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Hepidnyn

Ot Ioi tov Onlopdtov tov avbpodnov (HPV) sivar pikpoi, dikimvol kukAtkol
DNA 101, yopig eEmtepkd mepiPAnpa kot tposfdrlovv o EMONAL0 TOV SEPUATOS 1} TO
emBnio tov Prevvoyovov. Tlepiocotepot and 150 HPV tomot £xovv aviyvevtet, evd
mive amd 40 THTOL CLVOEOVTOL LE OAAOLDGELS TOL OVPOYEVVITIKOD GLGTNIATOS KOl
daympilovion otovg tomove younAov (low-risk) kot vyniov kwvdvvou (high-risk).
Emdnuoroyicéc peréteg €xovv mpoteivel 6t "emipovn" péivvon pe HPV tomoug
VYN0 Kvdhvov, eivarl onUAVTIKOS TOPAYOVTOS Yol TNV AVATTUEN TPOKOPKIVIKAOV
Kol KOpKik®v aAlowwoewv pe toug HPVI6 wou HPVI8 va evromiloviar o€
eEPLeG0TEPO amd 10 72% TOV MEPMTOCEMV KOAPKIVOL TOL TPOYNAOL NG UNTPOG
naykoopiog. H epgdvion kapkivov cvvdéetarl pe poivvon pe HPV tomovg vymiov
KIVOUVOL Kol PE TNV amopLOuion g EKQpaong Tov UKoV oykoyovidiov E6 kot E7. H
aveCEAEYKTN £KQPOCT) TOV OYKOYOVISI®mV 00NYel OTOV EKTETOUEVO TOAAATANGLAGUO
TOV LOAVGUEVOV KLTTAP®V, 6TV 0TeEAT emO10pOwon tov DNA kot 61 cucodpevon
UETAALAEEWDV OTO LOAVGUEVE, KOTTOPO.

H "emipovn" vymiod Pabpov orroiwon cvvdéetor pe avénpévo kivovvo
EVOOUATOONG TOL 100 GTO KLTTOPIKO YPOUOCMOLO Kol TV TPA0J0 NG dALOIMONG €
kapkivo. H evoopdtwon tov 100 610 Kuttopikd yovidiopa omoctadepomolel tnv
gkppaon tov yovidiov E6 kot E7. To yeyovdg avtd divel v duvatdtnta otov 16 va
JlEYElpEL VIOV TOV KLTTOPIKO KUKAO Kol TNV dlopkn 16000 TOV KVTTAPOL 6T PO
™G MTOONG, 0ivovTag 0TO LOAVGUEVO KUTTAPO IGYVPO OVOTTUEINKO TAEOVEKTO. XE
dgvTePN (QAoM HETH TOV OLVEYN TOAAOTANCLIGUO TOV HOAVGUEVOV KLTTAP®V
TPOKOAEITOL GUCCHPEVOT) YEVETIKOV A0BDV KOl ATOGTAOEPOTOINGT TOV YOVISIDUATOG
1OV EVIOT e OmOTEAEG LA TV ONUIOVPYIL KOPKIVIKOV CALOIDGEWMV.

YKomog g mapovoag SaTpPng NTav 1 UEAETN] TOL YOVISIOUOTOS TOV
HPV16, evod mapdAinia emyelpndnke o Tpoodlopiopos TG HOPPHS TOV YOVIOUDIATOG
TOV 10V Kol 0 TPOSdopiopds Tov 0écemv evompdtmong tov HPV16 oto kuttapikd
ypouodcsoua.. H pedém npaypatoromdnke og KAvIKA delypato TpayAon e UITPoS
nov amopovadnkav and tov EAnvikd minbuopod, Betikd yio pdéivvon pe tov 10. H
VOUKAEOTIOIKT KOl PUAOYEVETIKT OVAALGT TV OTOTEAEGUATOV £0€1EE OTL TO TPOTLTTO
otéAeyoc tov HPV16 xabdg kot n Evpomaiky mapoiloyn ToV YOVIOIOUATOS TOL 10V
EMKPOTOLY otov EAMvikd mAnBuoud, evd mapdriinia mopatnpndnke Ot pn

Evponaikéc maparrayés tov HPV16 DNA kvklopopodv otov EAAnvikd minbuoud.
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Axoun evromiotnkay Kovovupyleg LETOALAEELS evtog TV Yyovidiov E1, E2, E4, E6 kat
E7 mov dev €yovv avapepBel omn o1ebvn PipAoypagio Kabdg emiong Kot pavoueva
JMAACIAGHOD KOl EVOOTLTIKOD OVOGUVOLOGHOD UETOED OLPOPETIKAOV TOPUAAXYDV
tov HPV16 DNA. Téhog, ol O10QpOpeTIKEG TMEPLOYEG TNG TPOYNG TEPLOYNG TOV
yovidropotog Tov HPV16 DNA eéglicoovtal e S1apopeTIKO TPOTO KoL 0VTO {6MG Vol
oyxetileTon pe TIC OPOPETIKEG AEITOVPYIEG MOV EMTEAOVV Ol UKEG TPMTEIVEC GTO
KOKAO {oNg Tov 100.

[Mopdiinia, Tpocdiopiotnke n popen tov HPV16 DNA, yaptoypapdvtag
TIc o ovyvég Béoeg pnéng tov ukov DNA. H avdivon tov arotedecudtov £0eile,
ot 1 evoopdtoon tov HPVI16 elvarl éva govopevo 1o omoio cupfaivel vopic oto
KOKA0 (mng Tov 100. TéNOG, amd ToV TPOGdIoPIoUO TOV BEGEDV EVOOUATM®ONG TOL 100
0TO KVTTAPIKO YPOUOSOU evToTioTnKay avopeva avadidtaing tov HPV16 DNA
mpoteivovtog €va HovtéAo, cOUemVe pe To omoio evoopoatopévo popo DNA oe
popoen oivcouepdv HPV16 DNA - xvttapuwd DNA épyovion o avtumapdAinio
TPOCAVATOAICUO Kot avacvvovdlovior petald tovg péow pog dopng OnAtds. To
Qowvopevo  ovtd  mpokoAel  SlopK®G  omootafepomoinon TOL  KLTTOPLKOV
YPOLOCDUATOG, YEYOVOS TOL ONAMVEL, OTL OKOUN KOl LETA TNV EVOOUATMOOT] TOL 10V
O0TO KLTTOPIKO YPOUOCOUE 0 10¢ ovveyilel vo TPOKOAEL SOPKMDG QOIVOUEVA
amootafeponoinong tov kuttapwkod DNA. Xvunepacpatikd, 1 xoptoypdenon tov
ocvvnbéotepav Béocov pnéng tov El xor E2 yovidiov oe ocuvovooud pe 1
voukAeoTOwkn avdivon tov yovdiov El, E2 kot E6 tov HPVI6 o tov
TPOGOlopopd yeyovotwv avadiataing tov HPV16 DNA Ba mpémer va AapPdveton
cofopd VTOYN YL TOV TPOGOIOPIOUO TNG HOPONG TOV  YOVISUDUOTOS TMV
dwpopetikdv HPV16 otedey®dv Kot ™G TEPOUTEP® KOTAVONONG TOV YEYOVOT®V TO

omoio gumAékovv tov HPV16 oty oykoyéveon.
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IIpoioyog - Evyaprotieg

