p53 K-ras

p16INK4a
143
(nonrsmall cell lung cancer, NSCLC) 62
81 (IHC) methylation-
specific PCR (MS-PCR) (LOH)
(RT -PCR) pl6ene
MRNA
p16™ e LOH (70%
for smoker vs. 28 % for nonsmoker  P=0.02) p16™N*e
LOH

(P=0.004 for smoking status P = 0.004 for tumor typeand P =0.001
for gender)
plGINK4a
promoter hypermethylation (P=0.029)

(P=0.330) 52 %



23 % pl6e™ e

p16™ e LOH
(10
% for nonsmoking femae vs. 33 % for nonsmoking male P = 0.097)
p16INK4a
p16INK4a
p16INK4a p16INK4a
pl16
p16™“* hypermethylation p16
p16INK4a



1955
1.25 2000
38.69 17.25
14 15 ( Department of Hedth 2000)

1980

1987

(Greenlee et d., 2001)

80% 7%
98% 70 90 % (Koo et d., 1990)

( 2 1)

2000)

2.67

(Ko et 4.,

(Chen et



d., 1990 Leeetd., 2000)

(smal cdl lung carcinomas SCLC) (nonsmall cell

lung carcinomas NSCLC)

20%

(squamous cell

carcinomas) (adenocarcinomas) (large cell carcinomas)

(Leeet d., 2001) 80 %

5 15 % (Zochbauer-Muller, et d., 2002)



pl6

1. p1eNc®
1.1 ple™*
1993 1994 yeast two-hybridization
cyclin-dependent kinase 4 (CDK4) pl16
(Serrano et al., 1993) p16 3 exon

exonla(125bp) exon2(307bp) exon3(12bp)

156 16569 datons (Ruas et 4.,
1998) ankyrin pl16
Ankyrin L
p16 CDK4/6 heterodimer  (Russo

etd., 1998 Brotherton et a., 1998)

P16 MTS-1(Maor Tumor Suppressor
-1) INK4a(Inhibitor of cyclin-dependent kinase4a) CDKNZ2A (cyclin-
dependent kinase inhibitor 2A) pl16 G, phase

(cdl cycle) (Liggett et al., 1998 Rocco et al., 2001)



1.2 ple™* cyclinD; CDK4/6 pRB

pl6™NK® CDK4/6 CDK4
/6 cyclin Dy (complex) pRb
(retinoblastoma) pRb EF(trans-
cription factor) (Roussd et al., 1999

Sher et a., 1996 Huschtscha et d., 1999 Schutte et a., 1997)

p16™N e CDK4-6/p16™N**
CDK4/6-cyclin D, cyclin Dy
ubiquitin-dependent proteasome pathway ( Dienl

et a., 1997) Fig 6
PRb p16INK4a
G//S (Sherr et a., 1999 Zhang et

a., 1999)



2 p16INK4a

pl6e™ e (inactivation)
( promoter
methylation ) (LOH Loss of Heterozygosity)
p16/N<e p16/N<%
P16

P16
(Kashiwabara et a., 1998 Gazzeri et 4d.,

1998  Zochbauer-Muller et d., 2002)

2.1  Immunohistochemistry( IHC) pl6N e

NSCLC(Non Small Cell Lung Cancer) p16Nk®
stagel-2
ple" (Tagaet d., 1997)
p16INK4a

(CNS lymphoma) p16"<*

50~60 % 83 % 22%



NSCLC 27~ 63% Nakamura et 4d.,
2001 Reed etd., 1996 Sanchez-Cespedes et dl., 2001b Gazzeriet d.,

1998 Song et d., 2000)

2.2  Methylation-specific PCR (MSP) ple™ e

( promoter hypermethylation )

CpGidand
( Robertson et al., 2001) CpGidand
VHL CpG idand

(Herman et d., 1994) Rb

(Sakai et a., 1991) pl6Nk®
hypermethylation p16™“* hypermethylation
15 % 37 % 17
% 27% 31 % ( Eseller et a., 2001)

NSCLC p16™*® hypermethylation
(41%) (22%)
p16™“**hypermethylation hypermethylation

hypermethylation hypermethylation



(Gorgoulis et d., 1998 Kimet a., 2001)

p16™“*® hypermethylation

(biomarker)( Belinsky et al., 1998) p16'N"* 4
hypermethylation pl6™ e (Reed et 4.,
1996) 5-aza-2 - deoxy-cytosine
p16™"** hypermethylation
pl6e™ e GJ/S (Zhuet
al., 2001) p16™“*hyper- methylation

(Rocco et al., 2001)

2.3  Lossof Heterozygosity(L OH) 9p21
LOH
3p P 17p (Testaetd., 1997)  pl6"<®
9p21
p1e™ LOH

(Gorgouliset a., 1998 Rocco et d., 2001) 1994  Sidransky
Op21~22 LOH

p16™ e (Merlo et al., 1994)



9p21
CDKNZ2a
1997)
NSCLC

22) LOH

LOH

(Mead et d.,

(chromosome 1
9p21
LOH

p16™“*®hypermethylation 9p21

9p21  LOH

hypermethylation

(Shapiro et a., 1995a Sanchez-Cespedes et al., 200la Kim et a.,

2001)
24 RT-PCR
p16INK4a
methylation

pl

epigenetic

p16™*“*mRNA

DNA RNA

'K MRNA
p16™ " mRNA

p16™ ** mMRNA

10



(Hui et a., 2000) (Omura

Minamisawa et d., 2001)

