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Abstract

Based on reports by the Institute of Occupational Safety & Health, cancer is
the leading cause of death among laborers. Lung cancer is the most important
cause of mortality among both male and female laborers. In addition, the most
important etiological factor of lung cancer has been found to be cigarette smoking.
A report by Dr. Chen has indicated that the prevalence of smoking among laborers
is higher than among the blue collar class. It is well known that benzo[a]pyrene
(BaP), one polycyclic aromatic hydrocarbon, is converted into an active
metabolite, which attacks DNA to form BPDE-N2-dG DNA adducts, through
biotransformation. The DNA adducts mutate on tumor suppressor genes or
oncogenes which ultimately, leads to the formation of a tumor. To understand
whether the high levels of DNA adducts increase the cancer risk in construction
workers, we combined a two year study including 203 exposed groups and 200
non-exposed groups. The results showed that the levels of BPDE-DNA adducts
positively correlated with CYP1AImMRNA expression levels, years of smoking,
and exposure time, especially in high exposure groups (exposure time of more
than 10 years). We also found that the contribution of DNA adduct formation was
more important in occupational exposure than smoking. Additionally, we found
that the levels of PAHs in the work place were higher than in the controls,
especially the NAP levels. Based on this finding, we suggest that the change in
BPDE-DNA adduct levels in exposed groups correlates with occupational
exposure.

Keyword : High risk worker, Genetic polymorphisms, Cancer
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[l Bty 27.9 £ o =R FAI PR 0.6 (1905 Bl © Zang % Wynder [62)3
g V8 PERARL T AT SR S TR g R 1R RV IIEpY 12 2 1T ff = Ryberg
et al (33T NP A I PRIV 5 g 6 (R RS 1 DNA 82
AP BT A g I R - S PR R RS
SHEF B(a)p £ 7 FHP 2 RIFVR I 3Tk CYPIAL » DDH &5 5587 » 205587
DDH * CYPIAL A% DNA S5 AR » 5 i1 23 o 2 H g e
i 2 ERCH A T CYPIAL S 1pVATREN Y DNA SRRy ¢ B’F FAIRA
FEB I o PP T SN LH RS R 19 BaP 2111) DNA ST
-2 ikl CYPLAL 7 /K| > Ty DDH g 1 37HEES BaP K1) DNA 557
PIFORIL FITRE (ED TS <38 HOIAT RIS e ] CYPIAL
g 1{EH2F) DDH i 1 > 1 BaP M1} DNA SEadivoi gl e fa= a2 > 2o 1t
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P fE E ] CYPIAL irf 2 F) DDH Sef VEPVESRTR flihs 3 - P 1
BRI e s I R DNA SEREP0755 [ =2 DDH Srf 1A THIE ST Fﬁ% =
éﬁ%&ﬂﬁ’ﬁ‘ﬁﬂl’ﬁ’?j@%%ﬁ? (E3 T:%i*?‘lfl%? [ R TE[63] o fHi ] AN
PIE=EE RIS O > e PRI SR

ST PPl ESEAOR VSRR B T 4 ?EJF’—] VR TS
F[E > BT POp[ i e I T R ﬁﬁ'lr RSl EE 2 e T Il T B EIR
5 Féﬂ%ﬁ:%ﬁ?‘ IF=ZRUg ff*?}' phfe AR RN R [64] gﬁﬂﬁﬁ_@&ké PR
9 HI65) » T BT B VIR (R T A S A LY Dk B
& N BIRT BORE “J@ﬁjﬂﬁV SR S5 xﬁf“{ S EIJ?H RSP E
£ g [E R EE ET60] - H HPﬁf‘ﬁ?ﬂ/‘ﬁﬁﬁ’”ﬁﬁﬂw{'ﬁ?%@ Eradinl FT[‘E% a7 i
BESE™ R E RS 1 Pl Y RO R [ B (PAHS) PNRE
BB (U.S. Environmental Protection Agency, USEPA) b[ﬁ&lﬁ%\”ﬁﬁ s AT
(International Agency for Research on Cancer, IARC ) 5 #/5! ¢ ;f)"”aﬁ % “'F&I?Jt'o L
Ry =g e Jrﬁ"ﬂﬁ SRR RERLY IRl E A T Bk 1R
PAHs Vﬁ’_*}'“ﬁf{ A A SR B f‘fi o BT TR R i
F+ 1/ % PAHS /jf;)i)_#*'”‘ 'J]'EZ,I J[Il )ffgiﬁub%g\ ) ‘FH’:JH‘EIH%&\H (B E— HAHIF]

Iﬁ;ﬁ%ﬁ T ?ﬂﬁi’gﬂ’? I%fﬁ b wHEYR

¢ );[;??‘ o @ Flfjm‘é);i;‘,g\lmg?; i ;f:' : 'fﬁ I BPDE-DNA %ﬁpqﬂf E

#

—v'l

CYPIAT FLPNAZHED ~ poghs BoH T (L TAF RS > =7 DNA S 3 &1

P RIELN D FLN AR B PSR o =9F > P b SR AT A
T I (G T 1 DNA SR (B SST12.052 adducts/ 10°
nucleotides (95% CI: 7.077-17.027; p <0.0001); = [ EFJ‘LFLVE'J L Tkl

fY DNA %E’??”J TR LT 18.382  adducts/ 10" nucleotides (95% CI: 13.618-23.146;
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P<0.0001); =" BT 3kl 1S DNA SEH £ 1 T 34 RESET 0 567 11 0.224