H Awaxtopikn Awrpin mpayuotomombnke oto Epyaoctipio Mopilaxnig
IoAoyiog tov Tunuotog Biloynuelog kot Buoteyvoloyiag tov Ilavemotnpiov
Oeccariog pe emPrénovta kadnynt tov k. [T Mapkovidto. To 0épa g dratppng
etvar "IIpocdoplopdg ™G HOPONG TOL YOVIOI®WUATOG TOL oteAéyovg HPV-16,
OLOYETION HE TNV KAWVIKY €kovo, Tov acBeviy Kol Tpoodopiopdg g 0éomg
EVOOUATOONG TOV 100 6T0 KVTTAPIKO Yovidiopa", divovtag pov v duvatdtnto vo
peAetom Vv ProAoyic Tov 100 KoL Vo EVIPLENO® 6T YDpo ™G Moplaxng loAoyiog
katl ™G Epevvag. IMa 1o Adyo avtd Oa nBeha va ek@pdcm €va pHeydAo €VYOPIOTO
otov kaOnynm pov k. Il. MapkovAdro. H ovvepyocio poag xpdtnoe yuoo entd
oAOKANpa POV, HEGO amd To omoia Lov didaEe [e Waitepn evyEVELR TOV YDPO TNG
EMOTAUNG Ko TOV TPOMO NG dwopkng avalTtnong yw tnv dlepevuvnon kot Ty
EMIALOY KAIPLOV ETCTNUOVIKOV pOTNUATOV. OQeil® &va PEYOAO €VYOPIOT® Kol
10104TEPN EVYVOUOGVHVY YO TIC YVAGELS TOV OV TPOCEPEPE, TNV TOAVTIUN KO OLOPKT
k00001 ynon Tov kot kaBoploTIKN TOL GLUPBOAN GTNV EMIAVLGT TPOPANUATOV Kot TNV
eMTEVEN TOV GTOYWOV LLOV.

Eniong 0o MBera vo exppdom €va peEYAAO €VYXOPLOT® oTNV KoOnyntplo
AefdudTov - Ztepdvov Ztapativa kot otov kadnynm Opeavovddkn Idpyo ywo ™
CLUUETOYN Kol CLUPOAN TOLG oTn TPUeEA] cvpPovAevtikn emttpormn. Eva peydio
EVYOPLOTA GTO LTOAOUTO, LEAN TNG ENTOUEAOVS EEETAGTIKNG EMTPONTNG TOV KaBNyNT
Kopiom Anuntpn xou tovg emikovpovg kabnyntég Apovtlia I'pnyopn, Mocioro
Anuntpn kou I'koaptoovike Kovotaviiva ylio Tmv GUUUETOYN TOLG GTNV EMTOUEAN
€€ETAOTIKN EMTPOT Kol Yio TO YPOHVO OV aPLEPOGAY 6T d1OpOBmon Kot a&loAdynon
™G dtatpPnge.

EmumAéov evyopiotd Bepud ™ k. Némko Xaprrivn amd 10 €pyactnplo
KvtrapornaBoroyiog tov IMavemomuokod Noocokopeiov Adpioog, v K.
[TavotomovAov Evotabio vaebOuvn tuipatog lodoyiag KOEITX «I'. ITamoavikoAdovy
AONA Ay. 24BPag, tov k. Xkopdd Baciln kot v k. Zapkadodra Iodvva yo v
TOPAYDPNON TOV KMVIK®V OEYUAT®V OV XPNCLOTOmOnKaY 61N Topovoa datpif.

‘Eva peydAo evyoplotd o@eiA®w oT1ovg (IAOVE HOVL KOl GLVOOEAPOLG
Kvplaxomovlov Zoayoapodia, Povtep Epryn kot Anuntpiov TnAéuoyo vy
OULVEPYOGIO KOl Y0 TNV OLGLOCTIKY QGUAlo OV ovamTLYONKE OA0 TO OACTNUA TNG

TOPOVGIOG LOV GTNV £PEVVNTIKY opdoda. Tovg evyaplotd Beppd Yo TIG ONUOVPYIKES
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OTIYHEG KOU Yo TNV OUEPIOTN CLUTOPACTOCT TOVG O OVOKOAEG KOTAUOTAGELC.
EminAéov Ba nBeda va ek@pdom £vo LeyAAO EVYOPIOTAO GE OAOVG TOVL TPOTTLYLOKOVG
KOl UETATTUYOKOVG QPOITNTEG WE TOVS OTMOIOLG GLVEPYAOTNKO KOl KLPIWG o1
petamtuylokn eorttpioe MrAétoa MaydaAnvn, ywoo v moAvTun PBondeia g o6to
televtaio HEPOg TG StoTpPnc.

Télog éva Bepud evyoplotd otovg yoveic pov Kwvortavtivo ko lodvva yia
oA To Ypovia Tov pe otnpilovy, divovtog Hov To HéEca Kot Tr SuvatdTNTo Vo, TETOY®
T0VG 0TOYoVG Hov. Tovg ogeilw Wiaitepn €VYVOUOGHVI KOl TOVG YPMOOTA® TOAAL
ELVYOPIOTA Y10, T GVUPOAN TOVG GE OAN TNV TOPEiR TOV GTOLOMV OV KOl TOV Elval
dlpK®O¢ dimAa pov oe Kabe Pripo Ko EmAOYN pov. Akoun €vo PEYIAO gvYOPIOTM
omv adeApn pov EvayyeMo yio tn ovumoapdotoon kot Ty oictodoéio Tov pHov

LETAPEPEL GE OAT TN TOPEiD LoV HEYPL GNIUEPOL

Toaxoyiovvng Anuntpng
Bloymuukog - Bloteyvoldyoc, MSc

27006 Yoveig Lov,

Kwvoravtivo kai loavva

KO1 TV Q0EAP LoV,
Evoyyelio
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Kepaiaro 1
1. Evoayoyn

