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AMANHIAZVDILAZNA INTAEITRINUNMINITeNzITU89 E6 gene variation (E6D25E) 283i%8
HPV16 As I@m‘ﬁ’m’lia{’m expression vector, retrovirus vector LRz lentivirus vectors NHI
E6D25E uaz E6 prototype (E6Pro) LHaltnamouqmuautialuniulsdu EeAP uazinly
transduce L1114 cervical keratinocyte %38 HCKAT uwe@nswinfived E6D25E ¢an13uLiina
WANINUIUVBILTAR QNIUBYRAY P53, LLazwa@iamsmz@ju interferon regulatory factor genes
(IRFs) awadansiAsulilaanid epigenetic L% NINITLGUNILEAIBBNYEI miR-21, histone
deacetylases 6 (HDAC-6) wananieiguan1suaadaanvad protein profile lasidIuuifinumiy
HPV16 E6Pro Wan13@nsn wuinlydséu EeD25E a9l aNtAILNL E6AP I@iniian E6Pro
RIWANNRINITONBNZLSINUIN E6D25E #l HCKAT sinstiuswinlaatndaiiiay laod
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Abstract

Project Code: RMU5380038
Project Title: Characteristics of the Asian HPV16 E6 variant in cervical carcinogenesis
Investigator: Assoc. Prof. Dr. Chamsai Pientong, M.D., Dr.Sc.Hum.
E-mail Address: chapie@kku.ac.th
Project Period: 3 years

High risk human papillomavirus type 16 has previously been classified into four major
lineages and HPV 16 Asian variant (HPV16 As variant) is frequently found in Asian population.
A common gene variation classified as HPV16 As variant is 178 (T>G) that is localized in the
E6 oncogene, and leads to an amino acid change from aspartic acid (D) to glutamic acid (E)
or E6D25E. HPV16 As variant was identified as the associated risk for cervical cancer in Thai
population as well as in Asian population. This study aimed to construct plasmid vector
containing E6D25E (E6As) and determine its function by binding E6AP compared to E6
prototype (E6Pro). The recombinant retrovirus and lentivirus tet system containing E6D25E and
E6Pro genes were prepared and used to establish the stable transduced cervical keratinocytes
or HCK1T cells. The oncogenic properties of E6D25E such as cell proliferation, p53
degradation and expression of interferon regulatory factors (IRFs) as well as the specific effects
on miR-21, histone deacetylases 6 (HDAC-6) were investigated and compared to E6Pro.
The result showed that E6D25E protein still maintains E6 function by binding with E6AP
protein. E6D25E induces cell proliferation by extension of cell life span, the Proliferation
Doubling time of the E6D25E and E6-Pro expressing HCK1T cells are comparable as well as
degradation of p53 protein and p21 protein, which is a hallmark of cancer cell. Moreover,
E6D25E and E6Pro exhibited the different effects on IRF genes.; E6D25E suppressed IRF-1
and IRF-7 corresponding with low level of IFNa and [, whereas the E6Pro suppressed IRF-3.
For activity on epigenetic change, E6D25E showed higher activity of miR-21 induction than
E6Pro in transient transfection model, corresponding with the stable transduced HCK1T cells
treated with Hela-CM than treated with CM that miR-21 was higher upregulated in E6D25E than
E6Pro expressing HCK1T. In addition, E6-Pro protein induced high HDAC6 expression but
could not observe by E6D25E. Interestingly, 9 spots of protein profile were detected with
significant different intensity between E6D25E and E6 Pro expressing HCK1T. These result
demonstrated that E6D25E maintains the oncogenic properties similar to E6Pro and has
different specific activities from E6Pro on invasion of the innate immunity and high ability of
HPV persistent promotion that support high potential oncogenicity of HPV16 As variant.

Keyword: HPV16; HPV16 Asian variant; E6D25E; oncogenic properties; cervical cancer.
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Liauzifathnuagnuuiduduau 1 vesunsinafalusaiing Segafiodnlsaild
anudmaguazidulymduammimngurasdzndlng annsdnsszuiainenzaiuzi
thnuagnluunuafoazineanidosldldun dulaihifs vuade Ine wazidoauwia wud
mﬁoﬂ’mmgﬂ{@Lﬂumﬁaﬁwummﬂuﬁuﬁu 1 luganouazioauy Sﬂﬁ%ﬂ“@lﬂummq
mMInsvadzasiduouay 3 wing nmsdnsnludszonsaBoaziuaaniiiosldd incidence
28902159UNUARN (age-standardized rate, ASR) ludulaihifouazunaiBuiyinny 15.7 de
100,000 Tuwmsiwuen ASR go"fu&l,u lne (ASR = 19.8) 1Iuaun (ASR = 20.2) uasARUTuU
(ASR = 20.9) @MUfAL ‘luvl,mjwudﬁmsynaoa@’%ﬁmmmmnwumﬁomnmQﬂazlfi"umﬂ
20 Diludulyd uazwugsgaluaainidony 45-s0 I Tasdrulngudrezananuluszusing g
229m3Aialsa lasinasianuidu International Federation of Gynecology and Obstetrics
(FIGO) stage Il (51%) wae stage 1l (31%) 5ﬂﬂ£dﬂ’\‘1W1J’i’lﬁ overall 5-year survival 1w 68.2%
TuiBealnd was 54.5% buaanuwnn [1]

sungiAgveINziiilinuagnae AN5@ALe high risk human papillomavirus (HR-
HPV) lags HPV 5@18%}1% family Papillomaviridae W non-envelope viruses ﬁﬁmm@
Wurngudnany 55 wiluwiaas 83lundursnay aog (double stranded DNA) w11aLlzan
8000 gl wALGadn19i3u46uuL icosahedral symmetry Usznausdiuauloiuas 72 niay
wae  bufewalal [2] HPV genome Ustnau@ds 3 &% L@wA non-coding URR
(upstreamregulatory region) Uszunms 1 kb, early region 132nauale open reading frames
(ORFs) & %31 encode 1Us@uwas E6, E7, E1, E2,E4 uaz E5, Was late region Usznavueigy 2
ORFs &1%3U encode 115@u 2 wfia fAa L1 %aLﬂu major capsid protein LAz L2 1w minor
capsid protein [3] HPV @323WUu1NN31 120 genotypse Iuﬂﬁjuﬁam‘%ﬁm%nm mucosal
epithelium §u1I0IAKLAITUNGN low risk HPV Uz high risk HPV @1uanuaanInluns
Aaliiasaslsania lesion lag low-risk HPV sansavirl#ifa benign genital warts e
HPV6 waz 11 &3 high-risk HPV 1% HPV16, 18, 31, 33, 45, 58 uay 56 wuinvinlwiie
cervical cancer laBau1I0a 399N HPV DNA 'ldfla 99% 2843 cancer [4] lun1sdinsainugn
209n3RaLTe HPV wWuiimsdaida HPVI6 was HPV58 LﬂumLﬁ@;ﬁﬂﬁLﬁ@IiﬂMﬁL%dﬂ’]ﬂ
Naanle 50% uaz 20% °uaamnﬂukwu%aﬂwﬂmﬁﬂwgmm [5] Mmarialsauzifethnuagn
o991 M38a1Ba HR-HPV 9z1fin9aariy viral oncoprotein E6 uaz E7 G9sansnsniinle
\TRSAALTaLAA transformation W& immortalization ﬁﬂﬁmaaﬁﬁm‘hmﬂﬁash\'ivl,aj?;uq@
nanoidwaasuzise lagnsdiaigens LR-HPV  uaz HR-HPV ﬁma&ﬁaqmﬂmgﬂﬁnm
transformation zone azgaNIaRalAlAaLITasAAUNG 158097 koilocyte atypia weidawlwn) 90%

2095 AAITaAINA1EINNINMT0LTE (viral clearance) UAZITARAALTAIZNAUAUFANILLTAN



1n@ (spontaneous regression) Liasanwan1InauauasvadzuLdduiulasianzgnbgall
v dQ/ ] =3 &/ T a Y Q dl
ogdasdoazwinlunuanolu 1-3 3 [6] adalsfanwdinegivanizaasszuundquiud

=) &/ 1 1 v IQ ¥ 1 a ¥ 1 a
adu widiungulagiamzdidaangy HR-HPV anawumidaidaatiuiu i3un n13da
& A & . . . A A & o o o A I v o
euvuiaila (persistent infection) Fsfiaduduifaduimdnyvesmafauziithnuagnldd
wraaaaLTad RS LAz UAsuuU a9l cervical intraepithelial neoplasia 1l #3a Il
(CINN  dald maddsuudadasnanazdtatsiunanaisnild uwasdnaosie 131 HR-
] s a ' a . a ] L =2
HPV genotype d9nuazinasansiia persistent uae 308130 taluszauaI9nYt INNNIANEN
v a [ a A Aa = ) A a
lufwdsmaazinesnidoantoniinnizuzifsthnuagnwudianuiasslunisialia (odd
ratio, OR) U3zanmh 130.6 (95% ClI 11.7-1457.0) ladns@aiBelungy HR-HPV  uaxdl
T189WIN A1 OR BaIN1IiaLTa HPV 16, 18 and 16/18 nunsiinnizuziiathnuagnfa 12.3,
3.2 and 15.7 LﬁauﬁsmLﬁmuﬁ'umjuﬁ"l,&iﬁmsﬁm%a HPV [7] agdlsfiann TadueulSuno
2891138 (viral load) fignuuirdnalunianaifedld igulu sz0:0d low viral load 9z
. A & AaA . a A o
lawunmsifonutasvasioasualuseosnd high viral load azdnanuaadl@iAnwng
A e A eaa X o - S &
WRBULURIVBITA TITARNI low viral load AInaNEIIANTAINITIBINIATIINLANL
Y ILTARAUNA b9 (accumulate risk) 888z 25-40 71 1-3 DRAINNIIATIANY HPV DNA 39.Tu
d a
annMzniavadInNILia persistent infection [8]
1un12z189 HPV persistent infection finalnmInaundnszuugiduiuves host ld
a A o ° . . . E & a £ { o
Wa1e3 TIanwmeIng life cycle 89 HPV WU non-lytic life cycle wulduiFn1snitanyi
W HPY sansanauninszuunddunuld lasdadae HPY uddldwuddnsaniauuazdl
HalianInszduaddunnladn n3ldny dendritic cells luu3iam lesion ¥ililisaanansn
%auwﬁﬂagjslulfnaéﬂ@ﬁflmzU:Lammuuaz"l,sjgﬂﬁﬁ'@@hm:uugﬁ@j&ﬁ'u‘lﬁ [9] 91N non-lytic
life cycle #iasrilAmiAanisunnsaslunisasnisuas processing 184 antigen (Ag) AN
adaptive immune response LRz HPV gainsaialus@uiidu non-secreted proteins laun
early protein E1, E2, E4, E5, E6 uaz E7 luszauduasnuluusnmiiefsavaiaasanantde
ﬁﬂﬁi:uugﬁ@fuﬁ'ﬂajmmmmamﬁ]a [10-12] wonank E6 waz E7 289 HR-HPV Aunun
faglumahliifansnauninszuupiiduiuld las E6 inadadunaunis processing waz
MIBNIUBVDILAWALAN Lay HPV positive tumor cells sl UseanTaiwlunsiniaus
A A ° .
LAWALIN TILRAIDINITAANITHILEWEVEY human leukocyte antigen (HLA) class |,
proteasome subunits low molecular mass protein (LMP) 2 and 7 L&Y the transporters of
antigenic peptides (TAP) 1 LLas 2 14 cervical carcinoma cell lines [13] #ana N HR-HPV E6
Waz E7 oncoprotein H93UNIUANTRIN IFN type | YBILTARNAALTBLATAANTTHNNULES IFN
type | 1& laswudn HPV E7 ldeusd Interferon-sensitive response element (ISRE) [14]
swdenalnlwnsgus IFN-a-mediated signal transduction l@g#1»n13IUN KRS p48/IRF-9

(interferon regulatory factor 9) LLazﬂaaﬁ'umiLingﬁamﬁﬂa MlAlidn1390v89 Interferon-



stimulated gene factor 3 (ISGF3) transcription complex ﬁ ISRE lufadpale [15, 16] E7
protein ﬁﬂavlﬂﬁlvl,ﬂillmu IFN-mediated signaling Imlﬂ’l‘i{ﬁ_lfl?d IRF-1 mediated activation
283 IFN-B promoter @28N17 recruitment histone deacetylase Toegsusim promoter wasyin LA
lsiians transcriptionwad IFN-B ‘e [17] 1% In vivo Wi HPV18 E7 aanmsuaadaanvad
IRF-1 target genes LT TAP-1, IFN-B &2 monocyte chemo-attractant protein-1 (MCP-1) lag
HAWNNTEUSS  trans-activation function 289 IRF-1 [18] anendl E7 protein WUINFINUTD
§U8l9 NF-kB DNA binding activity kaz¥inl# luiin NF-kB-induced gene expression L@ [19]
HPV E6 protein §1NNINIUNY IRF-3 sﬁoﬁﬂﬁtﬁ@msgmﬁi trans-activation function 183 IRF-3
Gy 1wl 09 transcription 284 IFN-B mRNA [20] E6 £981an3080R Tyk2 WasTau319n19
OHLLK Tyk2 Ay cytopolasmic portion W84 IFN-a receptor 1 LLazﬂ"Ll{dei phosphorylation
w89 Tyk2, STAT-1 uaz STAT-2 ¥ilWiiaauunwiadaay Jak-STAT activation G9lusunu
IFN-a. mediated signaling 'l [21] HPV16 E6 uas E7 protein §98181308U89n158319 cytokine
L&z chemokine ﬁﬁm’mﬁ’]ﬂ”nﬂumi recruitment w89 immune cell L% Langerhans cell 1
WNEIUSMALINNTAATe 1w nIEudInIai1e CCL20 ol chemokine  fign9ann
infected cell lauH11 NF-kB pathway [22] Nn17 recruitment V84 LC NEIVILITH lesion fl?u
#BNINABILT chemokine Wa7 WUI1 adhesion molecules AANAABNT migration Wad LC
laslugnzUn@wudin LC dms express adhesion molecules like E-cadherin [23] ICAM-1,
VCAM-1 [24], LFA-3 [25] vt L@ bIWLNNT expression 289 adhesion #38 co-stimulation
molecule lag epithelial LC Tu pre-malignant %38 malignant cervical biopsy specimens [26]
M3AN®N HPV 16 genome WUl intratype variants G'flidﬁ gene variation Ol
82 2 LA genome WANGNNAL prototype \Badmsiia gene variation % oncogene ANada
anumanIalunisiauziiahnuagn dlasanmadasuutlsauslu genome vlwnsnozfilu
\Wapuudas n13uia variation v093u E6 way E7 wu'ldvasludrunisiientasiundiile
ﬂ’]ﬁﬁqlﬁlﬁ(ﬂ cell transformation LLa:mi‘ﬁM‘ﬁﬁﬂ@iammauauawawwugﬁﬁwﬁu 7N
M3AN®N HPV  variants  Wu314 variant Lﬁm‘fml,@m@inﬁ'uluu@imgﬁﬂnmﬂ NLTW
European variants a:wﬂﬁmnﬁq@luqiiﬂ wazalsNAite &1 Asian variants wu'ldunn
ﬁq@lmm%mmfuaamﬁmlﬁ Africa  variants wumnﬁqaluuaﬂ%m waz Asia-American
variants wumnﬁq@ﬁaLsJ'%mﬂmeLLa:aLm%ﬂﬂ@T HPV16 variants ﬁwuluﬁﬁ]ﬁguyuvl,@ﬁm
European (E), Asian (As), Asian-American (AA), African-1 (Af-1), African-2 (Af-2) LLas North
American-1 (NA-1) variants laaluudazndnavaslanazwy variants lduand1ani [27] d1ga
Cornet LLazAhe (2013) vlﬁﬁ‘@ﬂﬁj&l HPV16 variants aantdu 4 ﬂéj&lvlﬁl,l,ﬁ 1) European Asian
(ﬂ‘izﬂauﬁiﬂ sublineages European (EUR) a2 Asian (As) 2) African 1 (AFR1) 3) African 2
(AFR2) ez 4) Asian American/North American (AA/NA) %aﬂizﬂau‘lﬂ(ﬁjﬂ sublineages Asian

American 1, Asian American 2 L8z North American [28]



myans i wuaasliiiudn varant  Senusuwunsniumsifevzselauinnin
prototype 8111LT% Zehbe WazaAe (1998) WU HPV16 variant ez HPV16 prototype 10882 94
wazineas 6 vasnziivihnuagnauday lumm:ﬁﬁaLs‘j"amﬂmgﬂﬁﬁ@ﬂﬂ@lm:ﬁu 3 (CIN
Ill) WU HPV16 prototype Wae variant MatAInUAasosas 44 uas 56 m‘sﬁnmlu@m’ﬁmm%
ﬁ'uﬁﬁquﬂmaamiam%a HPV 1uw:L§\1ﬂ1ﬂm§ﬂ fouaz 87 WU HPV16 variant luioaa
AaUn@adia low grade squamous intraepithelial lesion (LSIL) 1w European prototype (EP)
$ou8s 66% Wz European (E) variant Yapaz 33% vmefluzisanuriinuos variant 1w EP,
AA LAz Af lasazwy AA mﬂﬁq@ (3ouaz 44) wazm3anniuaasliifinin HPV16 AA variant
ﬁmmé’ww“'ufﬁ'umnﬁ@mﬁomﬂmgﬂﬁgmm Tagfiauifies (OR) §WsUANUENRHEIN
ﬂ’]iLﬁmlzﬁamﬂmgﬂwhﬂm 27 Lﬁ’]sﬁagaﬂ’jﬂu E variant N46Winiy 3.4 1910 uas HPV16
AA variant uyﬂ%:wﬂugﬂwﬁﬁmqﬁaﬂ Tasiadodszanm 7.7 O %oﬁamdwﬁﬂwﬁ@m%&
HPV16 EP [29] mju"ﬁwaa Berumen UazAmuz (2001) UazN§uUay del Refugio Gonzalez-
Losa M uazAtue (2004) ﬁﬂﬂﬁiﬁnmmﬁamﬂmgnéﬁawugamnluﬂizmmmﬂéﬂn WRZAN
ANUFNRBEAUN LA variation 289148 HPV16 vinmsasrasaulasld PCR  lunmsdnwnil
WU HPV16 Ngu AA variants wazngy E variant Imwumju AA ludrogsfitduuson
mgﬂmnﬂiﬂumjuﬂfmqmﬁﬂu prototype MNMIANINI LU nIINTLAA variations 84
\%0 HPV16 mﬁlxﬁmﬁué’uw"’uﬁ‘ﬁ’umL%‘aﬂﬁﬂmgﬂﬁ;mm [30, 31] Radhakrishna Pillai M
WazAmi @nw1nnsLAa variation 1uliséiu E6 waz E7 209180 HPV16 ALENNNNNLTASLATY

a A a

Lf'zamﬂmgﬂ LAy specific mutation Aululusdiu E6 vesidngndsdudsngnifaduind
Lf'zal,fll'aﬂ’muﬂgﬂﬁ@ﬂﬂaim”u High grade SIL(HSIL) W8 squamous cervical carcinoma
(SCC) anmsanwiiwuinmaialusau E6 mutation lwda HPV16 wasfinatrnnunis
inane p53 Linazl,ﬁumsl,ﬁ@mﬁaﬁgmmﬂi'} HPV 16 prototype [32] Tornesello ML LRz
(2004) Anw1N13LAa HPV16 variations lau@nsn E6 gene mﬂ@ﬁasin%uﬁtaﬁgn?ﬁfﬂﬁmﬂu
CIN 1, I, Il uaz SCC lugndsm18and laswuldunfa variant ffidauiuaual E6 gene
Waswan 6 lhilu T Adwuwiei 350 (E6G350T) el E6 gene prototype wulumjw
auaw (AwUN@) Sawaz 43.7 lungdu CIN | Sauaz 41.2 nga CIN 11 Sauaz 28.6 LLaﬂuﬂa;uﬁ
v uziSe wusesas 11.1 ﬁnﬂmiﬁﬂmﬁl,l,amdﬁmjwﬁ HPV16 variants TuimasuziSoiuines
ﬁmwmminslumsriamﬁa"l,éfmﬂﬂdwnq’u‘ﬁl,flu prototype A9HUANNFUNUERUNNTABNZLSS
299 HPV16 variant udazii 0199:8nTzuanunmsviliAalsefiuandnsly wazanavzifinnis
§QYLFINNIAILANNIILEAIBANTY oncoprotein F9wNNILIAR HPV6 variants udazafiad
@haﬁ'umﬁ]ﬁwa@iamw;mmﬁﬁﬂﬁmimﬁuuuﬂawaoL%ﬂ&?ﬂﬁﬂmgmm:m‘sw”@umﬂmULqu
LIARNLTI bAE19n [33] Tornesello ML uazamue (2011) @nw0 viral genotype Waz HPV16
intratypic variants lwleaauz1594UU adenocarcinoma Waz SCC lugﬂﬁjd“ﬁ"ﬂamﬁ WRTWLIN

HPV16 Qﬂwumﬂﬁq@ﬁmﬂu 64% WAY 73% bizl39 adenocarcinoma Wa: SCC aN&NAU



lagwy variant Midu AA Sauas 33 lunzi5e adenocarcinoma wazwu3asas 20 b SCC 3N
maansBidunsiugiuin HPV16 variant lagiannz AA variant iuifaseeelunmsnamw 1
& v a X 4 o
dunzifadinuagn 1ananziis adenoglandular  ldiwandinidailIouifinuiy HPV1e E
. { o Y ea ] = ) { a & .

variants lasa139ziipatesnuguandanisienziisves varant  ALiadin (oncogenic
properties) [34]

= 1 . . . n:i a &, o v a a dl

91897971 nucleotide  variation  fiAadwlu gene  E6 ¥inliiAa nsmazdilun
wasnudasldlusuvesldsfn E6 AiminAdsamiNeIny transforming activity wazinayii

o v = X A o @ ' . . = o [y
1% degrade p53 'lei52%n [35] uazdianudrawea host immune recognition lasdnarinliway
%ﬁﬂmﬂizuugﬁﬁuﬁmaainmUVL@T [36] Chakrabari O uWazAAT (2004) ladAN®ED
ATEUIWANIABLIANTANNFNNUTAY HPV16 E  variants Ninsidasuudainsaasiiluy
(E6L83V) uazdinadamaiauziisthnuagniiguissniuileiisuifisuny E6 prototype Wy
=) ¥ o vV Aa d [
E  variant wilafazvildifianisgyifonisaiuqunisuaadaanyad Notcht daidu
v { 1 -3 Y a . . . &’
transmembrane receptor 3MNWANTINICA L Notch1 Wadiasrinliiie anti apoptosis signal U
WAzt IdNaTA2I9 p53 induce cell death ¥inlWimaanaaideinisifuundasdaUnfiny
° Y & ¢= & N ow & a ca A&
wnulamnndunaaduisasuziselaisau [37] MIuaasaanvedlsin E6 luoasaaitaas
Wuwnstiiauauaualanes cytotoxic T Ilymphocytes (CTLs) ®aIINNANITILAL human
leukocyte antigen (HLA) class | %an31nih lastawnz HPV16 variant WUINAANNFNAWSNL
A o v L { AI 4 L < =

HLA B-7 allele SavhlwidudaibniAvanuolunswaunldiduaniiadhnuegn [38] 910

v s 1

TayaaIna#islatiauadziuin HPV16 variant N3n1zsie HLA B-7 allele aziilamanani

D

=) >

\Waifiuny prototype  lumisnaunAnIzuuNAduiuYe9I19INBUAZRINIINYNINIZUL
nguAk HIBNITUININIVBITZU HLA class | alleles %\1ﬁm’mLmﬂ@mﬁ’ulumjuﬂi:mmﬁ
drenudarinlntanudslunswan iU dwus oA duea nenanm luﬂﬁjuﬁﬁméa HPV16
variant T%@ As variants WU E6 gene variation Tagfnswasuwudasan ¢ Whiw T 4
drunis 178 MliAanisidouutasniaazdl Aspartic Acid lUiflu Glutamic Acid #
AR 25 (EBD25E) wagwuimstasuulasnsaasSlufidiunis 25, 27, 58, 78 and 83 92
SUWUEAL host immune recognition waza NIt asuLLadad base 531319 nucleotide 7
168 and nucleotide 71188 lu E6 gene anvasfuarilifnisdasuuaswosnsnasilui sam
1/ane (N-terminus) 2849 E6 protein %dﬁqma&lﬂ’aﬂ’m antigenic structure Giaﬂ’liﬂi:@ju%%a
AAURUAIVBY T cells 88198 9ezdinadan1aadnves T cells [39] ﬁﬁ]ﬁ;ﬁ%ﬂﬂmmaa
HPV16 E6 variations @iammgmmmaamnﬁ@uu%aﬂmmgﬂﬂ'avl,&immmaﬁmﬂvlﬁ LGN
'l¢71 HPV16 E6 variations Mifiaduazdinsaasilwdsuudsanuldluduniefidanudan
Iumwmﬂ@mzuugﬁ@juﬁu w9sin HPV16 E6 variations fiAaduwinazdlamadiwilanin
prototype uazdununlun1sviliifia cell transformation uaz ynynszuundduiuesineme

lAiAalsaguussld [20] Chopjitt uazamz (2009) ld@T191%1 HPV DNA luLﬁaLﬁamﬂmgﬂ



a ) a P a & v A & A A
Pa9RaIMAarIkeanideanile wazwunsdare HPV16 lduasnganiluiiiaiiathnuagn
Un@uazuziiathnuagn Wednwnindfsuudasdrauiualu HPV16 E6 gene Wy lunziss
thnuegnuassainnazikeanidaanitalisuiy HPV16 prototype WU HPV16 As variant 014
[% A .. ' { o o ' I
s088% 74 998 variation lw&2uv89 E6 oncogene Nflunuindanlunisnansise [40] ud
2011 Jang M Uaz@amke (2011) finsn HPV16 E6 D25E %38 As variants 3N8Hadan1 3w b
< & A ' waa . . . & a A
\JuwziTaniald laold3T oligonucleotide microarray Tun13tsdstunumiuaaiaanaiud
WasuuladlUann E6 prototype waz E6 D25E 11 HPV negative cancer cells (C33A) Lazwy
a < A A A a X A ' Ao o @ ' o :
qunInue 211 o AnsusadsaniiulnnIaaaadatnilinudan (ag1ekes 1.5 1

4 - _ g .
p<0.05) T lULTARNAN1TURAIBENYEYI HPV16AS variant, E6 D25E "uwu31 S3uduin 14

A Aa A A AA A a o
1ia NEnsusadeenMUfoundadly lasdidn 9 FRain1Tuansaananad Lauwn
ZMZ1,RPL23, MAPK4, RPL31, RARA, LAMB3, HSPA14, AIFM2, IFRD1 uaz 5 safitnied

S X v - .

