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WA A AT R B2 F - ¥ D e @ drih R R ehd & Rop R
Floe mERFZPMEF = 2 S F O85%) Loy B2 WREH G
PRAE O Flt AT B R 2R o R L o Flpp LRBFS L R
BRI A G M blhes 2R AR T I oA i;ﬂ”a“%ﬁrs%)& O
it R REA T BT AR L A REF REF I RPN
TREHEFARRL Te- EREIFF DA REEATERE NG R R 2
F Moo AFF % & case-control F7 g IR 0 Ry b RERE b H LT BTG R
BLHEEDZ R O HBRAGEERRTRE BN RIF LG H oV ALH

A 824245 € 4 DNA 40404 @ 34 pS3 R R 2% - A5 50 RiFg e

\\\?{r

£2 kB LEF A #rd] DNA B4F i 4 @ 38 40 p5S3 v EGFR % 4 2 % @
B2 ) AT T I B R R Tk T 184 R B R i 2
LA ERY ggez 78 0 FPFEAI* DNA & A R4 15 p53 &2 EGFR & 7]
ZRF T B ATE N2 7R AT EPS3 A EGFRAFIR ¥ M? 254
BpS3RBL L F IS ERFF N PSII L H L REE (785188 vs. 174
4.5, P <0.001 for nickel; 10.5+30.4 vs. 3.5+5.7, P=0.012 for chromium) - = §_#_
EGFR X ¥ 2 F 2 R 4F HE2 7 23R F 43 - FE7EF 2 RLS
"z T”&i”*f}%,&ﬁ v 3 321 B pS3HA REZ R (95%CI=1.65-6.24,P=
0.001) 4= 2.13 2 EGFR % # % % b *& 548% (95% CI=0.88-5.17, P=0.094) -
P;x%mﬁﬁﬁiiﬁ%ﬁﬁ%*ﬁ&ﬁipﬁﬁ%i%ii%°i?%ﬁ
oG BE AL F 2 EGFR R ¥ #2451 iphlitom ez ERIEE 7 F 4%
T2 pS3 KRG Mo A Bk ¥ 2 pS3 2 EGFR R 3%z G A ML -
¢ & DNA @48 28 F]- XPC e MGMT 7 A it 2 pS3 R %5 M o 5 7 j2 XPC {r
MGMT © At B F ¢ oM EBHPpI3HF 2 RE2 % 245 U MSP = 2 4
17 9% & % #5082 XPC &2 MGMT fede+ 7 A1t % %5 48 ¢ £ 3 /MGMT
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T2 B HpS3 R b kLG R UMGMT T A R 0721 & FAp
HWHZEF/L7 MGMT " A 2 B FnpS3 82 XL b6 5 2.65 % > 7]
S MGMT 7 ALt g3 4 g pS3H 2L R ¥ % - B2 A7 FRIHERT
it €5 d Bt pS3frEGFR # 2 R b ' d S22 g4 £ L7 Wiz

M4EF %R - 44 ~ 45~ p53 ~ EGFR
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Our previous a case-control study showed that nickel and chromium accumulation in
lung tissues may be associated with lung cancer incidence in Taiwan. Therefore, in the
present study, we next investigated whether nickel and chromium exposure could
contribute to lung cancer development via increased the occurrence of p53 and EGFR
mutations. One hundred eighty-four adjacent normal lung tissues from lung cancer
patients were enrolled for the determination of nickel or chromium contents by
graphite atomic absorption spectrometry (GAAS). We determined p53 and EGFR
mutations in lung tumors by direct sequencing. Our data showed that nickel and
chromium contents in p53 mutated patients were significantly higher than in p53
wild-type patients. Therefore, patients with high nickel contents had 3.21- and
2.13-fold risk for the occurrence of p53 and EGFR mutations. However, the contents
of both metals were not different between EGFR-mutated and —wildtype patients.
More interestingly, nickel contents were positively correlated with EGFR mutations in
female patients, and chromium contents were associated with pS3 mutation in
nonsmoking male patients, not with p53 and EGFR mutations in female patients. We
further examines whether both gene promoter methylations could increase the risk of
p53 mutation occurrence by nickel contamination. Our data showed that the risk of
pS53 mutation occurrence in patients with high nickel content was increased by
MGMT promoter hypermenthlation from 2.65 to 7.21-fold. Collectively, the results
from this project appear to support nickel accumulation in lung tissues may contribute
to lung cancer development via increased p53 and EGFR mutations, especially in

nonsmoking female patients.

Keywords: lung cancer, nickel, chromium, p53, EGFR
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A= RIS 46.9% G E R FF AT A FONIEBNES 5 W R ST
FE R B AR R SN RAREH o R R F T E SRS O 16%
(lemal etal) - i F %4 < Jeins £ WA 5 A RR S 2 51 R 2 515 JU4H
GREF LY P B RET LA R SR RN A F D RAE
FIFER A B & B E BB @ 58 4 (International Agency for Research on Cancer,
IARC, 1986) ° & & > B 7e% i B, —*Ff ? 70-90% 5 £ & 3 %J‘Ff (Koo & Ho, 1990) >
SLRS R JLE GRS TR PRt
38.9%10 % 51% > @ Jr A FAR AN E S RIR P F T I ek ST
PR EE SR P RA ARG RV R R 90% L 3R K
#h##F¢ (Koetal,1997) 0 ¥ = > 6 > G o4 W= FRER o 58
Lo dFF S ArE - 3o 4o 48 % (Lee etal, 2000) © FIpt o A o AR RO R 0 2
B FF o Ao NF AN AE L 7 IR FT AUGEE T &4 (polycyclic aromatic
hydrocarbons; PAHs)% B 5 4 S8g it S e ' ~ - 25 K 5 ~ T 12 P
FOBARBMERLE G P pS3 P A FIE K A M2 E6 Fov nA SR
:}ﬁsi 16/18 3] & F]1+ ¥ iy &% %3 B 427 7~ 5 B & £ £ 2 (Adamson et al,
1990; Bennett et al, 1999; Boffetta, 2006; Chen et al, 2008; Cheng et al, 2001; Cheng
et al, 2007; Chiang et al, 1999; Chiang et al, 1997; Felton et al, 1986; Ohgaki et al,