1.1 Iotopwn avadpopn

Ot Ioi tov OnAoudtov - Papillomaviruses (PVS) ovykpotobv v peydin
owoyéveln tov Papillomaviridae. H owoyéveln tov Papillomaviridae eivon puo peydin
ETEPOYEVNC OUAON 1OV TTOL TPOCPAAEL TAL TEPIGGOTEPA ONANCTIKA, TTVE KOl EPTETA,
evd meplocdtepol oamd 150 tomor €yovv  aviygvevtel otov GvOpwmo (Human
Papillomavirus - HPV), (Bernard et al., 2010). AvakaAdeOnkav mpdTn QOPA 0TI
apyéc tov 20% cudvoe otav amodeiydnke 0Tl Tor deppotikd ONAduaTo PTopodCOV Vo
petadofovv petald dtupopetikdv achevov. H ukn ¢bon tov aviporvev Onilopdtov
npoocdtopiotnke 0 1907 ko givar 0 Tp®dTOG 106G TOV AvaKaAVEONKE dTL TPOGPAULEL TOV
dvBpwmo. Exeivo 10 ddotnpa o1 epeuvnTég TOpOTPNCGAV, OTL TO. SEPLATIKE ONAdUaTO
umopovcav vo petadofovv and €vav acheviy oe évav GAlo, vroPdAAlovtoc Ta o€
QIATPAPIOUO. XPNOLOTOIOVTOG PIATpa e To omoia amopdvavoy Baktipia. Ot PVS
amopovadnKay yio. Tpdt eopa omd kovvéAla omd tov Richard Shope to 1933. O
npmdto¢ 16¢ Tov Onioudtov mov amopovodnke ovopdotnke Shope Papillomavirus 1
CRPV (cottontail rabbit papillomavirus). O Shope mapatipnoe 6t poAvouévo
KovvéAMD Tov Yévoug sylvilagus epgpdavilov Onlopata to omoia pHeTd omd GVUVTIOUO
YPOVIKO OldoTnpo petatpémoviay o€ Kakonbelg oykovg. O Shope amopdvoce ukd
ooUatiow omd OYKoug omd HOAVGUEVOLG Aoyohg Kot GTNV GLVEXELWD To epPoAince o€
01KOG1TOVG VYIEIC Aoyovg, ot omoiot avéntuéav Tig ideg aAlowwoelg (Shope, 1933). O
Shope Papillomavirus aAAniovymbnke to 1984 ka1 £de1&e onuavTIKN OHOOTNTA UE TOV
10 HPV1 (Giri et al., 1985). To 1935 o Francis Peyton Rous mov &iye amodei&el tnv
TPOKANGT CAPKMUATOS GTOL KOTOTOVAN Ao 10, GLGYETIoE TOVG [ovg Twv Onloudtov
HE KOPKivo TOL O€pUATOC oTO. poAvouéva avtd KovvéAle Koty 30 ypdvia
OLVEYOLEVMV EPEVLVMV YPNOLLOTOOVGE KOAON O UKA OnAdpoTo ©¢ TPOSpOHo TV
ONUEPVAV YMUKADV KOPKIVOYOV®V Y10 TNV TPOKANGN OYK®OV G€ £peuvnTIKO €minedo
(Rous, 1935; Rous, 1940; Rous et al., 1952). Avt)y ftov 1 Tp®dTN amo6delén mov

EVOYOTOIOVCE TOVLG 100 Yoo TNV TPOKANGYN KopKivov oto OnAaotikd. Amd totE
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dapopotl tHmol TV Iov tov Onloudtov svtomiotnKov Kol cuvoédnkov pe v
dnuovpyia OYKmV o oA €101 petald twv omoimv Kot 0 avOpwmog.

To 1976, o I'eppovog loddyog Harald zur Hausen dnpocievoe 61t o ot loi tov
AvOpomvov Oniopdtov (Human Papillomaviruses, HPV) nailovv onuavtikd poro
oV avantuén kapkivov tov TpaynAov g unTpog kot to €t 1983 ko 1984 o
Harald zur Hausen pe tovg cuvepydtec tov amopdvooe ta tpdto oteréyn HPV16 kot
HPV18 o¢ yuvaiko mov éracye and Kapkivo Tov tpayniov e untpog (Gissmann et
al., 1984, Zur Hausen, 1996). To 2008, tov areveundn to Bpapeio Nobel Totpiknig yio
mv  épevva Tov. Apyotepo  avokoAveOnke, 0Tt ocvykekpyuévor tomor HPV
ovoyeTilovtol PE TOV KOPKIVO TOL TPOYNAOL TNG HUNTPOG. XNUEPO, EMLONLOAOYIKEG
LEAETEG OMOOEIKVOOVY, OTL O KOPKIVOG TOL TPayNAOL TG UATPOS AmOTEAEL TV Tpity

T cLyv1 €voelén kakonelog 6to yovaikeio mAnbvoud toykoopiong (Jemal, 2011).

1.2 Tevika yopaxtnpretika tov Papilloma wdv Tov avlpdmov

Ot Ioi T@v AvBponivov Onioudtov (HPV) gival dikhwvor kukhikoi DNA 101,
peyéBovg mepinov 8000 Cevynv PBaoewv, yopic eEotepcd mepiPAnpa Kot StopéTpou
™m¢ t6&ng 50 émg 60 vavopétpwv. Ot HPV mpokadoOv evooemOnAloKéS aALOIDGELS
otov &eviot Tovg (KovovAopoto, Oniopata), ov omoiec ekteivovionl amd Kowd
InAdpato péxpt kapkivo (Zur Hausen, 1996). Méypt onuepa £xovv tovtomotnel kot
&yovv TANPwG aAAniovynBel mepiocdTepol and 150 Sagpopetikoi tomot HPV, evod
ndveo ond 40 tOmol cuvoéoviol HE OAAOIDGEIS TOV OLPOYEVVITIKOD GUGTNHOTOC
(Bernard et al., 2010). EmutAéov éxovv aiinlovynfei mave amd 60 TOTOL 7OV
npocsfaiovv ta (ma. H mapovsia PVS oto Oniactikd kabmg emiong kol o€ TOAAODG
SUPOPETIKOVG EEVIOTEC OTMOC T TOVALL, YEAMDVEC Kol P00l OTOOEIKVVEL TNV EVPEiD
napovcia Toug petald apviotdv (Bravo et al., 2010)

Oocov apopd tovg HPV ywpilovtor o 000 katnyopieg pe faon tov embnitoxo
Tpomicpd Tovg. 'Etot éxovpe toug HPV mov mpocBdiovy to emBnAio tov d€ppatog Kot
exeivovg mov wposPaiiovv to emBnAto Tov PAevvoyovov. Ot depuaticoi HPV tHmor
TPOKOAOVV KaAoN 01 deppatikd Onilopata, evd ot HPV mov mposPdiovv to embniio
T0V PAEVVOYOVOL aATOTEAOLV TOV KUPLO OUTIOAOYIKO TOPAyovVTO, YloL TNV TPOKANGN
EVOOEMONAOKOV oALOIOGE®Y Kot avamtuén kopkivov. Emumiéov, ot HPV ¢

televtaiog avtg TdENg avdioya e v éktacmn kot TV cofapotnta g PAGLNG Tov
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TPOKAAOVV, UTOPOVV VO KOTIYOPLOToBovuv € dV0 YOPOKTINPIOTIKEG OUAOES. XTNV
opada vyniod kwvdvvov (high-risk), ta uéin g omoiog eivor cvvdedepéva pe v
TPOKANGN OONTIKOD KapKivov GLVABW®S TOL OVPOYEVVNTIKOV GLGTHWOTOG KOl GTNV
opada yopnAov kwvdvvov (low-risk), toa péAn g omoiag evromilovion cmaving o€
Kapkivo dAlo givarl otevd cvvdedepéva, pe v tpokAnon Indoudtov (Bernard et al.,
2010).