adducts/ 10 nucleotides (95% CI: 0.016-0.432; p=0.035) ° PRSI N R (R

HHEP L H kIS DNA SRR gt e g fREE P ATRR

FUGED > IR R F RS VP S SRR H TS 5 R
I SR 50 R 2 g VAR > [l 34T R L RO e
IR SH T RN PR VR R S R TR RO R

SV A PR

Fove B T B F A S R g TR A P
SRR B DI Eha 3 PR E (B 58557 PAHS Blaw ke £ Poipis »
IR0 P77 (Y RO B0 TR SO 257 il i VA ALy
41 PAHs Bl 1 -
PR L F PR ] R o
LOBEFIIE R 100 & B ERE T W i (P g FHETRED 100 M SRR T
il 23 ATRgH k] BPDE-DNA S5 (81 B -
2. JoABd R GEN mT’?ﬁﬁ%ﬁ'ﬁ’%%ﬁ%ﬂ VEPIBEL CYPIAL #
GSTMI L PNE FLEN AR A T [fl?
3. BRHEE ST T ERELES PAHs MEVEIREOIT ETE lﬂiﬁiﬁﬁi%ﬁ
ST S5 fkflt BPDE-DNA &5 3 £~ CYP1AL B GSTMI fOgLPNE]

FUPNAIRFRYA > AU B R ff PAHS UEEY & PR -
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T PR

Ea: 'Enﬁl%ﬁ%ﬁhﬁaﬁw% PAHs i’ fjZ s i et e rﬁg N

P ) DNA SEREPU SIS © PAHs B3 38 1P * 635 B3 g sl o o =
NG o FISIGE] %70 PAHs Ol T o iR S EPA 21
[V 16 78 PAHs = 7 $9[IRE ST FEE P FIAPRIPORS] - A prfed £ T PR
PAHSs [~ 5Pl ipipuik 4+ -

() &5

()= BIFI1 * R PR R 7 e S R A

e ’Wﬁﬁw%%’ﬁ@s?ﬂ AU BLEE 41u o' > 2 MU

TR AEPMEET 5 0 IRPFTSE S AR (67, 68] © Erp i R

Ryl R0 PR - VIR R R R ER69-71) -

(b §1 (3 567 [ % g i o5 L oot < 0 (i 8B (P L0

Pos ST APPSR R B (72-78] -

() = F [

HEE PSPl Y SR AT S BV O [ R R R

@Eﬁ%W%ﬁ’”%uﬁﬂjéiiﬁﬁ@T%ﬁ:%ﬁﬁ?@@ﬁ%

B o SR PR R BT PR RS 2 R

PSR [~ B RERE 1% 2 P RSRE [ A (79]

(3) BH [P

HSET PRSP R 1 [ T (RIS P I - EEE R

NS dilae ke SR A SR S N

S - B NO # O T JEIP IR RIS B > ik Bl g
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ONOO + » =& T ias G FIIEL (+ OH) 2 & (% (+NO») - I
o A PR T S [ e S IR i 1 (0]
(4) i =P
I N (TS0 7 % [l SOL RS PMas B I R BAE
T o SRS PRI Ly SO & ORI 2 SOs B Rl
& SOPURIH IRIE 4 £ -
(5) it
TESHIHRRLT e TR T S NI I AR 2
R R NE T AR T o PR SRR PR IE RS
FLT PR ISR O 7 - IS SR SR B S
e [T o o [T T T R o @S S
0 RIS Sy S BRI Y o S SEPREE AEpER(81]
b AT PRSI Y 6 S RS TR A PP A
PR PN AT R S B P\I’PB‘I‘%r%fﬁ*ﬁm ¥ PMo) |
P 2 S SRS ROT I - ¥ T R AT THTIIRAELY PAHS

ﬁﬂi} °
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912 F PHEHE RRERIER
ST &) A

HFHAUSE 100 & JSFE T DEIEL g P R SRS
100 SRl BRI RS T R D SR (e )
b SRR B (B SR ORI VB » SRy
(BT BES A T (0 R PR ) - TR
10ml > | £ EDTA PRV REFVE < 4 35 B Utd h 5T Ut 5

B R RTHEE 203  LFE W 200 H SR -
512 &) TRBi4 Y DNA RV

}Iﬁ' 5-10 mL =& ] 800rpm #E< 10 75 & i }{ﬁ]“ NIV BERER T SR
71 RBC lysis buffer || . J5 w5k » it i byl » SR 3R P00 500 pL
f* lysis buffer (10mM Tris-HCI, pH 8.0, 0.1M NaCl, 25mM EDTA * 0.5% SDS) }{%f'
SRS Z AR Frp 5 L proteinase K (10mg/mL)F* 56°C (=] 12-18 7| Eﬁ » Vi
I} 5% phenol/chloroform 12 &2 & 18T F1-0 7 500 plL [iY phenol/ chloroform
/ isoamyl alcohol (25:24:1)F 7] 3ﬁif IR Srp A > 1) 12,000 rpm BE S 15 536k 0 TV

HIEIRE P 500pL chloroform / isoamyl alcohol (24:1) Yk 32ER . phenol » 7 55
?Ei £ %) 12,000 rpm BE< 15 538 > IV IERE 90 50 pl 3M NaOAc (PH 5.2)
2 1 mL 9 1009 TR -20°C HATIEE | 30 53 68 #l [44 DNA T8k e1'] 12,000

rpm B#E< 20 55 8 i FH -ER > Tt 500 pl 70% alcohol PR R VBN

'—mY\
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12,000 rpm EE S 20 55 &1 FHE 8k o 0T AR ARV o) o B e
TRRPIIRS DNA < SRt e 7 DNA TSN R A 1) 50t @vkﬁr. RS
DNA 7 260 nm A1 280 nm [V 5 fifi > £ Aoso/Asso EfifijEs7 1.6 £ 1.8 I/ ] » (=
2w 1.6 B 1 By BF T proteinase K BE HET K R TUH
BT PR 18 T RNA (R > FURSF) S RNase S ETHE 50
IV R DNA POiRE I S[Jfo 22 45 B DNA (g /L) =Aso x50 >R i e

