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LR FE) T-2 AW 5 ‘ 1010870 6. Cox proportional hazards models AF8-3F9 4], different risk groups for disease-free survival
4 A # g 75 WALARAA dEF & A FAAETH o FAxAdT (DFS)el w2 Risk Groups T+

" - ?:ﬂc ;010]': %j 1 :l ~ 3012‘? 1;"4 31 o‘ﬂ] 3307000 7. %5 §41A A9 integration type¥ DFSE ¥33 Histologic type, clinical stage groups ¢ &

s RER=Y L 0] ~ =l o] _ - L. . _ _

A7) “/‘(—ﬂr;ﬂ) ;],L;\: 281(])”] :1))9& i; - 281(1: 12% 210 }28£8 255 EFAA Multivariable analysis® %3 22ZM relapse-predicting model& %337

AR 20124 19 19 ~ 20124 129 319 110,000 &
A 20 2 A gl 7 F d 8. Microarray analysis® %3l HPV integrated patternol w& %3 AZ oo @& sjeie W
H s & | ulabA o) 8 /Al g okl 3 3}= Kol moleculesS ZolyWl o 24 HPV DNA physical status®} treatment outcome A}o] <]
o WA, A AR, SARARIZEA, o S0, IFFE nlo] ¥ A 712E BAA FEeA a8 max g
A Q1o o5 ITonizing radiation, Uterine cervical cancer, Radiosensitivity, Prediction, 9. DuoLink system2 ©]&3] &F AE uUolA EA38+= HPV physical status®] zto]Z <l&
°*  |Human papilloma virus(HPV) gelA s agogs WA A8 oI gFe A g wE /%S AR ux 3
AJTER 10. &5 FAA9 B4 Aes AR A4 F gl Aurora-ad] Hd HEE WITH o
bl
v A =5 oo 22X HPV integrated patternito] A#yAES 4w
<HFEHE>
AN WAAA R § S 45T £ e TANETA aQlES A FF ATH R
Audyel Adsts 73 ¢ 74T
<\:}3HL4 = ETJ:>
Initial HPV viral load & persistent HPV DNAoﬂ w2 A A8 o Fe skx HrlelA o Yy A 47 .
s}7b HPV DNA physical statusel ©h& 7ol 742 4 9= Agd o F Azl /s e 947 W5//7i - Wiif%)
< T YT 8 .
F3 ¥ S
aRaz IF & 18.028/26 69.34
71 ek 443

¢ A7HE 2 D AT/ BE ATARE 7] AES @

1. Hybrid Capture I techniques ©]&3 zhz 4 5-EF Wl vlo]zl2~ DNAY ¥4 4.

2. AT ARG EANE(111%)914 DNA 2 RNA %%— A4 43

3. AR 2o X7 A 2 X5 F HPV DNA F3 714}

4. Real-time PCR 4% 71 & Agate] 45 AE Yol Ao A#5% vholel2 DNAS physical * HPV DNA®] &5 faAzel 4 Aol me carcinogenesis #d 71213 Stopy o

status 4 2 wlol#)x ok AR W Abe] Aol dopr R} A AR BAS At An Bye EAse glo] $2F Fu ARRAM 988 & 5

o] o
AA T .

- HPV virus DNA9] physical statust Real-time PCR ZA¥2 A %3 Fojx & wlolgx H4A}H .. . . . _
E29} E69 copy 45 Magro 24 multi-copy tanddem intZg(;ated, single—copy integrated, * Initial HPV viral load, persistent HPV DNA % HPV DNA physical status 78] ©&,
episomal infection ¥+ low infection L& o2 F#3} 9 yolrt 22FE AHAA = A, X8 CGFE Hrissd =g HE 2489 t

FAE FRT F UAF

- ubolg s {FHA E29F E6 Fd2He] mRNA FEolAe wd 58 AEs A7 o] ol
DNA copy —r9¥ o1 A vEREA Eel

5. 32} 27 &Epo]l=E ARE-3 HPV ISH (In Situ Hybridization) 23 .2 HPV physical statusS

visualize A17]3 Real-Time PCR 7 3}¢} H]fj_ HAS FA AEW EASE ARFE Hlelg 29 ¢ FdAT7Y p ; ot e e

FrAA e el 2 27 AAE & 9 4Es staA g (FZ2Ax Fja9) © © 459, s, At
Group 1: stain the whole of nucleus, strongly: episomal pattern
Group 2: discrete small dots or pale single dot: single copy integrated pattern
Group 3: large size single dot: multi copy-tandem integrated pattern
Group 4: very slight bluish haze! negative pattern




Project Summary

5 . Investigating Molecular Predictive Factors for Radiosensitivity of the
Title of Project . X
Uterine Cervical Cancer

Tonizing radiation, Uterine cervical cancer, Radiosensitivity, Prediction,

Key Words Human papilloma virus(HPV)

Project Leader Joo-Young Kim

Associated Company

We have been pursuing individualization of treatment of cervical cancer in the future by
establishing molecular biological factors that can predict the response after radiation therapy.
For the last 3 years, our project has been focused on HPV (Human papillomavirus) viral
factors as important prognostic factors in HPV infected cevical cancer. We were able to|
measure high risk HPV viral load from smear samples of cervical cancer patients through the
Hybrid Capture II technique. And we could systematize the classification according to the HPV
DNA physical status from tumor biopsy of 86 cervical cancer patients using the E2/E6 real
time PCR and HPV In Situ Hybridization(ISH) tool.

Group 1: Single-copy integration with HPV DNA episomal form (ISH result showed the
dominent episomal pattern staining the whole of nucleus, strongly and PCR result showed 0 < E2
copy number < E6 copy number)

Group 2: Single-copy integration without HPV DNA episomal form (ISH result showed the single
copy integrated pattern staining as the discrete small dots or pale single dot and PCR result showed,|
0 = E2 copy no.< E6 copy no.)

Group 3: Multi-copy tandem HPV DNA integration (ISH result showed the multi-copy tandem
integrated pattern staining as the large size single dot and PCR result showed 0 < E2 copy no. =
E6 copy no.)

A relapse—predicting model was constructed using multivariable Cox proportional hazards
model based on the HPV viral load, HPV DNA physical status and the various clinicall
information(histologic Grade, clinical stage group, age, etc). As a result, we were able to verify
the significant difference between groups for disease-free survival (DFS) in multivariated
analysis.

Furthermore, microarray analysis was performed to elucidate the possible underling
mechanism of the effects of HPV DNA physical status and we were able to find the
relativeness of c-Myc/Max/Madl network. Group2, which was low in DFS compared to other
groups, showed an increase of c-Myc/Max dimers regulating the expression of various
oncogenes in the nucleus and Groupl, which had the highest DFS rate in three groups showed
an increase of Max/Madl dimers, the repressor of c-Myc/Max activity.

In this project, we could suggest HPV DNA physical status as another important prognostic
parameter in invasive cervical cancer in addition to HPV viral load and these results need to|

be considered in the individualized treatment of cervical cancer.
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AR WARAR F 1SS 2T £ Ut RAYRGY 2U5S JAS] FF AT
ARt AR Py AAE F7Y

A8 Aol A BAW HPV viral load®t #HAF survival dl$9] dd@dAd dizt #d 7HdS &
o wEs] wslazl, wpolEl s Kz E2, E6 AW ®Ad wE wpolgl~ DNAS %5
physical status ¥4 % o]} FoalA TAF Y= &F 82doR 4 in vitro A E Ao A
3¢ pb3 # aurora-AE T4 OE AT

i e e

@ Real-time PCR 4% 7I¥& Abgstel &5 AX uolAe AfFF wol2l2 DNA® physical
status ®4] B vholE| 2 T KAl wH Abe] AolE Aolm izt T

- HPV virus DNA¢] physical status: Real-time PCR 232 A %3} Holx & utolg] 2~ 42 E2
9} E69] copy & Hlagto M4 multi-copy integrated, single-copy integrated, episomal infection 5=

+ low infection 1H o2 T3

- wpolgl s A E29F E6 Ak mRNA FElAe] 28 £E% AR A7l o] #ol DNA
copy ¢ A Sl dEbEA Ee

@ Cox proportional hazards models AH&3FH A, different risk groups for disease-free survival
(DFS)ol w2 Risk Groups 7.

