Sprague-Dawelyd 3 279
r3AZ F " GElY cytochrome P-450 (CYP)2] BHEL7) fEHexE g
M2 FAE <83l in viveo 2EE T8 218tk 1 23, benzened AF
=2 toluene =29 HsiMe CYPZEl FHEA? X299, ¥ %9 toluene,
xylened}t styrenedl| gsir = CYPZBL2 FHELX7F RiEHe 3E #sgqg.
E7 toluene@}t xylene, toluene® benzened] HEFo] FdlA= CYP &4 &
F4EY #4527 ©Y FoTdA B BASHCE fod gAE B whA
UM EGYFAE o] &3t HAFATAE ¥ e HFE FoATM =
We] o] B TP BHoh A3 FTEIETHAZE 5, 1996). Nakajima 5
(1997)€ toluene®] benzylalcohol, o-cresol@ p-cresol® thAlEl=d] CYPLAZ,
CYP2B6 % CYPZEl EHEA7 Bofdn B3nact weld $2+= benzene,
toluene® xylened Hu3h= SRAEY UM AEFH AFZEHS AEstnat
FUAMZHFAE ol &3t CYP SAE FHELE] olF #71EA 244
s, TEH=AE #Udn 548 2E AEE AL =22 st W
Moz AMRE & E7E 27 H8ld 23 dE(97.1¥R Y '97.12¥) A7k
2 AAstd Y5 23 dE dFdMe 12 dx d7ZEIE Eds
CYPIAL2, CYP2BL/2 2 CYP2ElI®] oi$ GUAdAZHIAE o|&ste HFky
benzene, toluene B xvlened] =2 T22EY Hd YFEHoEdM ol F
Aasd LHe AxE AEE s dFdYd 22AE] =FHE #7849
EFREE =FETE 2AF 8A1T AlZH7LEE A (time weight average, TWA)2] <
100 & ol7en, =&FsEd AU E5%FE d9Hsie o8 #7849 =T
thAlsbE ] wjde BETH w2 A E(hiological exposure index, BED2] 1/10
F& olxth. ey EA4F Heg CYP SLAZATAE o83 AN ay
M= diZwdA Bo =Fdel UojM THEE CYPIAL?2 CYP2BL2
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CYP2El 9549 @A ko] At F7HI9ES & 5 AUHA7E
5, 1997). 28U ol4ke] AFE wHFe Wawke 7HAR YA dT2A AA
olol] W &Ax A o] L ylEle] FAE HF, 7EHF T Y¥= L
Batx 28 AFEL 7D ok mEdA 28 dFeAE AL 1E P
A 7| EHE & 9 ol 9 AL ndsty] fste] SAF FH CYP
=39 F 40 §#2chekAd (genetic polymorphism)® #552] benzene, toluene %
xylenedl %71zt =29 7L 3lolH olE F71E&AY dAAE B CYP F4
4 @] A ojmd 4¢Ae] slertE AESHE Fol A9 EH ol
B oo Jehd Azte #7842 =Ee o#A ofrlEe A7 o
Nizke] Aol F oleito A ZERAEY AZRFHE dPeted € =50 2
Aez HZEo



1. Qa2

E o7 oiabe H5EEr AdAdA HE=2 benzene, toluene 3 xylened|
H2EHeE g4 ZEA 2598 =270 E T dETE =279 A(sex)T

A#& LH3 benzene, toluene E xylene #5F ofyz}t 7]ele] f-3i3elE 2o
EEFHA ge AT 227 28098 S dde R S F 5149l AFdaR
F AEA A4 A7 v d2F d4AF 2183 DNA F234d 47 3l
d =87 4R 198 AT 4929 st CYPIALY digh FHAGEEE
TAach =% o] e fHAE fHIEEd B olvszt 4, ¥ ¥
FH4 GEEE S o dHo] ernzE Abdd FHE HEXE o] &3
ZAFEA T

2. A3y

1) ¥71% Benzene, Toluene 2 Xylened =% Fx

Benzene, toluene, xyvlened ¥7]F ¥x 3L vl IEiHUHBHAT A
(National Institute for Occupational Safety and Health, NIOSH)Y F3A1%HH
(method 1501) ¥ %% LA(AB-2B53)e Eat dAIsHATH

AP gol izt Yol2 AEASE A, FAA] 2FF A6 4SS EFF
EZ=2% /oA E FH7]|(Personal air sampler, Gillian, USA)S &8l 7%
2] benzene, toluene = xylenes TG MeAE EH7Y ETHFFHFE 02
ml/min® 2 3t 8 A3 B AR F, K7I8AE IS B4R IES
Zelxag oAz Bl A AEA2 &7 F, F3A o) F3E4ACS) 1 ml
E #Hrletd 2E3AA 7lz3=ZclEa#ld] (Gas Chromatography, Hewlett
Packard HF 5330 II, USA)E 4183t 43 ch(NIOSH, 1984).