1



( promoter hyper methylation )

(cytosine)
5 -methylcytosine (genome) (Bird et d., 1992
Baylin et al., 1998) X-chromosome inactivation (Panning et al.,

1998) DNA (imprinting)(Li et a., 1993)

70 % CpG idand (Cooper et a., 1989
Feinberg et a., 2001 Jones et d., 2001) cytosine
(Esteller et al., 2002) DNA
(tumorigenesis) MMR(mismatch repair)
Fg7

Fig 8 (Robertson et al., 2000)

cytosine 5 -methylcytosine DNA
(DNA methyltransferase) DNMT DNMT
cysteine residue cytosne C-6 C-5

S-adenosyl-methionine

(SAM) (CH,) cytosne C-5



5 -methylcytosine cytosine
5-aza-2 -deoxy -cytosine
Fg9 (Juttermann et d., 1994 Robertson et al., 2001)
DNA
methylation-CpG-binding protein (MeCP) 5 -methylcytosine
(Free et d., 2001) transcription co-repressor  deacetylase
(Histone)
Fig 10 (Joneset a., 1999 Wade 2001 Tycko
2000) pRb VHL p16"“* APC BRAC1
CpGidand
(Mom-

parler et d., 2000 Baylinetd., 1998 Tycko 2000)

13



(Lossof Heterozygosity LOH)

(dlde)

(loss of heterozygosity LOH) LOH

(A)
(missegregation or non-digunction)

(B) (recombination)

(© (deletion)

LOH (Caveneeet d., 1983 Chang et dl.,
2000) LOH

(microsatellite sequence)

14



(Human papillomavirus HPV) pl6

(papovavirus)

55 nm 7.9kb DNA
(envelope) El E7 L1 L2
HPV onco-protein E6 E7
(1) HPV E6 150 amino acid HPV
HPV116 HPV18 E6 p53 p53 ubiquitin
pathway
(2) HPV E7 98 amino acid HPV E7
pRb E,F
100
E6 E/ L1 DNA E6 E/ L1
DNA 10 % HPV

(Lowrisk HPV 6 11 42 43
44) (Lowrisk HPV16 18) HPV

HPV (Zur Hausen et a., 2000)

15



HPV16/18 E7 p16™ e
Fig1l2  (Khlefetd. 1996 Sanoetal., 1998)
(Milde-Langosch et 4.,
2001) pl6™ e

(Klaes et d., 2001)

16



p53
DNA

p53 12.7 % (19/149) (Yu et d., 2000)
20 49 % (Elineta., 1996 Yukihiroet d.,

1995) pl6 @
(Zochbauer-Muller et a., 2002) pl6 ' e
P16
promoter hypermethylation LOH

p16 LOH  hypermethylation

p16 hypermethylation

pl6

p16

17



143

1993 2001
143 Table 1 63.8
100 69.9% 43 30.1%
TNM (tumor size)

(node transference) (metastasis)

18



1. DNA RNA

1-1. DNA

SDS (Sodium dodecyl sulfate)

EDTA (Ethylenedinitrilo tetra-acetic disodium salt)
NaCl (Sodium chloride)

Tris-base

NaOAc (Sodium acetate)

NaOH (Sodium hydroxide)

E.Merk

Phenol
Chloroform
Alcohol for bio-tech

Proteinase K

Boehringer-Mannheine

1-2. RNA

Rare RNA Kit
RNasn

Gibco BRL

DNase

MgCl,

| sopropanal

DEPC (Diethyl pyrocarbonate)
DTT (DL-dithiothreitol)

Sigma

19



2. (Immunohistochemistry)

Xylene
Alcohol

H,0;
NP-40
Sigma
Hematoxyline
Citrite acid
Tris
EDTA (Ethylenedinitrilo tetra-acetic disodium salt)
NaCl (Sodium chloride)

Entelan ( )

E.Merk
P16

Santa Cruz
LSAB Kit
DAB
Primary Anti-body diluent
DaKo Pen

Dako

3. Methylation-Specific PCR (MS-PCR)

Calf thymas DNA

NaOH (Sodium hydroxide)
Hydroquinone

Sodium Bisulfite

| sopropanal

Sgma



Wizard DNA Clean-UP System
Promega
DyNAzyme™ Il DNA polymerase
Bio-Labs

4. Loss of Heterozygosity (LOH)

TBE Buffer

Acrylamide/Bis-acrylamide (19:1)

APS (Ammonium persulfate)

TEMED (N,N,N ,N -Tetramethylethylenediamine

Sigma
Taq polymerase

5. RT-PCR
M-MLV Reverse Transcriptase
100mM dNTP
Promega

Oligo primer
100bp Ladder
DyNAzyme™ Il DNA polymerase

Bio-Labs

21



10 %
35u m

37 14-16



(Ilmmunohistochemistry IHC)

55-60 10
(Xylene) 20 100 % 10
%% 8% 75% 5 30
3 % H,0, 20-30
(peroxidase)

0.01M citritc acid buffer (pH=6.0)
5 citrite acid buffer 30
1 x PBS buffer 5

LSAB, rabbit/mouse, HRP Kit (Dako

corporation Carpinteria., CA) Dako pen

(Dako corporation Carpinteria., CA)

mouse monoclona anti-P16 (SANTA CRUZ

CA ) diluent buffer (Dako corporation Carpinteria., CA) 1:500

4
(overnight) 1 xPBSbuffer 3 5
biotinylated 20 1 x PBS buffer
3 5 streptavidin 20