DNA F sk sy 5 o ??T’EWE%@ Eb 1 ug /ul fﬁ[’ﬁ?-SOOCY]J‘ﬁT['%ﬁ' » I'JE % DNA S5

ProRLE ST 5 i

3= 8] BaP 1) DNA SEsita53 ATk BB £ P 2

( enzyme-link immunosorbent assay, ELISA )
(~) BPDE-DNA |

}Ifj’ (+) Anti-BPDE (NCI repository, Midwest Research Institue, MO)i?fif?‘ THF
(5a -pregnane-3a., 11B, 170, 21-tetrol-20-one) buffer f[1 > =71 * i?\fﬁ?‘ Tris buffer (pH
74P ] Jzsl DNA > e JJ?Ei St 3TCIE] 47 Eéj | n-butanol » isoamyl
alcohol # 2V= %> it 5 N NaCl » 100%{1F RSO DNA » SER kT e 0
DNA i?‘ﬁif“ TE buffer (SmM Bis-Tris, 0.1mM EDTA > pH 7.1 )fl1 = Modification [/
BIPNI A FF R
% modification = (A3%/29,000) x 100 {[A2s0-(0.18%Ass0) / 6650]}

L#ff (o3 B B 1S s =) Prip A 1 (National Center of Toxicology Research
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USA 5 NCTR)fv Ff/“\’?*ﬂﬁi:{ B Ahoay o Bl DNA V- % modification £ 1.4

adducts / 10’ nucleotides ©

() BPDE I

175 BPDE-DNA-mBSA 0.5 mg = ] 7 3% Elfﬂ@?%&ffﬁ‘r%i FIpR
JEl 124 BPDE-DNA-mBSA 0.5 mg * = J&/&F |3 % BPDE-DNA-mBSA 0.25
mg * 1= 5 s T IV pu=" g I ELISA ij?“?ﬁﬂ@ﬁ"‘@%?ﬁ]‘i& » ELISA 55477
e T S u I = e }“Jwﬁé‘ﬂ 9 50% inhibition £% 16 fmol - HEHEATHH. 4L
Bl e b e | e AR ﬁ DY EF R RN B i SR
PR A IR A

=) B4 1% ELISA

“Kf BPDE-DNA '} 3 ng/100 uL PBS [ JpZ] 96 well plate [l 17 37°C ™ i
8 /[ l'] PBS kI RERPYERS VIS 4C I AR AR T G o SR =1 S
BPDE-DNA 7 96+ > I'] 300 uL PBS #2E3fkiE % = -5 > 1 * 100 uL f, 1% FBS
Y PBSH37CHET ] Ejj J 5 Bﬁjﬁfﬁ@lfﬁ ’EFF\[’:”E » I'] 250 pl. PBS #% fEfk
PR 40 97100 WL 1:Sx10'AWRY BPDE-Ab ™ H3] DNAJEL £ ViR A
W3TCHE]L I > ') 300 pL PBS A% EAGETE = % > M1t 100 uL 1:1 X 10" # 7
J anti-rabbit [gG-AP ¥ 37°CH a1 /] Eﬁ » I') 300 uL PBS #% By ik = v > p
100 puL PNPP solution %% 276~ i 15 53 ##1(10mg/20mL 1M diethanolamine, pH

8.6) > [ 25 uL 3N NaOH ' [%1F~jEs o I'| OD 405/630nm A fift - 354 fif i
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i 04-1 VD 2V E RN [Fil#"% . BPDE-DNA &%@iﬁ%ﬁpl’#r* i T-plimsls
B VIR H IIRSGER S TR R10% R T = OB R T

e -

SYDME] CYPIAL LN P4 54

CYPIAL HL[N 2 E[{% DV 55 #7RL#| "] RFLP (restriction fragment length
polymorphism) 1% » 7V 100ng DNA £ufiM:% = PCR ™ jis» PCR ™ £ -
100 ng DNA ~0.5 mM dNTP~5 p L PCR 10xreaction buffer ~ 2.5U Taq polymerase, ']
K 0.5 mM primer ° }l‘%]’ FrtH V7 PCR 2 $27V 12.5 uL » 10xreaction buffer 1.5 pl B
ﬁjﬂﬁfi I pL &= 37C a4 [ > I') 1.8 % agarose ’ﬂ??%?lﬂﬁi%f?ﬁ%' it A
P RISIATE foItt 3 B noncoding region g% T—C JEY 2E[f% > primer

I T S

CYPIAT -
Primer : S5 -TAGGAGTCTTGTCTGAGCCT-3’
AS 5 -CAGTGAAGAGGTGTAGCCGCT-3
Restriction enzyme - Msp I
At A 2 B
homozygous wild type (m1/m1; A): 899 bp product
heterozygous (m1/m2; B) : 899 bp, 693 bp, 206 bp product

homozygous mutant type (m2/m2; C): 693 bp, 206 bp product

18



STTE] GSTMI LPY STt S

GSTMIFLPN 2RI 1D 3 ATRLE | SR B v [ FEUETL Ay E GSTM1 PCR %47
e 2'%r > 2V 100 ng DNA EifsiFy3% = PCR =iz » PCR ™ i {F 1™ : 100 ng DNA,
0.5 mM dNTP, 5 uLL PCR10xreaction buffer, 2.5U Taq polymerase * 0.5 mM primer © }-{?]’

