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ABSTRACT

Molecular mechanisms of lung carcinogenesis is predominately focused on cigarette
smoke-induced lung cancer, few information is obtained from studies of nonsmoking lung
cancer until now. We thus hypothesized that the combined effects of accumulated DNA
damage and HPV infection could synergistically increase chromosomal instability occurrence
to cause lung tumor formation. In this project, 3 HPV-infected and 12 non-infected lung
cancer cells, which have been established from pleural effusions of lung cancer patients, were
treated with various doses of B[a]P for various time intervals, and then the frequency of
micronuclei were determined by FISH analysis. The micronuclei number induced by B[a]P in
HPV-infected lung cancer cells were frequently than in non-infected lung cancer cells but not
correlated with the levels of HPV 16 E6 protein. In addition, the micronuclei formation were
increased and decreased in E6- negative or—positive cells after transfect or knockdown HPV
16 E6 expression. Therefore, we considered that the CIN not only correlated with HPV
intergradation but also with HPV 16 E6 oncoprotein expression. In addition, we also found
that the expression levels of XRCC3 and XRCCS5 gene and protein in B[a]P treated HPV+
lung cancer cells were significantly lower than in HPV- cells. In lung tumor tissues, the
XRCC3 and XRCCS expression in adduct high/HPV+ were significantly lower than in adduct
high/HPV-, adduct low/HPV+, and adduct low/HPV- groups. In LOH analysis, we found that
the genome instability were caused by environmental exposure and HPV interaction and
activated the c-myc protein expression to promote the hTERT gene transcription to involve in
lung pathogenesis. Therefore, c-myc may play an important role in HPV-infected lung
tumorigenesis. These results obtained from the project were helpful to understand the
synergistic effect of environmental carcinogen exposure could contribute to HPV16/18

infected lung tumorigenesis in nonsmokers.

Key words: lung cancer, HPV, genome instability
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ﬁ#ii&%°é%ﬁﬁﬁﬁﬁﬁa’£<£Eéﬁiﬁﬁ%§i$§*iﬁ’ﬁﬁﬁ
R e B R 4 WA F R E R T T L EERP ‘?5 gwRAKL PG KRB
Fe & 9% B2 &g 12 (Tay etal., 1988) o iz st B Ip 3087 - IR A 8 L5142 W fpchd 3 & 7]

Foo e B SHT NG H B DR FF ST BRI F LR o
2B R BB

Benzo(a)pyrene (BaP) &_% # 7 i & eniJpdr o B id 3 oYU 83 2 1 Rt
B% g2 - 2T ¢ (Yang et al., 2000 ; Cheng et al., 2003) > B3t $ > 4585 & 4
(polycyclic aromatic hydrocarbons, PAHs)<Hall et al. (1990) # 7 45 &1 % > § 5 2 48
pooogSd Mol RE 5 L AR R K S w g E'?;% H & = p¢% (prostaglandin H synthase ;
PHS) & &5 i 2 epoxide » R 5 -k & 1v* % 5 diols A|eniE it &% ¥y » 7 &2
DNA % % &7;% DNA 444 - DNA R s L A FR % 7 3 ¥ ki
B4 i B (48 ROB S H A # (Dipple et al,, 1987) o bl4cd 3¢ £ A2 4 T i KR
$o-BaP chis #& L 42 4 & §54d cytochrome P450 1A1 (CYPIAL) % & 518 s
ft 4 = (+)-trans-7,8-dihydroxy-9,10 -dihydrobenzo(a)pyrene » #X {é £ #F § 1* = & ¥ R
4~ anti-7,8-dihydroxy-9,10 -epoxy- 7,8,9,10 tetrahydrobenzo (a)pyrene (BPDE) » yb 5 it % )
A4 € 2 477 DNAJG 2 N2 =% )= DNA %4 (Jeffrey etal., 1976; 1977)° ¥ -
& NHELL L E RS F ¢ BaP 24 radical cation A4 ¢ s2# DNA 1 dG 2
N7 =% » @ A5 BPDE-N7-dG 4t 4= (Cavalieri and Rogan, 1992) o iz i 3852 fS fo )
%2 DNA 4 40 foimee 2 #0303 5 (9 E|3 F « blde 4 476 o 32 AJZ 100 M BaP -
hoebdefER AT > ¥ A4 1.3 BaP-adducts/10° nucleotides (Roggeband et al., 1993) ¢
Wolterbeek % (1993) M ¥ ¢ E4&% BaP @ » fBlef ¢ " BEFRAEG ¢ €)=
BaP i & DNA 4% 47- BPDE-N2-dG (Wolterbeek et al., 1993; Roggeband et al.,
1994) - izt DNA dtipt # § FREgAfPHEF @+ AFIRL B TF L FRA A
2.3 & Rt BaP € i3 & p53codon 157 ~ 158 ~ 248 ~249 2 273 i+ % 3 2 G-T g

A { # % % (base substitution mutation) » m K-ras codon 12 ~ 13 % 61 thR % 7 % &2



BPDE -N2-dG 4% %4 5 M (Hussain et al,, 2001 ; Husgafvel- Pursiainen et al., 1993;
Rodenhuis et al., 1988; Slebos et al., 1991; Westra et al., 1993) F]* % # ¥ BaP R i~ #7113
= 2. BPDE-N2-dG ¢ 3142 p53 fr K-ras A FIR % » & 2 &vd il o & 3+ 1
FREBE - AFLEEI 21T RE P RBESS R § F 2L K ER

BPDE-like DNA 424 7 & B3 L% T & & ik i e £ " e DNA s 5 B P B
iy dlie T DNAGERH 7 28 ¢ 2 e &7 K h e 6 127 3% F (Cheng et al., 2000) -
R AR R B Ao L AT A LA R A B AR R R s Y o0 DNA 4t b
FEIRAR OHIRHF AL RELREBRAS AP AL D DNA § T 57 M
PaF oS AELTRRI PSR RL YRR 2R D DNA 7 EP R
B AT %J" s ] AR R Y lﬁ_ﬁ.ﬁéﬂ%\ % 44 R £ 1 G 5 (Cheng et al.,

2001) e
3.HPV 22 81 s cnfp A= )

P B HPV BASERED 27 2 FRANFIFHER o TFF - FliF 90%
3 P HEEFF HPV g %o £ HE B E% A2 HPV 16 % 18 (Zur Hausen,
1991) - ¢ IBSCC (International Biological Study on Cervical Cancer, 1995) 3§ £ 45 4

A1 22 BRFSF FEREEY 0 TG T1% DR F AT E S HPV - 23 kA2
HPV et 4 & & w5 HPV 16, 49.9%; HPV 18, 13.7%; HPV 31/33/35, 7.2%; HPV 45,
84% ##74 HPV § 13.7% > 2§ B4 H 1 7.1% ° Flo* HPV R A2 3 3 58T %
Sefplit e LA F LR S PHHY Y e ARD F L HL L § 580% 7 %
HPV g 4 5 » @ J g A 5 (7 5 BHEORFY ¢ 27 g% » 2 18 HPV 2 2 F (g E &
Bbed M oA REOFLY S B R FEFEHY Y wm AR it d
HPV e 4 %4 4 12.5% > ® 2 & 2 HPV 16 5 i (Tasoetal, 1994) » @ &3 F 554 &,
'%z "3 10% ﬁv,é;'fﬁi'»il*ﬁ k% HPV > F]pt HPV &3 g /2 ApM AT p» 5k 17
FESLR M IR R SR A F KRR R R .chu,' ?;rz

