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— Abstract —

Effect of Genetic Polymorphismsof CYP2E1 and ALDH2 on the Relationship between
the Levels of Urinary 8-Hydroxydeoxyguanosine and t,t-Muconic Acid

Yong-Dae Kim, Jong-Won Kang, Sang-Yong Eom, Yan-Wei Zhang, Sung-Hoon Kim, Eun-Young Kim,
Chul-Ho Lee, Jai-Dong Moon®, Heon Kim

Department of Preventive Medicine, College of Medicine and Medical Research Institute, Chungbuk National University,
Department of Occupational and Environmental Medicine, Chonnam National University Medical School?

Objectives: This study was performed to investigate the effect of genetic polymorphisms on the oxida-
tive genetic damage caused by benzene exposure in workers.

Methods: We measured urinary t,t-muconic acid levels as a biomarker for benzene exposure and mea-
sured the level of urinary 8-OHdG to assess oxidative DNA damage in benzene-exposed healthy male
workers. Genetic polymorphisms of ALDH2 and CY P2E1 were determined by TagMan assay. We esti-
mated Pearson correlation coefficients between urinary t,t-muconic acid and 8-OHdG according to the
genetic polymorphisms of CYP2E1 and ALDH2.

Results: There was a significant relationship between urinary t,t-muconic acid and 8-OHdG concentra-
tions in overal subjects (R=0.532, p<0.001). Smokers showed a higher correlation coefficient between
the markers than nonsmokers did (R=0.520 vs. 0.010). Individuals with CYP2E1 cl/cl genotype aso
showed a higher correlation coefficient between them than those with CYP2E1 c1/c2 or ¢c2/c2 genotypes
(R=0.670 vs. -0.145). In multiple linear regression analysis including smoking status, sorbic acid intake,
age and genetic polymorphisms of CYP2E1 and ALDH?2 as the independent variables, urinary t,t-mucon-
ic acid showed a significant association with urinary 8-OHdG.

Conclusions: There was a significant correlation between urinary 8-OHdG and urinary t,t-muconic
acid in benzene-exposed workers. This relationship was affected by genetic polymorphisms of
CYP2Eland ALDH2.

Key Words: t,t-Muconic acid, 8-Hydroxydeoxyguanosine, Genetic polymorphism, CYP2E1, ALDH2
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Soll AfF st WA dEH A AR et
sttt AERALE AAsl didAEe] &
7t o]uel| sorbic acid7} g¥ 289 &
A2 ZAfste] B4 Al wlil 359 F AT
At WA e vol= 41.13£9.09 Ao
A= 784, H|EAA = 147 o]t
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2) ALDH2 %! CYP2E1 XX} e 24

ALDH2 #37e] A& of 3 CYP2EL f77t]
5 ~franking region §-¢lol gt tha4d A& $l5t]
WA= RE ANdS A, AFHSE HE 250 M
o] DNA Extractor WB Kit(Wako, Osaka, &)
£ o] 83} genomic DNAE FZ3t] -70°Cell E#3}
Ao A8t 53 DNAE AAZE FgaEL
kS (real-time polymerase chain reaction:
PCR)d °¢]&3t9tt. DNA 20 ngd Az AldA
(primer), 21212 &% FA¥ ©%2H(probe) 10 pmol,
ANTP &34 800 #M, MgCl, 1.5 mM, KCI 40
mM, Tris-HCI 10 mM, pH 8.0, Taq polymerase
2.0 unitEs 419l F &3] 10 47t FI=5 PCR W&
= WEAY. o)AE 92°C 15%, 60°C 183t iCycler
iQ" multicolor Real-Time PCR (Bio-RAD, USA)<
ol-g3te] 403] TF A7IWA B ZAE SR
she @3 @S dEstd A Hekith ALDH2
o] A@AE forward: 5 -cgggagttgggcgagtac-3 |
reverse: 5 -aggtcccacactcacagttttc-3 < A&l o

