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B % (pesticide) £ & TAPB T F cnE BB B i & 4 % 3§35 (congenital
malformation) » & 325 © Sdp I R F 7 PRI & FPASO3ASEE R ~ & AL
el pri g £ fF (glutathione S-transferases) 7% # - DNA 48 2L #] » & 3&X-ray
repair cross-complementing group 1 (XRCC1) frxeroderma pigmentosum group D
(XPD) ¥ ic» %2 AR B4 M ORFBEAZY o F]P o A PIFE L AN B2 DNA
BAHAFUHEELEZISE2DNAG T EFREIREZ M - 28 B
(Comet assay) 3 T RITFI3SLEBLHEBZOE R EI06 AR BEHRE B A
i d R DNAR T A2 R o (BICYP3A5 (AuG) {-GSTP1 (llel05Val) 2 %] » 12
% DNA i 48 XRCC1 (Arg399GIn ~ Argl194Trp ~ T,C) ~ &2 XPD (Asp312Asn ~ £
Lys751GIn) L %]2_ &L %3] {1 B & fedddy & & (polymerase chain reaction [PCR])
o 5 RA R GFHNKADNAL SR > A ER FRERD  MEE
# % ~ GSTP1 lle-lle ~ ¥vXRCC1 399 Arg-Arg# #1342 4p b 3t 3§ 4r 7DNA & # £
(DNAG ) o 30 5 B 2 R BGSTP1EXRCCLA Flent 3 (8% i - ¥ 2 47 > &
7 % B ¥R %4 4% GSTPL lle-lles2 XRCCL 399 Arg-Argzh 17| £ 47 ¥ §: SXDNA
E# g A3 (249 £0.09 um/cell; P =0.004) > 4p #3345 F GSTP1 lle-Val/Val-Val &2
XRCC1 399 Arg-GIn/GIn-GIn & F13] (1.98 £ 0.15 pm/cell) o izt & % 2 2% B 48 45
bR X ABGSTP1IE DNAB A XRCCLA F] > ¥ it T TR £ % & “TH RDNA
GE LI

a4t @ B % > GSTP14 %] » XRCC14 7] » DNA



Abstract

Pesticide exposure is associated with various neoplastic diseases and congenital
malformations. Animal studies have indicated that pesticides may be metabolized by
cytochrome P450 3A5 enzymes, or glutathione S-transferases. DNA-repair genes,
including X-ray repair cross-complementing group 1 (XRCC1), and xeroderma
pigmentosum group D (XPD) gene may also be implicated in the process of
pesticide-related carcinogenesis. Thus, we investigated whether various metabolic and
DNA repair genotypes are more susceptible to DNA damage in pesticide-exposed
fruit growers. Using the Comet assay, the extent of DNA damage was evaluated in the
peripheral blood of 135 pesticide-exposed fruit growers and 106 unexposed controls.
The genotypes for metabolic CYP3A5 (A .44G) and GSTPL1 (lle105Val) genes, and
DNA repair XRCC1 (Arg399GlIn, Arg194Trp, T.7;C), and XPD (Asp312Asn,
Lys751GIn) genes were also identified by polymerase chain reaction. Our multiple
regression model for DNA tail moment showed that age, high pesticide exposure, low
pesticide-exposure, GSTP1 lle-lle, and XRCC1 399 Arg-Arg genotype were found to
be associated with an increased DNA tail moment (DNA damage). Further analysis of
susceptible GSTP1 and XRCC1 genes interaction, revealed a significant difference for
high pesticide-exposed subjects carrying both GSTP1 lle-lle with XRCC1 399
Arg-Arg genotypes to influence DNA tail moment (2.49 + 0.09 um/cell; P = 0.004),
compared to those carrying GSTP1 lle-Val/Val-Val with XRCC1 399 Arg-GIn/GIn-GlIn
genotypes (1.98 £ 0.15 um/cell). These results suggest that individuals with
susceptible metabolic GSTP1 and DNA repair XRCC1 genes may experience an
increased risk of DNA damage elicited by pesticide exposure.

Key Words: pesticide, GSTP1 gene, XRCC1 gene, DNA damage.
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56 B & SR KEF T ¢ (International Agency for Research on
Cancer [IARC]) §f#f = # 7 % & & £ 5 7 X &1L [2003] > 3 & & 47
(meta-analyses) g%~ BT 0 BEE B DR AHNE U R OF 4 LRE B%
o #4350 I (leukaemia) [Daniels JL. et al., 1997; Zahm SH. and Ward MH.,
1997] w2 % % ¢+ % %% (multiple myeloma) [Khuder SA. and Mutgi AB.,
1997] 5 & (b 4 B RAEE B s pohT i LA FHAAL LA - 8
#oid @ % g DNAR 4 1 o

RAGF T RT SEFBR LR 3 SHEE > 1 & IZEd TR wE F
P450 (cytochrome P450) 3A4% 3ASEE % #73#F> Ax E 5 8 RiEET? ALY
organophosphorus-oxon [Levi PE. and Hodgson E., 1985; Mutch E. et al., 1999] - i&
- ¥ # > organophosphorus-oxon ¥ it ?X {$ 4% paraoxonase (PON) -k f# =¢ diethyl
phosphate 2 2 4-nitrophenol [Costa LG. et al., 1999; Mutch E. et al., 1999]> & ‘5 d #%
% i 45 B5 (glutathione S-transferases [GSTs]) =iglit ¥ #5 5 A ¢ (glutathione
[GSH]) # & [Di Ilio C. et al., 1995; 1996] o — 38 L a0 & /RN T8 (TT0T 7 » B
7 0 GSTPLAFI A AR M0 5k &30 kR #ent g fof (Parkinson disease) 7 & 2
i 4v &% [Menegon A. etal., 1998] o 2\ i b crf= 1+ Ao GSTP1A 4p b > B &
BHE R 228 FE%TODNAG T 4 ; &A@ > PON1 -~ PON2 ~ GSTM1£GSTT1
AFAP RT3 REEERBL S EIHBHE %2 5 #5% 2 DNAL 38
€ o iF CYP3AS GuGAFIA R EAZH % » A5 R%7 + L7 RE 2
DNA#% Z ;828 > AP Am gt 3 @ TGS o & Bdem T4 0 2 e
- Brzrr 0% [Liu Y. etal., 2006] -

FOORPHEL G DNA BT 4 2 B R FAM R BB DAL R 4
$ o4 B o DNA BATRE > fEF ¥ LE B HRR R Sk
#% o DNA ¥ % %74 (DNA single-strand breaks) # & % L7 DNA# § > 48 &
PRI d i egese "ﬁ 3 4 17 DNA #& 28 *7 “$ iz 48 (base excision repair
[BER]) ¢ & &4 “r4& # [Beckman KB. et al., 1997; Lindahl T. et al., 1993; Xu
Yl.ctal, 1998] @ § T % 24¢ ¢ DNA ¥ 55 872 > 0] 84 T4 2 folm ™ 35 %
e RBFME LS BRR AR A B 2P [Carrano AV. et al., 1986;
Dominguez I. et al., 1998; Thompson LH. et al., 1982] - X-ray cross-complementing
group 1 (XRCC1l) A F]1 2 -3 DNA R & p+*p ~ DNA ¥ & ps I, ~ 1 2
poly(ADP-ribose) polymerase ~ APE1 ~ % % ¥ f& jcfis /B pk fi# (polynucleotide
kinase/phosphatase) - fr 8-oxoguanine DNA glycosylase [Caldecott KW. et al., 1996;
Kubota Y. et al., 1996; Marsin S. et al., 2003; Masson M. et al., 1998; Whitehouse ClJ.
et al, 2001] » & Fin (7R EF L+ © K XRCCL 7 A4 & e f e & ' en
¥ it 48 B > Arg399GIn (exon 10 > & £ G—>A) E_i=** XRCC1 ¥ poly (ADP-ribose)
polymerase 22 BRCT-1 < 7 &% % 32 > @ Argl94Trp (exon 6 sk & C>T) B #
4 07 FER g PCNA % & % 3 [FanJ. et al,, 2004; Shen MR. et al., 1998] - & 2% »
399GIn 4= 194Trp % B #1824 Flenis oS4 A7 SAPM >0 — & DNA #4¢ ek
A A 5 b4 £ DNA 4284 e 35 & [Lunn RM. et al., 1999] ~ 3 4¢ 5 p53
% % [Hsieh LL. etal., 2003] fruf & w2 ¥ 8 st & [Hu JJ. etal.,, 2002] ; 2@ >
B 3T REA Y gk AR - &eh@ 2LP FE [Goode EL. et al., 2002] -
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BT 0 23 XRCCL fads ¥ F] P32 P RR-TT R - BATHT I C el e
EAFER S TP LB #El’aéi? P REF Qg Bk e R 5 'k [Hao B. et
al., 2004] - 2 $ F 3 (Bioinformatic) HA5iERE TC 525047 a0 L f27 Spl %
EBnEIRAEF > wom F 5 AT v &G st XRCCL &t o

¥ pa "$ i2 4 (nucleotide excision repair [NER]) ¥&/% 3 & 4 4% “,f i
Bk bttt o ® E A F 1 DNA § 3 2 4 &4 4 ¢ AL Ik
[Arbault S. et al., 2004; Misra RR. et al., 2003] - Xeroderma pigmentosum group D
(XPD) #v » Z 4%+ [IHeh=tH =5 5 & BFFT P53 fr Lzl
& DNA 2 4f % % ¢ DNA - XPD A F]a8 - 23 ik 7 2542 (single nucleotide
polymorphisms [SNP]) ¢ 54# 3 [Goode EL. et al., 2002] > ** exon 10 7 XPD
Asp312Asn #= % XPD % § %H A 4 - Bz A% # > 3t exon 23 #h XPD
Lys751GIn » 314z e 3wv FenC ¥ 430 s 22 - B g A E 4% o XPD exon 10 fr
exon 23 % B 4in AL )5 o SALEE T AP M ST IE 9Bk 5 % [Hou SM. et al.,
2002; Zhou W. et al.,2002] > #xm H & 7 7 & F WA F 4p B [Butkiewicz D.
etal., 2001; David-Beabes GL. et al., 2001] -

i3 Ad

w
=

w,ga%%m@Aiﬁﬁ@%@%ﬁﬁ%ﬁmm@ﬁgﬂy?ﬁgm
ﬁﬁg@NA%go EAFTT o APENABEDNABH AT S P AL ELER
% B AR ST 2 weDNAG T chip b o