®)

o

F 544 9] integration type?} DFSE 333 Histologic type, clinical stage groups < L4
S X ¥A7# Multivariable analysisE 332 24 relapse-predicting model & T%3kalat g,

@ Microarray analysisE %3] HPV integrated patternel] w2 <3 AX oA 2d el W3}
£ Hol¥ moleculess ZFolyl o 24 HPV DNA physical status®t treatment outcome Abo]e] ¥+

7124 BAA oA 1y Baak g
® &7 FAAe A AE AR AE 4 9 Aurora-al Hd FHE WSty dAS
23] Beo2M HPV integrated pattern®o] A #AS ¥ &

2. A7 Wg % A%
<I> AZAFES B 974 R A7 dF9 dFAA2MY A f/FFH o FH 2(HPV)
(1) AZAEL F% W SAsE HPV DNAS ¥ zold @& PALA AR Aof

%% W HPV DNAY %< median #< 7|52 % low initial HPV load (¥41) 3} high initial HPV
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load (A1) 2 23S 9 initial viral load 7} & %ol MALAA R & o7t Ywrs A34E persistence 2t AH13t9& Wl HPV persistence 915 WAMAAZ F a4 e Wy
AAT ol & WEF w9tk 3 viral load oA 404 ©ldte] F el dem olde]l E FF, i R AAZF AU 1, 2= D).
A 2H3A Z77F low HPV titerst #edo] 1SS LAsklrh o8 ZAde wAdAR F
240 Aunbs &3 AT wo] DNA viral load 7F WA AFATE BATF 9SS o & o # 1. Result of Univariate and multivariate analysis of local recurrence-free survival
At (Joo-Young Kim, Journal of Clinical Oncology 2009)
Table 2. Univariate and multivariate analysis of local recurrence-free survival with elinicopathologic prognostic
factors
Patient Univariate 5 Multivariate &
% v 95%C -
Number (1) HR 95% CI p-value HR 9 Cl  p-value
(C) 2 Age 136 0.97 0.83-1.00 0.114 0.98 0.93-1.01 0:196
(a) = - \‘\_\\ FIGO stage
. & S Lo 119 1.00 1.00
E 2] ig- oI IVA 28 411 1.48-1132 0.006 8.35 2193276  0.002
Qe ] IVB 9 1.86 0.23-1488 0539 102 0.09-10.50  0.985
2 E ; "
® o z 3 Histology
£ 3 we sce 143 1.00 1.00
L'ﬁ ';“ ATVADS 11 2.08 0470217 0331 1.42 021.038 0.715
T Al R Grade
= — HPV viral load dian (n=53 -rark f a| — \ ian (n=03) rank test
2 o viral load > median (n=83) Log-ank fest U:; HPV viral load > median (n=83) Log-rank tes LI 124 100 100
2 ol — HPvvinllosd< medien (n=54 pe0.002 ol — MRVl load s median (=84 2 m £V 347 120034 0013 958 2343611 0001
% & % & % & ° % % % & 3 B
2 5
FuNisriag B IR - :’1“ 5 @2 Negative 57 1.00 1.00
ImeiMentis) Positive 89 234 075726 014 084 021333 0.808
Size
<4ecm L5 1.00 1.00
B =dem 91 545 1.24-2402 0.025 6.01 0814424 0078
A A ol wo] wpolexe] ¢ AARTE Hiole|2 FAo] W AEAA 23] Hiol#x Smoke
o FEAAA E6 o] do] Folso] st W £ bl B wmwoM A= vt Never 132 100 1.00
ol 4Hg QgAY E e AW sl s Ago] Bad gl ® e dPonse v sl = W HER SR R A
olelz B4l BE FHE] AT wolelzg FAL AdaA e F44 NAS 294 Be F AVl - -
FAE W dgHor ZpA L glof ol FHA EAo] AgBide] WAANAEE EolE F <387 79 476 1331672 0013 3.87 1512280 0011
AthE Aojtt, o)d A4 wlelg a9 ke ©A] FEVAS AF ZoR yiid d4d FE IS HEV [24 mo]
Aolth. 2R AR AFARd AFARNE Soly] AAAE Ao WRE AYT & At ) S 1 1o 10
Persist 26 439 1.63-11.81  0.003 421 1441231 Q.008
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=
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SCC: squamous cell carcinoma. AD: adenccarcinoma. ADA; adenosquamous carcinoma,
HPV [24 mo]; result of the last HPV test within 24 months after completion of radiotherapy

(Joo-Young Kim, International Journal of Cancer 2011)

(2) HPV persistence ¢} A A7 #A
O F4olx HPV DNA 44<l 16989 &5 didoz WAk § F4xd7 HPV DNA

9] clearance#AlE AH RIS wf 2470E AlHeA 81.4% o A} A] clear AL 18.6%2]

k2ol A persistent DNA 7} & 413+4
O MLAE 1218 F 34%(27.9%), 3/ LA = 1254 F 28%(224%), 67/ LA= 1169 + 217

(18.1%), 1&]aL 1270 LA+ 1239 F 234 (187%)°] HPV persistences R At}
O 24704 7# wiA ek HPV DNA F4 A AtolA HPV persistence® R 9W %5 overall HPV



a¥ 1. WAAAE $8 §F HPV clearance vs. persistenced] wel =F2Al@&o] oju] gl o]z} 9l

dlo

HPV clearance (n=127)

HPV persistence (n=29)

P=0.001

Local recurrencefree surviva

(Joo~Young Kim, International Journal of Cancer 2011)

) 2% A¥ Y9 HPV DNA physical status® FAMAE 522799 #A

O 20099 ¥y AFZA}Q HPV viral load 7} Ag 74 5-9te] WAL & Aol Al v A= Fgk
of tiat 71HMAFE $lste] HPV 16, 18 58¥ ol & AT A F L A E ddoz TEAE
9] DNA (n=111)¢} RNA(n=46)2 33, E6 ¢ E2 o] )3t Real-time quantitative PCRS ] & 8},

D HPV DNA physical statuso]l W& A3HAR2YL &2 AE B F

O HPV ulolg]~ 22l E29F E62] ORF(Open Reading Frame)S EFAl S 23 primer$}t probe

£ tx}eldte] TagMan probe %49l real-time PCRS 43¢ 24 HPV Viral load2} A &<

$-oke] TAIE E29F E69 7]5bo] Watel Al Zolr izt
* HPV wpolg 27t &5 AXU2 JAF & S5 F3d4 U= "L°"3]°1X]h Fo= E29)
hinge region°o] @o] HiEo]x 1 Ed Aol wE o] F9j9 &4 of¥E= PCRel &
HeA oA R dAdEH vk S5 FHAAR] Ajlel o E2 %@Z}J E4e
PCRell &l &A% o)A+ E2 copy ¢ #HAE olojxla E2 23 = cDNA9 74 2 E6
Repressorz 9] 7]%s A& olojd 4 vta ek HPVE A F7h= E2 7152 94A 3
o E69] wd F7 2 FA4E TEA7=H 7T o w gk (19,

O Real-time PCRZ A %3} %ol HPV E2% E6 #3479 copy 9 2@ o] wla B4 A3} 7
F7ger sabo] ohAZ ol A ¢l ulo]zl 2 DNAQ physical statusZ tha3 Zo] ZA ] 7/HAZ &
Tol B 4 A (2™ 2).

-‘m 04,4
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[z#1]

Single-copy HPV DNA integration with episomal component

(E29} £6 SEALD) copy 200 M E2 20} E67} &4 LiEtL= B2)

Episomal
HPV DNA

HE=HNE

Cellular DNA Cellular DNA

HPV single-copy infegration

Single-copy HPV DNA integraticn without episomal component

(E22| Copy 5=2t0| negative2 LIEH}= Z )
p | (TN E4
Cellular DNA Cellular DNA

HPV single-copy integration

Multi-copy tandem HPV DNA integration

(E29} E6 S7iXt2| Copy %7} B 261K £ UElLiE 29

IEEREEE IE=ANE=E NEZ NI E
|
Cellular DNA Cellular DNA

HPV multi-copy tandem integration

Low HPV DNA
(E29} E6 S & A9| Copy 47t 25 negative = LIEILIE E

Suzanne D. VERNON et al, Int. J. Cancer (Pred. Oncol): 74, 50 - -56 (1997)
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35 [ # 3 4 %
é . 2 Y . +
¥ ¥ -
B2 E6 B B B2 E6 B2 E6 B2 E6 B2 E6 E2 6 B2 E6
Groupl Group2 Group3 Groupd Group1 Group2 Group3 Groupd
E2 & E6 gene Copy Number H| 1 E2 & E6 gene mRNA expression level H|
BT HZ0lM DNA extraction Fof R EX YUEfA total RNA extraction 0| T3 (DNAS template=
E2 8 €6 R copy=E realtime PCRE HF E2 & E6 LW ¥2 realtime PCRE HT



1987 B9 HPV DNAE %3 Al¥d infection® o] 7 3 episomal formo & FASHA %3 A
¥o B Azel HEo E2 gene?l BA dtollA EA ARG B2/ AATE S HAA WA EF f
AA R Aol o]FHAA H. o] B2 A £F AE T4 E T/ I E6/ET viral oncogene
o A& TN ale® Busold $ha. 1A E2 BA Stell A wlolgne) Falo] oA