# M3 HPV g 4 (Violaetal, 2001 ; Haled et al., 2001 ; Serraino et al., 2001) » {2 iz



R e 28t HPV 2 B ergpbide i F 8 # o
4 HPV &% fecap A7 7

W2 R AL ERB LD HPV 16 2 18 ¥ i A Sl r o) 2 AT £ & D
% ¢ (Zur Hausen and Schneider, 1987; Zur Hausen 1991) = = ** 90% 1+ ¥ 55 & Jﬁ" "FK
3 HPV gt 4 > £ 2§ HPV 16 # 18 (Zur Hausen, 1991) - % T SRRk E Rk
B~ SR A F R AR RERT HPV g% 0§ MRS HPV R 44
Mz Py e s - ERFIFLE - 6l4cF K (Bohlmeyer et al, 1998; Yousem et al.,
1992)> p 4 (Szabo et al., 1995; Hirayasu et al., 1996)~ % (Nouva et al., 1995; Soini et al.,
1996)~ #% = (Henning et al., 1999)~;# & (Thomas et al.,1995) % © ®* £ (Daetal., 1996)
o PHLZRLAFT 0-80% % H AR AW Table7 ¥ - AEWZ 2RER
FLDIR 2 324 A e P e HPV R4 F4pd i ¥ 35 | (Bohlmeyer et al., 1998;
Yousem et al., 1992; Thomas et al.,1995) - e & p & zizkirs 3 80% o %5 ¥ HPV
BANEH2 FEFIPE AR %% (Iwamasa et al, 2000 ) - @ & 877 ¢ HF R
gkt L e H 5 B 79% HPV ot 4 (Hirayasu et al., 1996) 7§ # 3 45 |
R 2 B L ot ST RIT] HPV g % 0 2 H R R SR Y BT LR
9% » @ gk L e k5 10% (Kinoshita et al., 1995) - Thomas et al. (1998) %= 7 %
W BB Y LR 2 e iR &Rk R HPV SR A 5 R B T83% 0 ¥ AR
T hm iz 2 B ARIT Bk b L fplm e 357 pIF] HPV o d 12+ 2 5% (B4 HPV ehpt 4 &%
B2 ARRME » 0T G A ek Bk (o A AT RS T RS B ER G R
SRR AT T 2 MK G RF O HPV 16/18 B % -2 OR &% i 10.12 (95%
CI, 3.88-26.38) (Cheng et al., 2001 ) > ® &« ;% ¥ ¥ B {¥ HPV 16 FoH 2 fe R B
L ALL G R R F 6.5 (95%CL, 3.7-11.3, P < 0.0001) @ HPV 18 R 9.2 % (95% CI,
4.2-20.2, P < 0.0001) - & HPV 16/18 PR A ¢ RIE et { 2 757 & (95%CI,
9,8-582.1, P <0.0001) (Chiou et al., 2003) » F]4* J&;p] HPV 16/18 R % ¥ it 522 5 8% 2

Il}é; o



5044 WA AERE R ¥ 2 AP AL

~

b F A Y 0 488 G & g Fl(allele) » e B ptme i B ALY 0 % 2 4
Y- AT E%{”T;ﬁ ek F] A 4% % (loss of heterozygosity ; LOH) o — 4k k3 »
i LOH hfi?) » ¥t BT 7] & 4] iF 1 (A) iz (75 A HiERY » %
B8 4 7 7 & eI % (missegregation or non-disjunction) v i = % ¢ F2 A = e % o
(B)F Sk~ B pF > 4 ¢ 83 4 £ oIk % (recombination) » i & A F A& 4 - (CO)H P - B
25 F) A A 4% 4 (deletion)eiFA) o 2+ § 3 & LOH 0¥ it /i F](Cavenee et al., 1983) °
LOH enia 47> N . @ * B L Ao F BB L F P ajiciEmh B 7| (microsatellite
sequence) > I * H 27 4p 83T FL F)enhf B > B Rde 0P| AR B OSAPIT A FI LA A
B0 hp w LOH &= i o 490 %02% 5 2 4 & F148 % chifip] » Glde© fp 4
* @ > f1* 39 i microsatellite markers ¥+ 79 :}L&-E.]%‘«:gﬁ At FIRI 0 4 B3
BN 4 KR 13q~16q 3 17p chdrp i Flak 4 > @ id 2 1 FURchs 4 (Satoetal., 1990)
%% B> 5 f1* 70  microsatellite markers > 4* ¥ 9F L i T AT 0 TR DAY 6 ¥4 S
W33 B%REEF BAR LOH nfia) > 3B - %7 it 3 FrR A FI 5871 P K K
= (Cliby etal., 1993 ) ; ¥ ¢t » ;% | > Boige et al. (1997)4]* 275 i# microsatellite markers
$ 48 IR 4 817 LOH 2 470 % % Bom i 476039 B4 4 £8 &F( chromosome arm )
o4 8BAGMEE T FAEF LOH enfiFa) > @ 2 4 J 4 16p &2 Ip 2 16p &7 4q } &

Gk & eI e o
6. 4 WA RS R L i b1

W FF L AR ‘j‘a’fi%}“ BF X ¢t 48 T IR % (Haruki et al,, 2001; Balsara
and Testa et al., 2002; Tseng et al., 2005) > i 2 i o B eF 3 o 3 DR b AL w5 A B F
& D178398 2 D3S4545 i § 4 2 fh 12 & fF itk 2 (LOH) o 5 % > 9% SUlly > 0 78 f
DI3SI53 e B 3 4 A FI0 B fFHEas 2 57 5 & %7 3475 4 (Ho et al,, 2002) » ™ § # § %
2116024 ~ 17922 2 19q13.3 ek FlE R B {24 2 7 5 827 0 a:jz:f%ﬁﬂ%i*ﬁ B oo
7q31 ~ 8p23.2 ~ 10p14-p15 ~ 13q12.3 2 17p13.1-13.3 R Adi S ¥ 7 44 9% & & 395 .
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H 4 4 LOH (Wong et al., 2002) - 32 Girard & * f|* 399 i microsatellite marker 4 7
R Rk R R BEDI I3 B g & lmre gy BT g &)
i AR M2 BB ] e AR 2] b R0 G B Aok 2 LOH hin i
& sl Z_Tp, 3p, 4p, 44, 59, 8p, Ip, 9q, 10p, 10q, 13q, 15q, 17p, 18q, 19p, Xp % Xq’ st &% &
T ] I Re WO 2 2R ] dm e W g cn L FliT %V i 7 I (Girade et al., 2000) 0 ¢ AT 7 S 5 AR
TARABUN AL RREYRAFRELIMFLARTAEE TG AR AR
¢ Rk & LS A2 34T 0L DNA #74 chig 4 A 14 % i 7 B (Khanna et al., 2001;
Gent DC et al., 2002) » & 5' %2 = 4p B 05  j "6 % #r 4] A 5] BRCA1 2 BRCA2 £ 3 &
DNA # % #7244 9 Rad51 A %1% 3 iv* @ 422 9 DNA %74 ehiz 4 i€ * (Chen et al.,
1998; Davies et al., 2001) < #* *t » XRCC5 % XRCC6 A F]7= ¢ 22 Ku70 2 Ku80 % & @ %
22 B9 DNA %74 chig 47 it % (Koike et al., 2002) > % XRCCS5 £ Fl4x &% e BUR ‘A* ‘mbe
POV IRLRCE AE 5 enk %17 48 2R % (Difilippantonio et al., 2000) © @ f s B EFET Y P o4