2) gAMES] T vl

eETY ki RolAIZE 308 Hoelllend of shift) AFst FFAZ F, HFY
HE d34z A48 2ykste] benzene, toluene, xvleneg] WAMAHE S =785
t}. Benzene2 thAMFES] phenol?] #lE@e 7lAa3RulEddHE o] 43
(NIOSH, 1984), toluened} xylened] tiAl4HE2l sl hippuric acid)@ #E€rlx
+Hmethyl hippuric acid)2 45dAIAZ2ntEadnE o] &5te] NIOSH 44
FY(NIOSH, 1984)e] &3t E48tsich $3HE Z23= =F creatinine® 2 B3
I Si=g

3) 9 lymphocytes £

AY 2 ccE el A2 EF09% NaCl) 2 migt £33 F, lymphocyte ¥
2]-8- A 2KFicoll-Paque, USA) 3 ml€ 78t 2000 mpmelA 3087 $4EE
&t lymphoeyte®S 23199 2|8 lymphocyte 29)% lymphocyte ©]2] €]
o Ee] T gFoE Tt HEE AAANTZ] Asd AHEFE
H7HE oE 1,000 rpmelld 2488 ssith. 2218 lymphocytes homogenazer
& o|&3t HAA|F I, I homogenatest T I wgsly vbgo 27
CYP1A1/2, CYP2B1/2¢} CYP2El a4 #F2 ZA43t=d o] &35t

4) AFEA #4

Dot blat kitell Millipore AF (Bedford, MA, USA)S] Immobilon-P nitrocellulose
membranes S o, 2E® ¥ lymphocyte homogenatesS dot blot kit
loading(6 ug) §F ¥ 4 TellAM 24 A]F 52 AAAA Immobilon-P nitrocellulose
membrane®] ¥ EE FEAFHAY 219 oS TROPIX AF (Bedford, MA, USA)
2] Western Light-Plus™ kit A2} ©]&35}% membranes] wulizo] Zdte]x)
%< Hi& blocking A7l F PBS buffers AREske el CYP1AL/,
CYPZB1/2%} CYPZE1l BHAE LY digh GdMZAFAE blocking buffers] 34
AA d&eM 2 Az F9E ¥EEAIF] o8, washing buffer2 A3 o 23
#ra9kE-2  alkalin phosphatase”} conjugation® goat antimouse antibodyS
blocking buffersl] &4 ohg, H&efA] 1 A3+ 59k ¥b2A7] 2 washing buffer

i

g o|f3lo] M3 & chemiluminascent 7] &3} ¥FEA17] ©hL x-ray filmol] =

18



A4 Jehd FHeHe] 252 Densitometer (Hitach, Japan)E o] &3le] %4
3 EEH BTN st CYP $HELY @97 F32 Adalsinh

5) CYPIAl #AATHEAS £4

A7 dgA25E AEF AP(whole blood)E QlAamp Blood Kit(Qiagen,
Germany)& ©]8€3}%] genomic DNAE F&33t

2% genomic DNAE PLE'-AGACAGGGTCCCCAGGTCAT-3= P2
(5 -CAACTACTCAGAGGCTGAGGT-3') primersE ©]-&3t CYP1Al F#=}e]
3'-flanking region® HAF FEE FHELAHAYNS(polvmerase chaine
reaction, PCR)-& 23} FZA|71 ¥ Msp | AFE2e o] &4 & F
€ 7 fAACtgd £4& AAEsd CYP1ALY tiE faaadd 24
< Okada 5(1994)¢] W& ik et ohgd #E =hstelA 2Es
200 wb Thin wall tubes(BIO-RAD AF)oll 10X buffer 5 @, dANTP(25 mM) 5
i, Taq polymerase(5 unit/zf) 05 plE 7F8l2 5 pmol primer 1(P1)T} primer
2P2)8 Ztz} 25 w# 93, genomic DNA 015 ped A718tn S5 205 plE 7}
gt HF FHFE 50 p=E s g EEE9 S22 WAET] M8 mineral oil
10 45 3718 F gene cycler (Bio-Rad, USA)E o]83le], MUTIM 58 B9t
predenaturation 1713, Tl 1# denaturation, 65CelA4 1# 5%l annealing,
72°CAl A 1837 extension &<, o] Al @AF 1 cvcleZ 3l 30 cycles& 33}
o] genomic DNAE FFA|Zich. PCR HAHES Msp | ATELE o] &8
digestion A2 & 2.0% agarose gel #7|95L HAldln #AJE o F T
FAAGEEE FAstHh

6) Cloning % DNA €714 <E &<l

CYP2 E¢|& primersZ 8% PCR A E4 20% agarose gelold A7|9F
2 £ #3353, Gene clean kit(Biol)l, USA)E o] &3l ZZ 9 DNA @& +7
& Z PCR cloning vector?] pGEM-T plasmid (Promega, USA)el cloning &5
tt. pGEM-T plasmidel cloning® CYPLAl #3# @3He Ir|HEe
Sequenase’ - version 2.0 kit (USB™ Amersham, USA)S Ab&8le] &elsigict
WA, CYPIAl 474 @Ho] cloning® plasmid 4 weg T7% SP6 primer®

[u]
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sequencing Y-Sl S 9HE0]A 8 mol urea® AH e sled 8% polyacrvlamide
gelol ] 7|95 S AAF £ gel® ARANF|I xray filmel #FZAA G714 <€
& &9l

7) A2EH

ZALAA] g A= Q8 FFEHE o] &3t Y F SAS FA =
2P o] 839 t-test, X-test X ANOVA 5§ AZEANL sch

b |



. d4+4=

1. A5 At dukd 44

ArdAe F S4B eEA FR Y TRA[D. dE2Ty Fe 280nem
Badge] 3T6LT6MZA 204 ols7h 21.1%, 300014 3947 509%0]™ 404
ol B0%el%t ol ZE2AFT FIAE 627%0l9 7= 90.7%0| Atk
278 Z9E oA 225We s gidEe BELTIALD, olF F 204
°]3t7F 31.6%, 30°1A 3947} 386%cllem 404 o4& 298%e|ith EF o]
& 29 3lojA 641%7t FAAGNLH FFAE 9I%E HRTH =FF
o geiM FE, 5 uel 3 £84 FEEL Tol g EASHY el gl
A tHp>0.05).