Z o A= E20] 93 negative regulationo]l W& E6/E7¢] o] oA|EHo]A 1 9l7]ol] WA}
S =dozH ATl wolH g AolEhe o A AT NS FwWslvstaa o] W AT
A= E29F E69 copy+E Hld o 2 M integration form¥} episomal form A E| & & A 1A 593
gy A3 A3 248WAM AFAE integration formel A rolling circle DNA replication
E3) vlolg]~ DNAE ¥3 BAlstx 9= Fol multicopy concatamer FE| 2 %5 14 U
AF] 5] o] 2] = multi-copy tandem integration § &3} bidirectional theta replication ®' o & -7
Fold mpolgi 2zt AAIE ozt single copy HAHE HF HAA R AAHAAE=
single-copy integration M ¥19] F7&%= Ao A7 dFo dFE & F AL AR ALY
A7HA aF o R FEGS F WA NFE F AR o Fo] XolE AHr iz 39S

o orr o

2o
o,

o

:

(iii)

E1 dissociation
fork disassembly
decatenation

(i) Origin

35 v)

Lagging strand
g

Bidirectional replication 2

Origin > Leading strand

Rolling circle replication

A model for HPV16 rolling circle replication. () E1 binds to the viral origin and starts unwinding the origin DNA to initiate bidirectional
replication. (i) Two replication forks containing E1 converge near the point anfipodal to the origin. (i) Replication proteins and E1 at the
forks dissosiate from the DNA to allow completion of replication. (iv) When E1 fails to dissociate from the DNA on collision of two replication
forks, it accidentally displaces the 5 ¢ -end of the DNA strand that has been synthesized by the other replication fork (v) thereby allowing a
single-stranded circular DNA to serve as a continuous template for rolling circle replication.
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O 11199 AFAREY Fx x2 &elo]=oA Ventana INFORM HPV Probes In Situ
Hybridization (HPV ISH)™ 23 71W< Abgste] % 22 AxEde] HPV physical status
£ visualize A17]1 3L Real-time PCR Z 3¢} vl 48 Za) AX W A8t A5 v}
olgl =9l FAAe el wE EF AAE F o 93] stax g

- HPV probes /n Situ Hybridization 23 7}o]Zof w}2 14 pattern -3
- Episomal pattern: A3 W] 318 dAqoz A7

- Integration pattern: HPV DNA7}F 45 §4A2 AdEoix = LA DOT ez dAHo
wel AY9sAAE AAdA Viral copy ol wek dotel Z717F 2kol7t Sl

[29] HPV probe In Situ Hybridization 43 ZH

Group 1: Stain the whole of nucleus, strongly: Episomal pattern

200X

400X

CEEGIE
Aoz A
ER R
GE

Multicopy tandem integration
ow APHojd A L2 P
A

single copy integration
oz AYPHoAE ¢

>> PCR A2 HFHo]% Groupl MEZE0AM = HPV ISH 29 A3 F 24 ALEY do] A
Ao gdAE oA = episomal patternS HolE MZEO WIEIL =9S. ZE dotEd FAEE
episomal pattern cell& ¥ o}yl & size?] dotE3} g78l= episomal pattern cellES AW ASE

= wol ¥Ey.
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Group 2: Discrete small dots or pale single dot: Single copy integrated pattern

>> PCR Z32 BFHo% Group2 MEZEoM= HPV ISH 28 23 £ 27 AEE9 oA
2008 ol A= BHelo] ErshA ot 400ufol A e EelHolA s Fe sized] doto® FAEIAE A
ZE50] Wol B #L sized dotE0] singleZ EA3E 4% AAA T multi-dotE 2 FHE A=
BeE Wa. dAE 7l dote] 1A G MEER K.

single copy HPV7F 39l sited]l Eoi7be A$7F A9 @Al FAwofA4] &e 24¢A % B,
low copy HPV7Z} o] site® integration® o A= ¢ ol2] 7]9] dotEe] e A=

2
o
s
=i

_11_
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Group 3: Large size single dot: Multi copy-tandem integrated pattern

>> PCR 232 7507 Group3 AEZEINE HPV ISH 23 A3 % 24 AELES dgtdA
200 el A 5B R EAl Kol size7t & dotEol FAHA= MEEC] B, dotd F= s
al oto] 1717} tiF-oln 2-371¢] dote AYE AZEE B & ¥ s multi-copyR & A ¥ o]zl
viral DNA7} & sited] A= oA WA] G o)X & dote] Abel=27F A & 1wl

_12_
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Group 4: Very slight bluish haze: Negative pattern % E2/E6 PCR Z 3¢} HPV ISH Z 349 Hla Ao 213 Group R4
New Group by ISH % Old Group by PCR %
Gl 38 35.8 28 25.2
G2 25 23.6 28 25.2
G3 19 179 37 34.2
G4 2 19 13 11.7
NA 22 20.8 4 3.6
Total 106 100.0 111 100.0
New Group by ISH [n=106) > 0ld Group by PCR (n=111)

>> E2/E6 PCR ‘%‘% % gk —E—Eﬂl Aol A= Episomal pattern©] A3 MZS Group 32 &%

3 5. o] A HPV ISH A% A%E $3] Grouplo2 #l7Z ¥ o3,
>> HPV ISH 43 Z7} negative signal® 2l Hold Rog ddgoy Group2e] HE& Heole HPV ISH 23 @,4_ © 2% Single copy integration A&& Group 42 E5 & JS. o] B¢
AEZE3 Group3?l HHL Hol: AEE0] }aH. E2/E6 PCR Z¥#E #31Z Group2Z 27 + 3o

o] F A¥ WS WygdozNn FU4 AFE el HPV DNA physical statusS F o W3] -
o

@ HPV DNA physical statuso] @2 EFAANA FAM AZA4 € X8 dF 24

[29 1A%} 1B] 2918+ EFdel HPV 16, 18, 58 ¥ 7+ o] = & 1119l A nlo]
]2 physical statusol W& & 7Fe] FHAEL S AolE HAE. (1A) E2/E6 PCR
Aol wE 4702 Group 7+e] Disease Free Survival HlZ. (1B) E2/E6 PCR Z ¥}¢}
HPV ISH A3 23 224 ZAxd & 3719 Groupztd Disease Free Survival H] L
(Group 4= AE F7F Ao A4 A)<]).

-13 - - 14 -



13 1(A) 13 1(8)

1.0
I

= L‘ Lﬁ"_(ﬂ " Smgbe Epwsume\ (n= 13)

@ B 8 W Mulicopy (n=18)
s = H-+ H—t
= I @ J Single Integrated (n=25)
%] G
© ©
v R o
e =
1
4 =4 5 =
ot —— Single wopisomal o <
@ ---- Single irfegrated o
Mulbcopy “
A - HPVIow bt Log-rank test <0374
a4 Log-rank b st pvalie: o
single va. mulll ve_ iowP =0 046
betwesn 4 groups P «0.093

[ake]

a 10 20 30 40 50 60 0 10 20 30 40 50 60

Time (months) Time (months)

>> E2/E6 PCR 2¥%4E& EUY=Z 3 J-E—tg FHAEENAE Groupldl A GroupdE 2
= FYAEE Yolx= AgS Hloy E2/E6 PCR 2t HPV ISH ZEs 534
o7 BASAS A mvE Ao ]( 0.3774)°17]1 = vt Group37} Group2X.t} AEE
o] TolA = AEFE 1Y,

[& 1] Univariate and multivariable analyses for disease-free survival with clinicopathologic
prognostic factors

Disease Free Survival

Univariate hazard Multivariable hazard

—val —val
ratio 95% cp PV ratio 95% ¢ P
HPV viral load
>median 1
<median/<0.75 2.61 (1.04,6.56) 0.041
New Integration Pattern
Single mixed with Episomal
1 (0.387) 1 (0.014)
(Groupl)
Single mainly Integrated N
1.85 (0.67,5.12) 0.233 6.43 (1.83,22.59) 0.004
(Group2)
Multicopy (Group3) 1.95 (0.65,5.81) 0.233 1.99 (0.60,6.58) 0.258

_15_
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E2

< cut-off 1

> cut-off 1.72 (0.72,4.13) 0.224
HPV type

16 1

18 /58 1.65 (0.91,3.00) 0.097
Stage group
1B 1

m/ VA / VB 2.19 (1.28,3.74) 0.004 9.01 (2.85,28.52) 0.0002
Nodal state
Negative 1
Positive 251 (0.91,6.90) 0.074
Histologic Grade

well/moderate 1

poor 2.61 (0.94,7.24) 0.065 9.73 (2.33,40.70) 0.002
Histologic type

SCC 1

AD/ASC 7.08 (2.19,22.9) 0.001

Tumor size

< 4 cm 1

> 4 cm 3.64 (1.33,9.96) 0.012

Smoking

never 1

ever 2.48 (0.99,6.22) 0.053

Aurora-A

No 1

Yes 3.10 (0.88,10.9) 0.077

Age* 0.96 (0.93,0.99) 0.013 0.94 (0.90,0.98) 0.003

Abbreviations:AD/ASC, adenocarcinoma/adenosquamous  carcinoma; SCC, squamous cell
carcinoma; IQR, interquartile range