1991; Sugimura et al, 1996; Sugimura & Sato, 1983) -

= BYREE A 2K ES T

51 ¥y BiLE Y oo} 2 - (Kasprzak etal, 2003) o X @ i3 77 ip
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Ao 1 A EBRMEN T EREY R r A BRI TR dpicaui s 2
AR g g M e e B R TR IR &S A R
24 k"% (Doll, 1958; Grimsrud et al, 2005; Kasprzak et al, 2003) > &~ ¥ 1295 B "% &
ALY SRR TEE-FE L AR AR E R X G4
EBRBOB ARG TR Lo 2 }}?u ;}F] NP R R e g (RS
EEFH R BH 4 a § B F 0485 (Huangetal, 1994) 5 & Jk & 4 AJ2
= m¥z ¢ i1_¢ DNA-protein cross-link & "z #f4¢ %5 T DNA IR % #f 4 (Wozniak &
Blasiak, 2002) - § F3 it (TR AL FR SR B M M B B Y REF 2
bGP PEo4E R B2 mie A o FI KRR Y R R
Eﬁ?iﬁﬁﬁ ¢ ek SR ESE (Group 1) > @ fi@ﬁﬁrﬁ'lﬁﬁ?é‘ﬁ; o A RIES R
(Group 2B) ° i 4 BLR 2 PR HTF 2 e RHE B A BT 3 EF kA
fuedd > — f8 5 2RI M2 441 £ 4 (water-insoluble nickel components of the
dusts) » 4= Ni3S, & NiO 5 ¥ — f8R] & /K% 144 it £ 4= (water-soluble nickel
components) > 4= NiSO4 £ NiCl, ; &8 » 2R3 Mt 51 & ¢ 5d FgiT
e B EeE g B RGP g B E RSB RR T TE
BE R BfS A4S W E K RMEF Y A 4 (reactive oxygen species;
ROS)(Kasprzak et al, 2003) » @ -k i3 145 1 &£ 4 B € ‘5o i B a7 > 4743 i 5f
E%J PR S R Ry B e oo AR W AR 4
B g FiR e wie p S T HFA A (Kasprzak etal, 2003) 5 ¥ - 2 & » & x w
PN DA BET €A E 42 9 B S AU Y Bl ¥ 41 (Kasprzak etal,
2003) o G g Aot o PR S P R m e A E AR R BT B om v AR 2 AR
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D BEREFELAMESE

Bl EAAR I RET N EE AR A A RS S R

#
£
i

RO TR A B e BT R R A AATH 02 TERA LY gL A
5



FW AP ORT I R LR R A k' (Matos et al, 2000) 0 ¥ - * G o
W R S BT R d 2 HEBRDZ GRAERE AL FERF B
F i A Rgé mre Z k= (Yeetal, 1999) ;5 2t ¢t » &7 3£ ¥& (electron
paramagnetic resonance)¥ k¥ & (UV / visible spectroscopy) 4~ 47 % 0 4% ik f i
e BAY-T R EEHREDNAFES AL ESFEEFRAMERA o m
T B ARE > P DNA H 87 & syt 5o Lg ik § 2 4R
(Mattagajasingh & Misra, 1999)° § #>v B ¥ in {7 T B h B e A B F B

BEEHERIBRREOD TSR G RS REF L ¥ o A 1990 & B 4
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5 C dr A RS (Group 1) > @ = B 4SRIGFHE 5 A +v 4 XK+ (Group
Ve MY G ERAEL - LRI B FREGH AT B
HOVUR R Riamae ¥ NI S AR AR R 2 K S (McCarty,

1980) o o *v 3+ fE =M %> FEE N AREIS D B Z WAL A BT

!

o Ra g T%:ﬁ;’é.? IDEERTT j’é‘gi;']@»‘gmvé oo g f%"é‘fé'_;’g‘)\‘gm)?é FI
iy hFURon ik~ 3% X (glutathione) & X B it iR R LI 1EH T od W 4R iE
Br'% 2R R A5 = §4% (O'Brienetal, 2003) 5 @ B R @2 € &2 F 1Ly i© A

Uz oE Y A AR o Z 4L 6 2 MRAL  BRREL - X% MRER Y

‘QH-

PR £ 0 S F §#Em < %3 (glucose tolerance factor; GTF) » & @ i
AT

A S LS R SR L AR R L S
FEFE T T 7 (McCarty, 1980) 5 @ 72 T ¥ 3 kA& hwmie? ¢ 44 < £ 3k
BRFREF AP UEE P B A A gl P [ g

B4 e pURk i ¥ %2 347 (OBrienetal, 2003) » i F 42 {8 P T e 378 Jo
AR R b HAR R 0 iR B R B AT AR PR RIS

ERFOT EEE T

o~ BRI Y

BFRA TR RO (PR AWM EARM B R R &k B2 0t 1 R



PR AEY FHRASSDRY Y EH AR ELL SR E (Kasprzak et al,
2003) c ¥ - 3G o AP RIS AG S BE M BB B EEEER
F Nl Vi B 0T B~ A R E2 ¢ (Fangetal, 2006) © @ igx 557 F
SEETR B R RO e B E  E A AR 6 S f R B e o
PO BRBIE T REAITERET 0 AR 47 R R G R IEAE R
BITE G B AT APM 12 (Smith-Sivertsen etal, 1998) & b5 & » & 5 Bk 4
WAL R F R B AN E R TR R R OHIT A AR A G T 4R
2 G B ik £ 5 #8447 £ (Changetal, 2006a) - ks I
AT R FAA LR R EEANEORBETHERBAELRE AL AP
(Chang et al, 2006b) - “f Pzt s ARt ?bﬂﬁiﬁ'g,&ﬁ ; Bﬁ::}%,&ﬁ ER S R
BEEENAH I SRET ST AEAE AR R R AR A
DREFRE RS GBET E B g B {2 (De Palma et al, 2008;
Kuo etal, 2006) o Flpt » sl m ¥k 1 1 TRAFRRAEERRR L E AL
PREREEBEENA TR E NP T A R EELE N R R RE
42 b R Hp TR B Mk R 4% 2 4 ;%E%“r?}*% EHFEV s LRIEW R
- BELFF Gl BEEPRE Eﬁm%ﬁﬁ&ﬁ%%%&%iﬁ

iR = i/&i’-**w%*fro
T~ pS3 Frok A F1E m AR M AT

PS3 A TG - Frp A Fl 0 Y% 4 48 17pl3.1 ehiz ¥ > 5 11 1 exons > it #k
11393 vkt 0 T 53kDa tpr Bev o p53 Bev T A L m A ()N B S
i A i (142 BOEAR) Q) ¢ o BH o i DNA 22 (120-290 i %=
AFR) 3)CH 0 7 F p53 i » e e & (nuclear localization signal) 2 = %
& %2 (oligomerization) % & (320-360 B % A f) > (4)p53 2 DNA L &A%
¥ (363-393 B % £ F4)(Ko & Prives, 1996) o p53 e733 3227 'm %z % Hp = 4] ~ w2 &