e oo
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o, VIC-caggcatacactgaagt-NFQ9+ FAM-caggcata-
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st BAEAM S ’\@ﬂ‘ﬁﬁr FAAF F FHA EA
o W& 8% 8-OHdG ¥ T4 s&e] HaA A
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BH 9 eF
R v a8n 85 £ Table 1
o AAIBIATE. 85 T2k 718 = Faxte}
H| &A=t Z+2E 0.977F 1.05 mmol/mol creatinine
o2 folgt Atol7t gllern, 85 8-OHAG v=9] 7
TE FAAE 3.8302 H|EAAY] 3.56 pmol/mol
creatinine® the= oha w=ohouh BAARl fode &

Table 1. Means of age and geometric means and geometric standard deviations of urinary t,t-muconic acid concentrations and uri-
nary 8-OHdG levels according to smoking status and sorbic acid intake

. Age t,t-Muconic acid 8-OHdG
N (%) (years) (mmaol/mol creatinine) (#mol/mol creatinine)

Total subjects 92 (100) 41.13+9.09 0.99 (2.10) 3.79 (1.59)
Smokers 78 (84.8) 41.45+9.24 0.97 (2.05) 3.83(1.60)
Non-smokers 14 (15.2) 39.36+8.27 1.05 (2.49) 3.56 (1.58)
p-value* 0.431 0.406 0.621

Sorbic acid intake' 39 (42.4) 39.32+10.93 0.85(2.01) 3.71(1.58)
No sorbic acid intake 53 (57.6) 43.59+4.87 1.19 (2.16) 3.89 (1.61)
p-vaue' 0.014 0.034 0.622

*: Comparisons between smokers and non-smokers by Student's t-test.
" Individuals who intake soft drink containing sorbic acid within 24 h before sampling.
*: Comparisons between individuals who intake of sorbic acid and one who not intake of sorbic acid by Student's t-test.
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S QEACIENN 42 2F FEAT} 8-OHdGS| BHN
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FEUSR B3 FA R}

o] zzla CYP2E1 ‘;l ALDH?2 #+#8, sorbic

%=, 2% hippuric acid®]

SYUSE @ oF 89 24

ANE 8% HEA ¥/l 2% 8-OHAG &l #ol
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Vigliani & Fornl,

o

mAE Aoz Uesth(Table 4).

1976; Yardley—Jones et al,

Table 3. Correlation coefficients between urinary t,t-muconic
acid concentrations and urinary 8-OHdG levels according to
smoking status and genetic polymorphisms

N R p-value

Total subjects 92 0.532 <0.001
Smoking status

Smokers 78 0.520 < 0.001

Non-smokers 14 0.010 n.s*
CYP2E1

cl/cl 64 0.670 <0.001

cl/c2+c2/c2 28 -0.145 n.s.
ALDH2

NN 67 0.570 <0.001

ND+DD 25 0.383 n.s

*: Not significant

Table 2. Geometric means and geometric standard deviations of the urinary 8-OHdG levels according to genetic polymorphisms of

CYP2E1 and ALDH2 enzymes
Geometric mean (geometric standard deviation)
Genes N t,t-Muconic acid 8-OHdG
(mmol/mol creatinine) (#mol/mol creatinine)

CYP2E1

clcl 64 0.96 (1.99) 3.79 (1.65)

cl/c2+c2/c2 28 1.08 (2.17) 3.86 (1.46)
p-value* 0.428 0.627
ALDH2

NN 67 0.99 (2.11) 3.63(1.55)

ND+DD 25 1.08 (2.00) 4.19 (1.70)
p-value* 0.992 0.355

*: Comparisons between genotypes by Student’ st-test.
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AR 2B e og A &4 tiEA A EQ] 8
% 8-OHdAGe =& Z4sith vlE folg zlol=
ol ot FAxte] A& HEAAd vl guld oz
=2 o2 Uiy Fdo] Atk ~EYAE fdditt
= & d7AEY A7 AT (Kim et al,
2003 Mizoueet al, 2006).