1 x PBS buffer 3 5 DAB

23



( DAB buffer DAB substrate)

5-10
Hematoxylin (Merck)
9% % 100 % 3 2-5
(Merck)
p16™"“ 3
) DAB
P16
() 10% (+)
10 % 50 % (++)

50 % (+++)

24



DNA

0.5 ml lysis buffer (10 mM Tris buffer

pH 8.0 100mM NaCl 0.5% SDS 25mM EDTA pH 80) microtube

10mg/ml  proteinaseK 101 | 56
18 0.5 ml phenol / chloroform
/ isoamyl acohol (25:24:1) 12000 rpm 10
microtube 1-2 chloroform
/ isoamyl alcohol (24:1) phenol
1/10 3M NaOAc 2 100 %
-20 30 DNA 12000 rpm 10
75 % DNA
-20 DNA 260 nm
280 nm A260 / A280 16 18

DNA DNA (ig/ml)=A260 x 50 x

25



Promoter Hyper methylation

Methylation-Specific PCR ( MSP )

p1e™N<*e MSP
Sodium bisulfite (chemical modification) DNA

cytosine uracil cytosine

(5-methylcytosine) Sodium bisulfite uracil

cytosine primer DNA
(amplification) (methylated) DNA
primer cytosine
uracil DNA DNA
(unmethylated) DNA (Herman et al., 1996)
DNA DNA

primer

pl6-M  Sense ° TTATTAGAGGGTGGGGCGGATCGC®

pl16-U

Antisense ° GACCCCGAACCGCGACCGTAA?®

Sense- ° TTATTAGAGGGTGGGGTGGATTGT®
Antisense- ° CAACCCCAAACCACAACCATAA®

Bisulfite modification 6ig( 1ig/il)tumor DNA 4

26



i g caf thymus DNA ( carrier) 151 | 25110.4N NaOH (
0.2N) 37 10

3011 10mM Hydroquinone 52011 3M pH 5.0 sodium bisulfite

(dry bath) 50 16 Wizard
DNA Clearn-Up System DNA 50
il DNA 50i 1 0.6 N NaOH ( 0.3 N)
510 modification DNA
10-15i | PCR
PCR DNALil 10mM dNTP1il 10 x PCR reaction

buffer 511 2U /il DyNAzyme™ Il DNA polymerase0.5i1 10 mM

primer 11l 50 il 94 5
U 1 ™m 50 72 50
40 72 10 4 PCR 2%
agarose gel ethidium bromide 10-20
PCR m
PCR m
pl16-M 150 bp 65

pl6-U 151 bp 60

27



L oss of Heter ozygosity (LOH )

3  microsatelite marker D9S942 D9S1748 D9S1749

Fg 11 pl6Nk® 9p21
(LOH) primer
D9S942 Sense- ° GCAAGATTCCAAACAGTA?®

Antisense ° CTCATCCTGCGGAAACCATT?®

D9S1748 Sense- ° CACCTCAGAAGTCAGTGAGT?
Antisense ° GTGCTTGAAATACACCTTTCC?

D9S1749 Sense- ° AGGAGAGGGTACGCTTGCAA®
Antisense ° TACAGGGTGCGGGTGCAGATAA®

DNA
3  microsatelite marker PCR DNA
100 ng ( lig/il) 10mM dNTP1il 10 x PCR reaction buffer 5
il 25U Taq polymerase 0.511 10 mM primer 11l
501l 94 5 9 1 m
50 72 50 35 72 10
4 DNA

PCR 1511 8%  polyacrylamide gel

28



ethidium bromide 10-20

DNA repeat segmentation DNA repeat
segmentation DNA repeat segmentation
LOH
PCR Tm
PCR Tm
D9S942 100 bp 54
D9S1748 130 bp 56
D9S1749 120 bp 54



( Human papillomavirus HPV)
Nested PCR HPV16/ 18
PCR MY 09 MY 11 primer HPV L1

PCR type- specific primer L1

HPV16/ 18 primer

Consensus primer S —>» 3 PCR product
MY 09 GCMCAGGGWCATAAYAATGG 450 bp
MY 11 CGTCCMARRGGAWACTGATC

Nested primer
HPV16 UP TACTAACTTTAAGGAGTACC 223 bp

HPV16 DN GTGTATGTTTTTGACAAGCAATT
HPV18 UP CCAAATTTAAGCAGTATAGC 193 bp

HPV18 DN TTGTACAAAACGATATGTATCCA

PCR DNA LIl 10mM dNTP1il 10 x PCR
reaction buffer 511 2U /11 DyNAzyme™ Il DNA polymerase0.51 |
10 mM consensus primer - 11| 50il

94 10 94 1 5 2 72 1

35 72 10 4



PCR PCR product 511 10 mM dNTP 1
il 10 x PCR reaction buffer 5il 2U / il DyNAzyme™ 11 DNA

polymerase 0.511 10 mM nested primer 11|

501l A 5 A 40 5 1
72 1 35 72 10 4
2 % agarose gd ethidium bromide

10-20

31



RNA

1. RNA
50-100 mg Rare RNA
1ml 1.5 ml microtube 20-30
( Rare RNA ) 200
il ( chloroform) 12000 rpm 10
500 i1 isopropanal 15 LPA
(linear polyacrylamide) RNA 12000 rpm 10
Iml 75 % isopropanol
RNA 5011 DEPC H,O
2. RNA