F I ) e a#;;%'&.%z i ”E%_F;’j’i%‘« PR RBI I ORI WA FET P T BRCAL -

BRCA2 % XRCCS5 & Flig 4% 3 2 7 L1 & @& %A 714 75 1“7k (Lee et al., 2007) -
7. W2 Ak TR A A R

R g S R TEHG BRER FA) 0 R E P w RGOS ES B R AT
(TSGs) #32 i & pena) = 5 B Fpt B3t NSCLC 7= &2 47 2 LOH

LR M 2 dry B FenE A A i e T
Chromosome 3 :

WREHAET 3 HA S WMEL LOH i F 95 89%  H Y ha L2 KB PR
3p12~3p14.2~3p21 % 3p25-#7 en® ¥ & 7 FHIT (3p14.2)~RASSFIA(3p21)% VHL(3p25)
SFRATF A B RROFVUUAFRL BLIBERET A ZE 6 4 L5 1 (Belinsky
et al., 2002; Geradts et al., 2000; Miyakis et al., 2003) -

Chromosome 9 :

10



i Ry ]‘5 O%4 ¢ #A 4 LOH th¥& i 5 9p21-22- 4 57 £ 709 > 2t "t — B
477 # ] CDKN2 > CDKN2 f: %12 3 §ov pl6 2 %84 & 6096 % .3 4 7 ( Geradts
et al, 2001) ; & pl6CDKN2 v % # Rz i & R T 5 H B3 BA " A ofg <

( Gazzeri et al., 1998 ; Belinsky et al., 1998 )
Chromosome 13 :

R s 1354 M2 LOH )% i 730> # ¢ =3t 13q13-14 2 RB A 7] ##

F £ 15-30% NSCLC 25 % 5 B (Geradts et al., 1999 -
Chromosome 17 :

RS ES 17 HA ¢ MWF T 70% A2 LOH 2 844 =% & 17pl3.1 > 2 % i@
7 opS3 Hrm AT pS3 AT G RFMEFALATFIREL 0 BAR L RPN

( Sundaresan et al., 1992 ; Harris et al.,1996 -
Chromosome 18 :

Wopm k¥ I8 H A AA S LOH s 9 5 40% > H b1 & en® 8 5 18921 & %
Be 5 - BIBRAFSMAD2 2 SMAD4> &= B & %1% TGF-B1 2t & @ if % s(Duff
and Clarke, 1998) » # R 7 4 > #% fp e k- el (Norgaar et al., 1996 ; Takenoshita et al.,

1997) o m wH B 4 d 48 AW &E’.%‘«é_i LOH z_# % » % 5q21-22 ¥ 40% » 6q23-24,

6q26-27 % 509 » 8p21-22 % 65% > 11923 % 339 ( Virmani et al. 1998 -
Bk BB A WA T

W3 A ety ¢ s]grzig} B3 F ¢ WA FE T IR % (Haruki et al,, 2001; Balsara

and Testa et al., 2002; Tseng et al., 2005) - P?L“a‘ﬂ :Hvﬂ‘ H FHIT 2 FRA3B i~ 3R

% 4 5 LOH A ¥ R 03 2 (Sozzi G et al., 1997; Stein et al., 2002) » FHIT 48 & {2

AT AL E p53 AF P hR¥F ML A pS3 AFORE LD N HR
T g

benzo[a]pyrene 25 & 4 4% 4~ #7313 & o(Denissenko et al.,1996) - & 12 F &% > Jaip 4
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S FHIT A Flenf A FIa# L ¥ 3 3 4p L Wk § £ 4 fE 1 (74 # mismach
repair &/ ¢ ¢ hMLHI 2 hMLH2 A F 4R € P Rapdrdliem $RAL & W7 2
(Takahashi et al., 2005) - 7 3 ¥ 3 :} NEDEBERET LS € H 4 H micronucles # 2
#f 5 (larmarcovai et al., 2007) » micronucles #3235 23 4 % ¢ W7 & 2 eh— 38 24 ;ﬁv};%
R R AL Rl LT ERY YL PN

TF R TL AT EHAB ST NTHE PP § L hB(a)p f#PA 7 st DNA
“t & 4 1 BPDE-like DNA 4% 4% 2 & » B % %F 0% & %,'*z 5 v R ﬁa‘« ¢ & BPDE-like

DNA 34 3 ﬁ%%%&ﬁ&ﬁ@m@emuﬂwn’aaz%%*&w&&g%@%

R ikt F BB AR X R 83 b ehd B (Chengetal, 2001) » ¢ 5 5 Biom ~ 14
PRTEHREERBRETAPETAL D DNA G I HF MOTRAE o FIRE TP
AR A BRSSP T g B MDAETA EREJpF DL o

9. s B A BRI WA LNAp ML

FIOMARRET A RBRS G B LA TS § G HPVE6G~E7 chi o ik
MA@ e cng i A it (Durst et al., 1991) o gt ¢ *q’,i ik 2o HPV £ 5 #4122
ok G HPV 4 R g S5 35 & fwie 3 % e 4o @ 38 BPR ° (Joen etal, 1995) - &
P Benlg % g ) HPV 4o~ ak i ¢ Dm0 & 1 @ 38 B 4c (Das etal., 1992) -
b AR HPV A0 episomal DNA A55% %5 & > 5 3 B 3~ B pF o Bl »
7 i DNA ¥ (Widebrauk et al., 1993) - 7 7% &_ HPV16 # & HPVI8 273 «%‘,l » ek R
(Cullen et al., 1991) o ,T*q,\ rEEa T o RN HPV F 5 R ¢ i ¥ (fragile
site) ~ I i 2k Fl(oncogene) ~ 14 2 4 ¢ 48 %74 e cancer chromosome breakpoints) *4iT%F 4
“" » (Cannizzaro et al., 1988) » #.iTe7%7 3 » 4p &1 HPV DNA m > g A e AT
7 #& T (Dufensing et al., 2007) - @ *# 7 % $ 1T RS-PCR = ;= &~ 47 % % % 1 HPV
o A L gqp N v?ﬁ’—?iq“ﬁ%% BAA S R % & B A& Chromosome 1,2, 4,5,
6,7,8,11,12,13,14,17,18 % X chromosome ° @],\ R s ﬁnrs % 3 Chromosome 1, 2, 5, 6,

14 3 X chromosome > * E}',L 2 =% % 5 A EcoRI B 7] ik57.1% M+t > biH %%
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Bgom HPV 4t » 5 1 DNA 2 =8 - § 24 B 4+ > 2363 & cervical cancer 2 7 § % %

~=h
I
N
Bl
°
=
1\1.