Pt =
B R

Bk At S e Rk B - TP UEHI R ERB SR
2106 & A K @ 0¥ R 2 DNAT T & i ghie i emp BE 5 LT} R A BeGE 1 c
ik Ay 0 A [Liu YJ. et al, 2006] o 5 7 BB A endiib e 24 02 1R
mM%%ﬁE*ZFﬁé@@ﬁﬁmM@ﬁéﬁ S E S RIS T
BERG2ZS5RefiAdcp - ARG B3P T I350E ¥ kB2 %Py
106 & A Jo 5 ¥ BRALI » o BILL > G OL EIRER NFE S HIT R
BIRAEIIE JTRE S F 2RI FRLADER o hFE P FEFY R
FAA RS - RRA PR § kRS | AR R 5
KpFEARFAT! A RBERF LY Ao § TR B OHRoAP
Hl ERELERBHILAFE RSB EOHRI I FR AP - 2T
i B D S il L R R E g T T B R
FLF LGRS AL LY ﬁuiﬂ“%#&ﬁ°¢¢§+aﬁ’z%
4 AR R R R ISR 0 /)»)3 JRY Eim L o

R R

3% A #.3‘@(?%}"3’{’&_-3 PERTHIREEERFLZESED 0 He
BRI TR o BTG E DR AR 4R D A T B 2 B A e 2 AR
VIR M2 Ee L TR EARKL P H AR EL FfF P L A
B BHPFRE RS EFE T E X e ek R FFE B X WA D



AR SEPNEEPTH S RS T AR E RS 5T G e B
—%-F'eﬁﬁizﬂ-rﬂ ﬁ#o—- m'g,bvﬁ,ﬁ?%%ﬂpﬁ&éﬁ,ﬁax e ‘Fgﬂf‘rﬂ,j—\.]]ﬂ
S LR B RFORAM AR T AR SR R B SR
ARG M o Fpt > B3 éﬂ/ﬁf‘rﬁ.mﬁg % BT AL 450 g -

JETUS B RV SR S UNCE SUE R R St iﬁ“'}’%’
’lftﬁﬂi(_‘ﬁ @ig\%'éym—?\)ﬁ 'ﬁr'%d— ﬁtﬁ‘g%l%?m%i"q'?ﬁ l%’ﬂ'
THCRERBEEE BADFERE > T EER G DR S ARATEDT -
Flend 3a6 ff 5 1.282F (#FK0.06-48527) S L L itBha® -~ B 4 FE'F
STRE B HET 308 it S SR B E AT B g
BT HAN BRI FEH 12 A EASH Ra F BEIARR Y he 5 0k
HE B T ELFZ K F T E D T HFEBT 5T (B F
228 FE/ ) o

AEE ] RS TRE R A P ET H E F R RAE
EARE N xrﬂ?]‘“%‘?:}f;ScarpatoEﬁ L [1996] & £ ”eri‘Fizm'/'fﬁl—%ﬁ'ln}
o EARTOEIENRERG () $UTCARREAEIHY B
\:F‘IFP %n \k?&‘&k}ﬁﬂ liﬂ_@_&g&-]é?’"‘ \:F‘IF fi NE (2) rE
;ﬁr} [N (l) MR fciE S 2P Tl FEROERBRE M F Y ik
B RIS Sk B (D) FLHER] TR BEY (bl TS
HERT) MRS B Nk R -

L A

25 R R kP Singh & 4 [1988] e 7 Gkt eanif 2 T RHET - AT H %
R TR T 3 R gL B¢ o 10 pl 2w AR A 1.5% K —&«miﬁ
% (low-melting point agarose) NoFRIS A R IA G B oA E H0.6%
— gy ghyf B (normal melting point [NMP] agarose) % 1.5% 43 Bhergf %2 @ o
B F A 4°C T o LB 2B fR% (1% sodium sarconisate, 2.5 M NaCl, 100 mM
Na,EDTA, 10 mM Tris-HCI, 1% Triton X-100 12 2 DMSO 10%) ¥ =¥ ; - /| P¥
% g B ALE T AZ #RR (0.3 M NaOH, 1 mM Na,EDTA, pH 13) ¢ 10 A 4%
AAR e PR A BEE S 300 mA TURAEET o TOARNGT IS 44 B F 11 ™
Rk =R T A4 A 10% ethidium bromide % ¢ - ¥t 5 BA= 3 4
% » 100 rﬁ“{tﬁ#p‘&m/; (e (2 BEERY - F BRE 25 me) KR Y “ 5
d 400 Bk 2 FoRAMMAEREL 0 ERB IR G 47 4 5 (Comet Assay I
Perceptive Instruments Ltd, Suttolk, United Kingdom) *#& & - & "8 ffa 47 % 4t
SR B o W R B ST A R o B3N R i inm A > A 3R
ST BB o A£G b - BRA DA AL F B £ § e
FRAREGOZE G cDNAG LT EHE (tail moment) A2k Az 11 T E DNA %
FALR > EF R A RI0E RS DNA Bk B3R b2 %fi*iﬁ ° TG e
FHE - AP ek 2 PR FJ‘ i e

A5 4



AT DNA Zd 3y H %2 %o Rirysd o é'”]ﬂ']q\;ﬁd u’rwﬁ#
2R E LAY F (Polymerase chain reaction [PCR]) 5 AA# > 2 KA 475 T
S 2 %&%#’"«T?ﬂ“z&r] A & 17 e B eh g T ﬁﬁi %W‘“
2 i m}%’m B RS SWAL PCRFZL » $3 PCR F B2 &AL | b (& %
EBEMRE A :tzs'ﬁ; oo A AT - BHREE (B DNA HHF) ARG
4 1 i 3p] PCR 275 % ; # pl3gks BALI (7 » BB B ik v QA i) b iE 2 o

AblulE - BATF S A2 {8 & - AT 2 AT EE 20%T] 25%
mfij&ﬁ FEARHENFET S, o

CYP3A5 A 44G # 73] e L{*}“’:}fi Chou % 4 [2001] %= 73 ki 7 o f§ &
B AR TR SV F BHEE > O P ERE R S /t’i (restriction
fragment length polymorphism [RFLP]) 4 47 & i ;p] Faul ¥ % Bhend B o % 12 3 by
CYP3A5 & #3134 + (primers) 5 715 5°-CAG GTG AGA GGA TAT TTA AGA
GGC-3’4r 5°-CAT CGC CAC TTG CCT TCT TCA AC-3’ - GSTP1- A|W26I A 7F %A
M Z 4295 Harries % 4 [1997] 2 PCR-RFLP $#jisk 4v 12 2] 2 o f exon 5 (% 45
3 105) ¢h- @ lle = Val B Ak 3 152 & 4 — B 177 bp ehk i “ﬁh » @ * ch
31+ B 75 5°-ACC CCA GGG CTC TAT GGG AA-3’ 4= 5-TGA GGG CAC
AAG AAG CCC CT-3" - XRCC1 *t exon 10 - 7L ] 5 A5 cn| T E qp Lo ¢ f
werE 3 973 17 [Wong RH. et al., 2002] > % exon 10 (% # <+ 399) - i Arg
Gln & A g A4 - B 242bp ek it BE - & * a3l g 3+ B 75 57-CCC
CAA GTA CAG CCA GGT C-3’4r 5’-TGT CCC GCT CCT CTC AGT AG-3’ - ¥+
XRCC1 *t exon 6 ek F| 3]~ 45 A 445 L o © A4y 3 587 § e 4 — i3 22 [Shen
H. etal., 2000]° % exon6( BAEF 194) - B Arg I Trp BE#ARBE A 2 - K
485 bp chA i FE 0 @ * 3l 3 B 7 5 5°-GCC AGG GCC CCT CCT TCA
A-3’4v 5°-TAC CCT CAG ACC CAC GAG T-3’ - XRCC1 T,C £ %] % A4~ {;ﬁ
d PCR-RFLP fip] % %] %_[Hao B. et al., 2004] > i * 313 3+ & 7] & 5°-GGG
CTG GAG GAA ACG CTC-3’4r 5°-TGG CCA GAA GGA TGA GGT AGA G-3’ 2
Bt L frde ']’5‘ FE o XPD A 714+ &'ﬁ»%%'r_’ PCR-RFLP 4 47 % 4v 12 j4-%_ [Spitz MR.
et al,, 2001] > $+ XPD & # % 2512 Styl *TH| =% 2 exon 10 F & e b5 » #71
5l S+ B2 5 5°-CTG TTG GTG GGT GCC CGT ATC TGT TGG TCT-3’4+
5’-TAA TAT CGG GGC TCA CCC TGC AGC ACT TCC T-3*; #3*t XPD
Lys751GIn £ #]sn PCR 31 + A 7| 5 5’-GCC CGC TCT GGA TTA TAC G-3’4v
5’-CTA TCA TCT CCT GGC CCC C-3’ »

R

WAL HEH R EEL BN R ERZER Pl RS AR
MEFEe ENFEMEELEBEZ HREF G R )% Student’s t test
ANOVA % 4-4¢:3 F %18 2 (74 20 x2 test B * 1L e T W] I o xz test 2 Fisher’s
exact testix ¢ * K & "I;ﬁ_r'g MR EEE 2R 2FCYP3A5 -~ GSTPL » XRCC1 ~
2 XPD 4 #17 Jm);{« FEX-F PRBRLEERBEAFRFFIEGFL R L ITUER
DNAE # & ; ANOVA#Z Student’s t testiz ¢ * kit g7 F B2 K Z R & F o
DNAE®E2 £ 8 > 5 4% ki TDNAL# B 2 E 80 ~ 0] ~ F 3k i fr 2
e 3854 2 DNA@ A 8 FIRF chdp B o o 98 U DNA K & & hp B B8 - o &
" H E e 0SS (general linear model [GLM]) 3= f 5 &8 » & & 2 35
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(least-squares mean) #% 34 (7 KFERIIF 2 & XA Fl2 2 F & &R i
sDNAE # £ o > 2%#c# 12 SAS 9.1 (SAS Institute, Cary, NC) 4 45 » & ¥ 3+
TAM LR TG -

5

it

135 P RERZIFLHEHEE 106 2 Ak BOHRBAER 24 F L %D
AT BETEEAN A - o T RhToER L 5S4k Tioad (P =068t
test) ~ B # ke &AL (P =040) ~ 7 F 3 F vt 6] (P=0.55> x* test) ~ 12 %
ge#E P=017) 23 MEELZ T I AEFNIHEFLE - By (P =
0.01)~ 2 & FTHmf (P<00]) &8 HMEZLBZeFEINIHEFLE -
e HREARSEERZ oA ER Y IEFRL £ (P < 001
ANOVA) ~ fi § 4+ (P<0.01)~ M2 E 5 i e £ (P<0.01)