Bt 7 PCR & 21°) 2% agarose ﬁ%?ﬁ?ﬁﬁa‘é AN ST AT primer B[ F[EA-

GSTMI -
primer : S5 -GAAGGTGGCCTCTCCTTGG-3’
AS 5 -AATTCTGGATTGTAGCAGAT-3’
U |- 2 L S R
ZERI5E]: 177 bp product

.35 no PCR product

ST A7 RNA 3 VAR (-

(—) RNAFH
AR 1 mL TRIzol » 5 49E > e 10 53 80 Rt o ol =
g 200 pl & (chloroform) 3@ A1, 112,000 rpm BES 15 57T
EE > F]pt 500 L isopropanol A% ENY s 15 5T [Tk RNA > VT
12,000 rpm £ 15 57 S8 Eefim 3. gk SRR ] TSP G2 TR IVERAR £

BELF T RNA TR i}kﬁ? 50 uL #23 DEPC #FfY O (DPEC-H:0) fli - F
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273 BL{# TRIzol reagent (GIBCO, BRL, USA) EWI’ULF"U%'F[EJ?{U/ HERES -

(Z) RNA #{*

??T’)B‘{*\ 50 uL DEPC H:O ¥ RNA » [ * 10 pL 100 mM MgCL/IM DTT > 0.1 pL
RNasin (25-50U ) » 0.1 uL DNase I (6.94mg/ml) » 40 uL DEPC H.O #* 37°C~j& 15 73
)3 = 28RV DNA & > I') 5mM EDTA , 750 mM sodium acetate , 0.1% SDS , #¥
1-DNase I 9™ = F|I'] phenol / chloroform # V3 = &F 1> 12,000 rpm #E& 15 55
i IV HERe it 500 pl isopropanol AT RN i 15 518 VRERRNA Y ') 12,000
rpm EES 15 STEEFHT ER o I 5% kgD, T FORESEE > REESF RNA
iﬁiﬁ?ﬂﬁ?ﬁ" 50 uL DEPC-H:O fl1° 7 * [5* RT-PCR 5 #7{ji| > “-I'| denaturing agarose gel
TR L 18S 7 28S rRNA ﬁg\[a:} "ITEMR RNA | uﬁ JEY sk i &
PIE RNA w5 = 260 nm #1280 nm FYfs 5k il > E Aveo/ Ao FlVEEE: 1.7 2] 1.9

[ii] © RNA Foje ) S0 S 28FRET 0 RNA (ug /mL ) = Aso x 40 x FRR ['?*’[E"FO

BE\JJE J@E%ﬁﬁ@ﬁ S M| Invitrogen Sybr Green 2] » (A<t %F‘FJ?‘?FIJ_
WSS - PRI ¢ Su L(1:50) FRD cDNA AU~ 1y L10mL
Al [FIJEJ[ ~12.5 u L Sybr Green reagent ~ ?FF?J‘[E:I@’E%F"?E‘%?,“ 25 4 L% ABI-7500
ESWEII) SOC 2 5384~ 60°C 40 538K ~ 95°C 5 534k » 40 IR > 95°C 20 7P
K 6C1 SEEsEPE, i SRR SN IS L T SRR e O VA
CYPIAL, GSTMI = 188 L[N~ "] Primer Express 3.0 ff(fiZ=t - (]
CYPIAL, GSTMI = 18S KL FLPNAZEN - CYPIAL & GSTMI1 FLPNAIHEIFHET

RLIJ 188 oA DR RNA RSB PUBESEHRT » BRI AT 3L
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FlE! (Threshold cycle: Ct) » [gi[ FUE (CY 3105 188 AFE (CO o [ EE
Relative threshold cycle (A Ct) » F4TIF# 1[I I8 cDNA Fh[*[fEvE Fp# NE X
(D CH i FHLPOATSRHEL Q “0Co » BABhERH] Microsoft Excel st

I3

BT AT FRBGHRR W S FE5)

() HBARPo 4 AT

= ﬁ W EHFREES (Andersen / Model TE-6070D PM10 Mass Flow Controlled
System) » F” Pl 125 G (Tissuquartz 2500QAT-UP » 8x10 inch ¥ 5.62x5.375 inch)j* &
PM BRI7 RORE « B - YRGS 0 BB 99 1= K ORGP 800°C iyt
W e 4 T TR R B PSR AR e VIR R E Alli -
HEATEN R 4559 ERE A, F%EE' 24 (PRI R PIFE W ~T (Mettler Model

AT261) FEVRTED » IRl B SRER BV 7 SR "Jéﬂr SRS YT

lil
ORI RS [T BT 24 L FIRFE T UEE
WY SOGB4 B A YRR I S 1
WS

(5) B
PAHsV 51l 3 A H- EIJ?F?F T~ AR I BN B HEESRR
f‘.l’[ﬁ'ﬁ PR RIS
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FI
FE P IHHPMio PAH
SRR BERPIRIPM PAHSIY T + 575 o SERI W RE EL K 4 i
KRR EVERT] > 209 50 mL~ g P 15 (Dichloromethane)) | 5 2 ) 40RGT »
F G IR0 ) B R SVIRFE S AR o P SO mLz VSR
PR 2V - R 93 A 3 0k ] RARISAEL 5 1 e T R

Flv > EB9R8 DPAHSY Fuid - Bl R A A6 S -

WRAE
VIS H AR SRR T VR R ViR = A2 mL -

Cle
Y 1511~ AP AL PR (Silica gel) 93227 » 16 FRARELFI 1Y T 48
BT < UV TG bR [ EH 120 mLT “‘?E{FE??‘E?HI'“J/  E]
PR g SRS 25120 mLI-e RERE - 49 [
VBRI 105C oV HURT 20 1 1 » 028 SRR 5 400°C HUAT