R4 HPV § B %% AR %25 }%,3,4 2_ genome-wide LOH 4 47 ° 4~ #

ﬂ\i—
M
*’1“\
Y
s
FU
<
‘v\n}
S
\l
-
1—\-

¢t 18p11.2+18q12.1+19p13.2+21q22.11+22q12.3 % Xpll.4

"z HPV B2 %3 RF 434 LOH 245 » ik %% A kg

fie
I
i
e
%

i
genome-wide LOH 2z 2 /A 7 &% @t g > B F HPV & % 8 584w ’Jﬁff&ﬂj = 2

AR RAEBET -

S HPV i~ i % ¢ 415 § # # Sk 35 E6 & E7 &M § HPV 16E6 & E7 %%
v RILPEE drdim e B I TS 4oip53,p21, Rb & p27 E A Fehd miea @ H m2
Frdl B T a5 Flend > § H T 254 Flde cyclin E/CDK2, Cyclin D/CDK2 & cde25 % 7%
P ismre Il € 2 UTHIA o A L PERF B i 2 centrosome EET R G oSk BlA 4 Ea B
R4 ¢ %87 £ ¥ (White et al., 1994; Hasida et al., 1991; Stefan et al., 2002; Gatza et al., 2005;
Dufensing et al., 2007) « @ 4§ %7 3 B % 4 5 I HPV g % 9% i B = 9% #6.7% o 5%
P93 e s 2 —7 R HPV 16/18 E6 X% 39 1% 3R> ¥ HPV 16/18 E6 R & 3-v £
Fpd-o p53 nA I fAPM 0 2 A HPV 16/I8 B6 £ 3R p53 #-v % £ 3F H 7 54 %] p21

% mdm2 mRNA (HZ RE 5 fpffm > a g%y prdmy 32285 HPV R %0

=

% i % $h ¢ 18 T %% (Cheng et al., 2007)° F] - 42ip) HPV B 4% @ 8 (57 it 54~ %

AR RN ARE BO R I 4 R4S ME LA RIS FE KPS
10. 4 B 42 AT A enjp b

ﬁﬁiﬁﬁgpfﬁﬂﬁﬁﬁifﬂﬁiﬁ}ﬂF’ﬁ%mV%gﬁd = A mre e
B A TAR R B AT AL A @ A ez IR ATIRZEFEETY &0 B IR
PEEAL A ERFIwEKT > 4ot b HBV & HCV B 42 7k 8§ 2 g e ?
pl6 ~ RASFFIA % Estrogen receptor 7 F]7? fL it 4 4 o9if 1% % > HBV & HCV A g
22 g B Jﬁ" (Shen et al., 2002; Schagdarsurengin et al., 2003; Yang et al., 2003; Zhong et
al., 2003) 5 & EBV g %2 % #g e @ pldplS - pl6 ~ TIMP3 ~ E-cadherin 2 DAPK
Fdromp A T A 7 AR el S 30iR F 2 EBV AR # 2§ % e s (Chong etal., 2003)
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#-SVAOT Fih g4 2| A 450 4 % b 4 w72 (NHBE cell) # + % 3 SVA0 ¥ 35 d {4 7 &
& # FFDNMT3b % @ @ FHIT TSLC1 RASSFIA E frfp A %17 A iti&m frd]H £ 3R
@ 8¢ fm¥ g it (Soejina et al., 2003) o A+ ¥ FFHERK P L e BT ¢ 2 P IR R
‘E'.“%‘i P 2 g 78 F] RASSF1A A F]en® A it 22 HPV g 43 M (Cohenetal., 2003) - @ #
B LR BT R L % A LA HPV R 4 6% R & 2 % i % ¢ pl6 2 RASSFIA
m&éqnﬁyuﬂﬁ4@ﬁj$+&%ﬁHﬁ/ﬂifﬁﬁﬁﬁ(ﬂmad 2005) » F]pt 4
Bl HPV g 477 5t 5d # BRCAl ~ BRCA2 ~ XRCC1 2 XRCC5 & L7l 4 7 it &

R IER TR L R St ErEE L I

M-
3k
@

>~
#

'5\'\
@

_~1

g_

&
=
:ﬁ!
’ﬁr

TR
EFHERAZEUAR g3 B2 DNA &85 a5 AP RS RBEATF 2 R

FALNEG B A% HPV g 4 0 ¥R

R FRMEFA S o F R BT RAEAEEREE 0 78 7 E2 DNA &S

A * 3 BMF 2 HPVIO/IS B4 > ¥ i € 5d B84 4 487 48 T (chromosomal

instability, CIN) 4 2 2 #p F B4 TR pA) = o Ft DAz EF TP DR AT
FRhi k1A HPV R AT R LT §RELIWALRLFL > A

(R ERLE %

AP FAL R ERFENREREEFAFEAE HPV R 4223 0% » 7 §i5d
HAcAd WAREF A 52T R > X R L DB BT R
oo F RBER DA P FE R RA) N L A R A FI TR 0 RS A

KA S TR R NE R S
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~

=3
HPV & % 2 A 3% % o tmie $h2 35 &
IR L H kY 2 2 HPV B A2 AR ﬂ’b’*‘r‘*ﬂr]l}ﬁ“p mie tkH_1 7 10%FBS eh
RPMI1640 32 % £t 5% CO2 37 Cr A& 7 278 % > FIE 5 A 2 4442 HPV
B 4752 karyotype 17445 0 B X P w41k 232 & 162 % > 2 HPV & %1252
karyotype £2 ‘m% fhh|iE = prerulk ji @ 3 4 s % 0 F]P A E L R isdt HPV R %
;%@4%%&@%%@%?%0
2. HPV 16 E6 A FIPI'f e pha & = & 584
#-3 iE 3 4 2 HPVI6/18 E6/E7 + 451+ 4% & 1 pcDNA3.1/ Myc-HisA(-) / HU6 e
2+ > #48 » Competent Bacterial Cells » #2 % & 39 B’~§“ £ DNA {17 DOTAP # 4
2 HPV 16 positive £ TL-1, TL-2 2 TL3 3 tx HPV 16E6 % & 3 I % iUty w72 4
o XA T 3 Y R etk SiHa 2 HeLa fw®e § = T 44l 4 x 3 G418 0
BEAMPCER LR EHR Flhdnre o
3. HPV 16E6 A F|i& % jn% th2 12 =
F1* PCR F J& & = HPVIO E6 2. > £ ZL ] » H#-pt B B i {5 15 7\ 48 :2 {7 ligation -
#-ligation {é eh A& 3 ¥ ~ JM109 competent cells » ¥ % 15 3 BR?“ % DNA 2 DNA z_
B RFEAR » A T2 2 i 2 B A2 Lot o #- b i U8 DOTAP # % 3 HPV &
& 4 en TL-4-TL15 #* BJ]’L%- wiz ko YA T2 HPV R %2 + ¥ 5 & % R C33A
PR R me tk ASA mir (E L ERdI s b r 53 GAIS duz A AP FRTAR
bk A Fehim e o
4. Micronuclei 4 45: ™ Fluorescent in situ hybridization = j* :&{
micronuclei 3L 5 ¥ * kg (T3 2 AT RN Fdpg i &7 FAoT Lk
& s centrosome-negative 2 centrosome-positive probe ¥ kw2 i {7 52 T 00 F K EE

Mg LR E 5% o B 5% 233 1000  binucleated cell kg % (F 43t o
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5.

6.