= AR EE AT Ecd 5 B (Lavin & Gueven, 2006; Vogelstein et al, 2000) © %
7



DNA = 3| & p& > p53 & 7] € flipr s T 25 %] > 4o p2]1 ~ MDM2 §v Bel-2 & i >
B¢ fmPe % iR F o BT B AT e E_f lwe X T "5 T iE * 2 E 2 B AT P pS3
% € 7% 1 PUMA & BAX % 7™ 5 %]3 ii¢ ‘w¥ 5~ (Vogelstein et al, 2000;
Vousden & Lane, 2007) o F]pt > Al 2 @427 "pS3 2 ME VA4 R W
B Et - BNt J B2 T 27§ % 4 R XPC fo MGMT i #
AT feh+ 342 R A RAEPS3F 2 REI DM A L - KL FR
S AR BT i A5 XPC e MGMT 5 2 7 3 i 3 SREEAE 117 14 F 430 p53
w4 R %2 4 (Laietal, 2008; Wu et al, 2008; Wu et al, 2007a; Wu et al,
2007b) « £ 4 BT i AT 0 T BT § 156 UL i MGMT f&
w3 7 LB MGMT £ & 347 50+ (Iwitzki et al, 1998; Ji et al, 2008) ; F
P> 48 5t drd) sn%2 %8 BPDE 4o UV shigaf i 4 » @ 0 28 8 @ajﬁdéﬁtf
MGMT 12 ¢ enig 4& F] 3+ 15 2 4v 02 2 4745 31 (Hartwig et al, 1994; Hu et al,
2004b) o o eb o A FBME R FREF T RN EFERMABERFLTL 2
REE PS3EFHEFNGT REHITE L (Hartyetal, 1996) - ¥ - = 6 >
TRAITRERBSRILY Llm e g L A p53 AFEF TtoC REH 2 >
fe H b pS3 R wd A Y RO R 03 2 T A AL RHT (Haugen et al,
1994; Macehle et al, 1992; Weghorst et al, 1994) o gt ¢k » & A #F+ & w2 £ B30 F k
BRERE2 %R FR o LERIEmeF X EFRAF BT AP Tk p53
hﬂ%@t@%&é(%adﬂ%%o%%ﬁﬁﬁﬂﬁmﬁﬁﬁ%@%&ﬁﬁﬁ%
Foom p53 A s 2 AL T - BY b d o BB WG P R ABRER
E S AT e pS3 R LM o 5 LT 488§ 5 EIUE pS3 RR TR

W R B ALY MR - AT RE
2 ~ EGFR £ o 40 B 1467 5

I A mre 5 £ F]F & B (epidermal growth factor receptor, EGFR) =%t 4 ¢ %8

7p12.3-12.1 > % 7 28 1 exons » EGFR #_fwm®2 %=+ 2. F fohk hv - 5 2 4L 4 £ 7]
8



+ (epidermal growth factor; EGF)2. <X % » &2 L wfe g2 = £ 2 K1t 5 B
(Gilmour et al, 2002) - EGFR #2% i £ d EGFR (erbB-1) ~ HER2/c-neu (erbB-2) -
HER3 (erbB-3) & HER4 (erbB-4) = i = f #74 = (Gilmour et al, 2002; Herbst et

al, 2004; Schulze et al, 2005) > =z & EGFR 3¢ ‘,L’KE F Rk ImrE LR v N F

T

fe "= 04 o H P ErbB-2 & p 4 Mpeie48 o ErbB-3 Pl& ATP % & =% o § % ¢
P REf AL S & EGFR 3ok 30 B AL R T Ko - HEA Ak
LR R LR WS BB T Pe N F i R 2 fRORAE (tyrosine)iE It T PF
Ras-MAPK pathway - PI3K-Akt pathway - SAPK pathway 12 2 STAT % 2t 4 i#:f
Beis o igm 80t e B 2~ 3F & f ATA B e k= (El-Rayes & LoRusso,
2004) o % % “*‘ fexon 1821 ¥ #H 4 2% > m exonl9 ¥ exon2l 5 1 &3 4
REZ B HP exon19 %A L4 RE (Tokumo et al, 2005) » exon 21 B 12
L% % % 1 (Jackman et al, 2006) ° > %" % H EGFR » 7 &3 2 2 %5 » 2 ¢
xR 5 A0 5 4 50% (Huang etal, 2004) 5 & 2 EGFR 3 2 % %2} ¥] i
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1993 & % 2003 & & 184 = % 4% & & 'fﬁ (International Classification of Disease,
9mVEDw®Mm4kéﬁ¥%“§ RV AT o I R R R @ﬁﬁﬁ&
%Eiﬁfh%?ﬁw4§€ﬁ¢%ﬁ5?ﬁﬁ—ﬂ [t & 5 R s
M FPp e R A ,.‘B % (World Health Organization, 1981) #7;4 [E50, 0 R

SR 82 R e o & 5 91 82 93 B ¢
Z~EEEAH
S

AR IR B AT R R RACE T S R T ke d g o Y

|

N
41
g

f

(s

L1 Q2 R SR FR% B NIRRT RERER S BT
YU B 103°C-105C e g - s > PRk AED R oORR > TP HEEE
BE LS T RITFLFEREEMT] 2HANE HEZI R 20N
Flt Rt fa? SeR R LS e A FORL R R RS 24 -80C

TP G AT TET 30 MM FHIREE  EETT 3 AT

uml

FEXS P BERESRERY > RS AE IR 2 103C-105C e ite |

FREARE R > 24 ] N B E o
2. A

RETF 2 (VB ARE ko Fig 1o F 4 #4% & % 2 ml (65%) HNO; % » 20 ml
EAr e > T E Y AR BT iTEr FAEE 0 4er 1ml(30%) HyO; T 4e 4