* H-year increase in age

>> univariate analysisoll FHAEES $3 stage group, nodal metastasis, histological grade,
histologic type, ageE M| %38 tumor size®} 2 U2 I3 MEES ¥3A]7# £48 multivariable
analysis 232 %@ HPV DNA physical statusell A episomal patterng H.o]% Grouplol H&l] single
copy integration patterne ®.o]& Group29lA 2]l ko] (HR 6.43, CI 1.83-22.59, p=0.004)¢} stage group
o] FQag ouE FolglE. ol Hiolel2~ DNAC o] w2 FdoA 28A ¥ Fd v
integrated form ©] o} episomal status & A ZWo] Folds Aojgts B A3z pES AA 8}
v BER AR

_16_
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A. AUC = 74% (65%,.83%) 10,000 bootstrap corrected 71% with sd 2.6%
B. Calibration chisquare = 9.02 with p-value 0.435 which indicates good fit
- 2d T AES o sly] 98] multivariable Cox model®] 2 %2 o] C-statistics AbE3HHA 2. 12 months DFS prediction

7hE o] 3. A. AUC = 70% (58%,82%) bootstrap (10,000) corrected 68% with sd = 2.7%

@ outcome-predicting models¥} internal validation®] 43

[22] Predicted risk probability] ohel 374e] 919 1502 rola $ah FEe BwgE 1 B. Calibration chisquare 5.61 with p-value 0.778 which indicates good fit
o >> The log-rank test resulted in a significant difference in survival distributions of the

three groups of patients defined by the predicted survival rate (p<.0001).

(4) HPV DNA physical statuse]l @& SFAE oA 2ANe WIS Hol: 97

- B Jge GAANE HAA
Low risk (n=27)
0 399 ATAFL A AESES SR Microarray ¥4 3l nho]g{~ DNA9
Intermechata fisk (:27), physical statusell whe} H& o] MEE 1ol moleculesS 2ol
g - HPV 16 type9] single infection®] & Ag 45 32 AEE T E2/E6 PCR 2345 EUZ 47
g g 0R BuatA FEFoAE 398 e mRNAS©] Microarray v’i-@.% Slal =0 = o,
L% 4 y ; - Whole Human Gene Expression Microarray 44Kv.1.0 (Agilent Technologies, Inc., Palo Alto, CA)&
g High risk (n=27) A3} H A HPV physical statusel]l whe} &8 47] ZgolA Bdgde Aol Hole fFAAES =
AL
pag Log-rank test P<0.0001
- 5%¢9] False Discovery Rate (FDR)< 7|&0 & BA&E A3} 654709 AL 47] 25 Alolo
A om Qe wE AolE Hele AL A
- , ‘ - . . - S AEgel aF 1IARE 4 WEew A7 o o TA ek 4%l AEd Microarray
L B4 Ao ol 9 e Go2 ol FANIAL AFE wel fradEel U, WA WA Y
Timefrente) 250 A AFE Hol FAASe] 1887 AW HolL
[®] Hazard ratios (HR) of disease-free survival for three groups according to predicted risk - o] FAAESY A WA AEEA FES A¥E Az
probability
; Grouploll Al Groupd WEFo® W3 Z712 nod FAAES 32 AT rich interactive domain
Estimated Estimated No. of Disease Free  Survival 4B (RBPl-like, BRCAAD)Z ¥33F @Al 24 253} chromosome organizationd] ¥o}als 22k
Risk Group 1 year 2 year Patients(%) Event (%) - So)9 e
survival survival HR 95% CI p-value
; Grouplol Al Groupd Wdoz wd 745 BHYW FHAEL Keratinocyte®t T-lymphocyte
Low 0.963 0.963 27 (33.33) 14 1.00 (0.0005) differentiation® A#¥ FHAE 2 organic substanceo] Wk ¢ o] thak wkLo] HodtE H
AAE] WOk
Intermediate 0.889 0.852 27 (33.33) 4 (15) 410  (0.46,36.67) 0.2071
- Groupd = HPV DNA7Z} AA @A F A3l & IFolA retinoid X receptor alpha (RXRA) 4
High 0.704 0.513 27 (33.33) 16 (59) 2056 (2.72,155.3)  0.0034 Ape] wao] Fa A #ZAaHolA dEd W] Groupl & single-copy episomal HPV DNA7} o] &
A AL = ZFANA o] frrate] el ﬂﬂl 7 Hol A, o] A= HPV DNAZH A A
A H oy = FUdoll A epithelial differentiatione] F-Zo] ¢F £& HE o Fo] JIS vHL J&S
>> Summary of 12 month and 24 month prediction model performance AAE 5 A5

1. 24 months DFS prediction
P - gE9 Groupdoll A= &5 AE 52 9 apoptosis, motility, T—cell activations-ol #eJ3ta &=
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p21(CDKN1A)-activated kinase 2 (PAK2) f%12}2} biphasic synovial sarcoma®] epithelial component
M 5 SolHoz A= cluadind F+4a#49] @do] A ZaHo YA
- E2/E6 Real-time PCR 7|22 7zt

. % ¥ cMyc, Max(Myc associated factor X) ZL2]iL
- ' 2 o pre SARSe wa A u a8 Zoza o . ] .
HPV DNA physical statusel w I & fAaxs - ° —-1301 A B =4 Madl(Max dimerization protein1)®] '@ level 4
epithelial differentiation®] 8] 2 immune recognition 8] <3 % X & 01]—%% Aul=d $23

- Zt @A E 7kl dimer(c-Myc/Max %+ Max/Madl)

3 A = q =
Sz Abed 2 & 98 Al 34 o o] & AL 24 factorZ
9] activity 37} 91914 DuoLink Al ~¥1& o] &3to] #2(2

(1 3-4).
- o yol7} Microarray ¥4 232 Eti& HPV DNA integration #j¥lo] w2 23 wW3ls Hol:
54 7159 FAAES B #dA /FAES AFE =4 HPV physical status®t ##s] A& 7} << Transcriptional regulation by Myc-Max-Mad Network through E-box elements >>
AL dFstn A5 WIS Hoprted F83 ARE G4 B 5 JES I ot IS

[Z¥ 3] Heat map of the genes with significant linear trend from episomal to low HPV,

decreasing (a) and increasing expression (b)
(a) (b) ﬁon /CEP.

’ < Eve
Lewclae Zipper/
Halls2 !
L. g
red
\, Max I o
/ b
i .

Jﬁf’& \
L) - @D e

Wk pha .~
< regien G pa ||_-J:

¥ 99 Microarray ¥4 A3+ E2/E6 PCR Z3d] W& 242#=2A4 HPV ISH 7+ 4
‘@% %a:l 4L 4398 %—‘—ﬂ‘@]—‘ﬂ T;]'}‘] ‘E‘%Qcﬂ"‘l Al 7“‘04 aF Zl'—°~] H]-‘T— ‘E‘ﬁo] Q-Q-qu Tumorigenic lesions
CO-repressors

A (FA 2N AYFa A
4 (EA 24 T 31#) co-activators ? ROWTH RREST&DIFF @
STIMULI SIGNALS
%F AXE YolA EAstE HPV physical statuse o2 A3 &F AE Y %. i —— .. — -

Ehh‘z FAAEY FE F9 Aolg olne 87 #4E 7F CACGTG CACGTG CACGTG

O %2+ Microarray w4 23 t& 255 vs] & 1914 cell adhesiono] &S v 2=
molecule®! claudin 4¢] #&& HFejE &le 4= AR B E cell adhesion?] W3S 91%]

ste] A& HAE2E vishEE small GTPase signaling @& moleculesE 9] 2@AA}e] WH3l= TRANSCRIPTIONAL ACTVATION TRANSCRIPTIONAL REPRESSION
2 & AT l *
o] sn{all GTP binding proteinsQ! CDC42¢} RAC19] targeto. 24 PAK29] 42 c-Myc9 <14t CELL GROWTH & PROLIFERATION GROWTH INHIBITION
e 2T OEAN c-Mycd AN SARAAEA ] d4s wlste ow dEAL S CELL DEATH (APOPTOSIS) CELL DIFFERENTIATION
c-Myce] o4 zAd| oa) ATl =4 2 gstmel WP BolsE B FAS IMMORTALIZATION, ONCOGENESIS CELL SURVIVAL

= TUMOR SUPPRESSION
transcription 9] W37} Z#FoIW i HiEo] 9d7lel HPV physical statusel] uw&

c-Mycoll 98 HALZA W7t =] wiglr A ez 3
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Y 1. cDNAES a3 F QAW 459 9] g4 79k el MES o] &3to] 2F ¥ c-Myc, a9 3. DuoLink assayZ ©]&3 % ¥ c-Myc/Max dimer, Max-Madl dimer®] $1% 2 %%
Max, Madl9] #&d FdS &9l 5 5})

cDNA_T15 219 c-myc.Max, Mad1 2t o] 2 G1_cMyc/ Max dimer G1l_Max/ Madl dimer
209
214
224
234
244
(&) .
o 2542 . .
E b 53 - .
T o 3 e h s * .
E _|Tm "’ W e A, . &
= 8 e, T4 A - & I
T ¢ a2 & La 4
I 8 4 .
] A s - a .
L TE 4 om '™ G2_cMyc / Max dimer G2_Max/ Madl dimer
a
314 S -
a 'l 4
32 B & A
334 . 5
344
c-myc Max Mxd1 c-myc Max Mxd1 c-myc Max Mxd1 c-myc Max Mxd1
Group 1 Group 2 Group 3 Group 4

>> Real-time PCR Z 3 Madl<]
32 AN g Folus G4
(L3 1).

e} 7t group 7Fe]l FUAME I oto] EAEE cMyc/Max dimer$} Max/Madl dimer?] %%

#}o]l= DuoLink assay data® &3 &<l & ¢ A (1Y 3).