2 MSP-PCR it = hMLH1 ~ hMLH2 ~ XRCC1 ~ XRCC3 -~ XRCC5 -+ BRCALl z

BRCA2 A Fl@ &A= 4o % ¥ A1 4 47
#-'m¥e 12 @ %% phenol / chloroform * 3% % B~ DNA » 12 i i& (= MS-PCR 2 DNA Z_& ° &
% 41* Methylation-Specific PCR ( MSP )&= j2 ki & A& Flied ®en?® A1 5
A5 o MSP ef % i 22 £ 38 * Sodium bisulfite i* & 1 4% (chemical modification)sit 4 >
#-DNA ! eficytosine & % = uracile B4 cytosine /it & £ 3 ¥ A it (5-methylcytosine)
ik i PF » Sodium bisulfite B & /% -2 #& % & uracil @ & 2% (3% cytosine %N » 2
fs g & * primer #-7 A 50 DNA A 7|# ~ (amplification) » i&— #Hrrand 5 7 KL it
(methylated) DNA - gt #F ¥ 2% 3+ ¥ — % primer> 4" 4f i 2 & ? A i* 7 d cytosine & %
= uracil 57 DNA » i£{7 DNA B3 [#H~ » @ F0H 5 A 7 &1 (unmethylated)s DNA
(Herman et al., 1996) - Bisulfite modification : 2~ 6 pg (& & 1 pg/ ul) tumor DNA 4c » 4
ug calf thymus DNA (Carrier DNA) ~ 15 ul = =~k 2 25 pl 0.4N NaOH (& % Jk & 0.2 N)
Bick3 18 0 BB F B 37C 10 A48 - B0 > 4 » 30 ul 10mM Hydroquinone
£2 520 pl 3M pH 5.0 7 sodium bisulfite ;& o323 > ¥ 3§75 40 44 B(dry bath) 50°C 16
#] % - &% * Wizard DNA Clearn-Up System  i* DNA » I 12 ¢ DNA i& {7 PCR
F &> PCR A 4 5 2 % agarose gel 7 7 fé > f 12 ethidium bromide /%72 £ 10-20 4 4% >
B % bkl BF (kA BB T A en% % o L FE A 47 14 11 GENECLEAN I KIT ( BIO
101, USA) #-#& $ i+ 1 %k » # 4 DyeDeoxy Terminator = j* » 2 ABI 3100 p & Z_5
o 47 -

11 real-time RT-PCR i ¢ h(MLH1~hMLH2+~XRCC1~XRCC3 ~XRCC5- BRCA1l

2 BRCA2 A F]1& R
real-time RT-PCR # FAeT #-fmPe T T {8 0 4v ~ 1 ml TRIzol *t 3 8 F -k fFimez »
Finte = 2oRf#{5 4 » § ¥ (chloroform) & &353 (S 30s » Bo b g be » N F R F
T 15 ~ 4 ts > #-RNA i ok > £ 2 75%Fp 2 FARY eN % 58 27 isopropanol » 5
oo F T RNA k4 > # RNA 3>t DEPC HyO - B~ 5ug RNA 12 oligo dT % primer >
WT2CHF B 10 2450 @ oligodT 3 & I RNA ficdr + » B4 » 4ul F &2 F R
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buffer ~ 1l 0.IMDTT 2 1ul 10 mM dNTP % 42°C €% 2 A 475 » & e » lul F #4

iz % (Reverse transcriptase )» % 42°Ci¥* 1] pF> & & ¢cDNA * L PCR 4 47 * -RNA

& #Eeiv* 155> 41* SYBRN GREEN Kit i& {7 PCR > %ﬁ"! B LR TR o

7. r§ 2 &R R hMLHL ~ hMLH2 ~ XRCC1 ~ XRCC3 ~ XRCC5~ BRCAL %

BRCA2 3-v % R

#-tm?z 12 protein lysis buffer -k fZ{é » =& 39 k& o B~ 20 ug 39 ™ 12.5%

polyacrylamide gel &7 30 T4 > Az {8 &7 v EH > B Fv &4 T PVDF

membrane } o T x g A dmd o, B AT

B0 R IR SRS - ] P e i e xR B

v 2 - P8R R F - PP KRG 0.1% Tween 20 1 5% e i & %F =

=028 A~ 2

% #7248 (anti-mouse & anti-rabbit IgG) » Z & F - /| BF > £4FF %
HF o Btsber ECL F i 2448 £ 2 X % 8@k 12 Densitometer 4 45 T &

(Krutovskikh et al., 1994) -

8. ritissue array 4 +7BPDE-like DNA 4t %%, HPV16 E6 3% , hMLH1 ~ hMLH2 -

XRCC1 ~ XRCC3 ~ XRCC5~ BRCA1z BRCA2&HPVR % 2 % 28 ¥ ehi R

a5 i %u Wostissue array % LB & %\ iv B4 ¢ ;¥ immunohistochemistry

Hed 50 EARFRA R 5 AR R F R Y LF R IR F R

TLAL TP 2 9 e A 1 nested-PCR 4 17 ALE 3 HPVI6 R % 1;%-}?515'—‘%’53‘%1—%&

Buz b7 7 e (7 HPV 16E6 3=+ # 447 > T HPV 16E6 3-v 2 7 & 34 % & 18 1L e

P4 BAp e B BB T S8 H tissue array b o0 iEE B N B B g

T A4 ol R Fa W tissue array BF L < &4 2 % &R

T duE 2 otissue array 608 BB 600 b F R R R d A2 F
A5 2 gpu) & g2 10 B tissue assay HAP-18 83 i B AIE 0 1S A
W oo LRBRICFLIEH BT M A B R L 2 Sum ﬁ?_&g__?%\;-ky BB - w
¥ (Xylene) # > @losh 2ol o L 0 F 2 K73 bIRRIFH R 2R Rk o e

b

iRie e 3PH0. T A Y 2 peroxidase F B NE S Bk o FHF o 0.01M

citrate buffer (pH=6.0) # » Mk sefh » £ e B %23 Ix PBS $ e @ -
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VUERR B 2 - PR AR TR 1 o L IxPBS BRIk 3 0 &=
5%/ 48 ° 4> biotinylated = =t 448 » »* B 1% 10 448 > £ 2 1x PBS ¥ #3 ikie
38 0 4e x> streptavidin >R T* 10445 £ 2 1x PBS¥ 3% 3 K18 »
DAB % ¢ 10448 - %4 {517 haematoxylin (MERCK) ## § 2 ¢ » & d %2 23 » &
Fd 3 AL (F e - fiﬁrg&vﬁaﬁyfﬂgﬁém) iz PB DAB ¥ty B R 4 2 fE R
kAP B RN, o F AT B PR AT 0 () A7 o>1% SR
T RIS NURNUEE g

9. ML ¥ ELISA £ 5% "5 ’F%" 1 BPDE-like DNA %% 7 &
e 4 ELISA 4 45 % 'R E’f]%‘« ? (7 BPDE-like DNA 4£ %4 3 £ T &2 K 4§ 2
BPDE-like DNA 424 2 £ 25t ¥ nE > - 2 VB p 7 friels
TP Z i * § cELISA 2~ 17% &5 ._E_’. ViV B L d 24797 n BPDE-Ab i A FF
T RE LR B HIE (F97E 2 (Cheng et al., 2001) - # FpAeT % # BPDE-DNA 14
3 ng/100 ul PBS =k & 4r ¥] 96 well plate ¥ % 37CF Ji 8 /] P15 14 PBS i2 2 A AR
KRS B ATk & o #4422 BPDE-DNA 2 96 3¢ plate » 12 300 pl PBS i

L)

