90%

90%

-benzo[a]pyrene (BaP)

DNA DNA
DNA
DNA
73 33
32p_postlabeling DNA
DNA (49.58+33.39 adducts/10® nucleotides)
(18.00+15.33 adducts/10® nuclectides, P<0.001)
DNA ( : 49.03+37.21,
:49.28+30.73; P=0.719) DNA CYP1A1l
GSTM1 CYPl1Al1
DNA
DNA

48.66 adducts/108 nucleotides
25,19 (P = 0.003)

CYP1A1 GSTM1



30

20 32p_postlabeling  ELISA
DNA
DNA
DNA CYP1A1 GST-M1
DNA
p53 K-ras 52
p53 3.9%
K-ras
p53 Rb p53 RDb MDM2 pl6
cyclinD1 p53 Rb
(human papillomarvirus 16/18 HPV 16/18) E6
E7 p53 Rb HPV
p53 Rb 141
60 PCR (nested PCR) HPV 16/18
HPV 6/11 HPV



HPV

35.5%, 41.1% ,

28.4%  10.0% HPV 6, 16, 18
HPV 16,HPV 18 HPV 6 HPV
HPV 16/18
60%  73% (HPV 16: 24%,
HPV 18:26%)  HPV 6 38.1%
HPV 6 11.1%
HPV HPV 16/18
HPV 6 DNA
HPV 6 HPV 16 HPV
HPV 16/18  E6/E7 p53 Rb
in situ RT-PCR HPV 16/18 E6/E7 mRNA
p53 Rb
E6/E7 mRNA 80% p53
Rb HPV 16 E6/E7 p53/Rb
HPV 16/18 E6/E7 P53  Rb
DNA
HPV 16/18



2.1.

2.1.1.

1900 1945
3,153 12 1951
1982
1982 16.69 7.78
2000 38.69 17.52
Department of Health, ROC, 1984 - 2000
(Fig. 1)
80%
15 25 (Public Health Service, USA, 1982)

(International Agency for Research on Cancer, IARC, 1986)
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2.1.2. DNA

Benzo(a)pyrene (BaP)

(polycyclic aromatic hydrocarbons, PAHs) Hall et al. (1990)

H
(prostaglandin H synthase PHS) epoxide
diols DNA DNA
DNA
(Dipple et al., 1987) - BaP

cytochrome P450 1A1 (CYP1A1)
(£ )-trans-7,8-dihydroxy-9,10 -dihydrobenzo(a)pyrene

anti-7,8-dihydroxy-9,10 -epoxy- 7,8,9,10 tetrahydrobenzo

(a)pyrene (BPDE) DNA dG N2
DNA (Jeffrey et al., 1976; 1977)
BaP radical cation DNA dG N7
BPDE-N7-dG (Cavalieri and Rogan, 1992)
DNA 100
iM BeP 1.3 BaP-adducts/10° nucleotides
(Roggeband et al., 1993) Wolterbeek (1993) BaP
BaP DNA -

BPDE-N2-dG (Wolterbeek et al., 1993; Roggeband et al., 1994) DNA

BaP p53codon157 158 248 249 273 G-T

5



(base substitution mutation) K-rascodon 12 13 61
BPDE -N2-dG (Hussain et al., 2001 Husgafvel-
Pursiainen et al., 1993; Rodenhuis et al., 1988; Slebos et al., 1991; Westraet dl.,

1993) BaP BPDE-N2-dG P53 K-ras

DNA DNA
DNA
DNA Table1 Phillipset al. (1988)
-DNA (PAH-DNA)

Randerath et al. (1989)

Xie et al. (1998) DNA (
276.2 adducts10®nucleotieds 114.2/10° nucleotieds) Wiencke
et al. (1995) DNA
DNA -

van Schoket et al. (1998)

DNA 1.7
DNA
DNA
DNA (van Schooten et al.,

1990; Geneste et al., 1991; Ryberg et al., 1994; Spivack et al., 1997) DNA
(Ryberget al., 1994)
DNA

19 420 BPDE-N2-dG adducts/10® nucleotides DNA

PAH-DNA (van Schooten



et d., 1990)
Wienke et al. (1999) DNA

DNA

DNA

Lewtas et a. (1997)

PAH-DNA
DNA
DNA
DNA
DNA
- DNA
DNA
DNA
Bartsch et al. (1995) DNA
CYP1Al DNA
DNA Aryl
hydrocarbon hydroxylase
DNA van Schoket et al. (1998) 32n-postlabeling
124 26 DNA
CYP1A1 GSTM1 DNA
DNA GSTM1

Xie et a. (1998)

DNA



DNA

DNA
DNA
DNA
DNA
DNA
DNA
DNA
DNA
DNA DNA
DNA
DNA
DNA
DNA
DNA
2.13. DNA
DNA
Phase | epoxides
(reactive oxygen) DNA



P450 (cytochrome P450) Phase ||

(Glutathione S
transferase)
P450 1A1 (cytochrome P450 1A1, CYP1A1)

M1 (Glutathione S-transferase M1, GSTM1)

2.1.3.1. CYP1A1

CYP1A1 Phase | BaP
CYP1A1 BaP DNA DNA
CYP1A1 AhR (aryl
hydrocarbon receptor) AhR 0
(heat shock protein 90  hsp90) BaP AhR
hsp90  AhR -AhR

Arnt AhR-Arnt
CYP1Al (enhancer region)- xenobiotic responsive
element (XRE) DNA CYP1A1 (Fig. 2;

Whitlock et al., 1996)

CYP1A1 CYP1A1
3 noncoding region T-C
transition, CYP1A1"2A exon 7 A

- G transition CYPIA12B CYPIA12C CYP1A1

CYP1Al (Kawajiri et



a., 1990; Hayashi et al., 1991; Nakachi et a., 1991 Xuetal., 1996; Honget al.,

1998; Le marchand et al., 1998)

(Tefreetal., 1991; Hirvonenet al., 1992) Table2 CYP1Al
CYPl1Al1
DNA (Graeme et al., 2001;Chen et
al., 2001)
CYP1Al
CYP1A1 (Lin et a., 2000)
DNA CYP1Al DNA
2.1.3.2. GST M1
GST M1 Phase 11 BaP
GSTM1 GST M1
(wild type)
(null type) (Seidegard et al., 1988) GSTM1
GSTM1
GSTM1 (Seidegard et al.,

1986, 1990 Hirvonen et al., 1993 Nakachi et al., 1993 McWilliamset al.,
1995 Chen et a., 2001) GSTM1
(van Poppel et a., 1992) DNA
(Seidegard et al., 1986, 1990 Hirvonenetal., 1993 Nakachi etal.,
1993 Shieldetal., 1993 McWilliamsetal., 1995 Chenetal., 2001; Godschalk

etal. 2001 Reszkaetal., 2001) Ryberg et a. (1994) 135
10



342 GSTM1 GSTM1

Chen et al. (2001) GSTM1

(null) CYP1Al lle’va  va/Nvd
GSTM1 (positive) 30
GSTM1 3.47
William et a. (1999) GSTM1

GSTM 1 positive 2.6

GSTM1
Nakachi et al. (1993) CYP1Al
lle-vd GSTM1 16.1
GST M1 GST M1
2.12 (Houlston et al.,
1999) GST M1 DNA
GSTM1 DNA
21.4. p53 K-ras
DNA
p53 K-ras
2.1.4.1. p53
p53 DNA p53
Gl DNA DNA

11



p53 (apoptosis)

pS3

(Greeblatt et al., 1994) 73%

(small cell lung cancer, SCLC) 45% (non-small cell lung
cancer, NSCLC) p53 (Greenblatt et al., 1994; Harriset d.,
1996; Velculescu et a., 1996) 80-90%  p53

p53 70%
(squamous cell carcinoma)  65%
(large cell carcinoma) 60%
(adenocarcinoma) 33% (Greenblatt et al., 1994; Harriset d.,

1996; Velculescu et al., 1996) NSCLC

G-T 43-49%
p53
- BaP DNA p53 GC
- T:A N-nitrosamine-4-(methyl nitrosamino)
-1-(3-pyridyl)-1-butanone DNA DNA p53
G:IC-TA (Greenblatt et al., 1994) BaP-DNA G
-T p53 codons 157, 158, 248, 249
273 NO UV p53 (NO
codon249 UV CC-TT) (Hussain et al., 2001) 2000
1598 p53 G-T G-A
29% 28% 99 p53 G-A
50% (Fig. 4) (Hussain et al., 2001) Wang et al. (1998)
SSCP  DNA 61 p53

12



11 p53
18% p53 (Table 3) p53

64% (7/11)

p5S3 G>T
p53
p53
163 p53
51 112 72 40
19 p53
11.6%
(Table 4) 19
51 3.9% 112
p53 15.2%
(P = 0.038) p53
p53 ( 6.3%
4.0% 18.7% P=0.035 Tabled) p53
(initiation stage) p53
p5S3
p53 Table5 19 p53
6 p53 exon7 32% (6/19)
exon6  21% (4/19) exond 5 8 3 16% (3/19)
exon exon’
7 deletion mutation  36.8% transversion mutation 10
52.6% 3 G-T 2 G-C 2 T

13



-G 2 T-A 2 transition mutation (10.5%

2/19) C-A A-G G-T 3
15.8%  p53 p53 BaP
p53
2.1.4.2. K-ras
ras c-H-ras (H-ras) c-ki-ras-2 (K-ras) N-ras
GTPase
N-ras H-ras
(Bos et 4.,
1989) K-ras (Mills et al.,
1995) K-ras
K-ras
K-ras
codon 12 codon13  codon 61 codon 12
90% K-ras 15-60%

(Table 4) (Capellaet a., 1991; Husgafvel- Pursiainen et al., 1993; Mills et al.,
1995; Vainio et al., 1993) K-ras
K-ras K-ras
(Husgafvel-Pursiainen et al., 1993; Rodenhuis et al.,
1988; Slebos et al., 1991; Vainio et al., 1994; Westraet al., 1993)
K-ras 30% K-ras
codon 12 G-T K-ras

(Rodenhuiset al., 1988) K-ras K-ras
14



K-ras Slebos et al. (1989) 19

K-ras 7 K-ras
50 34 Graziano et al. (1999)
260 K-ras
K-ras
93 27 K-ras
(29%) 61 (1.6%)
39 (12.8%) K-ras
K-ras
2.2.
2.2.1. p53
p53
(Greeblatt et al., 1994) p53
p53 p5S3
p53
p53
p53 P53 70 kDa heat shock
protein Mdm2 SV40 large T adenovirus2 5 Elb
HPV E6 oncoprotein p53

ubiquitin proteasomal pathway
p53 p53 (Scheffner et al., 1990;

Talisetal., 1998) p53
15



p53 MDM2 (murine double minute 2)

MDM2 DNA

p53 p53 MDM2

MDM?2 (Maltzman et al., 1984; Kastan et a.,
1991; Lu et al., 1993) MDM2
ubiquitin-proteasome p53 Ubiquitin proteasome pathway

Non-lysosome
E1 (ubiquitin activated enzyme) E2 (ubiquitin

conjugated enzyme) E3 (ubiquitin ligase) (Ciechanover et al., 1994;

Hochstrasser et al.,1995;Jentsch et al., 1995; Smith et al.,1996) ATP
ubiquitin El El thioester E1l-ubiquitin
ubiquitin thioester E2
E3 Glysine Lysne
ubiquitin 26S proteasome
MDM2 E3
p53 p53
p53 SV40 large T
adenovirus2 5 Elb (James et al., 2001)
(HPV) E6 p53 ubiquitin
pathway p53 p53

(Scheffner et al., 1990; Taliset al., 1998)

p53 p53-mdm2
16



p53 DNA

Kinase p53 (Meek et al.,
1998) Invitro ATM ATR DNA-PK
INK  CKI p53 N  (Jayaramanet al., 1999)
p53  DNA Ser-15 20 33 33 ;
ATM  ATR invivo p53 serinel5

(Khannaet a., 1998 ; Tibbetts et al., 1999) 53 N

mdm2  p53 p53
DNA DNA-dependent protein kinase (DNA-PK) p53
N serine threonine p53 mdm2
p53-mdm2 p53
pl4ARF p53-MDM2
MDM2  ubiquitin ligase pl4 MDM2
MDM2 p53  MDM2
MDM?2 p53
2.2.2. p16/Rb
p53-MDM2 pl6-Rb p53-MDM2
pl6-Rb
2221 plé6
CDKN2 pl6 pl4

17



pl6 156

cyclindependent kinase4 6 (CDK 4, CDK®6) CDK4 CDK6
cyclin D Rb Rb
E2F E2F (Fig. 5a)
cyclin D1 p16
(Cordon-Cardo et al., 1997) p16

(Cordon-Cardo et al., 1997 Nobori etal., 1994 Cairnsetal., 1994)

pl6
(22% - 41%) (0% - 83%)
0 - 0 urakawa et al., ; Kim et a.,
(0% - 10%) (Kurak a., 2001; Ki al

2001; Zhou et al., 2001; Sharipo et al., 1995; Shimizu et al., 1995; Xiao et d.,
1995; Washimi et al., 1995; Kinoshita et al., 1996; Kratzke et al., 1996;
Marchetti et al., 1997; Betticher et al., 1997)

27-67% pl6
(Sharipo et al., 1995; Sakaguchi et al., 1996; Kinoshita et al., 1996; Kratzke et

a., 1996; Tagaet a., 1997; Betticher et al., 1997) p16

pl6 (Kim et al., 2001; Chen et al., 2001)
2222. Rb
Rb (p105) 928 105 kd
Rb
(Harbour et al., 1988;
Yokota et a., 1989) 90% Rb

Rb (Shimizu et
18



a., 1994; Cagleet al., 1997) Rb

(6% - 57%) Rb Table 6
Rb p105 pl07  pl30
Rb (p105)
pl07  p130
(Zalvide et a., 1995) p130
exon 19-22 (frameshift mutation) (Claudio et al.,
2000a; Claudio et al., 2000b) pl07  pl30
Rb Rb

SV40 large T antigen  HPV E7
Rb E2F (Fig. 5b;

Testaet al., 2001)

(Human papillomavirus HPV)

(Zur Hausen and Schneider, 1987; Zur Hausen 1991) EBV (EbsteinBarr

virus) Burkitts T
THLV-1 (Human T cell lympotropic virusl) B
(Hepatitis B virus) CMV (cytomegalovirus) HSV (herpes

simplex virus)
E6 E7 p53 Rb

(tumor cell in vivo)

19



(tumor tissuein vivo HPV

16/18E6 E7 p53 Rb HPV 16/18
p53 Rb
2.3.
2.3.1.
= 3% :
60% 2-5% (Fig. 3)

(Koo et al., 1990)
80
85
30-40%

(Lobe et al., 1984)

(Devesa et al., 1989)

(Deng and Gao et al., 1985)
(Maclennan et al., 1977 Kung et

al., 1984 Gao et al., 1987)

(Department of Health, ROC, 1984 - 2000)

20



(Tay et al., 1988)

2.3.1.1.

(Adlkofer et a., 2001) Hirayamaet al. (1981)

( 1452 ) Chenetal. (1990)

Lee (1995) 400

(Kooetal., 1985; Gao et al., 1987)

21



(Leeetal., 1988 Lofroth

etal., 1991 Lietal., 1993)

(Chenetal., 1990)

(Chen et al., 1996)

(Decoufle et al., 1978)
(Wu-Williamset a., 1990; Gao et a., 1987)

(Gao et a., 1987)

(Dubrow et 4.,
1984; Coggon et al., 1986)
(Law et a., 1976)
BaP CL-3
BPDE-N2-dG (Yang et al., 2000) BPDE-N2-dG
p53
DNA
DNA Li et al.