W& o] Group 13 Group 20 ¥ 8] Group39t Groupdol 4 dhi=
}S HolxE ZAAT BEAHOR ou 9= o]y oS G3_cMyc / Max dimer G3_Max / Mad1 dimer

2

282. DuoLink II Fluorescence Assay

A B C D

Group 1: G2l #®]3] cMyc/Max dimerEeo] & <¢t&o=z A7 yevs AFS B2y .y
Max/Madl dimerE- & ot&oA] @Wol UElE AAH B

LJ

Group 2: Glel Y& cMyc/Max dimerE©] & <t&o|Al Wo] Yel= A8 Kol siMax/Madl
dimerg2 3 <HFoA AA vEl= AFEFS Bl

>> = gulRo] 40nm olste] A Ao EAT w HZA ZZH fluorescence signalS 3 Group 3: cMyc/Max dimerEe] & <&l Glol WA wo] G20l nlajal A A et }. !
ANA ABHMAon BA 0 B doto Ho|A H. @& Holil Max/Madl dimers2 G134 G2oll W& 3 ¢hfto= BF AA yeus JFS
.
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% 4. DuoLink assayZS ©] &3 E6 2 2d A EFA c-Myc/Max dimer, Max-Madl dimer<]
A g FHws gl

C33A/Vm_c-Myc/Max dimer C33A/NmM_Max/Mad1 dimer

C33A/E6m_Max/Mad1 dimer

C33A/E6m_c-Myc/Max dimer

>> HPV u}o]#] 2 infectiono] §l AFa 49 AEF C33A/Vm cells®] 49 c-Myc/Max

dimer ¥ Max/Madl dimer 5% Negativeol 7}7}% signalS 2.1, C33A cellsol HPV viral

onco-protein A2kl E6 DNAE Yol d9d oz sitd AlA ¥ C33A/E6 cellsoll A=

C33A/Vm cells® ¥ Negative signalS 2. o] 232 c-Myc/Max/Madl networkoll A ¥ 3} 7}
=

HPV onco-protein E6°ll ]38+ 244 &2 ofd X K.

(6) HPV o] e AEFQ C33a AXFE o439 HPV 16 E6 TFFHAA7 AL
ANAZd MAE 4FE in vitro AFE T3] =AM

(Joo-Young Kim, International Journal of Radiation Biology 2010)

- (C33aE6 Al EZF o)A (monoclonal (¥ 1a), polyclonal (ZL¥1b)) parent cell (C33aV)el ]3|
WAL 74 o] =8-S clonogenic radiation survival curveol] 2]3le] R oJE.

[Z2E 1] A==

x

_23_

(2) (b)

c £ 9

o =1

g gz

w L o

-] &

= £

> Y

& s 8 %

: £ & :

@ o _ %
—=— C33286 mono 8 | —— c33aE8 poly T
== C33aV meno 8| —o— C33aVpoly
o 2 4 6 8 0 2 a4 o6 8

Dose (Gy) Dose (Gy)

- DNA double strand break®] F2]#+91 gH2AX foci7} C33aE6 Al EFolA] WIARA X7 244 7+
o] Jolsli= o] C33aE6 Al EFo|A parent cell (C33aV) Rt} ¥ o} clonogenic survival
7} o] DNA damage ¢ AEE E6 MEFA o & BHAFUAS (19 2).

Jw

4 2 foci FAAR

(23 2] AP AERA (a) WA 076Gy 2AF 2443 § gH2AX &9 -

(@) (b)
] s
C33aV C33aE5
[0 c33av
C33aVAGy| C33a£6.00,
© c33sE6 8 mRNA level d
w [—— E
fw —""
% |
S | S
T o) o
2 | = C33aV4Gy-24hr] . C33aE6 4Gy-24hr]
s /1 a— 1 - & -
g / D .
s 20 § -~ < -
= / 3
10 ; ! o * W ‘
o & «
0= : .
] 2 4 6

Radiation Dose (Gy)

= WAL ZA} SGy & (C33aE6 AlEFONAM G2/M AEF7]9 arrest® 3FA] &l o] = bypass 3f
of WAM A § 6-9A1ZFH polyploidy MEES S o] A EALZ o] Fo] S téﬁc}
o= 24)\1{P T g A AEF7] HS BolE C33aV AlEFol Hls] C33aE6 Al EF7F HAE
HNZAL 3 G2/M A EF7]NA 9 arrestS A 23l mitosis = XA A5t = drive 7} WS¢ et
AAF mto%m% 3FA] 53k AJelol A cytokinesis ol Fel7F A1 Al E mitotic catastropheE U
o AlAF & C33at™ p532l point mutation©] A& MEZFEMA o2t C33aE6 M EF

=
o e Bedl o mutations] 98 EAI) ohe AAdadE 4 AT (28 3.

)
X3
o olr
mlo

[ZE 3] (a) WA ZAL A 715 polyploiody Al 2] %2 Wil (b) C33aV 2 E6 Al EFolA 1
AbA BGy FAF & 7 A 7be] wE A EF7) 9 W3sl gAS floweytometry®E A (¢) AR %
A F 0748A1ZHA G2/M Al EF 7] 0l Qe METS] %FH Bl
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(a) P=00003 [C)
—— E EmCsay
—I_ 8 [c33aEs
0 T
24 2
] s
5, ]
= —— €
FlL] § *
£ R 4
* Statistically significant * i
o Ohr 12hr Zdhr a8hr
C33aVv CI3aE6 Post-radiation time
(b)
g SOV Gy o V56 vas V542 v Va4 varz V596
g M-L‘ J ‘
LAl & ] - AJ - Ll Lt L |
n dn "
DHA Cortent (el
5 CHaE6 Gy O EBSE 559 E65.17 E&SH i 5.48 E6S77 E6.5.96
. ] | |
g i L
g h " F Ll- A —l A .J J u e bdedh k. ke
X
TN Gt (Cal

- olEg C33aE6 AEe] WA F AEF7dA dehdls 5A 7He ZAE7] 98k
mitotic kinase Al 7FA] (aurora—A, aurora-B, polo-like kinase)9] &S =A}3k A3} E6 *ﬂJ_ =
ol A aurora-A WFo] parent cell 39 x}o]E Ho|lm (C33aE6 A|EFoAE AR XA T 124]
A Z7F9 aurora-A9] o] o] o]F x&AH o g otz UY&S BHEIH(2Y 4b). Aurora-A 2|
HagFadMez AExUe aurora-A LHES 7 PH 2 A3 (C33aE6 A EZolA &= multipolar
spindle o] EAeF GAAREFEL] o] o] thafF AR o™ C33aV M EFoNA ojupg4 e+
tetraploidy M X <9i= 2] SEFFoz Axd #do] FHE A &= endoreduplication 9 4%
UE A & F AATHZE o). E3F aurora-A o] WA ZRALA ] BHEAHEE real-time PCR
2 ZAEY S o C33aE6 MIE7} vector AlEo] B8] ol E6 AlEoA 7|RHow fAH &gt
Aol EATE & & AAT (a)