2. 7% Benzene, Toluene®} Xylene?d] =% 9 o=
7718419 uF dAHIE %

DTG AtdRe] 22AE2 AQde] 544 webd AR 22Ae AR 2
EAHAY FANZ FEG £ doh 8% Z2AEQ] A= 9A4F Az
Ao e E¥E EAAGE cHaEA AdEFE FAST AEE HIst=
#HYE FYs Y] AL §F AR dFsin 99 A A=
B AR X9 34 FAE Aoy A8s FAsiwA Ay 81 F
e ol #, FE TAEE AYES #oh A7 AdAQl DA LAke 9%
(crude oil) 2FE] benzene, toluene ® xylene 59 7| 248 23 = HrlzA
F Eate] FAAYEE FYsta & £ Yok o) F FHAY ZEAFe] w25
& benzene, toluene B xyleneg] T =FF A(1992)¢] AHe 19 847+ 3}
4 A7HEETEA L 10029 1739 Wf ¥ FEZ S Table 2).

_12_



Table 1. General Characteristics of subjects

Control Exposed Statistical
Items N
(n=239) (n=225) Significance
Apelmales) NS
>29 61(21.1) 71(31.6)
30-39 147(50.9) 87(38.6)
40< 81(28.0) 67(29.8)
Smoking status NS
No 107(37.3) 73(359)
Yes 180(62.7) 141(64.1)
Smoking amount (cigarettes/day) NS
No 107(37.3) 79(359)
>20 72(25.1) 70(31.8)
20< 108(37.6) 71(32.3)
Dirink NS
Na 270 9.3) 200 B9)
Yes 262(90.7) 205(91.1)

_13_



Table 2. Mean values of benzene, toluene and xvlene in air of workplace

Orgnic D Company L. Company

salvents FW I'w FW I'w

(ppm) {n=11) (n=8) (n=39) (n=13)

Benzene 00346+ 0.0002 0.015 0oz
{ND-0.315) (ND-0.012) (ND-0.117) (ND-0.049)

Talene 0.0031= 0.0003 0.010 0.007
(ND-0.035) (ND-(.008) (ND-0.454) (ND-0.018)

Xylene 0.0003 0.0003 0.080+ 0.002
(ND-0.001) (ND-0.001) (ND-1.231) {ND-0.037)

Values represents mean=S.00.
FW, field workers and IW, indoor workers.
Figures in parentheses indicate measurment ranges.
#, % ! Significantly different from indoor worker(#: p<005 and s
p<0.01)
ND © Non detection
Source : 17|¥ T, AULHEIITIATEIEFY 1997:6:575-589

ET ol Z2AEY M benzene, toluene E xylened] ol i 423
2 ZUEE AEQ] =F diAMMEY HE wjdz3L 23¢9 HAul benzened
toluene?] tAHEER] =% phenol® »lxite HEEHH =E2Fe o 1089 1
A @@ o2 FAHUC a8y =F phenols] #MAZE =37dM B
o diE=T944 mg'g Creatinine)dl BAFHSZ fFeoft I7HE Bgad
(p<0.05), xylene®] AMIEQ olE vluite g=2F3 =237 5 gofM 3
Fo| = e9kck(Table 3). ©|8ldt 3= #7]F benzene, toluene 2 xylened]
=EFE A Ao yEhd vhel Zol(Table 2) vl W2 Fiho =Fgo=
A detd 292 B

_14_



Table 3. Mean concentration of urinay metabolites

Exposed workers Control
D Company L company workers
Metabolites
FW W FW Iw Officers
(n=39) (n=41) (n=99) (n=46) (n=82)
Phenol 457664 501x685 765F1113 571789 0441006
(ND-28.4) (ND-40.8) (ND-35.7) (ND-78.2} (ND-20.4)
Hippuric 024036 021+036 0244027 020023 0242026
acid (ND-0.6) (ND-1.5) (ND-1.5) (ND-1.00 (ND-0.75)
Methyl-
ND ND ND ND ND
hippuric acid

Values represents mean=5.D. FW, field workers and IW, indoor workers.
Biological exposure index(BEI) : Phenol, 30 mg/g Creatinine: Hippuric
acid, 2.5 g/g Creatinine; Methyl-hippuric acid, 1.5 g/g Creatinine.
*  Significantly different from exposed groups(D company and L
company), p<0.05
ND : Non detection

Source : A7|¢ & AEHEAATUAATE RS 1997:6:575-589



3. UM EATA 4

Benzene®} toluene® CYPZEL1S} CYPZBL/2 B EAE MYz oz {79, f%
g ol FHE2el 98lA benzened tolueneo] thAMEM, xylened CYP2BLZ 59
E4E A=A o2 RaEtiNaksjima 5, 1992, A71¢ 5, 1996). mabA
FEE ol #7148 =FEHe 22459 ¥F lynphocytesS £2l8 ¥ CYP &
YAZGRAE o] 83l fFEE SRFF HH9 CYP FHELE Fehigsa
(chemiluminescence)ell 2] Dot blot #4& Edld #x¢ A=E sl
(Table 4).

=e] 2ol F=H CYPIAL2Y BHE4E 87 72149 microsomal T
2 10 ng F 195 ng, =FFME 282 ngo] SAE928(p<001), CYPZBL/2
THEAE dETANA 180 ng, =2T9M4E 233 ngo] SAHAGp<005). =
§ CYPZEL E9E4t t=2TA 109 ng, =234 150 nge 2 T 3
FAEAEL AolE Helx gtoy =ddd oid diET v guael wef
o] Z71=5 A Hp>0.05).