¥

Fez = o 4o r 100l 7 1% FBS 22 PBS*t37CF i 1 ) pFrL 3 % EFR M2 B
& F M > v 250 ul PBS ¥ e e = =0 0 4o~ 100 ul 7 1:5x10° #%2 BPDE-Ab 2 i+
B DNA R & 2 78 &% 37CF J& 1 ] 5> 12 300 ul PBS 3 feife j-i% = =t » e ~ 100 pl
1:1 x10° #f# 2 anti-rabbit IgG-AP ** 37°C ¥ Jix 1 -] % > 12 300 pl PBS * firie if- i = = »
4r » 100 ul PNPP solution ** %/ & J& 15 %~ 48(10mg/20ml 1M diethanolamine, pH 8.6) »
4v ~ 25 ul 3N NaOH 12 % 3k & Ji o 12 OD 405/630nm ip|ex £ & > vk B i 4 3 0.4-1 2
B & F %7 kR 2 BPDE-DNA F 8 - R ¥ 8> & X F sz i o
ML H10% 0 FRR A NS PR EE B R o
10. % ¢ #7 &2~ $7: 12 Genome-wide & #7
#-Hz %8 % adduct high/HPV E6+ ~ adduct high/HPV E6- ~ adduct low/HPV E6+% adduct
low/HPV E6- 4 & » I % F b lm e REE~ R A B FEP~ M8 2 2008 30 - cnfe 48 0 12 396
# genome-wide marker > & & > 45 I F A AFI A L0l > THRA R SR
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e Fhe T Bmie Pt 7 5 50 ul lysis buffer (10 mM Tris buffer, pH 8.0, 100 mM
NacCl, 0.5% SDS, 25 mM EDTA, pH 8.0)7 microtube ® > £ 4¢ » 1mg/ml 71 proteinase K 5
plo B30 56°CIe* 18~24 @ [ pF - £ 3 = 2-KfE5 1L o L EMH D
phenol/choloroform/isoamyl alcohol (25:24:1) % B~ s » 12 1009 7k JFp# - DNA i 41 & >
#e ik By Kk e DNA % %% 10 pl 6@ 77k ¢ * ** genome-wide LOH 4 47 (Thorland et al.,
2000) - Genome-wide LOH 2 F14|#p &A1 * & (FAM)~ % (VIC)~ ¥ (NED) = &
¥ R 5l 3 (primer) i 7R & f% % 484 F & (polymerase chain reaction, PCR)° 31+
@ & 1% 400 B fcie s &3 (microsatellite marker) » P p  Applied Biosystems = & » it {7
> 75 T8 (genome-wide) stk B 400 B Al e T30, B A S 22 WA I 2 X 4
J f¢ > H T 5L H R EE 9.2cM(centimorgan) © B & M K L3508 X 0,79 o F Sk
BT K % B DNA {17 R £ A @4 F B(PCR) “F {8 cha $ ik A 47 66 - %
73O PR RS E PIA T B R A e (marker) i B AR A& S
(heterozygote) » ~ iﬁ'«i’%iﬁ ® % (informative case) e ¥ 2. » F ¥ § - A& R A P
2

** e 3] & F (homozygote) » » )J'* L §_ZL 38 B % (non-informative case) » B % | %7 2

4y

'fﬁ v M H ERIT R ﬁ*”‘*.&i.ﬁ%‘é DNAPCR A4 5 L% > T8z Y

Height of normal allele two

Height of normal allele one

Height of tumor allele two

Height of tumor allele one

DR E R E A 049 A F AR E 204 THETE AT DNA B 2 AT

11. sz 3E 8F A 47
72 siRNA & 2 Fli 4 sc R enfl Fl i dm e ¥ endk {8 AR (8 2B e » 12 70% EtOH
*ACF & 18 /] B > 12 PBS iFi£ 15 4t > RNase &2 16 1 PL 4 ¢ » 3107k 58 e

&R ATk o
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12. k"R 4 e %4 soft agar assay = ;4 4 47
#-siRNA ¢ 78 Fi& 4 s 40 Flehlw e 5000 B>t 7 5 1% base agar 2 0.35%

topagar 52 & AP 2K 1421 % > ¥ UG ESF S TR E H colony k| 2 B E o
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= BEREHS

AFPTARFLRFTRABRRSLYZ HPV R AR I BE > L7 § WECINZ# 4 ?
F I AFTL A D MR R E 29k 22 &0 kenl § HPVIOE6% ;2 HPV
R A e ’Jlj"\-*&-.f‘zm g tRiE 787 7 (Chengetal., 2007) o 4-Figure 1 %75 > f3F = 2.5 HPVI6
E6R % 9 Ul fm e $h ¥ FEF ¥ Rl WHPV 16E6 % ETR B 3o e R > H #i33 fr2 p53 4
Rbd-v e 77 & 2Frd] > F p537 254 Flp21 2 mdm2 e 77 2 Fldrd] > @ fpt fwve
(TL-1, TL-2% TL-3)#4|HPV16 E6R| ¥ % 42 p53% # T 54 F|p21 2 mdm2:h4 7 @ f
HPV A & 4 2 % g o ¥e $R(TL-4 2 TL-15) ]| 7 $IHPV 16E6% E73R M 3-v e 3R> F]b

AFF g & WU TL-13 TL-15:8 7 {5 9 % o

SiE— 0 R A EB[a]PE B a2 s 0 HPVR %4 2 A B 4 2 % J§ 0% $k2_ micronuclei
G A K EE A o F) AAT T i — H 120.01 £ MB[a]PA %] AGETL-13 TL-15% & fn %
k2 FISH % P micronuclei » % % 4cFigure 2% Figure 39771 ° % % 2 L1 M A &

Bla]Prd2 14 =% {¢ » HPVR % 2. TL-1, TL-2 % TL-3/w?2 2_micronucleizivg 4 4f & & ¥ F

<

HPV 4 B % 2 % % fm %6 $k(TL-4 3 TL-15) & i&— # P % 5 fm e $4Bla]Penis 8 g 5

1‘&

HPV} B & Bcje s ] &HPVE # #9TL-1, TL-22 TL-350% ¢ 12 siRNA#r 1 2 HPVI63 Ay
AFend i B % #F 4 HPVIOR B i Flehd ik drd] » H & <% £ B[a]P£ ¥ a2 5 &
4 micronucleieivg 4 & 7v kg ¥ ' 1 (Figure 4)° & 2. » % 2 HPV A B 4 2 % J& ' % $x(TL-4
3 TL-15)° # A HPV 165 B 4 F] » 2 5 (<% § Bla]P& ¥ AJ2 74 & 4 micronucleih3 # &
7 8g F W 4v (Figure 5) » F]0t 42 R HPVE % 20 7 g o e $R & 1] £ Bla]P & #) @ (5 1 %
&2 % ¢ 17 8% (chromosomal instability, CIN) » 3% 7 # /t F S &g 7 X 255" RBpps & 4

* g A AR FfS 0 € @ HPV E6~E7 e o8/ 3 i€ e e i 3] i * (Durst et al.,
1991) o pt ¢t t]'i R 2 HPVE 5 3 01 Prdk i mHPV)]‘a‘a-* Pl g SEF 5 & wmre 3 NN
ezl 4e @ 3E b > (Joen etal., 1995) « AN F S ik % 4y HPVE » ok i 6 5E
AN E it @ iE b 4 (Dasetal., 1992) o 4o% £ 2 {135 » HPVA 12 episomal DNA 7

AEh FHFELI O BERRER o B4~ i ADNA P (Widebrauk et al., 1993) o % 3 2_
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HPV16 & RHPVI8 353 4t » e iw(Cullen etal., 1991) « jegh » =57 5+ § £55 4 4
A HPVE % % ¢ §8 cnip) ¥ (fragile site) ~ 3R % 2 Fl(oncogene)~ 11 2 4 ¢ §8 %74 el cancer
chromosome breakpoints) *tiT % 2 4% » (Cannizzaro et al., 1988) = &35 &% 3 + 45 HPV