501 1DEPC H,O RNA 1011 100 ml MgChL / IM
DTT 1ilRnasn(25-50U) l1lilDnase (694mg/ml) 40i1l
DEPC H,O 37 30 DNA 5 mM

EDTA 750 mM sodium acetate 0.1 % SDS Dnase

phenol / chloroform 12000 rpm 15
500 i1 isopropanol 15 RNA
12000 rpm 10 Iml 75 %

isopropanol RNA 501 1 DEPC

32



H,O RT-PCR denature agarose gel 18S 28S

rRNA RNA RNA
260nm 280 nm A260 / A280 17 19
RNA RNA (ig/ml)=A260 x 40 x



RT-PCR p16™* mRNA

51gRNA 200 pmole/iloligodT 11l  primer 8il
DEPC H,0O 72 10 oligodT RNA
4 41l (reaction buffer)
11110 mM dNTP 42 2 1il
(reverse transcriptase) 42 0 4 1
65 15 4
p16™“*® mRNA primer

p16™“** 180 bp
Sense. ° -GCTGCCCAACGCACCGAATA-®

Antisense; ° -ACCACCAGCGTGTCCAGGAA-®

PCR cDNA 1il 0.5mM dNTP 1lil 10X PCR reaction

buffer 511 2.5U Tag polymerase 05 mM primer  1i |

50i | 9 5
9 1 % 1 72 1 35 72 10
4 2 % agarose g
ethidium bromide 10-20



SPSS p16™ e p16™<* LOH
p16™““ mRNA  p16™“* promoter hypermethylation

(+" —test)



D 16/ NK4a
p53
p53 p53
(Yu et d., 2000)
p16 "Nk (Zochbauer-
Muller et a., 2002)
p16INK4a p16INK4a
p16INK4a
Fig 1 p16
Table2 76.9% (110 of 143)
p16™N*e 33 p16
p16
66 pl6 (18.8%, 13 of 69)
66 (27.1%, 20 of 74)
(25%. 20 of 80) (20.6%, 13 of 63) pl6



p16™“* hypermethylation pl6

p16/N<e
(promoter hypermethylation) (Loss of Heterozygosity
LOH) pl16

pl16 hypermethylation LOH (Zochbauer

-Muller et d., 2002 Betticher et al., 1997 Gazzeri et d., 1998)
pl16
hypermethylation LOH pl16

769 % (110 of 143)

p16™N e hypermethylation
p16 pl6 hypermethylation
() p16™*® hypermethylation
methylation-Specific PCR (MSP) 143
P16 hypermethylation Fg 2
Table 3 32.9 % (47 of 143) hypermethylation

hypermethylation

37



pl6 hypermethylation
(N=1, 2 3 pl6
hypermethylation (N=0 P=0.031)

pl6 hypermthylation

(417% 180of 43) (29.0% 29 of 100)
(P=0.133) (Stage 2
& 3) p16™“* hypermethylation 37.4% (34 of 91)
(Stage 1) (25% 13 of 52) P =
0.130) p16™“* hypermethylation
() p16™“*® hypermethylation
Table 3 p16™“*® hypermethylation
87 % (41 of 47) ple™N pl6e™ e
82 % (27 of 33 p16™ e hyper-
methylation (P = 0.041) p16™ e
hypermethylation p16



p16™N“* LOH

( ) p16™*LOH

9p21

INK 4a
6

pl

p16™“* LOH pl6

D9S942 D9S1748 D9S1749

microsatellite marker 143

LOH

1 D9S17492
LOH 2
LOH Table 4

9p21 p16| NK4a

p16™“* LOH
9.8% (4 of 41) p16™“* LOH

= 0.001) AD SQ
19.3% (15/78)  41.7% (25/60) SQ

LOH
LOH

Fig3

D9S942 D9S1748

29 % (40 of 138)

LOH
37.1 % (36 of 97)
P
p16™“* LOH
p16™“* LOH



AD (P = 0.004)
19.3% (150f 78)  41.7% (25 of 60)
(P=0.004)
LOH
() p16™“** LOH
Table 4 p16™“* LOH
775% (31of 40) p16™"*™

of 32) p16™“* LOH

pl6"““LOH pl16

p16'™M“* hypermethylation ~ LOH

pl6

p16

143

p16™“*® hypermethylation LOH

40

p16™“* LOH

p16™“**LOH

p16

INK4a
6

pl
71.9% (23

(P=0.903)

p16 hypermethylation



pl16 hypermethylation LOH
Table5 42
% (18 of 43) 34 % (21 of 62)

21 % (8 of 39) pl6™ e

(42 % for female 21 % for mae P = 0.045)

p16 hypermethylation p16
Table5 LOH (42%)
(30%) (10 %)
(P =0.002) LOH

(42 % for smoking male 10 % for nonsmoking femae
P<0.001) (30 % for

nonsmoking male  10% for nonsmoking femae P= 0.025)

p16™““* hypermethylation p16/N<e
Table 6 pl6
31 31 16
hypermethylation 52% ( 16 of 31) 016