[z 4] ”c}*}’éii]iﬁ 7]¥# ¢l (C33a V and E6 monoclonal and polyclonal Al 30l A
A (a) WAMAZAF 5Gy F AlZbel W& aurora-A @A LHAE (¢) WA
E 24’\]1“‘11 aurora-A © AEZU] ZHYFE DAPL a-tubulin 5% &7 AAYFINE T
sho] iz

aurora-A 9| %
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(b)
CIaVmono | 5Gy CI3aEbmone | 5GY
] 3 24 & 0 12 24w
e ——————
[ |6-actin
CIdaVpoly | 5Gy CIIaEGpoly | 5Gy
[] 1 2448 [] 2 2448 ()

| - — — — |AuwrormA

= Jo-actin

- WAL ZAL E AP AR (0, 4, 6, 12, 24, 48A17F) aurora-A & WIES =A

2013/02/18 14:08 C-8182

C33aV | 5Gy C33aEG / 5Gy

dafl BokS oo

E G2M AEF7 FHE Zk AEFNA AETe] EEe} H|Szste] C33aE6 A XFolA

ZE Aurora-A 9] F7heE AR G2/M AEF7]e %A ¥ abnormal mitosisE

olato] WAE Aow BATHLHYS),

[Z9 5] WAMH AL & aurora-A o HHE G2/M AXF7]9] AEZF} v

™
2
—
=

[ c33ag6 156y
B c3aavisey

Aurora A/ B-actin mRNA
5884

0 46122448 0 4 6122448 ()
C33aV/6Gy C33aE6 | 8Gy

% Cell popoulation in GZM phase
28

Ohr  12hr  24hr  48hr

Post-radiation time (hr} Post-radiation time (hr)
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[Z2¥ 6] Aurora-AZ

western blot (a) %

= si-RNA =

welg B o wa ®

C3jav/ C33a£6f
or si

- Aurora-A o o] WARM o R Qg AMEAE FHI A =3 CR=R
gul gk ARz o] Srtdde] §loiAE tE R $lEhd

C33aE6 AlEe] C33aV Al
aurora-A2] si-RNAE A}&3}

AHE O E E6 AEe] WAMANIZEg el V AEZe} v sl A= AS FHEAT ('™ 7, E1).

[Z9 7] gH2AX(a)

s wxal GaTS

(a)

-8 V¥RT
=8 EGrRT

Relative H2AX (%)

== \V5iaurora
= ESiEUr0ra

5}

2

rri
e

C33a\H
si A

camr

gH2AX foci 2 WA A A S S AlY3}9 3l si-aurora A9

9 radiation survival curve (b)E Al &3S Wl C33aE6 o WAFMRIZIA o] C33aV

(b)

0.01

Surviving Fraction

0.0001 0.001

| EBXRT
——ET
=8 Esaummn

- vasumm 1t
- T T II
Gy 0 2 4 ] 8

Dose (Gy)

=312 parameters
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Tible I Perametens for radistion survivel curves for €33V and C33E6 cell lines with sisurom A

Without si-surora A With si-aurora A
Cell linee DiGy) alf DiGy) wp
C3daV 142 (1.33-1.53) T3 (49-10.7) 1.30 (1.23-138) 7.8 (57-10.6)
C33aE6 132 (1.22-1.42) 45(27-6.T) LAl (L3140 43(3255)

*The C33ES and C33aV cells differed significantly in mdiosensitivity both with and without simrora (both P < 0,001}, However, the
difference between the two cell lins wes mduced with sinurom ransfection s shown in Figure Th, The resuls of three independent
expenments are presented with mesn + standand error

(7) HPV DNA physical status®]l @2 Aurora-A T3 A< Xjo] el

- $8E 20109% Al Aol HPV 16 BFY e E6FAAE Aoz 3id Al £ AT
o} AEFQ C33AZ %8 E6 %439 Aurora-A(a mitotic kinase)® 2d =7} ¢ genomic
instability Z71e] A#AAZ @3 vk NS, (Joo-Young Kim, International Journal of Radiation
Biology 2010)

- o Yolrp Ag ARt 3xte] & %2 o] HPV DNA physical statusel @& & ¥ Aurora-A
o] WAl Aol7t UAEAE FAs HozH 1% ¥ HPV viral oncoproteing! E69 7549 At

o7 QgiEA AEH o Hels) nad g

® Aurora-A9 2dL Group2 (single-copy integration)oll Bl8} Group3 (muti-copy integration)oi Al

£3] 9u 9l Wets g8 B & A 92(Group2 vs. Group3 : 43.1% vs. 71.4%, p<0.01).

@ Aurora-A9] T#E F3 E2 copy number’t ¥ WYEREE #x; dtollA o ZEAl dd oA x
As AN L-(high-E2 vs. low-E2 : 719% vs. 50.7% at E2 cut-off 219.796, p=0.06).

pes

o

25l o
=3 5

flo
=)

@ 99 2 AW HPV 16 ElSjel #9¥ FA4E9] subgroupdl A& FAFSHA YEUG gl
(73.9% vs. 45%, p=0.02).

>> E2/E6 PCR Z¥}el] @& ZAoA= O ~ Q¥ 3 e Z3E &s) & + Aoy HPV ISH
FY 24 e okl [ElA weldt AHY TFRe Aol BaA Sea g g
selsl ¥ 5 g

[¥] New Integration Pattern Group * Aurora-A * Relapse

Univariate
Aurora-A Hazard ratio P

Single mixed with Episomal No 1

Yes 3.43 (0.40,29.45) 0.2608
Single mainly Integrated No 1

Yes 1.56 (0.28,8.55) 0.6089
Multicopy No 1

Yes

_28_
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Aurora-A Non-Relapse Relapse P
Single mixed with Episomal No 14 (45.16) 1 (16.67) 0.3682
Yes 17 (54.84) 5 (83.33)
Single mainly Integrated No 7 (43.75) 2 (33.33) 1
Yes 9 (56.25) 4 (66.67)
Multicopy No 6 (50.00) 0 (0.00) 0.1023
Yes 6 (50.00) 5 (100.00)

<2> AZAFEY WA A " AR dF 9 AFAREANY FE ALF FAUAA CA9

Ir

AZARGE ARG G AXWAA o] ToA & A7 Wssh FGAIUA AEAYS] 2]
B ,

Al 7
Aol &
A AR AAM 2o vEbd 5 v 2o g 9 Al kA Y] Fa 298 B
M g oAb skl BEAdS ®AS AZ F e A2ES FEaA =Y
oA Bles ¢ A &4 Mol ol wE ¢ AEe] dE A8 e

g A A fele FEAE BAAR dEA Y= CA9Y &S e E ¢ Uit

ol
P

ol
=

E RSARE AHFE vheleagl FFFARY 4T,
e

)
)

re

(1) CA9 F2@ AXFE d¥ez FF ALLFT AudA CA9 F2d B 93
¢ T4 879 wg
Yehde 2839 WstE Hol: fAAEE FHIHHAS.

i
tlo
K-}
2

i
Fo FE 2 U B 5 o UEA 259 G wor AFPVY B
KX e}

dn nE ngEgel YA

b7 F &

AfEuA CA9 HELE AEFE WEO o AXGA Fojxoz

[€ 1] Up or Down regulation of distinct classes of genes in CF(CA9 I3 A¥E) cells

compared to the CP(t)Z1") cells as determined by DNA microarray analysis.

2013/02/18 14

Gene Ontology Fold Change Public 1D Gene Title Gene Symbol
6.8880596 NM_001423 epithelial membrane protein 1 EMP1
SHC (Src homology 2 domain containing)
2.432927 Al809967 transforming protein 1 SHC1
X 2.0064502 NM_003377 vascular endothelial growth factor B VEGFB
cell growth / regulation of
cell size 2.0673866 NM_006747 signal-induced proliferation-associated gene 1 SIPA1
7.6095424 NM_002045 growth associated protein 43 GAP43
20788424 AI910869 latent transformmgp%?ev\lzéh factor beta binding LTBP4
2.0798087 AF498927 Rho GDP dissociation inhibitor (GDI) beta ARHGDIB
negative regulation of cell
g adhgesion 4.073464 AI571798 Rho GDP dissociation inhibitor (GDI) alpha ARHGDIA
2.432927 NM_006747 signal-induced proliferation-associated gene 1 SIPA1
SHC (Src homology 2 domain containing)
2.432927 AlI809967 transforming protein 1 SHC1
13.636082 NM_012242 dickkopf homolog 1 (Xenopus laevis) DKK1
. . mitogen—activated protein kinase 8 interacting
regulation of signal 2.024345 NM_016431 Sowen 2 MAPK8IP2
transduction 2.0788424 AFO51344 latent transformmgpgg?;\l/;h[;aclor beta binding LTBP4
2.017527 AB016929 regulator of G-protein signalling 11 RGS11
2.0788424 Al910869 latent transforming growth factor beta binding LTBP4