(2001) BPDE

32p-postlabelling BPDE-N2-dG

22



BPDE-N2-dG (

93.2+ 89.3 adducts/ 10° nucleotides 63.7+ 61.1
adducts/108 nucleotides P=0.001) BPDE-N2-dG
BPDE
DNA CYP1A1 m2/m2 DNA
CYP1A1 ml/mi GSTM1 null DNA

GSTM1 wild (Cheneta., 2001) Rischetal. (1993)
27.9 9.6
Zang Wynder (1996)

12 17  Rybergetal. (1994)

DNA
DNA
2.3.2.
2.3.2.1. (Human Papillomavirus; HPV)
(papovavirus) 55
nm 7.9 kilobase DNA
(envolope)
(Chan et al., 1995; Hart et a., 2001) E6 E7 L1
DNA HPV E6 E/ L1 DNA
10% (type) DNA 2-10%

23



(subtype) DNA 2% (variant) (van

Ranst et al., 1993) HPV

HPV (High-risk)
(L ow-risk) HPV E6 E7
(immortalize) (transformation)

HPV Early region (E) Late region (L) Long
control region (LCR) Early region Late
region (capsid) L ong control
region
El
El SV40 large T antigen (Seo et al., 1993)

0] ATP-dependent  helicase (Yang et a., 1993) (ii)

DNA (i) DNA-dependent ATPase
(iv) DNA E1l LCR
DNA (Holtetal., 1994; Li et al., 1993)

E2
E2 open reading frame
(Bouvard et al., 1994; Doorbar et a., 1990) E2

El LCR DNA
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HPV E2 E6/E7 promoter TATA box E2

binding site E6/ E7 (zur Hausen et al., 1994)
El E2 El E2
E2 E6 E7

(zur Hausen ey al., 1994)

E4
E4 E4 HPV
(Doorbar et al.,
1986; Palevsky et al., 1991a; Palevsky et a., 1991b) Doorbar (1991)
Roberts (1993) HPV 16 E4 cytokeratin
E4 HPV

(cytotoxic)

ES5
E5 (transform) E5

E6 E7 E5 EGF (epidermal
growth factor) PDGF (platelet-derive growth factor) ERBB1  ERBB4

(Hwang et a., 1995; Chang et 4.,

2001) Oelze (1995) HPV 16 E5
Cx43 (connexin 43) Cx
43
E6
151 E7

25



(immortalization) (Munger et a., 1989)

E6 (transform) (Bund et al., 1990;
Wazer et a., 1995) E6 p53
2.3.2.2
E7
98
(transform) (Phelpsetal., 1992; Clemenset al., 1995) E7
Rb
L1 L2
L1 L2 (capsid) L1
L2
LCR
DNA
2.3.2.2. HPV
HPV E6 p53
HPV (hightrisk; HPV 16, 18,
45,46 ) (low-risk, HPV 6, 11, 42, 43, 44) (Lorincz et al.,
1992; Schlegel et al., 1988) Werness et al. (1990) HPV 16  HPV 18 E6
p53 Schefiner et al. (1990) E6
p53 p53 ubiquitin
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E6 p53 E6AP (E6 association protein)

E6 EGAP p53 E6 p53 binding
domain ubiquitin p53 (Huibregtseet al., 1991, 1993;
Scheffner et al., 1993) E6AP 100 kd ubiquitin

E3 (ubiquitin El E2 E3
) (Hershko et al., 1992) E6 p53 E6  EGAP
(Waddell and Jenkins, 1998) E6AP E6 p53
E6 p53 (Huibregtse et al., 1993; Scheffner et
al., 1992) p53 E3 ligase E6/E6AP
E6AP (Nuber et al., 1998)
p53 codon 72 E6 P53
p53 codon 72 Arg-Pro ,
Arg/Arg Arg/Pro Pro/Pro Arg/Arg E6
Arg/Pro Pro/Pro (Kawaguchi et al., 2000; Marshall et
al., 2000)
HPV E7 Rb
E7 Rb
(Paggi et al., 1996) HPV  E7
Rb HPV E7 Rb
(Sang et al., 1992) HPV E7 Rb
E2F (Fig. 5b; Joaeph et al., 2001)
DNA p53 HPV E7
(Hickmanetal., 1997; Helt et al., 2001) HPV E7
Rb (P105) Rb pl07  pl30 E2F
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Gl S HPV E7 (Banks

et al., 1990)

E7 Rb
cyclinA  cyclinE cdk2 kinase Rb
CKls p21 p27 Rb

(Zerfass-Thome et al., 1996; Jones et al., 1997; Funk et al., 1997)

HPV E6 E7
HPV HPV
2.3.2.3.
HPV
HPV
90% HPV HPV 16

18 (Zur Hausen, 1991) IBSCC (International Biological Study on Cervical

Cancer, 1995) 22 7.1%
HPV HPV HPV 16, 49.9%;
HPV 18, 13.7%; HPV 31/33/35, 7.2%; HPV 45, 8.4% HPV 13.7%
7.1% HPV
5-80% HPV
HPV
HPV 12.5% HPV 16 (Taso et 4.,

28



1994) 10% HPV HPV

HPV (Violaet d.,

2001 Haledetal. 2001 Serrainoetal., 2001) HPV

HPV
HPV 16 18
(Zur Hausen and Schneider, 1987; Zur Hausen 1991)
90% HPV HPV 16 18 (Zur Hausen,
1991)
HPV HPV
(Bohlmeyer et al., 1998; Yousem et al., 1992) (Szabo et d.,
1995; Hirayasu et al., 1996) (Nouvaet a., 1995; Soini et al., 1996)
(Henning et al., 1999) (Thomas et al.,1995) (Daet al., 1996)
0-80% Table7
HPV

(Bohlmeyer et al., 1998; Yousem et al., 1992; Thomas et al.,1995)
80% HPV
(lwamasaet al., 2000 )
79% HPV (Hirayasu et al., 1996)
HPV 9%
10% (Kinoshitaet al., 1995) Thomaset al. (1998)
HPV
78.3% HPV

HPV
29



HPV
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3.1
3.1.1. DNA
SDS (sodium dodecyl sulfate), EDTA (ethylenedinitrilo, tetra-acetic,
disodium salt), NaCl (sodium chloride), NaOH ( sodium hydroxide), NaOAc
(sodium citrate) Tris-base Merck Phenal,
chloroform, ethanol Proteinase K
Boehringer-Mannheim
3.1.2. DNA (®’P-postlabeling ELISA)
Nuclease P1 (NP1), spleen phosphodiesterase (SPD) Boehringer
Mannheim Micrococcal endonuclease (MN), potato apyrase (AP),
bicine, p-nitrophenyl phosphate pNPP SIGMA [-3°P]-ATP
anti-rabbit 19G-AP NEN
3.1.3. (genetic polymorphism)
DyNAzymeTM Il DNA polymerase, BstUIl, Mspl,  BstNI
Bio-Labs dNTP primer Gibco BRL
GENE CLEAN 111 kit Biol01
3.1.4. (RT-PCR)
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TRIzol Kit RNasin Gibco BRL DNasg,

MgCl,, isopropanol, DEPC (Diethyl pyrocarbonate), DL-Dithiothreitol

(DTT) Sigma SDS, EDTA, NaOH, NaOAc Sigma
DyNAzyme TM Il DNA polymerase Bio-Labs
dNTP  primer Gibco BRL
3.15. (IHC)
Xylene, ethanol H-0,, NP-40 Sigma

Hematoxylene, citrate acid, Tris-base, EDTA, NaCl, Tris-base
Boehringer-Mannheim Rb MDM2 pl6 cydinD1
Santa Cruz p53 LSAB

(labelled streptavidin-biotin reagent), DAB (3,3’ -Diaminobenzidine),

primary Ab diluent, Dako pen DAKO
3.1.6. HPV DNA
DyNAzymeTM Il DNA polymerase Bio-Labs dNTP
primer Gibco BRL
3.1.7. (In situ hybridization)

Proteinase K, dNTP  primer
Gibco BRL DyNAzyme TM Il DNA polymerase Bio-Labs

DIG Anti-DIG-APAb NBT/BCIP NEN
32



3.1.8. (In situ RT-PCR)

Proteinase K, SuperScript TM Il, RNase H, Reverse Transcriptase, primer

dNTP Gibco BRL DNasel RNasin

Promega DIG Anti-DIG-APAb NBT/BCIP NEN
Random primer, DyNAzyme TM Il DNA polymerase

Bio-Labs
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1993 1999
(T)
(N) ()

-80

DNA

50-100 mg 500 nh
lysisbuffer (10mM Tris-HCI, pH 8.0,0.1M NaCl, 25mM EDTA  0.5%
SDS) 5m proteinaseK (10mg/ml) 56
12-18 phenol/chloroform

500 M phenol/ chloroform/isoamyl alcohol (25:24:1)

12,000 rpm 15 500m chloroform /
isoamy! alcohol (24:1) phenol 12,000rpm
15 50m 3M NaOAc(PH5.2) 1ml 100%
-20 30 DNA 12,000 rpm
20 500 m 70% alcohol

12,000 rpm 20
DNA DNA

DNA 260nm 280nm Ao/ Aoso
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16 18 1.6

proteinase K 1.8 RNA
RNase DNA
DNA (mg/ml) =Ageo x 50 x DNA
1nmg/m -80 DNA
3.3.2. -DNA - 32P-postlabelling
Reddy (1990) 2ngDNA

0.75 unit micrococcal endonuclease (MN)  7.75 ng spleen

phosphodiesterase (SPD)  succinate buffer 37 4
DNA deoxyribonucleotides 3° monophosphate 6 ny
NP1 (nuclease P1) sodium acetate ZnsO, 37 1

Sunit T4polynucleotidekinase 1m 10 nCi[g3%p-ATP

37 1 postlabeling
DNA PEI-cellulose TLC plate
TLC plate

D1 0.65 M sodium phosphate

(pH6.0) D3 3.6 M lithium formate, 8.5 M urea(pH3.5) D4 0.8M lithium

chloride, 0.5M Tris-base, 8.0 M urea (pH8.0) TLC
X TLC
-80 X DNA
DNA [-32P]-ATP
(total nucleotides) 40 mM ammonium sulfate (pH 5.27)
X
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PEI plate DNA Mini poly-Q vid
3ml Beckman L6500 Scintillation Counter

DNA Relative

adduct labeling ( RAL ) = cpmin adducts/cpm in total nucleotides/dilution

factor

3.3.3. BaP DNA -

ELISA; enzyme-link immunosorbent assay

3.3.3.1. BPDE-DNA

+ Anti-BPDE (NCI repository, Midwest Research Institue, MO)
THF (5&-pregnane-3a, 11b, 17a, 21-tetrol-20-one) buffer
Tris buffer (pH 7.4) DNA 37 4
(Venkatachalam et al., 1995 ) n-butanol  isoamyl acohol

5N NaCl  100% DNA DNA TE

buffer (5mM Bis-Tris,0.1mM EDTA pH7.1) Modification

% modification = (A3z50/29,000) x
100 { [A260-(0.18%Agzs0) / 6650]}

(National Center of Toxicology
Research USA NCTR) DNA %

modification 1.4 adduct/ 10° nucleotides
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3.3.3.2. BPDE

BPDE-DNA-mBSA 0.5 mg

BPDE-DNA-mBSA 0.5 mg

BPDE-DNA-mBSA 0.25mg ELISA
ELISA Fig.
6 50% inhibition 16 fmol
(Table 8)
3.3.3.3. ELISA
BPDE-DNA 3 ng/100m PBS 96 well plate 37
8 PBS 4

BPDE-DNA 96 plate 300m PBS

100m 1% FBS PBS 37 1
250 m PBS 100 1:5x 10°
BPDE-Ab DNA 37 1 300 m PBS
100m 1:1 x 103 anti-rabbit IgG-AP 37
1 300 m PBS 100 m PNPP solution
15 (10mg/20ml 1M diethanolamine, pH 8.6) 25m
3N NaOH OD 405/630nm 04-1
BPDE-DNA
+10%
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3.3.4. CYP1A1

CYPl1Al RFLP (restriction fragment length
polymorphism) 100ng DNA PCR PCR

100 ng DNA 05mM dNTP 51l PCR10x reaction buffer 2.5U

Taq polymerase, 0.5 mM primer PCR 125m 10
x reaction buffer 1.5m im 37 4 1.8%
agarose primer

CYP1Al

Primer S5 -TAGGAGTCTTGTCTGAGCCT-3’
AS 5 -CAGTGAAGAGGTGTAGCCGCT-3’

Restriction enzyme Msp |

homozygous wild type (m1/m1): 899 bp product
heterozygous (m1/m2) : 899 bp, 693 bp, 206 bp product

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

3.3.5. GSTM1
GSTM1 GSTM1
PCR 100 ng DNA PCR PCR
100 ng DNA, 0.5mM dNTP, 5 Ml PCR10x reaction buffer, 25U Taq
polymerase 0.5 mM primer b-actin primer PCR
PCR 2% agarose
primer
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GSTM1
primer S5 -GAAGGTGGCCTCTCCTTGG-3’

AS 5 -AATTCTGGATTGTAGCAGAT -3’

wild type : 177 bp product
null type: no PCR product

3.3.6. p53

100ng DNA PCR PCR 100 ng

DNA 0.5mM dNTP 5 nt PCR10x reaction buffer 2.5U Taq polymerase,

0.5 mM primer PCR denaturing: 94 40 annealing: 54
40 elongation: 72 40 35 72
6 PCR GENECLEAN I KIT (BIO 101, USA)
3 Nal 10 nh
EZ-GLASSMILK Suspension 10-15 12,000 rpm
1 500 M NEW WASH buffer
65 12 M H0
10 12,000 rpm 1 DNA
DNA DyeDeoxy Terminator Perkin-Elmer Modd
377 PCR primer

Exon5S-5 TTCAACTCTGTCTCCTTCCT3’

AS-5" CAGCCCTGTCGTCTCTCCAGZ

Exon 6 S-5° GCCTCTGATTCCTCACTGAT3’

AS-5" TTAACCCCTCCTCCCAGAGA3’

Exon 7 S5’ AGGCGCACTGGCCTCATCTT3’

AS-5" TGTGCAGGGTGGCAAGTGGC3’
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Exon 8 S5’ TTCCTTACTGCCTCTTGCTT3’

AS-5" AGGCATAACTGCACCCTTGGZ

3.3.7. K-ras codon12

K-rascodon 12 RFLP (restriction fragment length
polymorphism) 100ng DNA PCR PCR

DNA1m 05mMdNTP 5 nhl10xreaction buffer 25U Taq

polymorase 0.5 mM primer 50m PCR
denature: 94 40 annealing: 54 40 elongation: 72
40 30 72 6
2n PCR primer
PCR PCR 10 M PCR 3%
PCR 12.5nm 10x reaction buffer 1.5nk
im 37 4 4% agarose
primer

K-ras codon 12

1°RCR

Primer S 5 CATGTTCTAATATAGTCACA3 ;

AS- 5 AACAAGATTTACCTCTATTG 3

2°RCR

Primer

S 5 ACTGAATATAAACTTGTGGTAGTTGGACCTS'

AS- 5 TCAAAGAATGGTAATGCACC 3’

Restriction enzyme BstN |
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wildtype: 114 bp
mutant type: 143bp

uncut: 157 bp as an control

3.3.8. RNA
3.3.8.1. RNA
50-100 mg 1 ml TRIzol
10 200 m
(chloroform) 12,000 rpm 15
500 m isopropanol 15 RNA 12,000 rpm
15 75%
RNA 50 m DEPC H,O DPEC-H;0
TRIzol reagent (GIBCO, BRL, USA)
RNA
3.3.8.2. RNA

50 i DEPCH,O RNA 10 nh 200 MM MgCIy/IM DTT 0.1 nh

RNasin (25-50U) 0.1 m DNasel (6.94mg/ml) 40 M DEPCH,O 37

15 DNA 5mM EDTA , 750 mM sodium
acetate, 0.1% SDS, DNase | phenol / chloroform
12,000 rpm 15 500 m isopropanol
15 RNA 12,000 rpm 15
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75% RNA 50 n

DEPC-H,0 RT-PCR denaturing agarose gel
18S 28SrRNA RNA
RNA 260nm 280 nm A2/ Ao
17 19 RNA RNA (ng/ml) =
Aoeo X 40 X

3.3.8.3. MDM2 RT-PCR

5nmRNA 5pmole/moligodT  primer 72 10
oligodT RNA 4m buffer 2 nh
01MDTT,1mM10mM dNTPmix 42 2 1n
(reversetranscriptase) 42 50 cDNA
PCR PCR 1 m cDNA, 0.5mM dNTP, 5 nh
PCR reaction buffer, 2.5U Tag polymerase, 0.5mM primer primer

sense: 5AATCATCGGACTCAGGTACAS;,
antisense: 5GTCAGCTAAGGAAATTTCAGG3

50 m 94 25 ,54 40 ,72 40

3B 72 6 PCR 2% agarose
gel ethidium bromide Densitometer
3.3.9.
4%
50% 5 75% 15 85% 15
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95% 15 100% 15

15 60
xylene
3.3.10.H E (Hematoxylene Eosin stain)

100% 15 xylene

20

5mm xylene 100% 95% 85% 75%
50% Hematoxylene 1
10 1
Xylene EosinY
3.3.11. (Immunohistochemistry; IHC)
5mm
xylene 100%, 95%, 80%, 75%
3% H20; 15
0.01 M citrate buffer 3 5
citrate buffer TBSbuffer pH
37 1 PBS LSAB Kit
(DAKO, LSAB 2 Kit peroxidase) DAB

hematoxylene
xylene

<10%
43
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3.3.12. DNA HPV DNA

5mm
H E ( )
50 nh lysis buffer (10 mM Tris buffer, pH 8.0,
100 mM NaCl, 0.5% SDS, 25 mM EDTA,pH 8.0)  microtube
Img/ml  proteinase K 5ni 56 18 24

phenol/chol orof orm/isoamyl alcohol (25:24:1)

100 DNA DNA 10 nb
PCR HPV DNA MY09 MY1l
primer PCR HPV primer
PCR HPV primer
Primer pair Sequence (5'-3") Predicted Size (bp)

Consensus primer

MY 09 GCMCAGGGWCATAAYAATGG 448-454
MY 11 CGTCCMARRGGAWACTGATC

Nested primers
16UP TACTAACTTTAAGGAGTACC 223
16DN GTGTATGTTTTTGACAAGCAATT
18UP CCAAATTTAAGCAGTATAGC 193
18DN TTGTACAAAACGATATGTATCCA

a-actin primer
UP CAGGGCGTGATGGTGGGCA 253
DN CAAACATGATCTGGGTCATCTTCTC

The primers for this study were the same as those reported by
McNicol et al., 1999.



