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Abstract:
genetic polymorphisms of metabolic enzymes CYP2EI and NQOI. [ Methods ] Cytokinesis-block micronucleus (CBMN) assay

[ Objective | To explore the association between chromosomal damage induced by benzene mixtures and the

was used to detect chromosomal damage in peripheral lymphocytes of 461 benzene-mixture-exposed workers and 88 controls.
Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique was applied to detect polymorphisms
of CYP2EI Pst and NOOI®. [ Results | The CBMN frequency in the exposed workers was significantly higher than that in the
control group [ (2.12 + 1.87)%0 vs. (1.19 + 1.68)%0 , P<0.01 ]. The individuals with the NQOI1®” CC genotype showed significantly
higher CBMN frequencies than the individuals with TT genotype (P <0.05) in either single or multiple factor analysis. Age was
an effect modifier for elevated CBMN frequency, while sex, smoking, and alcohol consumption had no relationship with CBMN
frequencies. [ Conclusion ] Methylbenzene or dimethylbenzene exposure is not a key contributor to genetic damages. Cytokinesis-

1° polymorphisms

block micronucleus can be used to detect the early genetic damage of benzene mixture-exposed workers. NQO
are associated with chromosomal damage induced by benzene mixtures.
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Table 1 Comparison of blood test results among the benzene-mixture-exposed groups and the control group

I H ( Ttems ) Xif HE ( Control ) B4 fh ( Low exposure ) Hifi ( Medium exposure ) =4/l ( High exposure ) F P
% (n) 88 123 223 115
WBC( x 10%L) 6.7+1.7 48+ 14" 4.6+1.3" 45+1.2° 54.90 <0.001
Hb(g/L) 146.7+13.4 137.0 £ 17.07 138.5+15.2" 139.6 + 13.8" 8.12 <0.001
RBC( x 10"%/L) 47+05 4.03 £0.48" 4.15 £ 0.407 4.16 £ 0.40" 49.81 <0.001
1fiL/M ( Platelet, x 10%/L) 181.2+39.7 180.5+41.4 181.9+45.6 173.7 +36.4 0.99 0.40

[ 1*: 5 st #4042 ( Compared with the control group ), P<0.05,
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A0, PRI R 220 B A geit4 2 X( FR=1.71,
95%CI=1.45~2.17, P<0.01 ), 4E#{E 25~35 % 135
2 UL BB NFE O R i3 TAR IR AR T 25 % i A HE
(P<0.05), RA&BPER . B 2RE L T8 RARFK
T 510 28 OB

TC I8 S M B 2R — O H R fioh oy A A 2 K i
WBC 05341, 5 il 2 S R 2 v 1 0 B AL (3%
2 )o 43T ELASHE A 2H P9 A5 L R %, SHEA T RN EL AL
DAFROR - IR0 2, IR -rh AR - . rh - i
85 2 43 91 032, 0.01 . 0.46, 1% P1E M 0.57.
0.91.0.49, BP 34 A i %22 5 g it 5 X, L
WBC 05341, 1B 4 - P shdl . IF % 41 - FEARdL .
Wl - FRARAL EL 35, o 40 0l ol 4.48 . 7.05., 0.62,
AHI PAE A 0.03 ., 0.01, 0.43, Elf T A, WBC I
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Table 2 Micronucleus frequency of benzene-mixture-exposed workers and controls by demographic characteristics

Xof B 2H

Control ( n=88 )

b2l
Exposed workers ( n=461)

fa % (T x5, %0) A% (T x5, %) FR(95%CI) P
B (n) Micronucleus % (n) Micronucleus
frequency frequency

A5 (Age, years)

<25 43 0.60 = 0.88 258 1.94 +1.63 1.00

25~35 34 1.53+1.54 153 2.14+1.83 1.18(1.03~1.35) 0.01

>35 11 245+3.14 50 3.00 £2.76 1.69( 1.43~2.00) <0.001
151 ( Gender )

i (Male ) 78 1.04+1.29 406 2.11+1.81 1.00

4 ( Female ) 10 2.40+3.34 55 2.18+2.29 1.14(0.95~1.36 ) 0.15
W24 ( Smoking, pack/d « a )

<2 82 123+ 1.73 450 2.10+1.86 1.00

2-5 4 0.75 = 0.50 29 2.00 = 1.60 0.92(0.71~1.20 ) 0.54

>5 2 0.50+0.71 12 3.00 +2.63 1.33(0.96~1.85) 0.09
3P ( Drinking )