3 iTH7 o B fs 1 0.2%AY ﬁ’x/p REFTEI Smlo ’)’t)‘/J"FFI [LAENEA 15 o
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3. 7%V R fek ik (graphite atomic absorption spectrometers; GAAS)Z. &

B

éﬁf%&i—»ﬂm_lﬁz:ip Ilﬂ'fﬁ‘ﬁ?—g :L ﬁid‘ j\ﬁgm E/’?—Eﬁ*ij\/m?é\
o AR B ERL L &R (sensitivity)BI3R R B 0 BT B 0E R

H Sk g™

OESIREETE

F LR R = 110C 2 130°C » 33 FH ramp time £ hold time » % % = ¥ F2
hold time % & #v T §y 1 7 L& RERIT L 8% FBRBELEF RS E o
BB IR ER S IRRIRS R B2 LR H A 5 LS 1 §) ramp time
7 & BIE S 110°C X 5 d 30 4) hold time 2_i& 73 & # 1 "‘;ifg,#;ﬁd 15 #) 2
ramp time #-% %% B F 1 130°C ¥ 5 d 30 #) hold time -4 %f% =

# o
(b) # ik A 1t g &

FERICEEARE RS CER 0 AR 100CERE > BEAER B EE Rk
o hs k@A AT D (TERESA AR L) E G L RR T A
VR R o BHEE S MPE s PR A B N D BRI A AT Y B2 B ik
v iE 2 5 1100°C ~ ramp time 5 10 ) ~ hold time 5 20 4/ » 422 & i A i i 2

% 1500°C ~ ramp time 5 10 #) ~ hold time % 20 #) °
(c) BniE R+ ivixid

FEACEEREE LR RE AL I00CEFE BERFVER BT HEsk
B0 B EE S MPEF s Pl e S N e M D EARIEGR S 442 EiE RS L iE

% % 2300C ~ holdtime % 5 #) °
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4. e O 4|

‘E"i‘«ﬁiﬂ\_.,_/ﬂ Wit vy A EAFES %/ﬁ\—%ﬁ—’rﬂlbiu/gll‘éti'&% i A
Al R FRP R CREORE R B RERF L SR AT LEASITE
YR MER AR A PR B H A AT PR B R R

CA R B B ST F 4 1l Smg Mg(NOs)6H0 ©

rAETEAEFZEEBY At Bodrinaes f Fig 297 2R %k R

-

AR LR R B L AR ST R o AR 2R T B T

(@) AL ERIFRSEFLITN 0 FARBKRRL R pALEFTRFZN
RAERGR B LERE ARERPTERIEKEZ £20%M P 4w FA4T

1% % 4o Table 1 #55 o BE o7 tk BIAST B £ 2 %% o

(b) # 3 Zthhofd- FHRER BB BR2ApM G#F <22 0995 11 » &
MY - R EER ORI R RBRERLEREFRERAY  HApHEL
ZTHE10% ] o 25 4oTablel 77 » Br5 - i 2 hERLPIHEE R

g 2 & R

(c) * FHRIDEFFHRE RARTY B A MR R AT B AR
FEXTR BhdoTable2 #im o g2 4T REY  ERI L PR IS

BB IR R R 3 R
d *-FZHEF2CFTHUFT- BRERL 7o

(e) AFEF A P2 Y it 3BRIEE B3 2 wird (recovery)  H EJE % 4

F_

80~120%11 b o & 4= 2w fz & A 47 4o Table. 3 #77n » Biom AA7 § % e RN
WitiEsR?  EEBERT AP ERL -
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(f) =% @ p4&*L (method detection limit; MDL)

d O E 2RI T R B fh  0.0% IR R 7 2 R L2 ]
ﬁoﬂﬂﬁ*%%T:ﬁﬁé%ﬁi&%ﬂﬁ%ﬁ’&Wﬁﬂﬁ%k%ﬁﬂ7
BARBARFA RN EAZATBHRAY 281 NH3RERL L AFY

S22 A fedE A eh E RHR'L > & % o Table. 4 0 5 A ART A fTiEARY o

ﬂ*t

SR R R S R R PR AR R - X0k pE U E
(2) = E4~ 17

i AR RS RRAPE B TR

ek EF I A T ATy 2 T

=~ R S DNA S i

B3 o B 22 e 50-100 mg ¥ 2t 2§ 0.5 ml lysis buffer (10 mM Tris buffer
pH 8.0 ~ 100 mM NacCl ~ 0.5% SDS ~ 25 mM EDTA > pH 8.0 ) ¢ microtube pr -
PE-l LT R T4~ 10 mg/ml 57 proteinase K S ul » ¥ *% 56 Ci¥%* 1 > 16
R E IR 2ok f% o £ 4~ 0.5 ml phenol / chloroform / isoamyl alcohol
(25:24:1) 23R & 15 > 11 12,000 rpm &t 20 4 48 > Bt R 3 #T¢0 microtube
¢ T EAF B = o £ 4e » 0.5 ml chloroform / isoamyl alcohol (24:1) 2 £
3533 > 11 12,000 rpm e 20 4 48 0 E-A 4R e phenol 2 “,% o B~ 1 ?’- % 4e ~ X 1/10
B Hf% 7 3M NaOAc £ 2 B 84 0 100%FpF » R &£323 15 » E*0-20CT 30 »
G20 b > e DNA ik o £ 12 12,000 rpm s 20 4 48 5 B fs 2 ",%j Fiw o

SIIDS 75%5}33']5}%:?3&% iéﬁmﬁ o3 xf_]. ’Fi””% "

b

ZEc% E F|iT§z o ¥ DNA 3
i B e R ) K b SRR R 0 R) L5k DNA £ 260 nm - 280 nm 2
Bk B > 260nm / 280nm Bk 2 v Bt 1.6-1.8 2 B 2 o F Bl 16

27BN nE-v £iEF 0 &L e~ proteinase K &J2 {8 0 € 4§ phenol /

13



chloroform / isoamyl alcohol (25:24:1) z_ {6 FH F ; F H I E X3 1.8 P& 7
RNA 7 £8% > I #: 2 RNase &2 {8 €47 + i #H F -DNA ek R E 2 58—
#2345+ 5 DNA (ng/ml) = A260x50x {11 & #c o -3 P2 DNA ¥ *0-20 Crk 4