ASHEAIaanANTL tekA UBC,RPS9,HLA-A,-B,ROCK2 LilatlSauifisuny E6 prototype

d'l = v t:i o A 1 nql' =3 1 = ni £% 5 ™ [ I

waziladnvninNnNIuTeIdwmant Awuindanuieitasnunmsnan ldidunzi3e

W 3% AIFM2 ¥ pro-apoptotic wazwUINNRINITURAIaaNAAaI UL TARNZLSILD

WisuifounuirasUnd @91y E6-D25E  8133924083989nUNNIRILEINNNTIaaTIn89 HPV-

v q’Q/ é { v L5

infected cells ¢ wanan#esd Iu RPL23 G9danuLNeda9ny cell cycle LLas apoptosis lag

Iu RPL23 azinwuafinsniwed ps3 lildgnians wszanansnidng cell cycle Tusznzwn

. Aa . o s . ° v A

%38 checkpoint WazW3aLAA apoptosis b9 Wazdn ROCK2 Gaiduianleyf kinase ¥inninf

fanlunissaasuniaiia centrosome duplication Wag amplification I@mauvlﬂﬁﬁﬁgﬂwui’]ﬁ

nuaasananlusasnziimaiauazidusingnanlunisiiia Chromosomal instability

nmsansirilimansnaduneldainiaing it E6-D25E wad HPV16As variant # Jnalu

A A A A @ A A Aa A o = <

MsUasunlaimsuaadaanvasduninedrtesniesaasunmaianIanisnaw ludunzss
thnuaanld [41]

M3a32311 HPV DNA luimadihnuagnuassniniaaziueanidoanitanunidaize

I { A . ' { ) Aa y <&
HPV16 lddasngadsliuandrannmenuiinurialan laswunsdaganslwaadiinuagn
Uné@ Lmﬂumaﬁmﬁamnmﬁﬂ LREWLINNNIAALEE HPV16 luaastatdasiunians eI
. 4 A : - -

Imyl,flu HPV16 As variant §9t%HNa3NNT3LAA intratypic variation lasiawie variation lu

) A A Aa o @ , = =2 A A =
§IUB893% E6 T91ilu oncogene Nlunundanlunauzs lumsinsinisdfoundasiag
la'lndvasdu HPV16 E6 Nnuluaasnaazinaanidiosiniie \Wisuny HPV16 prototype WU
HPV16 As variants 014388/8260-70 383uzi5athnuagn [42, 43] niudsailsilauydgiwinda

= ,

u E6 Lﬁ@mﬁmﬁwuﬂaovlﬂ'cn:ﬁwslﬂﬂsﬁuﬁgﬂa‘%”waaﬂmuqmauumumiﬁwm
Wasnwtaaly wazldsdw E6 wadtBa HPV16 As variant #13zdUszansniwnisiunisne
& ' g £ < o o, o 2 { o o A
uzi5aganinluséu E6 vauda HPV16 prototype Fvaziduihivdraydunianvilvioadda

wadfoundas lidunzseldunniiniséeise HPV16 prototype



GIiuns3spiasdasnmsdnmin  1Uséu E6D25E we9i%a HPVIE As variant &
Qmé’nmm:ﬁmﬂumiﬁaimmﬁamﬂmgﬂﬁgmmn’h HPV16 prototype 8t1413 laaasns
E6 expression vectors 71l E6 189158 HPV16 As variant A ledanneiagnsuandnani uazd E6
209158 HPV16 prototype ﬁ%’mévuﬁ’]uﬂﬁmnaauqmé’ﬂwm:L«a,wwz lasiin constructed
vectors 'ﬁlv[,(;f transfect 11 packaging cell line (293T) Lﬁam%'mfh%“aﬁﬁﬁu E6 ‘ﬁﬁaﬂmi La27in
transduction 11} human cervical keratinocyte (HCK1T) W&z human foreskin keratinocyte
(HFK) LLa:ﬁﬂH’lm’mmmm‘ﬁﬁﬂﬁlﬁ@ immortalized keratinocyte ﬁu lag@si9gay N3
uaadaanuaIlysin E6 nagaunn population doubling times (PDs) ﬂ@aauqmauﬂmuﬂ’ﬁﬁa
NZLSY LT p53 LLaE p21 degradation 10835 western blot LLazﬁﬂH’]ﬂ’nwmmiﬂlumiﬂ'uEﬁi
ﬂ’ml,amaanmaﬁulmzuunﬂﬁ@juﬁ'uma\ﬁf'mmzl HanILlapuulaenig epigenetic  LANNY

a a . . L3
L‘l_]ﬂU%LLi_]ﬂGﬂ’]TLLﬁ@NE]E]ﬂ?]ﬂﬂﬁ]%lﬁﬁ@] (proteln proflle) 2 H]

2. Jnnszasavaslasinis

2.1 Lﬁiaﬁﬂwﬁ@]‘ma&lﬁamad E6D25E mau%a HPV16 As variants
2.2 Lﬁaﬁﬂmqmauﬂ'ﬁlumiﬁawzﬁwaa E6D25E 11364

v

2.3 WWadnuNiInavad E6D25E Iﬂiﬁu @iammamaaﬂmaﬁu’l,mzuugﬁﬂmu

q

2.4 1 NafAnsDaNaTad E6D25E 1usdn dansildsuutadnig epigenetic

]
=

2.5 Wadnszduuunuaaseanvaslisdulu cervical keratinocytes (HCK1T) ign

transduced 1ot E6 gene 289178 HPV16 As variants LUTauinauny prototype
3.25n1Aaad
U 6
3.1 n1sdasNvINLaaY

3.1.1 N13&319 expression vectors 289 E6 genes
3.1.1.1 N"5L@38% DNA 229 HPV16 As variants LLaz HPV16 prototype
§WIUNIANINI DNA 289 HPVI6 prototype léil% HPV  reference
plasmid &% HPV16 As variants laAaLaanu1a1n DNA Aananeatsdwite (paraffin
embedded biopsies) 4na pathology tHw SCC dslasumsanwuaznudeuiiaalalng
LLéﬁﬁnnmiﬁﬂmmaa;ﬁiﬁﬁauﬁﬁﬁﬁ [40] 970 DNA asnsnalavinisind5uns E6 gene lag
28NLUY primers IAAGIULAHITUNIZALEIAU nucleotide Va3 E6 gene F9EUNR ST 83-559

(T8y891n GeneBank:  K02718) LAZANNTRNALMTABIENAUNAIRTALINLAasT A



pcDNA™3.2/V5 Gateway® Directional TOPO® (Invitrogen) srauianalalnduasiniiuasi
T B AILAAIFUEN
HPV16 E6 forward primer: 5'-CACCATGCACCAAAAGAGAACTGC-3'
HPV16 E6 reverse primer: 5-GAGCAGCTGGGTTTCTCTACGT-3'
FAMIILANS I gene E6-prototype LLae gene E6-As variants 2835 PCR
@14 condition @T\‘Jf: 95°C for 5 min; followed by 35 cycles at 94°C for 1 min, 50°C for 1 min
and 72°C for 2 min; final extension at 72°C for 7 min b@ PCR product Pu1alszus 500 bp
3.1.1.2 N13&319 expression vectors 2aJ E6-prototype LLaz E6-As variants
?.la\‘ll,’fa HPV16
141 PCR products ﬁ"l@TﬁnnmiLﬁsJﬂ%mm E6 gene 184 HPV16 prototype LA

HPV16 As variant biaSouanutuduld laauniinuausitduaslu cloning reaction tube

(ﬂizﬂauéfw Fresh PCR products, salt solution, water, ToPO® vector) ﬁ]’mifu‘ﬁ’m’li
transformation v 111 competent cells E. coli wazAaLianlaaulasls LB plates ‘ﬁllﬁw
Ampicilins 100 pg/iml  sinlaaudlaluifvswiulasrinnnsidesls LB broth 7§ Ampicillins
100 pg/ml “?lll incubator shaker 37°C overnight mmfuﬁﬂﬂau ‘ﬁvl,@ﬂﬂﬁu 100°C 5 Wl uaa g
{1w template lun13¥i PCR 1iiaa119913w E6 Winlaanfiaaw E6 luaranaadalasls Quick
Plasmid Miniprep kit (Invitrogen) mﬂ‘lfuﬁﬂmsmwaauwmaﬁ@ﬂ@ﬂmsﬁw"lﬂ@]”@ﬁasl
restriction enzyme lassinluaametanlod Not | uay Apa | (Fermentas) GAﬁaLauVLGﬁﬁﬁmmm
Fanaadafiaeduwld 2 duria o anauSnMWAEIn 1 dunis uazUsmiuidenld
WAUBN 1 dunis easilasanaadanidiniauloudrinluugnlasms run dae 0.7%
agarose gel WWULLK 2 YUA bolkA 5500 bp Waz 500 bp LAY TERTUNAENATITE NS

mmaaummgnﬁawaaé’m"’u nucleotide la&in1s sequencing

3.1.2 NN38319 virus vectors lALN retrovirus Wag lentrivirus vectors

Retrovirus vectors Uyznavaig pCLXSN16E6D25E, pCLXSN16E6SD-D25E LLas
pCLXSN16E6D25E/E7

Lentivirus vectors i3znaueag CSlI(ins)-TRE-Tight-16E6D25E, CSlI(ins)-TRE-
Tight-16E6SD-D25E Llaz CSll(ins)-TRE-Tight-16E6D25E/E7

3.1.2.1 N15&319 Entry vectors ‘ﬁfl HPV16 E6D25, HPV16E6SD-D25E nag
HPV16E6D25E/E7

&34 Entry clones a8l QuickChange® Il site-directed mutagenesis kit

(Stratagen) lag/ls
- pPENTR(DONR)201-16E6 il template &1%3U&319 pENTR(DONR)201-16E6D25E



- 16E6 Ao 3 E6 189158 HPV16 prototype

- pENTR(DONR)201-16E6SD il template &1%30a319 pENTR(DONR)201-16E6SD-D25E
- 16E6SD #a 3% E6 189108 HPV16 fiLAia spilcing assianalalng G Adumis 226

- pPENTR(DONR)201-16E6E7 L4 template #1%30&319 pENTR(DONR)201-16E6D25E/E7
- 16E6E7 @@ 5w E6 Waz3w E7 voaidia HPV16 prototype

(%
=
’

PNUUYNNNTEBNUUL mutagenesis primers baadh
F: 16E6D25t0E25A,; 5" AACAACTATACATGAaATAATATTAGAATGT
R: 16E6D25t0E25AS; 5' ACATTCTAATATTATITCATGTATAGTTGTT

\@388 master mix Waz¥ih PCR mmgu@laumad QuickChange® I site-
directed mutagenesis kit 31144 %1 PCR product 7ile sn@ase Dpnl @ 37°C wiw 1 12l
il run gel Waasragey PCR product 71le laz@a PCR product 2 pl laadlu tube g
competent cell (GT116) 40 pl, incubate on ice 10 mﬁ, 42°C 1 W17 WAL on ice 2 W7, Lad
1§y S.0.C. medium 400 pl waztin'ld incubate ﬁl shaker incubator 37°C W% 45 111 aa 150
Ml 41 spread Ut LB medium ‘ﬁﬁ Kanamycin (LB+Km plate) waaianlaladtlaas LB + Km
broth Waincubate 6-8 T2lad WAINMTENANAEAARIBIT mini preparation ATIAFALEIAL
faadlalnaeions sequencing Wanalda Entry vectors Aadtazinlulsluns 8319 retrovirus

WAz lentivirus ¢ia bl
3.2 N9 transfection

LASHULTRS TS89 211 1 7% 1w plate WAgueMSI AL TARLANEDN UAILENEIMIS
e aLmad7ilaidl fetal bovine serum (FBS) waz ldenUfTaue Usum ASINTLIVBIDNTNTLA LS
EGEIGH LLﬁaﬁﬂﬂﬂm@iaﬁg’Tﬂw 37°C 9i{ 5% CO, LWa38n7 transfection vaugiiavas
Lipofectanime 2000 W&z TransIT293 Transfection reagent lagasinuuaanutiuduaaIn
a®da  (expression vectors) WazUIu1wuay lipofectamine 2000 ‘ﬁmm:auluum:mmmaa
plate AgsLmasan 1w nasnuawagIany lipofectamine 2000 LEIWUARIUWLTARALATLY
13 nywiung ionanly transfection reagent nyzansliviasas ﬁ'}vlﬂﬂmiaﬁg?ﬂu 37°C #
5% CO, twna 6 70, Wasuamsasaaastaveanly udduamnsiaesioas DMEM Ad
10% FBS udlifonujimadnlunm udruusediguu 37°C 1 5% CO, 1w 48 .

ANBWLAVLTAALND LTl wN1IANE 6 11

3.3 N138319 transduced cervical keratinocyte %32 HCK1T A28n156aLia HPV16 E6
As variant (E6-D25E) waz HPV16 Prototype (E6-Pro)



3.31 ﬂ’lia%”ld retrovirus LA lentrivirus vectors ‘ﬁfl HPV16 E6D25, HPV16E6SD-

D25E 1.aHPV16E6D25E/E7
MIFNY retrovirus WAz lentrivirus vectors lag/lad Gateway system lu LR
reaction (Gateway system, Invitrogen) 1@383 LR master mix %Gﬂizﬂauéﬁﬂ Entry vectors
(PENTR(DOR)201), Destination vector (pCLXSN-rfA/CSli(ins)-TRE-Tight-RfA) L8 LR
clonase Il Mix ﬁ]’m‘lfu incubate at 25°C overnight il’lﬂifmaw 0.3 pyl Proteinase K solution
incubate ‘ﬁ 37°C W% 10 min WA¥IN1T transform 11 competent cell (GT116) ﬁﬁoﬂﬂﬂifu
\ianlaladl a9 LB broth ﬁﬁ Ampicillin (100 pg/ml) LRZENG plasmid vectors #2835 mini-prep
MniwasINaadanilaaasnsaade restriction enzyme BsrGl LU38uUliguny Destination

vectors haztin lU1glwn131@383 retrovirus WAz lentivirus da 'l

3.3.2 NSWAA retrovirus Lag lentivirus supernatant
3.3.2.1 Retrovirus

LASUNLTAR 293T 2.5x106 cell a9lu plate ¥1#1@ P100 flauIt transfection
1 3 nwedounanadauazingneng G]ﬁgmm 3% DMEM U331@3 800 ul uas TransIT293
reagent US31a3 30 pl udawau i nulauld vortex mnifmn"l’?ﬁqm%nﬂﬁﬁm WU 5 W
a’mﬁ?ug]mao"lﬂlu tube 71 wanadaLnanil Retrovirus vectors (1 mg/ml) ey 5
Gag pol (GP) pCL-GagPol (1mg/ml) U58103 3.3 ul U8z Rev+VSVG pHCMV-VSV-G
(1mg/ml) 1.7 pl WRULAD mix by vortex mﬂi”ﬁqm%nﬂﬁﬁao W% 15 Wl 9 INiuRoaad plate
\mas 293 Masan'ly incubate 24 F1lug 591889 medium U581@3 9 ml ud incubate dio 48
Falag (72 Tal9 ©iuan transfection) wuhialasnisgaie supematant YIRUA NFONHNY
filter Y9 0.45 pl waduLalg 1.5 ml tube tube 8 1 ml waz 50 wl, 10 pl &w3uliasram

virus titer LAUN -80°C

3.3.2.2 Lentivirus

@SNLTas 2937 25x10° cell adlu plate W@ P100 flawii
transfection 1 3% MNUULATLUNFTAURLTINENE19 97i9naa G35 DMEM U33nas 800 pl uaz
TransIT293 reagent USunas 30 pl uawanlwitnnulasls vortex mnifmwvh”ﬁqm%nuﬁﬁaa
5 Ul mﬂifug]mavlﬂlu tube 715 WanadaLan#t Lentivirus vectors (1 mg/ml) 453105 4.6 ul,
Gag pol (GP) pCAG-HIVgp (1mg/ml) 4381613 2.7 pl uaz Rev+VSVG pCMV-G-RSV-Rev
(1mg/ml) Y3u1as 2.7 pl uswaulwidnulasls vortex ﬁyﬂfﬁqmﬁgﬁﬁm Wik 15 Wfl nea
89 plate w8 293T Masowly incubate 24 Talus 591Uasw medium USHNAT 9 ml ua?
incubate @o 48 Talug (72 Falug LN transfection) inhialasnisgaian supernatant
YIRUA NFONHN filter UUA 0.45 ul waausla 1.5 ml tube 8 1 ml W@z 50 pl (BNN1INATIA
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8 real time PCR i1t twzaataosilaid antibiotic marker) dwiu'l3asiaw virus titer
Ui -80°C

95N13A3IINN virus titer

10383 Hela 5x10° cell T 12 well plate 3ueax1vinns infection las
L33 DMEM medium 71 8 ug Polybrene landluudazngu 2 mi uazga 990 pi aslulu tube
a3 e atj 10 pl mﬂifug@ 500 pl ’Ld%@u‘ﬁ' 1, 100 pl 1ﬁ%ﬂquﬁ' 2, 10 pl 1@%@&“7% 3 viqm‘ﬁ 4
\J% control N5 incubate 1% 2 1% ﬁ]'mifmﬂﬁ'ﬂmﬂu selective medium (0.8 mg/ml G418)
deadaliwin 2 §anst Tasiasn medium nnaLan NI fixation lasga medium
1?9 udLdin MeOH wauaz 1 ml wn 1 Wil NTWLAN Gimsa stain %1% 30 min UAIF9
pandpinszih 4-5 a3 Aelvusts udasiulaladiide

25015 transduction

Lgﬂx‘] human foreskin keratinocyte (HFK) human cervical keratinocyte

infected telomerase (HCK1T) 2x105 lu 6 well plate wsoiw Lﬁiaﬁ’m’li infection lagld
MOI=0.5 §W3U retrovirus U8z MOI=20 §1%3U lentivirus tUAB% medium Linoan uaLda
medium (K-SFM) 71§l 4 pg/mi polybren ga'l$amuiimuald asluesad incubate 1w 2
F2lu9 1Was® medium san 16y medium Tna was incubate wiw 48 Falug usEaUAwu
medium tinean w§Liy medium 715 50 ug/ml G418 (*f113U Lentivirus wWaswdu medium
lsidoaidin antibiotic uwsnz T3adaitlafd antibiotic resistance gene) \ormasiiusuInan
confluence Uitk 90% ¥i1NT trypsinize 84 P100 plate I@]mgﬂalu medium ‘ﬁﬁ 50 pg/ml

G418 FWTU Lﬁﬁaﬁﬁgﬂ infected retrovirus

3.4 N13111 Western blot assay

3.4.1 nsanalidsfin

- o ed 9 L v . .4
W@3uNlUIAUNNTRENYINNINARBIAILNNT  trypsinization U&7 10 TUTwRA B

IWaR19LTARGY cold PBS 2 A% ﬁqmﬁgﬁ 4°C, 1,500 rpm W% 5 WA naIwlane i

aznauileld RIPA buffer (20 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1% NP-40, 1% sodium
a &/ o 1 £

deoxycholate, 0.5% SDS, 1X PMSF) 135193 100 pl 9@ Uu-89 i ldwendas vortex w1n 15

7 N9 lINamnnd 4°C 15 win ualy vortex wiw 15 3w ﬁﬂi’ﬁqmwgﬁ 4°c 15

9 U

wift shldTwnissnamnnil 4°C, 14,000 rpm 1w 20 W11 @4 total protein lanaaalna ui

MM TIaaNuTNTuaadlsdun la 62837 Bradford assay

11



3.4.2 m3IndSaalisfwa2835 Bradford assay

ﬁ’la’liam’miﬂiaum@ligﬂu Bovine Serum Albumine (BSA) (2 mg/ml) 128919
WUU 2 fold dilution NIRU@ 5 dilutions a2e lysis buffer (1, 0.5, 0.25, 0.125, 0.0625, 0.03125
mg/ml) uazthlUfuaiagnsnnidaansdds lysis buffer annudidassazaisldsduainasgiv
BSA uazlUsfualatng Ni89319ua789 96 well plate USNa3 5 pl 8eday 3 41 LAY Bio-Rad
reagent (13831961 water, 1:4) J3a1@3 200 pl MeliNgungiives 5 wif iluiadinis