/b (Seldom ) 50 1.43+1.92 243 2.12+1.81 1.00

/K ( Occasionally ) 23 0.91 + 1.20 155 2.09 + 1.87 0.95(0.83~1.08) 0.45

2% ( Often ) 9 0.50 +0.53 63 222+2.13 0.98(0.82~1.18 ) 0.88
FEf g P - PR R KO
Methylbenzene-dimethylbenzene exposure level

%4575 ( Low exposure ) — — 123 2.08 +2.02 1.74(1.39~2.19) <0.001

5252 ( Medium exposure ) — — 223 2.17+185 1.82(1.47~2.25) <0.001

585 (High exposure ) — — 115 2.06+1.75 1.73(1.37~2.17) <0.001
PN T ( Sencority, years )

<2 — — 143 2.09+1.81 1.00 <0.001

2-5 — — 176 1.91 £ 1.57 0.92(0.78~1.07 ) 0.27

>5 — — 142 241+222 1.15(0.99~1.35) 0.08
2l WBC 152 ( WBC Count in exposed workers )

1E# (Normal ) — — 134 1.84+1.98 1.54(1.23~1.94) <0.001

P50 ( Unstable ) — — 197 2.18+1.73 1.83(1.48~2.26) <0.001

A% (Low) — — 130 231+1.94 1.94(1.55~2.42) <0.001
4t (Total ) 88 1.19+ 1.68 461 2.12+1.87 1.77(1.45~2.17 ) <0.001

2.4 CYP2EI#2 NQOI1i % % S5 MAz R X A8
B R FE 5

LGS B SR, CYP2ET GC 240 K& [R 4
M 0.80/0.20, NQOI CTHERAFZR K 0.54/0.46, %4
i Hardy-Weinberg - W] & BE 6 5 1 * 3 1] 2 0.63
F110.06, HHR PAE A 0.43 F10.81, FF4 1844y 75 0l
(P>0.05),

H1 223 0] WL, CYP2EI Pst 3 F 3k PR 78 f7%) {0 4% 3%
I GG(2.02+1.95) %o, CG(1.88+1.79) %o, CC
(175 +1.51) %oo B ORI A 58 A8 F2 B 38 0, Si%
RIPEAH Tk 2D, {H S Poisson [B] 546 56 HE 24 5 A H
A G Tt2E 5 L NOOT3 Fi 5 DR R (1) A% 258 53l 2
CC(2.04+2.05) %o, CT(2.08+1.82) %o, TT(1.63 +

1.73) %oo HH AR TT ) WA A F B A 4l
HHI(CC ),
2.5 RIRAEARLMAZ F R vm H & 69 Poisson )3 5 AT
DA 38 S A o, o R — W R B fl L 4R
B4 L PR ARG DR TR R RN T S5 AT R A ]
PRI Z 4y [ 728 B i A Poisson [H1 A 2, 3 H& A
AR LAME AR f g A . (B IR, S ik
AMEZ0.05, HERRHE A 0.10 7 128 %o 330A% 4 10 5 i
o Ba it AR RN Z R NOQO 1% SER B FIAF:
0, W4, WK - O ORAE R B HERR [RIAE LA
WBC 405 2l AL A SZ i K 28 E A 7R, DATRIAE
AE, K NQOI™ FEH AL | AEH4FI WBC TS5 42
fil2H TN AR AR G, LR S,
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Table 3 Associations between micronucleus frequency and CYP2EI and NQO1%” gene polymorphisms

FEH (Gene ) Y ( Genotype ) B (n) R ( Micronucleus frequency, X s, %o ) B VA P FR(95%CI )
GG 353 2.02+1.95 0
CYP2EI CcG 166 1.88 £ 1.79 -0.07 -1.06 0.29 0.93(0.82~1.06 )
cc 24 1.75+1.51 -0.14 -0.92 0.36 0.86(0.63~1.17)
e 157 2.04 +£2.05 0
NQOI1"”* CcT 272 2.08 +1.82 0.02 0.30 0.76 1.02( 0.89~1.17 )
T 113 1.63+1.73 -0.22 -2.46 0.01 0.79( 0.66~0.95 )

[ 1% BT DNA 4R EUH % A 30 4 DNA BEACK b oh B 1, S2FT 345 0y 25 T 9 AL BE R 8 CYP2ET y 543 5], NQOI Jy 542 ] (543 CYP2EI and 542