R

= ~ DNA Z_& ~ 17

1. B & p=4a4y F J& (polymerase chain reaction; PCR )
(a) p53 2 7]

P~ 50 ng 7 DNA » 4v » 10X Taq buffer 5 ul (25 mM MgCl,) ~ 0.4 pl 725 mM
dNTPs ~ & 1l 910 mM =513 12 2 0.2 pl <95 U/ml Taq DNA polymerase {5 >
PR ERAE D S0l HR &35 0 K iE 2 S 1 94°C ~ 40 §48 5 58 °C (exon 5,6)
2 637C (exon7,8) ~ 40 #5485 ; 72 °C ~ 40 Fy45 > F # ik 2 & g 7 35 cycles & >
£ 72 C T E 5 &4 > Primer B 74T

p53 exon 5,6 :

Forward : 5’~-GCCCTGACTTTCAACTCTGTCT-3"

Reverse : 5’-TTAACCCCTCCTCCCAGAGAC-3’

p53 exon 7,8 :

Forward : 5’~AGGCGCACTGGCCTCATCTT-3’

Reverse : 5’-CTCGCTTAGTGCTCCCTG-3’
(b) EGFR

EGFR # * i * % & f¥4845 & b (nested-PCR) <~ P &4 5|+ B~ 50 ng 5 DNA »
4t » 10X Taq buffer 5 ul (25 mM MgCly)» 0.4 ul 725 mM dNTPs» £ 1 ul 5710 mM
513 122 0.2 ul <05 U/ml Tag DNA polymerase & » 145 F’k4f £ 50 pl 7 &

g o FBIERE 195C 204548561 °C 23045485 72°C 1 A e FakiE R
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F i {7 35 cycles (s £ 12 72 ‘C 4t JE 5 & 4 > Primer & 5|4 (Lynch et al, 2004):
EGFR exon 19:

Forward : 5’~-GCAATATCAGCCTTAGGTGCGGCTC-3’
Reverse : 5’-CATAGAAAGTGAACATTTAGGATGTG-3’
EGFR exon 19 internal primer:

Forward : 5’-CCTTAGGTGCGGCTCCACAGC-3’
Reverse : 5’-CATTTAGGATGTGGAGATGAGC-3’

EGFR exon 21 :

Forward : 5’~-CTAACGTTCGCCAGCCATAAGTCC-3’
Reverse : 5°-GCTGCGAGCTCACCCAGAATGTCTGG-3’
EGFR exon 21 internal primer:

Forward : 5’-CAGCCATAAGTCCTCGACGTGG-3’

Reverse : 5’-CATCCTCCCCTGCATGTGTTAAAC-3’
2.PCR A 4= 4 it

PCR A4 it 8¢ * # (384 (Bio 101)7i& {7 » % 4™ ; # PCR & 4 4
» 3 & PCR A& # %84 <7 Nal 2 5 ul i EZ-GLASSMILK Suspension (5 £ * & #
BH-H LSRG AFETIEY 508> % Som8er P THE ¥

EZ-GLASSMILK £ DNA 4§ & 4= > 72 12,000 rpm o 1 & 48 o 4} ‘}}aif]’f’? fs 4u »

500 pl =5 NEW WASH buffer » 14 12,000 rpm &t~ 1 248 > £4F 3 =% © & (s 2 "$

s ‘})aiil’f’?’ o TRR A FTWE S 0 3T 13 ul e r;ef]j\ o L K-k A 02 12,000 rpm EEes 20
A 4B s o Bt ik B AT RTdhmicrotube ¢S B8 0 B~ 2 ul A 4 14 agarose gel 7

FEILE T R o

3.DNA z_R&
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Bih it 2 en DNA2ul > 4e > 1 pul e93.2mM it 3513 ~ 5 X sequence buffer 1.5
pl~ 1 pl 7 BigDye » £ FpkAf 2 10pul iR £3593 o F ik 2 96°C ~ 15 )
48 550 °C ~ 104485 60 °C ~4 ~ 48 > it iE i K BiE {7 29 cycles o #-F i {8 b
A 3738 7 DNA /Tl > 43 1.5 ul 93 M NaOAc ~ 32 pl 71100 % EtOH (£ w8
WEARPEREE) 2 65 R FRREIES R PR REF RAFRES
ER 1S A 4sie 0 2 13,000 rpm Hes 15 A 40 2 IT‘ Figri e 4o r 200 pl 5175 %
EtOH /3 A 4kz Bag > iR & 1512 13,000 rpm 3 15 4 48 o o T3 gz b i
{8 o #pt & 4772 3% 10 ul 1 Hi-Di Formamide (ABI » USA)¥ » 12 ABI3100 p

LRSS T
I~ MGMT 2 XPC 7 # it & 47

MGMT 7 Z it & 45 £ 4295 Palmisano % A = ;2 4 11 4~ 45 (Herman et al, 1996;
Palmisano et al, 2000; Wolf et al, 2001)- &§ @ % 2. ' DNA 7 £ % d PCR?x+ MGMT
B 7] % DNA #t » 10X Taq buffer 5 pl (25 mM MgCl,) ~ 0.4 pl 5725 mM dNTPs ~
g 1pl 710 mM 7315 02 2 0.2 pl 95 U/ml Taq DNA polymerase & » 122 -k
AL S0 FRESY > FRIEFEEL 195°C ~304548:52°C ~304548:72°C ~
30 548 F kiR R BT 25cycles {8 0 £ T2 CT B 10 A4 EF LM
bisulfate &J2 PCR & 4 » (¢ £ ™2 MGMT ¥ A itz 2t® H it 3 % % * primer 4
FEAF Y PCR 3+ 4 225 MGMT £ F 4 24 7 i > @ Primer B 747 !
MGMT gene :

MGMT Forward : (5’-GGATATGTTGGGATAGTT-3’)

MGMT Reverse: (5’-CCAAAAACCCCAAACCC-3)

Unmethylated MGMT:

MGMT UM Forward : (5’-TTTGTGTTTTGATGTTTGTAGGTTTTTGT-3")
MGMT UM Reverse: (5’-AACTCCACACTCTTCCAAAAACAAAACA-3)

Methylated MGMT:
16



MGMT M Forward: 5° -TTTCGACGTTCGTAGGTTTTCGC-3’

MGMT M Reverse: 5 -GCACTCTTCCGAAAACGAAACG-3’