13 ¥ % e CYP3A5 ~ GSTP1 ~ XRCC1 ~ 2 2 XPD A F]A| v b R 3 4 = o
CYP3AS (P =0.72 > Fisher’s exact test) ~ GSTP1 (P = 0.32) ~ XRCC1 194 (P = 0.12) ~
XRCC1 399 (P=0.28) ~ XRCC1 47 (P =0.61) ~ XPD 312 (P=0.88) ~ 12 % XPD 751
(P=0.52) AFA6lted ~ MEFRBEHRBREFLAEFLE A 97F A7
Al s # @ A% Hardy-Weinberg T 79 o & PR cna 459 > F o4+ 1
— 1 CYP3A5 A4y 18 2 ?]Jﬂz v ke AR R AR 4 CYP3AS Gy 18 24
FlH & Mg enpt 4 5 1% [Kuehl P.oetal, 2001] » >+ 234 3 > - & CYP3A5 Ay
HinAFF ARG S CYPIAS AuG/ALA A FIA - K5 2>~ 13 GSTP1Val ¥ 1%
7 FleniE A Ap ot i GSTPL e $#8 AL ¥l ¢ » & § S Mm% %2 [Zimniak P.
et al., 1994] > ¥ ¥ F] % GSTP1 Val-Val grﬂﬁ;]—g iR Heixo] o F]pt GSTPL lle-Val
g Val-Val A F A4k & B - Ao F ke Y £ 0 F12 447 XRCCL 194
Trp-Trp Z%fﬂ’jg]—‘gf i fcii] > Fpt o B A2 XRCCL %45+ 194 + & 31 Trp-Trp
2 Arg-Trp 2 FIAALF A0 - A2 - 5% 3 > - 1 XRCC1399 GIn 18 2 F1 4L §F
%% 3 XRCC1399 Arg-GIn/GIn-GIn £ #13] = 3% 2 > — i XRCCL Co7 %t 7A 7
#ﬁ;ﬁr’?i‘éﬁ = XRCC1T.45,C/C7C A FlAl e fe $2 4 » £ 5 XPD 312Asn-Asn & 751GIn-GlIn
A et o B F G B 30— B XPD 312Asn #ti8 & F122 XPD 751GlIn #t i
B F1E & g DNA A€ 7% {4 [Spitz MR. etal,, 2001] > ¥t > 3% 1 > - B
XPD 312Asn %8 2k fﬂiﬁ ARG AR % XPD 312 Asp-Asn/Asn-Asn 5 F13] » 11 2 3% 3
> — i XPD 751GIn $t @& 2 ¥ ¢ 4 jF %2 5 XPD 751 Lys-GIn/GIn-Gln 2 %3] -

2ZERAPIFEHEHELEBF I EELEFEZ Ao PEE-CHBEREER
BB AT Bt hEd R (231 um/cell) > 24 ME B R E PB4 (2.03
um/cell) ™ % P& (1.33 pm/cell 5 P <0.01 » ANOVA) » 48 3 » &£ # < 3t 54 #
S (RRATH L TEY) L R RS PR R R UL LERDE
® (2.44 vs. 2.11 um/cell ; P <0.01 - t test) ° Iﬁ.é‘#dvifv—*ﬁ BB RERSEY PR
iR 3 :}dv;t‘ifiﬁ_%i’?b:}dv}:ﬁﬁi’ﬁ Mk ® g (P<001)e Rm »fmrxadhbdg oy
Bz wspre B ) ¥ 0 S ARFER - 8- ¥ > oA SDNA LB E L3 R
i Gex® 3YF GSTPL le-lle & M3 enip £ ¢ 4L m (vs. lle-Val/Val-Val » P =
0.03) - 7 A= g 3F XRCCL399 Arg-Arg £ FI1A 0% B & &k & 2Ap Eo0 i
XRCC1399 Arg-GIn/GIn-GIn 2. 3 B # s % 'e» #HEEI|E 5 5 HDNA L # &
(P=003) AMEZELEE % HF XPD 312 Asp-Asp & FI 4] chiE 4 4p st 35 %
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XPD 312 Asp-Asn/Asn-Asn = 2 5 $ < ciDNA & & (P<0.01) Xm > ¥ 15
WAL AR M M Ak B & 22 CYP3AS A F]7] ~ XRCC1 194 & #14] ~ XRCC1 57
A FA ~ 1 2 XPD 751 AR F1A| B A IR o

" DNA E# 8 5 ¥E a8 o xR -E % k% 112 CYP3AS -
GSTP1 ~ XRCC1 194 ~ XRCC1 399 ~ XRCC1 .77 ~ XPD 312 ~ 2 2 XPD 751 £ 717]
PR I M ﬁp?%s‘fi“ (GLM) # & m>r 4 2 o4 % £ # (Bonferroni
correction) 4% % & * DNA E# & & & w ApB 3 4rcnEds (P<0.01) 3 R E %
& (P<00]) #MEEED P<00) 4858 > e RERAPNLIPEABALE
. GSTP1 lle-lle & #17) (P =0.04) £ XRCC1 399 Arg-Arg i F14| (P =0.058) ©
ABLE T

KL ie 0 B T 2 35 (least-squares mean) AiE - H b HTIUIER AN KA
# ~ fw] s faE Y gt 0 GSTP1 2 XRCCL 399 A %] % 253 7 F R z
FBEAEE DNA G ik (£7)° % &+ GSTP1 lle-Val/Val-Val ¢
XRCC1 399 Arg-GIn/GIn-GIn £ 7] 4] en¥f fe 4% 3E % 2 ‘5&**/ 2 (1.26 + 0.06
um/cell) > ## GSTPL lle-lle 2 XRCC1 399 Arg-Arg s ]3] s+ Be o DNA k& # £
R 0.11 pm/cell s 4 (137 + 0.06 pm/cell) ° #r W o hdbd GSTPL
IIe VaINaI Val £ XRCC1 399 Arg-GIn/GIn-GIn 2 #1312 % R ¥k % & H# 5
2 (1.98+0.15 pm/cell) | I P48 GSTP1 lle-lle 2 XRCC1 399 Arg Arg A7)
ers BEREHELF B BDNA L#E (249+0.09 pm/cell;vs. %4 2P =
0. 004) I P 3 GSTPl lle-lle 2 XRCCL1 399 Arg-GIn/GIn-GlIn 2 F]3] 2_ rs E 25
% (228 pm/cell » P = 0.09) » £ I p¥ 3 GSTP1 lle-Val/Val-Val ## XRCC1 399

Arg Arg 2 F13] ¢ (2.25 pm/cell - P=0.15) RI§ @ R H 4 hDNA § T 2R -

\\\ﬂr

w1

R 4 'ﬁ%ﬁ%w?&&#?mﬁj@ BaAT-E R RS LR
o B AFE s AP ELER T N 3 GSTPL 22 DNA i 4 XRCCL 399 # %4 2 2
B # % f%%‘g‘??)fﬁ?ﬁ?’“i‘a%cmDNA&ﬁv ;

\q

AP ey @ CYP3AS Gy 318 A FHE 5 (26.6%) A — R H 5%
ii“r**% {7 eh- JEJL WAy 2 %% [28.2% ; Chou FC. et al., 2001] ; ** ~F 7 ¢ 2
GSTP1 105Va| Hin A FE TS (22.4%) RiApd PR 2 - 38 R R4 S84 AT
7 e 7 e [18% 5 Watson MA. et al., 1998] - XRCC1 194Trp 4% 2 F]
(28.4%) fr 399GIn 48 & F) (23.4%) & xm;z U N Tl S Sl ENEL S e B
TR R R [194Trp ¥ X %) 27% > 399GIn ‘I"ﬂ%gﬂ 26% ; Lunn RM. et al.,
1999]; 2P 7 ¥ % A XRCCL Co7 18 AL FIE 175 (11.2%) B Z Fig>tpfst e
R 473F 4 - 5B 7 [10% ; Hao B. et al., 2004] = #* ¢t » XPD 312Asn #+1& &
FHE % (4.4%) 22 XPD 751GIn 48 & FHE 5 (6.0%) + HAn 03t E A -
B RAFT [312Asn i A F] 6.5% > 751GIn i A F] 8.7% ; Liang G. et al.,
2003]; Te B EHEF AP AFANBSFOF Fiod K o

LEEREIEE DNA G T £ - AR i3 o LR BB AT TER
%% o B3R A W T 7 [Garaj-Vrhovac V. and Zeljezic D., 2000; Leballly P.et
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,1998] e ST N EBIIEES LR ESF DBAE ¥ FL %2 H 4 DNA
'%i’ o - f‘“l*’%ﬁ%’c g1 ‘MﬂimeNA#F% ir% 2 AT B
LIRS Vo 28 A AT gfglg&ﬁ:% a2 F e DNA B4F F &2 (v%
P fl‘é”ﬁ»f'tté_%ﬁf]&g%ﬁ T " DNAG ZTHF > @ T RApEARY -

W2 R B o o R B & B G d R 4§ PASO R E
WEE 3 RBRBE Y FAS organophosphorus-oxon [Levi PE. and Hodgson E.,
1985; Mutch E. et al., 1999] > @ ¥ B & $ X {5 4 PON kﬁi%‘ diethyl phosphate
12 % 4-nitrophenol [Costa LG. et al., 1999; Mutch E. et al., 1999] > & ‘& d GSTs sigt
it¥2 GSH # & [Dillio C. etal., 1995; 1996] - 28 m » 2\ i b 7 f2 ’{ L =
F 2% #% ¢ PONL -~ PON2 - GSTML £ GSTTL 4 #]4|4r DNA % % 2. [ chp
B F1gt > PON1 ~ PON2 ~ GSTML £ GSTT1 A FIF| I 5 A0 » IS T §
oo A It LAY ’I-xp CYP3A5 A 14|44 DNA & T 2 st > Rm o>
BIFBEIAEFE - 3% 5 & X 12 CYP3AS GG A FIAchip M8 p & 2R 4p 5
U F R 3R T T g BB 1]“ SRT T ¥R ¢ o A E g CYP3AS AL %] 5
25481 DNA % 2 B4 B F A M R T o £ R T RS LS E T
GSTP1 lle-lle A F1AlAp #3235+ 7 2 A& F17 ]—‘QF Pl g e DNA G F o - 3F
L g 4 . L T] > GSTPL lle- IIe #%% * p i&‘“ GSTP1 lle-Val ¥ Val-Val 3% #
Jﬁ" # % % A5 = benzo(a)pyrene diolepoxide (BPDE)—DNA 2P [Watson MA. et al,
1998] - R %2% %k B35 GSTPL lle-lle & 714 & p 4 i (S 35 14 0 4p st
#+ GSTP1Ile-Val & Val-Val éﬂl" > F L ﬁ AT i SR #GE S DNA §
THAE -