DNA rrh;}',% »7mig = fg A e L F]en 7 48 T (Dufensing et al., 2007) -

w -7 R4 ¢ F8 73 42 T (chromosomal instability, CIN) &_F £_%d #r4] hMLHI ~
hMLH2 ~ XRCCI1 ~ XRCC3 ~ XRCC5 ~ BRCAl4r BRCA2 % A Flehd AR > 277 ik
- % 12 real-time RT-PCR fr Western blotting4 47 iz DNA 2 4 7k F]¢7 mRNA 2 H 3-
6 2 % 3 doFigure 677 » & i H £ B[a]PASLT X ~ 14% % 213 {4 » XRCC3 2 XRCCS
HHPVE %42 AR 4HPVZ % ime thF end ) £ 8 > AHPVRE %2 % o kv >
HXRCC3%2 XRCC5¢3k %12 F-v 4 AT X B 4em 5 » @ AHPVAR 4 2 TL4
e BRI % o TR HPVR 42 % R w5 thdt >t (%] £ Bla]PE # A2 $ e 41 & o
CIN® 5y 2 2 XRCC3 %2 XRCCS5:14L F] 2 Fev £ RZ FlPrd]F B o 5 8- # 7 fZXRCC3
2 XRCCS53-v ™ e Send SRIFA) > AL 8- H{I* Ay 5 e S 2l
ﬁ%‘« Ak PR LR _E'J]%k it 8 2 ¢ (Immunohistochemistry) 4 17 B[a]P-DNA 4t 3

£ < HPV16 E6 ~ XRCC3% XRCCS5 5 F]2 3v 4 TLerdp B2 o o 11 b 2 578 4 % 409
& # & adduct high/HPV E6+ ~ adduct high/HPV E6- ~ adduct low/HPV E6+% adduct
low/HPV E6- % » % > ¥ 22 XRCC3 % XRCCS5ig 4 £ Flenk - b 0 B % % LXRCC3
3¢ tradduct high/HPV E6+ ‘e e 4 35 & ¥ 1< >t adduct high/HPV E6- ~ adduct low/HPV
E6+% adduct low/HPV E6- = ‘& (p<0.0001; Table 1) > @ fadduct low/HPV E6+ %
XRCC33#-v % L~ iK+tadduct high/HPV E6-% adduct low/HPV E6- & % > d M &1 HPV
3 XRCC33-v 4 e 58 ¥ % **DNA adducts - @ £ XRCC52 B[a]P-DNA 44 2
£ 2 HPV16 E6:r4p B 124 45 5 % 21 XRCC3.% % #p 2(p=0.001; Table 2) « F]s* HPVR % 2.
% R i 7 FR 4T 8] £ Bla]PE B AGT F 1 F 4 & HCINE2 H XRCC3 2 XRCCS ek 7%
Bov R ILE PIFF]475R o Chen & A (2009)F 7 2% ILHPVI6E6T %%r} Fr4lp53 F-v & %ﬁv}

g6 35 B8 A Frl AT A 522 DNAR A A FICHK L 6hd A @ w5 4817
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BPDE DNA4 % # (Chen et al., 2009) - Kadaja$ 4 (2009)9%= § + 3 3% /& '& A/HPV™ 3§
d #r4DNAB A R Flend Rm & wme X D RBpF EBARcE L4 a7 Eia FR
Pz it (Kadajaetal,2009) o m AF 3 23 8 7 7% MHPVER 4—*‘ Ao A2 —
T Bl {FHPV 16/18 E63 & 3+ 1% 3> ¥ HPV 16/18 E6XK M 30 &2 3 v pS3ch& &
£ 488 (Chengetal., 2007) = F]g* » HPVR % 2. % f n 2 $h H XRCC3 % XRCC5:h4k ] %

Fov RO PP oAy B2pS3A MR Frd G M

* 2t 3 & - 12 Genomic-wide > & & & adduct high/HPV E6+ ~ adduct high/HPV E6- ~
adduct low/HPV E6+% adduct low/HPV E6- % w &5 & 2 A F14E4F 4 B fFital 4
(loss of heterozygosity, LOH)eh =% » & % ¥ it i5d 2 2 LOH=E » $ | S rre i & 4
2 & gt X2 TSGs o 7 41 * 4001 #cfer k %35 (microsatellite marker) ¥+adduct

high/HPV E6+ ~ adduct high/HPV E6- ~ adduct low/HPV E6+% adduct low/HPV E6- % » ‘e

b

e i 10 “WI%&*L”@?F‘” 2 MR (TLOHA 47 » #8473 I § 5w be FpP~ R P~ 1F

T tm?e 5P~ A DNAT 1L &4 2 T T HDNAZ 4|2 BEF AT L4 i T
2400 B e i Hicic B9 4B =8 & A 7 3 1% RS-PCRA 47HPV 4 » 5 1 4 ¢4
WorF 2 Adr 8% - R 235 6927, 8q24.22, 18pl1.2, % Xpll.4 - i3 &+ § 55 fp T F”
Tip 2 HPVE 3 &% ¢ 8800 ¥ (fragile site) ~ 5B 7 Fl(oncogene) ~ ™ 2 4 & HETH e
(cancer chromosome breakpoints) *fiT% 2 ”’ » (Cannizzro et al., 1988) i&m 5142 Fr 2 F]
AN RBAFIOERF T o A TR E HPVAER o0+ /A1 7 2B IR
FHIT # ¥len® 5 124k 2 (LOH) o %1% 424 2h FIFHIT:OLOHT & 87 7 2230555 M
ot 2 BHPVE 45 B ehd g 5R%7)~ o 7 273 3 @2 7 3 7 I AHPVIOR
Fc pH IR B AR ECOT AR % ¥ e F AFHIT LOH (46% v.s 18%) (Wang et al.,

2005)» F] - iR A 4 S R K B AHPVE i 3838 R FHITA 5148 2 B ek 4 @

\\?{r

by e A A o
S B3 W B e 6071 =0

AFTE- B LG inE o s R AT TR LY FREHPVE £ 5 M h

myc 1% hTERT A& FI it - # A 47 > & & 47135 5 9 & & 2 % 5 b % ¢ hTERT
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mMRNA % B2 HPVR % 2 4p B 4 > & % 4eTable 3 #4 » hTERT mRNA & HPVI6R 4 %
HPVI6 188 %+ # hTERT mRNAZ BB F B> 5 R 4% » L H 7  HPVISE % ¥
Pl st I % (HPV 16, p<0.0001; HPV 18, P=0.1; HPV16 or 18, P=0.001) - :& - # " HPVg
A E AR Lz % kpmie A $7H 8 0 fwestern blot2 CHIPhA 5.2 % # 5wHPV ¥ &t 2
d 3 4re-mycd-v cndk ik & H 4% & FIhTERT & Flpromtersiiae # 3 4v @ & 33 #rhTERT
& Flend B(Figure 7) o #82 87 7 &7 p53 48 F] € Frdlc-mycz Flenfg &4 f5m & e ik
# %k Gl (Xuetal., 2000) > »F7 3 333 A7 3 3 I MR i P ¥ ORI T HPV 16/18
E63 B 3-v ¢4 > ¥ HPV 16/18 E6I iy 3-v 22 ¥/ 30 p53:14 L% § 49 B (Cheng et
al.,2007) e @ AL B ETFIRFE T LS EHPVO T v ¢ 3 2 A FIW 7T A E
it c-myced FiEm B_# H 5 i hTERT m 13 & % ‘w2 cnfd By it > F]Pt > c-mycA %] & HPV

AR ERT i FER 2 o

AFFE T AR ERBER AP EEHPVE 2223 7% » ¢ 54 Fr4|XRCC3 %
XRCCSi$ 4 £ Flend m K4 2 ¢ 493 LT F » ¥ i&dm L RhTERTZ c-myc A Flehis

I N ;g,;;dﬂz WA, o A HF L ET L G R, S o

¥ = 1;%:
Balsara BR, Testa JR. Chromosomal imbalance in human lung cancer. Oncogene 21:
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Table 1. XRCC3 protein expression in tumor tissues of lung cancer patients with different

HPV infection and DNA adducts levels status.