A A o AN o A v o a ~ o

ganfuusIn 625 nm i ldumdTinaenudutuseslddulasfisuiunwanagu

298138818 11U50% BSA NNTUANULTUTY

3.4.3 113111 Western blot assay

ldsduaneagslumsdnsnfanududs 20 ug WENAL sample buffer

wthnldud 95°C win 5 widt niwinll run tieugnuwneuaslysiiudie 12% SDS-
PAGE 7 100 laad uwm 1.30 dalus shiaafilaunvinnis transfer fholdsduanianasg
nitrocellulose membrane @2835 semi-dry ﬁl 250 1ad wn 1 fﬂm mmfuﬁ’m’]i block
membrane @28 5% skim milk ﬁqmwgﬁﬁaa Wit 1 F1lu9 @WRILN1T incubate AU primary
antibody falisauiidasnminsrsudazafianuandrenia laun antibody dia HPV16 E6 (1:200),
p53 (1:1,000), p21 (1:1000), HDAC6 (1:1000), S-actin (1:2000) ‘ﬁqmﬁgﬁ 4°C overnight
ﬁ]’mﬁ?uﬁ’l\‘i membrane @28 washing buffer (1XPBS, 0.1%Tween-20) U% shaker #1% 10 W
$197% 3 A% Wi incubate U secondary antibody fsuwzea primary antibody VaJLaas
mﬁ@ﬁqmﬁgﬁﬁao Wit 1 52139 9NNHUE19 membrane @28 washing buffer Ut shaker w1t 5
Wil $199m 2 @39 UuazaweiY 1xPBS 80 2 @39 udssildenanuuwaaslUsduiiaule

CRRIGERN ImageQuant LAS 4000 Mini (GE Healthcare Life Sciences)
3.5 N19%11 immunoprecipitation assay

\ReaLaa C33A i dish culture 9419 60 mm overnight ¥iNNN3 co-transfection 331319
expressing vector UaJ pE6-As 738 pEG-Pro LAY expressing vector UaJd EGAP lagly
. . L ® o <, o A o a A
Lipofectamine 2000 (invitrogen ) tJuiaa 1w 48 T2lud anuuvinmsanalusduiilysaun
16lUvin immunoprecipitation assay @9# ¥ 1UAUNLANIANA U1 pre-clean  FRBATLAY
protein G plus (Santra cruze) ¥ lutinwaTastnffigannd 4 °C (winan 2 . Jud 1,500
rom uiia1 5 wfl 91 4°C %AIINKUUQA supernatant L& tube IR 1.5 ml UWaz¥iNIIA
protein G plus VaIEIUATNAU 28 lysis buffer U 2 A9 AN supernatant TU5I0AL

§7% supernatant MLALALAD WaILAY anti-HPV16/18 E6 antibody 1:50 ¥ lununiaTadien
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nlgannil 4°C overnight 1A% protein G plus ilddudauuiaIaauand 4°C 1Juwan 2 oy
Uui 1,500 rpm 111281 5 Wl 71 4°C 9@ supernatant 719 &19 protein G 68 PBS 31131 2
A3 L@y sample buffer 50 41 lUdaf 100°C uiaan 5 w1 wsLuN 1,500 rpm 1dwian 5

wn 9@ supernatant 1% western blot 1iNaaT199111156% EGAP
3.6 N13%1 population doubling time (PD)

X Ia ¥ . { a 1 al £Z 5
LAE9LTa] HCKIT N1fialda retrovirus A3 E6 18asn99 15ud% 2x10° 11 6 well plate
= . % ' & A o = v o '
AW medium NN 3 9% IUNTUTARILLWNIIMINDI 90% UAINNTT sub passage LAzl
FAWIRLTARNINNGA T Iwaanty laud i wIen  PD mwgmﬁwdwﬁ a2 PDs
FUI D LA UIWADANTINTENRINIIAINY PDs
PDs = log,(N/NO)

v
a o

ﬂi o eaAA all < 1 qq/'
lagf N= S1uuTaancIanInuaniuluuaazas
NO= S1UIULTARLINAUNDL seed a9 plate
nnnwinly pot AW TEIN9 f1 PDs  wariwiwiundnuendnsn  1iaq

population doubling times (PDs) YIRS

3.7 Treatment condition

\Boowad HCKAT anLda retrovirus 534 E6 19ad199 15udm 2x10° lu 6 well aghs
8z 3 91 1AD9 overnight UAILUAEREMNTALITARIGNeaN LENa TR DA WaAa DMEM
7l 10%FBS #3p138n91 culture medium (CM) uazdnmsnasasliifiv a1mnsAesTas Hela
A8 (CM-He) 1o msAALILTas Hela anuda 48 $alug udasirlufuandt 1,500 rpm 9 niin
Tfuunuiiarmnsasamasiay vinmahsssasnsuawsdunm 48 Talus 9Nt
msana total RNA wiatihld@nsnde

Bowad HCKIT fanite retrovirus 153% E6 1Riadna9 udu 2x10° u plat vwa
P100 widwasaanidu 2 ngw ﬂﬂ;&l‘ﬁl 1 1§y Actinomycin fanugutu 5 nM 1w 24
SZIETR mjuﬁ 2 duwadliansssd7 10 Gy win 10 wift thasirasawninazle confluence 90%
sl,mz%dwifuﬁﬂmsmﬁiyummmﬁvﬂaLﬂjaﬁ“qﬂ 3 5u s aAuldsdunanuaiieniil

=S 1
AN
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3.8 N1591 real time PCR

3.8.1 N13&@nn RNA

& & & e o
g}@mmmammaaaﬂﬁnﬂm@Lamvﬁaawmmsmaad tide TRIzol® reagent

1000 pl 8911 LLﬁagﬂﬁuaoLﬁasLﬁLsﬁaﬁLL@ﬂ mnifuﬁumiimﬁqmﬂgﬁ 4°C 14,000 rpm W14 5
w17l g supernatant lanaaalnal ua21dy Chioroform USanas 200 pi wenlwidhiumn 15
N ‘ﬁﬂ’?ﬁqm%gﬁﬁaa 3 W ﬁﬂﬂa’.‘fum%mﬁqm%nﬂﬁ 4°C 14,000 rpm W% 15 w17 Q4
swlasuuwlanaaalng annsmwanaznan RNA lagidis Isopropanol USanas 1 Winuasdin
laﬁg@m s lasnswannaaansuliun 2neielsi gnndvias wiu 10 win udasi it

\WAE9N gunil 4°C 14,000 rpm w1k 10 W7 LN supernatant 19 LFIA19AZNAK RNA dae

75% ethanol U3u1e15 1 ml LL&Tafnvl,ﬂﬁumfimﬁqmﬂQﬁ 4°C 14,000 rpm W% 5 W1
supernatant 719 Usaslit ethanol fiaglu RNA sziwalvnua wiu 10 wnfl :nsiu azaoaznaw

RNA ¢28 RNase free water U331@3530 pl  waavinnsiadunm RNA flaaisiaias

Nanodrop 2000 RNA fiwdatiluifiuf -80°C

3.8.2 Quantitative Real time PCR
3.8.2.1 N13AILAIIZH cDNA
RNA azgnshan convert 1w cDNA 628 SuperScript 1ll Reverse

Transcriptase (invitrogen) 1ot RNA @18819 5 Mg NENAL 50 pM oligo (dT) 10 mM dNTP

mix W&z DEPC-treat water 9niwsinl1 incubate 7 65°C Wt 5 W71 LASIUAINILWEITS
WA W 1 W17 91nsuiin master mix Aivsznavlldas 1 x RT buffer, 5 mM MgCI2, 0.02 M
DTT, 1 pl RNaseOUT (40U/ul) uaz 1 pl SuperScript Il RT (200 U/ul) WRNAL cDNA

o

synthesis Mix iasonliudrrauniinil aannuinly incubate anudauasit amnnid 50°C

9 U

W 50 W7 auds AN 85°C Wi 5 Wil uiRUUILTIMUA antwdn 1 pl |

g
RNase H Ui incubate figainail 37°C w20 w1l 1 cDNA Aldunvin real time Ll
mnmmmamaaﬂmaﬁuﬁaﬂﬁ]
3.8.2.2 N19%11 quantitative real time PCR
@388 master mix Uvznauely 1xSsoAdvanced SYBR  Green
supermix, primers ﬁﬁﬂLWﬁ:@iaﬁuﬁﬁﬂHﬁ (@w\‘iLLamiumiNﬁ 1) Usenavaiy 0.4 pM forward
primer, 0.4 uM reverse primer, cDNA template (Lﬁam\‘] 1:10) ez Nuclease-free water

%

i lUvin PCR Taurinnue conditon &1WIUNIIANEINIILEAIDDNTDIFULARZTHAAT
=

uEAIlaA1319 1 LT% enzyme activation 91 95°C 30 Aufi eudaedenature A1 95°C 5 Jui,

annealing/extension “71'60°C 30 AW7l 31K 40 J0U WAZ melt curve “71'65-95"0 2-5
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a a <, A ° o a A &
IUN/step "ﬂ']ﬂuuu']waﬂqﬂﬂﬂﬂququ%qa@ﬁ'ﬂuﬂ’]iLLa@\‘)aaﬂma(ﬁ]uﬂaul‘ﬂ I@U LIRA control

_ v, A . . .
\Jud calibrator uaz 1% B-actin Taidu internal control 1un13 normalized las@uInaugas

AAct

3.9 MIATINRINIUEAIDDNVYDI MiR-21

L(ﬂ%&l&] total RNA ﬁ]'mlﬁliaa;ﬁﬁ’mﬁiﬁﬂ‘]:}’] LA2IAUIN LA qmmw*’nao RNA ﬁﬁﬁ’@]vlﬁ
PNLTAR LABTLATIZRAT 18s rRNA Lay 28s rRNA las3F UV-VIS spectrophotometer az run
gel electrophoresis ¢ band 89 18s rRNA uaz 28s rRNA 11 RNA Alaluasranims
LEA9I88N28d miR-21 lagld TagMan® MicroRNA Assays (Ambion) 1)1} two-step RT-PCR
Usznauey 1) UJA381 reverse transcription (RT) step, total RNA fﬂzgmﬂﬁiﬂmﬂu cDNA
@28 small RNA-specific, stem-loop RT primer 2) PCR step, PCR products N amplified
1N cDNA samples laglt Us snRNA uaz DW 1fu positive LAY negative control @14

NUFLLBATIIANS

3.9.1 Reverse transcription for cDNA synthesis
\@388 RT master mix N9%ue Usznauaae master mix 7 pl, 5X RT primer 3 pl,
W8z RNA sample 5 pl La20uan 91nuin%ue condition @4k 30 min 16 °C, 30 min 42 °C,

5 min 85 °C, 4 °C.

3.9.2 PCR Amplification
L@383 master mix ﬁz\ﬁﬁ&l@ 20 pl Usenauais 20X TagMan MicroRNA assay 1 pl,
Product from RT reaction 1 ul, TagMan 2X Universal PCR Master Mix 10 pl a2 Nuclease-
free water 8 pl nswinllvin PCR Tasrinnue condition 69t 95°C 10 min 40 cycles:

denature 95°C 15s, anneal/extend 60 °C 60s

15



;d. o o A Aa [ . A = ey
A15199 1 LFIE1aLTAING Lo Induad primers NITLUNNIANBILAE condition TWANTATII

Genes

Sequence (5 .3 ’)

Conditions

F; TTGAACCGAAACCGGTTAGT

95°C for 5 min; 40 cycles
95°C for 1 min, 55°C for 30 sec

E6
72°C for 1 min, Final extension
R; GCATAAATCCCGAAAAGCAA o
72°C for 5 min
(o]
F; TCTTAGCATCTCGGCTGGACTTC 98"C for 30 sec; 40 cycles
IRF-1 98°C for 1 sec, 65°C for 1 sec
R; CGATACAAAGCAGGGGAAAAGG Melt cure; 65-95°C for 2 sec/step
F; CAGGGCCTTGGTAGAAATGG 98°C for 30 sec; 40 cycles
IRF-3 98°C for 1 sec, 65°C for 1 sec
R; GGGTGGCTGTTGGAAATGTG o
Melt cure; 65-957C for 2 sec/step
O -
F; GATGTCGTCATAGAGGCT GTTGG | 98 C for 30 sec; 40 cycles
IRF-7 98°C for 1 sec, 65°C for 1 sec
R; TGGTCCTGGTGAAGCTGGAA Melt cure; 65-95°C for 2 sec/step
98°C for 30 sec; 40 cycles
F; AGGAGGAGTTTGATGGCAACCAGT
98°C for 1 sec, 65°C for 1 sec
IFNO o
Melt cure; 65-95~C for 2 sec/step
R; TGCTGGTAGAGTTCGGTGCAGAAT
98°C for 30 sec; 40 cycles
F; TGGGAGGCTTGAATACTGCCTCAA o o
98C for 1 sec, 65°C for 1 sec
N[ Melt cure; 65-95°C for 2 sec/step

R; TCTCATAGATGGTCAATGCGGCGT

16




4' o v A A [ . Al = ey !
A1319N 1 uaadsnauiiailalnauas primers NlElunsANEILAZ condition 1n13@373 (68)

Genes Sequence (5 -3") Conditions

98°C for 30 sec; 40 cycles

F: TGGCTATTGCATGTTCAACC o o
HDAC6 98 C for 1 sec, 65 C for 1 sec

R: GTCGAAGGTGAACTGTGTTCCT Melt cure; 65-95°C for 2 sec/step

98°C for 30 sec; 40 cycles
F; GATTAACTGTGCCAACCAGTCCAAAG

98°C for 1 sec, 65°C for 1 sec

PDCD4
i (@]
R: CATCCACCTCCTCCACATCATACAC | Melt cure; 65-957C for 2 sec/step
98°C for 30 sec; 40 cycles
F;: ACCAACTGGGACGACATGGAGAAA ° °
ﬂ—actin 98~C for 1 sec, 65 C for 1 sec

R; TAGCACAGCCTGGATAGCAACGTA Melt cure; 65-95°C for 2 sec/step

3.10 N15%11 two-dimensional polyacrylamide gel electrophoresis (2D-PAGE)

3.10.1 nyanalilsaiw

WRINNLALLTAR HCKIT f@aia retrovirus N33 E6 Thad1dg @28n3

trypsinization u&? Wl Tumlsaiedromasgens cold PBS 2 059 ﬁ'qmﬁgﬁ 4°C, 1,500 rpm
W% 5 WA L supernatant 1’7;‘1 waala lysis buffer (8M Urea, 4%(w/v) CHAPS, 2%(v/v) IPG
buffer, 40 mM DTT) 134103 150 I @@ Tu-59 1l vENTe vortex W% 15 3u7 91Nt
i ldualy nitrogen walwuds wiatinluazaslu water bath ‘ﬁ'qmﬁgﬁ 45°C w1 1 WA
LUENAY vortex (‘ﬁ’]‘fg’] 5 ﬂ%) ﬁﬁiﬂﬁum%mﬁqmﬂn‘lﬁ 4°C, 14,000 rpm W% 20 WA Q0

lysate lanaaalnd uaihldiaanudutuvasldsduinana be

3.10.2 n13711 2D-gel
(Z]@Iﬂiauwo Mg NENNURIINZANE rehydration (7 M Urea, 2 M thiourea,
2%(w/v) CHAPS, 0.5% (v/v) ampholytes (pH4-7), 18 mM DTT and 0.002% (w/v)
bromophenol Blue) l#U3anasgarioiviniy 125 pl wasanuanliidiudan vortex U7

spindown NNRWINETAZAUN LA load 8b strip holder @AY immobilized pH gradient
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(IPG) strip (pH 4-7, 7 cm) (GE Healthcare) LRZOING28 mineral oil YIN1a3 330 i aNEAL

W ldInnziensin3as Ettan IPGphor Il Isoelectric Focusing Unit (GE Healthcare) ﬁqnm.gﬁ

20°C AANNEN9FNG 500 A9 6000 ae 1Faa1uw 16 T2lag Nt 0 IPG strip a5
am;alumsa:mg equilibrium buffer (75 mM Tris-Cl pH8.8, 6M Urea, 29.3%(w/v) Glycerol,
2%(w/v)SDS , 0.002% (w/v) bromophenol Blue) idl 100 mg DTT lagiagiung win 15 Wil
niwih IPG strip mﬂ%“uaw@;aﬁw equilibrium buffer 7§ 2.5% (w/v) iodoacetamide L&
N9 W% 15 W1 L@SAURN IPG strip 8171989U% 12% SDS-PAGE ¥inmsusnauwialdséu
lagfnuauautvinny 0.04 wanuds run 3uni1& bromophenol blue H4VBLNTZANAIUES
daafl lauvinms fix 6081382813 fixing (45% methanol, 5% acetic acid) LUELN Y W% 1
T2 lu9 udrfandy Coomasie blue (0.25% Coomasie Brilliant Blue R250, 50% (V/V)
methanol, 10% (V/V) acetic acid) LUELUN G W% 1 Falus aweae fix SnAse VUEILLIN G W%
1 Falug gavioiniaaly destain d1o destain solution (7% (V/V) acetic acid, 5% (V/V)
methanol) 1WEMLN Y Wit 2 F3lu9 aaEey iaailalsunueasalusunsy ImageScaner
(Amersham Biosciences) mﬂfuﬁwgﬂLaamaul,@iam”’aashamﬁ']ms"il,mwzﬁag@‘[ﬂiﬁuﬁﬁmm
wANAN9IAWE1UTUNTY Image Master 2D Platinum software (Amersham Biosciences)
wasaniniadengaldsdulduds ﬁrmifuﬁﬂmssiaULﬁmLﬁaLmﬁ;@Iﬂiﬁuﬁ
daimilas iimidauazianzyaldsiu ldlunaaasuia 1.5 mi 1@ DW 50103 200 pi ud?
[UENeY shaker W1 10 W7 LEINFINVBIHAAING INNHWEN 20 MMAMB 13113 200 ul
Wi Enee shaker W% 10 W7 LEANFIUVBIRAINI 9INWWAN 20 MMAMB/ACN (1:1)
U531a5 200 pl u§AENee shaker 1% 10 W7 UAINEIUVBINRAING INTHULEN ACN
USu1a3 200 pl  UaILBENG28 shaker wI% 10 WITi LEUNFIRVBIARAING  2INUWEY 20
mMAmMB U31u1a3 200 pl La2LvEN628 shaker Wiw 10 w1l LEUNFEINDBIAING NI
20 mMAmMB/ACN (1:1) U381015 200 pl Wa2LUENG28 shaker W1 10 W11 WEINFIBVDILARD
i :NEwEY ACN U331 200 ul LRLUENG28 shaker Wt 10 WA LEINEIUDBIARING

WAILa bAU TN 5 WA NUULEN 10 mM DTT/20 mM AmB U3a1@35 100 pl w&7 incubate

Nannd 56°C wn 45 w1l LEUNFINDBIANING INNTAN 55 mM IAA20 mM AmB
U531a5 100 i ud2 incubate 1uAifla win 30 wIf UFINEIUVEINRAING INEWAN 20
mMAMB/ACN (1:1) 133105 200 pl WdLgnee shaker Wit 10 W1T LEAUNFINVBIHRAING
MNTWLAN 20 MMAMB/ACN (1:1) 15017 200 pl WdLUENTA8 shaker w1% 10 W7 WA
§IUBINAINS NNWLAN ACN U5anas 200 ul Wa2LuEN628 shaker W1t 10 W LRINFIW
PoInadIne uwsaalvszanm 5 Wit udLdu enzyme solution (trypsin) U531a3 40 pl wtil

QUAnDAIN 4 °C w1 30 W LFUNFIUVBINAING NUULAN 25 mMAmMB UTu1as 10 pl

WD AR LAY W2 incubate Ngmangdl 37°C wiuthwdn 1nuwdn 20 mMAmB U3anas
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50 pl LaLUENAIE shaker W% 10 WH WALALEIUVDILARI bERABAVUIA 1.5 ml LAY extract
buffer 1 Wa2LVENGIE shaker W1t 10 WH LALEIUVBILAAI LEWABATUIA 1.5 ml LAN extract

buffer 2 WaILVENGIY shaker W1t 10 WIT LAUEIUVBIAAILFRRBAVINA 1.5 ml FVBILARIN
ldluviliukadae speed Vacuum Ngmnnd 45°C win 2 T2l U resuspend @8 Buffer

U50105 20 pl nnwinaresneliinmediars LC/MSMS wiaifiuf -80°C
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4. HAaN1INA[DYI
o ¢
4.1 MIFEIINLABDY

4.1.1 Expression vectors
msensias expression vectors vanwua 2 ealaun pcDNA3.2/V5/GW/D-TOPO
73 E6D25E wadle HPV16 As variant (pE6As) uaz E6 28dia HPV16 prototype
(pE6Pro) %é’amﬂﬁvl,@%amamnL(ﬂas‘ua:ﬁuﬁuwammgnﬁawﬁmmsm"'@@hmau"l,sﬁﬁ Ndel

Wa? WU ATUEIUNIANG 2 T VUALTZND 5500 bp LAz 500 bp AUNAIA L AILEAII
sun 1
u

Gb‘ <
(&(\1' o e,‘:@
< s <
S ¢ ©
Q\ Q Q GOQ
23130 bp
9481 bp —
4361 bp
2322 bp
2027 bp

<—— 700 bp
SO0 bp 500 bp
— 5

3Uf 1 waaImsnaseInsiudunatadiniaasile lunsdasdas restriction enzyme Not |
L, & . o y
Wae Apa | lauWLBUEIUNIANA 2 T V1A 5500 bp wae 500 bp # 1%L pE6-Pro G913 E6

289178 HPV16 prototype e pE6-As 29918 HPV16 As variant
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& o &0 A &< A A o AN o A AN o o
NNUWINLAaTH LY sequence ANATINBHUTUNANIINARDIN b6 TINAN bALFAI A
LRWIIANULANG1NTaIE 1 UAINA e INa i E6 Badlia HPV16 As variant Lazaw E6 289
v A P 1]
\T8 HPV16 prototype TIU&AIAIFLN 2

HPV16 E6 Prototype DNA; ) [ nt change T>G at 178 J

83...TGCACAGAGCTGCAAACAACTATACATGATATAATATTAGAATGTGTGTACTGCAAGCAACAGTTACTGCG
HPV16 E6 As variant DNA;

83...TGCACAGAGCTGCAAACAACTATACATGAGATAATATTAGAATGTGTGTACTGCAAGCAACAGTTACTGC(|]

[ aa change D (Aspartic acid) > E (Glutamic acid) at 25
HPV16 E6 Prototype amino acid; CTELQTTIHDIILECVYCKQQLLR
HPV16 E6 As variant amino acid; CTELQTTIHEIILECVYCKQQLLR

UM 2 LEAINANTT sequencing La83u E6 2a9LTa HPV16 As variant imsidfsuudadvad

e

o ¥ a

fSauinila lnandunien 178 laswdswan T 1u G madasuudasvassrauiingle
Tnaiinliiiamsfsundasvasnsaasdlunidiunian 25 lasdouan aspartic acid (D)
11w glutamid ¢ acid (E)

4.2 NMINAFOUAMNFINITBNITUAAIADNVDI expression vectors NI E6

1 é ¥
WNENARELANNENNNTD MNTURAIDANYBIAN E6 VB9 pE6-Pro T9N3w E6 wadlde
HPV16 prototype L8z pE6-As 28958 HPV16 As variant MINaaadiasrinnng transfect
plasmids 11131 pE6-Pro WAz pE6-As adluiwas C33A LJulauin 48 alud INRULAL
o v Aa . A {
RNA #1310339%1 mRNA 284 E6 61837 real time PCR SInan1snasasuaadsluzun 3 lag
\ & & A X A o AL A \ ' o
WUIINLABTNY 2 Tiafl RINNTOLRAIBDNVBIIN E6 16 A afsvad ct cycles biuandanis
. 4 @ < A A ' . ¥
laswueiadn Ct (Cycle threasthold) 1y 16 1i3g Faidunn3fgailin expression vectors %
i luvimmessslutuaaudaly
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Averate Ct cycles

Vectors

;a'll‘ﬁ 3 URAITZALUNNILEAINENYDY mRNA L843% E6 #adan¥ininng  transfection vad

expression vectorsNi3u E6 111 luU/luiaas C33A duianuwn 48 13l

4.3 nMInadeuamaninzadlilsfin E6 2a9 expreesion vector pE6-As Waz pE6-Pro i
N139UNU E6 association protein (EGAP)