1.3 Ta&wounon tov Papilloma wov

Ot Ioil tov Oniopdtov (Papillomaviruses) apywkd opadomomnOnkay pali pe
toug Polyoma 100¢ kot tov SV4A0 oty peydAn owoyévela twv Papovaviridae. H
opadomoinon avut PacicTnKe GTNV OHOIOTNTO TOL KOWISIOL TV TOPATAVE 1OV,
omv éAdewyn mepAnquotoc kabmg emiong Kot oty VIOPEN SIKA®MVOVL KUKAIKOV
nopiov DNA (Danos, 1982). Metd and v £Bdoun avagopd g Atebvoic Emttponng
Ta&wounong towv Iodv (International Committee on Taxonomy of Viruses, ICTV)
&yve omodektd OtL ot ol Tov Onilopdtov amotelobv o Eexmploth TOEIVOUIKN
owoyévewn v (Papillomaviridae), n omoia dev oyetiletor kabOAOL pe TOVG
Polyomavirus kot tov SV40 (van Regenmortel et al., 2002). O dwoyopiopodg avtdc
&ywve pe PBaon m Sw@opd oty opydvwon, 1o HEYEDOC KOl TN VOLKAEOTIONKY|
aAAniovyia peta&d Tov PVS kat tov pehdv thg owkoyévelag tmv Papovaviridae. H de
Villiers ka1 ot cuvepydteg g meplEypoyay T SOUOPPOOT TOV PLAOYEVETIKMV
dévipov toov PVS, pe Pdon 1t voukieotdikn oAAniovyio, To  PloAoyikd
yopaktnpotikd (gid0n Eeviotov, 10T0G, maboyéveln, OpPyAvVMOT YEVOUOTOC) Kol
Béomoay v tagvounon tov PVS og vévn (de Villiers et al., 2004). H ovopatoroyia
avTOV TOV YeVOV Baciletol 6To EAAVIKO GAQAPNTO KOl £YIVE QUECMG ATOOEKTO OO
mv ICTV «at v emomuoviky xowdtra. To 2004 dexoéll opddeg PVS
opyavVOONKaY G€ YEVN YPNCLLOTOLOVTAG TNV EAANVIKY dA@APnTo omd T0 Ypdupoa
Arlpa péypt to ypappa I pe Béon ta kprmplo mov Beomictnroy.

Ot tomot v Iov tov AvBporivov Oniopdtov (HPVS) dwaywpilovtal oe
névte yévn pe Paon v aviAvoTn Tov YOVISUOUOTOS TOL 100, HE TOVG SLopOPETIKOVS
TOTOVG VO TOPOVGIALOVV SLOPOPETIKA YOPAKTNPIOTIKG 6TO KOKAO {®NG TOLS Kol Vo
oLVOEOVTOL PE OLPOPETIKO Pabud pe v mpOKANoT evOOEMONAMOKNG OAAOIOONG

(Doorbar et al., 2006, Bosch et al., 2008, Bernard et al ., 2010, Ekstrom et al., 2011).
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"Etot onovpynnkav ta yévn Alea-, Bita-, IN'appo-, M- kot Ni-PVs (Ewova 1.1).
Kabe yévog owaywpiletor mepartépw o€ TOMOVE, VAOTLITOLG KOl  TOPAAAAYES
(variants), Baoet ¢ opotdmrag ™G aAiniovyiog Tov Koyidlakoy yovidiov L1. H
aAAniovyio Tov yovidiov L1 dapépet petald Tmv Slou@opeTiK®V TOHT®V TOLALYIGTOV
katd 10%, eved petald vrotvnov Kot mopoilayov 2% -10% ko 2% avtiotoyya
(Bernard et al., 2006, 2010). Extog and to. yévn Alea-, Bita-, Téppa-, Mi- kot N,
7oV TEPLEYOLV TOTOVG TV PVS mov éxovv amopovwbel amd tov dvBpwmo, dvo yévn
(Htta- and ®nta-PVS) éxovv amopovobel amd moviid, ved ta vVIOAOTa evvE YEVN

&yovv amopovodel omd Onlactikd. (de Villers et al., 2004).

Genus
Alpha-papillomavirus

papillomavirus

Delta-
papillomavirus

Gamma-

Epsulnn-papl[lﬂmavlrus papillomavirus

Zeta-papillomavirus

\
| | 1
copy 4 83 'Ew'

M'“P\’ CRPV r-upm- “ |BPVa
, BPYA . .. ; .
FEFU Pi-papillemavirus
Eta-papillomavirus (:iw —
Omikron-papillomavirus
Mu- paplllomawrus Hl -papillomavirus

Theta- P‘E'F’"""'“a‘"“ﬁ Lambda-papillomavirus

Kappa-papillomavirus Nu-paplllomavims
lota-papillomavirus

Ewodva 1.1. Ovroyevetikd 0évipo 118 PVs mov Baciletar oty aAiniovyio Tov Kayidlokon
yovidiov L1. To dévtpo kotackevdotnke pe to mpdypappo Treeview wor pe tnv pébodo
neighbor-joining Xto 64vipo awtd mapovostdlovral OAo T YEVT KOl Ol OVTITPOGMITEVTIKOL
tomot tov lov tov Onioudtov (de Villiers et al., 2004).