BSR BB 2% EE A MGMT .23 2 7 it o« XPC ® At A 47R) L5
WPCREEF BIEEZLE 194C 1424 :54C 154, 72C 1 24> 1512
F i (7 35cycless £ 12 72°CaE B 10 ~ a3~ P &5 7| - B F E 2 Hpall *» &)
PCR A4 » B8 2%F FHraa XPC A F# 4 7 A ;& primer 407

XPC Forward: 5’-GCTTCCCGCAGTTTTTTA-3’

XPC Reverse: 5’-GTTGCTTGTCTGGGCAAATTCCACT-3’
o ff-‘.ﬁé‘"/’:\ 7

AP L SAS 9.1 M T AT o d R R F R RN 2 SRR

FREIRAY AT T Ap53fcEGFR % #2745 % 4Lk R 2. £ B &2 Wilcoxon
rank sum test 4v 11 A 47 o p53 22 EGFR t & Tk 515 272 44 2 AL kR A 10 2
MGMT & XPC " A BFR 4 X L B > Rl Ed + 2 4 2 (*-test)& Fisher exact
test se it fp B oo X 2 1% BRI FHCAF TR TS 2000 TR E IR

2 p53 v EGFR 3 2 R %2 B % -
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L 2

ARG UETRE TR R RL LY B RS e RE 2
F 22 pS3-EGFR# 2 X2 ApM Lo AT X ich 7 B4 =Rk Fei7 4
FLE o ol MR 2 TRk Tt e Table S #7om o R 2 FIHEELS 642 K (6424
10.0) ~ # &4 i 5 26-87 gk 5 =235 62 4 (33.7%) > § 13 122 4 (66.3%): 7
WAET 110 4 (59.8%) 0 #EEF T4 4 (402%) 5 kT 91 4 (49.5%) B
Adnre s 93 4 (50.5%); % # (stage I and IT) 7 95 % (51.6%)> 9L¥p (stage
ITand IV) 7 89 % (48.4%) - i d Direct sequencing 4 7.5 % &1 p53 A FI#
2REETF 704 (38.0%)> @ EGFR AFIREF A1F 35 4 (19.0%) # ¢ F 42
#ﬁﬁ%ﬁ%@%%&ﬁw%**ﬁ‘%ﬁﬁﬁﬁﬁ%&ﬁ’ﬁﬁﬁﬁipﬁ

FHEF (44.3% vs. 25.8%, P =0.015 for genders; 50% vs. 30%, P = 0.006 for
smoking status; 49.5% vs. 26.4%, P =0.001 for tumor type; Table 6) - @ p53 % %2
BogE&e s PR s MRl LR T Bl R Ry st 2 2 ] (Table
6)c il Ay dndly SR pS3 W L R T 5 18-37% (Wang et al, 1998; Wu
etal, 2007b) » % H @k e w4 pS3 RE2ZMF FE 559% ALY i E
L RFZ pS3H A REF LB AL AP0 A B e 2 pS3 REMF AT
BB 2 TG (65.7%)  EHRNBAT R T AT 285 ST RCERRBL
R B B AR AW HR AL e V- 2 G o R R ""]1&' (P<
Frd W2 B HAPFEOT TP P R w2 R F 0 &7 % 2 EGFR
F A R%E (38.7% vs. 9.0%, P<0.001 for genders; 5.4% vs. 28.2%, P <0.001 for

smoking status; 34.1% vs. 4.3%, P < 0.001 for tumor type; Table 6) - 33 <~ /I?c;}ﬂ a1

FAPFRELG B2 R e & 5 (Tokumo etal, 2005) > @ & A #7532 @ o
G EF L %EH2Z EGFR R % F 55 19% > v &% fhjr* 'Iigf]llﬁﬁvi'fﬁ EGFR % %
FRBEAL29% P EFEEA &”F'?}%'ﬁ,'ﬂ7 TL S RAR 0L g B A
Uk 4 2 EGFR R % F4e 2 3 > e £ # 7 3 5% Pojuk 2. EGFR % 2 %
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FLRBFFL 5 R G

~

Wl L 1K R R g N G 404 (R 0.92) pg/g FEE R 615
(% 143)ug/gice o 27 ‘”\’f‘”#—‘lﬁ'ﬁ',&—'ﬁi ha 42 %:3 RE 4 Bk B & pS3
frEGFR %0 LWL A7 it ) Mfiie g R il ¥ R 2 5 8 18

o

PTG EF Y BB 04T pg/gicE S4B T B M3 04T ug/lgicE

My R oY R R L 2uggint s BOERTEA LEE MA o

o

e

BEFRPBRLFHEELT R IELAL LY FL B REIMFF NG E
2% Fy ¥ (54.3%Vs. 25.2%, P <0.001; Table 6) - & & £ % & g 14 7 &
FHE 2 pS3 & HEE (42.9%Vs.33.3%, P=0.183) o ft LW & 0 e gk e
28257 - EGFR R R 2F siet b 2 Aphi it o 57 - HE R R L F
P32 RFATF AT ISR BB RFET M 27 NBEN R LT
PR R FEY RN E RS BEE R RFL TR L F PSS
HARRLBRBAMTERF2L 321 8 (95% CI=1.65-6.24; P=0.001; Table
Nelt EFfeig g BREOPIHFLREL prleE TRy Rt 28 (P=
0.536) = I 4% 2 5 %05 BB 03w JF s A L] ~ A R R AR B2 1
%ﬁ?ﬁi&ﬁ%iEG&i%iﬁ%ﬂmﬁgiﬁilw%’lzﬁiﬂ&
Ptz 48 (95% CI=0.88-5.17, P =0.094; Table 8) - # £ 712 EGFR % %
RF AR (P=0.644) o "yt 2 ¢h 0§ {40% m dgp ot 4o f4 8§ s 0 EGFR
AFRE2 B (OR=0.22,95% CI=0.08-0.62, P=0.004) » 3 7 % % 2 EGFR
AFIR R Gy RAPFERE L (OR=0.28,95% CI=0.07-1.03,P =

0.056) ; @ BL¥p " & %3 4 EGFR 2 1% % rﬂf%»smiwmtg%;fﬁ(ORz
0.33,95% CI=0.14-0.79,P=0.012) « izt 5 % 48p+ EGFR A F1R %1 & % 4