NMINARBINRIRIINLAINLABS PE6-As Uz PE6-Pro S13NI0LEAI0aNT8I5H E6 I
wae s linuinluséu E6 ﬁuamaaﬂmifummmﬁwam"lﬁﬁm%a"l,&iLLazﬂ'\maﬁqmawﬁ'ﬁmo
F18nEn  SIHNINARediaIdaIIIMagaUANYEINTalwTNIwasllsdn  E6  lag
nagaunNIUNullIeu EGAP Iumiﬂ@am‘ﬁﬁ’lmi co-transfect 3¥%#119 expression vectors
28931 E6 WAz expression vector 2843% EBAP Rdlulnad C33A WaAIATIIFOUMIILAUVDY
1U56% E6 AU E6AP ¢183F immunoprecipitation assay Han1snaaaswuinlusau E6 fiv1an
expression vector WaazeIRINNTRIUAUILUIAW EBAP la @T@Lm@ﬂuzﬂﬁ 4 uaadlilAuI
INLADS PE6-As ez pE6-Pro sansnuaadaanlsin E6 wazlusein E6 dndsnsfnnsviiesn

laaudnasiurinaunulisdw E6AP ladna ladn9ain E6Pro

1 2 3 4

I s 0 T <kar (ks

" <E6 (17 kDa))

gﬂ‘ﬁ 4 LRAINANNINARBINTNATBUNNIILAUYBILUTAY E6 uaz 1UsAn E6AP d1835
immunoprecipitation assay A8LRY 1 fa lysate YDILTAE SiHa, 2 fia lysate U834 C33A ﬁt;m
transfect @181IN1AaT pE6-Pro, 3 Aa lysate U84 C33A 1N transfect d18iINIAaT pE6-As

Waz 4 fa lysate 289 C33A
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4.4 "58319 immortal keratinocyte (HFK) LLa2 transduced cervical keratinocyte (HCK1T)

MIANERLATINNNTFINIUAZHAR retroviruses Waz lentiviruses N4 HPV16 E6D25E uay
HPV16 E6Pro laglavinn1s@aidia retrovirus lulwas HFK wae teton system HCKIT &
lentivirus YinNsAatalanzluieas tetion system HCK1T #adsannyinmsaaide sals HFK

v o o A A a & o & g &

Wa2 tetion system HCK1T Liavmsaalfienimasninisdaiiameansiisdluamisiiosisas
U Tz G418 Nilaadutu 50 pg/mi unawu 2 ok 3UN 5 uaasgling
ANBULVBILTARRAINNANINNTAATE  retroviruses  walAgluaIm SR TARNIEN
UfTme G418 Ndanudutu 50 pg/ml uwaiwiu 1 §Uad laswumsansvasnas
A o el Mo a X . \ ea a &

control mLﬂuLmaaﬂ"Lu"L@Qﬂmma retroviruses  (Mock) LANANINNLTRANDNAALTD
retroviruses  WudlLmassansaIAulawaziinitwmnldatndaiiios  daumsdate
lentivirus 715l E6 vadi%a HPV16 As variant lima® HCK1T tet/on system % 1489310

. 1 . = ' @ A e a & o g
lentivirus vector 1ifi resistance gene 39 limunsnfaiianiTasnaaliaaansAedlaINT
kg & a aa v o @ AR o ° a & .. Aaa 'Y

Wwosemaandenyfimela asnuluminasssiidedasyinmsfaia lentivirus N3 GFP ¢
& A s s ' g &al a & . a A
walglunstiugiuaziduay control I1mInasasitfiioadnignéaite lentivirus asusadlugi
6 WAWINTAANYNAALTD lentivirus WaziTad control lifianuuanedINUaBLTASUGZNY

surnaiyLavlelaa
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A
HCK1T p15

1week
after transduction

-
%3,

23
X7
SOSECT 2
R
e
RGOS 2N ]

3
)

zllﬁ 5 URAIANHIUUBILTAN  human primary keratinocytes naINIMIGaLTad Y
retroviruses 1JuIan 1 81fiad A Aalwas Human cervical keratinocyte, HCK1T L8z B fa

Human foreskin keratinocyte, HFK I@mm’sﬁlggﬂi’mmmLmaafmf_lslﬁ’ﬂﬁ’m inverted microscrope
fadueNe X400

3UN 6 URAIANBIUBILTAR HCKIT teton #asanyiin1sdaiBiosas Lentivirus tuiia 1

mﬁm'fI@]El@li’)ﬁ]@gﬂi’m“ﬂmmaﬁﬂw‘lﬁ/ﬂﬁad inverted microscrope NfRIVLNY X400
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\Wofluswin lentivirus mmmam%amﬁgﬁsma? HCKI1T tet/on b¢ ¥inmsnasaulasiia
1 ug doxycydlin (Dox) asluamstasaiaadiduian 24 uaz 48 2l annsuinluasrans
weaIanvad GFP (leiéléir control) ﬂﬂﬂlﬁﬁ‘]‘aqaﬂﬁﬁﬁﬁ@ Fluorescence microscopes WRAJIHA
lugﬂﬁ 7 NANINARBILEAIIKLANILTAS HCK1T tet/on Qn@m%a lentivirus N55% GFP lag

WNUNSHRAIBENVEI GFP mnﬁq@lu“ﬁwnmﬁ 48 1139

HCK1T
PCXIN-tet/on DOX- DOX+ (1 ug/ml)

3UN 7 uRAINAMIUEAIENTEI GFP INMITNINAIuNIIAN 1 pg/ml Dox luanmisiied

24 h

a8 HCK1T tet/on ¥a331nYINANT infection @28 lentivirus NA31 E6 wazdn GFP 1uian 24

LRz 48 TU. mn@gﬂiwwaama&i’mﬂﬁnﬁaa Fluorescence microscopes NHNa91818 400X

4.5 nNInadgauNIILandIaanadlilsfn E6
A a v  aa . & o o
\WanazaunIuaadaandadlilsiin E6 61875 Western blot analysis lutmadngnvialy
AaLTan retrovirus WaY lentivirus I@wé’a'mnﬂ”@Lﬁammﬁﬁgﬂamﬁaﬁw retrovirus ¥inn3
snalUsduanisaafigniilv@airalasa leud HFK w8 HCK1T tetion system uiainluuan
21aldsfies SDS-PAGE usa kit antibody f151tw1zda HPV16 E6 lwnIATI99L Nan1s
v & & ° va & o A = ) &
maaaLLamslﬁmmmwmaa'ﬂgﬂmlm@Lﬁa"laiaummamaaﬂmaﬂﬂmu E6  anLIuLTan
= a ¥ o . { ' ] ]
control mgﬂ@]m%amﬂ retrovirus M 1#83% E6 NMIuaadaanvadldsdin E6 luudaziraanwiin
' A \ o A a a o a . . 4 . &
ladanuuandrenuwiatdSouisunulys@n vinculin G914 internal control Tn1INaaaIh
lovugainanmInaasdlugih 8 ms‘ﬂ@aaaﬁuamiﬁﬁudﬂmjaa‘ﬁgﬂ@@L%avh%'aﬁmmamaaﬂ
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§mMTLNguITas HCKIT tetion system NInasauntsuaataanvedllsdu E6 Wi fag
¥mM3iéy DOX Afenududn 1 pgiml Wuwawn 48 alus ansusafuimadunana
lusdwiaasraniluséin E6 de3T Western bolt assay wamimaammmlu;sﬂﬁ 9 SIwu
Tséin E6 dnmsuaaseanlmaasfivinnady DOX udlwaasnldldidy DOX s luwums
wsnsaonuaslisiin  E6  mnasssiuaasliiAininsuy  teton  vnawldUnduazwuns
waasaonuaslisein  E6  luudssiansrvnnisdadelsa ﬂﬂLi’ﬂ%L%ﬁﬁgﬂﬁ@L%ﬂ@Tw

.. { A v & 9 o . S .
lentivirus 11331 GPF mgﬁLmﬂumaa" control uazlumanaaasils B-actin 1w internal
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Q) N
g 8
Q o? N "f?) ,5\' '%7
HCKIT § & & § § ¢
pCXIN-tet/on I X & & S &
lpgmlDOX + - + - + = + = 4+ = + = s
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—“.: - p-Actin
-— e e G S

A:I a & o a 2!/ v .. A ) o
EII‘VI 9 LL@@\‘]NE‘]T’H?LL@@Gﬂaﬂ"lla\‘liﬂi@lu E6 1%LT§]§IYI7]']ﬂ']§(§]@L°Hﬂ@'JEI lentivirus mgﬂmmm

MINARBILY passage 1 25 nasaulasdt western blot, B—actin \Ju internal control
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4.6 MINATUANNENNTABas )36 E6D25E 2a9iBa HPV16 As variant aan1s

WS AIANTWIN DILTAE
“NenasauaNuENTvesllsdin E6D25E vodlde HPV16 As variant an1s

wipivlaraumaslasSoufiounulusiu E6Pro 289188 HPV16 prototype L8 HCKAT
ﬁVL@TQﬂ transduce WasiMIuaEAIBENVRILLTAY E6D25E "L@Tgmww:l,gmmmﬂunm 4 1o
TauiLs W IBLTAaT seed SURULAZTLI WIS DLAITaRwFY flask uaatn U wan
#1A" Population doubling time (PDs) niwian plot N3N I=HIAN PDs WRZINWIWTIA
B eSLTag LLa@a1uLﬁu1ugﬂﬁ 10 1ngdaziiwinlus@u E6 289158 HPV16 As variant leiuri
E6D25E ez E6SDD25E {61 PDs agﬁ'qha 28-30 linandnsanlyséin E6 209158 HPV16
prototype balA E6Pro Waz E6SD LALANGI93NLTAS control l@uwud1 PDs agjﬁ 18 M9y
nanasiuanslwifiuinlusdn E6 vo914a HPV16 As variant §anusansalumsiusiwin
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%ﬁ@@h\‘is] 23 HPV16; E6Pro= E6, E6SDPro= E6SD, E6D25E= E6D25E, E6SDD25E=
E6SDD25E ez pCLXSN= emtyp vector

waninidiiminasaslusss HFK Gegnyildidu immortal keratinocyte lagnnygn
1i1e28 HPV16 E6D25EE7  wlSsutiauny HPV16 EGE7 msmaaﬂmmaﬁmjuﬁ%ﬁmm
u,@m@mmﬂﬂfliﬂﬂaaﬂulﬁa&?ﬂ&jw HCKAT SILEaINAaNIINaand LIawii I@Ulumaﬁmjmﬁﬁ]z
nsdamalisdn E7  whldene  hasanldsdw E6  aadsalusiunsnnazvinlvioas

= . ) a A {a ¥ ' ¥
nanud immortal LARI0DNLLRINADLTARANAALTALANIE E6 2819LALI9TRINITOLRLILAL
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sub culture ¢ l8Aa33 Leﬁaa‘ﬁﬁlzmuvl.ﬂ‘l,uﬁq@ AINIINARDIHIIT T WNITAaIINNNIAALT
HPV16 E7 W ldee laglums@nenivinnsiasaisasiias sub culture twIa w1 3 Laa
HanInaasdugadlugln 11 lepwudn E6 289 HPV16 As variant (EG6D25EE7)
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4.7 MInaEaUANNEN13A09l A EED25E vaside HPV16 As variant lwn1stias
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dlasnwindindAyetnwitivaslysiu E6 desansndesaanalysdu pss la dadu
Tus@uivinneinidu tumor suppressor cell asiuluminaassitamasouanusmunsoluns
souaanolisen p53 waslisfin E6D25E 289188 HPVI6 As variant Lw3suifisuriuldséiu
E6Pro 98910 HPV16 prototype laganialusauanimas HCKIT Ainsugasoanaaslysiiu
E6 wiiadngg usamamlusdiu p5s3 uar p21 9aidu downstream waslusiiu ps3 daeAs
Western blot assay NamMInaaaduandbiiAuinlysiu E6D25E suntntesaasllsdn ps3
16" laiuanensanlysan E6Pro Tuna 2 m\jmmﬁﬁﬁ’]mimaao wonanigInTalusin p21
Waiudwinlusan ps3 andasaanyliafiuszdinasa downstream vaaldsdin p53 laswuin
fnsanaswaslUsin p21 sugenasoInuNamsasaauaslUsan p53 HANINARDILIAd gLl
A 12 ayleinlus@n E6D25E 289188 HPV16 As variant Sanwaansolumstosaans

156w p53 16 wazliuandr9anlysdu E6 284138 HPV16 prototype
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passage 9 ﬁgﬂam%a retrovirus 13111561 E6 1Had199a713las?s western blot

niurnsnaasslueas HCKIT tetion system lag¥nmsi@in DOX finanuidud 1
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4.8 msuSsuifisuanaainsalunisdealsiin p53 vaelusfin E6D25E nu
Tus&w E6Pro
4.8.1 mnadaulay actinomycin D treatment
\RaasasaunusanInvaslysin  E6D25E wa9ida HPVI6 As variant @onis
sagaanellsdin p53 luns@nwnitserinns treat 1mad HCKAT tetion system ﬁgﬂam
e retrovirus Uas treate LTASAALTEIY actinomycin D fianutgudu 5 nM unaiwn
24 talus udranaluseuinanaalusau ps3 Tuseiu p21 uazllséiu E6 @2855 Western
blot assay Naﬂﬁmaamamiugﬂﬁ 14 WUTLALIRI E6 whiadnsgfmIuaaiasniiuiu
Faranlu tet on system Usunmvaslisan ps3 valuwemash treat @28 actinomycin D uazlu
waailalld treat @28 actinomycin  Wudeuuanenstwantes wdsaRUUSINMes
Ts@in p21 uazlusaunigosnfinanasuanensain cell control LINTIZAURANUAT actinomycin
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4.8.2 nnadavlagn1sangsIdnIe irradiation (IR)

aasramauanuEanTovesllsin  E6D25E 209148 HPV16 As variant 6ians
dapaaelisan p53 lunsanwniisevinnng treat 1188 HCKAT ﬁgﬂﬁ@l,%aﬁw retrovirus @738
$58unTNad 10 Gray e 10 wift udranalsfutannaallsiin ps3 Tusan p21
uazldsfu E6 @ae3% Western blot assay wamimaama@ﬂugﬂﬁ 15 WUINTEAUMST
wgegaanuad 1156w E6 udazafialiuandan wastSunoasllsdin p53 noluiwasn ey
ssauazluaasnlailesused wuinlidanuuandneni WwwdsnulSumwesllsin p21 99
wudnsusasaandliuandneiuwluns 2 condion A¥NANINARDY WAIELANE19IN cel
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aanoldsdu p53 Lidanuuandrsanlysiu E6 valia HPV16 prototype a8ndTaLaL

31



4.9 NINAFaLANEINITaYadlilsfn E6D25E wadina HPV16 As variant @an1s

u,amaanwaa%‘u‘luszuugﬁﬁuﬁu LU innate immunity

Wasnnmsanmnfenwanwuinlusin E6D25E vadidia HPV16 As variant Huinada
a Ay @ A an IS . ..
mimummzuugmquﬂumadLsﬁmﬂ@leﬂLﬂasuuﬂmqmamm‘lumsmu immunogenicity
) Y a X A A Y a X A ! a o = =
wazelihsaaaunsadadanvuiade lawudedu  Sadumssaasuniswamw ldiduuzse
lunge daiulunsfinsiidasmmmnuiisBninavesldsfin E6D25E vadlia HPV16 E6 As
variant @iaﬂ’liLLa(ﬂ\‘laaﬂﬂlaﬁuluizuugﬁ@juLLLILI innate immunity laun IRF-1, IRF-3, IRF-7
uaz down stream signaling Aansuaadaanvaddn IFNo waz IFNG lasSouisunulyséiu
E6Pro 189 HPV16 E6 prototype 1un13finun leiiuimaanpassages Nl 25 (p25) 81&na RNA
uaz convert 1% cDNA 3nuwinlUvin real time PCR 1Waa313MIuaadaanvaddn IRF-1,
IRF-3, IRF-7 IFNo. 48z IFNB lay normalize NUAn B-actin Wan1snasaduaadlugdi 16 n1s
ugasaanvad IRF-1 uaz IRF-7 wuhidnisaaasedwiiduddymeaiialumadngniaise
retrovirus N3 gene E6 283 HPV16 As variant LﬁﬂLﬂ%UULﬁUUﬁUL%a§ﬁQﬂa@L%a HPV16
{ A \ !

prototype (FU1 12A uaz 12C) Tauandr9anmiuaasaaniad IRF-3 laswuifimiuaasean

1 A e o [ Aaa & Aa 21/ A a a [ A a
atanateiidbddymiaiialumasngndaiia HPV16 prototype 1lalSuuifinuny fignéa
e HPV16 As variant (JUfl 12B) wananidirhnisbudunanimanasildlasians

{ : A

LeaIaanwad IFNa (gﬂﬁ 12C) waz IFNP (su7 12D) @9tiw  downstream signaling proteins
284 IRFs WUINIuaasaansed IFNa uaz IFNB aaasatedisdaynssddluaasngnia

\Ta HPV16 As variant (daif3sunuduisadngnéaiia HPV16 prototype
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31 16 MIATIININMIUEAIBENVBITU IRF-1, IRF-3, IRF-7, IFNa 4az IFNB Tuiwad HCKIT
ﬁgﬂﬁm%a retrovirus NaNILAAIaanvadllsfn E6 vaiBa HPV16 As variant, HPV16

prototype WRZLTAR control b passage 1 25 @1877 real time PCR

410 MINAgaUANMNEINITVaslisin E6D25E wasiie HPVI6 As variant @ans
wasuulasm1e@u epigenetic

M3t AsuslaanIRIn epigenetic (epigenetic change) wunpfamaasuudssns
weasnanvasinlaglnanmanyUaswulssaisiau DNA G9n1sifie epigenetic change §
ununidalumstonnss  vuawmmImaddsuutaims  epigenetic  Usznaudiy  DNA
methylation, histone modifications and non coding RNAs fFsumIlasuudssms
epigenetic 183 HPV Iumﬁ\‘lﬂ’mu(ﬂaﬂ WUNNIANEINI961% DNA methylation Lflud’mlmyj
aanulumsansnitauladnunaveslsin E6 20988 HPV16 As variant sianissniins

LEAIBBNVBY MIR-21 LAZNILEAIBENVaILLTAU histone deacetylases 6 (HDACG6)

4.10.1 wauaslilséin E6 sl HPV16 As variant #an153N¥NIN1TUEAIDEND
miR-21
Suusnidunisnesasluszuy  transient  transfection  lA@TIaWTEALNNT
ugasaanvad miR-21 luiwaduzisslnuagn C33A (sifinsdaita HPV) ‘ﬁgﬂ transfect @2¢
expression vector pE6-As WW3HUALUNY pE6-Pro WAMINARBINLTLALIEY miR-21 LAl
ga"fuasi'mﬁﬁfslf,%m”ngmaaﬁalmsﬁaa’gﬂ transfect @28 pE6-As uaz pE6-Pro LilawSautiiay
AULTAR control @Talmmlugﬂﬁ 17 Ua=waNANHNWLIN E6D25E wadida HPV16 As variant
NIATNIN AR NNTUEAI8aNT8I miR-21 6 2.3 110 %dgdﬂh E6 wadla HPV16 prototype
At lwdnsusesoanvas mir-21 l6 1.6 v
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3N 17 URAITZAUNIUEAIBENTBY mIR-21 lulras C33A ﬁgﬂ transfect @18 pE6-As

WSBUBUNY pE6-Pro (*; Aannuuanedvadainasann1eaia p<o.o5)

o fudunamInaassin E6 swsasninldnisuansasnses mir-21 'lef 34
¥msnaaedli human cervical keratinocyte G9lmadninnsuansaanvesllsin E6 28910
HPV16 As variant (pCLXSNE6D25E) ez lu56u E6 °11E1<1L°'§a HPV16 prototype (pCLXSNEG)
wazmad  control Goidwemasngd  1naas pCLXSN (pCLXSN) lagnsnaassitltiaas
passage 7 2531FNN13ATIIRITEALVOI MIR-21 HANMINARBINLIT miR-21 In13uaasaond
AN lunnoad luanedsanEmas control @T@melugﬂﬁ 18 anwafilaaain lusdu E6
wazldmunIanszdunisuaaseansad mir-21 Twerasnnsdnisuaasaanuasllsin E6 wie
Lsﬁaﬁﬁﬂ'\uﬁrﬂaagﬂu passage @19 &NITAINENINATAMALANAIIINZAIT in vivo G
UShofimasaniteanvssurianuiasuae g seuusmfidnisaade aoiuiaioasnianis
waaseanaslusin E6 4 lu treat e culture medium (CM) wazdnmsnaaaslwidy omis
Ae91Tas Hela fi8 (CM-He) W 48 Talug lunsnaaadd treat @28 CM WU Seeuved
miR-21 qafuluﬁ?‘i 2 iaaninsugaseanvasllsiin E6 WalSouifiuuniuimas control Wwas
seaupa9 miR-21 luimasninmIusasaanvasllsfiu E6Pro gqndnlmmﬁﬁﬁmﬂmmaanmaa
1156w E6D25E Lantay LLamlugﬂﬁ 19 HafldiaTIn iU UNATEININARDIT treat da8l
CM-HeLa lagwuszauaad miR-21 gaf*fuaﬂ'wﬁﬁfﬂéhﬂ”mumoaﬁa‘lmsﬁaﬁﬁﬁmmamaanmaq
Tiséi% E6D25E w918 HPV16 As variant iai/3ouifisuiuimadnamsugasoanasllsan

E6 ua3iTa HPV16 prototype aduaadlugili 20
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untreat condition

Relative fold

311 18 uaasszauzad miR-21 lwwaanidinsusasasnvasllsiiu E6Pro uaz 1Usdn E6D25E
TuLraa lbaas HCK1TAgn@aiTa retrovirus nanIusaInanuadllifn E6 wadtta HPV16

As variant (E6D25E), HPV16 prototype (E6) WATLTAa control 14 passage “7‘1' 25 1%&3’1’1’3:“7‘1'
\we9Un@ @529las3’ real time PCR
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3111 19 URAITTALVEI MIR-21 Taraaninisugadaanwuadlls@n E6Pro way 1136w E6D25E
T s bblras HCK1TNQn@aLTa retrovirus ndnIuRaIaanuadllsfn E6 wadlla HPV16
As variant (EBD25E), HPV16 prototype (E6) Wazliaa control L passage 71 25 lusA1zi

o %

treat @28 culture medium (CM) W1 48 714 *; ﬁﬂ?WNLLmﬂﬁﬂdaﬂﬂdﬁﬁﬂaﬁﬂ@ p<0.05)
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311 20 ugkaIIZALVEI miR-21 lwaaandnsuaasaanveslysdin E6Pro uaz 1Uséiu E6D25E
TuLraa Lsbras HCK1TAgn@aiTa retrovirus ninIusaInanuadllifn E6 wadtta HPV16
As variant (E6D25E), HPV16 prototype (EG6) WazLTaa control 1w passage 71 25 lugn1zn

=

treat @38 culture medium VBILTAR Hela (HeLa-CM) w1 48 731309 (*; Januuanenvegnel
WHURIATY p<0.05)

PMNHNANIANBIAING1INLTIN  E6 ﬁwa@iaﬂ'ﬁmz@juﬂ'ml,amaaﬂﬂnaa miR-21
IR A TIIFOUNANNINAREIAINEN S9¥NNIIATIIIATLAUMSUEAIBBNUEI programmed
cell death (PDCD4) @aiilw target w89 miR-21 lwemaafiinsusaseanvasllsfin E6D25E
wae 1U3fu E6Pro waziwad control (pCLXSN) nﬂama:‘ﬁ'l,gm Faletun anzdesdnd anne
7 treat @28 CM uaz treat 78 CM-Hela 9NN INARBINLINTZAUNNSURAIADNEI PDCD4
ﬁmsa@aﬂunmeﬁaﬁﬁﬁmi treat @28 CM LA treat @28 CM-HelLa LA3zAUMILIAIDONVDY
PDCD4 vzauandanwlidenusunusnmaada e l6suns treat §28 CM waeiinng treat
8 CM-HeLawUnfinavin liaaszaunsuandaanyad PDCD4 lunﬂma:ﬁmméﬁaﬁﬁ"wﬁmi
ugevoanvasllsdin E6 S9a5ununauasa599n CM-Hela 991l HPV infected cells waziina
aaasatnstalanluwadfidnisuaaseantes E6 lamawizlUsau E6D25E Waminaaadil
uwaadliAudn E6 awnsanszgunisuaadeandad miR-21 leasslasaniz E6D25E muld
aNMzAiaNs mediators NNTARAAED HPV  LiasanmsiRuduaas miR-21 Snadons
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37