PCR DNA1m 05mMdNTP 5 m 10xreaction

buffer 2.5U Taqpolymorase 0.5 mM primer

50 m PCR denaturing: 94 40 annealing: 45 2
elongation: 72 40 40 72 6
5n PCR
primer PCR PCR 101 | PCR
2% agarose

3.3.13. p53 codon 72

p53 codon 72 RFLP ( restriction fragment length
polymorphism) 100ng DNA PCR PCR

100 ng DNA 05mM dNTP 5 m PCR10x reaction buffer 2.5U

Tag polymerase, 0.5 mM primer PCR 12.5m 10x reaction
buffer 1.5m im 37 4 2% agarose
primer

p53 codon 72
Primer S5 ATCTACAGTCCCCCTTGCCGS ;
AS- 5 GCAACTGACCGTGCAAGTCA 3

Restriction enzyme BstUI

Arg / Arg : 169, 127 bp product
Arg / Pro : 296, 169, 127 bp product

Pro/ Pro : 296 bp product
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3.3.14. HPV DNA (In situ hybridization)

5nmm xylene
100 g/ ml proteinaseK 56 10
42 16-18 PCR
DIG-11-dUTP, PCR 2xSSC/0.1% SDS
65 5 0.2xSSC/0.1% SDS 65
5 blockingreagent 37 1
Anti-DIG-AP (1:1000 ) 37 1 PBS
NBT / BCIP methylgreen
3.3.15.HPVE6 E7 (Insitu RT-PCR)
5m xylene
100 m/ml proteinaseK 56 10 DEPCH-0
proteinase K DNase 37 30 DNA
DEPC-H20 DNase 5

pmol/moligodT 2mMO0.1MDTT 1m10mMdNTP 4 mireactionbuffer
1m 72 10 42 60 65 10
DEPC-H0 PCR PCR
0.5mM dNTP 5mi 10xreaction buffer 2.5U Taq polymorase 1m
DIG-11-dUTP  0.5mM primer 50i |

insitu PCR PCR denaturing:
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94 30 annedling: 45 2 elongation: 72 60

15 72 6 PBS blocking

reagent 37 1 Anti-DIG (1:1000 ) 37 1
PBS

NBT/BCIP methylgreen

SPSS DNA

CYPIA1 GSTM1 p53 Rb P16 cyclinD1 mdm2
HPV DNA  HPV E6/E7 mRNA

(+2-test) DNA

DNA
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4.1. DNA

DNA
73 33
DNA
CYPIA1 GST M1 (Table 9)
32p_postlabelling 73 DNA
2.4 adduct/108 nucl eotides 147.1 adduct/10® nucleotides
DNA 49.58 + 33.39 adduct/ 10° nucleotides
61 DNA
3.4 adduct/10® nucleotides 88.8 adduct/10®nucleotides
18.00 + 15.39 adduct/10° nucleotides 26
DNA

DNA (P<0.001 Table10)

DNA

11 DNA 19.51

+ 11.74 adduct/ 108 nucleotides 22
DNA 17.25 + 17.05 adduct/ 108 nucleotides
(P=0.302) DNA

DNA
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42 .

4.3.

DNA
DNA
DNA Table10
DNA 49.03% 37.21 adduct/108 nucleotides
DNA 49.28+ 30.73 adduct/10°
nucleotides (P=0.719)
DNA 15.99 + 8.52 adduct/ 10° nucleotides
DNA 19.01+ 17.90 adduct/ 108
nucleotides (P=0.836)
DNA
DNA
(r =- 0.067, P=0.667, Fig. 7)
DNA
DNA CYP1A1 GSTM1
CYP1A1 GST M1
CYP1A1l GST M1
-DNA (Dunnetal., 1991; Rannug et a., 1995)
DNA
DNA CYP1A1 ml/ml (A) 37.99

+ 24.22 adduct/10® nucleotides CYP1A1ml/m2(B) 50.24 + 30.80
adduct/10® nucleotides CYP1A1m2/m2(C) 67.78 + 45.27adduct/10®
nucleotides (P=0.081) m2/m?2

DNA
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DNA CYP1A1 m1/m1 17.61 *
10.78 adduct/10® nucleotides CYP1A1ml/m2 21.38 + 20.60adduct/10®

nucleotides CYP1A1l m2/m2 13.25 + 6.36 adduct/10®nucleotides

(P=0.455) DNA CYP1A1
GST M1 DNA
DNA GST M1 null type
(negative) 50.06 + 40.72 adduct/10® nucleotides GST M1 wild

type (positive)  43.93 + 24.55 adduct/10® nucleotides

(P = 0.350)
DNA GST M1 16.94 + 9.86 adduct/10°
nucleotides GST M1 19.14 + 19.88 adduct/10®nucleotides(P=
0.845) DNA GST M1
DNA
DNA
CYP1A1 GST M1 CYP1Al
m1/m1/GSTM1 null 50.96 + 29.79 adduct/10°

nucleotides CYP1A1l m1/ml1/GSTM1 wild, 31.51 + 18.73 adduct/108
nucleotides CYP1A1 ml/m2or CYP1A1 m2/m2/GSTM1 null

57.62 + 43.92 adduct/10% nucleotides CYP1A1 m1/m2or CYP1A1

m2/m2/GSTM1 positive 52.58 + 24.72 adduct/ 10®
nucleotides (P = 0.083)
CYP1A1IM2/m2/GSTM1 null DNA

CYP1A1
m1/m1/GSTM1 null 18.05 + 12.32 adduct/10®
nucleotides CYP1A1 m1/m1/GSTM1 wild 17.17 £ 10.90
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adduct/108 nucleotides CYP1A1mi1/m2or CYP1A1 m2/m2/GSTM1 null

16.59 + 9.54 adduct/10® nucleotides CYP1A1mil/m2or

CYP1A1 m2/m2/ GSTM1 positive 19.79 + 22.46
adduct/108 nucleotides (P =0.956)
DNA CYP1A1 GST M1

CYP1Al GST

M1 DNA

CYP1Al GST M1
DNA DNA
2.4-29.27 adduct/10® nucl eotides 15.58 + 7.21adduct/ 10
nucleotides DNA 31.18-62.60 adduct/ 10®
nucleotides 45.07 + 10.73 adduct/10° nucleotides DNA
64.46-147.09 adduct/ 10® nucleotides 89.06 +
26.62 adduct/108® nucleotides DNA
CYP1Al (P=0.036 Tadlell) DNA
CYP1A1 DNA
GST M1 (P=0.131)
DNA CYP1A1

CYP1A1 GSTM1
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4.4. DNA

DNA CYP1A1 GST M1
(Table12) DNA
DNA 48.66 adduct/108 nucleotides DNA
48.66 adduct/ 108 nucleotides DNA
25.19

(OR =25.19, 95% CI, P=0.003)

(P=0.02) CYPIA1 GSTM1
DNA
DNA
CYP1A1
DNA
4.5,
DNA

(Ryberg et al., 1994; Risch et al., 1993)
(Wang et al., 1996;
Zang et al., 1996)
31 31 62
DNA 38
9 15
32p_postlabeling BPDE-N2-dG polyclonal antibody

ELISA DNA
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DNA
32n-postlabelling DNA

45.54 + 33.36 adduct/108 nucleotides DNA

77 DNA 19.06+ 18.92 adduct/10®
nucleotides DNA 44 (P=0.0001 Hg.
8) DNA
ELISA 32p-postlabeling
DNA (23.04 + 30.79 adduct/10® nucleotides)
DNA (2.11+ 30.79 adduct/10® nucleotides)

(P=0.01, Fig. 8)
ELISA  32P-postlabeling DNA

(r=0.352 P=0.001, Fig.9)

32p_postlabeling DNA BaP
DNA
DNA 32p-postlabeling
DNA 49.23 + 37.67 adduct/10® nucleotides
DNA 31.17 + 25.51 adduct/10°
nucleotides (P=0.014 Fig.10) ELISA

32p_postlabelling

DNA 27.29 + 34.63 adduct/ 108 nucleotides
DNA 9.45 + 18.48 adduct/10® nucleotides
(P=0.001 Fig.10) ¥p_postlabeling ELISA
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DNA

DNA 32p_postlabelling DNA
DNA
DNA BPDE-
DNA (Fig. 11)
DNA
DNA
4.6. DNA CYPIA1 GSTM1
DNA CYP1A1  GST
M1 DNA

CYPIA1  GST M1
CYPIA1  GST M1
Table 12 CYPIAL GST M1
CYPIA1 GST M1
(CYP1A1,P=0.617 GSTM1,P=1.000 CYPIALGSTM1,P=0504 Table
13) DNA

CYP1IA1 GSTM1

CYP1A1 GST M1 DNA
DNA CYP1A1 GST M1 (Table
14) 3*P-postlabeling DNA 15 adduct/ 108 nucleotides
DNA 15 adduct/ 10° nucleotides DNA
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CYP1A1 m2/m2/ GSTM1 null DNA

CYP1A1 m1/m1, m1/m2/ GSTM1 positive 2.82
CYP1A1IM2/m2/GSTM1 null 2.12 DNA
CYP1A1  GST M1 (P=0.54)
ELISA CYP1A1 GST M1
DNA DNA DNA
CYP1A1m2/m2/GSTM1 null DNA
CYP1A1 ml/ml, m1/m2/ GSTM1 positive 6.55
CYP1A1mM2/m2/GSTM1 positive 2.73 (P=
0.04) CYP1A1m2/m2 GSTM1
nul| positive DNA CYP1A1 ml/m1, m1/m2
CYP1A1l DNA
GSTM1 ELISA CYP1Al GSTM1

32p-postlabeling

CYP1A1 GSTM1 BPDE-likeDNA
4.7. DNA
DNA
DNA
DNA
OR 1 DNA
#1 postlabeling
DNA 7.71 (95% CI =
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1.48-44.09) 3.29 (95%CI=

0.76-14.82 Tablel5) 1.71
(P = 0.003) 95% Cl
ELISA
(P=0.01)
DNA 6.25 (95% Cl
=1.33-31.47)
DNA
4.8. p53
p53 p53
11.6% (19/163) p53
p53 p53
Table16 86.7% p53
53.3% p53
(p<0.0001)
p53 (P<
0.0001) p53
(P < 0.0001)
82.2% (37/45) p53
p53 (P=0.011)
Maki et al. (1996) DNA p53
15-25 2-4 DNA
DNA
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DNA

p53
p53
4.9. p53 MDM?2
p53  MDM2 p53  MDM2
MDM2 ubiquitin-proteasome p53
MDM?2 p53
MDM2 Table16 MDM?2
MDM2
62.2% (43.5% P =0.046)
p53
MDM?2 p53
p53 MDM2
Table 17 p53 (P<0.0001)
p53
p53 (P=0.028)
p53 MDM?2
MDM2
(P=0.082)
MDM2  p53 p53 MDM2
p53-/MDM2- p53-/MDM2+ p53+/MDM2-  p53+/MDM2+
(Table17)
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p53-/MDm2+ (23/46, 51.1%)
(10/62, 16.1%) p53+/MDM2- (1/45, 2.2%)

(7/30, 23.3% for nonsmoking male; 19/62, 30.6% for

smoking male) 51.1% p53

MDM2 p53

p53
p53 15-25
p53 p53
MDM2 mRNA

p53 p53 MDM?2

MRNA p53 137
92 RNA MDM?2
MRNA RT-PCR Table17 67 p53
40 MDM2 mRNA

59.7% p53

MDM2 mRNA 31 p53

21 MDM2 mRNA
67.7% p53 (86.7%)
MDM2 (62.2%) p53 MDM2
MRNA p53
p53
4.10. Rb
p53- MDM2
p16-Rb Rb
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137
81.8%
(Table 4)
Rb
75% P=0.004

(

0.0001)

Rb

4.11. Rb

Rb
cyclinD1
Rb
cyclin D1
CDK2 CDK4

cyclinD1

70.1%

pl6

25
Rb

Rb

Table18)

94.7%,

( , 97.5%

p53

p16
Rb
Rb

Rb

Rb

Rb pl6

59

Rb
( 95.6%,
Rb
66.1% P<0.0001) Rb
Rb
,60.3% P<
Rb
Rb pl6
CDK2 CDK4
E2F
Cyclin D1
pl6
Rb
Table 18 77.4%
plé cyclinD1
cyclinD1



Table 19 Rb

(P=0.005) Rb
plé cyclinD1
(p16 P=0.615 cyclinD P=0.425) Rb pl6
Rb pl6 Rb-/ p16- Rb-/pl6+ Rb+/ pl6-
Rb+/ p16 +
(P = 0.570)
Rb-/p16- 77.8%
66.7%  53.2%
pl6 Rb Rb
(P=
0.027) Rb+/p16- (22.5%)  Rb+/P16+(31.4%)
Rb-/p16+
Rb  cyclinD1 cyclinD1
89.6% (86/96 P=0.001 Tablel19)
Rb cyclinD1 63.4% (26/41)
Rb
Rb Rb cyclinD1
Rb cyclinD1
63.4% (26/41) Rb
p16 cyclinD1 Rb
p53 Rb mdm2 pl6 cyclinD1 p53
Rb p53  Rb
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HPV

E6 E7 p53  Rb
HPV
Rb HPV
HPV p53  Rb
412. HPV
HPV 141
HPV DNA
Table 20 63.02+ 9
49.95+ 15.14
(P<0.001)
( 44.7%
20%)
nested-PCR HPV 16 HPV18
HPV 16 HPV 18
35.5% 41.1%
15.0% 11.7% nested-PCR PCR
situ hybridization |1SH) HPV DNA
nested-PCR Table21  Fig.12

HPV 16/18 DNA

61

p53

60

.61
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HPV DNA (Fig. 13) HPV 16 DNA nested- PCR

ISH 73.0% HPV 18 85.8%
(Table 21)
HPV 16/18 DNA HPV  DNA
HPV 16/18 ISH nested-PCR
nested-PCR
4.13. HPV 16/18
nested-PCR HPV
HPV 16 HPV 18 35.5% 41.1%

HPV 16 HPV 18

HPV 16 HPV 18

HPV 16
60% 24.0% (P=0.00007 Table22) HPV18
73.3% 29.0% P=0.0000003) HPV 18 HPV 16
HPV 16 HPV 18
(HPV 16 48.7% 29.0% P=0.0005
HPV 18 57.3% 20.6% P=0.00002)
HPV 16
HPV 18 (HPV16
60.0% 18.2% P=0.031 HPV18 73.3%
9.1% P=0.0002 Table22)
HPV 16 HPV 18 (HPV 16 P=
0.253 HPV 18 P=0.089) HPV 16 HPV 18
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HPV16
48.7% (14.6% P=0.0002)
HPV18 ( 57.3%