Table 4. Levels of CYP isozvmes in lymphocytes of human exposed with
benzene, toluene and xvlene by dot immunoblot assay

CYP contents (arbitrary unit)

Groups

1A1/2 2B1/2 2E1
Control 1955201+ 18)x157= 1.09=1.78%
(n=82) {0.0-9.5) {0.0-7.4) (0.0-7.7)
Exposed 282242 233*169 1.50=x2.11
(n=223) (0.3-20) (0.3-105) (0.0-8.3)

Arbitrary unit: 1 unit corresponds to rat liver microsomal protein(l0) ng)
exposed to the each CYP inducer.

Values represents mean+5.D.

Figures in parentheses indicate measurment ranges.

Significantly different from exposed group (D company and L company):

#+p<.01; #p<0.05; and #p<0.1.

Source : H7]F F. AHtHEALT AT aE 2 1997:6:575-589
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4. CYP1AL #+A# OgA B4

FAAE F(species), UF Fol wekd BE odAe Ae|E HoleH,
Hayashi 5(1991)2 4& Alghe] slejAd CYPIAL F#Ae] 3'-flanking region®
Msp [ AgEze o8 dd 227t &g vanssckFig 1. o2h4 $8 o
gt Algte] €4S ¥ genomic DNAE &% tf, I'-flanking region2]
548 59 {HAE FEZAAH DNA €7 T7} CE ubged oe} APEL
Msp 12 At 597} 287 2452 g 4ES 2.0% agarose gel #7149
FE AANs fAAGEES BUsiEHFig 2). F3Ae Eddol: A
B4 9 #FesEEd 59 £2 A E doid & 1tk (Shields, 1993). w2}
A dz2TH =TT <2AE9] YA genomic DNAE F&std CYPIAL +
HAE FFAT F 20% agarose gel A7|F 5 S A8 A, PCR 44&9 2
71& 112 bpSlx Msp [ AFELF o|&std RFLPE 248t 717 41 bpel
bandsE YTHFig. 2). $2 Ut Al (dET)eA Alml/ml) == 33.58%,
B(ml/m2) el 56.34%°]19 2 10.07%7F Cim2/m2) FHgd. =&Td sl9
Ae A HEi7F 4152%, B EHE 47.32%9 3 C FeHE= 1116%=2A4 ZHze £%
£ Bfed, =& o4 Ae C HeE7l diz2TelM Bo ohik S718 A
® 2oy FAgH 2 {Fed Aol gl%icHTable 5)(p>0.05).



1 acaatectte tattctagec tgcattgage ttgeatgett geataagage ttaagaaacc
61 atigattiaa tgtaataggg aaaatictaa cccaggtatc caaaaatpig taagaacaac
121 tacctgagct aaataaagal attgttcaga aaatcctata ggtggagalt titigaatca
181 taaatgatic atcactcgic taaatactca ccctgaacce cattctgigl tggpitttac
241 iglagggagg aagaagagga ggtapcaply aagaggtgta gecgelgeac tlaageagte
301 tgttigagpg acaagactct attfittgapg acaggptcce cagpgteatce agpctggagt
c
361 gcactggtac catittgttt cactgtaace tecaccteet gggetcacac gatictceea
Msp |
421 ccicagecte tgagtagiig gggccgecag acgccaccac agettttttt titttttttt
481 titttttitg tagagatgge gtitcaccat gittgcccage ctggtetcaa actecigage
541 tcaagtgatc cacctgecte agoctcoccaa agtgctggga ttacaggcat gagacaagac
601 tcctaatcac tgtgctgtct tagcgccctc tctaacttat cacaaatiga

Fig. 1. CYPIAl gene sequence in 3'-flanking region (Source! Hayashi
et al., ] Biochem 1991;110:407-411)
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a)
GATC
—_:= C (398)

=
-._""E T — C {(point mutation)
= \:

. L5
—'__= G (403)
-
B—

pseny

b)

{H%}
71

41

MW P B A C B C A

Fig 2. CYPlAl mutation identified by DNA sequencing and analysis of
CYPIAl restriction fragment length polymorphism (RFLP) by PCR
method. a) 400 T to C mutation. b) Amplified DNA by primers was
digested with Msp I and analysed using 2.0% agarose gel electrophoresis.
Allele ml is absent from the Msp I site and m2 allele is present. Type A
(ml/ml) and tyvpe C(m2/m2) are homozygotic and type Blml/m2) is
heternzygotic. MW, size marker and P, PCR product.
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£33 =279 YoM =2717& A 5 olshrt T4H, 59 10 Abelst
109 o) =F9 224 747} 5HoR, =&7(d 4E CYPLAL fHACeE
4ol X alelx T[EEHA FSItHTable 6)(p>0.05). ifEe F42588 i
Z7be] "l 24z 7AE o, O2 Qdy o Zd T A FAHEAE
o] dALE gAAMFLEA o4& T g8 e S dod|A "ol =3
otz Holg Ao Yo FHoERY x2HE B fIseEz, F4 9
579 22 7154EY A5d wEgMz JFE g=t)k meks FHe AT
el = PAHA B B2 #7]8# B9 ofz}t Fdd &M fEEZ o] &
Aol dirte] Fad H8L 3= CYPIAL HaAd digte Adal Z7tsl E4
o8 fAATEg e WaE BFsle] Table 7, 8o Yehiisith