PDCD4

- EA pCLXSN16E6
] E=3 pCLXSN16E6D25E

3 1.0- B3 pCLXSN
P ] D pCLXSN untreat
o |
g
& Q5j
{mEE
0.0- - — —
2

AaA
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\Ia HPV1e As variant (pCLXSN16E6D25E) lus@u Ee wadiia HPV16 prototype
(PCLXSN16E6) Laztnas control (pCLXSN) ﬁgmﬁmmylﬁmi treat @28 CM, N7 treat §2¢)

CM-Hela uazn13tassnglan1izdng

4.10.2 wazaelilséw E6D25E wadtBa HPV16 As variant AansFnIINNIUEAIEN

289 HDACG6
PNMIANBIARIUININLNNT overexpression 289 HDAC6 lunzi5enag 1o
unSey undadu uazuzSidudan uddayansusaiaanuas HDACS luuziiathnuagn
ivkaaann éﬁaﬁawﬁwﬁmﬁmaa;ﬁﬁ'ﬂﬁﬁﬂmiﬁﬂmm gene expression profiles lMLTAS
human keratinocyte ‘ﬁlg}ﬂ trasduce @28 recombinant adenovirus ‘ﬁﬁ HPV16 E2 ¥inlininuin
HDAC6 fmsusasanas dolunaananliséin E2 20988 HPVI6 tiwlas [44] aavinulu
MIANENIEIFaIMIMaRoUNaas 1AW E6 damsuaadsaanuas HDACE 119luizdt mRNA
wazIzaulyUshn Namiw@aamﬁmlugﬂﬁ 22 Wud1 HDAC6 fszaumiuaaiaangdatineil
wuidymisdalwaadiinuaaseanvaslsiu  E6Pro  llaulSouifiuiuimasnsing
wsasnanvasllsfiu EGD25E wasIvaunIugadnanyes HDACE luaasninsugadsoanyes
liseuanaaiawSoufisunuemas control @"’dLLaﬂalugﬂﬁ 22 A uazhigunsaaanulusau
HDAC6 lwaaafidnsuanseanvaslilsiiu E6D25E va915a HPV16 As variant asuaadlugyl
i 22 B udmansowunsugaseanvaslisdiu HDACE M‘sm"'ugolumaﬁﬁﬁmmamaaﬂmaa
lisd E6Pro wananitldamavnszaunmsuaaiaanuaslisdiu HDACE luimad HCKAT
tetion system 1TunwNefudunannaaasilsein E6 Snadamsuansoanuas HDACE @4

WU luTaaNansuaadaanaadllsiu E6 2adiTa HPV16 proototype A3z@LnITuaadaan
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p-actin

sUfl 22 szaumMIuR@deenuad HDACE lwaasndmsusaseanveslysdu E6 (HPV16

prototype) LTARNANITUEAIaN2adlUIA% E6D25E (HPV16 As variant) Was Laa control
(CLXSN) laufiiwad HelLa 1w positive control

39



—-’-_—‘ B-actin

gﬂﬁ 23 JxaUMILEAI08N18d HDACE Muimas HCKIT teton fidnsusassanvaslisin
E6Pro (E6NSD), twadfiinsuansaanvosllsiin E6 uazlusdin E7 voaidia HPV6 prototype
(16E6E7), \aafidmsuansaanuoslisdis E6D25E wadlie HPV16 As variant (E6D25E),
iR nIMIuEaseanvaslUsin E6 vedda HPVI6 As variant uasluséin E7 209188 HPV16

prototype (E6D25EE7) LIaa control (PEGFP) LRZLTRE Hela was Caski tn positive control

i
4.11 m‘sﬁnmgﬂtmummamaamlaafﬂ‘sﬁu‘lumaaﬁﬁmmamaamlaafﬂiau

E6D25E 2aJiz@ HPV16 As variant

=2 A A o 'Y a A a

mMIAnmNadaImMInTuanEaMeMTLaadaanvad llsdulumasninisuaasaanvas
1156w E6D25E 28418 HPV16 As variant laglALLaaandnanif p25 Nana lusdn wasii
LENA28NIIY 2 D gel electrophoresis ¥NINARAIAIDENNEE 3 T NANIINARDING 2 Ny
wuqﬂiﬂiﬁmaﬁﬂﬂizmm 300-320 q@@”& LL&@]GI%ETJ"?I 24 ARINNYMTIeTzRersllsunsy
ImageMaster 2D Platinum 7 uaznagaun9aidanis one way ANOVA wualds@iuninue
9 yanfianuuandssznimasninisuaasaanvadllsfin E6D25E 1Ta HPV16 As variant
WALLTRANANNILRAIDBNVEIIUIAM E6Pro \Ta HPV16 prototype AN3197 2 LLamﬁg@Iﬂiﬁu
< Aa A \ | A o @ < & a <& oA a
nimuafiiniuaateaniuandvainifioday Munsregaldsiuninue laswui dlusdu
4 79ia NINTUEAsaaNIINNIN 1.5 win leuA keratintype I, tumor rejection antigen (gp),

actin LLae keratin 7

40



pH4 < > pH7 MW (kDa)

41



sun 24 LLamgﬂLL‘uumiLLamaamjaﬂﬂiﬁu’tmmﬁﬁﬁmma@aaaﬂmaﬂﬂiau E6Pro %8

HPV16 prototype (A) uaziTaanansugasaanaaslisiiv E6D25E 1o HPV16 As variant (B)

61833 2D gel

Gl'l‘a"la‘ﬁ 2 Protein identified in E6D25E and E6Pro expressing HCK1T by LC MS/MS and

MASCOT software.

Spot ] ID. P-
Protein name Fold | pl | Score | Match
No. number value
123 Keratin type Il gi|908801 | 1.67 | 8.09 | 922 21 0.001
33 Lamin-B1 isoform 1 | gi|5031877 | 1.25 | 5.11 | 753 18 0.015
Tumor rejection .
_ 0i|6208864
216 antigen (gp96) 1 g 213 | 5.08 | 772 19 0.026
variant
147 | Actin, cytoplasmicl | gi|4501885 | 1.61 | 5.29 | 175 7 0.028
Glutathione S-
69 gij2204207 | 1.37 | 543 | 871 26 0.033
transferase
28 Keratin type Il gi|908801 | 1.16 | 8.09 | 897 16 0.040
139 MTHSP75 gi[292059 | 1.16 | 5.97 | 112 3 0.040
) gi|4925700
203 Annexin A8 1.33 | 556 | 284 8 0.041
4
) gi|1280372
114 Keratin 7 157 | 5.42 | 1705 42 0.047
7
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5. agﬂnamﬁﬁ'ﬂ

mﬁa‘“ﬂﬁ"l@i”ﬁa”@]qﬂizadﬁl,ﬁ"aﬁﬂmqmawﬂ“@LLazmwmmsnlumsﬁaIiﬂmﬁwao
E6D25E wa9i%a HPV16 As variant lasi/Suufisuniu E6Pro va9i8a HPV16 prototype 9
ﬂizﬂauéﬁﬂmsmaaummmmmlumﬂﬁ'wﬁwmumaaLéﬁﬂ&ﬁgﬂﬁ@ﬁa anuaInIalums
dasaanslUsdu p53 LLazmwmmsanss‘Tusiammamaaﬂmaﬁulmwunﬂﬁﬁuﬁmao
LTas laavinnNIa3e retrovirus vectors WAz lentivirus vectors ‘ﬁlﬁﬁu E6 LUUA199 Glﬁw‘ﬁlvlﬁ
na Mluduaounimanss aniuriImIE L Tas HCKIT — uaz HFK  1Winnséede
retroviruses UazLTad HCKIT tetion system 1#iim3@iaiiie lentiviruses W§avinn1sasafiugi
HaMINAREIIITaaTIRNATLIRAIINNGaLTe L audin1sugeaanaa slUsEu E6 939 e
7% Western blot assay MNENILTRE HCKAT uaz HFK Aivnm3@iaiie retroviruses 7
nagouANNEINTaluNTRNIWIRlA NN TR B9 TRRLTRAAIW 3-4 1HB LFIFIHIN
@1 PDs 18IUARZLTAS WUINFN PDs 2a3udasionsnigan E6 wwliuand1ori lagiien PDs
at/lutg 28-30 unidulwead control fifidn PDs i 18 ’Lumiﬁﬂmﬁagﬂd’]mwwmmin
TumstAnd wInaasaas E6 289198 HPV16 As variant liuand1991nanuaansaluns
RUS I WTRaV89 E6 a91Ba HPV16 As variant Mniunageuanusunsalumstosaany
Tuséiu p53 Fuduninfinaansnegnmitiwedldsiu 6 Tagvhnsamaninisuaniaanuad
Tdsdin p53 wae dsdin p21 luwssidnminansoanvealysiin E6 uuueni g d835 western
blot assay WU MIuaasaanvaslisan ps3 luwadfid E6 209158 HPV16 As variant a0as
wa liuandnsagnafitudaduidawSouiisuiunisuantoanvesllsiiu ps3 luaasia E6
289188 HPV16 prototype satmiafiusunanismaassfild Savinismasssifindy Tagdniia
Iossninsusasesnueslystin E6 wuueeg Snsusaseanaaslusiin ps3 tRadulasnis
| actinomycin D UaZMIANYIIE NANINARBIVEINT 2 55 wuInsuaesaenaaslysin
p53 TULARZLTAR bTAINULANANIN ﬂﬂiﬂ@@@dﬁﬁ;ﬂﬁ'ﬁﬂﬂiﬁu E6 wadlBa HPV1E As
variant fausansalunstosaanslusdin ps3 leliuandnerii asiwlusiu E6 vodie
HPV16 As variant fiqmauiialuniinenziialaliuandraanldsdu E6 289180 HPV16
prototype

mMInaasIMyiamuaaiaandasduluszuuniduuuy innate immunity laswunis
anasathafiindmeatues IRF-1 uaz IRF-7 luadninisuanseanueslusiiu E6D25E 189178
HPV16 As variant uazwuin IRF-3 Snsaaasatsfivoidyluaadddnisuanaanyas
Ts@wu E6Pro 289138 HPV16 prototype %ananniimsuaniaanuas IFN-a uaz IFN-B Gsiu
down stream signaling proteins 289 IRFs wuindinsanasasnifinddnluoadninig

uRAIaanasllshn E6D25E wadlda HPV16 As variant
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midnswavadllsdiu E6 danInszdunisuaadaanad miR-21 mMsnaaadiiugasli
B WINE IR RAIN TR US I BTN IAaWe HPY  Inadanmsvinemuasldséiu E6 uaze
FINARaM IR WLaITE UM ILEAIBaNTBY MIR-21 ¢18 udatnelsAau E6D25E was1de
HPV16 As variant L8z E6Pro mau%a HPV16 prototype ﬁmmmmz@jummamaaﬂmaa
miR-21 lauand1anueas ?Tagaﬁvlﬁftmmﬂudm%ﬁaﬁLﬁﬂﬁaaﬁmamLmﬂ@hﬂumiﬁa
12159329319 HPV16 As variant Was HPV16 prototype %anainiilunsanunassfiesnyin
36 E6 Snadanmsugasasnues HDACE sre laswuinluimasninisuaasoanaas E6Pro
w0910 HPV16 prototype J52@UN13uaasaanaas HDACE gamnamaﬁﬁﬂﬁ%ﬁﬂ”@ﬁaLﬁm‘uﬁ“'u
TSN ANIUEAI0aNYDY E6D25E Wadiia HPV16 As variant Gsuaaslwidiuinnsuaasaanii
Rnduwas HDACE SanuiAsdasiuida HPV16 uazanaduwdnnitsTesufigaasulvioadn
fargadmawann i duuzss

miﬁﬂmmgﬂLmumnmmaaﬂmaoIﬂsﬁquLmaﬁﬁﬁﬂWiLLamaaﬂ"uaﬂﬂsﬁu E6D25E
209158 HPV16 As  variant Lﬂ%'smLﬁmuﬁ'ugﬂl,l,uun'mmmaanmaa‘[ﬂsﬁﬂumaa{ﬁﬁmi
waag0anuo9li/sdn E6Pro 289148 HPVI6 prototype NANITNARDIH wuqaiﬂsﬁuﬁa%m 9
90 AfiaNANUTNVBIULULANAIB I TRDENATY (p<0.05) Azl 4 aalusdu dns
LEAI8anNINNI 1.5 i1 lawd 1UsAn keratintype II, tumor rejection antigen, actin W&z
keratin 7 lapfl keratintype I, actin uas keratn 7 Dwldsandidusiusznavves
cytoskeleton Gernuinfilunssnsnanwlaseansvesaas

miﬁﬂmgﬂuuummamaanmaa‘[ﬂsﬁulumaﬁﬁﬁmnmmaanmaa‘[ﬂsﬁu E6D25E
2o918a HPV16 As variant Lﬂ%'smLﬁ&luﬁ'ugﬂLmumnmmaanmaa‘[ﬂsﬁﬂuma&ﬁﬁms
waagoanvaslUsdn E6Pro wadlda HPVIE prototype wuqﬂiﬂiﬁmﬁmm 11 39 Afng

WEAIDANNUANAII NI ARURIATYNIIRDG
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6. UNI9IH

=3 1 v aql’ 1 A e 1 . A
nsfnsAawniniueIngurIuLadwudn HPV16 As  variant Qﬂwumﬂﬂq@lu
6 =3 oA o % % =1 =
maammmﬂmgﬂu,a:wmmmmauwuﬂumswwmmaammmﬂmgﬂ [40, 43] waztdn
{ o ] .o & P23 o { a a ¥
ANTIUNULALIN HPV16 gene variation LJudnwilstassiieslunisiianisdaiauuy
persistence ﬁﬁmwé’m‘vfy@iamiw”@umvl,ﬂLﬂumﬁaﬂ’mmﬁﬂ [42, 45-47] @494 NITANEN
WINNULRZNIINwYadl1361 E6 1adLTia HPV16 variant 29 163UNTANBILAZLNELNTaaNNN
& A A A .oa wa o v a .
VNV LBIINN E6 wqmawmﬂu oncoprotein uqmawwmlmﬂ@ cell transformation e
o ° A &a o o Al o ' = =2
sunInsuLazyinaneldsduvadlaadnvininnlunaie 9szuuld adrelsfianuns@nunnis
¥n9uwad E6D25E wadvda HPV16 As variant ﬂ'aﬁ‘*ﬁagamaamsﬁﬂmﬁaﬂ AL LN1IAN BT
ﬁaﬁi’@qﬂizaa&ﬁaﬁﬂmqmﬁwﬂmumiﬁamﬁwaa E6D25E 2adl%a HPV16 As variant b
& ' A o & & A A
a8 HCK1T 21NNaNIINaaadWwLI1 MItNISIwIBLTaal oIl raanan1siaadaanyadldsfn
E6D25E wadt%ia HPV16 As uae E6Pro adliia HPV16 prototype Sanumszinilaunis Naf o
11 ' \ A \
Hliunandrsananuainnsalwnstdasaaalysdu ps3 dewuinlusdn E6D25E was E6Pro
= 1 a (2 1 ] % =1 1
fanusivisalunisdesaanaldsdu ps3  la lawandranu lunsneseuiinadanns
meaaﬂmaﬁulmzuugﬁ@juﬁuﬁfu W31 E6D25E vadvTa HPV16 As variant 81313080
v é v
NNILEAIAENTAI MRNA U89 IRF-1 a2 IRF-7 16 GI800ARDINIITNITLRAIDaNVDY IFNO LAS
IFNB a9 M3An=REInLin E6 289 HPV dnadamsidfsuuilas epigenetic I@ﬂm:@ﬂﬁﬁ
ANIULRAIABNTAI MiR-21 ey HDACG laluszauuandidny laun E6D25E WHNNIONTEGU
o ' W ' | o & A
miR-21 'l@@n31 E6Pro 1 ludNadanItugadaanitnuduuay HDACE 4961931n E6Pro
A = E Xy o a & A
uaﬂmusl,umsﬂﬂmmmmvl,@megﬂLLuumiLLamaaﬂmaﬂﬂmulmmawummamaaﬂmaa
E6D25E vaditia HPV16 As variant LiﬁsmLﬁsuﬁ'ugﬂl,mummamaaﬂmaﬂﬂiﬁﬂummfﬁﬁ
NNILRAIBENVEY E6 adlTe HPV16 prototype I@ﬂwugﬂiﬂiﬁuﬁmu@ 11 30 NinNg
WEAIDANYBINUANAINUDENIRBE A YN IFDA
en A o [ 1l & o‘t:i = & 6 I A a
qmauuwﬂmmyama‘ﬁuwadLsnaamxwwmvl,ﬂLﬂmsnaaml,n fa 1ia cell
. 4 A X - -
immortalization 44 81%918IN1TAALTD HPV16 Iuﬂﬁmwzﬁamﬂmﬁﬂ TagtAaanns
° = v Ado. o ' v & o
Weuwvedllifn E6 uaz E7 Gelintnnndande dessaislds@in ps3 wazdugin1svinen
289110564 pRb aud1ay atndbsnauldsiu E7 iwssrfiaiduanuinauisasninldioas
\A@ immortal l¢ LL@iQmauﬂ“ﬁ@”\‘ménﬁIﬂsﬁu E6 Lﬁ'ﬂwﬁ@Lﬁmﬁ;&%ﬁmmdﬂ&immmﬁﬂﬁ
0% o v A a ' =) A o o @ & a . [y
ARINALNINNVILUTAU E7 sudmsfsaziniioniihvinldioadiia immortal 1o [48, 49]
NWIVRAINITNIIUNNTYINIUVI EBD25E 2adt%a HPV16 As variant ¢ian1sLinudImiIn
YaILma8 HCKAT waz HFK Gdtaaa HCKAT %iuyinn1ifaldalanizan E6 aauas HFK @ad
o a 2( ‘B dll s . 1 dl d‘v Y
YnIfaisans E6 uaz E7 LUadannguautiavad primary cells laiguntanaziauslaidn

LA BLAZATUANAII NN HEIINTTILNBINNITLRAID0IUDI E6 atinatfen bilWaIWaNazyin
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6 ¥ a

Tasanaoidu immortal 16 wan1sdnE WL asIRITRAdNANIINARES bILANAIN K
Aafimaiuswiweas leasnsdoitos § PD irunslunnefdllséu E6 agnadoivniolu
wadndllsdu E6 uaz E7 agnslsfianulunis@nmneuntinfives Ricard wazame (2010)
WSsuIisuANuEN1InVes E6 variations T3ARU E7  lumatntisdSeveisad immortal
keratinocyte DIWLIn 1131 E6 Uad HPV16 AA variant fanusansalunisasaidulaland
E6Pro  uanalunsdasaaislusein ps3  swlaiuandnsriu [50] wananitlunisénsnvas
Sichero Wazame (2012) Lﬂ’%'smLﬁsm@mauﬂ”@iumnﬁuﬁaa%‘?maoLsﬁaﬂmiﬂiﬁu‘ﬁ'vlﬁmﬂ
HPV16 E6 variants THad149 laln AA, E-P uaz E-350G Wuin E-P ﬁgmmmaaﬂmmaﬁ
keratinocyte ﬁﬂi:?{'ﬂ%mwﬁaﬂg@lumsﬂs:@jmﬁmvLﬁuI@LLa:Lﬁm‘hmumamaﬁ [51] 21N
MIAN®IV8 Niccoli wazAme (2012) vimadSouifisumsviauwesldsdu E6 aeriia
WWenlumstndnldioasnaiowds immortal  uazlUs@in E6 vad HPV16 AA  variant &
anwususalumalunnisildiaasnanoiu immortal léenin E6Pro [52] Feuanadnsainua
miﬁm_«nmaa;ﬁfﬁ'ﬂf:ﬁwu’hﬂizﬁw%mwiumnﬁuéﬁmul,m:mim%cyLﬁmzij E6D25E
909180 HPV16 As variant fi prototype biLANANINY

m3dnsmniAinsvhauueslusiu 6 variant shu’Lm;jﬁmmmmsﬁﬂmlumjw‘ﬁ
\il% European variant Lﬁada’mwu&l’mimm’mjiﬂ i 115A1 E6 L83V <wad European
variant WUINLRIUIINRILRINNTINNIUDDY MAPK signaling tLaz Ras activity WONIMNHES
§619 Notch1 signal 'lsféindn E6 prototype [37] uazdmsunistioaanalisiin ps3 iuwning
fAeadamitivesluséiu E6 109100 HPV16 qmauu‘”ﬁﬁmao E6 laiinmnasauilsuuiiisy
NWluIzniNg E6 variants @14 YIN1INARBIULY transfection assay WAy stable transduction
assay lumInaaadlas Lichtig wazame (2006) laiUSouiiiaudss@niaiwnisvinaues
Tis@u E6 variants 113910970 10 variants 11% @nwinistasaanslusin ps3, 1156 Bax 44
INNNINARBILULY transient transfection [53] wazantiwludl 2007 Asadurian wazame e
E6 variants mz\hﬁ"l,ﬂmaaeqmamﬁ'ﬁiumsﬁam%ﬂmﬂm5 HFK [54] ©9 E6 variants sulng)
ssnsusuuazdasaaalusan ps3 lad lunmasss@nsndszaninmwlunsdesaans
p53 11 E6D25E wadliia HPV16 As variant lasilSsufinuny E6 L83V wadda HPV16
European variant Tu expressing cell lines %owummmmsﬂumiﬂaUamﬂ p53 maawgoaad
variant JAANNLANGIINY LTWAEINUKNANITATINIA p21 CIP/WAF1 WUINTNTAAaILas bl
Ganulura 2 188 [55] WaZANNANIANEU0Y Hand WazAmA (2014) WUN E6D25E 789
‘8 HPV16 As variant snansndasaansldsdn ps3 laduasliuand199n E6 189158 HPV16
prototype [56] aa@ﬂﬁaoﬁuNam‘sﬁﬂmmaamaQﬁﬁ'ﬁﬁﬁwuh E6D25E 284148 HPV16 As
variant N prototype Hauaansalunstasaanslysin ps3 laanilannis

FUUNNAUARLUL innate immunity Hudwusnlunnifesdasnunsdaide e [57]

uaz IFN type | @A IFN-o uaz IFN-B ﬁ]:l,ﬂm‘ﬁLLiﬂﬁgﬂﬂszéjumwé’amnm'ﬁﬁm%a@hU"L’;%'a
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lagwinfvasiuaeas lUiana19ns replication ua mmﬁm‘hmwaovh%'alumaﬁﬁgﬂ@@L%?a
(57) URELEIMIANI WUV ILTAS (Ref 582...) IRFs Safunumaaannifiesanlysiu
mjuﬁa:ﬁwmm:@ulﬁﬁmsaﬁ”wm%a%a”'a IFN type | 88N31 2INMIANBAARIWINNLIN LTSS
ﬁgﬂﬁ@l,%a HPV luUsAu E6 uaz E7 ﬁ]:ﬁqmawﬂ“ﬁlﬁmﬁaﬂmzuugﬁfjmﬁuimle,ﬂm”@m’ma%"w
IFN type | [15, 17, 18, 20]