NQOI genotyped results with successful DNA extraction and enzyme digestion are used in this table ),

&4 ZEAZE Poisson BFSHTREEMARKZEZIWER
(RAE-ZHREEMTH)
Table 4 Multivariate Poisson regression analysis of micronucleus
frequency in benzene-mixture-exposed workers with methylbenzene-

dimethylbenzene exposure ranking

K Z (Factors)  4325(Sub-type) B VA P FR(95%CI )
HBOT( Intercept ) 0.67 10.09  0.00
cc 0 1
NQOI™ cT 0.04 052 060 1.04(0.90~1.20)

T ~0.19 -193 005 0.82(0.68~1.00)
<25 0 1

B (Age, years)  25~35 009 127 021 1.10(0.95~1.26)
>35 044 475 000 1.56(1.29~1.88)

&5 ZEZE Poisson BFSHTRFZMARZEZMER
(WBCit#i54 )
Table 5 Multivariate Poisson regression analysis of micronucleus
frequency in benzene-mixture-exposed workers with WBC

counts ranking

. ok
Fii su]}ji t’y\pe Y z P FR(95%CI )

U5 (Intercept ) 0.47 0.00
IE#4(Normal) 0 1.00

WBCHH WEh4 (Unstable) 025 3.00 0.003 1.28(1.09~1.50)

WBC counts
FAAIZ (Low ) 026 293 0.003 1.29(1.09~1.53)
cc 0 1.00

NQOI™” cr 0.05 061 0543 1.03(0.90~1.18)
T -0.18 -1.81 0.071 0.83(0.69~0.99)
<25 0 1.00

AERE (Age, years) 25-35 0.12 167 0.094 1.16(1.02~1.34)
>35 049 519 0.000 1.67(1.41~1.98)

P (4, F5) IR B /R K I K2 S 80
RHOM B E R R, LHE3S Y UL B AR RE
T (P<0.01); T4 NOOI 5878 4l 45 HU Y T Je:
TR 2R fl o OB AL 45 1 TR 32 AHE( P<0.01 ), PR
ME AR, %) TR TN, BRMERE T
X REZE , (2T RMZ R T 1 R AR AT REAS 2 T
HOR - ZHORE Mg [ e AR WBC BRI 2 2 1

KA, VLBRAERF S EE 7R WBC AR 28422 fioh 1) 0%
RONAEAR, $Eniz] H, BARIT 2 AR 2R U AR TR
B, (EUR e B 22 AR IH RERS S BTN R 1 .35
ARAY ;TR AN HERR LA A4 fish b A7 1R 48 o v B R
AT RE o

3 iFig

IREZ AT DL S SO AR, 1982 4E 2R 4
B g e F S LK (TARC) 5 TR 0wy, IRt
e Tlb A= 77 rpeis R R B R AR o &5 R B
JREFNTH R AT AR, R I A A e e Tl A = v H b
W, EEEIR AR

FEA R BRI AT v, T4 4 45 2R (130T 2 445 A
SRR BB /N AL R, R e DA B 32 bR
2 B DL R AR KON, HI B N RE R IR BR T
Zefa) s SRR B AR L DA bR UE . B T4
JEL I WBC 00 S5z e 2R f e 118 e 3 i
fabr, UL WBC 550 2 114 S e T AR £z i
FRIE o PP ORRN PR 2 0% e At R A s A A [ A0 e 1
WIE Fe BT ARAEL, 254 T3 T A BB At
BE o AU ST R ik 20 9 WBC . RBCHHE0RT Hb ¥
JEPR TR IR, HEMAGI2AE L $RT) T
NFTEMR R G, WEUIER T TAES s S
A R

it 55 43 24 PRV SOAZ R B 2 IR v
ARG e 2 WEAE A R T TR PR il R A R
fon T BEONTE , ASURAIF AT S 2 M 20 e E% 40 ol 26
o T HR AL (H R F R - R R R A 4
3l 2 )% R 22 53 TG 11240 S A4 B
A4 WBC B 544, ) % 2 U ot 5 A T
4.5 x 10°/L M TN, %2 T IE W & . i
T B A R X AL, BoRBOIRIR M T RE 2 %
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A, [RINHZE RS ME 5 H WBC W/ g AR, AheHE
B e th T H AR g S s, PRI AS BN
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IEH R4, AR B w5 B AT R A
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