23% (7 of 31) pl6

a4



INK4a
6

pl
(52 % for nonsmoking female

nonsmoking mae P=0.029)

p16™“* hypermethylation

p16MNK p16MNKe LOH
LOH p16INK4a
% (18 of 46) 33 % (10 of 30)
6(30 0.
10% (3 of 30) (P=0.018)
5 Table 6 p16™“* hypermethylation
p16/NK4

p16™ e LOH

p16 LOH

hypermethylation pl16

p16™"** hypermethylation

42

INK4a
6

pl

23 % for

39

Table



p16™*? mRNA

hyper methylation

hypermethylation (P

= 0.041)

p16™ " mRNA

RT-PCR
control Line4,5
hypermethylation
MRNA 9
(P= 0.027)
hypermethylation
methylation
hypermethylation

MRNA

(P=0.001)

hypermethylation

p16™M“**mRNA

RT-PCR
hypermethylation
HelLa positive
p16™““*mRNA
Table 3
hypermethylation
p16™““mRNA
MRNA hyper-

(P=0.029 )

Table 2 MRNA
6 (66.7%)

p16™“*® hypermethylation



HPV16/18 pi16™«®

Klaes (2001) (high
risk) HPV p16™ e

HPV16/18  p16™"*

IHC HPV16/18
HPV16/18 Fig 5.
Nested PCR MY 09 MY 11 primer HPV
L1 PCR  type-specific primer L1
HPV16/ 18 Lane2,3,5 7,11,12 HPV 16
Lane 19, 27 HPV 18 Table 7 143
p16™N e 33 25 HPV16 HPV 18
p16™ e (P=0.002)
pl6 HPV 16/18

p16



p16INK4a
IHC 23.1 % (33/143) p16Nk®
37 3%
pl6e™ e Table 8
p16™N * IHC
AD
SQ
pl16
Sano(1998)
HPV16/18 p16™ e
HPV16/18 p16™ e
(P=0.002) HPV16 /18 E7 Rb
E,F p16™ e (Klaes et dl.,
2001) p16



HPV 16/18
pl16 Rb
(Kashiwabara et al., 1998)
pl16 Rb

EF

p16™“**hyper methylation

Table 9 Kim (2001)

hypermethylation

(42%) (34%)

P16

pl6 Rb

HPV 16/18

HPV 16/18 E7 Rb

pl6e™ e Fig 12

185

hypermethylation

hypermethylation

(Doerfler et a., 1995 Ambinder et a., 1999)

(Koo et ., 1990

Koeta., 1997, 2000 Yangetad., 1998 2000)

hypermethylation



HPV 16/18

HPV p16

hypermethylation

Kim (2001) p16™“*“hypermethylation Stagel  AD

pl16 hypermethylation

hypermethylation
hypermethylation (10%) hypermethylation
(21%) p16 ™** hypermethylation
p16™“*LOH
p16INK4a 9p21
Ip21 LOH (18 70 %)
138 40 LOH (29 %) Table 10
(29 61%) LOH
51 (Chen et 4.,
2002) pl16 microsatellite marker
LOH marker pl16

marker LOH

47

DNA



microdissection DNA

DNA LOH
LOH
LOH
p16 LOH
p16™“* hypermethylation ~ LOH 016Nk
p16/N<e
hypermethylation
LOH hypermethylation p16'N<“® hypermethylation
p16/N<%
Sanchez-Cespedes (2001b)
p16/N<e
LOH hypermethylation
14



p16| NK4a p16

hypermethylation

23% pl16 hypermethylation
52% hypermethylation
(P=0.029)

(38% vs. 23%, P = 0.330) ple™N <@

hypermethylation

BaP NNK PAH BaP
BPDE DNA DNA (Nakayama
et a., 1985) LOH

DNA hypermethylation
hypermethylation

(Eguchi et a., 1997 Kim et a., 2001 Swafford et a.,

1997) hypermethylation LOH A%
42% (Table 5)
74% (46/62 9 ) p16N e
hypermethylation LOH

hypermethylation LOH (32% hypermethylation 19%

49



LOH Table5) hypermethylation (42%)
(21%) LOH (10 %)
(30%) 51% (22/43
1 ) pl6™

hypermethylation

p16'™“**hyper methylation

p16™*“**hypermethylation

(Koeta., 2000 Anderson, et a., 2001)
BaP PAH
hypermethylation

LOH (42% hypermethylation 10% LOH)

pl6 hypermethylation LOH

34% 42%

hypermethylation LOH

50



ER pl6 hypermethylation (Belinsky et a., 2002

Govindargan et a., 2002)

CL-3 8-OH dG (Lineta., 2002)
hypermethylation
8-OH dG DNA hypermethylation
Shen (2002) B C
hypermethylation (DNA
methyltransferase DNMT) DNMT mRNA
hypermethylation (Robertson
et a., 1999) DNMT
DNMT
p16 hypermethylation HPV 16/18
p16 hypermethylation

hyper-

methylation (21 % for nonsmoking male 42 %

51



for nonsmoking female) LOH 3 (30 %for
nonsmoking male 10 % for nonsmoking female)
HPV16/18
hypermethylation
LOH
hypermethylation LOH

HPV16/18

52
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Table 1. Demographic and clinical characteristics of lung cancer patients.