IRF-1 \JugunBnausnuainga IRFs st transcription factor G9azlusuniy
IFN-B promoter WAZAILANNNT transcription YasdunAsnunIdadunTaasase e
iiuﬂg\‘lﬁ%ﬁf’]mu immonumodulation, antiproliferation and stimulation of cell apoptosis [58]
MNMIENFNAEIWIIMTILIN HR-HPY E7 81an303URL IRF-1 Wastiusanns transactivation
284 IRF-1 3311031 HR-HPV E7 §13n309@0219M3n32§% IFN type | signnalling [17] IRF-3
wae IRF-7 1Tu transcription factor ﬁﬁuwmwéﬂﬁ%ylumimuqwmmamaaﬂmao IFN type |
lag IRF-3 finsuaasaanuaznu ldluimadnnoiia?? uazazgnnizgduliinisusaseanlunsd
msdadadnhia 1alisdu IRF-3 QﬂLﬁwyjmmwaﬁﬂﬁ’ﬁgﬂs’wLﬂﬁl'zlml,ﬂmv[ﬂdamﬂvﬁ"
IRF-3  sufiuiad niasunuldsanarauld nasensunwuaifiaziia complex molecule
aewitnlUssfinnasaualUsuny promoter WAZNITAUNIIUFAIBBNYAY IFN type | &%
IRF-7 a2afony IRF-3 a1n Snmsusasaanluszaudoutrsdnluaasrialy nsvineues
IRF-7 NA&18Ny IRF-3 I@ﬂﬁ]zﬂgﬁumuma TLRs Lﬁaﬂsz@jﬂﬁﬁmiﬁw IFN type | [59] wan
ASAEINLIN IRF-7  LA829097UNNS switching w89 EBV latency type lag EBV latent
membrane protein 1(LMP-1) mmmmuqm’mmmaaﬂLLa:m:@;TumiQﬂLﬁwyjmmmmaa
IRF-7 ¢ [60] waz IRF-7 Sadquantflunisdauziisldainlasiinny LMP-1 Tudaauns
nazgulflrad transformation [61] atnslsfianuiinnimanas knock-out u IRF-7 luny mice
aan WUl IRF-7  3dudan1s319 IFN type | Wunsmsaaitesas e uas MyD88-
independent signaling pathway Wawnu TLR-activated MyDg8-dependent pathway [62, 63]
MNNANTNARBIVBIRIIUNUINTZAL MRNA 984 IRF-1, IRF-3 Uaz IRF-7 Tusasngnig
uaad0anveilusiiu E6D25E 189108 HPV16 As variant aaasatadiodmdmidoSouiiioy
AULTAS control WAZTXAU MRNA 289 IRF-1 W&y IRF-7 luemasninsugasaanvasllsa
E6D25E voulfa HPV16 As variant aeasadnafisdAndleSouiisuiuiwssninig
waasaanuosli/s@in E6Pro uaadin E6D25E wadliio HPVI6 As variant GWasaszeiunmy
meaaﬂmaﬁﬂmwugﬁ@fwLLuu innate immunity wagInsa1aduasunitensossulR
"La%'ammmagjia@%%mﬂuiwmﬂ@i”%%amﬁ]ﬁ]:mu‘lm“lﬁ'aﬁmi@m%al,Luu persistence
dRetuwldagifidsinimndaududaseigaylumaiauzsdely

miR-21 gnwuifinsusaseangsunluuziimaiosdia mmg\mu%omﬂmg}nﬁm
uiTayAANNFNRUT TN HR-HPV AL miR-21 siwuitas Tunsfnmnitasdasnsdnmng

Tﬂdiﬂ‘ia% E6 @anIlaadinanyad miR-21 3INNINAK0INLLN E6D25E 2adlTa HPV16 As
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variant IHaAENINIZAUNTUEAIDANTS MIR-21 vl,ﬁgaﬂiﬂﬂiau E6Pro ﬁ]ﬁﬂf@ﬂaﬂ’]ﬂﬁ'u
gaﬁumaa miR-21 HEAAAAINUNNIANTLAUNNIUEAIDaNYes PDCD4 Foflulalsdmnans
Po9 miR-21 uaztwmsiugunanmnasasfilesn E6 fnadanINITduuaaIaanyad miR-21
¥l PDCD4 aansuaadoanas G9nanisanmnawnininuinideinisuansaonaas miR-
21 ‘Lm:@”uqaﬁﬂﬁmmamaaﬂmao PDCD4 aaad &K lAINITLEAI88NY8Y interleukin (IL)-
10 Rndwuazlian activity 189 NF-KB activity [64] LAZaNNMTANENUES Yoa UazAms (2011)
WUINNIUEAID NS MIR-21 vl,wiamiﬂizﬁm”’w TGF-B uaz complete medium [65] @9
aamﬁaaﬁuwamimaawaa;j‘iéfy‘ﬁ'wm’] miR-21 ﬁmmamaaﬂgd"ﬁ?u Holwasdngnis
waag0anuoslilsiu E6 v1a E6D25E uas E6Pro an treat 678 CM-Hela mﬂﬁagaﬁ"lﬁﬁ 13
AILYUNNIUFAIDBNVDI MiR-21 lafl§9uris E6D25E wa91e HPV16 As variant Lrintiw 695
Taspaudaiumssanaiusmlassoundnnsdaie HPV sauee

109910 HDAC6 duldsdudifunumadnlunais g suIun1Iva9Lmas 1Hu cel
migration, cell proliferation and death, immune response, transcription L8 protein
degradation [66] @T\‘iifuﬁawumi overexpreesion 2UaJ HDAC6 TuuziSananusiia 15w nung
\{Auduva9 HDACE  luiwas MCF-7 LLazﬂ'awudWLﬂu%'uﬁmuqu estrogen 62y 993
ANUFURBEAUNN3LAA metastasis  Tuzt3916M1a [67] HENINTEINLNNT overexpression
289 HDAC6 11 oral squamous cell lines LLa:ﬁmmé’uw”uﬁﬁ’m:@”ummgmmmaamﬁa [68]
&1l ovarian cancer cell line L@ tissues WUNNT overexpression 183 HDAC6 LTWNWURZE
\finaT a9y cell motility and migration [69] WAUNLNES HDACE luuziSsthnuagn G348
M3 wadeswnsansAeanullséu E7 189 HPV31 sansnsuny HDACS class |
Fefiy life span 189 keratinocyte wazinmniluuvashisade (121) msdnsasiinuin
Tis8w E6Pro 2849140 HPV16 prototype ﬁ'm’mLﬁmiaaﬁ'umnﬁuga%umad HDAC6 49
LaNENsaNNKAa1l36s E6D25E Wadla HPV16 As variant AWLNNILEAI88NU89 HDACE
Tuszaudng ﬁnﬂwamsﬁﬂmi{mﬁ]daNa@iammgmm‘lumiﬁamﬁdmﬂmgﬂﬁumn@h\ﬁﬁu
289lU36u E6 I

eaa

nsdnszluuumiusadaanvesivuazlsduluimadninisusaseanyas E6D25E
289138 HPV16 As variant wwwuindmifnmdeudhatasann ﬁﬂﬁﬁﬁaﬂahﬁ;@ﬁﬁaﬂmﬂ
g lsfiauinan339b209 Jang  uazaAme (2011) Anwzduuuniiusasaanvasiuly
maﬁmﬁamﬂumﬂ C33A (Vl&iﬁmsﬁm%a HPV) ﬁgn transfect @28 gene EBAs 209190
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Background: Papillomaviruses induce a wide range of clinical changes ranging from asymptomatic infection,
benign warts, pigmented plaques to in situ and invasive squamous cell carcinomas. In dogs, eight distinct canine
papillomaviruses (CPVs) were described. Some of them such as CPV1, are primarily associated with benign changes,
while others, such as CPV3 were also found associated with squamous cell carcinomas.

Objectives: The goal of this study was to generate canine keratinocyte cell lines harbouring the DNA of CPVs to
study the effects of the mimicked viral infections in cell culture.

Methods: For this purpose plasmids containing a green fluorescent protein marker gene, a herpesvirus origin of
replication, DNA packaging signal, and the late gene deprived genomes of CPV1, CPV3 or CPV5 were constructed.
The heterologous DNAs were packaged into herpesvirus virions and administered to canine keratinocyte cultures.
Transduced cells were subsequently sorted and cultivated.

Results: PCR and RT-PCR were regularly carried out to check for presence and transcription of viral genes.
Transcription could constantly be shown throughout 105 passages. After 43 and 105 passages cells were allowed
to differentiate in raft cultures in order to study the morphological features of the epidermis and to carry out
immunohistochemistry for cell multiplication (ki67), apoptosis (lamin 1), and cell differentiation (loricrin).

While no changes were observed after 43 passages, lamin 1 and ki67 expression were increased in CPV DNA
carrying cells after 105 passages. Furthermore morphological changes such as swollen keratinocytes and clumped
keratohyalin granules were observed.

Conclusions: In conclusion, stable keratinocytes cultures were established which can be used to study the
transforming potential of CPV1, CPV3, and CPV5.
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UP-REGULATION OF MIR-21 EXPRESSION INDUCED BY HPV16AS E6
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Background: Persistent high risk HPV infection and HPV variants are associated with increased risk of cervical cancer.
In Asian women, HPV16 Asian variant (HPV16As) exhibits a higher risk than HPV16 European. Nucleotide variations
in E6 oncogene of the variants are associated with increasing of viral persistence and disease progression. The
variation in HPV16As E6 gene is important for p53 interaction and host immune surveillance. However, there is no
information of HPV16As E6 oncogenic function.

Objectives: To investigate the HPV16As E6 oncogenic potential and compare with HPV16European E6.

Methods: HPV16European and HPV16As E6 genes isolated from cervical cancer samples were inserted into
pcDNA3.2 expression vector. After transfection of the constructed vectors into C33A cell line, the expressed E6
proteins were evaluated for EGAP protein binding by immunoprecipitation assay. The oncogenic potential such as
ability of p53 degradation, induction of telomerase enzyme and miR-21 were investigated by transfection of these
vectors into the C33A cells. Western blot and quantitative real time PCR were performed at 24 h, 48 h and 72 h.
Results: Allexpressed E6 proteins showed E6AP protein binding activity and the HPV16As E6 couldinduce telomerase
activity similar to the HPV16European E6. This result suggested that the HPV16As E6 still maintains carcinogenicity.
Interestingly, the HPV16As E6 showed a higher ability to degrade p53 than the HPV16European E6 at different
time points. In addition, the HPV16As E6 induced the miR-21 expression higher than the HPV16European E6 with
significant difference (p<0.001). This up-regulation of miR-21 may support anti-apoptosis ability.

Conclusion: This study indicates that strong degradation of p53 by HPV16As E6 is correlated with up-regulation of
miR-21 expression that may involve the induction of persistent infection and cancer progression. The regulatory
mechanism of HPV16As E6 to miR-21 expression and p53 degradation should be further investigated.
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Abstract 3.11

Characteristics of E6D25E of Human Papillomavirus Type 16
Asian Variant in Cervical Cancer Development

Peechanika Chopjitt’, Chamsai Piestiong’, Bunkerd Kongyingyoes?, Tipaya Ekalaksananan'
Department of Microbiofogy. “Deperrment of Pharmacology. Faculty of Medicine, Khon Kaen University, Khon Kaen,

Thailand.

Background: Human papillomavirus type 16 (HPV16), a high risk HPV (HR-HPV) is the most prevalent

genotype that plays a crucial role in the etiology of cervical cancer. HPV16 intratypic variants have be‘en
reported to differ in their geographical distributions and biological/biochemical properties. HPV16 Asufn
variant (HPV16As) with E6D25E is the most common associated with development of cervical cancer in
Asian women corresponding with our prewious study in Thai women. The ability of HPV16 infection to
progress to malignancy is due, to large part. to the expression of E6/E7 oncogenes. The biochemical ability
of E6 proteins was able to degrade cellular pS3 protein and inhibit p53 growth suppressor functions. Previous
studies indicated that E6s from HR-HPV types; HP¥16 and HPV18 significantly decreased the half-life of p53,
while low-risk type; HPV11 did not. Based on these observations, the ability to degrade p53 is assumed to be
uniquely associated with, and a major cause of the encogenicity by HR-HPV. To investigate the oncogenic
potential of E6D25E, this study constructed retrowirus wector containing E6D25E and E6 prototype and
investigated their functions relevant to oncogenic potential

Methods: Retroviruses containing E6 prototype, E6D25E, E6/E7prototype and E6D25E/E7 vectors were
constructed and transduced with high viral titer into human foreskin keratinocyte (HFK) and normal human
cervical keratinocyte (HCK1T) contained hTERT. The expressions of E6 proteins in these transduced cells
were detected by western blot, subsequently the immortalization potentiak were determined by the number

of passages, population doubling time and the ability to degrade p53 protein and its downstream protein, p21
using western blot.

Results: All transduced cells could be detected E6 protein and they are induced to be abnormal cells or HFK
immortalization, paralleled to HCK1T containing hTERT. The cells contzining E6 prototype and E6D25E with
or without E7 showed similar pattern of population doubling time. In culture condition, the immortalized
cells containing either E6 prototype or EGE25D still alive and passage more than 20, whereas the negative

control cells died at passage 9. Moreover, the ability to degrade p53 and p21 proteins which are hallmarks of
immortalization showed similar pattern when compared with E6 prototype.

Conclusion; These results provided an oncogenicity of EGE25D similar to FA nratotvne and enagested that
other biological properties underlying the greater prevakence of the HPV16As variant in cervical cancer

should be further evaluated.
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Abstract

Human papillomaviruses 16 (HPV16) is the major risk of cervical carcinogenesis. An HPV16
E6 oncogene sequence variation, E6GD25E, is commonly found in cervical cancers among
Asian population. This study aimed to compare the oncogenic properties of E6GD25E with
HPV16 EG6 prototype (E6Pro) in human keratinocytes, physiological targets of HPV
carcinogenesis. A human cervical keratinocyte cell line, HCK1T, immortalized with the
catalytic subunit of human telomerase reverse transcriptase ("nTERT) was tranduced with
retroviruses containing various E6s. The biological and biochemical properties of EGD25E
and those of E6Pro were analyzed in stable HCKL1T cell lines expressing these E6s. The
ability of E6 to target p53 for degradation as well as some other protein profile of the HCK1T
cell lines were investigated using western blot, 2D PAGE, and mass spectrometry. The results
showed that the HCKZ1T cells expressing E6GD25E could promote cell proliferation with
similar efficiency as E6Pro-expressing HCK1T cells. Both E6D25E and E6Pro showed the
ability to target p53 for degradation and suppressed the induction of a p53-target gene, p21.
Interestingly, the protein profiles of HCK1T expressing E6D25E in 2D PAGE showed that
the intensities of 9 spots were significantly higher than that of HCK1T expressing E6Pro.
Keratin 7, a marker for a discrete population of squamocolumnar junction cells was identified
among those 9 proteins by mass spectrometry. In conclusion, EBD25E maintains the
biological and biochemical properties similar to that of E6Pro, and produced different protein
profile from E6Pro that may be associated with potentially higher oncogenic potential of
HPV16 As variant.

Keywords; E6Pro, E6GD25E, HPV16 As variant, human cervical keratinocyte, protein profile.

Introduction

Persistent infection with high-risk human papillomaviruses (HR-HPVS) is required for
development of cervical carcinomas [1]. Among those HR-HPVs, HPV16 is the most
prevalent in invasive cervical cancers worldwide [2]. Viral genes E6 and E7 of HR-HPV
play vital roles for carcinogenesis. The E6 oncoprotein promotes degradation of tumor
suppressor p53, through forming ternary complexes with the E3 ubiquitin-ligase E6-

associated protein (E6AP). This complexes lead to the ubiquitination of p53 and degradation



via a proteasome pathway. The E7 oncoprotien interacts with and inactivates the tumor
suppressor pRb family proteins, and thus interrupts the interaction of pRb with E2Fs and

promotes cell cycle progression [3].

The classification of HPV types is based on the nucleotide sequence of their L1 gene
which differ more than 10% from known types. Difference between 2% to 10% is defined as
a subtype and less than 2% as a variant [4]. HPV16 variants have been classified into 4
phylogenetic lineages according to different geographic regions such as European-Asian
(EASs) including sublineages European (E) and Asian (As), African 1 (AFR1), African 2
(AFR2) and North American/Asian-American (NA/AA) including the sublineages North
American, Asian-American 1 and Asian-American 2 [5,6]. Numerous studies reported that
HPV16 variants differ in risk of viral persistence, progression to cervical cancers and
immunogenicity [7,8,9,10,11,12]. Among them, variation of E6 gene is most frequently
reported to associate with the risks. E6 protein can interact with many cellular proteins of
signaling pathways involved in apoptosis, cell proliferation, differentiation and
transformation. E6 can block apoptosis by inactivating not only p53 but also p300, Bak,
FADD and pro-caspase 8. EG6 is also known to activate telomerase through interacting with
several cellular proteins including NFX1-91, a repressor of hTERT promoter [13], MYC and
the telomerase complex itself [14] [15]. In addition, binding of E6 to E6TP1, hADAS,
tuberin, CBP/p300, and Gps2 has been shown to hamper the ability of these proteins to
negatively regulate cell proliferation. Moreover, E6 can suppress immune system through
binding to IRF-3 and TYK?2, invading the immune system to recognize and clear viral
infection [16].

Some HPV16 EG6 variations are reported to alter biological or immunogenic
properties [17]. The natural variations on HPV16 E6 genes also has an effect on its abilities
to abrogate serum/calcium-dependent differentiation and to induce p53 degradation in vitro
[18]. In vitro assays on functions of E6 gene variations from Scandinavian women showed
the difference in the ability to induce serum/calcium-differentiated resistant colonies but
reduce p53 and Bax proteins, compared with its E6 prototype [19,20]. In HPV16 AA
lineages, variations of E6 protein at position: L83V, R10/L83V and Q14H/H78Y/L83V
abrogated growth arrest and DNA damage responses equally well as the prototype. On the
other hand, they were more prone to undergo cell-detachment-induced apoptosis (anoikis)
than E6 prototype in human normal immortalized keratinocytes (NIKS) [21]. E6 gene

3



variations of HPVV16 AA variant are reported to promote faster proliferation in monolayer
cultures and to thicken epithelial layers in organotypic raft culture with higher expression of
cytokeratin 10 [22]. Moreover, E6 variant of HPVV16 AA can promote immortalization,
transformation, and migration of primary human foreskin keratinocytes (PHFKs) more
efficiently than E6 prototype independent of E7 [23]. Another report suggests higher
efficiency in colony formation with E6 gene of AA variant and E350G of European variant
than with E6 of HPV16 prototype, though they showed similar activities to target p53 for
degradation. Furthermore, several host genes were differentially up and down- regulated in
PHFKs expressing those E6 variants, that may account for difference in oncogenic potential
among HPV16 variants [24]. No difference of E6 activity was reported in p53 degradation
among E6D25E, HPV16 As variant, E6L83VHPV16 AA variant and E6 prototype [25],
where the activity of those E6 was compared in HeLa, SiHa and C33A cells with transient
transfection. In the present study, we hypothesized that EED25E HPV16 As variant has more
oncogenic potential than E6 prototype, therefore we compared biological and biochemical
activities of E6GD25E and E6-prototype in normal human cervical keratinocytes. The specific
protein profile of E6GD25E expressing cells was also investigated with 2D-PAGE and mass

spectrometry.

Material and Methods
Cell culture and cell lines

The cervical cancer cell lines, HeLa and SiHa, and 293T cells were maintained in
Dulbecco’s modified Eagle medium supplemented with 10% (vol/vol) fetal bovine serum.
HCKAT cells, a normal diploid human cervical keratinocytes with capacity of normal
differentiation established by transducing the catalytic subunit of human telomerase reverse
transcriptase (hnTERT) [26] were cultured in keratinocyte serum-free medium (KSFM)
supplemented with 5 ng/ml epidermal growth factor (EGF) and 50 pg/ml bovine pituitary
extract (BPE) (Invitrogen, USA) .

Viral vectors construction



Construction of retrovirus expression vectors, pPCLXSN-16E6 (HPV16 E6 prototype)
and pCLXSN-16E6SD were described previously [27]. pPCLXSN-16E6D25E and pCLXSN-
16E6SD-D25E were similarly constructed by using the Gateway system (Invitrogen,
Carlsbad, CA). Briefly, entry vectors containing E6 D25E (HPV16As variant) and E6SD
D25E were constructed from pENTR201-16E6 and pENTR201-16E6SD with site-directed
mutagenesis (QuikChange Site-Directed Mutagenesis Kit, Stratagene, La Jolla, CA). These
entry vectors were recombined into the destination vector, pPDEST-CLXSN by LR reaction
(Invitrogen, Carlsbad, CA, USA) to generate pCLXSN-16E6D25E and pCLXSN-16E6SD-
D25E.

Production of recombinant retroviruses and titration

The production of recombinant retroviruses was performed. Briefly, the retroviral
vectors and packaging vectors pCL-GagPol and pEF6-env (10A1) were co-transfected into
293T cells using TransIT-293 (Mirus Co., Madison, USA) according to the manufacturer’s
instructions, and the culture fluid was harvested at 60 to 72 h post-transfection. Titers of the
recombinant viruses were measured in a G418 resistant colony assay with HeLa cells. 5x10*
Hela cells in twelve well plates were infected with serial dilutions of the viral stocks with 8
pa/ml of polybrene. After 48 h, cells were fed with fresh medium containing 800 pg/ml of
G418. Colonies were stained with Gimsa’s dye and counted after 2 weeks.

Transduction of retrovirus containing various E6 genes

One day before transduction, HCKT cells were plated at a density of 2x10° cells per
well in six well plates. The recombinant retroviruses containing various E6 genes inoculated
at multiplicity of infection (MOI) xx for 2 hours in the presence of 4 pg/ml polybrene. The
medium was then replaced with fresh KSFM. After 2 days post-infection, cells were fed with
fresh medium supplemented with 50 pg/ml of G418, until mock-infected cells died
completely. Cells were fed with fresh medium in every 3 days until cells reached

subconfluence.



Comparison of E6 activity on proliferation of HCK1T cells

The various E6 expressing HCK1T cells were seeded at a density of 2x10° cells per
100-mm dish with growth medium and subsequently passed when cells reached
subconfluence. Population doublings (PDs) was calculated the following formula: log2
(number of cell at time of subculture/number of cells plated). PD collections were plotted

against total time in culture to determine a proliferation rate.

Western blotting analysis

The levels of p53, p21, HPV16 E6 and B-actin in each line of cells were determined
using western blotting. Whole-cell lysates of HCK1T cell lines at passage 15 were harvested
in lysis buffer (50 mM Tris-HCI, 250 mM NaCl, 5 mM EDTA, 1% NP-40, 20% glycerol,
0.1% SDS, 1% DOC) containing a proteinase inhibitor cocktail (Nacalai tesque, Kyoto,
Japan) and phosphatase inhibitors (500 uM sodium orthovanadate, 100 mM sodium fluoride,
10 mM sodium pyrophosphate) and a protein concentration of cell lysate was measured by
using a DC Protein Assay kit (BIO-RAD, Hercules, CA, USA). The equivalent protein
amounts of cell lysate were subjected to SDS-polyaclylamide gel electrophoresis (SDS-
PAGE) and Western blot analysis was conducted as described previously [28,29].