12.5% P<0.000001)

HPV 16 18 HPV 16 HPV 18
HPV 16/18 HPV 16/18
Table 23
HPV 16 43.4% 24.1%
HPV 16 18 (
49.4% 29.3% P=0.027)
HPV 16  HPV 18
74.7% (62/83)
HPV HPV
HPV 16
HPV 18 HPV 16
( 43.3% 19.0% 41.5%
P=0.029) HPV16
HPV
HPV
HPV 16/18
Table 24 HPV 16/18
1 HPV 16
6.38 95% 2.68-15.17

63



HPV 16

2.13 95% (95%Cl, 0.81-5.54)
HPV 16
3.98  95% (95%Cl,
1.13-13.98)  HPV18 HPV 18
1058  (95% Cl, 4.30-26.0)
HPV18
11.66  (95%Cl 2.94-46.27)
HPV 16/18 HPV 16/18
4.14. HPV 6/11
HPV 6/11
HPV HPV 6 28.4%
HPV 11
10% HPV6
HPV 6 HPV 6
HPV 6
( 33.7% 11.1% P=0.002)
( 39.1% 17.3% P=0.014 Table25)
HPV 6

HPV 6
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4.15. HPV

HPV6 HPV16 HPV 18

HPV 6 (P=0.007 Table26)
(P=0.824) HPV 6
HPV 16 HPV 18
(HPV16 P=0.024 HPV18 P=0.001)
HPV 16/18

HPV 6

HPV6 HPV16 HPV 18

HPV 6 HPV16 HPV18

HPV6 HPV16 HPV 18

Table27 HPV 6 HPV16 HPV 18
HPV 16

( 55.206 16/29 25.0% 4/16)

54.5% HPV 6

HPV 6
(
64.7% 11/17 38.5% 10/26 15% 3/20)
HPV 6 HPV 16
HPV 18
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4.16. HPV E6/E7 HPV

HPV 16/18 E6 E7 p53 Rb
HPV 16/18

(insituRT-PCR) HPV 16/18 E6 /E7TmRNA

HPV DNA HPV
E6 E7mRNA 4
137 HPV E6/E7
(Table28) 46 HPV 16 54.3% (25/46)
E6 mRNA E7 mRNA 39.1% (18/46)
01 HPV16 DNA
E6 E7mRNA HPV DNA
HPV 18 E6/E7 mRNA 54
HPV 18 50.0% (27/54)
E6 MRNA E7 mRNA 44.4% (24/54) 83
HPV 18 DNA E6 E7mRNA
HPV 18 DNA HPV 16 DNA

(HPV 18 41.1% HPV 16 35.5%) HPV 16  HPV 18 E6/E7 mRNA

HPV 16 HPV 18

4.17. HPV E6/E7

Table 29 HPV 16  HPV 18 E6 mRNA
18.2% HPV 16 E6 mRNA

HPV 18 E6 mRNA 19.7% HPV 16  HPV 18 E6 mRNA
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HPV

16/18 E6 mRNA HPV 16/18
E6 mRNA (HPV 16 E6 37.8% 8.7%

P <0.0001 9.7% 253% P=0.016 HPV 18E6

37.8% 10.9% P<0.0001 9.7% 28.0% P=0.009)

HPV 16 E6 mMRNA

HPV 16 E6 mRNA

HPV DNA
HPV 16 18 E6 mRNA
E6 HPV 16/18
E7 Rb

HPV 16/18 E7 mRNA

18 E7
13.1% (18/137)

E7 mRNA

HPV 18 E7 mRNA
HPV 18 E7
(7.6%, 7/92, P=0.0001)
( 26.7%
18 E7
T2,T3 T4

HPV 16/18 E7 mRNA
67

Table30

HPV 18 E7T mRNA

(T 11.1% T4 33.3% P=0.008)

HPV 16/18

E7
Rb
HPV 16
HPV 16 E7 mRNA
17.5% (24/137)
HPV 16 E7 mRNA
24.4% 7.6% P=0.0013)

37.8% (17/45)

HPV 18E7
7.6% P =0.003) HPV
T1 HPV 18 E7T mRNA
1 T4



4.18. HPV E6/E7 mRNA

HPV 16/18 E6/E7 mRNA

Table 31 HPV 16/18 E6/E7 mRNA

(HPV 16 E6 P<0.001 HPV 16E7 P=
0.027 HPV18E6 P=0.001 HPV 18 E7 P<0.001)

HPV16E6 HPV 16E7 HPV 18E6 HPV 18 E7 mRNA

(HPV 16
E6 P=0.003 HPV16E7 P=0.063 HPV18E6 P=0.034 HPV 18
E7 P=0.008)

(HPV 16E6 P=1.000 HPV 16E7 P=1.000 HPV 18E6 P=0.723

HPV 18E7 P=0.697) HPV 16/18 E6/E7 mRNA

4.19. HPV E6  p53

HPV 16/18 E6 p53
p53
p53 mdm2
p53 HPV E6

p53
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E6MRNA  p53 HPV E6 mRNA

pS3 Fig. 14 p53
HPV E6 mRNA HPV E6 mRNA
p53 Table 32
HPV E6 mRNA p53
35.5% (16/45) (10% 3/30) (9.7%
6/62) (P<0.0001)
(P=0.04)

(P=0.082) HPV 18 E6

MRNA HPV 16/18 E6 mRNA
p53
4.20. p53 codon 72 HPV E6 p53
p53 codon 72 HPV p53
p53 codon 72 Arg/Arg HPV E6
Arg/Pro Pro/Pro (Kawaguchi et al., 2000; Marhall et al., 2000)
RFLP-PCR p53 codon72
HPV16/18 DNA p53 codon72 polymorphism
HPV 16 DNA P53 codon72
(Table 33) HPV 18 p53 codon 72 Arg/Arg
HPV 18 (57.8%, 26/45)
p53 codon 72 HPV 18
p53 codon 72 HPV 16 18
E6 p53 p53 codon72 p53
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HPV 16/18 E6Gm

RNA

HPV E6-/ p53- HPV E6-/ p53+ HPV E6+ p53-  HPV E6+/
p53+ p53 codon 72
Table34 p53 codon72 Arg/Arg Arg/Pro  Pro/Pro
HPV 16/18 E6 p53 p53
codon72 HPV16/18 E6 p53
HPV 16/18 E6 p53 p53
4.21. HPV 16/18 E7 Rb
E7 Rb (Paggi et
al., 1996)
E7mRNA RbD HPV E7
MRNA Rb HPV E7
Rb Fig. 15 HPV
E7 mRNA Rb
E7 mRNA Rb
(Table32) E7+/Rb- (35.6%
16/45 (6.7% 2/30) (1.6% 1/62)
(P<0.0001)
(P=0.015) (P=0.105)
HPV 16 E7 mRNA
Rb HPV 18 E7+/Rb-
(P = 0.002)
(P=0.008)
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HPV 18 E7+/Rb-

HPV16/18 E7 mRNA

Rb

4.22. HPV 16/18 E6/E7 mRNA

HPVEG/E7 mRNA

HPV 16/18 E6/E7 mMRNA

90
125 HPV 16 HPV18EG6/ETmRNA  p53/Rb
HPV 16 E6/E7
p5S3/Rb 54.46% HPV 16 E6/E7
pP53/Rb 41.86% HPV 16
E6/E7 mRNA p5S3/Rb
(P=0.0817, Table 35) HPV 18
(P=0.468) HPV 16 E6/E7 mRNA
HPV 18 p53/Rb

71



5.1. DNA

DNA
Phillips et al. (1988 )

PAH-DNA Shinozaki et al. (1999)
DNA DNA
DNA DNA (r
= -0.067, P=0.667)

DNA

Table 36
DNA (Phillips et a.,

1988 Geresteetal., 1991 Alexandrov et al., 1992 Ryberg et a., 1994)

DNA
DNA
DNA
Hemminki et al. (1993) 40
(biotransformation) DNA
DNA
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TA98

TA100 (Chen et d., 1996)
TA98
(Frameshift mutation) TA100
(Base substitution mutation) p53
(deletion mutation)
DNA
DNA
(Harvey et al., 1993) Utrecht et al. (2001)
DNA
DNA
DNA (Lewats et a., 1997 van Schooten et al.
1997) van Schooten et al. (1997) DNA
DNA
DNA Lewtaset al. (1997)
PAH-DNA
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DNA
DNA
PAHs
BaP B[b]FA (Benzo[b]fluoranthene)
B[g,h,i]P (Benzo[g,h,i]perylene) (Leeet al., 1994 Kuo et al., 1998)
PAHSs DNA

32p_postlabeling

DNA DNA
DNA
45° (DRZ: diagonal radioactivity zone)
DNA TLC
DNA (Fig. 11) IHC
BaP DNA
BaP DNA

(Table 37;Cheng et al. unpublished data)

DNA
DNA
p53  K-ras (Hussain et al., 2001)
p53 11.2%
158%  p53 BaP
PCR-RFLP 173 K-ras

74



codon 12 173 5 K-rascodon 12

(Table38) K-rascodon 12 2.9%
(Table 39 Cheng et al., unpublished data) K-ras
codon 12 K-rascodon 12
DNA p53 K-ras
DNA
BaP CYP1A1
COX-2 AhR NFkB CYP1A1 COX-2
BaP-DNA
DNA
DNA
5.2
Ryberg et al. (1994) 15-20
DNA 25 GSTM1 null
DNA
Chen et a. (2001) GSTM1 null
CYP1A1 lleVa vd/Va
GSTML1 positive 30 GSTM1
null 3.47 Bennett et al. (1999)
GSTM1 null
GSTM1 positive 2.6 GSTM1
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null Nakachi et al.

(1993) CYP1Al llefVal va/vd
GSTM1 null CYPlAlwildtype GSTM1
positive 16.1 Carolyn et al. (2000)

CYP1A1 GSTM1
CYP1A1 GSTM1 DNA

(Nakachi etal., 1991 Okadaet al., 1994 Nakachi

et a., 1993 Kihara et al., 1995) CYP1Al
GSTM1 DNA
CYP1A1 GSTM1 DNA

CYP1A1 GSTM1
Lin et al. (2000) 296
CYP1A1 33

CYP1A1 m2/m2 (30%)  Lin (13%)
23 CYP1A1m2/m2
DNA CYP1Al DNA

Mollerup et al. (1999)
CYP1A1 mRNA DNA

(Mollerup et al., 1999) DNA

CYP1Al

DNA
(Sheldset al., 2000) Wei et al. (1996)
BaP -BPDE BPDE-DNA

(DNA repair capability, DRC)
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DRC

DRC (3.20 + 2.8)

DRC (3.32 + 2.6)

+ 3.7) (4.20 * 3.5)
DNA
DNA
DNA
31
DNA
a.(1992) ¥P-postlabeling  ELISA
DNA
Tang et al. (1995) 34
DNA
DNA
DNA
DNA 7.7
DNA
25

77

DRC (5.69

DNA
DNA
Wienckeet al. (1995)
DNA
van Schooten et

20

DNA

DNA

(Tang et al., 1995)

DNA
DNA

DNA



5.2.

DNA

DNA

DNA
Ryberg et al. (1994)
DNA

Zang ¢ al. (1996)

1993 Risch & al.
27.9 9.6
DNA
90 %
2-5% (Annua Report of Tobacco, Alcohol Consumption
Investigation Tawan Fig. 3) DNA
DNA

DNA

DNA
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3.3 ~14.1/100,000

(Chenetal., 1990 Koo

and Cho, 1990)

(Koo and Ho, 1996 Rischetal.,1998) Koo

Ho (1996)
(Yang et 4.,
1998) Koetal. (1997, 2000, 2001)
8.3

Lee et al. (2001)

28.2%

47.7%
(Liu et al., 1993)
CL-3 LC-MS BPDE-N2-dG

(Yang et al., 2000)

BaP-likeDNA
CL-3 acetaldehyde NF«B
Cox-2 (Lin et al., submitted) Cox-2

mal ondialdehyde
(MDA) (Plastaras et al., 2000) DNA M1G DNA
8-hydroxyguanosine
Cox-2 BaP-7,8-diol BPDE

BPDE-N2-dG (Sharma et al., 2001) NF« B AhR
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(Kling et a., 2000)

NF« B AhR Cox-2
CYP1Al BPDE-N2-dG DNA
BaP-like DNA
DNA
(Adlkofer etal., 2001) Lee
et al. (2000)
18 (> 40 ) 2.2
Johnson et al. 001)
%2p-postlabeling  DNA DNA
DNA
26
(estrodiole E2) (Gao et 4.,
1987)
homodimerization (Tsal etal., 1994)

c-jun(Salimetal., 1996) c-fos(Hyderetal.,
1994) bcl-2 (Bhargavaetal., 1995) SP2(Raahetal., 1996)

TCDD AhR
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(aryl hydrocarbone receptor)

(Duan et al., 1999) Klinge et a. (2000) orphan receptor
coactivator corepressor AhR
ER AhR AhR
CYP1A1l mRNA DNA

CYP1A1 mRNA

AhR CYP1A1 GST
guinone oxidoreductase (Nebert et al., 2000)
AhR CYP1Al
AhR CYP1A1 53
20 CYP1A1 mRNA
DNA CYP1A1 mRNA DNA

(r=0.338 P=0.003 Laietal. unpublished data)

DNA AhR

HPV

HPV
HPV
HPV (Maisko et al., 2001 Clavel et al., 2000

Bohlmeyer et al., 1998; Y ousem et al., 1992; Thomas et al.,1995)
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Cervical intragpithelial neoplasia (CIN 111)

49.0% HPV
50% HPV HPV
80% (lwamasa et al.,
2000) HPV

HPV DNA 80%
HPV
HPV 16 HPV 18
35.5% 41.1%

HPV

HPV

(Thomasetal.,2001 Kjaer etal., 2001 Buchananetal.,2001) Richardetal.

(2000) HPV
HPV HPV
Thomas et al. (2001) HPV
HPV 16/18
HPV HPV
HPV 18.5-35.9%
34.5% (416/1205) HPV 16/18
40.0%  11.9% HPV
59% 43.0% 33.0%
HPV 1-60% (Mckaig et al., 1998)
HPV
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Olatunbosun et al. (2001) HPV 53%
(24/45) HPV DNA HPV
HPV 8% 20
HPV 7
8.7% 7-13 0% 13-20 5.2%
HPV 13-20
HPV
HPV
(Summersgill et al. 2001)
HPV 16 HPV 18
HPV DNA Hennig et al. (1999)
75 HPV DNA
49% (37/75) 37 HPV 34
HPV 74% (25/34)
HPV
ISH
HPV DNA (Fig. 13)
HPV DNA HPV 16
474% HPV 18 32.12% (n=137) 20
HPV 16 12 HPV 16
60% (12/20) HPV 16 69%
(27/39) HPV 16
HPV 16 (P=0.031) HPV 18

(Chiou et al., unpublished data)

HPV 16/18
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DNA

Rodriguzeet al.