S, 8% FEAe s WAl gAMEE S oy
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(Wiwanitkit et al, 2001; Hu et al, 2006). =L ©]+
T e 85 wEAke] 2R AFY BREAR g A}
S5 AZH ol9ddls WAl =E& FalAN wjEy
AR 4EA 7] o] g2 ARE sHT
Eo = AR wEolth(Wiwanitkit et al, 2001:
Kang et al, 2005). ¥ A7<lA sorbic acid7} g2

=579 AF o mE 87 TN vEe 001\34
4314 kA k& Abgo] A AlEET e =2 A
o2 vyt 28y idAE FA el wet S
A A% Ade FAA vFAA 2FAM sorbic

2% REY Y Aol Ho|

(Fustinoni et al, 2005; Manini, 2006). :Lﬂi 3l g9l
< ShE WAl tiate] #HAss E4E 8T F QU
gk sk FL3 FEo WAl %5]“‘44_ a5 et
ALE o] dAo] we AV E7E defA|a wEE =
rAbEe] F/R7F Db Zlo|7] wEolth, Eg 5%
QAR 2 2kstd ~Ed 2o A7 WS fedo] gl
oA dixtEAS] L WAl ER Qg =EA Ee} A
S FAt ERAE BT 9 = 7FsAel =
et ~EY 2o oste] A4dE 8-OHAG= GC-to-
TA F42 EAWlE st 2% Az #g)
e o= °134?<4 UL AbeA AEg 2o 93 fHA}
A EZ g o] £H9HKim et al, 2003: Kim et
al, 2005a: Hwang & Kim, 2007). AHelx BA=
8-OHAGE 7% B84 ] 9ga AAHE Aoz 47
2 QlojA & Fo] 8-OHdAGe F=+e 2tshd x4t
ST B opjel §-OHAG $8aLd] od BpAE
£ FAHez gt § glthe AHo] dh(Kondo et
al, 2000: Kim et al, 2005a: Park et al, 2006).
WAdlS 23 29 WA {7 8AS] =E2 Aol
Agld ~EfAS f8stE Aor dEA Ak (Lagorio
et al, 1994' Pllger & Rud1ge1, 2006). £ AToM=
= 571];‘4 o= v«]d -‘d’eﬂ" < HSH(R=0.532,
p<0.001). 13y} o]gidt #HAALS F< o Fu #HAl o
Ab Bl Az Ao wet EeiAe B o YE
ot AR ASE T WS Alele] #EAo] A
0.520(p<0.001) & AA th’dAfl BT w2 &
et ov B &Rt A F oHa Alole &

Table 4. A general linear model of urinary 8-OHdG level including two genetic polymorphisms, smoking status, sorbic acid intake,
age, urinary hippuric acid and urinary t,t-muconic acid concentration as independent variables

Variables B* SE.(A)' T! p-value
Intercept 3.025 2.392 1.265 0.210
CYP2E1 -0.914 0.711- 1.285 0.203
ALDH2 0.579 0.710 0.815 0.418
Smoking 0.254 0.908 0.280 0.780
Intake of sorbic acid -0.241 0.317 -0.083 0.450
Age -0.004 0.037 -0.119 0.906
Urinary hippuric acid concentration -0.001 0.002 -0.791 0.432
(mmol/mol creatinine)
Urinary t,t-muconic acid concentration 1.554 0.302 5.147 0.000

(mmol/mol creatinine)

*: Regression coefficient, ': Standard error of regression coefficient, *: 5/ S.E.(8)

CY P2E1: dichotomous (cl/cl and cl/c2 +c2/c2)
ALDH2: dichotomous (NN and ND+DD)
Smoking: dichotomous (Smoker and ex-smoker+non-smoker)

Sorbic acid intake: continuous (number of intake of soft drink containing sorbic acid within 24 h before the sampling time)

Age: continuous (year)
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