Two-dimension gel electrophoresis

Two-dimensional polyacrylamide gel electrophoresis was performed as described
previously, with some modifications [30]. Briefly, the E6GD25E, E6Pro expressing HCK1T
cells and control cells were cultured to passage 25 and total proteins were harvested by
adding lysis buffer (7M urea, 2 M thioutea 4% (w/v) 3-[(3-chloroamidopropyl)-
dimethylammonio]-1-propanesulphonate (CHAPS), 2%(v/v) IPG buffer (pH 4-7) 40 mM
dithiothreitol (DTT), a protease inhibitor cocktail (GE, Healthcare, Piscataway, NJ, USA) and
EDTA), then freeze-thaw in liquid nitrogen 5 times followed by incubation at 4°c for 30
min. After centrifugation at 12,000 rpm for 20 min, protein lysates were collected. 150 ug of
protein was diluted in a rehydration buffer (7 M urea, 2 M thiourea, 2% CHAPS, 0.5% IPG
buffer (pH 4-7), 18 mM DTT and 0.002% bromophnol blue) and the protein sample was
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loaded onto 7 cm immobiline Drystrip pH 4-7 NL, 7 cm (GE Healthcare). The samples were
separated at 20°C using Ettan IPG phor Il Isoelectric Focusing Unit (GE Healthcare) with the
following conditions: 60 V for 12 h, 300 V for 200 volt-hours (\VVh), gradient to 1000 V for
300 Vh, gradient to 5000V for 4500 Vh and hold at 5000V for 3000 Vh. Strips were treated
with equilibrium buffer solution I (6 M urea, 65 mM DTT, 29.3% glycerol, 75 mM Tris-HCI
(pH 8.8), 2% SDS and 0.002% bromophenol blue) for 15 min then incubated with solution I
(6 M urea, 135 mM iodoacetamide, 29.3% glycerol, 75 mM Tris-HCI (pH 8.8), 2% SDS and
0.002% bromophenol blue ) for 15 min. The strips were placed on 12% SDS-PAGE.
Subsequently stained with Coomassie Brilliant Blue R-250 solution for 1 h and incubated
with fixing solution for 1 h. Gels were incubated with destaining solution for 2 h before
scanned with ImageScanner (Amersham Biosciences, Cambridge, UK). Image Master 2D
Platinum software (Amersham Bioscience) was used for matching and analysis of the protein

spots on the 2D gel.

LC-MS/MS mass spectrometry

The gel slices were cut into 1x1 mm pieces, washed with water for 10 min, destained
twice with 20 mM AmB (Ammonium bicarbonate) with shaking for 10 min. After removing
all liquid, 20mM AmB/ACN (1:1) was added and shaked for 10 min, and removed all liquid.
ACN was added and shaked for 10 min, and removed all liquid. The gel slices were dried for
5 min. then, dehydrated with 10 mM DTT/20 mM AmB and incubated at 56 °C for 45 min.
After removing all liquid, the gel slices were alkylated with 55 mM IAA/20mM AmB and
incubated in dark at room temperature for 30 min, and all liquid was removed. Gel pieces
were dehydrated twice with 20mM AmB/ACN (1:1), and dried for 5 min. The dried gel
pieces were incubated with enzyme solution (25 ng/ul trypsin and 25 mM AmB) on-ice for
30 min, incubated at 37 °C for overnight (>16 hr) and added with 20 mM AmB for 10 min.
To digest the gel slices, the extract buffer 1 (50% ACN, 1% formic acid) were added, shaked
vigorously for 10 min, followed with adding the extract buffer 2 (85% ACN, 1% formic acid)
and shaking vigorous for 10 min, by speed Vac at 45 °C for 120 min, the solution was dried.
The sample was resuspend with 20 pl of Buffer (2% ACN, 0.1% formic acid) and kept at -
70° C until used. Before injection to LC-MS, the sample was centrifuged at 10,000 rpm for



10 min., 12 ul of sample t was aliquoted o Limited VVolume Inserts 50 pl Glass in vial or 96

well plate.

All samples were analyzed with a nano-liquid chromatography system (EASY-nLC
I1, Bruker) coupled to an ion trap mass spectrometer (Amazon Speed ETD, Bruker) equipped
with an ESI nano-sprayer. Sample volume of 1-3 ul were loaded by the autosampler onto a
EASY-Column, 10 cm, ID 75um, 3 um, C18-A2 (Thermo Scientific) using a flow rate of 300
nl/min and linear gradient from Solution A (0.1% formic acid) to 35% of Solution B (0.1%
formic acid in acetonitrile) in 25 min. Bruker Daltonics software packages, HyStar v.3.2 was
used to control the ion trap device. LC—-MS/MS spectra were analyzed using Compass Data
Analysis v.4.0. The instrument was under the service from Khon Kaen University Research

Instrument Center, Thailand.

Statistical Analyses

Data of various functional assays were subjected to a oneway ANOVA. Significance

was accepted at P<0.05.

Results
Establishment of HCK1T expressing E6 variants

The recombinant retroviruses expressing 16E6, 16E6D25E, 16E6SD and 16E6SD-
D25E as well as empty vector, LXSN, were transduced into HCKL1T cells at passage 14. The
transduced cells were selected in the presence of 50 pug/ml of G418 for 2 weeks. To confirm
expression of E6 proteins, cell lysates were prepared at passage 15 and subjected to western
blotting. As expected, E6 proteins were detected in those cells transduced with E6D25E-,
E6Pro-, E6GSD-D25E- and E6SD-Pro-expressing retroviruses (Fig. 1). E6 proteins were
expressed with comparable levels, no less than those expressed in SiHa cells. Thus we could

successfully establish normal cervical keratinocyte cell lines expressing various E6 proteins.

E6D25E protein extends life span of HCK1T



To evaluate the biological activity of E6GD25E protein upon proliferation of HCK1T
cells, growth curves were plotted. HCKL1T cells expressing various E6 proteins or empty
vector were serially passaged when they reached subconfluence. The population doublings
(PDs) of transduced cells were plotted against cultured time to represent their growth curves
(Fig. 2). The results showed all the cells proliferate at a given rate over the observation
period more than 130 days though the control cells somewhat slowed down their growth at
later passages. A mean doubling time of HCK1T cells expressing either E6GD25E, E6Pro,
E6SD-D25E or E6SD-Pro proteins was around 106 hours whereas that of control HCK1T
cells was 177 hours. The result suggested that the E6D25E variant protein maintains the

activity to promote proliferation of natural host cells which is comparable to E6Pro protein.

E6D25E can down-regulate p53 and its downstream target p21

NOTCHL1 is a p53 target gene and induces terminal differentiation of keratinocytes
[31,32], and it can be inevitably activated by passage of cells with EDTA and trypsin [33].
HPV16 EG6 can relieve the detrimental effect of EDTA on HCK1T in both p53-dependent and
p53-independent manners [31]. Thus, it is likely that an activity of E6 to promote
proliferation of HCKL1T largely depends on its ability to target p53 for degradation.
Therefore, we compared the expression levels of p53 as well as its downstream target p21 by
western blotting. The levels of p53 proteins in those cells expressing either EGD25E, E6Pro,
E6SD-D25E or E6SD-Pro proteins were comparable to that expressed in SiHa cells and much
lower than that expressed in the control HCK1T cells (Fig. 1). In parallel to the p53 levels,
p21 levels were also lower in those cells expressing various E6 proteins than the control
HCKAT cells. The observed density of p53 protein in E6D25E expressing HCKL1T is lower
than E6Pro expressing HCKL1T cells. Corresponding with this result, reduction of NOCTH1
level was obverted whereas p63 level was normal expressed (data not show). These results
suggested that the activity of E6D25E protein to target p53 for degradation was no less than
that of E6Pro protein.

Proteomic profiles and protein identification in E6D25E and E6Pro expressing HCK1T



To investigate specific protein profile in HKC1T cells expressing E6D25E compared
to and E6Pro-expressing HCKL1T, the culture of EGD25E-expressing HCK1T and E6Pro-
expressing HCK1T at passage 25 were harvested. Then, total proteins were extracted and
separated by 2D PAGE. The data were acquired from three independent experiments. Results
showed that the average protein spot number per gel set ranged from 300 to 320. Both groups
were compared using one way ANOVA analysis of two the pair wise comparisons. As shown
in figure 3 and table 1, E6D25E-expressing HCK1T show significantly increased levels of 9
protein spots higher than E6Pro-expressing HCK1T. All of them were identified by LC-
MS/MS-based proteomic approaches. Four proteins were up-regulated more than 1.5 fold in
E6D25E-expressing HCKLT cells, namely, keratin type I, tumor rejection antigen (gp961) 1
variant, actin cytoplasmic 1 and keratin 7.

Up-regulation of keratin 7 expression in E6D25E expressing HCK1T

Since keratin 7 (K7) is one of the markers specific for a discrete population of
squamocolumnar junction cells which were recently proposed as cells-of-origin of cervical
cancer [34], we are interested in further analyzing whether K7 is up-regulated specifically by
E6D25E. K7 was significantly up-regulated in the HCK1T cells expressing E6D25E
compared to those expressing E6Pro or control cells in the next passage after transduction of
retroviral vectors (Fig 3, lane 1 to 3). Interestingly, the up-regulation of K7 was coincided
with down-regulation of involucrin which is a differentiation marker of keratinocytes. These
results suggest that HCK1T might be derived from the discrete population of
sgquamocolumnar junction cells and that the phenotype is enhanced by expression of E6GD25E
but not by E6Pro. However, the up-regulation of K7 was marginal when the cells were
further propagated by 11 passages (Fig 3, lane 4 to 6).

Discussion

This study investigated the biological activities of EGD25E of HPV16 As variant that
may associate with higher prevalence in cervical cancers. the properties of E6ED25E were
investigated in a normal human cervical keratinocyte, HCK1T. Both E6D25E and E6Pro

proteins promoted faster growth of HCK1T and decreased the p53 protein levels in a similar
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fashion. E6D25E and E6Pro also showed the specific protein profile that involves in cell

structural functions and immune responses.

Cell immortalization is a hallmark of cancer cells and cooperation of E6 and E7 is
required to immortalize primary human keratinocyte via inactivation of p53 and pRb protein,
respectively. However, HPV16 E6 alone cannot accomplish this process [35,36]. This study
focused on the functions of E6D25E of HPV16As variant in HCK1T cells. Our results
showed the analogous patterns of cell growth in E6GD25E- and E6Pro-expressing HCK1T
cells, suggesting that the properties of E6GD25E are similar to those of E6Pro for cell
proliferation. Ricard et al. (2010) compared the ability to extend the life span between E6
variants with E7 in primary keratinocytes and showed that the E6 variants (HPV16AA
variant) conferred faster growth than E6 prototype and induced different differentiation
patterns to keratinocytes [22]. Sichero et al. (2012) compared the properties of HPVV16 E6
variants including AA, E-P (European prototype) and E-350G (European variant) and the
results showed that E-P expressing keratinocytes displays lowest efficiency on cellular
growth [24]. The previous study reported that E6 from AA variant shows higher capacity to
immortalize PHFKSs than that of E6 prototype [23].

The biological function of HPV16 variants were most studied in European country
where HPV16 variant harboring E6 L83V was found predominant. E6 L83V activates
MAPK signaling, and deregulates Notchl and oncogenic Ras pathways more thoroughly than
E6 prototype [37]. The inactivation of p53 protein is a well-known function of E6 protein,
which contributes to genomic instability and rapid malignant progression [38]. This E6’s
function was confirmed in both transient transfection and stable transduction assays. Ten of
HPV16 EG6 variants including E6L83V are commonly found in European population, and the
biological activities were investigated in transient transfection experiment [19] [20]. Most of
them revealed high ability to target p53 for degradation. Recently, the activity to inactivate
p53 protein by E6 D25E or HPV16As variant was examined in comparison to that of E6
L83V. The degradation of p53 protein is commonly observed in these E6 variant-expressing
cells, corresponding with the low expression levels of p21 CIP/WAFL1 [25]. Hand et al.
(2014) showed equivalent efficacy to degrade p53 among HPV16 E6 proteins from E
prototype, E variant (EUR E6-L83V), As variant (E6D25E) and As lineage (E6-E113D) in
transient transfection assay[39]. Our results demonstrated that E6ED25E and E6Pro show
similar activity to decrease p53 and p21 levels in the stably transduced HCK1T cells.
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Keratin type Il or type Il cytokeratins is a member of keratins, main structure proteins
in epithelial cells. They were found as a cytoplasmic intermediate filaments (IFs) [40].
Keratins comprise of type | keratins, K9-K10, K12-K28, K31-K40 and the type Il keratins,
K1-K8 and K71-K86. All of these keratins are belong to the family of IFs [41]. Cytoskeleton
consists of IFs, microtubules (MTs) and microfilaments (MFs), playing a role in cell
migration, cell division and mechanotransduction. Actin or cytoplasmic 1 is a molecular
building block of microfilaments (MFs)[42]. In this study we found increased levels of
keratin type Il, keratin 7 and actin in EGD25E- and E6Pro-expressing HCK1T. The Up-
regulation of K7 by E6D25E using western blotting. K7 is generally thought to be a marker
for simple columnar epithelial cells but not squamous epithelial cells. Recently, it is reported
that K7 was one of the markers specific for a discrete population of squamocolumnar junction
cells (SCJ) which were proposed as cells-of-origin of cervical cancer. In normal cervix, K7
was detected in small numbers of cells in SCJ region, named junctional cells, but not in
columnar cells in endocervix or squamous cells in ectocervix. Interestingly, K7 was detected
from CIN1 in SCJ to cervical cancers including both squamous cell carcinomas and
adenocarcinomas but not in CINs in ectocervix [34]. Thus, those cells are thought to be
bipotential to differentiate into either squamous epithelial cells or columnar epithelial cells.
K7 was significantly up-regulated in the HCK1T cells expressing E6D25E compared to those
expressing E6Pro or control cells in the next passage soon after transduction of retroviral
vectors (Fig. 3), though the up-regulation of K7 became marginal after several passages.
Clearly, further study is required to elucidate the significance of the K7 up-regulation by
E6D25E. However, it is possible the up-regulation of K7 by E6D25E is associated with the
increased risk for cervical cancer progression in Asia. It will be interesting to examine
whether HPV16 Asian variants is more closely associated with cervical adenocarcinoma. In
this context, it will be also interesting to examine whether or not E6 of HPV18, which is

known to be more closely associated with cervical adenocarcinoma, can up-regulate K7.

Tumor rejection antigen (gp96) 1 variant or HSP gp96, counterpart of a cytosolic
HSP90 family in the endoplsmic reticulum has been shown to play a role in activation of
innate and adaptive immunity. Antigen peptides bound to gp96 are taken up by APC and
presented by MHC class I and 11 [43]. Previous study showed that HPV16 E6 and E7 can
induce a tumor specific rejection response and serve as targets for such response via CD8"
CTL [44,45].
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In summary, this study provides oncogenic nature of EGD25E of HPV16 As variant.
Further research certainly appears warranted to verify the underlying mechanism how

E6D25E variant associates with the increased risk for cervical cancer progression in Asia.
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Figure 1. Characterization of HCKL1T stably expressing various HPVV16E6 variants. HCK1T
cells were transduced with the recombinant retroviruses containing various E6 of HPV16 or
control vector (CLXSN). The expression of various E6 proteins was detected with the
specific anti-HPV16 E6 antibody and the levels of E6 were compared with SiHa cells.
Protein levels of p53 and p21 were also determinedVinculin was included as a loading

control.
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Figure 2. The proliferation rate of various E6 expressing HCK1T cells. After transduction
with the recombinant retrovirus containing various E6 or control vector pCLXSN, the cells
were cultured and passaged when they reached 90% confluence. Population doublings (PD)
were calculated by the formula: log2 (number of cell at time of subculture/number of cells
plated). PD values were plotted against total time in culture to determine rates of cell
proliferation.
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Figure 3. Differential protein expression patterns in E6Pro expressing HCK1T cells (A) and
E6D25E expressing HCK1T cells (B) for protein with pl ranged from 4-7. One hundred fifty

microgram of protein was loaded into 7-cm IPG strip pH 4-7, separated by molecular weight
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on 12%SDS-PAGE, and visualized with Coomassie blue R-250 staining. Molecular mass are
indicated on the right. The locations of protein spots with differentiall expression were

highlighted in circle and numbered.

HCKIT
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Figure 4. Differential protein expression patterns in E6Pro expressing HCKL1T cells (A) and
E6D25E expressing HCK1T cells. Twenty micrograms of proteins were separated by
molecular weight on 5-15% gradient SDS-PAGE. Expression of keratin 7 (K7) and the
keratinocyte differentiation marker, involucrin, as well as p53 and E6 were detected as
described in Materials and Method. Vinculin was included as a loading control.
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Table 1 Protein identified in EGD25E and E6Pro expressing HCK1T by LC MS/MS and
MASCOT software.

Spot
I\T Protein name ID. number Fold pl  Score Match P-value
0.
123 Keratin type Il gil908801 1.67 8.09 922 21 0.001

33 Lamin-Bl isoform1  ¢i|5031877 1.25 5.11 753 18 0.015
216 Tumor rejection 0i|62088648 2.13 5.08 772 19 0.026
antigen (gp96) 1

variant
147 Actin, cytoplasmicl  @i|4501885 1.61 529 175 7 0.028
69 Glutathione S- 0i|2204207 137 543 871 26 0.033
transferase
28 Keratin type Il gij908801 1.16 8.09 897 16 0.040
139 MTHSP75 gi292059 1.16 597 112 3 0.040
203 Annexin A8 gi|49257004 1.33 556 284 8 0.041
114 Keratin 7 gi|12803727 157 542 1705 42 0.047
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Abstract

This study aimed to investigate the effects of E6D25E of human papillomavirus 16 Asian
variant (HPV16As) on epigenetic alteration focusing on miRNA-21 and histone deacetylation

6 (HDACG6) and expression of interferon regulatory factor (IRF) 1 and IRF7.

The vectors expressing E6D25E or E6Pro (HPV16 prototype) were constructed and transient
transfected in C33A cell line. The stabilized HCKZ1T cell lines were performed by
transduction of retrovirus containing E6D25E or 16E6Pro. The miR-21 was detected in the
transient transfected as well as in stabilized cells in condition with or without treatment of
complete medium (CM) and HeLa medium (HeLa-CM) using real time PCR. HDACSG as
well as IRFs 1, 3 and 7 was determined in the stabilized HCKL1T cell lines by real time PCR.
HDACSG level was confirmed in tet-on system of stabilized HCK1T cells expressing E6D25E
and 16E6Pro by western blot.

E6D25E showed higher activity of miR-21 induction than E6Pro in transient transfection
model, corresponding with in the stable HCKL1T cells expressing E6GD25E and E6Pro where
miR-21 was highly upregulated in both conditions of CM or HeLa-CM treatment.
Interestingly, the miR-21 was induced with higher level in HeLa-CM treated cells than in
CM-treated cells. Additionally, HDACG6 was also differently moderated and observed with
high level in E6-Pro expressing HCK1cells. Inversely HDACG6 level was reduced in E6-As
expressing HCK1cells. Moreover, down regulation of IRF genes expression showed
significantly different in the stable HCK1T with E6D25E or E6Pro. IRFs 1 and 7 were more
suppressed by E6D25E than E6Pro.

These data support the different oncogenic role of EEGD25E, HPV16 As variant with high

potential oncogenicity in cervical cancer progression.

Keyword: HPV16 Asian variant, miR-21, HDACS, IRF1, IRF 3, IRF 7

Introduction

Cervical cancer is the third most common malignancy affecting women worldwide. In
2008, an estimated 530,000 women developed cervical cancer and 275,000 women died of it
[1]. In Thailand, there were 6,243 new cases of cervical cancer with 2,620 deaths in 2003[2].

Therefore, seven women die from cervical cancer each day [2]. Human papillomavirus
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(HPV) infection is the most common sexually transmitted infection and high risk HPV (HR-
HPV), especially HPV16 is recognized as the major cause of cervical cancer [3,4]. These
viruses encode two oncoproteins, E6 and E7 which are consistently over-expressed in human
cervical cancer cells. The well-known characterized function of E6 protein is degrading p53
tumor suppressor protein by accelerating ubiquitin-mediated degradation through
proteasomal pathway [5]. The E7 protein binds to the retinoblastoma protein family,
resulting in their destabilization and the disruption of pRb/E2F complexes [6] and cause of
pRb degradation [7]. Loss of p53 and pRb functions affect deregulated cells proliferation,

anti-apoptosis as well as increase genetic instability which is cause of abnormal cells.

HPV gene variation is one of risk factors associated with cervical cancer
development. The variation of nucleotide on L1 gene was used to classify HPV genotype and
differing less than 2% was classified as intratype variants [8]. HPV 16 has been extensively
sequenced to characterize subtypes and variants that are described in phylogenetic branches.
According to geographic location and ethic HPV16 has been classified to 4 lineages; 1)
European-Asian (EAS) including the sublineage European (E) and Asian (As), 2) African 1
(AFR1), 3) African 2 (AFR2) and 4) North American/Asian-American (NA/AA) including
the sublineage North American, Asian-American 1 and Asian-American 2 [9,10].

The epigenetic change was observed in HPV associated cervical cancer and there was
reporte about the methylation of CpG dinucleotides within the binding site of HPV16 E2
protein in long control region (LCR) that inhibits the binding of transcription factors [11]. E7
peotien of HR-HPV modulates DNA methylation process that controls cell proliferation by
binding and regulating DNMT1 enzyme activity and also induces epigenetic changes through
Rb family to accumulate HDACs [12]. HR-HPV EZ7 itself can recruit HDACs directly to
promoter to induce transcription repression [13]. Other studies reported that HPVV16 E7 may
displace HDACSs from Rb protein and subsequently causes an increase of H3 acetylation in
human foreskin keratinocytes [14]. Recently, numerous miRNAs have been identified and
are associated with cervical carcinogenesis such as down-regulation of miR-218 leading to
promotion of cancer cell migration and invasion [15], up-regulation of miR-205 resulting in
enhancement of cell proliferation and migration[16], overexpression of miR-21 leading to
reduction of apoptosis pathway[17]. Furthermore, several miRs in cervical cancer including
miR-149, miR-203, miR-375, miR-432, miR-1286, miR-641, miR- 1290, miR-1287, and
miR-95 underwent methylation-mediated transcriptional repression [18,19]. In this study, we

investigated the functions of E6 of HPV16 As variant (E6D25E) on epigenetic alteration
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focusing on HDAC6 and miRNA-21 involved in cervical cancer development. The
downstream signaling effect of HDACS, an expressions of IRF1, 3 and 7 as well as interferon

type | were also investigated.

Material and Methods
Cell culture and treatments

HeLa, HPV18 positive cervical cancer cell line and C33A, HPV negative cervical cancer cell
line were cultured in DMEM medium (gibco® , U.S.A ) supplied with 10% fetal bovine
serum (FBS) and antibiotics at 37°C in a humidified atmosphere with 5% CO,. HCKL1T cells,
a normal diploid human cervical keratinocytes with capacity of normal differentiation
established by transducing the catalytic subunit of human telomerase reverse transcriptase
(hTERT) [20] were transduced with the recombinant retroviruses containing 16E6D25E
(HPV16 E6 As variant) and 16E6 (HPV16 E6 prototype) or control vector pCLXSN were
maintained in keratinocyte serum-free medium (KSFM, gibco®, U.S.A). For treatment
condition, all expressing HCK1T at passage 25 were replaced by complete medium (CM)
(DMEM with 10%FBS), or culture medium from HeLa cells (HeLa-CM) and incubated for
48 h, then the treated cells were harvested and total RNA was extracted and used for

investigation of miR-21 expression.

Plasmids

Plasmid expressing of EGAP was kindly provided by Jon M. Huibregtse, Plasmid HPV16 was
kindly provided by Ethel-Michele de Villiers. . 1t was used for template of HPV16 E6 gene
prototype (E6-Pro). HPV16 As variant was isolated from squamous cells carcinomas (SCC)
samples as previously described in our study [20]. PCR products of E6 gene were cloned into
the pcDNA3.2/V5/GW/D-TOPO® vector using the pcDNA™3 2/GW/D-TOPO® Expression
Kit (Invitrogen™ Carlshad,CA, U.S.A) according to the manufacturer’s instruction, and
verified by PCR and sequencing. Transfection was performed with lipofectamine 2000
(Invitrogen ™ Carlsbad, CA, U.S.A) according to the manufacturers’ recommendations.

Cells were harvested at 48 h after transfection for real time PCR analysis.