22 =57 A7d4Ae] d3He By 294 o)87) 53 719, 30494
394 Abeli= 138} g7Holglon 404 o2 TBHEH 6HoR ekt o|E
d4bAbe] 2lelA CYPIAL #AAGEEL E4% Z2d, dizae] 294 o] sheA
A 8(ml/ml)< 339%, B 8(ml/m2)3} C F(m2/m2)L &7 585%< 76%2] &
TE BEYD =3FAME A Ho| 338%, B o] 521%, C o] 141%2 25
Hyom 30444 394 AleldlM= diE:Fe] AL, A He] 326%, B Hel
55.0%, C B2 124%%Hen, =374 U= d=Ze] L2 d=§ A&
ok 404 olde dEzTd =B FAME dH2E EEXE Ho ol
CYP1Al9] HAAGAEY ol YePA] ko vHp>0.00), 294 o 3t
oA 2T Bt =37 3RS slold C 8 fdAY Bxr) o F
7He S B5HTable 7). vle G474 PAHA 3w oide} &
< FEgde] EAg T, o83 o] BF FoAME 53], U2 benzola)pyrene
i T2 PAHA 24 o3 8. 53, PAHA EZE2 724 deq E
2 553 42 AolE Hol® CYPIALZ FHELE HAdgdes fEA7 2
FEE CYP 59549 &Ago2 ol EAY dAl7l o7k wtd, djAba
AoA A4 EA45E diAl FTHC N B2 FAAEY 54T FE2
EdHo7} do}r| = Fhet

il

)

U= 1



Table 5. Distribution of the three types of CYPLAl gene restriction fragment

length polyvmorphisms (RFLPs) in control and workers exposed to monocyclic
aromatic hydrocarbons

CYP1Al RFLP, cases (%)

A B C Total
Control 90(33.58) 151(56.34) 27(10.07) 268(100)
Exposed 93(41.52) 106(47.32) 25(11.16) 224(100)

Table 6. Relationship between CYPlAl gene restriction fragment length
polvimorphisms (RFLPs) and working duration in workers exposed to
monocyclic aromatic hydrocarbons

CYP1Al RFLP, cases (%)

Working duration

(vears) A B C Total
<5 34(45.9) 30(40.5) 10(13.5) 74(100)
o-10 29(38.6) 39(52.0) 7( 94) 75(100)
10 < 30(40.0) 37(49.3) 8(10.7) 75(100)




mhetd 58 AFdAE Msp I AREAE ol&ale] Fdxle] #Ls Fdas}

benzene, toluene 3 xylene 2 #7]&A] =&F¥ ¢ CYPIAl #3H=Ae] &4
2o e FH7F ArleAE A8 FdAe e, 3d o4 ALsA
FHE 3, 1Y 2070 elstel 20719 o] T AlE BEH#AM CYPIAL
AT EES £ 29, 49 Fde & fHAGEY Y Feol= g
A Hp>0.05).

Table 7. Relationship between CYPlAl gene restriction fragment length
polymorphisms (RFLPs) and age in control and workers exposed to monocyelic
aromatic hydrocarbons

CYFPLAl RFLF, cases (%)

A B C Total

Age (Year)
<29

Control 18(33.9) 31(385) 40 7.6) 530100)

Exposed 24(338) 3752.1) 10(14.1) T1(100)
30-39

Control 45(32.6) 76(55.0) 17(12.4) 138(100)

Exposed 40045.9) 38(43.6) 8(10.5) B7(100)
40<

Control 27(36.0) 43(57.3) 5(6.7) To(100)

Exposed 29(43.9) 31{46.9) 6(9.2) 56(100)

= 22



Table 8. Relationship between CYP1Al gene restriction fragment length
polymorphisms (RFLPs) and smoking level in control and workers exposed to

monocyelic aromatic hydrocarbons

CYPLAl RFLP, cases (%3}

smoking level
{cigarettes/day) = ; = an
Non smokers
Control 35(35.7) 50(51.0) 13(13.3) 8301007
Expased 28(359) 38487 12(15.4) TH(100)
Smokers
<20 cigarettes/day)
Control 19(32.7) 34(58.6) 50 BY) 58(100)
Exposed 30(42.8) 33047.1) T(10.1) TO(100)
20< (cigarettes/day)
Control 32(31.7) 62(61.4) 7( 6.9) 1016100
Exposed 32045.0) 33(45.7) 6 8.3} T10100)




V.3 &

Benzene, toluene % xvlened wiAlz|#He] WHAM M (Park3 Welliams, 1953;
Ogata 5, 1970; Cohr2} Stokholm, 1979) elE #F7]&8A2 dirle] Hofdl= Fa
£9] #E, FEF 953 (pharmacokinetics) 97 2 SA @A ofid g2 4771
s 53 2 thMoretto2} Lottd, 1990; Nakajima 5, 1992; Tardif 5, 1992;
Norpoth &, 1996; Yu %, 1998). ol #7143 dAle] datH DAl Badzx3
2 X 3 2] microsomesell €75 phase I 4% 2] 39l CYP &4 2vix
o &M 4 EZE dAEE B F reduced glutathione (GSH), glutathione
S-transferase (GST), UDPG-glucuronyltransferase 53 2 phase I1 £4531}
SHES st A= wWiddEd gdebd APRAYEEH SHAAE ol &
718 dig dAZ|E G478 EQE g x=Fd oid 45T 2ddEy o
HMoZ & Fo= wldss 3T dAREY FL SAsq Hrtsln okl
E, 1981). 23 o|#HF wdele thie EAEE YED 3l Sittert F
(1993)ell 213t9H benzened| =2 FE¢ #Hdd A FE9 benzened] =&F
cE2A=4 519iH =% phenold] WE2%E FAHs BEHY ZUHY AE
AHgslEEE Sel4e] "ojZdn Badgon A FXe] EFd =22
o= =% phenol®] w43 AF FolAe] Ut E1urt QIGACGIH, 1936).
olfld ARE fdE tE ZTAHEL AP ZEAE] olF F7)EA =2
gl 9dEd et ofYsl EFEEC o =Fo] diFEelgE ot
Acki 5(1996)2 3 Wistard EHE U4 ® dl9 25-hexanedione (25-HD),
25-HD$} acetone, 25-HDSH methyl ethyl ketone2 w4 2 EfHFo § F 4
o] 2 ¥ 25-HDY w5+ EEEY Erh 25-HD 4dFoFolq A
& ZA4AF dyon 77)% F(1995)L ethanols A #2]% F trichloroethylene
2 BT trichloroethylene THe 5§ FollA CYP &4 HAA-AE As)
alcohol dehydrogenase®] @747} ethanol& #H Haldh oM A3 Tags
Budscip<005). Ikeda 5(1972)& toluene®] benzened wAFE 28l
benzened] S47EE HEAD 5 UYL B, toluenes} benzeneo] &
W Z2= 7% benzeneo FEHSE wvliate] AAMo] FAFHGD 3ol Tardif