(1999) BaP T
PAHSs IgM IgA 19G
PAHs PAHs
(Szczekilk etal., 1994) Hardinetd. (1992) BaP B
B
DNA
HPV
HPV nestedPCR in situ hybridization

Southern blot
nested-PCR
ISH HPV 16 HPV18

(HPV 16 733% HPV 18 85.8%)

Nested-PCR PCR
PCR
HPV DNA PCR SiHa
(HPV 16 positive) DNA HPV18 PCR
HelLa (HPV 18 positive) DNA HPV 16 PCR

HPV 6 HPV 11
PCR HPV (type

specific) HPV DNA
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HPV6 HPV16  HPV18

5.4. HPV

80% HPV
50% (Nagai et a., 2001 Iwamasaetal.,

2001 Hirayasuetal., 1996 Madeleine et al., 2001)

79% HPV
(Hirayasu et a., 1996) Miyagi et al. (2000) HPV
1993 79% 1998
24% HPV DNA
( . 9%; :
10%) (Kinoshitaet al., 1995) Thomas
HPV 78.3%

HPV (Tsuhako et al., 1998)

HPV 16/18 DNA
43.4% 49.4%
HPV
80%
HPV 6 HPV 16
HPV 6 E6 E7 HPV
(High-risk HPV) HPV 6
HPV 6 noncoding region

E6 E7 (Grassmann et al.,

1996) HPV 16 HPV 6/11
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5.5 HPV 6/11

HPV 16 22  (Luostarinen et al., 1999)
HPV 6 HPV 6
HPV 6 HPV 16
HPV 16
HPV (Neuner et al., 2001 Woo et al., 2001)
HPV (deVillier et a.,
1992)
HPV 6/11

(Xing et a., 1993, 1994)

HPV 6 HPV 11 (Shahetal., 1992) Steinberg et al. (1990)

HPV 6/11
HPV 6
HPV 6
55. HPV E6 p53
HPV
HPV ~ DNA HPV E6 ps3 E7 Rb

RNA RT-PCR
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E6 E7 mRNA (Selinkaet al., 1998) RNA-RNA
(ISH) RNA HPV E6  E7
(Milde-Langosch et al., 2001 Riethdrof et a., 1998 Wilczynski et d.,
1998) (IHC) E6 E7
(Pillaietal.1998) ISH IHC

RNA RT-PCR

in situ RT-PCR  IHC E6
p53 E7 Rb

E6 p53 E7 Rb

insitu RT-PCR RNA
HPV E6 E7
P53 Rb HPV E6 E7 mRNA
HPV E6 p53 E6 association protein
(E6AP) EGAP E6 p53 E6 p53
binding domain ubiquitin P53 (Huibregtse

etal., 1991, 1993; Scheffner et al., 1993)
E6AP EGAP
80% (111/137) (Cheng et a., unpublished data)

HPV16/18 E6 P53

HPV 16/18 E6 P53
Table32 HPV 16E6

p53 p53 P53
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5.6.

HPV 18

HPV E6 p53
(Fiamma1999)
HPV E6 p53 C p53
p53 p21°P (CDK inhibitor protein)
cyclin/cdk p53
(Li et al., 1996
Lechner et al., 1996) HPV E6 p53
HPV E6 p53 p53
(Pim et al., 1994) HPV E6
p53
HPV E6 p53
(coactivator) p300/CBP p53
(Zimmermann et al., 1999) p300 MDM2
p53 (Grossman et al., 1998) p300 E1A
p300 p300 MDM2 P53
p53 p300 p53
(Loweetal., 1993 Queridoetal., 1997 Chiouetal.,
1997) HPV E6  p300/CBP p53
HPV E6 p53
p53 E6
HPV E7 Rb
HPV 16/18 E7 Rb
E7
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Rb E7 Rb

(Paggi et al., 1996) HPV 16 E7
cdc25A CDK2
cyclinA/CDK2 cyclinA/CDK2 Rb
E2F Gl S (Katichetd.,
2001) E7 cyclin A cyclinE
cdk2 kinase Rb (Zerfass Thome et al., 1996; Jones
etal., 1997; Funk etal., 1997 Martinetal., 1998) p21 P
p27 CyclinA/CDK2
Rb (ZerfassThome et al., 1996; Jones et al., 1997; Funk et al.,
1997) HPV E7
Rb
Rb HPV 16/18 E7 mRNA
HPV 16/18 E7 Rb
Rb HPV E7
Rb Rb E2F E2F
pl6'NK4a HPV
HPV P16 HPV
(Milde-Langosch et al., 2001 Klaesetal.,2001) Giarre et
al. (2001) HPV E7 Rb
P16
Rb P16
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5.7. p53codon 72 HPV

HPV p53 codon72
Arg/Arg Arg/Pro  Pro/Pro (Dokianaki
etal., 2000 Anderssonetal., 2001)
Minaguchi et al. (1998) p53 codon72
Arg/Arg HPV
(O Connor et al., 2001 Peixoto et al.,
2001 Hameetal., 2000 Wangetal., 1999) Zehbe et al. (1999)
p53 codon 72

Makni et al. (2000)

HPV 18 p53 codon72
p53 codon 72
E6 p53 Arg/Arg E6 Arg/Pro 7
(Storey et al., 1998) van Duinet al. (2000) HPV 16E6 350 G
T P53 p53 codon72

Arg/Arg HPV 16350 T

HPV 16  HPV 18 p53 p53
codon72 HPV E6
p53 p53

E6
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5.8. HPV

HPV lwamasa et
al. (2000) HPV
L angerhans HPV
HPV
HPV

Miyang et al. (2001)

HPV 16 (Schwartz et al., 2001)
HPV DNA
65.3% HPV (31.5%)

(53.5% vs 31.5%) (Mellin et al., 2000) Benzerraet al. (2001)

HPV Loet al. (2001)
HPV18 HPV
HPV 16 Schwartz et al. (2001)
HPV
DNA
HPV16 E6/E7 p53/Rb HPV 16
E6/E7 (P=0.0817 Table34) HPV 16/18 E6/E7 mRNA
p53  Rb HPV 16
E6/E7 p53/Rb
HPV
E6 E7 HPV
DNA
HPV
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HPV DNA

HPV DNA

HPV DNA

HPV

HPV

HPV

HPV

HPV
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HPV

HPV

HPV
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1.

Table 1. Literature reviews from previous studies on DNA adduct levels of lung

cancer patients.

Authors Tissues Case Adduct levels/  Population
no. (/108 nucleotides)

Tang et al., 2001 WBC 89 11.04 USA
Hou et al., 2001 WBC 171 3.4 Sweden
Wang et al., 1998 WBC 158 0.47-2.05 Japan
Rojas et al., 1998 Lung 20 0.7-6.4 Russia
van Schooten et al., 1992 WBC 38 0.3-407 Amsterdam
Mollerup et al., 1999 Lung 122 3.94-24.86 Norway
Rojaset al., 1998 Lung 276.2 Russia
Xieetal., 1998 Lung 276.2 China
Ryberg et al., 1997 Lung 138 2.78-25.77 Norway
Ryberg et al., 1994 Lung 63 0.9-21.44 Norway
Alexandor et al., 1992 Lung 13 1.3-134 France
Geneste et al., 1991 Lung 20 0.23-13.4 France
van Schooten et al., 1990 Lung 21 19-420 Amsterdam
Phillips et al., 1988 Lung 30 1.5-34.3 UK
Cheng et al., 2000 Lung 73 2.4-147.1 Tawan
Cheng et al., 2001 Lung 62 2.0-165.92  Taiwan

The DNA adduct levels were evaluated by **P-postlabelling.

Data were presented as the mean and the ranges of detected values.
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Table 2. CYP1A1 studieswithrelevanceto lung cancer susceptibility and functionality of genetic polymorphisms.

Study Population (region)

Mutation(s)
examined

Finding and correlations

Goto et al., 1996 (75) Japanese

Jacquet et al., 1996  Caucasian (European)
(36)

Kawajiri et al., 1996 Japanese
(76)

Kiyoharaet al., 1996 Japanese
(61)

Xurtal., 1996 (37) Caucasian (North
America)

Zhang et al., 1996 (62) None; Esherichia coli
expression

Bouchardy et al., 1997 Caucasian (France)
(38)

Mspl, GSTM1

Mspl

Msp1, lle Val
GSTM1
Msp1, lle Val

Mspl

lle- Val

Msp1, lle Val

CYP1A1*2A (even oneallele) was associated with decreased survival, particularly
being combined with GSTM 1-null genotype (prognostic significance)

NO association of CYP1A1* 2A variants with susceptibility or inducibility was
found, but only slightly higher for both CYP1A1* 1/2A and CYP1A1*2A/2A; no
correlation between CYP1A1* 2A lung cancer and inducibility

CYP1A1*2A/2A and CYP1A1*2C/2C were significantly associated with p53
mutation in lung cancer; synergism when combined with GSTM 1-null
Cosegregation of CYP1A1*2A/2A genotype with AHH inducibility

(noninduced lymphocytes induced with 3-methylcholanthrene); CY P1A1*2C/2C
mutants possess significantly higher AHH activity compared with that of
heterozygotes and wild type®

CYP1A1*2A (even oneallele) was associated with increase lung cancer risk
(smoking dose was relevant)

CYP1A1*2C variant had slightly but significantly higher EROD activities. Sililar
benzo(a)pyrene oxidation activities. Suggesting that no causal effect on
susceptibility®

No association of CYP1A1*2A and/or CYP1A1*2C variantswith lung cancer risk
(heterozygotes included in the at-risk group) was seen. Associated risk was not
increased after adjustment for tobacco and asbestos exposure, nor when stratified
with smoking status, daily consumption, smoking duration, and histological type
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Table 2. Continued.

GarciaClosas et al .,
1997 (39)

Ishibe et al.1997(40) Maxican-and African

Mooney et al., 1997
(40)

Mostly Caucasian
(North American)

Americans
Caucasian (North
American)

Ohshima and Xu,1997 Japanese

(77)
Person et al,1997(63)

Hong et al,1998(41)

Le Marchand et al,
1998(42)

None; yeast

Korean

Caucasian, Japanese,
Hawaiian

Przygodzki et al, 1998 Caucasians (North

(78)

American)

Mspl, GSTM1

Mspl,lle- Val,
CYPlal*3*
Mspl,lle- Val,
GSTM1

lle- Val

lle- Val

Mspl,lle- Val,

GSTM1

Msp1,GSTM1

Mspl,lle- Val,
GSTM1,CYP
2E1

CYP1A1*2A (even one allele) was associated with increased lung cancer risk,
evident after adjusting for smoke pack-years; additionally GSTM1 deletion may
contribute to lung cancer risk in combination with CYP1A1* 2A heterozygous variant
[expansion of study by Xu et al. (37)]

CYP1A1*2A or CYP1A1*2C(one or more alleles) was associated with an
approximate 2-fold increase in lung cancer risk among light smokers

Smokers witnifh heterozygote or homozygotr CYP1A1* 2C genotypes had
significantly higher levels of DNA damage (PAH adducts) in circulating
lymphocytes

No significant relation between p53 mutations and CYP1A1*2C and/or GSTM1
genotypes in lung cancer patients was detected.

No differencesin Ky or Vmax for EROD activities between CYP1A1*1 and
CYP1A1*2C variants: these variants were not functionally important

No association with lung cancer; CYP1A1*2C allele was more prevalent among
controls than in lung cancer patients, particularly SCC (protective-like effect); no
difference in genotypic frequencies of CYP1A1* 2A variants between lung cancer and
control, similar results when combined with GSTM1-null genotype.

CYP1A1*2A (at least onevariant allele) was associated with increased risk of SCC,
risk was increased when combinding with GSTM1 (no association with overall lung
cancer risk?)

CYP1A1*2C(mostly heterozygous variants) wasfound in excess among lung cancer
patients with p53 mutations, no significant increase in what mutations when
combined with GSTM1-null genotype
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Table 2. Continued.

Saarikoski et al.,1998 Finnish Mspl,lle- Val
(74)
Schoket et al.,1998(70) Hungarian Mspl

Sugimuraet al .,1998 Japanese (Okinawa) Ile- Val
(43)
Taioli et al., 1998 (44) African-Americans  Mspl, lle- Val,

CYP1A1*3
Bennett et al., 1999 Caucasians (Females, lle- Val,
(45) North American) GSTM1,
GSIT1
Butkiewicz et al., 1999 Polish lle- Val,
(72) GSTM1,
GSTP1,
CYP2D6
Kimetal., 1999 (46) Korean Mspl, lle- Val,
CYP1A1*3
CYP1A1*4
Persson et al., 1999 Chinese Mspl, lle- Val,
47 GSTM1,
CYP2EL,
HYL®

CYP1A1* 2A heterozygote exhibited the most intense resultsin both in situ
hybridization and immunohistochemical analysesfor CYP1A1 in human lung tissue
(one patient)

No statistically significant correlation between CYP1A1* 2A genotypesand bronchia
tissue DNA adducts after adjustment for either smoking status or malignancy
CYP1A1*2C/2C genotype was associated with a significantly

No association with lung cancer when examined individually, but composite
genotype of CYP1A1*2A/2B was associated with overall lung cancer risk

No association between CYP1A1* 2C (* 2A not examined) variant and lung cancer
risk was attributable to environmental tobacco smoke exposure in never-smoking
women, association for GSTM1-null alone was found.

CYP1A1* 1/2C(* 2A not examined) was significantly associated with high
DNA-adduct levelsin lung tissues from individual s diagnosed with SCC when
combined with GSTM1-null; asignificant prevalence of thiscombined genotype was
also found in patient with high adduct levels diagnosed with AC; relationship was
not observed among GSTM1-positive individual's

No association of CYP1A1* 2A or * 2B variants with lung cancer was observed in
Koreans.A solitary *2C allele (i.e., no *2A variants detected) was identified;
CYP1A1*3 and *4 variants were not detected in this population.

No evidence on that carriers of certain alleles have an increase risk of lung cancer
was available. Frequency of CYP1A1* 2A and * 2B allel es among lung cancer patient
and controls was not significantly different
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Table 2. Continued.

Rusin et al., 1999 (79) Polish

Wang et al., 1999 (80) Taiwanese

Anttillaet al., 2000 Finnish
(114)

Chenget al., 2000 (72) Taiwanese

Dolzanetal., 2000 (48) Slovenian

Dresler et al., 2000 Predominantly
(49) Caucasians (North
American)

Lin Table 2. Continued.

London et al., 2000 Chinese (Menin
(51) Shanghai)

lle- Val

Mspl, GSTM1

CYP1A1, AHR,
ARNT

Mspl, GSTM1

Msp1, lle Val

”e—>V3],

GSTM1

21, HYL

”e—>V3],
GSTM1

No statistically significant association was found between p53 mutations and
CYP1A1*2C. This may be attributable to lack of statistical power.

No association of CYP1A1* 2A variants or GSTM1-null genotype with p53 tumor
suppressor gene mutation wasfound, CY P1A1 and GSTM1-1 net irdicated-Hwere
not responsiblefor the deletionsin theimmediate vicinity of repetitive sequenceand
/or tandem repeat sequences observe in p53 in Taiwanese lung cancer patients
No association of poorly induced CY P1A1 phenotype in human lung cancer
microsomes with inactivating mutation in the structure or regulatory portions of
CYP1A1L, AHR, or the AHR nuclear translocator gene (ARNT)

No association of CYP1AL1* 2A variant alone or in combination with GSTM1-null
with DNA-adduct levelsin human lung tissue; adduct levels did correlate with
CYP1A1 expression by immunohistochemistry

No association of CYP1A1*2A or 2B alleles but possible association between
CYP1A1* 2C/2C and SCC (no statistical power)°wasfound; population frequency of
this allele was too low to be a potentially useful marker.

CYP1A1*2C (* 2A not examined) variants (mostly heterozygous) were associated
with increased risk of lung cancer for females particularly in combination with
GSTM1-nul

CYP1A1* 2A/2A genotype was associated with SCC and risk was increased in
combination with high and normal HYL1 genotypes

No association of CYP1A1* 2C variant alleleswith lung cancer overal wasseen. This
suggested that individuals with at least one CYP1A1* 2C alleles might berelated to
lung cancer risk among low-level smokers, particularly those with GSTM1-null.
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Table 2. Continued.

Smart and Daly, 2000 Caucasians
(64)

Schwarz et a., 2000 None; increase cell
(65) expression

Schwarz et a., 2001 None; insect cell
(66) expression

CYP1A1* 18,
CYP1A1*1C',
Mspl, lle—

ValCYP1A1*3,

CYP1A1*4
lle- Val,

CYP1A1*4

llew Va],
CYP1A1*4

No association of any of the variant alleles with differencesin CYP1A1 activity
(EROD) or immunoblotting in cultured lymphocytes was seen, no correlation with
GSTM1-null genotype; an association with AHR polymorphism was suggested (see
Table 2).

CYP1A1*2 and *4 variants encoded proteins CYP1A1.2 and CYP1A1.4 have
slightly increased Ky for EROD, but equivalent V nax compared with CY P1IA1.1. All
three variants hydroxylate steroid hormoneswith varying efficienciesin astereo and
regiosel ective manner.

CYP1A1*2 and *4 variants encoded proteins CY P1A 1.2 and CY P1A1.4 have lower
Kwm for all bezo(a)pyrene metabolites compared with CYP1A1.1 and exhibited
significantly increased formation of diol epoxide 2, and exhibited only minor
differencesin kinetic behavior for EOD with slightly hogher Vs values.