S AT R P FIR R E FRpAchs b o DNA B4 8- 5284 £ & o0l
#] o DNA 3 7 is IR B Ry FAop Z o/ %ﬁ—t} bR X R EREARTA R
Ak G B et T ¢ ERAFRL AT FE T o AP gt
T oA HefFEIt o & BER S H ST B AP 5 - BReELd v
XRCCI1 » ¥2 %22 &4 NER 22 AL # i 4k2 ﬁi*&:ﬁﬁ XPD 2. £ %5251 AR ELEE
PBEWETE R AT FEDNAG T E G H 4k

Am ety e EERDE 4}5 &R aXRCCLEY 22 REXHA P WA
& (Chinese hamster) “r ik e (EMO9frEM-CI11) #t3+3%= & it + B (alkylating
agents) ¥ &% it 4§ (reactive oxygen species) 2 £ FHL{E b T H R hf L
M DNA®H £ & 5 B &R 1 [Tebbs RS. et al., 1999; Thompson LH. et al., 1982;
1990] » # ABenE > AP F R AN P f B J 5 Y XRCCL 399 Arg -Arg 2 717
HARBE AT H S PDNA L # 8 ;5 7025 & F 49 B & XRCCL 1942 #13] ~ XRCC1 5
A& F1 A & 3 4 cDNA & § fl_ﬁ,“ NPTy ¢ R F T M ATXPDA T T R
A 3 AL_Asp312Asn 2t & 4 Lys751GIn % ﬂj']% v E B FEDNAG Z 428 o XRCCI $-9
*qL*?DNA BER ~ B i@ iz 46 22 JL FIfE 2 R 2 MAF AT ;ti. g £+ [Fan .
et al., 2004; Shen MR. et al., 1998]; ie & 4>+ XRCC1zk F] % )44 cxt jp 2§21 2R
PR o RRFAYC q_ﬁ‘?i“' IXRCC1 399GIn4t i 8 F1-2_4p B >+ H 4c rﬂDNAﬁziL
4 € [Lunn RM. etal., 1999] ~ 3 #r c7p53 % % [H51eh LL. etal., 2003] frat & m¥e
¥ Hp ez & [Hu JJ. et al. 2002] ;oM T E AR T HIDNAB AT AL F] 5 A5 d
L% R B ERSDNAG T 2 B enBetudp b i2 ﬁ;e;;ﬂ o B o A muu;\ '
0 DNAG T 5 % s o043 XRCCL 399GInttia 712 R ¥k B4 - 23R F
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WP k= (apoptosis) 7 4v i - BF AL 2 4] o iwmre k- ¢ XRCClehd ¢ &
%z‘«}t’*’f{ e ’«EL% B4 HBER? B A4 - £ 5 AFIUrHEFM > ¥ 2 F i €07
ERL R =Y R W —‘ﬁ [Kaina B. et al., 2001] - — B & 4587 7 © 57 4 %
Pty F 2 e k- s g BL% B Ap B2 XRCClLend 3 > [Fujimura M. et al
2000] - t“ v XRCC1 39 ejp > # 2% (399GIndtis A Flenig %) ¥ o g 0
%BLDNAH;? T 4 > T ¥ ﬁr'l,”*‘é RV R g AR e kS o F - T mﬁ¢7}’$
% XRCCL% £ &DNA @A it 4 xﬁfwbgd%DNA%iﬁﬁz,wg;g&
R {ﬁ£1% B R

5u%a’mwﬁﬁgirwg§%gﬁ 7] XPD & ] % 25222 DNA
BE2 Feniz®AphE o dopt g S T Ao F 4 ffgmeNAna;T?n?zvaLml
&S
RS 4 BREE E% o 75
2 —

—NER % «u’?stW’Q"t’d B 2475142 DNA i & 2. 348 o pLob 5 &
S
II}&FFM%*""BE’»}T‘]:‘ ¥

¥
% 5
?kﬁZmﬁéﬂkﬁ*}mehﬂ’v
A ey - BATY LEBH.

" A A |

{ig- e o A ‘fF“r"f‘li/!‘Er?ﬁEﬁ“ EBEEGED ’Mﬁ:}%%‘“{ 5 GSTP1 lle-lle
v XRCC1 399 Arg-Arg % g = {28 F13] 2 vﬁ ¥ o ?‘ﬁk*“ DNA #§ & e 4 2
B o GSTPL >R #Fr M A SA %3 F (422 [Di Ilio C. et al 1995;
1996] » @ XRCC1 ] %2 481 0 DNA B 4F (& mre k=) i ﬁﬁ ° Jf._.“L-‘ic
Brl sl gXEAFAT L §HDNAGT ALY Rehg'e s a > FUv i
MEB A2 - BLPHEDEEGT B ED -

e 'F“%ﬁd EPRARLELE WA ERBEEE R HREFF D R
il Mki’;fé FEATA G - BV RN EL o Ra o ARAPHAT REY RS AT L A E
BELS el gk £ S RSIE B2 LA
AR YT R bt’%&%%%*i‘ J hE P EETRY e F o A AP Y
é’%ﬁéfsﬁéﬁ b HAE R G Eﬁr; o hefr AEH o E LR FE R A APROTE e F
BRI E o RADRL L T o £ &ﬁ{#ﬁ?&é*“i“g’ﬁﬁﬂ DNA fi;i’
[MollerP et al., 2000; Singh NP. etal., 1991]; A s cnP E K EZ2 S L7 ¢
ﬁ&é‘ﬁa‘t"z# %ﬁiﬁ%#ﬁ?ﬁ?*?ﬁhﬂ mDNA k#E o L_-ﬁm‘*‘“ i+ e DNA & #
EFMﬂEM~%§*ﬁ{ﬁﬂw%%ﬁﬁ@ﬁ ﬂﬁ%#ﬁaf,g%ﬁﬁ%
DNA  F ek j§ £ 42 o st 7 0 Bl B3 7 enf § ¢ 1 3 Aa b33 4 o DNA
FoLXLRG FEIROTHEESR T DL LR  RARL KT M
> DNA 4 2 [MollerP etal.,, 2000]> X m 4 FFT 7 L F F IR 2 DNA i 2
ﬁp&wﬁvwwo%?uaﬂpmeﬁwpim%ﬁﬂaﬁﬁﬁ
[Garaj-Vrhovac V and Zeljezic D., 2000] > I 5 # 7 crdd s #ic g 24p % /] o

-

L2t RADRFG L 0 R RS RFR SR A LA
1 p kP VEESEL FRTH O L RLENAFEBLOT
i%?oﬁ%k%%?ﬁ{ﬁ%%f%#@Twﬁm’ﬂﬁ’%%mﬁééa
PR AL B e 30 Rdeis o BMe 2t i DNA § g gt e

@A A 2 > BRAA R LM% # GSTPL & DNA 4 XRCCL A F¥ il i
GRERBELODNA GF o AREE L ¥ IEH R 32 DNA B4 4
2% B H R BT R T A
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BAATNHT R ER BN L2 DNA G T ATRE P E X - 25 %R
FRER 135 tEAERBAFLL 106 22 BNBEB A% FL k5 DNA
% T ARR o B CYP3AS5 (A4G) fr GSTPL (1le105Val) A %] » r2 2 DNA 4 4
XRCC1 (Arg399GIn ~ Arg194Trp ~ T.7;C) ~ 22 XPD (Asp312Asn ~ ¥ Lys751GIn) #
Flzo P13 LR PR F B T o 11 G R K417 DNA B & £ o
BrE&d - BLELEB  MEZEEZ - GSTPL Ile-lle 4= XRCC1 399 Arg-Arg
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XRCCL A Flena 3 {8 % 3&— % A 47 - im % L ¥ % % 4463 GSTPLlle-lle &2
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HE BT SR 2 A BGSTPL &2 DNA 24 XRCCL A F]» ¥ it R L F|L %
FBUTERDNA G T LA e o Aol R E T REREFEF L ES
Tt iy o EARY 0 AL M A RREAS T RE DM R
BT ER -

13



2o RBAFPEBRASEZLLERB OIS LPOHRBOA T BET

a8 B
3 #ic 106" 62 73
£ ¥ () 489+1.17 575+12 56.8+1.2

w34 (%)

BE R ()

S Ha A (2F)

S8
@;r

AR B
R4 HHEE (%)

WiEe &

38 (35.8%)

14 (13.2%)

21£0.6

30 (48.4%) 51 (69.9%)™
300+2.1 323+1.8
08+0.1 1.7+0.1%

11 (17.7%) 16 (21.9%)

57+1.8 99+25"

Hip B 2 BEA R F R T £ FREER -

TP<001: HBeEEI 32 KLFEG L o

'P<0.01 dat ML BE B E o

14



22 I PRBEEERREAS B2

2 B
XRCC1 ~ ™ %2 XPD £ 4] 2 g {7 ¥

H5 G5 P24 F 2 CYP3AS ~ GSTPL »