H tedevtaia emionun taéwvounon tov yevov tov lov tov Onioudtov
tedeiowoe pe 1o yévog It (pi-PVS). H meprypapn opmg véov PV yevav Oa gixe og
ovvémela va e&ovtinbdei to eAAnviko adeapnro. O Bernard et al. (2010) npoteve va

OLVEYLIOTEL M XPNON TOL EAANVIKOL GAPAPNTOL Yio dEVTEPT POPE YPTCLOTOUDVTOG
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v pdheon "ovo". Mehétn mov TPAyUATOTOMONKE OO TNV GLYKEKPIUEVT] OUAOO LE
aAAniovyieg OAwv tv PVS amd v PipAloypaeioc kou v tpdmelo dedopévmv
GenBank odnynoe oty dnuiovpyia véwv yevav amd to Po (Rho-PVS) émg to Quéya
(Omega-PVs) kot cvvéyouoav pe tovg opovg "Avo Aéita" (Dyodelta-PVs), "Avo
‘Eyiov" (Dyoepsilon-PVs). H cuykekpipév opddo. amé@uye va ¥pnoIULOTOGEL TV
npdOeomn "dvo" ota yévn Aipo-, Brto-, I'appa-, Mi- xou Nt -PVS. Efuepa, m
owoyévela tov Papillomaviridae yopiletar o eikoot gvvéa yévn, pe mévte yévn va
&yovv amopovebei amd tov dvBpomo (Area-, Bnto-, T'dppo-, M- ko Nt -PVs),
elkoot yévn amd dAla OnAactikd, tpio yévn amd TINva Kot Eva YEvog amd EPTETA.
v Ewova 1.2. mopovctaletor 10 gUAOYEVETIKO OEVTPO, TO OTTOI0 KOTOCKEVAGTIKE
ue Pdon v voukieotdkn aiiniovyio tov L1 yovidiov 189 Pvs. Xto dévtpo avtd
mopaTnpEital 1 ox€on HETAED TOV TPONYOVUEVOV KOl TV VEOV YEVAV, VD £XOVV
emonuaviel ta tpia KOpla yévn mov cvumeptlapupdvovv v mistoynoio tov HPV

TOTTOV.

Ewova 1.2. ®vloyevetikd oévipo mov mponpbe amd molhomin opomapdfeon Ll
oAniovyiwv 189 PV timwv. o v xotookevr] Tov d€vipov ypnoylomomidnke to
npoypoupe MrBayes v3.1.2 pe 10.000.000 xvxrovg yia tov adydpiBuo Markov chain Monte
Carlo (MCMC). To mpdypapupe ModelTest v3.7 mpocdidpioe 10 KOAVTEPO €EEMKTIKO
povtélo (Bernard et al., 2010).
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1.3.1 Ahga-Papilloma woi

To yévog Alpa (Alpha-Papillomaviruses) givor to peyaldtepo yévog peta&d
tov HPV kot dtoywpileton og TOmovg mov tposfaiiovy to emfniio tov PAevvoyOVOoL
Kol 6¢ TOmovg mov mpocsPdiovv to emBnio tov Oépuatog. Or HPV tHmor mov
nmpocfaiovv to €m0 tov PAevvoyovov dStoympilovior mepeTaip® G LYNAOD
kwovvov (high-risk) xat yapniod xwvdvvov (low-risk) (Bernard et al., 2010). O1
deppatikol Ahpa- HPV timot ivan emiong xounAov Kivduvou kot 1 Kotnyopio vt
ocvumepthappdaver toug HPV2 kor HPVS7, ot onoiol tpokaiovv kowvd Oniodpata Kot
tovg tomovg HPV3 xou HPV10, ot omoiot mpokohovv emimedo KOVOLADUOTO KOl
onavia epumiékovtol oty TpdkAnon kapkivov (Hsueh et al., 2009, Bernard et al.,
2010). Ot HPV tdmot youniod xwddvov mov TPocPaiiovv To €MBONA0 TOL
BAevvoydvou pmopobv emiong VoL TPOKAAEGOLV OEPUOTIKEG OAAOUDGELS GTO YEVVITIKO
ocvotnua, AL dev Tpokarovv veomhooia (Middleton et al., 2003).

Or kopxwvikéc aAlownoelg &govv ovoyetotel pe HPV  tdmovg vymAov
Kiwvovvou (Bosch et al., 2008, zur Hausen, 2009). Addska HPV tomor (16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, kot 59) &yovv kabopiotel and v Iaykoouio Opydvmon
Yyeiog g TOmol vYNAoL KIvdOVOL oL TPOKAAODV KOPKIVOo, LE TOVS EMUTAEOV TOTOVG
(68, 73) va. avayvopilovtar og "dvvnrtikoi" Tapdyovtec tpdkAnong kopkivov (Munoz
et al., 2006, Schiffman et al., 2009). Opiopévol emmAéov THTOL GLUTEPAOUPAVOVTAL
oTNV opdda LYNAOD KvoLVoL e BAcn TV e£EMKTIKT TOLG OPOLOTNTO LE TOTOVS TTOL

npokarovv kapkivo (Munoz et al., 2003, Schiffman et al., 2005).

1.3.1.1 Ta&wopunon tov HPV16

O HPV16 avnkel oto yévog tov Arpa PVS kot guBoveton yia mepiocdtepo
a6 10 50% TOV TEPTOCE®V KAPKivov Tov TpayfAov ¢ uqtpag (de Sanjose et al.,
2010, Li et al., 2011). Extetopuévn pekétn g aAANAovyiag Tov YOVISIOUATOS TOV
HPV16 «xoir oe pkpoétepo Pabud tov HPV18 odnynoe oto ovumépacpa, OTL
OUYKEKPIUEVEG EVOOTVTIKEC TapaAloyéc tov 100 (variants) oyetiCovtor pe tnv
YEOYPOUPIKN TpoEAeVon Kat TNV eBvikdtTTa Tov TANBVoUoY 6oL emikpatei (Chan et
al.,, 1992, Yamada et al., 1995). ITio ovykekpipéva to yovidiopo tov HPV16
TaSvopeiton oe mEVTE PEYAAEG OLUPOPETIKEG EVOOTLTIKESG YEVIEC TOPOUAAUYDV YVOOTEG

o¢ HPV16 African type I, African type Il, Asian-American, European kot Asian. Ot
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YEVIEC QVTEG OPLABOTOLOVVTAL GE TEGGEPT. SLUPOPETIKA PLAOYEVETIKA KAadd (Yamada
et al., 1995, 1997, Bernard et al., 2006). H avdlvon tng aiiniovyiag Ttov
yovidiwpotog tov HPV16, 0dnynce otov €viomiopud €VOOTLTIKMOV VOLKAEOTIOIKMOV
TOADHOPPIGUOV o€ cvyKekpuéveg meployés (L1, L2 E6, E7, E2 LCR), yeyovog mov
enékteve TV vAoyevetiky tov tavounon (Yamada et al., 1995, 1997). Tlpdoeoteg
UEAETEC KOTAPEPUV VO TAEIVOUNOOVV TIG YEVIEG TOV EVOOTLTIKAOV TOPUAANYDV TOL
HPV16 ot peyaidtepo Pabud kot va onpovpyncovv tig "vmoyeviés” (sublineages).
"Etot éyet mpoxdyet: (1) n European-Asian yevid 1 omoia mepthapBavel TIC VIOYEVIEC
European kot Asian, (i1) n African 1 (AFR1) yevid mov mepthapufdvel Suo vroyeviée

AFR1a xar AFR1b, (iil) n African 2 (AFR2) yevid mov mepthopfaver Tig vIToyeviEg

AFR2a kot AFR2b, xati (iv) m Asian American/North American yevid, n omoio
nepthapPaver g vroyevieg North American (NA), Asian-American-1 (AAl) kot
Asian-American-2 (AA2). Ot "vroyeviéc" tov evdotvmikdv apaiay®v tov HPV16
napovctalovy petald tovg dwpopés ™G Taéng 0.5% Emg 1% oe emimedo
yovidiopatog (Smith et al., 2011, Chen et al., 2011, Huertas-Salgado et al., 2011,
Cornet et al., 2012).