5, 1992). 7] 5(1996)2 3 #X9] benzene, toluene B xyvlenes Sprague

=

e

o WU
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DawleyZl 3 A 297 A&8A a4, B¢ 2 EdFd & F ol #77]
29 F gAbiEe] WdEe 248 2n, ddFeTdA B EF R &
=i Fol A ojAlabEe] wldEe] A Pissctan Eudgch olg 2ol
w2EE FH Aold wSExe £ wEbd gARbEe] el B2 A
o|& Hol7] WEd Hr} © Holde] & AEHH AEXEHAE JiEstanA I,
Aoz Wi AA, Fo| £&4] 7Y, DNA-adduct B FAAHFE £4
S Adgs 9 2AAEEHE S A7t FE8 Feoll ATHAACRSH IARC,
1996; 2712 =, 1997). wabd $ele 23 d=(971 - 12) 976N gdAx
LA ol &t A FEo EF {r14Ad =&Hs 2248 s 4=
el FrlubAg A2sinz ok ATdYd =T FEAESL =F7134E
70% HEZ7F 53 e]4telglovd(Table 6), =25+ benzene, toluene B xylene2
713 BEE =EY 3Ad AE TWA o 10082 1 =F%2(Table 2), =
F YAREE ] v ZE BEIY 1089 1 A== 7Y SHA e FARHCE
S5 zolrt gltHTable 3)(p>0.05). ol4e] ATFZeA vjebd uvieh 3ol
=& 22250 A 3x9 benzene, toluene E xylened] =FEHIT glojA =
F AEES vjdeko] R TR w=2FIb] AelE Helx $E Flojn, g
§ ol 2 Tu|de} giARIESY] M FE JAL A FEe /78 =Fdd d
g Agstd RUE P& AAste AL Bol4old Hd¥Ade] Hlf Hoa & 5
oleh. mebd Heolda Aol & HAFA E4E T /7]1EA kFd
8 MESEH EEEL ALSnA, CYP SGLHAZHLAE o &3] AE
d9 lymphocytesol A ©1E F718A9 =2 28 f=¢ SHET =] CYP
T a4 e ©¥E P& chemiluminascent 712 & ©]&3&e] dot blot &4 Y
o7 APt CYPY 3L F(species), d¥(sex) 57 T2 F2HAHA 892
(Nelson %5, 1996) #2t ofulz} F4(Song 5, 1991), €3 &Ko 5, 1987), 4=
(Spatzeneggers} Jaeger, 1995) 2 2}&EZ(Nebert 5, 1978 Nakajima %, 1992
A% 5, 19972)8) EF A= mald B AolF Holr. 1HEERZ HEAE
o]4&la] CYPIAL/Z, CYP2B1/2 2 CYPZEL E$1&49 fEd 93L& nad £

ko

5]

Ade YFFH Uzl &5, F9, 28 dH 3 84 FE5E o die Egd
T8 FAlstn UM, CYPIALZ2, CYPZBY/2 2 CYP2EL G@YAEY FAHE &