# %17 ¥R EEEE
A5 b 2 7] & 3
B 106 62 73
CYP3A5 Auh” 55(51.9%)  35(56.5%) 40 (54.8%)
A.uG 41 (38.7%)  23(37.1%) 30 (41.1%)
G.uG 10 (9.4%) 4 (6.4%) 3 (4.1%)
GSTP1 lle-lle 56 (52.8%) 40 (64.5%) 49 (67.1%)
lle-Val 43 (40.6%)  19(30.7%)  22(30.1%)
val-Val 7 (6.6%) 3 (4.8%) 2 (2.8%)
XRCC1 194 Arg-Arg 55(51.9%)  22(35.5%) 42 (57.5%)
Arg-Trp 44 (41.5%)  35(56.5%) 28 (38.4%)
Trp-Trp 7 (6.6%) 5 (8.0%) 3 (4.1%)
XRCC1 399 Arg-Arg 66 (62.3%)  38(61.3%) 40 (54.8%)
Arg-Gln 35(33.0%)  22(35.5%)  24(32.9%)
GIn-GIn 5 (4.7%) 2 (3.2%) 9 (12.3%)
XRCC1 77 TogrT 79 (74.6%) 50 (80.6%) 60 (82.2%)
T-1,C 26 (24.5%)  12(194%)  12(16.4%)
C-7,C 1 (0.9%) 0 (0.0%) 1 (1.4%)
XPD 312 Asp-Asp 98 (92.5%) 56 (90.3%) 67 (91.8%)
Asp-Asn 7 (6.6%) 6 (9.7%) 6 (8.2%)
Asn-Asn 1 (0.9%) 0 (0.0%) 0 (0.0%)
XPD 751 Lys-Lys 96 (90.6%)  55(88.7%) 62 (84.9%)
Lys-Gln 9 (8.5%) 7(113%) 11 (15.1%)
GIn-GIn 1 (0.9%) 0 (0.0%) 0 (0.0%)
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Abstract

Pesticide exposure is associated with various neoplastic diseases and congenital
malformations. Animal studies have indicated that pesticides may be metabolized by
cytochrome P450 3AS5 or glutathione S-transferases. DNA-repair genes, including X-ray
repair cross-complementing group 1 (XRCC1) and xeroderma pigmentosum group D (XPD),
may also be implicated in the process of pesticide-related carcinogenesis. Thus, we
investigated whether various metabolic and DNA repair genotypes increase the risk of DNA
damage in pesticide-exposed fruit growers. Using the comet assay, the extent of DNA
damage was evaluated in the peripheral blood of 135 pesticide-exposed fruit growers and 106
unexposed controls. The metabolic genotypes CYP3A5 (A44G) and GSTP1 (lle105Val) and
DNA repair genotypes XRCC1 (Arg399GIn, Arg194Trp, T.77C) and XPD (Asp312Asn,
Lys751GIn) were identified by polymerase chain reaction. Our multiple regression model for
DNA tail moment showed that age, high pesticide exposure, low pesticide-exposure, GSTP1
lle-lle, and XRCC1 399 Arg-Arg genotype were associated with increased DNA tail moment
(DNA damage). Further analysis of interaction between GSTP1 and XRCC1 genes that
increase susceptibility revealed a significant difference in DNA tail moment for high
pesticide-exposed subjects carrying both GSTP1 lle-1le with XRCC1 399 Arg-Arg genotypes
(2.49 £ 0.09 um/cell; P = 0.004), compared to those carrying GSTP1 Ile-Val/Val-Val with
XRCC1 399 Arg-GIn/GIn-GlIn genotypes (1.98 + 0.15 um/cell). These results suggest that
individuals with susceptible metabolic GSTP1 and DNA repair XRCC1 genotypes may be at

increased risk of DNA damage due to pesticide exposure.
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Introduction

Fifty-six pesticides have been classified as carcinogenic to laboratory animals by the
International Agency for Research on Cancer (1). Meta-analyses also showed that
pesticide-exposed farmers are at risk for specific tumors including leukemia (2, 3) and
multiple myeloma (4). Those individuals at greater risk of developing cancers may possess
certain susceptibility factors including inherited metabolic and DNA-repair traits.

Previous studies revealed that organophosphate pesticides, which are most extensively
used in Taiwan, are primarily metabolized by hepatic cytochrome P450 3A4 and 3AS to
become an active intermediate organophosphorus-oxon (5, 6). Furthermore,
organophosphorus-oxon may then be hydrolyzed by paraoxonase (PON) to diethyl phosphate
and 4-nitrophenol (6, 7), or conjugated to glutathione (GSH), with subsequent catalysis by
glutathione S-transferases (GSTs) (8, 9). A previous study performed in Australia also showed
that the GSTP1 gene is associated with an increased risk of Parkinson disease among patients
who have been exposed to pesticides (10). Our previous study has also revealed that GSTP1
(but not PON1, PON2, GSTM1, and GSTT1 genotypes) in pesticide-exposed fruit growers is
associated with increased DNA damage measured by the comet assay (11). Although DNA
damage (comet assay) was also higher in pesticide exposed subjects with CYP3A5 G_44G
genotype, the small number of subjects in our previous study has precluded us from drawing
a firm conclusion in this regard.

In addition to metabolic traits, DNA repair capacity also plays an important role in
pesticide-related carcinogenesis. Several DNA repair pathways are known to provide distinct
but overlapping protection against mutagenic exposures. DNA single-strand breaks are
among the most frequent DNA lesions, arising directly from damage to the deoxyribose
moieties or indirectly as intermediates of DNA base excision repair (BER) (12-14). Left

unrepaired, DNA single-strand breaks are a major threat to genetic stability and cell survival,
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accelerating mutation rates and increasing levels of chromosomal aberrations (15-17). The
X-ray cross-complementing group 1 (XRCC1) gene product coordinates the actions of DNA
polymerase 3, DNA ligase III,, and poly (ADP-ribose) polymerase, APE1, polynucleotide
kinase/phosphatase, and 8-oxoguanine DNA glycosylase (18-22). Molecular epidemiological
studies have also investigated the possible associations between XRCC1 polymorphisms and
altered cancer risk. The Arg399GIn (exon 10, base G—A) is located in the region of the
BRCT-I interaction domain of XRCC1 with poly (ADP-ribose) polymerase, and the
Arg194Trp (exon 6, base C—T) occurs in the identified proliferating cell nuclear antigen
(PCNA) binding region (23, 24). Although measurement of persistence of DNA adducts (25),
increased p53 mutations (26), and prolonged cell cycle delay (27) has been used to show the
association of 399GIn and 194Trp variant alleles with some DNA repair phenotypes, the
results from molecular epidemiological studies are still conflicting and rather inconclusive
(28). Recently, a novel T-to-C transition located at nucleotide -77 in the promoter region of
XRCCL1 has been identified, and this substitution was associated with risk of esophageal
squamous cell carcinoma in a Chinese population (29). Bioinformatic analysis suggests that
this T_77C polymorphism might disrupt a consensus sequence for Sp1-binding site, implying
that this polymorphism could alter XRCC1 transcription.

The nucleotide excision repair (NER) pathway not only removes and repairs bulky
adducts but also may play a role in repair of oxidative DNA damage (30, 31). The xeroderma
pigmentosum group D (XPD) protein, a subunit of transcription factor IIH, is an
evolutionarily conserved 5°—3’ helicase that unwinds the DNA in the region of DNA damage.
Single nucleotide polymorphisms (SNP) in the XPD gene have been studied (28). XPD
Asp321Asn in exon 10 causes an amino acid substitution in a conserved region of XPD. XPD
Lys751GIn in exon 23 also causes an amino acid substitution in the C-terminal part of the

protein. The presences of the variant allele XPD exon 10 and exon 23 have been associated
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with relatively high cancer risk in some studies (32, 33). Other studies fail to find statistically
significant associations (34, 35).

Therefore, pesticide exposed individuals with inherited, susceptibility-associated,
metabolic and DNA repair genotypes may have increased risk of DNA damage. In this study,
we investigated the association of metabolic and DNA repair genetic polymorphisms in

pesticide-exposed fruit growers with cellular DNA damage as measured by the comet assay.

Materials and Methods

Study Population. Previously, we conducted a study to explore the association between
DNA damage and metabolic traits among 91 pesticide exposed fruit growers and 106
non-exposed controls in Tungshin Town, which is located in central Taiwan. Criteria for
selection of the study population were described in detail elsewhere (11). In current study,
sample size was increased to 135 pesticide exposed fruit growers and 106 non-exposed
controls to acquire sufficient statistical discriminatory power to detect a difference in the
level of DNA damage. Traditionally, local farmer associations provide farmer insurance,
financial support, marketing services, and educational training for their members, who
include commercial and hobby farmers. On these farms, pesticides are regularly applied all
year. Local farmers who were exposed to pesticides and unexposed controls from the local
non-farm population were invited to attend our orientation and participate in our study. We
tried to minimize biases due to differences in ethnicity and lifestyle by selecting control
subjects who were from the same geographic area and of the same ethnicity as the
pesticide-exposed subjects. Control occupations included housewives, teachers, clerks,
non-farm laborers, skilled workers, small-business persons, and professionals. Among these
individuals, none had received any therapeutic irradiation. They were also not taking any

medications.
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Epidemiologic Information. After giving their informed consent, subjects responded to
interviewer-administered questionnaires, giving information pertaining to demographic
characteristics and lifestyles (including habits of cigarette smoking and alcohol drinking), and
detailed occupational and medical histories. The smoking history included the number of
cigarettes smoked daily and duration of the smoker’s habit. A variable termed “pack-years”
was coined as an indicator of cumulative smoking dose and was defined as the number of
packs of cigarettes smoked daily multiplied by the number of years of active smoking. Most
Taiwanese farmers have been alerted to the risk of alcohol induced liver damage and have a
good understanding that alcohol ingestion aggravates pesticide poisoning. In general,
drinking alcohol during the period of pesticide application is not permissible. We therefore
were concerned that prevalence of alcohol drinking would be lower in our pesticide-exposed

subjects than in our controls. Therefore, all subjects who drank alcohol were excluded.

Assessment of Pesticide Exposure. Since exposure to pesticides occurs during diluting,
mixing, loading, spraying, maintaining, and cleaning used equipment, information on past
pesticide use by name, amount, area of pesticide application, numbers of treatments per
season, years of agrochemical exposure, and use of personal protection equipment was
obtained via interviewer-administered questionnaire. The mean orchard size was 1.28
hectares (range, 0.06-4.85 ha). The pesticides used by the fruit growers during the preceding
6 months before the medical examination consisted of almost 40 different compounds,
including organophosphates, carbamates, pyrethroid insecticides, fungicides, and growth
regulators. Application of organochlorines was negligible. On average, each exposed person
reported about three pesticide applications per month with an average cumulative spraying

duration of about 7 h/mo (range, 2-28 h/mo).
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Unfortunately, levels of pesticide exposure could not be calculated for the study subjects
owing to the lack of environmental monitoring data. Thus, we will categorize pesticide
exposure as high or low by a modification of the criteria developed by Scarpato et al. (36): (a)
For each subject spraying pesticides, the number of hectares treated was determined and
pesticide exposure was calculated by multiplying the average number of treatments x the
number of hectares sprayed; (b) the median value of the distribution obtained in (a) was
determined, and fruit growers with exposure values less than or greater than the median were
assigned to the low or high exposure group, respectively; and (c) subjects who did not
directly handle pesticides (e.g., those who cut or harvested fruits) were assigned to the low

exposure group.