WAL RS SRR RES LT R Ko

3o E H 3 p53 4 4 R %hi & F]5 (Greenblatt et al, 1994) £ # 3 3% € e 48
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ML R FA & benzo[alpyrene diol epoxides (BPDE) £ & Jg it 3 it A4 2. %
FoMAepS3F 2 RE2BE (Yuetal,2002) FREY Y 25 3 ERELET
WEMEFRA G LY o hwre F S R4 § S B FeF] 24T 4 B4 BPDE
it R %4 2 (Huetal, 2004b) - 4% & ¥ 5 3 % 2 (B4 7 55 > 2 £ 42 ¢ i BPDE
G p53 RS+ 245248 2 249 =% (Feng et al, 2003) » F]}t 4% E‘E%‘%E’

Frdl 17 a7 if 24¢ A 7] (nucleotide excision repair; NER) 2 & @ # *¢ p53
w4 RP2HMF (Cheng et al, 2000; Hu et al, 2004a) - EGFR % 4 % %—%ﬁ S
P 3 AE R R K 0 ROV A0 T R A e e R L (Table 6) -

BRI B A AL A R R R S pS3 fr EGFR 2 2 A R
FHREFHA AR ARG T PR T2 0 R B P53 e

EGFR A F1% %47 5 fosh 22452 B endp b2 d 0 S Pt B @ 90%4

r
(e

W
\FF'
&
m
-k

AEL A E P AR F o Table 9 2 % BT  B4EZ
B2 AP ERMG TR APHEE > FRE 2 pS3REF (50% vs. 18.6%, P =
0.005)° 7 3. % &3 e T 42 (54.1% vs. 34.4%, P=0.029) &% 1272 3 35 % (55%
vs. 11.9%, P<0.001) #Ric LTl e b A BRend AP T # MG 347 £ 27
AR ERE T EE 0§ #F 2 EGFR %% (60% vs. 28.6%, P=0.018;
Table 9) o %tw o AP ERET G RBE TR AR FRE E RS

%% 2 pS3 2% F (P=0.014, Table 10)» @ ¢+ 3% 3
BET (P=0011):E4 =7 FmEH7 57 okt &
EERB I R E A WFRP TR G R pS3F L RET M

Pops e g A L2 Bk B2 pS3{rEGFR AFIR#F T APM{Lom &7 3
ﬁghiﬁﬁﬁﬁpﬁﬁii%oﬂﬁﬁpiﬁﬁﬁiﬁiﬁ%wiﬁﬁﬁmﬁ
F o2 AT B B i ¢ BB F DNA B4f i 4 > # 4 p53 v EGFR %
FMF of FEERL LS AHAARFE PR Y  AF RIS L ER R
BV EGFR AFIR #4423 Mo -l 2 - 300 D3 ARG @

- :E.L_ é"fﬁ'[ﬂ‘iltﬁ— ﬁfu;@’;i °
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Table. 1. The QA/QC data of calibration in nickel and chromium.

Metal Sensitivity test r Calibration test
n Mean* Certified value RSD(%)" Mean Range Mean (%) = SD

Nickel 4 0.24 0.22 0.74 £ 0.39 0.9986 0.9985-0.9993 112.78 £ 4.46

Chromium 6 0.18 0.16 1.16 £0.43 0.9963 0.9994-0.9999 104.78 £ 1.83

* Values are in absorbance (abs.).

® Values are mean (%) + SD.
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Table. 2. Background levels (ug/L) of nickel and chromium in blank solutions.

Metal n Min Max Mean SD
Nickel 13 0 0.194 -0.72 0.64
Chromium 14 0 1.495 0.37 0.40

The unit of the value is pg/L.
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Table. 3. Recovery (%) for standard solution of nickel and chromium.

Metal N Min Max Mean SD
Nickel 14 83.5% 116.7% 105.9% 10.3%
Chromium 13 102.1% 120.1% 113.3% 5.4%
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Table. 4. The method detection limits (MDL) of nickel and chromium.

Metal n Min Max Mean SD MDL
Nickel 7 -1.02 -0.53 -0.76 0.02 0.07
chromium 7 0.51 1.57 0.98 0.39 1.17

The unit of the value is pg/L.
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Table 5. Demographic characteristics of the study population.

Characteristic Frequency Percentage (%)
No. of subjects 184
Age distribution
Mean + SD 64.2 + 10.0
Range 26-87
Gender
Female 62 33.7
Male 122 66.3
Smoking status
Non-smokers 110 59.8
Smokers 74 40.2
Tumor type
ADC 91 49.5
SCC 93 50.5
Tumor stage
I and II 95 51.6
Il and IV 89 48.4
T value
T1 and T2 136 73.9
T3 and T4 48 26.1
N value
No 85 46.2
N1, N2, and N3 99 53.8
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Table 6. Relationships of p53 and EGFR mutations with clinical features in lung

cancer patients.

Variables p53 mutation EGFR mutation
Wild-type ~ Mutation p* Wild-type ~ Mutation p?
No. subjects 114 70 149 35
Age distribution  63.5+104 654+93 0.201 64.6+9.7 625+11.1 0.252
Age
< 66 years 63 (66.3) 32 (33.7) 0.208 75(78.9) 20(21.1) 0.468
> 66 years 51(57.3) 38 (42.7) 74 (83.1) 15(16.9)
Gender
Female 46 (74.2) 16 (25.8) 0.015 38(61.3) 24(38.7) <0.001
Male 68 (55.7) 54 (44.3) 111 (91.0) 11 (9.0)
Smoking habit
Non-smokers 77 (70.0) 33 (30.0) 0.006 79(71.8)  31(28.2) <0.001
Smokers 37 (50.0) 37 (50.0) 70 (94.6) 4(5.4)
Tumor type
ADC 67 (73.6) 24 (26.4) 0.001 60 (65.9) 31(34.1) <0.001
SCC 47 (50.5) 46 (49.5) 89 (95.7) 4 (4.3)
Tumor stage
1/I 60 (63.2) 35(36.8) 0.729 71(74.7) 24 (25.3) 0.026
m/1v 54 (60.7) 35(39.3) 78 (87.6) 11 (12.4)
T value
T1 and T2 86 (63.2) 50 (36.8) 0.548 106 (77.9) 30 (22.1) 0.077
T3 and T4 28 (58.3) 20 (41.4) 43 (95.6) 5(4.4)
N value
NO 54 (63.5) 31 (36.5) 0.684 69 (81.2) 16 (18.8) 0.949
N1,N2 and N3 60 (60.6) 39 (39.4) 80 (80.8) 19 (19.2)
Ni accumulation 1.7+4.5 7.8+18.8 <0.001 37+11.6 55+1538 0.733
Ni
Low 77 (74.8) 26 (25.2) <0.001 85(82.5) 18(17.5) 0.547
High 37 (45.7) 44 (54.3) 64(79.0) 17(21.0)
Cr accumulation 35+£57 105+£304 0.012 6.6+21.5 43+£50 0.114
crP
Low 62 (66.7) 31(33.3) 0.183 77(82.8) 16(17.2) 0.525
High 52(57.1) 39 (42.9) 72(79.1) 19 (20.9)
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P < 0.05, compared with the wild-type p53 or EGFR group was calculated by X test,
t-test or Wilcoxon rank sum test.
® The cutoff value for high or low level of nickel and chromium is the median content