Viral vectors construction

Construction of retrovirus expression vectors, pPCLXSN-16E6 (HPV16 E6 prototype) were
described previously [21]. pPCLXSN-16E6D25E were similarly constructed by using the
Gateway system (Invitrogen, Carlsbad, CA). Briefly, entry vectors containing E6 D25E
(HPV16As variant) and E6SD D25E were constructed from pENTR201-16E6 and
PENTR201-16E6SD with site-directed mutagenesis (QuikChange Site-Directed Mutagenesis
Kit, Stratagene, La Jolla, CA). These entry vectors were recombined into the destination
vector, pPDEST-CLXSN and CSII-TRE-Tight-RfA by LR reaction (Invitrogen, Carlsbad, CA,
USA) to generate pCLXSN-16E6D25E, pCLXSN-16E6SD-D25E, CSlI(ins)-TRE-Tight-
16E6D25E, CSlI(ins)-TRE-Tight-16E6SD-D25E and CSlI(ins)-TRE-Tight-16E6D25E/E7

Production of recombinant retroviruses and titration

The production of recombinant retroviruses was performed. Briefly, the retroviral vectors and
packaging vectors pCL-GagPol and pEF6-env (10A1) were co-transfected into 293T cells
using TransIT-293 (Mirus Co., Madison, USA) according to the manufacturer’s instructions,
and the culture fluid was harvested at 60 to 72 h post-transfection. Titers of the recombinant
viruses were measured in a G418 resistant colony assay with HeLa cells. 5x10* HeLa cells in
twelve well plates were infected with serial dilutions of the viral stocks with 8 pg/ml of
polybrene. After 48 h, cells were fed with fresh medium containing 800 pg/ml of G418.
Colonies were stained with Giemsa’s dye and counted after 2 weeks.

Transduction of retrovirus containing various E6 genes

One day before transduction, HCK1T cells were plated at a density of 2x10 cells per well in
six well plates. The recombinant retroviruses containing various E6 genes inoculated at
multiplicity of infection (MOI= 0.5) for 2 hours in the presence of 4 ug/ml polybrene. The
medium was then replaced with fresh KSFM. After 2 days post-infection, cells were fed with
fresh medium supplemented with 50 pg/ml of G418, until mock-infected cells died
completely. Cells were fed with fresh medium in every 3 days until cells reached

subconfluence.



Real time polymerase chain reaction analysis

Total RNA was extracted with TRIzol reagent (Ambion, life technology, Carlsbad, CA,
U.S.A. ), and cDNA was synthesized using the Super Script® Il First-Strand Synthesis
System according to manufacturer’s instruction (Invitrogen , life technology, Carlsbad, CA,
U.S.A). The real time PCR was performed by using SsoAdvanced™ SYBR® Green
Supermix (Bio-lad, Hercules, California) to detect mRNA level of HPV16 E6, PDCD4, and
actin as internal controls were measured using SYBR gqPCR. Primers of mRNA for real-time
PCR analysis are listed in Table 1.

For miR-21 detection, Tagman® MicroRNA Reverse transcription reactions and
Tagman® MicroRNA quantitative polymerase chain reactions (qPCR) were performed using
the MicroRNA TagMan Reverse Transcription Kit and the TagMan MicroRNA Assays
(Applied BioSystems), respectively to detect miR-21 and RNU6B shRNA as internal control
on the same side for each sample. Real time polymerase chain reaction (RT-PCR) was
amplified in triplicates; relative expression of MRNA or miRNA was evaluated by the 2-

AACt method and normalized to the expression of actin or U6, respectively.

Western blot analysis

Proteins were quantified by Bio-Rad Protein assay (Bio-Rad, Hercules, CA, U.S.A),
resuspended in 30 pl of sample buffer, separated by 10% SDS-PAGE, and then transferred
onto a PVDF membrane. The membrane was incubated with primary antibody, anti-HDAC6
at 1:1,000 dilution ( ab56926; Abcam, UK), or anti-p-actin at 1:2,000 dilution (8H10D10;
Cell Signaling, Beverly, MA) overnight at 4°C, and then incubated with HRP-conjugated
anti-mouse secondary antibody at 1:10,000 dilution (sc-2005; Santa Cruz) for 1 h at room
temperature. The immunodetection was then visualized by a SuperSignal West Pico
Chemiluminescent Substrate (Thermo scientific, IL, U.S.A) with ImageQuant LAS 4000 mini
(GE Healthcare).

Immunoprecipitation assay

C33A cells were co-transfected with plasmid containing E6 or EGAP and then total protein

was extracted by lysis buffer. Lysate was precleared with 20 ul Protein G-PLUS-Agarose



and incubated at 4°C for 1 h with rocking, then centrifuged at 2,000 rpm for 5 min at 4°C.
The supernatant was transferred to new tube. 500 ug of total protein in microcentrifuge tube
was added with 2 ug of primary antibody (anti HPVV16/18 E6 antibody) and incubated for 1 h
at 4°C. Next, 20 ul of Protein G- PLUS-Agarose was added and incubated at 4°C on rotating
device overnight. The immunoprecipitates were collected by centrifugation at 2,500 rpm for 5
min at 4°C, washed twice with RIPA buffer and 2 times with PBS. After supernatant was
discarded, pellet was resuspended in 30 ul of sample buffer. To monitor the E6/E6AP
interaction, samples were boiled for 5 min and visualized by Western blot assay using anti
E6AP at dilution 1:1000 (sc-166689, Santa Cruz, Santa Cruz, CA).

Results
Plasmids construction

pcDNA3.2/V5/GW/D-TOPO containing E6D25E HPV16 As variant (pE6-As) and E6
HPV16 prototype (pE6-Pro) were constructed, and confirmed with two restriction enzymes
including Not I and Apa I. The specific fragments of genes in these clones were sequenced
and the difference of specific nucleotide sequences with the amino acid change in E6D25E
gene and E6Pro gene are shown in Fig. 1. pE6-As and pE6-Pro vectors were verified by
transient transfection of each vector into C33A cell line, total RNA was extracted and
detected for E6 expression by gRT-PCR. The result showed that mMRNA level of pE6-As and

PE6-Pro vectors were similarly expressed as shown in Fig. 2.

Characterization of E6D25E protein from pE6-As

To characterize the function of E6D25E, the interaction between E6 protein and E6AP
protein was determined and compared to E6Pro function. In this experiment, each vector of
pE6-As and pE6-Pro was co-transfected with E6AP expression vector. The activity of
protein-protein interaction was determined by immunoprecipitation method. Fig. 3 showed
the immunoprecipitate bands of E6 and E6GAP proteins. These results suggested that E6ED25E
protein of HPV16 As variant still maintains the specific function of E6 that can bind to EGAP
for degradation of p53 protein. Therefore, these vectors were used to investigate for E6

function.



Effect of E6GD25E on modulation of miR-21

The epigenetic alteration such as over expression of miR-21 was found in various cancers
including cervical cancer. This study demonstrated that E6 protein modulated miR-21
expression; firstly, level of miR-21 was up-regulated in the C33A cells that were transiently
transfected with plasmid pE6Pro or pE6-As. Interestingly, the up-regulation of miR-21
induced by E6 Pro and E6D25E was significantly different. Fig. 4 demonstrated that
E6D25E increased the level of miR-21 to 2.3 fold, higher than E6Pro with 1.6 fold compared
to empty vector control. This result is the first report that up-regulation of miR-21 is
associated with oncoprotein EG6.

To further confirm the ability of E6 on induction of miR-21, HCK1T cells were
transduced with the recombinant retroviruses containing pPCLXSN16E6D25E and
PCLXSN16EG6 or control vector pCLXSN. At passage 25, the transduced cells were detected
for miR-21 expression that was very low in all transduced cells and control cells without any
significant difference (Fig. 5). This result suggested that in the stable cells with low passage,
the E6 protein may not directly function on induction of miR-21 expression. This condition
may be different from in vivo condition where the infected cells are exposed to several
substances in the surrounding environment. Therefore, the transduced HCKL1T cells were
synchronized by treatment of CM or HeLa-CM for 48 h. In CM condition, miR-21 was
higher expressed in both E6Pro and E6D25E expressing HCK1T than control cells. The miR-
21 level in E6Pro expressing cells was slightly higher than in E6D25E expressing HCK1T,
but no significant difference as shown in Fig. 6. This result suggested that substances in CM
may influent to miR-21 expression in the stable cells. Interestingly, in HeLa-CM condition,
miR-21 level was significantly higher up-regulated in E6D25E expressing HCKL1T cells than
E6Pro expressing HCKL1T cells (Fig. 7). These results demonstrated that substances secreted
from HPV infected cell in environment effect on E6 activity in the stable cells and the
modulation of miR-21 expression is different between E6D25E and E6Pro protein. These

data imply the different oncogenic potential of HPV16 As variant from its prototype.

To confirm the up-regulation of miR-21 in the stable cells, total RNA extracted from the
transduced HCKL1T cells were investigated for PDCD4 expression. The results showed down
regulation of PDCD4 gene in all transduced HCKL1T cultures treated with CM and HeLa-CM
as shown in Fig. 8. The PDCD4 protein is a tumor suppressor protein that interacts with

translation factors elF4A and elF4G and inhibits their translation. This protein is up-regulated



in apoptosis in response to different inducers [22]. The result confirmed the induction of
miR-21. Therefore, biological consequences with different patterns of miR-21 expression
influenced by E6D25E and E6Pro protein need to be further elucidated.

Many reports showed overexpression of HDACG in cancer of the breast [23], liver
[24] ovary and pancreas [25] and mMRNA expression of HDAC6 was elevated with severity of
cancer. The information of HDACG6 expression in cervical cancer is still limited. Recently,
the result of microarray data from our group found that HDACG6 expression was suppressed
in the transduced cells with HPV16 E2 protein, suggesting that HDACG6 expression was
controlled by E2 protein [26]. To investigate the potential role of E6 protein in inducing the
expression of HDACS, the total extracted RNA from the stable E6D25E or E6Pro expressing
HCKAT cells at passage 25 were investigated. The expression of HDAC6 was up-regulated
in the E6Pro expressing HCKL1T cells with statistic significant difference when compared to
E6D25E expressing cells. In addition, the expression level of HDACG6 was suppressed in
E6D25E expressing cells when compared to cell control (Fig. 9, A). Fig. 9, B demonstrated
HDACSG protein in both transduced cells and cell control. The HDACS6 protein was not
detected in EGD25E expressing cells corresponding with mRNA level, whereas high density
of HDACSG protein was observed in E6 Pro expressing cells when compared to HeLa cells, as
HDACSG positive cells control. HCKL1T tet/on system was performed to confirm the activity
of E6 on modulation of HDACG6 expression. Fig. 10 demonstrated that the level of HDAC6
expression was slightly decreased in E6D25E expressing HCK1T when compared with
E6Pro expressing HCK1T. This experiment also confirmed that up regulation of HDAC6
was involved by E6 and E7 oncoproteins,especially E7 may play a major role. This is the
first report to link between E6/E7 oncoprotein and up-regulation of HDAC6. These data also
imply the different oncogenic potential of HPVV16 As variant from prototype.

Effect of E6BD25E on innate immune response genes in HCK1T

Previous studies reported that nucleotide sequence variation of HP\VV16 E6 oncogene altered
its immunogenic properties and contributed to HPV16 persistent infection in host and
cervical carcinogenesis [27,28,29,30]. Therefore, this experiment investigated the effect of
E6D25E and E6Pro proteins on the expression level of innate immune genes including IRF1,
3,and 7. In addition, the downstream signaling pathway, the expressions of IFN-a and IFN-f
were also investigated. The total RNA extracted from the stable E6GD25E or E6Pro
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expressing HCK1T cells at passage 25 were investigated. The results showed that the
expression of IRF3 was suppressed in E6Pro expressing HCKLT cells, whereas in E6-As
expressing HCK1T cells, IRF3 expression was slightly down-regulated but not different from
cell control (Fig. 11B). The expressions of IRF1 and IRF7 genes were down-regulated in
E6D25E expressing HCK1Tcells with significant difference from that in E6Pro expressing
HCKAT cells (Fig. 11A and 11C). The downstream signaling proteins were also confirmed
by detection of IFN-a and IFN-pB expression. They were suppressed in E6-As expressing
HCKZIT cells. In E6Pro expressing HCKA1T cells, IFN-B was increased significantly while

the IFN-o was not different when compared with these in cell control (Fig. 11D and 11E).

Discussion

Numerous oncomiRs (miRNAs with cancer-specific up-regulation) have been found in
cervical cancer. Among them, miR-21 is overexpressed in many kinds of cancer. In cervical
cancer, up-regulation of miR-21 was detected in cervical cell lines [31] and associated with
cervical cancer [32]. The association of HR-HPV and miR-21 up-regulation with cervical
cancer developement, is still limited. This study demonstrated that the transient transfection
of vectors containing E6 induced up-regulation of miR-21. Interestingly, E6D25E of HPV16
As variant showed higher activity of induction than E6Pro, suggesting higher property of
E6D25E than E6Pro on cell immune resistance and survival [33]. This result was confirmed
by reduction of PDCD4 a direct target of miR-21. Its functions involved apoptosis, blocking
of translation and inhibition of tumor growth [17]. Previous report showed that high
expression of miR-21 leads to decreased PDCD4 expression, increased expression of
interleukin (IL)-10 and decreased NF-kB activity [34]. Other targets of miR-21 were reported
including tumor suppressor phosphatase and tensin homolog (PTEN) [35] and tropomyosin 1
(TPML) [36], Sprouty2 (SPRY?2) [37], RECK (reversion-inducing cysteine-rich protein with
Kazal motifs), a membrane-anchored inhibitor of matrix metalloproteinases (MMPs) [38],
MARCKS (myristoylated alanine-rich protein kinase C substrate) [39] and CCL20. The
decrease of these proteins was involved in tumor differentiation and nodular metastasis [40].
The up-regulation of miR-21 is not only found in cancer cells but also found as common
feature in cell stress. Yao at el (2011) showed that miR-21 expression was very sensitive to
TGF-p and CM stimulation [41]. Corresponding with these studies, miR-21 was up-
regulated in E6 Pro and E6D25E expressing HCK1T treated with HeLa-CM showing higher
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level than that treated with CM. Moreover, this study showed that EGD25E up-regulated
miR-21 with higher level than E6 prototype under HeLa-CM treatment.

HDACSG is multi-functional in the cellular pathways and has important role in
tumorigenesis such as cell migration, cell proliferation and death, immune response,
transcription and protein degradation [42]. The overexpression of HDACG6 has been
identified in various cancer cells. In MCF-7 cells, HDACG6 gene was up-regulated and acted
as an estrogen regulated gene. This finding might be associated with the metastasis of breast
cancer [23]. In oral squamous cell lines, HDAC6 was up-regulated and correlated with tumor
stage [43]. Moreover, high level of HDAC6 was found in ovarian cancer cell line and tissues
and played a critical role in step of cell motility and migration [44]. However, the expression
of HDACSG in cervical cancer has not been reported. In other studies, HPVV31 E7 bounnd to
class I HDAC:s to facilitate the extending life span of keratinocyte and maintenance of viral
genome [45]. Our study revealed that E6Pro protein correlated well with HDACG elevation,
whereas this activity was not observed with E6D25E. In addition, this study demonstrated
that up-regulation of HDACS is involved by E7 oncoprotein (Fig. 10). Therefore, the
involvement of HDACSG in cervical cancers may be effected by both E6/E7. The mechanism
of different effects of E6GD25E and E6Pro protein on HDACG6 expression will be investigated
in further study. Recent studies revealed that HDACG6 was a direct target of miR-548m
through translation inhibition. The increased expression of miR-548m form ectopic miR-
548m expression down-regulated mRNA of HDACG6 and protein level in Jeko-1 cells [46]. c-
Myc activation that can be effected by E6/E7 oncoproteins, has been implicated on
widespread direct repression of miRNA expression incliding miR-548m [47]. Therefore, the
expression of miR-548m may be silenced by c-Myc, leading to high expression of HDACS.
Moreover, HDACS6 has been identified as an activator of IFN transcription through co-
activator of IRF3-dependent transcription [48]. The moderation of HDAC6 might effect on
downstream signaling of IRF3.

The innate immunity is a first line defense to viral infection [49]. IFN type I, IFN o
and IFN-B production were activated early after virus infection. They act directly on virus
infected cell via perturbed viral replication and infected cells proliferation. IRFs play role as
upstream molecules regulating IFN type | expression. In HPV infected cell, E6 and E7
oncoprotiens have been involved in IFN production [50,51,52,53].
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IRF1, the first member of IRF family, was originally identified as transcription factor.
It binds IFN-B promoter and controls the transcription of genes involved in antiviral
infectivity, immunomodulation, antiproliferation and stimulation of cell apoptosis [54].
Previous evidence showed that HR-HPV E7 interacts with IRF1 and inactivates its
transactivation function, therefore, it could be speculated that HR-HPV E6 and E7
oncoprotein interfered IFN signaling leading to viral evasion from host immunity in the
progress of cervical disease [51]. This study showed down-regulation of IRF1 mRNA in
E6D25E and E6-Pro expressing HCK1T cells when compared with cell control. EED25E
showed higher suppression activity than E6Pro. IRF3 and IRF7 are the key regulators of IFN
type | gene expression upon virus infection. IRF3 is expressed constitutively in most cell
types and activated in virus infection. After phosphorylation, a conformational change is
induced in IRF3 then allowing homo and heterodimerization, nuclear localization and
interaction with INF type | promoter. IRF7 is highly homologous to IRF3, but unlike IRF3,
IRF7 is expressed at a low level in most cells and is IFN inducible in an IRF9-dependent
pathway. Similarly to IRF3, IRF7 is activated downstream of certain PRR including TLR3,
TLR4, TLR7, TLR8, TLR9, RIG-1, MDA5 and DAI (DLM-1/ZBP1), and undergoes nuclear
translocation for type IFN I induction [55]. Moreover, IRF7 may involve in switching EBV
latency type. EBV latent membrane protein 1(LMP-1) regulates an expression and activation
of IRF7 via phosphorelation of IRF7 [56]. IRF7 has oncogenic properties along with LMP-1
that may mediate the EBV transformation process [57]. However, in IRF7 knock-out mice,
it was demonstrated that IRF7 is necessary for the induction of type I IFN through virus
mediated and MyD88-independent signaling pathway as well as TLR-activated MyD88-
dependent pathway [58,59]. Our data exhibit the abilities of E6 D25E that can suppress the
MRNA expression of IRF1, IRF3 and IRF7 leading to decreased mRNA level of IFN-a and
B. This result may suggest higher activities of E6D25E to evade immune surveillance than

E6Pro.
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Table 1 Nucleotide sequences of specific primers and their PCR conditions

Genes Sequence (5-3") Conditions
FOfWﬁrd; TTGAACCGAAACCGGTTAGT 95°C for 5 mm, 40 CyCIeS, 95°C for 1
E6 min, 55°C for 30s, 72°C for 1 min, final
Reverse; GCATAAATCCCGAAAAGCAA extension,72°C for 5 min
Forward; GATTAACTGTGCCAACCAGTCCAAAG | gaor 0 306 98°C for 1 65°C for 1s
PDCD4
Reverse; CATCCACCTCCTCCACATCATACAC Melt cure; 65-95°C for 2 sec/step
Forward; TGGCTATTGCATGTTCAACC 98°C for 30s,98°C for 1s 65°C for 1s
HDACS6
Reverse; GTCGAAGGTGAACTGTGTTCCT Melt cure; 65-95°C for 2 sec/step
Forward; ACCAACTGGGACGACATGGAGAAA 98°C for 305,98°C for 15 65°C for 1s
Actin
Reverse; TAGCACAGCCTGGATAGCAACGTA Melt cure; 65-95°C for 2 sec/step
Forward: TCTTAGCATCTCGGCTGGACTTC
98°C for 30s,98°C for 1s 65°C for 1s
IRF1
Reverse; CGATACAAAGCAGGGGAAAAGG Melt cure; 65-95°C for 2 sec/step
Forward; CAGGGCCTTGGTAGAAATGG
98°C for 30s,98°C for 1s 65°C for 1s
IRF3
Reverse; GGGTGGCTGTTGGAAATGTG Melt cure; 65-95°C for 2 sec/step
Forward: GATGTCGTCATAGAGGCT GTTGG
98°C for 30s,98°C for 1s 65°C for 1s
IRF7
Reverse; TGGTCCTGGTGAAGCTGGAA Melt cure; 65-95°C for 2 sec/step
Forward; AGGAGGAGTTTGATGGCAACCAGT
98°C for 30s,98°C for 1s 65°C for 1s
INFa
Reverse; TGCTGGTAGAGTTCGGTGCAGAAT Melt cure; 65-95°C for 2 sec/step
Forward; TGGGAGGCTTGAATACTGCCTCAA
98°C for 30s,98°C for 1s 65°C for 1s
INFB

Reverse; TCTCATAGATGGTCAATGCGGCGT

Melt cure; 65-95°C for 2 sec/step
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HPV16 E6 Prototype DNA; v [ nt change T>G at 178 J
83...TGCACAGAGCTGCAAACAACTATACATGATATAATATTAGAATGTGTGTACTGCAAGCAACAGTTACTGCG
HPV16 E6 As variant DNA;
83...TGCACAGAGCTGCAAACAACTATACATGAGATAATATTAGAATGTGTGTACTGCAAGCAACAGTTACTGCG

’ ad change D (Aspartic acid) > E (Glutamic acid) at 25 ]
HPV16 E6 Prototype amino acid; CTELQTTIHDIILECVYCKQQLLR
HPV16 E6 As variant amino acid; CTELQTTIHEIILECVYCKQQLLR

Figure 1 Nucleotide and amino acid changes in HPV16 E6 As variant. The As variant was
classified when nucleotide at position 178 changed from T to G leading to amino acid change

from aspartic acid (D) to glutamic acid (E) at position 25. (nt; nucleotide, ad; amino acid).

Average Ct cycles

Vectors

Figure 2 Gene expression of HPV16 E6 As variants and prototype in C33A cell line as
defined by quantitative real time polymerase chain reaction (QRT-PCR). Values represent raw

gRT-PCR delta Ct cycles+SD. (Three independent experiments were performed.).
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Figure 3 Immunoprecipitation assay; lysates of co-transfected C33A cells were
immunoprecipitated with HP\VV16 E6 monoclonal antibodies. E6AP and HPV16 E6 indicated
by arrows. Lane 1 is SiHa cell lysate, 2 is pE6-Pro, 3 is pE6As and 4 is C33A cell lysate.
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Figure 4 The expression level of miR-21 in transient E6 transfection in C33A cell line. (*;
significant difference with P<0.05).
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Figure 5 MiR-21 expression level in EGD25E and E6Pro expressing cells with untreated

condition.
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Figure 6 MiR-21 expression level in EGD25E and E6Pro expressing cells treated with
condition medium (CM) (CM; 10%FBS in DMEM, *; significant difference with P<0.05).
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Figure 7 MIiR-21 expression level in EGD25E and E6Pro expressing cells treated with
condition medium from HelLa (HeLa-CM). *; significant difference with P<0.05).
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Figure 8 PDCD4 mRNA level in EGD25E and E6Pro expressing cells under different
treated conditions.
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Figure 9 Effect of E6 oncoprotein on HDAC6 expression in E6GD25E or E6Pro expressing

HCKIT cells. The transduced cells were extracted for total RNA that was used to detect
HDAC6 mRNA level by quantitative real time PCR (A). The transduced cells were extracted
for protein lysate to detect HDACG protein using Western blot (B). (*; significant difference
with P<0.05.
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Figure 10 The HDACG expression level in the transduced HCKA1T tet on cells after
treatment with 1 ug/ml DOX for 1 week.
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Figure 11 IRFs (1,3,7) and IFN-0/B mRNA level in E6-As and E6Pro expressing HCK1T
cells. Total RNA from E6As and E6Pro expressing HCKL1T cells were determined by q RT-
PCR for evaluation of mRNA levels with B-actin as internal standard. IRF1 mRNA level; A,

IRF3 mRNA level; B, IRF7 mRNA level; C, IFN-a mRNA level; D, and IFN-f mRNA level;
E.
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