Comet Capture and Analysis. The comet assay was conducted under alkali conditions
according to Singh et al. (37). Venous blood was collected in heparinized tubes. Whole blood
(10 pL) was suspended in 1.5% low-melting point agarose and sandwiched between a layer
of 0.6% normal-melting agarose and a top layer of 1.5% low-melting point agarose on fully
frosted slides. Slides were immersed in lysis solution (1% sodium sarconisate, 2.5 mol/L
NaCl, 100 mmol/L Na,EDTA, 10 mmol/L Tris-HCI, 1% Triton X-100 and DMSO 10%) at
4°C. After 1 hour, slides were placed in electrophoresis buffer (0.3 mmol/L NaOH, 1 mmol/L
Na,EDTA [pH 13]) for 10 minutes. Electrophoresis was conducted in the same buffer for 15
minutes at 300 mA. The slides were neutralized with sterilized H,O thrice for 5 minutes and
stained with 10% ethidium bromide. For each subject, 100 randomly captured comets from
slides (25 cells on each of four comet slides) were examined at x400 magnification using an
epifluorescence microscope connected through a black and white camera to an image analysis
system (Comet Assay II; Perceptive Instruments Ltd, Haverhill, Suffolk, United Kingdom).

The computerized image analysis system acquired images, computed the integrated intensity
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profiles for each cell, estimated the comet cell components, and evaluated the range of

derived parameters. Undamaged cells have an intact nucleus without a tail, and damaged cells
have the appearance of a comet. To quantify DNA damage, the tail moment was calculated as
the product of the tail length and the fraction of DNA in the comet tail. All slides were scored

by one reader who was blind to the status of the subjects.

Polymorphic Analysis. Genomic DNA was extracted from peripheral blood of subjects.
Genotyping were analyzed using polymerase chain reaction (PCR)-based methods as
described below. Genotyping was also accomplished with blinding to exposure status of
subjects. Rigorous quality control procedures were applied throughout the genotyping
process. To avoid PCR contamination, reagents for PCR reaction were carefully aliquoted,
and each aliquot was used no more than three times. For each assay, a negative control (no
DNA template) was added to monitor PCR contamination. Pilot experiments were always
conducted to optimize the restriction digestion conditions. After genotyping each genetic
polymorphism, ~ 20% to 25% of the samples in each genotype group were randomly selected
for repeated assays to validate the results.

The determination of CYP3AS A_44G genotypes was done according to Chou et al. (38).
Briefly, for CYP3AS gene analysis, any restriction fragment length polymorphism (RFLP)
was detected by differences in Faul sites following PCR amplification. Primers used for the
amplification of the CYP3AS gene were 5’-CAG GTG AGA GGA TAT TTA AGA GGC-3’
and 5°-CAT CGC CAC TTG CCT TCT TCA AC-3’. GSTP1-Alw26I polymorphism was also
determined using a PCR-RFLP technique of Harries et al. (39). An lle to Val substitution in
exon 5 (codon 105) was amplified to form an undigested fragment of 177 bp using the primer
pair 5’-ACC CCA GGG CTC TAT GGG AA-3’ and 5’-TGA GGG CAC AAG AAG CCC

CT-3". The determination of XRCC1 polymorphism in exon 10 was done as previously
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described (40). An Arg to Gln substitution in exon 10 (codon 399) was amplified to form an
undigested fragment of 242 bp using the primer pair 5’-CCC CAA GTA CAG CCA GGT
C-3’ and 5’-TGT CCC GCT CCT CTC AGT AG-3’. The genotyping assay for the XRCC1 in
exon 6 has been described previously with some modifications (41). An Arg to Trp
substitution in exon 6 (codon 194) was amplified to form an undigested fragment of 485 bp
using the primer pair 5’-GCC AGG GCC CCT CCT TCA A-3’ and 5°-TAC CCT CAG ACC
CAC GAG T-3’. The XRCC1 T.77C polymorphism was also detected using the PCR-RFLP
assay (29) and the primers 5’-GGG CTG GAG GAA ACG CTC-3’ and 5’-TGG CCA GAA
GGA TGA GGT AGA G-3’ to amplify this promoter fragment. The XPD genotypes were also
determined by PCR-RFLP analysis (42). For amplification of the exon 10 region of XPD,
which contains the polymorphic Styl restriction site, the oligonucleotide primers used were
5’-CTG TTG GTG GGT GCC CGT ATC TGT TGG TCT-3" and 5’-TAA TAT CGG GGC
TCA CCC TGC AGC ACT TCC T-3’. The PCR primers for the XPD Lys751GIn gene were

5’-GCC CGC TCT GGA TTA TAC G-3’ and 5’-CTA TCA TCT CCT GGC CCC C-3°.

Statistical Analysis. Low and high pesticide exposure subjects and control subjects were
compared with respect to age at recruitment, gender, duration of pesticide exposure, size of
orchard, current smoking status, and pack-years of smoking using the Student t test and
ANOVA for continuous variables and the x” test for discrete variables. A  test or Fisher
exact test was used to test the prevalence of genotypes of CYP3A5, GSTP1, XRCC1, and XPD
among low and high pesticide exposure groups and controls. Subsequently, the crude DNA
tail moment was evaluated using an analysis stratified by pesticide exposure and different
factors. ANOVA and the Student t test was used to compare difference in DNA tail moment
by different pesticide exposure status, and to test the association between the DNA tail

moment and age, gender, smoking status, and metabolic and DNA repair traits. The
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association of these variables with the DNA tail moment was further assessed using a general
linear model (GLM). Finally, a least-squares mean was performed to predict the adjusted
DNA tail moment for individuals with different combinations of susceptible genotypes. All
data were analyzed using SAS 9.1 (SAS Institute, Cary, NC, USA) and statistical tests were

two-sided.

Results

In total, 135 pesticide-exposed subjects and 106 unexposed controls were included in the
analysis. Their demographic characteristics are summarized in Table 1. The mean age was 54
years. Gender (P = 0.01, y* test) and mean size of orchard (P < 0.01, t test) but not mean age
(P =0.68), duration of pesticide exposure (P = 0.40), proportion of current smokers (P =
0.55), and cigarette pack-years (P = 0.17), differed significantly between the high and low
pesticide groups. In contrast, the control group was significantly younger (P < 0.01,
ANOVA), included more females (P < 0.01), and had fewer pack-years of smoking (P < 0.01)
than the pesticide-exposed groups.

The genotypic prevalence of CYP3A5, GSTP1, XRCC1, and XPD is shown in Table 2.
The prevalence of CYP3A5 (P = 0.72, Fisher exact test), GSTP1 (P = 0.32), XRCC1 194 (P =
0.12), XRCC1 399 (P = 0.28), XRCC1.77 (P = 0.61), XPD 312 (P = 0.88), and XPD 751 (P =
0.52) genotypes among the low and high pesticide exposure and control groups did not differ
significantly. The distributions of all genotypes were in Hardy-Weinberg equilibrium. In our
subsequent analysis, since enzyme activity level is lower in individuals with at least one
CYP3AS A 44 allele than individuals with the CYP3AS5 G_44 allele (43), we combined those
with at least one CYP3A5 A 44 allele into a CYP3A5 A_44G/A 44A genotypes group.
Additionally, since enzyme activity is lower in individuals with at least one GSTP1 Val allele

than those with the GSTP1 lle allele (44) and since few had the GSTP1 Val-Val genotype,
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those with the GSTP1 Ile-Val and Val-Val genotypes were combined. As statistical power was
considered and the few had XRCC1 genotypes, subjects possessing Trp-Trp and Arg-Trp
genotypes in XRCC1 194 were combined. Those with at least one Gln allele in XRCC1 399
were merged into a XRCC1 399 Arg-GIn/GIn-Gln genotypes group and those with at least
one XRCC1 C_7; allele were combined into a XRCC1 T.77,C/C_7;C genotypes group. Similarly,
because few people had XPD 312Asn-Asn and 751GIn-GlIn and because those with at least
one XPD 321Asn allele and XPD 751GIn allele have a lower capacity for DNA repair (42),
those with at least one XPD 321Asn allele were placed in a XPD 312 Asp-Asn/Asn-Asn
genotypes group and those with at least one XPD 751Gln allele in a XPD 751
Lys-GIn/GIn-GlIn genotypes group.

Table 3 summarizes the crude association of tail moment with various factors. Individuals
exposed to high levels of pesticide had the highest tail moment (2.31 pm/cell) followed by
those exposed to low levels (2.03 um/cell) and controls (1.33 um/cell; P <0.01, ANOVA).
Similarly, individuals older than 54 years (mean age of all subjects) also showed a higher tail
moment, especially in the high exposure group (2.44 vs. 2.11 um/cell; P < 0.01, t test).
Current smokers in the high exposure group had a lower tail moment compared with former
and never smokers (P < 0.01). However, tail moment was higher for high exposure
individuals with GSTP1 lle-lle genotype (vs. lle-Val/Val-Val, P = 0.03) but not in males or
those with higher packyears of smoking. Interestingly, tail moment was higher in the high
exposure group with XRCC1 399 Arg-Arg genotype than the high exposure group with
XRCC1 399 Arg-GIn/GIn-GlIn (P = 0.03) and higher in the low exposure group with XPD 312
Asp-Asp genotype than in the low exposure group with XPD 312 Asp-Asn/Asn-Asn (P < 0.01).
However, tail moment was not associated with the CYP3A5, XRCC1 194, XRCC1 77, and
XPD 751 genotypes.

A multiple linear regression model for the relationship between DNA tail moment and
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age, gender, smoking habit, pesticide exposure, and genotypes of CYP3A5, GSTP1, XRCC1
194, XRCC1 399, XRCC1.77, XPD 312, and XPD 751 is shown in Table 4. When multiple
testing (Bonferroni correction) was taken into consideration, the DNA tail moment was
positively associated with increased age (P < 0.01), high exposure (P < 0.01), and low
exposure (P <0.01). Interestingly, greater differences in tail moment were observed among
individuals with GSTP1 lle-lle genotype (P = 0.04), and those with XRCC1 399 Arg-Arg
genotype (P = 0.058).