_29_

protein 4
2.0360138 AAT775681 chromosome 1 open reading frame 139 C1orf139
2.3236666 BE045549 mindbomb homolog 2 (Drosophila) MIB2
Zic family member 1 (odd-paired homolog,
2.0931978 U79264 Drosophila) zZic1
restin (Reed-Steinberg cell-expressed
2.0610335 BF673049 intermediate filament-associated protein) RSN
intermediate filament 4.1990867 NM_021076 neurofilament, heavy polypeptide 200kDa NEFH
cytoskeleton
2.5339577 Al922599 vimentin VIM
2.0416265 $62137 dopamine receptor D2 DRD2
2.1030297 BC004434 splicing factor 3a, subunit 2, 66kDa SF3A2
spliceosome complex 2.0770855 NM_005877 splicing factor 3a, subunit 1, 120kDa SF3A1
2.2456882 BF434828 U2 (RNU2) small nuclear RNA auxiliary factor 2 U2AF2
Rho GDP-dissociation 2.0798087 AF498927 Rho GDP dissociation inhibitor (GDI) beta ARHGDIB
inhibitor activity 4.073464 Al571798 Rho GDP dissociation inhibitor (GDI) alpha ARHGDIA
2.157081 NM_006950 synapsin | SYN1
restin (Reed—Steinberg cell-expressed
2.0610335 BF673049 intermediate filament-associated protein) RSN
2.5659215 NM_006289 talin 1 TLN1
2.3043792 NM_004877 glia maturation factor, gamma GMFG
phosphodiesterase 4D interacting protein
3.017414 NM_022359 (myomegalin) PDE4DIP
2.1628652 NM_003282 troponin |, skeletal, fast TNNI2
mitogen—activated protein kinase 8 interacting
2.024345 NM_016431 protein 2 MAPK8IP2
2.9929342 AA912711 erythrocyte membrane protein band 4.1-like 1 EPB41L1
2.037117 Al358867 Apolipoprotein E APOE
. L 2.062371 AF143684 myosin IXB MYO9B
actin binding / cytoskeletal
binding protein 6.3003864 NM_006790 titin immunoglobulin domain protein (myotilin) TTID
2.3236666 BE045549 mindbomb homolog 2 (Drosophila) MIB2
2.2737782 Al631915 dynamin 3 DNM3
2.5339577 Al922599 vimentin VIM
4.1990867 NM_021076 neurofilament, heavy polypeptide 200kDa NEFH
2.2030773 NM_001853 collagen, type IX, alpha 3 COL9A3
vinexin beta (SH3-containing adaptor _
2.6930618 NM_005775 molecule—1 SCAM-1
3.9035726 L27624 tissue factor pathway inhibitor 2 TFPI2
2.0738285 Al337584 nuclear mitotic apparatus protein 1 NUMAT1
2.362358 BF342661 Microtubule-associated protein 2 MAP2
adaptor-related protein complex 2, alpha 1
2.4938235 AC006942 subunit AP2A1
CD59 antigen p18-20 (antigen identified by
0.46467158 BF983379 monoclonal antibodies 16.3A5, EJ16, EJ30, EL32 CD59
blood coagulation/ wound and G344)
healing 0.24718508 NM_003246 thrombospondin 1 THBS1
tissue factor pathway inhibitor
0.28961816 AF021834 (lipoprotein—associated coagulation inhibitor) TFPI
ruffle / lamellipodium 0.39519522 NM_018351 FYVE, RhoGEF and PH domain containing 6 FGD6
0.43685743 AA142966 praja 2, RING-H2 motif containing PJA2
0.47368816 NM_000286 peroxisomal biogenesis factor 12 PEX12
ubiquitin ligase complex 0.4773618 BC000973 KIAA1333 KIAA1333
0.3264692 AA541479 mitogen—activated protein kinase kinase kinase 1 MAP3K1
0.22568138 Al798098 polycomb group ring finger 5 PCGF5
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Mdm4, transformed 3T3 cell double minute 4,
0.4824882 AW379042 53 binding protein (mouse MDM4
0.24718508 NM_003246 thrombospondin 1 THBS1
endopeptidase inhibitor tissue factor pathway inhibitor
activity 0.28961816 AF021834 (lipoprotein—associated coagulation inhibitor) TFPI
0.4567502 BE968786 tissue inhibitor of metalloproteinase 2 TIMP2
alpha—mannosidase activity| 0.3122907 NM_002372 mannosidase, alpha, class 2A, member 1 MAN2A1
0.24718508 NM_003246 thrombospondin 1 THBS1
0.42778227 NM_001262 cyclin-dependent kinase inhibitor 2C (p18, CDKN2G
enzyme Inhibitor activity : f'"T'b”S tChDKA), o
issue factor pathway inhibitor
0.28961816 AF021834 (lipoprotein—associated coagulation inhibitor) TFPI
0.4567502 BE968786 tissue inhibitor of metalloproteinase 2 TIMP2

» CA9 transfected C33a(CF) 2 vector control C33a(CP) #l¥%3F 4 Humanl33 plus
Affymetrix gene chip assayS %3 CFollA ¢n] A W&l 2+ moleculeE 9l profileo]
e H S (FD.

P FEx H R An F=Z cell growth, cell size & shape, cell-cell adhesion, cell-matrix
focal adhesion, F-actin 5 cytoskeleton 34 2 cell motilitydll #stil 1& moleculesS 5
Aoz on 9= Wyt Wol Hof .

) AE A5 D 22 A 27 38 FARE 3d Wet AAF AL WA= JEgFs T
‘?JEH Bz 3D culture system¥ AlE cytoskeleton #H# moleculesS &3 AMAIA A E9
morphology 2 cell adhesion AE1E #2332,

[2®1] Reorganization of actin cytoskeleton and alteration of focal adhesion induced by CA 9

overexpression

(A) F-actin Vinculin Merge
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P AdfHem CA9 a4 A4de Sl H2dS FEd C33A/CANA et A4ta gHdolA] ul
)

P CA9 #& Al actin fiber= AAA 2R FA 7 B bl il FolAl= Fde] wolu A
X £o 2 A9AH FHoA = EFol YeRE. focal adhesion GA AAZ o2 44 Aas
(e}

HoJu} filopodia protrusion F-¢ ol FFEH A Hola A7] A ol Y-S HY.

[ " 2] Growth pattern in 3D Matrigel culture

C33A/Mock C33A/CA9

P Matrigel goll ©d AEXz A F AFalvrte GAES colony ZHS B2
P CA9 3t A FoA AEZF

W% 5ol ksl dge el
[2®”3] Increased invasive and metastatic ability with CA 9-overexpression
(A} Migration Assay

C33A/Mock ; C33A/CA9

¢

0.5

Relative ratio of migrated cells
th
!

o.o-

C33AMock CIBASCALD
(B) Invasion Assay
C33A/Mock C33AICA9 iy 1]

2.0

264

2.0 4

0.5 4

Relative ratio of invasive cells
th

L0 e |
a A Sl ¥ % » CI3AMock CIIAMCAD
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P 2% 1% 2904 & & AW morphology 2 cell adhesion 8] ¥8E0] AE motility
invasivedt 58 4TS = & AAEA s & A CA9 A HAEEAA AE
574 % matrigel 5 TEEC FUHH ASE gl B F AN

(3) CA9 B 9% Rho-family small GTPases activitydl "X &= 43

« CA9

it

A E

signalling pathwayel F%3HA =02

e Rho GTPase signalling pathway ## FHA£9 @& WeE microarray 4 ZAIoA %=

3] 5k 2= I}
g9 ¥ 4 AL

Rho-Family GTPases ( The major subfamilies ; Rho,Rac, Cdc42)

TK
RT
K
Rho-family GTPase activation cycle
\ @
GEFs -
{
Rac Caodz Rho - 2 ’ \
rd l ! 689 o
ho GTPase 'Rho Gwm+ Effectors

&
— }

‘\@/

ur-;zc\—u FY>ZAM-AZ= DO ryTIMAXM

Gene Actin-rich Cell-cell Actin-myosin GAPs
expression protrusions. Junctions contraction = (GTPasg.gcllv.ﬂng protems) ]

(N
Ro @TPaRe

Microtubule

dynamics

-
! B
¥ ~ Hho GTPase
Cell migration ®
Polarity

Adhesion

< Karni Schlessinger et al. 2009 Genes & Development Rev >
< Joseph Tcherkeziani ef al. 2007 Biclogy of the Cell >

[Z91] CA9 &de] wt& i3k Rho GTPaseE<l &4 W3l

C33A C33A
Mock ICA9 Activated-Rac 1

CA9
TotalRac 1 in lysate

Activated-Rho (-A, -B, -C)

TotalRhoin lysate Activated-Cdc 42

i
I i

TotalCdc 42in lysate
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k- o} %A e Eat MEIF] morphology 2 cell adhesion AFEIS] ZF
olo] Q9lo®A cytoskeleton W3lol wWE AE motilitye] W3S FX&+E Rho GTPase

» Rho-family GTPaseE 5 th¥ 2 ¢l Rho-A,-B,-C ¢} Racl 183l Cdcd2E tiato & CA9 3

e A E Yol Ao FA44ES western bloto 2 el 2 A3} Racly Cded2e] 7 $-ol+=
wg ko] o] Wooluel FAALE A Walst IS, L#v Rho-A,-B,-Cel A ¢d

o Aol A4 ekgkort BAFEIL CA9 SBH ALAN Folst PP nal.

P I F=(C33A/Mock) Al3E9lA Rho GTPase inhibitorZ ©]-&3&o] Rho GTPase signalling

pathway £ block Al 7S wl CA9 & AEeA veld ZHFEo] dojuh=r e 3.