DNA adduct levels/HPV infection XRCC3 protein expression p value
Negative (%) Positive (%)
High/+ (n=20) 16 (80.0) 4 (20.0)
High/- (n=45) 11 (24.4) 34 (75.6)
Low/+ (n=10) 7 (70.0) 3 (30.0)
Low/- (n=25) 14 (56.0) 11 (44.0) <0.0001
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Table 2. XRCCS protein expression in tumor tissues of lung cancer patients with different

HPYV infection and DNA adducts levels status.

DNA adduct levels/HPV infection XRCCS protein expression p value

Negative (%) Positive (%)

High/+ (n=20) 15 (75.0) 5(25.0)

High/- (n=45) 12 (26.6) 33 (73.4)

Low/+ (n=10) 7 (70.0) 3 (30.0)

Low/- (n=25) 14 (56.0) 11 (44.0) 0.001
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Table 3. Association of HPV 16/18 E6 protein with hTERT mRNA levels in lung tumors.

E6 hTERT mRNA (Ct/10%) p value

HPV 16

Negative (n = 96) 309.86 £915.37

Positive (n = 39) 931.99 + 1084.50 <0.0001
HPV 18

Negative (n = 97) 370.21 £ 633.70

Positive (n = 38) 794.30 + 1138.27 0.100
HPV 16 or 18

Negative (n = 72) 227.76 +434.52

Positive (n = 63) 788.81 + 1042.79 0.001
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Figure 1. A, detection of HPV16 E6 and p53 protein expression in lung adenocarcinoma cell
lines established from pleural effusion. Cervical cancer Caski cells were used as positive
control and B-actin was used as internal control. B, correlation between HPV E6 status and
p53 protein expression in established lung adenocarcinoma cell lines. The
immunoprecipitation results with E6 antibodies followed by immunoblotting of p53 protein
were shown in p53/HPV16 E6. Caski cells were used as positive control. C, HPV16 E6 and
p53 protein expression in HPV16 E6—knockdown TL-1 cells. SiHa cells were used as
positive control and h-actin was used as internal control. D, mdm2 and p21 mRNA
expression in HPV16 E6 siRNA-transfected cervical cancer cell line SiHa (data not shown)

and lung cancer cell line TL-1 compared with parental control.
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Fig. 2. Micronuclei were detected in HPV-positive lung cancer cells after Bap exposure.

39



Number of micronuclei/ 100 binucleate cells
(fold increage over untreated values)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
HPV 16+ HPV — lung cancer cells

Fig. 3. The micronuclei number induced by B[a]P in HPV-infected lung cancer cells were

frequently than in non-infected lung cancer cells. The micronuclei were detected by FISH.
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Fig. 4. The numbers of micronuclei were reduced after HPV 16 E6 knockdown. The

micronuclei were detected by FISH.
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Fig. 5. The numbers of micronuclei were increased after HPV 16 E6 transfected. The

micronuclei were detected by FISH.
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Fig. 6. DNA repair protein expression in HPV+ and HPV- lung cancer cells after treated with

low dose B[a]P for 7, 14, and 21 days detected by western blot.
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Fig. 7. (A) HPV16 E6, c-Myc, and Sp-1 protein expressions in HPV 16-infected TL-1 lung
cancer cells. SiHa cervical cancer cells were used as a positive control, and A549 and TL-4
lung cancer cells were used as HPV non-infected controls. B-actin protein was as a protein
loading control. (B) HPV 16 E6 of TL-1 lung cancer cells were knocked down by E6 RNA..
c-Myc, Spl, and HPV 16 E6 protein in E6 knockdown TL-1 cells were evaluated by western
blotting to verify the efficiency of RNAi for E6 as compared with TL-1 parental cells. (C)
hTERT mRNA levels in E6 knockdown TL-1 cells evaluated by real-time RT-PCR were
compared with that of TL-1 parental cells. (D) Binding activity of c-Myc and Sp-1 to the
hTERT promoter evaluated by CHIP analysis in HPV-positive (TL-1) and HPV-negative
(TL-4) cells. Chromatin was isolated and immunoprecipitated with an antibody specific for
c-Myc and Sp-1. SiHa cells were used as a positive control. P: parental control, N: negative

control, and SiE6: the cells were transfected with E6 RNAI.
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Human Cancer Biology

HumanTelomerase Reverse Transcriptase Activated by E6
Oncoprotein Is Required for Human Papillomavirus-16/18-Infected
Lung Tumorigenesis

Ya-Wen Cheng,1 Tzu-ChinWu,"2 Chih-Yi Chen,* Ming-Chih Chou,® Jiunn-Liang Ko,? and Huei Lee?

Abstract Purpose: Our recent report indicates that human papillomavirus (HPV) -16/18 E6 oncoprotein is
expressed in lung tumors and is related to p53 inactivation.We further explored whether human
telomerase reverse transcriptase (hTERT) transcription is up-regulated by E6 and contributes to
lung tumor development.

Experimental Design: Immunohistochemistry detected HPV-16 E6 oncoprotein in 135 lung
tumors, and HTERT mRNA was evaluated by real-time reverse transcription-PCR and in situ
hybridization, respectively. A small RNA interference (RNAI), Western blotting, and chromatin
immunoprecipitation analysis were used to clarify whether hTERT transcription was regulated by
c-Myc and Spl. The telomerase activity and oncogenic potential of TL-1 with or without E6- or
RTERT-RNAI was determined by real-time gquantitative telomeric repeat amplification protocol
analysis and soft-agar assay, respectively.

Results: hTERT mRNA levels in E6-positive tumors, which were prevalent in females,
nonsmokers, and adenocarcinomas, were significantly higher than in E6-negative tumors. In
addition, hTERT mRNA levels in early tumors (stage |} were greater than levels in advanced
tumors (stages |l and IIl). Chromatin immunoprecipitation assay showed that Spl cooperated
with c-Myc to activate RTERT transcription in TL-1 cells, which was similar to the SiHa cells. The
telomerase activity of the TL-1 cells decreased concomitantly with the transfection of various
doses of E6- or hTERT-RNAI. A soft-agar assay showed that the oncogenic potential of TL-1 cells
was significantly reduced after being transfected with E6-RNAI. Moreover, a colony of TL-1 cells
could not form after transfection with hTERT-RNAI.

Conclusion: Transcriptional activation of HTERT by E6 oncoprotein is required for HPV-16/18-
infected lung tumorigenesis.

Telomerase activity is detected in >90% of immontalized and Although various post-transcriptional and post-translational
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