Subsequently, a least-squares mean analysis was performed to assess the joint effect on
DNA damage of the GSTP1 and XRCC1 399 polymorphisms and pesticide exposure after
adjustment for the effects of age, gender, and smoking status (Table 5). Compared to controls
with GSTP1 lle-Val/Val-Val and XRCC1 399 Arg-GIn/GIn-GlIn genotypes (1.26 = 0.06
um/cell), controls with GSTP1 lle-lle and XRCC1 399 Arg-Arg genotypes had a greater DNA
tail moment (1.37 = 0.06 pm/cell; the increase was 0.11 um/cell). Notably, relative to the
high exposure group with GSTP1 lle-Val/Val-Val and XRCC1 399 Arg-GIn/GIn-GIn
genotypes (1.98 + 0.15 um/cell), the high exposure group with both GSTP1 lle-lle and
XRCC1 399 Arg-Arg had the highest DNA tail moment (2.49 + 0.09 um/cell; vs. reference
group, P = 0.004), while the high exposure group with both GSTP1 lle-lle and XRCC1 399
Arg-GIn/GIn-GlIn (2.28 + 0.09 um/cell, P = 0.09) and the one with both GSTP1
lle-Val/Val-Val and XRCC1 399 Arg-Arg (2.25 + 0.11 um/cell, P = 0.15) had a moderately

increased level of DNA damage.

Discussion

It is important to identify the potential genetic susceptibility factors affecting individual

responses to carcinogen exposure. In this study, the metabolic GSTP1 genotype and DNA
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repair XRCC1 399 genotype, as well as pesticide exposure, were significantly associated with
an increased DNA tail moment.

In our study, the frequency of the CYP3AS5 G.44 allele (26.6%) was consistent with the
results of a previous study in Taiwanese adults (28.2%; Ref. 38). The prevalence of the
GSTP1 105Val allele (22.4%) in our study appears to be quite similar to that previously
reported for Taiwanese populations (18%; Ref. 45). The frequency of the XRCC1 194Trp
allele (28.4%) and 399GlIn allele (23.4%) was also comparable to that previously reported for
those of Taiwanese descent (194Trp allele 27%, 399GlIn allele 26%; Ref. 25). The prevalence
of the XRCC1 C_7; allele (11.2%) in our sample was close to that reported for those of
Chinese descent (10%; Ref. 29). In addition, the frequency of the XPD 321Asn allele (4.4%)
and XPD 751GlIn allele (6.0%) was also similar to that reported for those of Chinese descent
(321Asn allele 6.5%, 751GlIn allele 8.7%; Ref. 46). These findings, to some extent, validate
the practice and results of our genotyping technique.

The comet assay is a sensitive method of assessing DNA damage. The comet assay of
peripheral blood samples in our study and several previous studies has revealed an increase in
DNA damage in individuals exposed to complex mixtures of pesticides (47, 48). Furthermore,
genetic variability in the enzymes that metabolize agricultural chemicals or repair DNA
damage may also be involved in this process. When detoxification and DNA repair are
inefficient, metabolic products accumulate and DNA damage persists, contributing to the
carcinogenic process.

Previous studies revealed that pesticide-like organophosphates are primarily metabolized
by hepatic cytochrome P450 enzymes to active intermediate organophosphorus-oxon (5, 6),
which may then be hydrolyzed by PON to diethyl phosphate and 4-nitrophenol (6, 7), or be
conjugated to GSH via catalysis by GSTs (8, 9). However, our previous study was unable to

demonstrate any association of PON1, PON2, GSTM1, and GSTT1 genotypes with DNA
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damage as measured by the comet assay. Thus, PON1, PON2, GSTM1, and GSTT1 were not
included in current study. A re-evaluation of the effect of CYP3A5 genotype on DNA damage
in pesticide-exposed subjects failed to show a statistically significant association. The most
likely reason for this failure was that the number of subjects who carry the G_.44G genotype of
CYP3AS (which is associated with increased susceptibility) is relatively small. Importantly,
DNA damage was higher in pesticide-exposed fruit growers with the GSTP1 lle-lle genotype
than in those without this genotype. A previous report also observed that level of
benzo(a)pyrene diolepoxide (BPDE)-DNA adducts was higher in GSTP1 lle-lle carriers than
GSTP1 lle-Val and Val-Val carriers (45). Elevated level of DNA damage in the former may
reflect their lower level of metabolic activity.

DNA repair is a very important mechanism in protection against gene mutation and
cancer initiation. DNA damage could be induced by environmental carcinogens like
pesticides and/or through metabolic processes that increase susceptibility. If not repaired,
such damage can be converted into gene mutations and genomic instability. In our study, we
further investigated whether genetic polymorphisms in XRCC1 (a protein that plays a central
role in BER and single strand break repair) and in XPD (a helicase involved in NER and
basal transcription) could increase the risk of DNA damage in pesticide exposed-subjects.

Previous studies have observed that mutant mouse or Chinese hamster ovary cells (EM9
and EM-C11) with no functional XRCC1 protein are hypersensitive to a broad range of DNA
damage induced by alkylating agents, reactive oxygen species, or ionizing radiation (49-51).
Interestingly, we found that the XRCC1 399 Arg-Arg genotype was associated with elevated
risk of DNA damage in our pesticide-exposed population. In our study, XRCC1 194 genotype
and XRCC1 77 genotype were not significantly associated with increased DNA damage and,
with regard to the XPD gene, neither Asp312Asn nor Lys751GIn polymorphisms influenced

DNA damage level. XRCCI1 protein is exclusively required for DNA BER, strand-break
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repair, and maintenance of genetic stability (23, 24). The functional consequences of the
XRCC1 polymorphisms are still not known. XRCC1 399GlIn allele has been associated with
increased DNA adducts level (25), increased p53 mutations (26), and prolonged cell cycle
delay (27). No previous studies have examined the potential relationships between DNA
repair gene polymorphisms and DNA damage caused by pesticide exposure. However, our
finding of decreased risk of DNA damage among pesticide-exposed subjects with the XRCC1
399GiIn allele suggests the enhancement of apoptosis as a possible mechanism. Little is
known concerning the role of XRCCI in apoptosis, but unrepaired BER intermediates are
clastogenic and may be able to act as a strong trigger of the apoptotic pathway (52). An
animal study has shown that induction of apoptosis following cold brain injury is tightly
linked to reduction in XRCC1 expression (53). Therefore, reduced efficiency of the XRCCl1
protein (a consequence of the 399GIn allele) may result in the impaired ability to repair DNA
damage, and such cells may be more likely to undergo apoptosis. Another possible
explanation is that the effect of the XRCC1 variant on DNA repair capacity may differ with
type and strength of the DNA damaging exposures. Further studies would be required to test
these hypotheses.

On the other hand, we failed to observe any association between the genetic
polymorphisms in the XPD gene with DNA damage in our pesticide-exposed subjects. Thus,
the NER system, a major pathway for repair of bulky DNA damage, might not be involved in
repair of DNA damage produced by pesticide. In addition, these findings should be
interpreted with caution since it is well known that more than 20 genes are involved in the
NER pathway and different combinations of the wild type of one gene and variant of another
are possible.

Furthermore, the level of DNA damage was more likely to be increased in our

pesticide-exposed individuals with GSTP1 lle-1le and XRCC1 399 Arg-Arg (genotypes that
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increase susceptibility). GSTP1 encodes enzymes that are detoxifying for the reactive
metabolites of pesticides (8, 9), whereas XRCC1 is involved in the subsequent DNA-repair
(or apoptosis) process. This indicates that each susceptibility-associated genotype may
generate a moderate risk for DNA damage and combinations of these may further increase
the risk.

We tried to minimize possible bias due to lifestyle and ethnicity by selecting control
subjects from the same geographic area and of the same ethnicity as our pesticide-exposed
subjects. However, the active farm population consisted largely of older people in our study
area. Most of the younger residents have a low regard for agricultural work. Thus, our control
and test subjects were not matched for age and the former were significantly younger. As
expected, older smoking farmers also had more pack-years of smoking than younger.
Previous reports also showed that age is associated with increased DNA damage (54, 55). In
the present study, older age was also associated with higher DNA tail moment. The higher
DNA tail moment in older subjects indicates either an increased susceptibility to damage with
older age or a greater accumulation of pesticide or unidentified carcinogens or mutagens with
age. In addition, gender was not associated with a higher DNA damage in our study, and no
data in the medical literature indicates substantial gender differences. Previous reports, but
not the present study, showed that smoking is associated with DNA damage (54). This is
probably due to the fact that the quantity of cigarettes smoked was smaller in the current
study than in other studies (47).

It is often difficult to reconstruct an individual’s previous pesticide exposure history,
including the degree of personal protection used during handing pesticides. In this study, the
available historical exposure data were too sparse and lacking in detail to estimate cumulative
exposure. Data pertaining to individual exposure were obtained without the knowledge of

health outcome. Consequently, exposure misclassification is assumed to be non-differential
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and, if apparent, lead to an underestimation of the risk of DNA damage.

In summary, the results revealed that both metabolic GSTP1 and DNA repair XRCC1
genes can modulate DNA damage in pesticide-exposed fruit growers. Further study to
determine the relationship of metabolic and DNA repair genes with cancers caused by

pesticide exposure is warranted.
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Table 1. Demographic characteristics of pesticide exposed fruit growers and controls

stratified by different intensity of exposure

Variables Controls Pesticide exposure
Low High
No. of subjects 106° 62 73
Age (years) 489+1.1°7 575+12 568+1.2"
Gender: male (%) 38 (35.8%) 30 (48.4%) 51 (69.9%)™
Duration of pesticide exposure (years) 0 300£2.1 323£1.8
Size of orchard (ha) 0 08+0.1 1.7+0.1%
Smoking habit
Current smoker (%) 14 (13.2%) 11 (17.7%) 16 (21.9%)
Pack-years 2.1+£0.6 5.7+1.8 9.9+2.5"

* . .« . . .
Data represent numbers of individuals or means + SE for continuous variables.

TP <0.01; control group significantly different from the high and low pesticide exposure

groups.