'\—'\—‘

HzA ] AT R 39 TR 1 B RIRARTRGI2~3 mL)

FIRIH 50 mL 1=v Sk R HERE =ik » &0 I EAEFUS B [k - 122

(IR

F At
P st ™ e el - 1) S 28 SRR S R £ 7

— [y

SN IS > 200 TR SRR 045 b miIRD > RS R
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RS UIRE 72 A ) G ER B i U R At T LRSI g

BRESEIE
B i 73 AT G #] Varan CP 3900/Saturn - 2100T 5 A1 gt 47 @’TF &
(Chromatograph/Mass Spectrometer, GC/MS):& 5 PAHs.V 73 M7 » Jghpv=" FpIarts
(Capillary column) £ VF-5ht (30 mx0.25 mm i.d., DF=0.10 4 m) ° £ % i?ﬁrfzé TRYE
?B%a%tm b Lo 5 A GRS SO°C - IFT1T S T 5T 10T

| Z[100°C > F| 2 53 8E3°C A £290°C » Sy 156753 86 - ¥ ST S £

300°C » BEHEVEL ST Mr(Ton trap mass analyzers) gy ifi % £5250°C - transfer line
EVE E290°C » El s EAFJF"J’L"'HF" %% Helium ) >y &t £51.0 mL/min

FLER BLETT B0 I EEE(SIN Ratio) A HERT I MS/MS i 3% 5
PAHS AT » Hi ™ A1 T iokbls T il o 387 B ARTRLT AT -

ifﬁ;;‘f WFE i B (Electron impact, ED: 2 Wes(™ > 20 pIETEL ) #r g gt

LR ST T I B (BEL R EES (Parent {ons) @ F] T IEF_IT? ?F"?LE;'FF&’E(Colhswn
induced dissociation, CID)fj=&l fit )= 7= {#E > IELI e Jfﬁif%!’?‘/

= B (Product ions) o fe e | FHETR! 3 ATES S 5 S EES VTR ST AT LR o
Wb I PRI P L L Y DR P
FASIN) » & i M JMS/I\/[ST@TFF,

R T PAHS [ fi Pio oty ?ﬁ Naphthalene (NAP) » Acenaphthylene
(ACPy) » Acenaphthene (ACP) » Fluorene (FLU) > Phenanthrene (PHEN) » Anthracene
(ANTHR) > Fluoranthene (FLT) > Pyrene (PYR) > Benzo(c)phenanthrene (BcPH) °

Benzo(b)napth(2,1-d)thiophene  (BNT) >  Cyclopenta(cd)pyrene  (CPP)

Benz(a)anthracene (BaA) ° Chrysene (CHR) ° Benzo(b)fluoranthene (BbF)
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Benzo(k)fluoranthene (BbF) ° Benzo(e)pyrene (BeP) > Benzo(a)pyrene (BaP) °
Indeno(1,2,3-cd)pyrene (INP) » Dibenz(ah)anthrancene (DBA) ° Benzo(ghi)perylene
(BghiP) » Anthanthrene (ANTHN)» Coronene (COR) = » “ #[ 5L {™ PAHs | “‘F’—‘,
P1(Methyl-PAHs) » & Tﬁ 1-Methylnaphthalene (1Me-NAP) » 2-Methylnaphthalene
(2Me-NAP) > 1-Methylfluorene (1Me-FLU) » 2-Methylphenanthrene (2Me-PHEN) >
3-Methylphenanthrene (3Me-PHEN) » 3,6-Dimethylphenanthrene (3,6Me-PHEN)° 75
PRI [ A2 i [Naphthalene-Ds (NaP-Ds) ~ Phenanthrene-Dio (PHEN-Du)

K Perylene-D12(PER-D12)] » ’p’fgiﬁi ST Y E‘(}%?Pﬁ#[@? o

YA T

I} SPSS ARFHIE T 54T » S MY Fp VR L ST
e N;[:Hi% Eﬁl%ﬁ Fal 5 ;{‘ET‘EI@[SHE[SEKFH 95% (= Iq’j%ﬂ_ﬁf o Jg,gﬂ?;g

C—
=
mw
i

B?Tﬁﬁ? 7 DNA %V??J Bt ~ CYPIA1 » GST M1 #Jl&
two-independent- sample test 5547 > » 5 ETE il W AE S o s R
I'%FI"FJ‘:F?E‘%%FJ’}T’?%EWJEISJJ PN FPAH AR S AR e | [N50)  oip
V)P 8 (=0 FHRTH Bl 05% fFta i -
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A (I T
V- W] R SRR 4 YR 4

R i 103 0 ST S f:’"‘?ﬂ@’fﬂ%??ﬁ?ﬁ’&[w&@ﬂriﬁp

z
I

AT 100 B EEEHS T HER 203 BT RS 55T 203 F
TP S gD 30.13110.86 1% 5 TR FAHE] 60 M il 29.6% » NS 143
704% > = SR FAE Bt 15.5412.80 » FLERRE Y B GAL IR BA R R 7
Sy FARLY o 20203 G5 IS S gl PN » 203 (5T TS
T (ERIED 12.0329.52 5 (3« 1) < pIgF - AR (RS AR L gt EE > S e 1
PIRSAFRH PR 56 SRS 5T A7 - o 2 1 b 35 R AT L 200 B - 200 B
A SR G 40.6210.51 735 TR EEEE) 42 7 21% B H E) 158 [ 79%
ISR LR 19.6243.94 - IR E) 84 1 9 By = FHIVRURL o AR A B