H pelétn tov evootumk®v mopodoy®dv Tov 100 Tapovotdler peydro
EPELVNTIKO eVOLOQEPOV KAOMG peAéteg €yovv mpoteivel, Ot or pun Evpomaikég
evootumikés mopoArayés tov HPV16 ocuvoéovionr pe peyaddtepn ocovyxvomnta pe

vynAdtepov Pabpod dvomhaciec (Tornesello et al., 2011, Sichero et al., 2007).

Ewova 1.3. dvloyevetikd dévipo (UMPGA, pe 100 bootstrap values) mov koTooKELAGTIKE
pe v xpnon 99 eAiniovyumv ™ pubuiotikig teproyng LCR kot tov E6 yovidiov. To dévipo
ovTO TEPLYPAPEL TOV dloympilopd twv HPV16 mapailaydv o T€66Epa GUAOYEVETIKG KAOOLH
1e T1g avtiotoryeg voyeviég Toug (Cornet et al., 2012).
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1.3.2 Bijta, F'appa, M kot Ni- Papilloma woi

Ot HPV tomotr mov mpocPdiovv 10 dépua ympilovionr oe TEGGEPO OLPOPETIKA YEVT
(Bnto, Tappo, Mt kot Nt -papillomaviruses). Ot 10i avtoi cvyvd evtomilovtar o€
delypata vy1oHg OEPUATOG, ATOJEIKVOOVTAG OTL TPOKOAOVY OCVUTMOUATIKEG LOADVGELC.
To péAn tov yévoug Beta mposfdiovy to €m0 Tov dEpUATOC Y®Pig Vo TPOKAAOHV
aAlowwoels. [Mopdia avtd éxer mapatnpndei, 0Tt 1 pOAvvon omd To. GTEAEYN TOL
OLYKEKPLUEVOL YEVOVLS GE OIVOGOKATECGTOAUEVOLS acBeveic kot acBeveilg Tov Taoyovv
a6 emdepuodvonracio (epidermodysplasia verruciformis), pmropobv va TpokaAEGovY
un  pelovoupatikd kapkivo tov oépuoatog (Pfister, 2003). Ov HPV tdmotr mov
npoépyovtor and to yévn (Fauua, Mt kot Ni), mpokaiodv depuatikd OnAduata to
omoia dev egMiooovTol TOTé Ge KapKivo. XT0 TopaKAT® LAOYEVETIKO dévipo (Ewkdva

1.4) tapovcialetar n uroyevetikn oyéon peta&d tov HPV yevav (Doorbar, 2012).

Ewova 1.4. EEehctikn oyéon petaéy tov HPV. Ot HPV amotelobvion amd mévte yévn pe
Ol0POPETIKO  TPOTICUO  emONAIoL Kol SPOPETIK]  OLOYETION HE TNV OVATTLEN
evooemnAlok®dv odroidoewy. Ot Adpo PVs meptiapfdvouy toug THmovg youniod Kivdbvou
(moptokaAl mAGIC10) KAl TOLG TOTOVE VYNANG Kvovvou (pol mAaicto). Ot depuatikoi HPV
tomot ykpt (Alpha), npdowo (Beta), umie (Gamma) dev oyetiloviar pe v ovamtuén
kapkivov. H ewova avtr dgiyvel £€va pUAOYEVETIKO OEVTPO TO OTOI0 KATOGKEVACTNKE UE TNV
uébodo maximum likelihood pe v ypnomn tov yovidiov E1, E2, L1, L2 cvuvolika 132 HPV. H
opomapdfeon TV oAlnlovyuwv mpoyuotomombnke pe tov odyopipo MUSCLE. To
(PLAOYEVETIKO SEVTPO KATACKELASTNKE Ue To TpoYpappo RaxML. (Doorbar et al., 2012).
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1.4 EEEMEN Tov AvOpomvev Papilloma wodv

Koatd v ddpkela g eEEMENg ot HPV €yovv avamtdlel cuykeKpyuévovg
EMONAMOKOVS TPOTIGHOVG, UE OOPOPETIKOVG TOTOVG VO, TOPOVSIALOUV OloPOPETIKN
ovoyétion pe v Tpdxinon ariowwoewv (Gottschling et al., 2007, Shah et al., 2010,
Chen et al., 2011). Meléteg éyovv dei&et 6Tt molhoi HPV tomot mov avikovy ota yévn
Brta ko I'appo tpokaiodhv Hovo acOUTTOUATIKEG LOADVGEIS GE OVOGOAOYIKA VYIElS
acBeveic (Nindl et al., 2007, Gottschling et al., 2009, Ekstrom et al., 2010). Tétotot
ol givor KoAd TPOGOPUOGUEVOL GTOVG EEVIGTEG TOVG KOU O TOAAEC TMEPUTTMOELS
UTOPOVV Vo OALOKANPDOGOVY TO KOKAO (®NG TOLG Kot Vo, Topapeivovy otov mAnfuouo
Yopig va Tpokarovy kdmowo acOévela (Forslund et al., 2007, Ekstrom et al., 2011).
AvTd ta YopaKTNPLoTIKA Ogiyvouv, 0Tl 1 aAAnieniopaon tov PVS pe toug Eeviotég
ToVG givot ToAD oAl Kot Exel dOnpovpyndel po wwoppomion HETaEL TOL KOKAOL (mNg
TOV 100 KOl TNG 0voooloyikng amokpione tov Eeviotry (Woolhouse, 2007). H
eCeMkTikn kotayoyn tov PVS evtomileton amd v apyn ™S EUQAVIONG T®V
apvioTov, mepimov 350 sxatoppdpla xpovia mprv. [Todhol eEghktikol pnyoviopol
eaivetor va €govv cupfdier oty mowkidotto Tov PVS. Ot pnyoviopoi ovtoi
nmepriapPdvovy, m cuv-e£EMEN EeVioTn Kal 100, TOV OVOGLVOVOCUO KOt TV ETAOYN
véov Eevioth). H emdoyn véov Eeviotn mepthapfaver v emloyn emmpocHetwv
Eeviot@v amd &vav 10 N akopo kot TV e&apavion oAdKANPNG YEVIAS 1OV Omd TOVG
Eeviotéc Tovg (Gottschling et al., 2007, 2011).