Characteristics Number (n=143) %
Age (yr £ SE) 63.8 + 10.36
66 74 51.7
66 69 48.3
Gender
Female 43 30.1
Male 100 69.9
Tumor stage
1 51 35.7
2 38 26.6
3 54 37.7
Tumor type
AD 80 55.9
SQ 63 44.1
T value
1 5 3.5
2 100 69.9
3 33 23.1
4 5 3.5
N value
0 64 44.7
1 27 18.9
2 50 40.0
3 2 14
Smoking status
Nonsmoking 81 56.6
Smoking 62 43.4




Table 2. Relationships between p16 IHC and clinical parameters.
pl6 IHC (n=143)

Parameter Number Negative (%) Positive (%) p
Age(years)
66 74 54(72.9) 20(26.1) 0.102
66 69 56(85.5) 13(14.5)
Gender
Female 43 31(72.1) 12(27.9) 0.369
Male 100 79(79.0) 21(21.0)
Tumor stage
1 52 39(75.0) 13(25.0) 0.680
2 &3 91 71(78.1) 20(21.9)
Tumor type
AD 80 60(75.0) 20(25.0) 0.102
SQ 63 50(79.4) 13(20.6)
T value
1&2 105 81(77.1) 24(22.9) 0.917
3 &4 38 29(76.3) 9(23.7)
N value
0 64 48(75.0) 16(25.0) 0.623
1,2&3 79 62(78.5) 17(21.5)
Smoking status
Non-smoking 81 62(76.5) 19(23.5) 0.902
Smoking 62 48(77.4) 14(22.6)
pl6 mRNA
Positive 9 3(33.3) 6(66.7) 0.001
Negative 71 59(83.1) 12(16.9)




Table 3. Relationships between pl6 promoter methylation and clinical

parameters.
p16 methylation (n=143)
Parameter Number Negative (%) Positive (%) p
Age(years)
66 74 48(64.9) 26(35.1) 0.550
66 69 48(69.6) 21(30.4)
Gender
Female 43 25(58.1) 18(41.9) 0.133
Male 100 71(71.0) 29(29.0)
Tumor stage
1 52 39(75.0) 13(25.0) 0.130
2 &3 91 57(62.6) 34(37.4)
Tumor type
AD 80 56(70.0) 24(30.0) 0.411
SQ 63 40(63.5) 23(36.5)
T value
1&2 105 69(65.7) 36(34.3) 0.548
3 &4 38 27(71.1) 11(28.9)
N value
0 64 49(76.6) 15(23.4) 0.031
1,2& 3 79 47(59.5) 32(40.5)
Smoking status
Non-smoking 81 55(67.9) 26(32.1) 0.823
Smoking 62 41(66.1) 21(33.9)
pl6 IHC
Positive 33 27(81.8) 6(18.2) 0.041
Negative 110 69(62.7) 41(37.3)
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Table 3. (Continued)

pl16 MRNA
Positive 9 9(100) 0(0.00) 0.027
Negative 71 45(63.3) 26(36.7)

Sixty-threecaseswerenot determined in p16 mRNA analysis. p16 mRNA was
examined by RT-PCR experiment.



Table 4. Relationships between LOH at p16 locus and clinical parameters.

p16 LOH (n=138)

Parameter Number Negative (%) Positive (%) p
Age(years)
66 74 54(73.9) 19(26.1) 0.417
66 65 44(67.7) 21(32.3)
Gender
Female 41 37(90.2) 4(9.80) 0.001
Male 97 61(62.9) 36(37.1)
Tumor stage
1 48 34(70.8) 14(29.2) 0.973
2 &3 90 64(71.1) 26(28.9)
Tumor type
AD 78 63(80.7) 15(19.3) 0.004
SQ 60 35(58.3) 25(41.7)
T value
1&2 101 76(75.2) 25(24.8) 0.070
3 &4 37 22(59.5) 15(40.5)
N value
0 60 39(65.0) 21(35.0) 0.172
1,2& 3 78 59(75.6) 19(24.4)
Smoking status
Non-smoking 78 63(80.7) 15(19.3) 0.004
Smoking 60 35(58.3) 25(41.7)
pl6 IHC
Positive 32 23(71.9) 9(28.1) 0.903
Negative 106 75(70.8) 31(29.2)

Five cases were not determined in the LOH experiment.
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Table 5. pl6 inactivation by promoter methylation and LOH among NSCLC
patientsstratified by gender and smoking status.

Non-smoking Smoking
Parameters Female Male Male p
Methylation 0.135
Positive 18(42%) 8(21%) 21(34%)
Negative 25(58%) 30(79%) 41(66%)
p 0.045 0.170
LOH 0.002
Positive 4(10%) 11(30%) 25(42%)
Negative 37(90%) 26(70%) 35(58%)

p 0.025 0.237
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Table6. Thecorrelation between pl16 I HC expression and promoter methylation
and LOH among NSCL C patients stratified by gender and smoking

status.
IHC (n=143)
Nonsmoking Smoking
Female Male Male p

Parameter Postive Negative Postive Negative — Postive Negative

Met hyl ati on

Positive 2 16(52%) 1 7(23%) 3 18(38%)

Negative 10 15 6 24 11 30

p 0.029 0.330 0.069
LOH

Positive 1 3(10%) 1 10(33%) 7 18(39%)

Negative 10 27 6 20 7 28

p 0.097 0.420 0.018
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Table 7. Relationship between HPV 16 or HPV 18 DNA detection and p16

expression.
HPV16 or HPV18 DNA(n=143)
Negative(%) Positive(%)
(n=68) (n=75) p
P16 IHC 0.002
Positive 8(24.3) 25(75.7)

Negative 60(54.6) 50(45.4)
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Table8. Literaturereviewsof p16 IHC detection in NSCL C patients.