Bl 1 Hra e
51= 8] DNA i i RISl AR

R (S B SN g Y i_‘["‘f 1R DNA SEdiPYny 2 3E— Hlpe 3t
??])NAkﬁiﬁﬁﬂ* ELEE I o FHN I 2 B o '¢ﬁmwﬂﬁ“*ﬂfimbﬁ*?*lﬁﬁ
BRI R NS L ?Tﬁﬁﬁ%??ﬁﬁb'?yﬁ? F{f&%*.ﬂ RGBT PURE S
7 T0fkfI1pY BPDE-DNA %??J *EISTHIIES 13.18%11.24 ~ 16.24£19.03 ~ 27.37%7.75
*20.92%17.73 adducts/10" nucleotides » 5! AR FF FRUBEE A B (p=0.013) > Tt F[f&

THEN FER T  R A Rys A I]Ty:b:}\—}yrll BETME = PR ST 2 H
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FIVE s BPDE-DNA S5 (1 Bl -

F P R AR S AN 100 S

Gl S A N e S R S e B A

€ H 1 BPDE-DNA 5B £7 &
81 20.80 £17.64 adducts/ 10°nucleotides » p =

TS S AT RS 20 F O e ARTETRS 20 F =

b (P2 13.18 £11.24 adducts/ 10" nucleotides 5 [

o MBI R B3

R

L5 Tkl

BPDE-DNA §581 £ BRI FAR IS5 € oyt (PR H:13.18 21124+ p

<0.0001) -

P} s T S SESS T AR Y DNA S5

ﬁ%%‘zﬂe [ A

REAE ﬁ}l =5 A pvalue
(n=203) (n=200)

FiE () 39.1310.86 40.6+10.54 0.0187
—-yﬁq Crp 169.9816.23 172.0%6.04 0.010
FREr (1) 69.22+11.87 72.34+11.72 0.010
p&'ﬁg'}gu

e s 60(29.56%) 42(21.00%)

SIS 8 (3.94%) 18(9.00%)

P 3 (1.48%) 8 (4.00%)

g (75 132(65.03%) 132(66.00%) 0.013
s () 15.50+12.80 19.6243.94 0.111
C 203(100%) 84(42%) <0.0001
red i ST () 12.0319.52 0 <0.0001

lﬁ'lj_&*j'jj.ﬂfﬂ”ﬂjyj T’TH[ ) 7 —Fu Eriratil Fﬂyif*}\?ﬂ[

=R ) SR s I—FIJﬁIﬁfJ X

PSP R S IR

| T AR R 1



DNA ST £} RIS o gt ”E‘J%gﬁqug:ﬁq\ﬁ;ﬁ?ﬁ[%%r% S

DNA St RIFIEEERL A E i RS (2 2) -
F 2 R S g e ] T DNA 85 ﬁﬂ DA HfrE'FTJlfﬁ
] DNA g5 (3 £l
(adducts/10° nucleotides)
B F Pyt pvalue
(n=203) (n) (n=200) (n)
5523 EU
f gt 13.18%11.24 (60) 2.28%5.63(42)  <0.0001
SIS F 16.24419.03 (8) 1.32£1.84 (18)  <0.0001
PP 27.37%7.75 (3) 3.3445.38 (8) <0.0001
PR (1E 7555 20.92%17.73 (132) 3.6548.76 (132)  <0.0001
pif 0.013 0.791
A
fgh b 13.18+11.24 (60) 2.28%5.63 (n=42) <0.0001
PR 100 20.80%17.64 (143) 2.15%5.45 (n=158) <0.0001
D 0.005 0.556
p&'ﬁg"g\iﬁ
(A g 13.18%11.24 (60) 2.28%5.63 (1=42)  <0.0001
<20 & 10.78%17.76 (61) 2.0315.26 (n=92)  <0.0001
=20 & 28.58%17.76 (82) 2.28%5.63 (n=66)  <0.0001
D <0.0001 0.120
SRR
| 18.55+16.37 (203) 3.84%5.94 (n=84) <0.0001
= - ) 3.45%5.41 (n=116) -

0.556

) ALl B 1 B e SR
[ B 5 [ FARG R 17

IY_QII
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<0.0001) » PF-HEIE) T (SERUFY PAHS BLERTI fiE SR ikt 19 DNA 859 13
I

S ] DNA S/ BT (SRR AR

B T [T ﬁﬂ%ﬁzi'{ﬁf[l DNA ﬁ"ﬁ’l Uﬁ'l}ﬂ* 3E- H
S5 7 (IR (2195 L 10195 B 20 F I FI A 55T Sykia
FIIEY DNA S FA‘ BT (=] iﬁw’”tb 10.92 $11.69 adducts/10" nucleotides
10-19 & #% 19.99 *13.91 adducts/10" nucleotides » = {= 20 & '] F£% 32.83 +19.27
adducts/10° nucleotides » = H ]S FRFF FRUE £ (p<0.0001) - T RS RE Tk
ﬁ%ﬁﬂf IfY DNA S5 ﬁfg}{i’_‘? i (3 3)° %ﬁ%ﬁi‘;{/ DNA %ﬁ’lﬁfl Eb 3.57 18.64
adducts/10" nucleotides wml%ﬁ’\%r‘ o PdLF“ﬁETi?‘mfﬁ?ﬁ ST POpOTRUS e g

Tk DNA SE5E 7 £l

F 3 RLERE M SR g AHE e T PRI Tk T DNA SR £ B 1

A DNA &5 ﬁ’i 7E! (adducts/10" nucleotides)
=R [ T
0 3.57%8.64 13.18%11.24
1-9 % (n=89) 10.92111.69 17.48+2.01
10-19 & (n=74) 19.99£13.91 22.36%18.29
20 F ') = (n=40) 32.83119.27 17.39£15.97
pvalue <0.0001 0.017
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53P4&] DNA %ﬁ?ﬂﬁﬁl? CYP1AL #! GSTM1 H WEAH
:.Vﬁ'%ﬁ‘r%