&SCC, squamous cell carcinoma; TCDD, 2,3,7,8-tertrachlorodibenzo-dioxin; SCLC, small cell lung cancer; AC, adenocarcinoma; CYP2E1,
cytochrome P450 2E1 gene; CYP2D6, cytochrome P450 2D6 gene; GSTP1, glutatihone Stransferase P1 gene; GSTT1, glutatihone Stransferase
T1 gene; BPDE, benzo(a)pyrene diol epoxide; ARNT, aryl hydrocarbon receptor nuclear transocator gene.

P This point is especially pertinent to the study.

¢ Race-specific African-American polymorphism.

4 Exon 7 Thr to Asn CYP1A1 genetic polymorphism.

®Microsomal epoxide hydrolase gene.

"Novel CYP1A1 genetic polymorphisms; CYP1A1* 1A, wild type.

(References from Graeme et al., 2001)
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Table 3. Literature review from previous studies of p53 mutation frequenciesin lung
cancer study.

Reference Case no. Mutation frequency (%) Sample source
Jassem et al., 2001 322 29 Poland
Vahakangas et al., 2001 126 22 Finland

Husgafvel-Pursiainen et al., 2000

157 17 Finland
Tseng et al., 1999 65 57 USA
Robert Gealy., 1999 55 29 USA
Wang et al., 1998 60 18 Taiwan
Fukuyamaet al., 1997 159 36 Japan
Liloglou et al., 1997 46 28 Greece
Kureet al., 1996 115 49 Norway
Takagi et al., 1995 35 20 Hong Kong

35 31 Japan
Present study 163 12 Taiwan
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Table 4. The association between p53 mutations and clinical characteristicsinlung cancer

patients.
Parameter p53 mutations
Negative (%) Positive (%) P

Gender

Female (n=51) 49 (96.1) 2(3.9)

Male (n=112) 95 (84.8) 17 (15.2) 0.038
Smoking status

No (n=91) 82 (90.1) 9(9.9)

Yes (n=72) 62 (86.1) 10 (13.9) 0.468
Tumor type

AD (n=97) 89 (91.8) 8(8.2)

SQ (n=66) 55 (83.3) 11 (16.7) 0.135
Tumor stage

| (n=63) 59 (93.7) 4(6.3)

[l (n=25) 24 (96.0) 1(4.0)

111 (n=75) 61 (81.3) 14 (18.7) 0.035
T factor

1 (n=10) 9 (90.0) 1 (10.0)

2 (n=120) 107 (89.2) 13 (10.8)

3 (n=24) 19 (79.2) 5(20.8)

4 (n=9) 9 (100.0) 0(0) 0.264
N factor

0 (n=74) 69 (93.2) 5(6.8)

1 (n=33) 30 (90.9) 3(9.1)

2 (n=55) 44 (80.0) 11 (20.0)

3 (n=1) 1 (100.0) 0(0) 0.132

c? test was used for statistical analysis.

AD: adenocarcinoma, SQ: squamous cell carcinom
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Table 5. Thelocation, type, surrounding sequences of p53 mutation and immunostaining in lung cancer patients with p53 mutation.

Patient Age Sex Smoking Tumor p53 mutation P53
no. habits IHC
Type Stage Exon Location Type Surrounding sequence
677E* 64 M SQ llla 4 Codon 88 1-bp del CCA[G]CCCCC- CcCAcccce -
717E* 72 M SQ llla 4 Codon 117 1-bp del TCT[G]JGGACA - TCTGGACA -
595]* 77 M - SQ [ 5 Codon 156& 157 4-bp del ACCC[GCGT]CCGC - ACCcCccGC -
345F* 69 M + SQ a 6 Codon 213& 214 4-bp del TTTC[GACAtTAGT - TTTCTAGT -
586E* 37 F - SQ [ 7 Codon 243-246 8-bp del AT[GGGCGGCA]TG - ATTG -
240D* 69 M + SQ I 7 Codon 251-254 12-bpdel CCA[ATCCTCACCATCATC] - +
CCCATC
167D* 77 M + SQ a 7 Codon 261 1-bp del TCCA[G]GTCA - TCCAGTCA -
968F* 68 M + SQ Il 4 Codon 107 C:G_.G:C TAC-TAG -
836C* 66 M + SQ llla 8 Codon 298 G C-T:A GAG-TAG -
065J* 68 M + AD llla 7 Codon 249 G C-T:A AGG-AGT +
896H* 66 M - AD llla 8 Codon 276 C:G_oAT GCC-GAC +
190J 53 M - AD llla 6 Codon 194 T:A-G:C CTT-CGT +
368G 66 M - AD llla 8 Codon 286 G.C-C:G GAA-LCAA +
763B 52 M - AD llla 7 Codon 240 TA-AT AGT-AGA +
248E 58 M + SQ [ 6 Conon 220 AT-GC TAT-TGT +
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Table 5. Continued.

Patient Age Sex Smoking Tumor p53 mutation P53

no. habits IHC
Type Stage Exon Location Type Surrounding sequence

440A 64 M - AD I 6 Codon 194 TA-G:C GTT-CGT +

151G 60 F - AD a 7 Codon 234 TASAT TAC- AAC +

868E 64 M + SQ I 5 Codon 179 C.G-TA CAT - TAT +

691A 71 M + SQ I 5 Codon 135 G.C-TA TGC-TTC +

* The p53 mutations have been reported previously (Wang et al., 1998)
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Table6. Literature reviews of immunohistochemical analysisof Rb proteinexpressonin

lung cancer patients.

Reference Patients Rb negative immunostaining
no. (%)

Xuetal., 1991 36 36
Higashiyamaet al., 1994 100 6
Xuetal., 1996 119 16
Kratzke et al., 1996 100 15
Sakaguchi et al., 1996 61 38
Masayuki et al., 1997 208 20
Betticher et al., 1997 51 33
Tamuraet al., 1997 20 10
Dosakaet al., 1997 91 21
Marchetti et al., 1998 42 20
Tanakaet al., 1998 101 42
Kawabuchi et al., 1999 51 20
Brambillaet al., 1999 168 12
Caoetal., 2001 31 19
Sugio et al., 2001 90 57
Xueetal., 2001 50 16
Present study 137 82
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Table 7. Literature reviews of Human papillomavirus detection in lung cancer patients.

Study location  Positive Patient no. Detection References

(%) method
Poland 10 40 PCR Miasko et al., 2001
Okinawa 80 41 PCR Iwamasa et al., 2000
France 2.7 185 Hybird Clavel et al., 2000

Capture || assay
Okinawa 78.3 23 NISH, PCR  Tsuhako et al.,1998
Greece 39.4 29 ISH Papadopoulou
et al., 1998

USA 5.9 34 PCR Bohlmeyer et al., 1998
Okinawa 79 PCR Nakazato et al., 1997
Germany 0 38 ISH, PCR Weit et al., 1997
France 14.3 28 PCR Thomaset al., 1996
Okinawa 79 PCR Hirayasu et al., 1996

53 NISH
Niigata 30 PCR

20 NISH
Finland 30 43 PCR Soini et al., 1996
Beijing 50 40 PCR Daet al., 1996
Finland 36 22 ISH Nuorvaet al., 1995
France 16 31 PCR Thomaset al., 1995
Beijing 12 34 PCR Zhang et al., 1995
Wuhan 53 30 PCR Lietal., 1995
Taiwan
HPV 16 32.6 141 PCR Cheng et a., 2001

16.3 141 NISH
HPV18 41.1 141 PCR

36.9 141 NISH
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Table 8. Literature reviews of the 50% inhibition dose of different antibodiesfor

BPDE-N2-dG adduct detection.

Antibody 50% inhibition (fmol) Reference

Pab#29 156 Hsu et al. (1995)

Mab8E11 460 Carcinogenesis

Mab5D2 1080

Mab5D11 500

F29 105 van Schooten et al. (1987)

F30 50 Carcinogenesis

NCI 50

41D3 17

29 34.3-86.0 Sentellaet al. (1988)

33 12.7-44.0 Carcinogenesis

3A 10.3-115.0

No.23 14 Mumford et al. (1996)
Mutation Res.

HL1 16 Cheng et al., 2001
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Table 9. Characteristics of study subjectsin this study.

Characteristics Lung cancer patients Non-cancer controls P
(n=73) (n=33)

Age 57.89+7.12 49.27 +17.18 0.160
Sex

Male 51 24

Female 22 9 0.764
Tumor type

AD 48 -

SQ 25 -
Tumor stage

I 30 -

[l 11 -

1 29 -

A% 3 -
Smoking status

No 38 22

Yes 32 11 0.234

Unknown 3 0
CYP1A1 polymorphism

ml/ml (A) 24 8

m1l/m2 (B) 35 15

m2/m2 (C) 14 10 0.400
GSTM1 polymorphism

Negative (-) 34 17

Positive (+) 39 16 0.637
CYP1A1/GSTM1

Al- 24 11

Al+ 35 12

BC/- 10 6

BC/+ 4 4 0.525

The difference of age between lung cancer and non-lung cancer patients was cal culated
by Wilcoxon rank sums test. The other status differences between lung cancer and
non-lung cancer patients were calculated by ¢ test.

AD: adenocarcinoma, SQ: squamous cell carcinoma.
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Table 10. Comparison of DNA adduct level s between lung cancer patients and non-cancer

controls with different gender, smoking status, and polymorphisms of CYP1A1 and

GSTM1.
Parameter DNA adduct levels/ 10® nucleotides
P
N Lung cancer N Non-cancer

Type 73 49.58 +33.39 33 18.00+15.33 < 0.001

Gender
Female 22 58.03+£32.65 9 16.44+11.20 <0.001
Male 51 45.94+33.36 24 18.59+16.79 <0.001
P 0.118 0.827

Smoking status
No 38 49.28+30.73 22 19.01+17.90 <0.001
Yes 32 49.03+37.21 11 15.99 £ 8.52 0.002
P 0.719 0.836

CYP1A1 polymorphism
m1/ml (A) 24 37.99+24.22 8 17.61+10.78 0.014
ml/m2 (B) 35 50.24 £30.80 15 21.38+£20.60 0.001
m2/m2 (C) 14 67.78£45.27 10 13.25+6.36 0.000
P 0.081 0.455

GSTM1 polymorphism
Negative (-) 34 50.06 £40.72 17 16.94 + 9.86 <0.001
Positive (+) 39 43.93+24.55 16 19.14+19.88 < 0.001
P 0.350 0.845

CYP1A1/GSTM1
Al- 8 50.96 £29.79 4 18.05+12.32 0.073
Al+ 16 31.51+18.73 4 17.17 £10.90 0.249
BC/- 26 57.62+43.92 13 16.59 + 9.54 <0.001
BC/+ 23 52.58+24.72 12 19.79+22.46 0.001
P 0.083 0.956

The difference of CYP1A1 and CYP1A1/GSTM1 polymorphism were calculated by
Kruskal-Wallis H test, and the others were calculated by Wilcoxon rank sum test.
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Table 11. The association between protein expressions of CYP1A1 and GSTM1 and

DNA adduct levels.

Protein expression DNA adduct /108 nucleotides

Low (n=22) Medium (n=22) High (n=20) P

CYP1Al

- 8 10 9

+ 7 5 3

++ 7 6 2

+++ 0 2 6 0.036
GSTM1

- 3 5 10

+ 2 1 0

++ 8 9 3

+++ 9 8 7 0.131

The protein expressions of CYP1A1 and GSTM1 were evaluated by
immunohistochemistry, and the criteria of protein expression levelswere described in text.
Sixty-four lung specimen from 73 cases were available in this study.

The adduct levels of lung cancer patients were dividedinto three categoriesasfollows:
Low: 15.85 + 7.21 (2.4 — 29.27 adducts/10® nucleotides)

Medium: 45.07 + 10.73 (31.18 — 62.60 adducts/10® nucleotides)

High: 89.06 + 26.62 (64.46 — 147.09 adducts/10® nucleotides)

The association between protein expressionsof CYP1A1 and GSTM1 and DNA adduct
levels was statistically analyzed by c? test.
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Table 12. Multivariate logistic regression analysisof lung cancer risk in association with

DNA adduct level, age, gender, smoking status, and genetic polymorphismsof CYP1A1

and GSTM1.

Variables Unfavorable (n)/favorable (n) OR 95% CI P
DNA adduct

Level > 48.66 (34)/01 48.66 (72) 25.19 2.99-211.99 0.003
Age 1.06 1.01-1.12 0.02
Sex Male (31)/female(75) 0.95  0.24-3.69 0.94

Smoking status

Smoking (43)/non-smoking (60) 1.36  0.38-4.94 0.64

CYP1A1

Polymorphism B, C (74)/A (32) 0.72 0.38-1.37 0.32

GSTM1 Polymorphism

Positive (55)/negative (51) 1.64  0.55-4.90 0.38
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Table 13. Correlation between gender and CY P1A1, GSTM1 genetic polymorphismof

non-smoking lung cancer patients.

Gene Gender

Female Male

(n=31) (n=31) P

CYP1A1 polymorphism

ml/m1 (A) 12 9
m1/m2 (B) 16 17
m2/m2 (C) 3 5 0.617

GST M1 polymorphism

Negative (-) 12 13

Positive (+) 19 18 1.000
CYP1A1/GSTM1

Al- 11 10

Al+ 17 16

BC/- 1 4

BC/+ 2 1 0.504

The association between genetic polymorphism of CYP1A1 and GSTM1 and gender
were statistically analyzed by c? test.
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Table 14. The combination effects of CYP1A1 and GSTM1 polymorphisms on DNA

adduct levels of lung cancer patients.

CYP1AY/ DNA adducts /10° nucleotides
GSTM1
Polymorphism 32p.postl abeling* ELISA**

High Low OR 95%ClI High Low OR 95%ClI

C/null 4% 1 212 0.17-56.72 3 2 6.55 0.58-169.03
Clpositive 3 0 1.29 0.21-8.36 2 1 273 0.54-14.47
A, B/null 18 2 282 0.41-23.94 14 6 1.71 0.41-7.28
A, B/positive 25 9 1.00 19 15 1.00

P=0.54for trend P=0.04for trend

*DNA adduct levels higher or lower than 15.0 adducts/108® nucleotides as eval uated by
32p_postlabeling was considered as high or low, respectively.

** Detectable or undetectable DNA adduct levelsevaluated by ELISA were considered as
high or low, respectively.

# Indicates the number of study subjects.

CYP1A1 genotypes: A, m1/m1; B, m1/m2; C, m2/m2.

OR: odd ratio
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Table 15. The interaction effects between lung cancer and gender on the DNA adduct

levelsin entire study subjects.

Lung cancer/ DNA adducts /10® nucleotides
Gender

2p_postlabeling* ELISA**

High Low OR 95%Cl High Low OR  95%ClI

LC/F 27% 4 7.71 1.48-44.09 25 6 6.25 1.33-31.47
LC/M 23 8 3.29 0.76-14.82 13 18 1.08 0.26-4.56
NC/F 3 2 171 0.15-21.32 3 2 225 0.20-28.67
NC/M 7 8 1.00 6 9 1.00

P =0.003for trend P=0.01for trend

*DNA adduct levels higher or lower than 15.0 adducts/10® nucl eotides as eval uated by
32p_postlabeling was considered as high or low, respectively.

**DNA adduct levelsevaluated by EL I SA as detectable or undetectable were considered
as high or low, respectively.

# Indicates the number of study subjects.

L C/F, lung cancer/female; LC/M, lung cancer/male; NC/F, non-cancer/femae; NC/male,
non-cancer/male.

OR: odd ratio
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Table 16. Relationships between p53 and MDM 2 protein expressions and clinical

pathological parameter of lung cancer patients.

Parameter P53 IHC Mdm2 [HC
Negative (%) Positive (%) Negative (%) Positive (%)

Gender
Female (n=45) 39 (86.7) 6(13.3) 17(37.8) 28 (62.2)
Male (n=92) 49 (53.3) 43 (46.7) 52(56.5) 40(43.5)
P <0.0001 0.046

Smoking habits
No (n=75) 60 (80.0) 15 (20.0) 32 (42.7) 43 (57.3)
Yes (n=62) 28 (45.2) 34 (54.8) 37 (59.7) 25 (40.3)
P <0.0001 0.059

Tumor type
AD (n=79) 63 (79.8) 16 (20.2) 41(51.9) 38 (48.1)
SQ (n=58) 25(43.1) 33(56.9) 28(48.3) 30 (51.7)
P <0.0001 0.731

Tumor stage
| (n=44) 30 (68.2) 14 (31.8) 25 (56.8) 19 (43.8)
[l (n=42) 23 (54.8) 19 (45.2) 19(45.3) 23(54.7)
11 (n=51) 35 (68.7) 16 (31.3) 25(49.0) 26 (51.0)
P 0.306 0.546

c? test was used for statistical analysis.