ste] WzET} wdPol glold o]E CYP SH&se 458 9wl e =



A% 23, =274 CYPIAL29 CYP2BL2 ¥91E49 A%7 ti2ToM 1B
t BAgHe= fod8 e (p<00l, p<0.05), CYPZEIS] ZAS& SAg3ez
Felg zole ARt p>006) =B3ToM FEd THELY FiFo] F7lEH
THTable 4). ol2fd A= A =9 {7184 A7t F2Po24 #}7|Hto]
3 ZHoA elE F7]44 dhrte] #ofd= CYPLAL/2, CYPZBL/29+ CYP2E1=}
g Z4e T osM dulde] ko]l FrHE FHE HAY Fujino %
(1982)2 in vitro 48 S $5t9 CYPLIAl $9EAE FEA7)& PAHA 329
benzoanthraceneS AFES] lymphocytesell #2l3tsl& o, Aastz] L& FelA
2o}t #HEld 79 lymphocytesel aryl hydrocarbon hydroxyvlase(AHH)2] #4
=7t SRS BaEsin. o8 A7 fE7t 3§ d7e A9ba A
A9 Ael7t v Aozt £ YH CYP 9 E4LE #EXNE + o
€ 34 =54 CYP §9849 Tde] dojddes A= 2on £ 5 4ok
a8y 27 FUF A7 7718 AE =gHE 2EAE ddez @
Hxe] jn vivo 4YL2A 2 oulrl vl§ Zda B £ glen, Seojdn M
o] & HAIAFE o] &8 A =2 benzene, toluene 3 xylene #xF olriz}
e S ERY =S Ho1E + dde AMsAE AAEgda 4z
a8y 23 dE dFedME A 8214 digt d&%E HrkstA R o
gk 22 = A7 ZabolA Jebd vlke}t o] benzene, toluene % xylenedl =
£5+e 2EAEY 89 lymphocytesel X CYFPLIALZ, CYPZB1/29) CYP2E1 &%
49 FE7F AH3] F7HE Aol @A /718 =& M 1A ol
w23 agle oA vebd ZIRIAE AU old Tade gk ayeE=E
299 32 dE AT9ME fARYdd 45 B8ty 23 dE A3 5
et ZPA KA 29 i AFE A CYP $9Exd fFE¢
Holl 3 A137re] zo]E HrIEk susceptibility marker® #-&slaal skt
Gullsten S(1997)2 FHEELAHNEE B8 FHAGYE A<M A
e FATAAM dE=T B CYP2A6 3249 wild type T2 EEAY v=~7}
ghottd . B 3styn) Kawajin 5(1990)2 #i¢kal ##E3ke] CYPIALS] of§ #A
Aok AFE 539 homozyvgous (ml/ml)® heterozygous (ml/m2) =T}
m2/m2 homozygous BEIE 7137 Algho] Hiokel] did HP o] 26¢14 31 A
T o E3| sqguamous cell carcinoma $AellA FASE Tt HalEs ooy
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squamous cell carcinomad] 24L& Fdx Adde] slvka B uEHE th(Nakachi
= 1991). Song S(1985)= 97 @Edbe] <49 @Il lymphocytesel A E
A 9 HdEAPEes S8l v Fd o4 B F4 o4dd oM #=d
CYPIAL2 E9549 vid gkl aryl hydrocarbon hydroxylase(AHH)S] 4%
7t #@A48] Z7)Egda ¥ aste F93 CYPIALY2 FHE e ddie] #ie 5
Aapsta gick uwhebd F9 dFe dAdAES AHfEEidA JelM  benzene,
toluene ¥ xvlened FE3He UL TPsn YA TEAEL] FAAe] HF
FEkza) e YAstn glenz olE Fr|EA 9k ofg PAHA =29 =
2= JhssiEler AZEn, O sledS AEse 2R 22 9= 97
N =237 Z2AEY oA CYPIAL B9 E49 /%7 CYP2BL/2 2 CYPZE]
Bt #8489 cHp<00l). 2822 FE4E CYPS IH 4 phase | 4259
Azpchora AFEyk olugl phase I 4T O fAACddde A5 |5
How Fygof A ¥ dTeME £4Fa2 23 dE ATEAE H
Boz ate] CYPIAL FAAE Mesle faxcddd A& FHFFh A7
haAlE o7 26893 =2 2249 o R F 4929 disled CYPIAL fdach
k4 BMe Hastgdch Hayashi 5(1991)°] €& AEE ooz 3ty
CYP1Al ###}e] 3-flanking regionell Msp I A FELe A 371 A=
d7E Fu=E Se(Fig. 1), Okada F(1994)9] ¥l wet Eele] genomic
DNAZ E4% primersE AHE5le PCR whEe= FEAR %, 449 PCR
products® Msp [ AFELE HAGAA 20% agarose gel A7|9FL 24 8
PCR A4E2 =7 112 bpH i, Msp I AFEAe] o4 ZdE DNAS H
HE 77715 41 wpete A& B35 HFig 2). B, ATEL4 o8 44
¥ #H¥e =) Msp 19 EG $A7F EAS=AE Leotir] S3e PCR
productsE pGEM-T plasmid cloning vector® cloningg& 223l 8%
polvacrylamide gel #7195 o2 $2 gt Algke] 2eiAH 3-flanking regionsl
Msp I Eek 827} 9182 elstachFig. 2). Msp 19] dEet 587} as}4] &
o9 ml, EA3E m22 3 A H(ml/ml), B ¥(ml/m2) ® C H(mZ/m2)2 &2
wRad AYHeR oF Fr1EA B ol dE FHITEHAE =F
HA g dazTd 9edM A HEle 3358%, B ¥H: 56.34%, C FHT=
100722 zZtzie] &3 E Hgon, =&ddAMe= A FEH7 4152% B e}

|.|:



47.32%, C BE7F 1116%2 £XE o F F0d EATAH Aol= gigig
(Table 2)(p>0.03). 28fY o|E F7|&AE EF T o|EZdE2 AU F54
o E4LHE Fod 4T FFEHE 7304 g ZARERE 20748 5
' ojat, 5delA 10, 10d ol4e2 ER3 £ CYPIAl 37 thdAde BE
A% 2}, x&27|0d oE SATEHA Aol BHFA LYK Table
6}p>005). °]21@ 4T ZIE benzene, toluene 2 xylened] A HE= =259
7] Wil Ae] o]EF Al Eie] s fFHA 2 TS va)z g
o2 uvehd Zae 4zEd gl olie] ATAIE siA: BAE =
UAT 771549 Fuke] gictn 7HEE A =T =T AT O3
AANE ¢ D2 ® stof 8] g Al gloid fHzAggde] 2x8 o
A FHl= 372%, B 8= 522%, C FHle 106%9e ¢ &+ 2%t Okada 5
(1994)2 & Al 4oz dle CYPIAL fdAT %A BEAL A8 A
A HE7} 443%, B ¥Hl7} 45.19%, C HE7F 106%2] 2EE Rz sigen,
Lee T(1904)2 =9 187T% & dj4e® slo CYPlAC did ##AAcjeky 2
< A% Z3 A HEi7h 53%, B FE7t 37%, C HEl 10%9) 2XE s
Hudgrh o4 dFZEHe} f2lg AT AHE vms B9, 3=, gE o
=3U 7 didA E54 sleld C HeHle] EXE v&sHA T, Ast B e
thd:9] AtelE BTk ol F Fu: FE Aold eldd yehd HoE Hef
Ay FFd = Ast B HeElg FAHA xo)7t o]lE {7849 thatet oW d
gol sl dig 97 = astn 2o A Lolus o3 2 H3a
2 THEE AU FEE FAEEH A olf Fasy, ozd Zad=
B2 ZAEo] Bt Y olE H4e THL gRRRH =3HE 53
(Lusl West, 1980; Koop %, 1985 Umeno 5, 1983), 4¥ % yo| S (Harman,
1986; Lee < Yu, 1990; Nakajima 5, 1992; Almeida 5, 1996; Mortensen %,
1996) we} @2 Ael§ Beloh mebd FH AP YeiME Yelrl Frhgel
wet o] 2F AR A BRI FAPoEA R ERE FUdE EZd diF
3] 5 #&-(Uetoxification) % HWEFHe Al fFHAY Rl ojmd s
FEAE 1] fste] 294 o]k, 30914 394 o]l 404 oldoR ERde B
#aetch o 2, d2TE =27 259 slojA yele Frld wa A A
22 CYPIAL fAAGkd B2xo alels yYehlx] 29t Table 7)(p>005). &=