[To ocvykekpléva, QLAOYEVETIKEG O0POPES UETAED TPOIU®V KOl OYILOV
yovidiwv Exovv Bpebel o TOHMOVE MOV EUTAEKOVTAL GTNV KOPKIVOYEVEGT KO OVI|KOVV
oto yévog Ahpa (Garcia-Vallvé et al., 2005). MeAéteg éxovv dgiet 611 N eEEMKTIKY
avt oavokoiovBio petald tov yovidiov pmopel vo mpofpyetor omd HEUOVOUEVO
MEPIOTOTIKA OV CLVEPNCAV 6T0 TOPeEABdV, OTWG OVOCLVIVACUOG, ETIAOYY VE®OV
Eeviotav, /Ko omd €viovn €EEMKTIKN T{EoT MOV OOKEITOL GTO YOVIOlOL TOV 1DV
(Narechania et al., 2005, Varsani et al., 2006). ITponyobueveg peréteg ol OmOiEg
YpNoonoinoay aAlnAovyieg vV TOL AVAKOLV GTo Yévog Alpa amd v Pdon
dedopuévov "Los Alamos National Laboratory" avépepav v vmopén £&voeiéng
ofuotog avoaocvvovacpol ota yovidwe E6, E7, L2 xou L1 (Angulo et al., 2007,
Carvajal-Rodriguez et al., 2008). IMapdro ovtd QLAOYEVETIKES S0POPEG HETAED
TPOWOV KoL OYLL®V YoVISiev dev &xovv gvtomiotei otoug Brita-PVs (Gottschling et

al., 2007), n omoia amwotelel GNUAVTIKY Kol ETEPOYEVT] OUAOA LDV.

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104


http://mbe.oxfordjournals.org/content/24/5/1242.long#ref-54
http://mbe.oxfordjournals.org/content/24/5/1242.long#ref-90
http://mbe.oxfordjournals.org/content/24/5/1242.long#ref-140
http://mbe.oxfordjournals.org/content/24/5/1242.long#ref-54
http://mbe.oxfordjournals.org/content/24/5/1242.long#ref-54

Kepdlouo 1 Eiooywyn

To tedevtaio ¥pdvio PUAOYEVETIKEG KO OTOTIOTIKEG HEAETEG TTOL EYOVV MG
oTOY0 TNV HEAETN NG EEMENG Tov Yovididpatog Tov HPV, éxovv emkevipwbel otnv
omopEn Kot TNV ovOAvoTn  EVOOTLTIKAOV avacvuvovacpmv  tov  HPV16. [T
ovykekpuévo o Carvajal-Rodriguez kot cuvepydtec, ypnoLOTOIOVTOG OAANAOVYIES
amd Vv Pdaon dedouévov GenBank amédeiEe O0tTL vmhpyer £voelEn evoOTLIIKOD
avaoLvovacpob gvtog tov yovidiov E7 tov HPV16 (Carvajal-Rodriguez et al., 2008).
[Mopdro avtd, o0 7TPMTOG €VOOTLTIKOG AVAGLVOVACUOS GE QLOIKY  HOAvvoN
neprypaetnke to 2009 oto yovdiopa tov HPV16, peta&d g Evpomoikng
EVOOTUTIKNG TopaAlayne Kot ¢ Agpikavikng tomov I mapaAiaync (Jiang et al.
2009). Emopévog o avacuvovaopoc HeTald OloOPETIKMY TOPUAAAYDV TOV 110V
TOmov 100 {6¢ va umopel va dMGEL YPNOLUEG TANPOPOPIES YO TOV UNYOVIGUO

e&EMEng tov yovidiopatog tov HPV.
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1.5. Aopnj Tev Papilloma v@v tov avOpdmov

1.5.1 Aopn kaydiov

To uk6 copatido tov HPV omyv emtepikn tov empdvela amoteheiton and 72
TeEVTAUEPT TNG Kawdakng mpoteivng L1 ko oynuatiler T=7 swocaedpikd koyidia
(Kimbauer et al., et al 1992). H xayidiokn tpoteivn L1 givar 0 mopdyovtag, o omoiog
ocvpPdrel omv opyik OAANAEmiOpoon TOL 100 UE TOV EEVIOTH] TOL KOl OTNV
avayvoplon  TOV  UKOV  cOUOTWIioV  oamd TO  0VOGOAOYIKO  GUGTNUO  TOL
npooPefinuévov atopov (Yang R et al.,, 2004, Johnson et al., 2009). H kayidiokn
npwteivn L2 tonobeteitan ecmtepikd Tov okeleTov g L1 ko eE€pyetan Tov Koyidiov
KaTd TNV O1dpKeLn TG £16050VL TOL 100 610 KuTTapo (Day et al., 2004, 2008). MeAéteg
&xovv dgi&el 0TL N mpwteivn L2 pe v fondeta poag vopdpofne meployng kovtd oto C-
TEMKO GKpo NG, ovvocetar pe v L1. Méow avtig g meployng n L2 eioépyetor oto
kévipo tov L1 mevrapepovg (Finnen., et al 2003). Baocwn g Aettovpyio eivor m
ovpPoAn ™¢ pali pe v ukn mpoteivn E2 oto moaketdpiopa tov ukod DNA ota
veooynuotilopevo ukd koyidlo eved €xet mpotabel OTL GLUUETEYEL 0 OAAAYEC OTNV
SUOPOMOT TOV UKOV COUATIOIOV KATA TNV TPOGOEST TOVS GTOV EEVIGTH KOl GTNV
KOTAGTPOPY] TOV EVOOCOUIKAOV HEUPPOVAOV HE OKOTO TNV OMEAEVOEPMOOT TOV UKDV
couatidiov (Day et al., 2004, Buck et al 2004, Bossis et al., 2005, Kamper et al., 2006,
Richards et al., 2006). Ot kuTTOPIKEG 16TOVEG GVUTVKVAOVOLY TO YOVISI®UA TOV 100 GE
éva dikAwvo kukAikd DNA “pivi-ypopocopa”” eviog tov kaydiov L1-L2. (Howley
1996).

Ewéve 1.5. T=7 HPV16, olinlemidpaocn ukod DNA pe 1otdveg (Swiss institute of
Bioinformatics).