AD: adenocarcinoma, SQ: squamous cell carcinoma.
IHC: immunohistochemistry
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Table 17. Comparison of p53, and MDM 2 protein expression and mdm2 mRNA

among lung cancer patients with different gender and smoking status.

Parameter Non-smoking Smoking P
Female (%) Male (%) male (%)
P53 IHC
Negative (n=88) 39 (86.7) 21(70.0) 28 (45.2)
Positive (n=49) 6 (13.3) 9 (30.0) 34 (54.8) <0.0001
P 0.088 0.028
MDM2 IHC
Negative (n=69) 17 (37.8) 15 (50.0) 37 (59.7)
Positive (n=68) 28 (62.2) 15 (50.0) 25 (40.3) 0.082
P 0.345 0.501
P53/MDM2
-/- (n=42) 16 (35.6) 8(26.7) 18 (29.0)
-/+ (n=46) 23 (51.1) 13 (43.3) 10 (16.1)
+/- (n=27) 1(2.2) 7(23.3) 19 (30.6)
+/+ (n=22) 5(11.1) 2(6.7) 15 (24.3) <0.0001
P 0.031 0.021
mdm2 mRNA (n=34)(%) (n=28)(%) (n=40)(%)
Negative (n=57) 23 (53.5) 14 (50.0) 20 (50.0)
Positive (n=45) 11(46.5) 14 (50.0) 20 (50.0) 0.239
P 0.198 1.000
P53 IHC/mdm2 mRNA
-/- (n=40) 21 (61.7) 10 (35.7) 9(22.5)
-1+ (n=27) 10 (29.4)  10(35.7) 7 (17.5)
+/- (n=17) 2 (5.9) 4 (14.3) 11 (27.5)
+/+ (n=18) 1(3.0) 4 (14.3) 13 (32.5) <0.0001
P 0.111 0.082

c’Otest was used for statistical analysis.
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Table 18. Relationships between Rb, P16, and Cyclin D protein expressions and

clinical pathological parameter of lung cancer patients.

Parameter Rb status P16 status Cyclin D1 status

Negative Positive Negative Positive Negative Positive
(%) (%) (%) (%) (%) (%)

Gender

Female (n=45) 43(95.6) 2(4.4) 37(82.2) 8(17.8) 33(73.3) 12(26.7)
Male (n=92) 69(75.0) 23(25.0) 69 (75.0) 23 (25.0) 63(68.5) 29 (31.5)
P 0.004 0.391 0.692
Smoking habits

No (n=75) 71(94.7) 4(5.3) 59 (78.7) 16 (21.3) 56(74.7) 19 (25.3)
Y es (n=62) 41(66.1) 21(33.9) 47 (75.8) 15(24.2) 40(64.5) 22(35.5)
P <0.0001 0.838 0.261

Tumor type

AD (n=79) 77(97.5) 2(2.5) 57 (72.2) 22 (27.8) 60(75.9) 19 (24.1)
SQ (n=58) 35(60.3) 23(39.7) 49(84.5) 9(15.5) 36(62.1) 22(37.9)

P <0.0001 0.101 0.091
Tumor stage

| (n=44) 37(84.1) 7(15.9) 32(72.7) 12 (27.3) 28(63.6) 16 (36.6)

Il (n=42) 32(76.2) 10(23.8) 32 (76.2) 10 (23.8) 30(71.4) 12 (28.6)

Il (n=51) 43(84.3) 8(15.6) 42(82.4) 9(17.6) 38(74.5) 13 (25.5)

P 0.534 0.522 0.500

c’Otest was used for statistical analysis.
AD: adenocarcinoma; SQ: squamouscell carcinoma.
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Table 19. Comparison of P53, Mdm2, Rb, P16 and Cyclin D1 protein expression

among lung cancer patients with different gender and smoking status.

Protein Non-smoking Smoking P
expression
Female Male Male
(%) (%) (%)
Rb status
Negative (n=112) 43 (95.6) 28 (93.3) 41 (66.1)
Positive (n=25) 2(4.4) 2(6.7) 21(33.9) <0.0001
P 1.000 0.005
P16 status
Negative (n=106) 37 (82.2) 22 (73.3) 47 (75.8)
Positive (n=31) 8 (17.8) 8 (26.7) 15 (24.2) 0.615
Pvalue 0.398 0.802
Cyclin D1 status
Negative (n=96) 34 (68.9) 22 (73.3) 40 (64.5)
Positive (n=41) 11 (31.1)  8(26.70 22 (35.5) 0.425
P 1.000 0.481
Rb/P16 status
-/- (n=88) 35 (77.8) 20 (66.7) 33 (53.2)
-/+ (n=24) 8 (17.8) 8 (26.7) 8 (12.9)
+/- (n=18) 2(4.4) 2 (6.6) 14 (22.5)
+/+ (n=7) 0 (0) 0 (0) 7 (31.4) 0.002
P 0.570 0.027
Rb/ CyclinD1
-/- (n=86) 33 (73.3) 22 (73.3) 31 (50.0)
-/+ (n=26) 10 (22.2) 6 (20.1) 10 (12.9)
+/- (n=10) 0 (0) 1(3.3) 9(16.1)
+/+ (n=15) 2(4.5) 1(3.3) 12 (19.4) 0.001
P 0.587 0.044

c2Otest was used for statistical analysis.
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Table 20. Characteristics of study subjects in this study.

Parameter Lung cancer Non-cancer P
(n=141) (n=60)
Age (yearstSEM) 63.02+9.61 49.95+15.14 <0.001
Gender
Female 45 (31.9) 11 (18.3)
Male 96 (68.1) 49 (81.7) 0.059

Smoking status

No 78 (55.3) 48 (80.0)

Yes 63 (44.7) 12 (20.0) 0.001
Tumor type

AD 83 (58.9) -

SQ 58 (41.1) - ;
Tumor stage

I 46 (32.6) -

I 42 (29.8) -

1 53 (37.6) - -

The difference of age between lung cancer and non-lung cancer patients was
calculated by the Wilcoxon rank sumstest. The other status differences between lung
cancer and non-lung cancer patients were calculated by the c? test.

AD: adenocarcinoma, SQ: squamous cell carcinoma.
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Table21. Comparison of HPV 16/18 DNA detection results between nested PCR and

I|SH methods.
Nested PCR ISH
Concordance %*
Negative Positive
HPV 16
Negative 83 8
Positive 30 20 73.0
HPV 18
Negative 74 9
Positive 11 47 85.8

This study was only done on sections of lung cancer patients since no paraffin
sections of lung tissues from non-cancer patients were available.
* Concordance % = (Number of patientswith the same HPV DNA detection result by

both methods) / (number of total patients) x 100.
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Table 22. The differences of HPV infection between lung cancer and non-cancer

patients with different gender and smoking habits.

Parameter Lung cancer Non-cancer P
Negative Positive Negative Positive
N (%) N (%) N (%) N (%)

HPV 16

Gender
Female 18 (40.0) 27(60.0) 9(81.8) 2(18.2) 0.031
Male 73(76.0) 23(24.0) 42(85.7) 7(14.3) 0.253
P 0.00007 0.664

Smoking
No 40 (51.3) 38(48.7)  41(85.4) 7(14.6)  0.0002
Yes 51(81.0) 12(29.0) 10(83.3) 2(16.7) 1.0
P 0.0005 1.0

HPV18

Gender
Female 12 (26.7) 33(73.3)  10(90.9) 1(9.1) 0.0002
Male 71(74.0) 25 (26.0) 43(87.8) 6(12.2) 0.089
P 0.0000003 1.0

Smoking
No 33(42.3) 45(57.3) 42(87.5) 6(12.5) <0.000001
Yes 50 (79.4) 13(20.6)  11(91.7) 1(8.3) 0.444
P 0.00002 1.0

c’test was used for statistical analysis.
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Table 23. Associations between the presence of HPV 16/18 DNA and clinico-
pathological parameters.

Parameter HPV 16 HPV 18
Negative (%) Positive (%) Negative (%) Positive (%)

Tumor type
AD (n=83) 47 (56.6) 36 (43.4) 42 (50.6) 41 (49.4)
SQ (n=58) 44 (75.9) 14 (24.1) 41 (70.7) 17 (29.3)
P 0.030 0.027

Tumor stage
| (n=46) 26 (56.5) 20(43.5) 26 (56.5) 20 (43.5)
Il (n=42) 34(81.0) 8(19.0) 27 (64.3) 15 (35.7)
[l (n=53) 31(58.5) 22 (41.5) 30 (56.6) 23 (43.4)
P 0.029 0.696

T factor
1 (n=10) 9(90.0) 1(10.0) 7 (70.0) 3(30.0)
2 (n=91) 73(80.2) 18(19.8) 56 (61.5) 35(38.5)
3 (n=30) 25(83.3) 5(16.7) 18 (60.0) 12 (40.0)
4 (n=10) 6 (60.0) 4(40.0) 4 (40.0) 6 (60.0)
P 0.691 0.544

N factor
0 (n=65) 50(76.9) 15(33.1) 40 (61.5) 25(38.5)
1 (n=34) 29(85.3) 5(14.7) 20 (58.8) 14 (41.2)
2 (n=41) 33(80.5) 8(19.5) 24 (58.5) 17 (41.5)
3(n=1) 1(100) 0(0) 1(100) 0(0)
P 0.768 0.691

The HPV 16/18 DNA detection was performed by nested PCR.

c’t est was used for statistically analysis.

AD: adenocarcinoma; SQ: squamous cell carcinoma.
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Table 24. Odds ratio of the presence of HPV in tumor tissues from lung cancer
patients according to gender and smoking status.

Gender HPV 16 HPV 18

Smoking OR (95%Cl) AOR (95%Cl) OR (95%Cl) AOR (95%Cl)

Male Yes 1 11 1

Male No 2.13(0.81-5.54) 1.77 (0.48-6.50)2.20 (0.86-5.60) 2.30 (0.61-8.68)

Female No 6.38(2.68-15.17) 3.98(1.13-13.98) 10.58(4.30-26.0)11.66(2.94-46.27)

AOR: oddsratio after being adjusted for age, tumor type and tumor stage.
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Table 25. Correlation between HPV 6 DNA infection in lung tumor tissues and

clinical parameter.

Parameter HPV 6
Negative Positive
(%) (%) P

Gender

Female (n=45) 40 (88.9) 5(11.2)

Male (n=96) 61 (66.3) 35(33.7) 0.002
Smoking habits

No (n=77) 62 (80.5) 15 (17.3)

Y es (n=64) 39(60.9) 25(39.1) 0.014
Tumor type

AD (n=79) 60 (72.2) 23 (27.8)

SQ (n=58) 41(70.7) 17 (29.3) 0.851
Tumor stage

| (n=44) 29 (63.0) 17 (37.0)

[l (n=42) 28 (66.7) 14 (33.3)

11 (n=51) 44 (83.0) 9(17.0) 0.062
T factor

1 (n=9) 7(70.0) 3(30.0)

2 (n=91) 65 (71.4) 26 (28.6)

3 (n=29) 22 (73.3) 8 (26.7)

4 (n=9) 7(70.0) 3(30.0) 0.995
N factor

0 (n=62) 41(63.1) 24 (36.9)

1 (n=34) 24 (70.6) 10 (29.4)

2 (n=40) 35(85.4) 6 (14.6)

3(n=1) 1 (100) 0 (0) 0.065
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Table 26. HPV 6/11 and HPV 16/18 infectionin lung cancer patientswith different

gender and smoking status.

Non-smoking Smoking P
Female Male Male
(%) (%) (%)

HPV6
Negative (n=101) 40 (88.9) 22 (66.7) 39 (61.9)
Positive (n=40) 5 (11.1) 11 (33.3) 24 (38.1) 0.007
= 0.023 0.824
HPV 16
Negative (n=91) 18 (40.0) 22 (66.7) 51 (80.9)
Positive (n=50) 27 (60.0)  11(33.3) 12 (19.1) <0.0001
= 0.024 0.137
HPV18
Negative (n=83)  12(26.7) 21 (63.6) 50 (79.4)
Positive (n=58)  33(73.3)  12(36.4) 13 (20.6) <0.0001

P 0.001 0.141

c?Otest was used for statistically analysis.
The HPV 6/11/16/18 DNA detection was performed by type-specific nested PCR.
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Table 27. The association between HPV infection and clinical parametersinsmoking

and non-smoking lung cancer patients.

Parameter HPV6 HPV 16 HPV18

Negative Positive Negative Positive Negative Positive

Non-smoker

Tumor type

AD (n=62) 49 13 30 32 26 36
SQ (n=16) 13 3 10 6 7 9
P 1.000 0.404 1.000
Tumor stage

| (n=29) 23 6 13 16 12 17
[l (n=16) 12 4 12 4 8 8
[ (n=33) 27 6 15 18 13 20
P 0.805 0.104 0.774

Smoker

Tumor type

AD (n=21) 11 10 17 4 16 5
SQ (n=42) 28 14 34 8 34 8
P 0.287 1.000 0.745
Tumor stage

| (n=17) 6 11 13 4 14 3
Il (n=26) 16 10 22 4 19 7
[ (n=20) 17 3 16 4 17 3
P 0.008 0.795 0.576
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Table 28. Correlation between HPV DNA and E6/E7 mRNA expression.

HPV 16/18 HPV 16/18
DNA
E6 mRNA E7 mRNA
Negative Positive Negative Positive
HPV 16 (n=112) (n=25) (n=119) (n=18)
Negative (n=91) 91 0 91 0
Positive (n=46) 21 25 28 18
Pvaue <0.0001 <0.0001
HPV 18 (n=120) (n=27) (n=113) (n=24)
Negative (n=83) 83 0 83 0
Positive (n=54) 27 27 30 24
Pvaue <0.0001 <0.0001
c’test was used for statistical anal ysi s.
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Table 29. Correlation between HPV 16/18 E6 mRNA expression and clinical
parameters in lung cancer.

Parameter HPV 16 HPV 18
Negative Positive Negative Positive
(%) (%) (%) (%)
Gender
Female (n=45) 28 (62.2) 17 (37.8) 28 (62.2) 17 (37.8)
Male (n=92) 84 (91.3) 8(8.7) 82 (89.1) 10 (10.9)
P <0.0001 < 0.0001
Smoking habits
No (n=75) 56 (74.7) 19 (25.3) 54 (72.0) 21 (28.0)
Yes (n=62) 56 (90.3) 6 (9.7) 56 (90.3) 6 (9.7)
P 0.016 0.009
Tumor type
AD (n=79) 62 (78.5) 17 (21.5) 60 (75.9) 19 (24.1)
SQ (n=58) 50 (86.2) 8(13.8) 50 (86.2) 8(13.8)
P 0.272 0.192
Tumor stage
| (n=44) 34 (77.3) 10 (22.3) 34 (77.3) 10 (22.7)
[l (n=42) 38 (90.5) 4(9.5) 35(83.3) 7(16.7)
[l (n=51) 40 (78.4) 11 (21.6) 41 (80.4) 10 (19.6)
P 0.211 0.779
T factor
1 (n=9) 8 (88.9) 1(11.1) 6 (66.7) 3(33.3)
2 (n=91) 70 (76.9) 21 (23.1) 75 (82.4) 16 (17.6)
3 (n=29) 28 (96.6) 1(3.4) 22 (75.8) 7(24.2)
4 (n=9) 6 (66.7) 3(33.3) 7(77.8) 2(22.2)
P 0.008 0.855
N factor
0 (n=62) 50 (80.6) 12 (19.4) 48 (77.4) 14 (22.6)
1 (n=34) 30 (88.2) 4(11.8) 29 (85.3) 5(14.7)
2 (n=40) 31(77.5) 9 (22.5) 32 (80.0) 8 (20.0)
3(n=1) 1(100) 0 (0) 1 (100) 0(0)
0.577 0.722
AD: adenocar ci ncoemal, cSaQ:c isngounaamo u s

152



Table 30. Correlation between HPV 16/18 E7 mRNA expression and clinical

parametersin lung cancer patient tumor tissues analyzed by in situ RT-PCR.