*P <0.01, compared with the low pesticide exposure group.
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Table 2. Prevalence of genotypes of CYP3A5, GSTP1, XRCC1, and XPD among

pesticide-exposed fruit growers and controls stratified by pesticide exposure

Controls Pesticide exposure
Gene Alleles Low High
Number of subjects 106 62 73
CYP3AS5 A A 55 (51.9%) 35 (56.5%) 40 (54.8%)
A G 41 (38.7%) 23 (37.1%) 30 (41.1%)
G.44G 10 (9.4%) 4 (6.4%) 3 (4.1%)
GSTP1 lle-lle 56 (52.8%) 40 (64.5%) 49 (67.1%)
lle-Val 43 (40.6%) 19 (30.7%) 22 (30.1%)
Val-Val 7 (6.6%) 3 (4.8%) 2 (2.8%)
XRCC1 194 Arg-Arg 55 (51.9%) 22 (35.5%) 42 (57.5%)
Arg-Trp 44 (41.5%) 35 (56.5%) 28 (38.4%)
Trp-Trp 7 (6.6%) 5 (8.0%) 3 (4.1%)
XRCC1 399 Arg-Arg 66 (62.3%) 38 (61.3%) 40 (54.8%)
Arg-Gln 35 (33.0%) 22 (35.5%) 24 (32.9%)
GIn-GlIn 5(4.7%) 2 (3.2%) 9 (12.3%)
XRCC1 4, T-77T 79 (74.6%) 50 (80.6%) 60 (82.2%)
T-7,C 26 (24.5%) 12 (19.4%) 12 (16.4%)
C-,C 1 (0.9%) 0 (0.0%) 1 (1.4%)
XPD 312 Asp-Asp 98 (92.5%) 56 (90.3%) 67 (91.8%)
Asp-Asn 7 (6.6%) 6 (9.7%) 6 (8.2%)
Asn-Asn 1 (0.9%) 0 (0.0%) 0 (0.0%)
XPD 751 Lys-Lys 96 (90.6%) 55 (88.7%) 62 (84.9%)
Lys-GlIn 9 (8.5%) 7 (11.3%) 11 (15.1%)
GIn-GlIn 1 (0.9%) 0 (0.0%) 0 (0.0%)

Data represent the numbers of subjects (with percentage in parentheses, where shown).
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Table 3. Dependence of average tail moment per cell (um) stratified by pesticide-exposure

status on various factors

Variables Pesticide exposure
Controls Low High
n Mean + SE n Mean + SE N Mean+ SE
All 106  1.33+0.03 62 2.03+0.05 73 231+0.06"
Age (y)
> 54 31 1.38+0.07 38 2.07+0.07 44 2.44+0.07
<54 75 1.30£0.03 24 1.9740.08 29 2.11+£0.11
Gender
Males 38 1.33+0.04 30 2.02+0.08 51 2.29+40.07
Females 68 1.32+0.04 32 2.04+0.07 22 236%0.10
Smoking status
Current smokers 14 1.3140.05 11 2.01+0.14 16 1.96+0.08"
Past smokers 4 131+0.13 4 195+0.29 8 2.39+0.12
Never smokers 88 1.33+0.03 47  2.04+0.06 49 2.41+0.07
Cumulative smoking dose
> 10 pack-years 7 136%0.11 9 195+0.14 18 2.194+0.08
<10 pack-vears 99 1.3240.03 53 2.04+0.07 55 2.35+0.07
CYP3A5
A_1A 55 1.30+0.02 35 1.98+0.07 40 2.34+0.08
A.14G 41 1.33+0.05 23 2.07+0.09 30 2.29+0.08
GG 10 1.44+0.12 4 2.13+0.11 3 211+0.34
GSTP1
lle-lle 56  1.37+0.05 40  2.03+0.07 49  2.39+0.06*
lle-Val 43  1.274+0.02 19 1.98+0.07 22 2.17+0.10
Val-Val 7 1.30+0.05 3 235+0.31 2 1.77+£0.02
XRCC1 194
Arg-Arg 55 1.33+0.04 22 2.00+0.08 42 2.2440.08
Arg-Trp 44  1.32+0.04 35 2.01+0.06 28 2.39+0.08
Trp-Trp 7 1.33+0.08 5 2.29+0.33 3 251+0.11
XRCC1 399
Arg-Arg 66 1.34+0.04 38 2.06+0.07 40 2.42+0.07*
Arg-Gln 35 1.31+0.03 22 1.99+0.07 24 2.10+0.09
GIn-GIn 5 129+0.10 2 191+0.23 9 239+0.16
XRCC1 4
T-77T 79 1.31+0.03 50 2.03+0.06 60 2.35+0.06
T-7,C 26  1.37+0.07 12 2.01+0.09 12 2.13+0.12
C-,,C 1 1.33 0 — 1 1.92
XPD 312
Asp-Asp 98 1.33+0.03 56  2.07+0.05% 67 2.31+0.06
Asp-Asn 1.30 £0.06 6 1.69+0.05 6 234+0.19
Asn-Asn 1 1.14 0 — 0 —
XPD 751
Lys-Lys 96 1.33+0.03 55 2.06+0.06 62 2.31+0.06
Lys-GlIn 9 1.26+0.04 7 1.83+0.12 11 230%0.13
GIn-Gln 1 1.14 0 — 0 —

" Comparison amongst different pesticide-exposure status groups conducted with ANOVA, and
comparison between different age, smoking status, and genotype groups conducted with t-test
and ANOVA, respectively.

fP<0.01.70.01 <P <0.05.

44



Table 4. Multiple regression model for tail moment per cell

Variables Regression coefficient ~ SE P-value
Intercept 0.62 0.16 <0.01
Age: per 1-y increment 0.008 0.002 <0.01
Gender: male vs. female 0.02 0.06 0.80
Smoking status
Current smokers vs. never smokers -0.16 0.07 0.04
Past smokers vs. never smokers -0.07 0.11 0.53
Pesticide exposure
High vs. control 0.93 0.06 <0.01
Low vs. control 0.63 0.06 <0.01
Genotyping
CYP3AS: G.44G vs. AuA/A 4G 0.09 0.09 0.31
GSTP1: lle-lle vs. lle-Val/Val-Val 0.10 0.05 0.04
XRCC1 194: Arg-Trp/Trp-Trp vs. Arg-Arg 0.05 0.05 0.30
XRCC1 399: Arg-Arg vs. Arg-GIn/GIn-GIn 0.10 0.05 0.058
XRCC1 7: T47T vs. T4,C/C4,C 0.08 0.06 0.19
XPD 312: Asp-Asp vs. Asp-Asn/Asn-Asn 0.12 0.13 0.35
XPD 751: Lys-Lys vs. Lys-GIn/GIn-GlIn 0.03 0.11 0.82
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Table 5. Adjusted mean tail moment stratified by pesticide-exposure status according to the susceptible metabolic GSTP1 and DNA repair XRCC1 399

genotypes
Variables Controls Low pesticide exposure High pesticide exposure
GSTP1 genotype Ile-Val/Val-Val lle-lle Ile-Val/Val-Val lle-lle Ile-Val/Val-Val le-lle
N MeantSE P n Mean+SE P n Mean+SE P N Mean+tSE P n Mean+SE P n Mean+SE P
XRCC1 399 genotype
Arg-Arg 31 1.30+0.050.63 35 1.37+0.05 0.15 14 2.06+0.12 0.79 24 205+0.09 0.84 15 2254+0.11 0.15 25 2.49+0.09 0.004
0.09

Arg-GInGIn-GIn 19 1.26 +0.06 Ref 21 1.34+0.06 037 8 2.01+0.16 Ref 16 198+0.11 0.87 9 198+0.15 Ref 24 2.28+0.09

" Adjusted for age, gender, and smoking status.

46



NRREEIE R FERE

-4 %% [NSC 95-2314-B-040-038
P A |AH2 DNAB#AT SR e L #E G2 % L5DNA G T 4%
MR R SR

PRASPS B 2 BRAE P

LFELE BEE

§ PR S g

2007 # 4% 14p 3 47 18 p; £ W4 Vi timss

ek iW%ﬁP §gﬂag@

THA

-~ B §RSE

w3 F Sl R s R 6 AACR £ ¢ (American Association for Cancer

Research) » o *t & ¢ kP #»TH D|eh? W0 7 VBB F 2 F 5+ 7 %7708 1
‘I’;’K'ﬁ B e AR g - RN 54 AACRE § <2007 & 2 R 1§ 6 &

RE®R™A4T 14p 3 47 18P % W4 ViR 457 o Convention Center 2 {7 o § &0

EEF UL O BREETITRFETZINA LAY ISP T EREREERET v EE

§—*‘Ff/7.35 Pty % o

= ‘.}"’E"glu/fg

A 2 E3 AACR £ ¢ 7 2 a7 738 P E_ 3% GSTPL 2 DNA i 4 XRCC1 A& %]

PAUMB R ERBEL SRS DNA G TR A RER BT OE R

il x AR EAL Fde iR Gap R BT AT e 4 F PASO3AL ¥ & ~ & A g

AR EF TN B3 DNA 348 2L %] » ¢ 32 X-ray repair cross-complementing group 1

(XRCC1) fr xeroderma pigmentosum group D (XPD) ¥ it » %22 & P % 4p b enik i 42



Boa APPSR EYL BLERSE MEFEE - GSTPL llelle~ 4= XRCC1 399
Arg-Arg A F1 A EAp B >3 4e e DNA E#E (DNA § 3) o gt B %22 B 2 &
2} %+ GSTPL &2 DNA 248 XRCCL A %> 7 it B FIL Hk 7%k DNA § 2 2 3
4”%,%; °

TG R LFLE O] SR B R R T AT L A

BAeATHATE L G EFTL T e o d O AT B AT IR R -

T E 0 dok FT R AP M 2 tyrosine kinase » & F R F S ATHOR B A FlZ RS > IS
FLEBET AFIEARTDRE > B LG - AFmhprs A Fl o gt b 4ol SRNAELUR
ubiquitin ligase » g« ¥ ¥ 12 4% J) — - signal transductionsi2 j< ;5 ¥ ® rZretrovirustagging 7

FRE S N RF AT I A TEY o @ R is o B e R ain o o ARRAR S g A
TREG F 45 R - AR e 2 (7 4 Moenligandsd R A D ¥ B2 G T o dept - ok
HHELF DRI URFELAHEEF AT Rwe A2 RBE > § RARRISFRE S AL

|

(dn

BEHBAE e Nk 5 FET s dopt KR R B AL R
F R A A HE - iRtk S e Gy B M B IR 4 R o
o FIE BT AT R i K AR & BN 0 PR et A R e e i
G o B TEREAE R P FH R HEN AL AP LRBOIER Y uk (7 A
FTRZFTETTEAPE BUZR FIRPEARTIRIHEFFLE L 5402 3
RI'ZEHg sk > 3 Wi feiT o { nfp B RFR - (v T gRmvFL2 22k

)