A P CYPIAL % GST MI 275 2300 522 10 L3 fed 5 12
CYPIAL * GST M1 fORLPNE]R s AL R 230 (1 25-DNA. 5P
79[82, 83]  [KNIF=5] ﬁiﬁﬁ‘wﬁéﬁiﬁdﬁjwﬂ frf 1A= DNA a7 ﬁﬁﬁmﬁ'?ﬁ‘[‘i&
OPih 4 T o AR T ST RS Y DNA SR 5 1 CYPIAT ml/ml
(A)FPEFE 22,01 £18.78 adducts/10" nucleotides * CYPIAL ml/m2 (B) & 15.67
+14.64 adducts/10° nucleotides > CYPIAl m2/m2 (C) % 19.30 *14.38adducts/10°
nucleotides » = [ AFE FAUZE B (p=0.051) » P 1%E DNA %ﬁﬁf}”iﬁ

EISE CYPIAL VRLIMERZE HEREIE % GSTMI FLUNEIS® DNA St £ 51
J/ﬁ[%%‘l‘ikﬁ}ﬁ%%'%? 5 Tkl DNA & ﬁ’iﬁ%l& GST M1 Z3%E[(null
type) &% 19.53 £16.60 adducts/10" nucleotides » GST M1 ZEZ 3% (wild type) £ 17.73
+16.05 adducts/10" nucleotides > [ # # ARG PRV B (p = 0.232) > [N~ DNA 8
AL [/F EIZ® GSTMI1 VRINE[[FlfI2F) ﬁ'ﬁﬁli

T e A B 119 DNA 58971817 CYPIAL mi/ml ()FLPI%IES
3.58 17.89 adducts/10" nucleotides * CYP1A1 ml/m2 (B) % 3.78 £9.42 adducts/10°
nucleotides * CYPIA1 m2/m2 (C) £% 1.23 £2.02 adducts/10° nucleotides » = & [H] 7 = 5
g PPV B (p=0.943) 7 GST M1 FLNEE® DNA 65 ﬁﬂ TEH V’F‘E']}J ESR s
Adi N B 0 DNA f@“‘éﬁ’%?’*’iﬁﬁ? t GST M1 T 3%E[(null type) bh 4.09 £9.93
adducts/10" nucleotides > GST M1 ZEXFE[(wild type) %% 2.98 16.89 adducts/10°
nucleotides [ # = RF HAVE & (p=0.019)> GSTM1 FLNEFEZETI5EFH E DNA

HAE RIS
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DNA SESHPAfIT)ab RLIS B, B 121 2 gl om0 53 el
BIELND LB o0 R DNA SEET2AVT o PNIFSRS CYPIAL & GST M1
YRLNE] G R ’ﬁ%£$%%%WCHmUmMMGﬁMIﬁ%ﬂ?%ﬁ%

S BHED 22.80£17.81 adducst/10° nucleotides > CYPIAL ml/ml /GSTM1 ZEZ35E],

—T I

17.68 £15.71 adducts/10" nucleotides * CYP1A1 m1/m2 or CYP1Al m2/m2/GSTM1 3%
ARG %;'*’?ff*l TEEE 20.91 £20.35 adducts/10 nucleotides > CYP1AT m1/m2 or CYPIAI
m2/m2/GSTM1 ZEE 35T ] VAR 7 B EG 15.29 £13.04 adducts/ 10" nucleotides £

e [ [ AREE PRV EE (p=0.175) ©

Hit)

ﬁlj’ééﬂrﬁﬁ“é’ﬁ'lgﬁﬁﬂ“ﬁ‘[fJ CYPIAl ml/ml/GSTMI 3 3BV EEHPs & &1 £

—v‘r

2.53 £5.34 adducst/10" nucleotides * CYP1A1 ml/ml /GSTM1 ZEZ#5%], 513 £11.99
adducts/10° nucleotides » CYP1A1 m1/m2 or CYPIA1 m2/m2/GSTM1 = ISRV SERE
F B! 47 5,10 £10.47 adducts/10" nucleotides * CYP1A1 m1/m2 or CYP1A1 m2/m2/GSTM1
RIS %ﬁi?ﬁﬁﬁi £ 2.00 £4.08 adducts/ 10" nucleotides - FI%’ BT M SNEE
Bt (p=0.034) WLFL:&%ﬁfJ“” CYPIAL ¥ GST M1 VRELHNE[F'f “JJ E DNA
f%’“xﬁ’iﬁf" (4 -

& ARl EW@'J;‘/%F‘%%EB‘%Tﬂﬁﬁi’f"iffzﬁl;‘/ DNA %ﬁ’iﬁﬁﬁﬂj dipred
s fﬁJ— ﬁl[ﬂ’dfﬂﬁfj‘[‘ﬁﬁgi J\i%ﬁ 'V DNA 5 ?? S B FF]'JEA SRS (p <0.0001) >
[N PAHS BAEHRLERE T |If DNA S5 2 BB T )
BRI -
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# 4 CYPIAL » GST M1 FLPNFEEN k|1 DNA S5 3 Bl FUAt 1%

Pz

DNA &7 A[ Ei
(adducts/10° nucleoudes)

A (n) S () p value

CYP1A1 polymorphism
ml/ml (A) 22.01£18.78 (72)  3.59%£7.90 (68) <0.0001
ml/m2 (B) 15.67£14.64 (96)  3.78%9.42 (110)  <0.0001
m2/m2 (C) 19.30£14.38 (35)  1.23%2.02 (32) <0.0001
pvalue 0.051 0.943