Population USA  Japan UK Japan USA France ROC USA Japan Present study

Patient no.  18/48 57/106 27/51 84/115 14/38 19/35 58/115 36/70 28/82 33/143
Podtive (%) 38 5 53 73 37 5 5 5 @ # 23
Antibody Pharmingen  Santa cruz DCS50 Santa cruz JC-8 Santacruz
G175-405 G20 G20 F12 G20 F-12

Mde 32/63 54/78 49/97 34/67 21/100
Pogtive (%) 51 69 51 51 21
Femde 25/43 30/37 10118 2/3 12/43
Pogtive (%) 58 81 5% 67 28
AD 1/6 38/72 51/64  6/19 1219 29/56 17/32 19/35  20/80
Pogtive (%) 17 53 8 R 63 5 58 % 25
SQ 17/42 19134 26/43 819 7/16 26/51 14/30 841  13/63
Pogtive (%) 40 56 60 42 4 51 47 2 21
Smoker 20062  26/54 14/62
Postive (%) 47 48 23
Nonsmoker 18/33  8/13 19/81
Pogtive (%) 54 62 24
Ref. 1 2 3 4 5 6 7 8 9
Ref:

1. Kratzke et d., 1996.

2. Jnetd., 2001.

3. Betticher et d., 1997.

4. Tagaet d., 1997.

5. Sanchez-Cespedes et a., 1999.
6. Gazzeri et d., 1998.

7. Chen et d., 2002.

8. Gorgouliset d., 1998.

9. Kashiwabara et a., 1998.
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Table9. Literaturereviews of promoter methylation detection in NSCLC

patients.

Population USA USA UK France ROC USA Japan Present study
Petient no. 51/185 12/47 27/107 5/35  38/67 1870 10/29 47/143
Postive (%) 28 26 25 14 57 26 4 33
Made 32/101 23/76 34/58 18/67 923 29/100
Pogtive (%) 32 30 58 27 39 29

Female 19/84 4/31 49 03 1/6 18/43
Pogtive (%) 23 13 a4 0 17 42
AD 21/94 645 219 14/26 73R 311 24/80
Pogtive (%) 2 13 1 54 2 27 30
SQ 24/59 16/43 316 2135 1130 6/16 23/63
Pogtive (%) 41 37 19 60 37 38 37
Smoker 28/75 7/33  27/98 29/43 21/62
Pogtive (%) 37 21 28 67 4
Nonsmoker 2113 514 09 7/16 26/81
Pogtive (%) 5 3% 0 a4 R
Ref. 1 2 3 4 5 6 7
Ref:

1. Kimetd., 2001
2. Sanchez-Cespedes et a ., 2001b.
3. Zochbauer-Muller et d., 2001b.
4. Gazzeri et d., 1998.
5. Chen et d., 2002.

6. Gorgouliset d., 1998.
7. Kashiwabara et ., 1998.
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Table 10. Literaturereviews of LOH detection in NSCL C patients.

Population USA USA USA ROC USA Present study
Patient no. 27147 21/44 28/38 15/51 22/36 40/138
Positive (%) 57 48 74 29 61 29
Male 14/42 36/97
Positive (%) 3 37
Female 1/9 4/41
Positive (%) 11 10
AD 21/44 8/27 12/19 15/78
Positive (%) 48 30 63 19
SQ 7123 10/15 25/60
Positive (%) 30 67 42
Smoker 23/33 17/26 8/24 25/60
Positive (%) 70 65 33 42
Nonsmoker 4/14 4/18 5/117 15/78
Positive (%) 28 22 29 19
Ref. 1 2 3 4 5

Ref:

1. Sanchez-Cespedes et d., 2001b.

2. Sanchez-Cespedes et a., 2001a.
3. Sanchez-Cespedes et a., 1999.
4. Chen et d., 2002.

5. Merloet d., 1994.
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Fig 1. Representative of p16 immunohistochemistry analysisin lung tumors. (A)
Lung tumor cells showing positive nuclear staining for the high
expression of pl6 protein and (B) Negative immunostaining of pl6
protein expression (C) Low expression of pl6 protein ( X100 original
magnification ). (D) positive control ( X200 original magnification).
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Methylation

150 bp

151 bp

M 1 2 3 4 5 6 7 8 9 10 P N
Unmethylation

Fig 2. Examples of pl6 promoter methylation. M: marker; Line 1 10: lung
cancer patients; N: negative control. Calu-1 DNA was used as positive
control for p16-M PCR and non-cancer normal DNA was used as positive
control for p16-U PCR.



D9S942 D9S174

A

D9S1749

Fig 3. Representative examples of microsatellite analysis at chromosome 9p21.
Case numbers are shown at the top, and microsatellite marker numbers
areidentified at the bottom. N, normal; T, tumor
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180 bp

M 1 2 3 4 5 N P

Fig 4. Detection of pl6é mMRNA expression in lung tissues from NSCLC by
RT-PCR and GAPDH mRNA expression asinternal control. M: marker;
Linel 5:lung cancer patients; P: positive control (HeLa cell line); N:

negative control.