(nickel: 0.47 ug/dry weight; chromium: 2 ug/dry weight)
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Table 7. Association of various potential factors with p53 mutations in lung cancer

patients.

Variable Category AOR 95% CI p°
Gender Male / Female 1.18 0.48-2.90 0.726
Smoking status Smokers / Non-smokers 1.35 0.60-3.02 0.472
Tumor type SCC/ADC 2.30 1.11-4.74 0.025
Nickel High / Low 3.21 1.65-6.24 0.001
Chromium* High / Low 1.23 0.63-2.40 0.536

* The cutoff value for high or low level of nickel and chromium is the median content
(nickel: 0.47 ug/dry weight; chromium: 2 ug/dry weight).
b P <0.05, compared with the wild-type p53 group was calculated by logistic

regression
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Table 8. Association of various potential variables with EGFR mutations in lung

cancer patients.

Variable Category AOR 95% CI PP

Gender Male / Female 0.22 0.08-0.62 0.004
Smoking status Smokers / Non-smokers 0.28 0.07-1.03 0.056
Tumor stage m,iv/ 1,1 0.33 0.14-0.79 0.012
Nickel High / Low 2.13 0.88-5.17 0.094
Chromium * High / Low 0.82 0.35-1.93 0.644

* The cutoff value for high or low level of nickel and chromium is the median content
(nickel: 0.47 ug/dry weight; chromium: 2 ug/dry weight)
b P < (.05, compared with the wild-type EGFR group was calculated by logistic

regression
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Table 9. Association of p53 and EGFR mutations with nickel contents in lung cancer

patients stratified by smoking status and genders.

Nickel content pS53 mutation EGFR mutation
Wild-type  Mutation P* Wild-type  Mutation P*
Non-smokers ™
Low 57 (81.4) 13 (18.6) 0.005 53(75.7) 17(24.3) 0.230
High 20 (50.0)  20(50.0) 26 (65.0) 14 (35.0)
Smokers
Low 20 (60.6) 13 (39.4) 0.102 32 (97.0) 1(3.0) 0.624
High 17 (41.5) 24 (58.5) 38 (92.7) 3(7.3)
Female
Low 37 (88.1) 5(11.9) <0.001 30(71.4) 12(28.6) 0.018
High 9(45.0) 11(55.0) 8(40.0) 12 (60.0)
Male
Low 40 (65.6) 21 (34.4) 0.029 55(90.2) 6 (9.8) 0.752
High 28 (459)  33(54.1) 56 (91.8) 5(8.2)

“P < 0.05, compared with the wild-type p53 or EGFR group was calculated by X test,

t-test or Wilcoxon rank sum test.

® The cutoff value for high or low level of nickel is the median content (nickel: 0.47

ug/dry weight)

42



Table 10. Association of p53 and EGFR mutations with chromium contents in lung

cancer patients stratified by smoking status and genders.

Chromium p53 mutation EGFR mutation
content Wild-type Mutation P*  Wild-type Mutation p*
Non-smokers ™
Low 43 (81.1) 10(18.9) 0.014 38(71.7) 15(28.3) 0.979
High 34 (59.6) 23(40.4) 41 (71.9) 16 (28.1)
Smokers
Low 19 (45.0) 21(55.0) 0.641 39(86.7) 1(13.3) 0.328
High 18 (52.9) 16 (47.1) 31 (91.2) 3 (8.8)
Female
Low 22 (81.5) 5(8.5) 0249 17(63.0) 10(37.0) 0.812
High 24 (68.6) 11(31.4) 21(60.0) 14 (40.0)
Male
Low 40 (60.6) 26(39.4) 0.240 60 (90.9) 6(9.1) 0.975
High 28 (50.0) 28(50.0) 51 (91.1) 5(8.9)
Male non-smokers
Low 21 (81.0) 5(19.0) 0.011  21(81.0) 5(19.0) 0.429
High 10 (45.5) 12 (54.5) 20 (90.9) 2(9.1)
Male smokers
Low 19 (47.5) 21(52.5) 0.641 39(97.5) 1(2.5) 0.328
High 18 (52.9) 16(47.1) 31 (91.2) 3 (8.8)

“P < 0.05, compared with the wild-type p53 or EGFR group was calculated by X test,

t-test or Wilcoxon rank sum test.

® The cutoff value for high or low level of nickel is the median content (nickel: 0.47

ug/dry weight)
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Table 11. The combined effects of nickel contents and MGMT and XPC promoter

hypermethylation with p53 mutations in lung cancer patients.

Variables p53 mutation
n  Negative Positive AOR  95% CI p*
MGMT methylation/
Nickel ©
Negative / Low 50 41(77.4) 12(22.6) 1.00"
Negative / High 33 19(57.6) 14(42.4) 265 1.00-7.06  0.051
Positive / Low 43 29(674) 14(326) 1.53 0.60-3.93  0.379
Positive / High 36 10(27.8) 26(72.2) 721 2.61-19.89 <0.001
XPC methylation/
Nickel ©
Negative / Low 47  32(68.1) 15(31.9) 1.00">
Negative / High 32 17(53.1) 15(46.9) 2.06 0.78-5.41 0.143
Positive / Low 49  38(77.6) 11(22.5) 0.70 0.27-1.84  0.464
Positive / High 37 12(324) 25(67.6) 423 1.63-11.01 0.003

* P <0.05, compared with the wild-type p53 subgroup, was calculated by logistic

regression and adjusted for gender, smoking status and tumor type.

b Reference group.

“ The cutoff value for high or low level of nickel is the median content (nickel: 0.47

ug/dry weight).
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