GSTM1 polymorphism
Negative (-)(null type) 19.53+16.60 (116)  4.0919.93 (106)  <0.0001
Positive (+)(wild type) 17.23£16.05 (87)  2.98%6.89 (94) <0.0001
p value 0.232 0.019

CYPIA1/GSTM1
Al - 22.80117.81 (42)  2.53%5.34 (36) <0.0001
BC/- 17.68+15.71 (74)  5.13%11.99 (90)  <0.0001
Al+ 20.91+20.35 (30)  5.10%10.47 (32)  <0.0001
BC/+ 15.29£13.04 (57)  1.99%4.08 (52) <0.0001
p value 0.175 0.034

STZ 8 CYPLAL 1 GSTML HLEME 2 5L IOt R

EL v i CYPIAL AT GSTM1 FLMETRL 2= 8 USRI il - 4Pkl Elﬂﬁij T
B kR £ TR 5600 b ST AT 5T g9 CYPIAL W GST ML HLRASLE

e B BRSO SRR 5 T o 5T AR Y CYPIAT HLNASLE
it CYPIAL ml/ml (A)FLPHE[EE 3840 $£90.35 » CYPIAL ml/m2 (B) £% 31.39
+71.38 » CYP1Al m2/m2 (C) £ 35.96+102.46 » = HRIZAF Fpvz & (p=0.253) »
POFHER] CYPIAL 1 BLPNRER RN ASIRNF 4HRIL « 5 GST M1 SLPETE

SURLIASHE VAR ATRAR B © 5T T GST M1RLNACHEN GST
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M1 35 (null type) £ 21.77 £24.57 adducts/10" nucleotides » GST M1 ZEZ 5 (wild
type) £% 29.43 +26.46 adducts/10° nucleotides ° [ S REE RV B (p = 0.007)
GST M1 Y SLENET Ry H LSRR i S 5547 2 il 19 CYPIAL
FLMAIEN CYPIAL ml/ml (A)SLNEES 877 2293 » CYPIAL ml/m2 (B) G
9.00 £21.68 * CYPIA1 m2/m2 (C) % 2.68%3.44 > = HRZAREFT FAv=E B (p=0.845)

CYPIAL VHL[HEZEE GURALENE AN - 7 GST M1 FLMEIEEE FlEAA
HENY ﬁ[FTJI*JJT’???%'%E‘T Tkl GST M1 BLNASEN T GST M1 3 35E (null
type) % 0.189 $0.82 adducts/10" nucleotides > GST M1 ZEXI5R|(wild type) £ 0.21
*+0.75 adducts/10" nucleotides > [ & FEFF_FpUZ B (p=0.266) * BT GST M1

LR B LA (R 5) -

# 5 CYPIAL » GSTMI HLPWEIEE RN ARV A%

FLHE] FLE S (adducts/10" nucleotides)
%J\l - (n) S (n) pvalue
CYP 1A1
ml/ml (A) 38.40190.35 (72) 8.77£22.93 (68) <0.0001
ml/m2 (B) 31.39£71.83 (96) 9.00£21.68 (110) <0.0001
m2/m2 (C) 35.96%102.46 (35)  2.68%3.44 (32) <0.0001
pvalue 0.571 0.845
GST M1
Null 21.774824.57 (116)  0.18910.82 (106) <0.0001
Present 29.43%126.46 (87) 0.2120.75 (94) <0.0001
pvalue 0.007 0.266
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HYH ] T (ISR R DNA S £ B PO

B IR TR (ST T R (e

15 ] DNA SEREPIY SO < RERDIA 6 7 o 7 (e
el DNA S50 £ 11 B 500671 (RT3 73k 19 DNA S50 4 5121

57971 0.950 adducts/ 10" nucleotides (95% CI: 0.682-1.219; p<0.0001) » [ F{H§ ] == “E}»
FA Tkl DNA SES64755 T RH05% CL -0.654-0.308; p=0477) 119t » 1245k 3
(955 Ml N 1‘%1@ 10 # Jf%ﬁ?m?aﬁ'iﬂ TR FLIPY DNA S e | PERT | iy
Bt o PRl ﬁ[ﬁﬁ%’l% FIRYAR RS Tk 1Y DNA S

5o s YR T B R SR EE LS %F% (B = I SR SR EE

D E A B ORI AR NET T LS EE kL) R
FIRREE UG o ARSI I'S%F'%XEZ'(TEH i DNA 254 ﬁfgﬁ e
8.295  adducts/ 10" nucleotides (95% CI: 4.333-12.257: p<0.0001); ¥ b #i ~ fkfl
[ DNA S50 £ £ 2571 22.799 - adducts/ 10" nucleotides (95% CI: 19.300-26.297:
p <0.0001); fE! rlm%%* 'EH TIPS DNA SR ’iﬁﬁ A T e
(95% CI: -0.279-0.369; p=0.786) « AUS i iU (=50 [ Gl a1 ik

FIFS DNA SRSV R T B
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F6 HACFIAT T (FRR R PR RIET TR DNA SRR 5 B IRy

=] B 95%CI p value
- fﬁﬁéﬁ(g) 0.950 0.682-1.219 <0.0001
ngﬁ?‘ﬁxjjféﬂ(fp ) -0.173 -0.654-1.219 0.477

I:[éi: : Lll,é?éﬁp &TJW_L—

o7 HBTARTE (T (ERURRLE R Bk DNA S R R

ATl B 95%CI pvalue
M 5 ] ; ;

T RS D

1’3%#:%«10 = 8.295 4