[2@2] Changes of actin cytoskeleton and focal adhesions subsequent to blocking the Rho
downstream with ROCK inhibitor (Y27632)

F-actin Vinculin

P ROCK inhibitor (Y27632)& 10uM A& Al C33A/CA9IAE & W3/b gldoy gz

ol

it

C33A/Mock Al EZ A cytoskeleton 2 focal adhesion®l Al C33A/CA9%} f-AFSHAl Waj7ts =

2~ O
5 gl
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[2¥3] Changes of cell adhesion and invasive ability subsequent to blocking the Rho
downstream with ROCK inhibitor (Y27632)

rowth pattern in atrigel culiure

A) G h in 3D Matrigel cult

C33A/Mock-CNT C33A/CA9-CNT
)

(B) Migration Assay (C) Invasion Assay

C33A/Mock CNT | | C33A/CAS.CNT C33AMock-CNT | [G33AICA9.CNT "+
4 g ’ 2
Y 2
E: £
«. ! \ o - "
3 : , i
: H L £
C33A/Mock-10uM | [C33A/CAS-10uM g C33AMockK10uN ] [E33A/CAS 10uN .

Qﬁp .

P txE+<9 C33A/Mock Al¥Eoe] ROCK inhibitorS 10uM #2132 24 Rho GTPase signalling
S dH oz AAAS W CA9l 93] Rho GTPase inactivation®] dojubal Qli= Al Lo
M BojAE FFEoR AE adhesion ol A At oiar o whel o]FAd HFH
2 T7tEA A= d4s g9l

(4) CA9 HZ¥o] wW& Rho GTPased inactivation®] EMT (Epithelial Mesenchymal
Transition) @24 HX& 9%

o 9t HoJFE AFE morphology % cell adhesion, motilityoll A2l W3}Eo] EMT &4a F3kahA vt
2 Al 2ol EMT marker£9 W3ts &9l .

|

EMT
Epithelial-type __ Mesenchymal-type
Phenotype — Phenotype
E-cadherin || N-cadherin
@ . . a-catenin || Vimentin
B-catenin || Fibronectin
Cancercellin situ or apoptosis Cancercellinvasion, metastasis

Epithelial Mesenchymal
makrers makrers

< Catarina Castro Alves et al. 2009 Frontiers in Bioscience >
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[Z2E1] EMT MarkerE 9 cellular localization 2 protein level ¥ 3}

(A) Vimentin E-cadherin Merge
C33A/Mock-CNT =
20;a
(B) Membrane fraction Cytosol fraction
CNT Y27632 10uM CNT Y27632 10uM
IMock  [CAD  [/Mock [CAS IMock  ICA9  [Mock [CAS
E-cadherin | s = = - - ‘ E-cadherin

PMCM| H —— ‘ a-tubulin

(€ CNT Y2763210uM CNT  Y2763210uM
/Mock ICA9 IMock  /CA9 Mock ICA3 /Mock /CAS

‘ — ‘ E-cadherin ‘ R — ‘ Vimentin

‘ a-catenin — —_ - ‘ N-cadherin

\ | -actin | | B-actin

# CICI3AMack-CNT 100 CC33AMock CNT
W C35A/CAD-CNT I C33A/CAD-CNT

=g ECI3AMock- V27632 =80 CC33AMock- ¥27832

‘@ EE3CI3A/CAD- Y2732 ‘@ EERC33a/CAS-Y27R32

5 T 60

=1 =

- - 40

S :

& 10 a5

0
E-cadherin a-catenin Wimentin M-cadherin
Epithelial markers Mesenchymal markers

p CA9 Btd 183 ROCK inhibitorel] 98] Rho GTPased &4 o] Asl|=olx = AEEl




A] epithelial marker proteinE< %7 o2 74502 21 2™ mesenchymal marker proteins
= F7kE A dES E<l

P Epithelial marker® &## 21 E-cadherin® 53] cytosolol A ¢] ¥ 3} ¥t} membrane %ol
Ale] Wyt FEHAA BEEAS

P Mesenchymal marker2 22 # ¢l vimentin®] 4% %% ZF7}9} tlEo] cytoskeleton?] 7
IS Folud 7lddte o B,

m& rﬁ

(4) Rho GTPase signalling il A 2] CA99] & I} & siRNAE A}8319 CA99] ¥ 3 £ silencing Al 7
2 2ZA A

[231]
(A)
Mock C33A/ICA9 C33A/CAS CC33AMock-CNT
CHIT_— GNL el — C33ACAT-CNT
CA9 — 09 popozs = C33A/CAD-SICAT
Activated-Rho (A, -B, -C)| s M—
Total RN in [ySate| s sm— —
2
Activated Rac 1 [ — m— 2
3
Total Rac 1 in |ysate| e c—  — f
=
Activated-Cdc 42 _ - - @
Total Cdc 42 in lysate| e  w—— ——
Activated Activated Activated
Rho(-A,-B,-C) Rac 1 Cdc 42
(B)
Migration Assay
C33A/Mock-CNT || C33A/CAI.CNT
(D)
Mock C33AICA9 C33AICAY Mock C33AICAS C33AICAY
E CNT___ CNT _ siCA9 -CNT SICAD
o % E-cadherin Vimentin
CIIAICAISICAI z
3 . H ‘ a-catenin - N-cadherin
— — — B, aCtin |-_ — | B_actin
(C) G 334Mock-CNT [1C33AMock-CNT
Invasion Assay WG 33A/CAT CNT C33A/C A9-CNT

EZAC33AICAR-SCAS 4 EEEIC33A/C A9-5iC A9

C33A/Mock,CNT || C33AICAS.

v

Band rtensity
Band Intensity

C33AICAYSICAT’

M-car

aca Wimen

Relative ratio of invasive cells

Epftthelial markers Mesenchymal markers

R
v?‘d* C,»}r‘dg;&.;»"i

P CA9 & M EFQ C33A/CA9l si-CA9S A zlsle] CA9e wHa S thAl oA AlAEULS
g Rho(-A, -B, -C) GTPase?] &4o] ﬁig—]oﬁll migration 2 invasion %3] Z7}5 o}
Ao EMT Markerg 9 WhdHojA = 58 3els B = AL
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CA99 #tde] Rho/ROCK signaling pathway s 7H4d 3o 24 Al3E morphological
cell adhesion®] W35 F3 metastatic potential S S 7FA17]+=d 71435l a
]
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to AEQke] WA As Ao WA= el uigk AtelA BA A= AT JAARA FA
FE 250 it FHo]l $AEY v HPV DNA viral load9t x5 A¥ele]l #AAHS H
agk §-ele] Ma AT G714 A A5G Am dF A wo] o]F A il
HAF, o]d A7 43 P A5 BHE Adsted dodA a3 Ruas &85
od F UAxE F A g 27 8 7% vhdo]l desiria Alzbsle] e o]
2 o] W A AFolA $-gli= HPV DNA viral load #to]S vlg o2 HPV DNA physical
status9] Odde gelsta o5 FRAY ¢ ' WHEA tools v T NS ¢4
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) ol A FAA EE &5 FAAAS epigenetic modificatione] THEA f-EE o] %] 1
&5 & &+ e o= $g AFolA HPV physical statusel whg} &3 a2k o] 4
2 @ Ato]l zpo]E AW Microarray 235 S84 18 ¥ DNA methylation &

histone acetylation, nucleosome remodelling®ll o8} molecule59] W& xto]E EaA
o A= dITHAA F Aty &

8 AT = o dolzk HPV wlole] el o]dk ghoflA] W te] & WshE Hole oz o
HA A+ c-Mycd 929 microarray 23 A3} 23 ade] s

&)
A3E BY Max Fx Aol %
AzE B4 7} 2F 9 Yehve 238 te] Aolo] S c-Myc/Max/Madl net worke] ¥
st Al Zrotr 1Al shgl=d ZF 25 ¥ c-Myce, Max, Madl Ztzhe] W@ de] Kol ato]=
el T F AR AA 2H AR A4S A S Qe FEHQ o-Myce/Max dimers}
Max/Madl dimer®] &#]-91x% Zpol7tk ZFHE 2 A vEpdS AT F AW T
#A FAAEY FES TV WA 2EAE AL d= c-Myce/Max dimer7}
Group2®] &% =2 Axe] 3 ¢toA & RER Yelyi &S, 183 ] ¢c-Myc/Max
A4S repressdtE Aoz A A3 Y& Max/Madl dimerd Z$- Groupld £% =24 A
2ol QA 2 RER YR d5S 0 & F AAS. o] Y% Micro array
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Anti-apoptotic protein TCTP N =o 2011
o 7159 . , 11; 29 | o
controls the ftablhty of the tumor (zx FEBS Letters (3.601) 585:29-35 SCI iis=
suppressor pb3
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