Parameter HPV 16 HPV 18
Negative Positive Negative Positive
(%) (%) (%) (%)
Gender
Female (n=45) 34 (75.6) 11 (24.4) 28 (62.2) 17 (37.8)
Male (n=92) 85 (92.4) 7(7.6) 85 (92.4) 7 (7.6)
P 0.0013 0.0001
Smoking habits
No (n=75) 62 (82.7) 13 (17.3) 55 (73.3) 20 (26.7)
Yes (n=62) 57 (90.5) 5(9.5) 58 (92.4) 4 (7.6)
P 0.132 0.003
Tumor type
AD (n=79) 68 (86.1) 11 (13.9) 63 (79.7) 16 (20.3)
SQ (n=58) 51 (87.9) 7(12.1) 50 (86.2) 8(13.8)
P 0.803 0.192
Tumor stage
| (n=44) 36 (81.8) 8(18.2) 35(79.5) 9 (20.5)
[l (n=42) 38 (90.5) 4 (9.5) 37(88.1) 5(11.9)
11 (n=51) 45 (88.2) 6 (11.8) 41 (80.4) 10 (19.6)
P 0.462 0.514
T factor
1 (n=9) 5(62.5) 3(37.5) 3(37.5) 5(62.5)
2 (n=91) 79 (86.8) 12 (13.2) 77 (84.6) 14 (15.4)
3 (n=29) 27 (93.1) 2(6.9) 26 (89.7) 3(20.3)
4 (n=9) 8(88.9) 1(10.1) 7(77.8) 2(22.2)
P 0.159 0.005
N factor
0 (n=62) 51 (82.3) 11 (17.7) 51 (82.3) 11 (17.7)
1 (n=34) 31(88.2) 3(11.8) 29 (85.3) 5(14.7)
2 (n=40) 36 (90.0) 4 (10.0) 32 (80.0) 8 (20.0)
3(n=1) 1(100) 0 (0) 1 (100) 0(0)
0.508 0.903
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Table 31. The differences of HPV 16/18 E6/E7 mRNA expression in lung cancer

patients with different gender and smoking habitis.

HPV16/18 Non-smoking Smoking P
E6/E7
Female Male Male
(n=45)(%) (n=30)(%) (n=62)(%)
HPV 16
E6 mRNA
Negative (n=112) 28(62.0) 28(93.7) 56(90.3)
Positive (n=25)  17(38.0) 2(6.3) 6(9.7) <0.001
P 0.003 1.000
E7 mRNA
Negative (n=119) 34 (76.0) 28 (93.3) 57 (91.9)
Positive (n=18) 11(24.0) 2(6.7) 5(8.1) 0.027
P 0.034 1.000
HPV 18
E6 mRNA
Negative (n=110) 28 (62.0) 26 (87.0) 56 (90.3)
Positive (n=27) 17 (38.0) 4 (13.0) 6 (9.7) 0.001
P 0.063 0.723
E7 mRNA
Negative (n=113) 28 (62.0) 27 (90.0) 58 (93.5)
Positive (n=24) 17 (38.0) 3(10.0) 4 (6.5) <0.001
P 0.008 0.679

c?test was used for statistical analysis.
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Table 32. The differences of HPV 16/18 E6 and p53 status, HPV 16/18 E7 and Rb

status in lung cancer patients with different gender and smoking habits.

Parameter Non-smoking Smoking P
Female Male Male
(%) (%) (%)
E6/P53
HPV 16
-/- (n=67) 22 (48.9) 20 (66.7) 25 (40.32)
-/+ (n=41) 7 (15.6) 6 (20.0) 28 (45.16)
+/- (n=25) 16 (35.5) 3(10.0) 6 (9.7)
+/+ (n=4) 0(0) 1(3.3) 3(4.82) <0.0001
P 0.04 0.082
HPV18
-/- (n=69) 23 (51.1) 19 (63.3) 27 (43.5)
-/+ (n=41) 5(11.1) 7 (23.3) 29 (47.8)
+/- (n=19) 16 (35.6) 2(6.7) 1(1.6)
+/+ (n=8) 1(2.2) 2(6.7) 5(7.1) <0.0001
P 0.015 0.105
E7/Rb
HPV 16
-/- (n=72) 17 (37.8) 20 (66.7) 35 (56.5)
-/+ (n=19) 1(2.2) 2(6.7) 16 (25.8)
+/- (n=40) 26 (57.8) 8 (26.6) 6 (9.7)
+/+ (n=6) 1(2.2) 0(0) 5(8.0) <0.0001
P 0.030 0.006
HPV18
-/- (n=67) 12 (26.7) 20 (66.7) 35 (56.5)
-/+(n=16) 0(0) 1(3.3) 15(24.1)
+/- (n=45) 31(68.9) 8 (26.7) 6 (9.7)
+/+ (n=9) 2(4.4) 1(3.3) 6 (9.7) <0.0001
P 0.002 0.008
c’t est was used for statistical
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Table 33. Correlation between p53 codon 72 polymorphism and HPV infection in

lung cancer patient.

HPV 16/18 p53 codon 72 polymorphism
Arg/Arg Arg/Pro Pro/Pro P
(n=45) (n=72) (n=20)

HPV 16

Negative (n=91) 31 45 15

Positive (n=46) 14 27 5 0.527
HPV 18

Negative (n=83) 19 48 16

Positive (n=54) 26 24 4 0.005

c?Otest was used for statistical analysis.
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Table 34. Effect of p53 codon 72 polymorphism in p53 protein inactivation by

HPV16/18 E6 in lung cancer patient’ stumor tissues.

HPV E6 / P53 p53 codon72 polymorphism
Arg/Arg Arg/Pro Pro/Pro
(n=45) (n=72) (n=20) P value
HPV 16
-I- (n=67) 22 36 9
-/+ (n=41) 15 20 6
+/- (n=25) 7 14 4
+/+ (n=4) 1 2 1 0.987
HPV18
-I- (N=69) 21 37 11
-/+ (n=41) 12 22 7
+/- (n=19) 7 11 1
+/+ (n=9) 5 2 1 0.493

c2Otest was used for statistical analysis.
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Table 35. Univariant analysis of influences of clinical characteristics on overall

survival duration of lung cancer patients.

Prognostic factor No. Medium 3Year Log-rank
Survival (days) survival (%) P

HPV 16E6/E7/P53/Rb

-I-1x [+ 86 612 54.46

+/+/-/- 39 561 41.86 0.0817
Gender

Female 44 612 50.65

Male 81 535 42.46 0.1498
Tumor type

AD 76 524 43.59

SQ 49 692 48.98 0.5646
Tumor stage

I 41 764 79.30

I 37 510 44.81

Il 47 401 19.21 < 0.0001
T factor

1 7 638 50.00

2 85 612 50.16

3 25 401 36.27

4 8 625 37.50 0.2613
N factor

0 58 785 69.02

1 27 511 32.95

2 39 401 21.85

3 1 448 0 <0.001

AD: adenocarcinoma, SQ: squamous cell carcinoma.
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Table 36. Comparison of pack yearsand total aromaticDNA adduct levelsin normal

lung tissues of smoker from various countries.

No. of Pack year DNA adducts References
patients /108 nucleotides
17 38.63+£18.63 11.12+7.53 Phillips et al., 1988
21 50.78+21.76 4.65+6.50 Geneste et al., 1991
13 50.08+25.87 5.60+3.46 Alexandron et al., 1992
38 42.00+20.20 9.75+7.86 Ryberg et al., 1994
93 16.50+7.40 12.08+8.14 Mollerup et al., 1999
32 10.69+13.40 48.30+38.27 Cheng et al., 2001
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Table 37. TheBaP-like DNA adduct levels (BPDE) in lung tissues from lung cancer

patients living at Taichung, Taitung and Kaohsiung.

BPDE Taichung Taitung Kaohsiung P
IHC (n=29) (n=16) (n=19)

- 13 8 2
(0%)

+ 6 3 3
(<10%)

++ 0 4 10
(10-50%)

+++ 10 1 4 <0.001
(>50%)

The BaP-like DNA adduct levels were evaluated by immunohistochemistry.
c2Otest was used for statistical analysis.
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Table 38. Codon 12 mutation of k-ras genein lung cancer patients' tumor tissues.

Patient Sex Smoking Tumor Tumor T N M P53 K-ras
No. type stage mutation mutation
10125871 M 1.10 E I 2 0 O - +
53654J M 1.10 A I 2 0 O - +
788086G M  1.46 A I 3 00 - +
959745 M 0.91 A I 3 0 O - +
102736H M 0.73 E I 3 0 O - +
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Table 39. Literature review of k-ras mutation rate in lung cancer.

Authors No. Mutation Site Tumor type
frequency (%) (codon) (%) (%)
Keohavong et al., 2001 48 26.3 911,12 AD (26.3)
SQ (0)
Dai et a., 2000 16 6.25 9 AD (6.25)
Graziano et al., 1999 213 16.4 12 AD (29.0)
SQ (1.6)
AS (10.0)
LC (12.8)
K eohavong et al., 1996 173 254 12 AD (32.3)
SQ (2.7)
AS (11.1)
Kirsti et al., 1999 97 21 12, 13,61 unknown
Wang et al., 1998 84 6.0 12, 13, AD (8.1)
68or 69 SQ (2.6)
AS(20.0)
Cooper et al., 1997 65 16 12 AD (16)
Vachtenheim et al., 1995 137 <1% 12, 13 AD (47.1)
SQ (7.6)
Present study 173 2.9 12 AD (1.0)
SQ (0.8)
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Lung cancer has been the leading and second cause of cancer death of women
and men, respectively, in Taiwan since 1982 and isresponsible for about 20% of
overall cancer death. Similar trend was al so observed in western countries and
Japan. Prevention of lung cancer incidenceisanimportant study topic in human
health not only in Taiwan, but also worldwide. Cigarette smoking has been
implied to be the most important etiol ogical factor of lung cancer and up to 90%
of lung cancer inthe western countries could be explained by cigarette smoking.
Intriguingly, in Taiwan, only around 50% of lung cancer incidence could be
related to cigarette smoking, particularly, less than 10% of Taiwanese female
lung cancer patients are smokers. Thus, it is conceivable that environmental
factors other than cigarette smoking may be associated with lung cancer
development in Taiwan and the aim of this study, therefore, is to evaluate
possible involved environmental factors, including exposure to environmental

carcinogen and microbial infections.

It has been well known that benzo[a]pyrene (BaP), one polycyclic aromatic
hydrocarbon, is converted into a active metabolite, which will attack DNA to
form DNA adduct, through biotransformation. The DNA adduct has been shown
to result in mutation on tumor suppressor genes or oncogenes and ultimately,
lead to formation of tumor. To provethefeasibility of DNA adduct levelsin lung
tissuesbeing arisk biomarker of lung cancer, wehavetofirstly evaluateif DNA
adduct levelsin lung tissues of lung cancer patients are higher than that of

normal controls. Inthisstudy, 73 lung cancer patients and 33 non-cancer control
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were recruited and corresponding DNA adduct levels were analyzed by
32p-postlabeling. Our data showed that DNA adduct levelsin lung cancer
patients’ non-tumor tissues (49.58+33.39 adducts/10%nucleotides) were
significantly higher than that of non-cancer controls (18.00+15.33
adducts/108nucleotides, P<0.001). And DNA adduct levelsin smoking lung
cancer patients (49.03+37.21 adducts/ 10%nucleotides) were similar to that of
non-smoking ones (49.28+30.73 adducts/10%nucl eotides, P=0.719). The DNA
adduct levels were irrelevant to genetic polymorphisms of CYP1A1 and GSTM1,
but related to the CY P1A1 protein expression. The data showed that exposureto
environmental carcinogens may play animportant rolein lung cancer formation
other than cigarette smoking. Multivariate logistic regression analysis showed
that individual swith higher DNA adduct levels (>48.66 adducts/10®nucleotides)
had an approximate 25-fold risk of lung cancer compared to that of those with
low adduct levels (£48.66 adducts/10%nucleotides). The other factor such as
gender, smoking behavior, or genetic polymorphismof CYP1Aland GSTM 1 all

could not be risk biomarkers for lung cancer.

From previousreports, women have been mostly believed to be more susceptible
to cigarette smoking. To evaluate whether non-smoking female have higher
susceptibility to the environmental carcinogen exposure, DNA adduct levels of
non-smoking lung cancer patients, including 30 female and 30 male, and 20
non-smoking non cancer controlswere analyzed by *?P-postlabelingand ELI1SA.
Our data suggested that lung cancer patientswereindeed more susceptibleto the
environmental carcinogen exposure than non-cancer controls and DNA adduct
levels of female lung cancer patients were actually higher than that of male.

Furthermore, thisdifferencein DNA adduct |levelswas not resulted from genetic
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polymorphism or protein expression of CYP1A1and GSTM1. Therefore, high
susceptibility to DNA damage of females may be partial responsiblefor thehigh

mortality rate of lung cancer in non-smoking Taiwanese women.

Based on the higher DNA adduct levelsin femalelung cancer patientsin Taiwan,
it was suspected that mutation frequencies of p53 and k-rasgenewerehigherin
such patients. From our preliminary data, it was showed that only 2 of 52 female
have mutations occurred in p53 gene, which yielding a mutation frequency of
3.9% and there was no K-ras mutation in tumor tissues of female lung cancer
patients being detected. However, by immunohistochemistry, p53 and Rb protein
expression could not been detected in most lung cancer patients. Meanwhile, the
inactivation of the P53 and Rb protein could not be explained by their regul ated
genesuchasMDM2, p16 and cyclinD1. Fromall these, we, therefore suspected
that other biological factors may be responsiblefor theinactivation of p53 and

Rb and therefore involved in lung tumorigenesisin Taiwan.

Sincethe p53 and Rb protein could beinactivated by the E6 and E7 oncoproteins
encoded by human papillomavirus 16/18 (HPV 16/18) we hypothesized that the
HPV may beinvolved in P53 and Rb protein inactivation in lung tumor tissues.
Inthisstudy, 141 lung cancer patient and 60 non-cancer control wererecruited to
evaluate the infection rate of low-risk (HPV 6/11) and high-risk HPV (HPV

16/18) by nested PCR and in situhybridization, to determinethedifferenceinthe
infection rate of HPV between lung cancer patients and non-cancer controls. The
infectionrateof HPV6, 11, 16 and 18 for lung cancer patientswas 28.4%, 10.0%,
35.5% and 41.1%, respectively, and the differencein prevalencerates of 6, 16
and 18 between these two study groupswere statistically different. Therefore, the

infection of HPV 6, 16 and 18 may be involved in lung cancer devel opment.
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When stratified by gender and smoking behavior, HPV 16/18 infection rate of
non-smoking femal e lung cancer patients (60.0% and 73.0% for HPV 16 and 18,
respectively) were significantly higher than that of man (24.0% and 26.0% for
HPV 16 and 18, respectively). But for HPV 6, the highest infection rate of HPV 6
was in smoking male (38.1%) and the lowest was in non-smoking female
(11.1%). Theresult suggested that the different type of HPV might beinvolved
inlung cancer with different gender and smoking behavior whilethe infection of
HPV 16/18 may be involved in female lung cancer formation in Taiwan. It was
also found that the infection rates of HPV 6 and HPV 16 were correlated with
tumor stage, with the highest frequency being for stagel patients, therefore, HPV
infection may contribute in the early stage in lung cancer development. To
understand whether the inactivation of P53 and Rb in lung tumor tissues were
correlated with HPV 16/18 E6/E7, the HPV 16/18 E6/E7 mRNA expression in
lung tumor tissue were detected by in situRT-PCR. In the serial tissue sections,
the p53 and Rb protein were not detected in 80% of thelung cancer patientswith
HPV16/18 E6/E7 mRNA positive expression and these patients have the poor
prognosis. Because of these, inactivation of p53 and Rb protein by HPV16/18

E6/E7 may be linked in lung tumorigenesis.

In conclusion, the concurrence of high DNA damage susceptibility to
environmental carcinogen exposure and high HPV 16/18 infecti on may-contribute

to the higher mortality rate of non-smoking female lung cancer in Taiwan.
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