]
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% CYPIAL §f3AlE fegiatEze] w28g ole} Gufe] gk sz
EA% FE2| 9717} point mutationg ¥2o# Msp [¢] 29 FHE 712 + 3
7] wjioll, 28 dPeM FE . Fol o2 fFAAOSde] AelE Btk &
dAate 39 ol ALHA BHlE D3 gl A2 EA 1Y 20709 oldtst ¢
Aoz BFdle 4L dadgo o Zo, dFaze FEA Atoleld /3
Achekd o] Aol f1o®(p>005), EdA ol 19 H$= Byl Fd
g zbol = ERGR] @kt Table 8)(p>0.05). Nakachi 5(1991)2 CYP1Alg] C
Bele] FARE 71R Al ol FHo] Qg s HAe] Eo1 F%em,
Okada 5(1994)2 92 FF % AW e debr Fdo] 292 AYHEE
WEA ERe olyel, 9o T4 9 FHASE AAo] Gule] AhIpAHA B
e 2etE 22l benzolapyrene® T2 PAHA £ &M o|fE + 3l
oy FHIEERY =&=H2] %L kel A$o gdeld Fd 2EA
CYPIAL #dATEdY alels HeolA gsirs B3 3¢ 2HEE 59
ToAAM dzZo =32 HEFdA) F94 2 =279 44 F 479 B+
o CYP1Al RATIFA ] 2ol HeolA] #L olf= A FE9 f7]1&Ad &
257 o2 Belck 2y FaldarEded oM TAEE g EHE B
< ¥ diAgAdA AdEe 243E dia ST s fFEEy. gt
A FZo] 31 ¥ benzene, toluene ¥ xylened| =&EHE C2RAE slolM
CYP1Al #dAGEES A7 3 2 #7184 =50 el H& A
Sl CYPIALl fAAOSEL oudt QHE Heol==d o H7l o] FojAH,
ol F7IEAY 3o i wAE + = FHol F  susceptibility
markerE o] &% Q& HALE B

ojde] dFAM AH T FIAHSEZDY =EHE =AY dFE =€
Hrtsted sdold HAFEAE o] &% Hrhuge] g2 wy B fojide] ojf
At AS CYP SEMEAALAE o83l FAL stk v wdFda) u
e 8730 8wy okt frAQ agld g8 e AelE Uehd
denz, FH TN d2IH =57 ZE2AEC ozt CYPIAL $HAC
Fd BHE 2ANE 23 5 20 fAAGREe] Aol g oyt |y
A E4el M zto]E Heo, A B4 g ol &dld A Fxe fdseE

N
49 =E3E YR 5 Qe e AEEdE F8Y 4 1 Ze man,
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HE & ‘?‘"ﬂ"ﬂ HEzTH =27 Aol FAATEY Aol gdey
T"r%‘i} 4L T35 RSl Edy =Fo 42 sty dgiabsy o
4 o‘;‘c}ﬁﬂ% 357]-%" 2l susceptibility marker 7122 Edi7} Hgictn B}
Y FEFEEAS =Fdd diF AUy HFL EFHoE o|Fojxr] WE
of FFel= 7 7FA9] A Y FEANE o] 8T HrpHe Mea} phase I
Tk oz}t phase I & o i FAAGLY dTE ik sl wE
susceptibility maker& 7lZsfo} 3 Aoz Er}



V.2 &

1. =3 glo]A benzene, toluene 3 xvlened] =FFET wFH LA
AT 19 8N AZFEEEAY o 10089 1539 B T=d =%
21 gdgled, ol #7184 gAE wjERE vf B FEE £
AEgon dzTy 2220 FATHA Aol= §lATHP>0.05).

2. 8F lymphocyted]l A CYPLAL/2, CYPZB1/2 3 CYP2E] FHELH o
# doslagay Zil 25T A4 g gwiEe] gike] diE:TtelA
Hoh BAgH o2 #oF F71E BEtHp<0.01, p<0.05).

3. doM F2% genomic DNAS]A CYPIAL Msp I #HAGEEES &
Mgl Axl 2 A$ type A(ml/ml)E 3358%, type Biml/m2)+=
56.34%, type CimZ/m2)= 101%8 £EF H3on, =gddAes A 9
Ef7} 4152%, B el 47.32%, C FeldA = 1116%F F Tl EA
g2l f-2g el gtHp>0.05).

gl Hddo mE CYPIAL F32bc)ekA 9
27| el g Aol= ATHp>0.05).

oj4te] AMAMNE R 2R =77 CYPIAL #fAACAde zel= gl
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