(A)

M 1 2 3 4 56 7 8 9 10 11 12 1314 P N

(B)

M 1516 17 18 1920 2122 2324 2526 2728 P N

Fig 5. Representatives of positive and negative results of nested PCR for the
detection of HPV16(A) and HPV18(B). DNA in lung tumors of lung
cancer patients(Lane 1-28). LaneM : 100bp ladder DNA marker. LaneP:
positive control, which was DNA of SiHa, HeLa cell lines served as
positive control for HPV 16, 18 respectively. N: negative control, in which
the DNA template wasreplaced with distilled water.
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Fig 6. The G1/S cell cycle checkpoint controls the passage of eukaryotic cells

from thefirst “gap” phase (G1) into the DNA synthesis phase (S). Two cell
cycle kinases, CDK 4/6-cyclin D and CDK 2-cyclin E, and thetranscription
complex that includes Rb and E2F are pivotal in controlling this

checkpoint.
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Fig 7. Schematic diagram showing interaction of various DNMTs with other
cellular proteins may target methylation to proper regions (shown by
interaction with hypothetical protein X) and protect CpG islands from de
novo methylation (shown by hypothetical protein Y blocking access of the
DNMT to DNA).

(Robertson et al ., 2000)
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Fig 8. Mechanisms by which CpG methylation may contribute to
tumorgenesis.

(Robertson et al., 2000)
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Fig 9. (A) Reaction mechanism of cytosne MTase. It was shown for
bacterial DNA cytosine-5-methyltransferases that a covalent
intermediate formed between cytosine within the DNA and the
enzyme during the catalytic reaction. (B) Proposed reaction
mechanism when 2' -deoxycytidine is replaced by the anaog
5-aza-2 -deoxycytidine. The MTase is trapped in an inactivating
intermediate.

(Juttermann et al., 1994)
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Fig 10. Mechanism of transcriptional represson by DNA methylation.
The structure of transcriptionally active chromatin is shown
schematically at the top. Nucleosomes are shown as blue
cylinders representing the core histone complexes with DNA
indicated by the black line wrapped around the cylinders.
Yellow ovas (Ac) denote acetylation of histones. DNA
methylation (Me) isindicated by red circles.

(Joneset al., 1999)
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Fig 11. Genomic organisation of the CDKN2A and CDKN2B genes on 9p21.The
CDKN2A gene from partially shared sequence encodes two cell regulators
pl6 and ARF, which are transcribed from separate promoters located at
5 sideof unique exons 1a and 14.Two microsatellite mar ker sD9S942 and
D9S1748 ar e located between exon 14 and 14.

(Smeds et al., 2002)




Cell Cycle Progression

|

Cyclin D/ cdk l—

Rb mutation or
binding to HPV E7

[ms]

Y

5 Phase Genes

Fig 12. A proposed model suggesting theregulation of a p16-related CKI activity
by the level of active RB. When there is functional loss of RB by either
mutation of the gene or as a consequence of binding to viral
oncoprotein(HPV E7 or SV40 Tag), the RB-E2F complex will be disrupted
resulting in an increasein thelevel of free E2F. Thiswill in turn increase
the level of the [p16] activity either by the loss of inhibitory effect or
RB-E2F complex or by thetranscriptional activating effect of E2F.

(Khleif et al., 1996)
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Lung cancer is the leading cause of cancer death in Tawanese
women. However, less than 10% of Taiwanese women are smokers, the
development of female lung cancer could not be solely explained by
smoking habit. Moreover, low frequencies of p53 and k-ras mutations
were observed in Taiwanese nonsmoking female lung cancer. Thus, we
hypothesize that involvement of p16™“** inactivation in lung
tumorigenesis may be various between gender. In this study, 143 NSCLC
tumors, including 62 smoking and 81 nonsmoking, were collected to
examine pl16 inactivation at the levels of protein, chromosome, promoter
region, and mRNA by immunohistochemistry, methylation-specific PCR,
LOH, and RT-PCR, respectively. As shown in previous studies, smoking
lung tumors had higher frequencies of pl6 LOH than those of
nonsmoking lung tumors (70% for smoker vs. 28% for nonsmoker, P =
0.02). We also found that LOH at pl16 locus were significantly correlated
with patients parameters of smoking status, tumor type and gender (P =
0.004 for smoking status, P = 0.004 for tumor type and P = 0.001 for
gender). After being stratified by gender and smoking status for three
group of smoking mae, nonsmoking male and femae, there was a
significant difference between nonsmoking female and male (P=0.029) in
pl6 promoter hypermethylation, but no difference between smoking and
nonsmoking male cases (P = 0.330). Moreover, pl6 inactivation in 52%
of nonsmoking female and 23% of nonsmoking male cases may be
explained by promoter hypermethylation. In LOH analysis, a marginal
difference was found between nonsmoking male and female cases (10%
for nonsmoking female vs. 33% for nonsmoking male, P = 0.097). In
conclusion, p16 inactivation in more than a half of nonsmoking female
lung cancer was mediated by promoter methylation, not by LOH.
However, pl6 inactivation in nonsmoking male lung cancer was mainly
through LOH, just like as previous studies in smoking male lung cancer.
Thus, gender difference in p16 inactivation mechanisms was reveaed in
lung tumorigenesis in Taiwan. As shown in previous studies, the
occurrence of pl6 hypermethylation was related with special carcinogen
exposure and virus infection. Thus, we suggested that female lung cancer
patients with high frequent of pl6 inactivation induced by pl6
hypermethylation maybe correlate with specia environment exposure and



virus infection. These results showed that the promoter hypermethylation
in p16 inactivation may play a critical role in lung tumorigenesis among
nonsmoking female lung cancer in Tawan.