H xpvotoidkn doun g pikpdtepns dokng povaoag, T=1 mepiéyer omoexa L1
nevtopepn (Modis et al., 2002). H vymAn avaivon g kpuotorhikng doung g T=1 doung
11
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arokaAvmtel TV L1 mevropepr| Stopoppmon Kabmg emiong kot tnv aArnienidopoon petald
TOV TEVIOUEPDV, TOL omoTeLel Pacikn apyn Yoo v dnuovpyio g T=1 dounc. To L1
nevtapepés mepléyel mévte ONAéc mov potdlovv pe mAOIVEG mpoeCoyés, Ol omoieg
arotelovvtal and 100 C-tehikd dxpa. (Ewkdva 1.6). Kabe mpoe&éyovoa Oniid amoteAeiton
amd po o-EAKa, 1 omoia vt ‘ayKioTpopévn’ 6tov dopko mupnva tov L1 mevropepong
o péoov 0v0 eAikwv, v éaka 2 kot v éhka 3, (Ewdva 1.6). To mevrapepn eivon
oLVOEdENEVA PETOED TOVG LE 1oYVPOVS VIPOPOPOVS dEGUOVG HeTAED TG EAkaG 4 TOL €VOG
TEVTAUEPOVS He TNV MK 2 Kot 3 Tov yertovikob mevtapepovs. Ta vrolowto C-telkd

dxpo emotpépovv otov mupnva ¢ L1 ya va oynuaticovv v éhka 5 (Ewova 1.6)
(Bishop et al., 2007).

Ewova 1.6. Aopukd otoyeio g L1 yio tov oynuotiopd tov xoyidiov. a) Oyn evog L1
mevTopepovs. Ameucovifovtan o1 TAevpkég mpoeoyég amd Kb £va omd T TEVTE LLOVOUEPT
(to kaBe éva pe dapopetikd ypoua). B) Mo kovivy dyn tov TAevpiK®V TPoe&oy®V 600
LOVOUEPDV delyvovTag TNV akpipr 0éon tov elikov- 2, 3, 4, 5, kot Tov C-telkoD dpov Tng
L. y) H dw-mevrapepnc Mxa-éAka aAinAeniopaon peta&d ovo mevtouepmv oto T=1. H
élMka 4 tov evoc mevtapepolg (kitpvo) aAinAemidpd pe v ko 2 kow 4 GAAov

nevtapepovg. (Bishop et al., 2007).

12
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1.6 Opyavmon Tov YoviolONaTog

H opydvmon tov yovidolidpotog etvorl KaAd GuvInpnuévn HETOED TOV 1OV TOV
Oniopdatov. To yovidiopo oo HPV16 akolovbel tnv Tumikn opydvoon T@v vyniod
Kvovvov Adpa PVS. Onwg gaivetar omnv Ewova 1.7 mepthopfdvel 6 pun dopukd ukd
yoviowa E1, E2, E4, ES, E6, E7 ko 600 dopkd yovidwa L1, L2, ta omoia exppalovrot
o€ OPOPETIKA 6Tdd10. TOL KOKAOL (®Ng Tov 100. Ta yovidia avtd exepalovv Eva
HEYOADTEPO aplBUO TTPOTOVTOV G amoTtéAecua Tov patiopatog Tov ukoh MRNA.
(Zheng, 2006) To yovidiopo tov HPV16 mepiéyet oxtd ovoyytd mAaicio avayveong
(ORFs) «ou Odwaympileton oe tpeic Toueic, pe Paomn TG AEITOVPYIKEC TOL
dpaotnprotntes. ‘Etor éyovpe v mpoun mepoyr (E= Early region), v oyun
nepoyn (L=late region) wor v pvbuotikn mepoyn LCR. H mpodwun mepoyn
Kodwonotel Yo T mpoeg ukés pvbotikég npoteiveg E1, E2, E4, ES, E6 ka1 E7
oL mnpPealovv TV avtiypaen kol v Ekepacn Tov DNA tov 100. H oyun meproyn
Kwowonotel v T oyeg dopukéc mpoteiveg L1 ko L2 mwov oynuotiovv to uxod

kayido (Danos et al., 1982).

Ewova 1.7. Opyavoon tov yovididpatog tov HPV16

H éxppaon 100 yovidiopatog tov HPV16 pubuileton amd 0vo Poaocikovg
vrokwntés. Tov PE vrokivnt (amokadodpevog emiong kot g P97 vmoKivnig) mov
Bpioketar otnv LCR ko etvar vrevBuvog yia v €KQpoon TV TPOIUOV YOVIdIOV Kot

tov PL vmoxwvnt) (yvootdg ko o¢ p670), o omoiog Bpioketar oto E7 yovidlo kot
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puuilel v ékppaon Tov ooy yovidiov kat tov E1 yovidiov (Grassmann et al.,
1996, Hummel et al., 1992). Onwg ¢aivetor otmv Ewodva 1.7 ot mepoyég mov
emonuaivovtar wg PAE wou PAL onlovouv 11 mpoiueg kot oyipeg 0écelg
TOAVOOEVIM®MONG EVTOG TOL YOVISUOWATOG TOV 100 avtiotoya. Ot Bécelg 97 ko 670
amoteAovV TV Béomn ¢ 5' kaAdnTpag tov ukev petaypdewnv (Doorbar et al., 2012).
Téhog, n puOuiotikny meproy LCR éxel néyebog 850 bp ko dev mepiéyel oty
aAAniovyia g avorytd mhaicto avayvoons. H meployn avtr evroniletar peta&d Tov
Téhovg Tov Yovidiov L1 kot otnv apyn tov yovidiov E6. Akoun n LCR mepiéyet v
0éom évapéng g avtypapng Kot 0E6elg TPOGOECNG LETAYPAPIKDY TOPAYOVTOV (T.Y.

SP1, AP1, Octl) ywo tnv ékppaon tov ukov yovidiov (Hebner, 2006).

1.6.1 H uxn npoteivy E1

To avoiytd mhaicio avayveong tov E1 yovidiov amotedel pia amd Tig mo KoAd
cLVTNPNUEVEC TEPLOYEG TOL Yovidiouatog tov PVs (Garcia-Vallvé, 2005). H npwteivn
El eivau po moAVAELTOVPYIKT] TLOPNVIKY] QOCPOTPMTEIVY) UE YOUNAO EMIMEDO
éxppaong. ‘Exet pnéyebog 70-80 kDa, amotekeiton mepimov amd 650 apvoléa kot m
nopovcio g eival omapaitnn ywo TV oviypaen tov ukov yovidiwpotoc. H E1
TPOTEIVN eKQPALETal OTNV TPOUN @Acn Tov KOKAOL (®Ng TOL 100 pe 6TOYXO0 Vo
dwtnpnoet 1o ukd DNA v emooikn Tov popoen.

Aopikéc kol Aertovpyikég peréteg €yxovv emkevipwbeil oty avaivon g El
npwteivng tov HPV11 kot €povv deifer 011 amoteleitor amd TPES AELTOVPYIKES
neployés (Amin et al., 2000, White et al., 2001, Titolo et al., 2000, 2003). a) To C-
TeEMKO AKpo, To omoio &xel v opaoctikdtnTa ATPaong ko 3'-5' ehikdong, cupupdiret
OTOV OALYOUEPIOUO TNG TPMOTEIVNG o€ €va eEapepég kal Ponbd oty aAAnieniopaon
¢ E1 mpoteivng pe v DNA molvpepdon a tov Eeviot). B) Mia kevipikn meployn M
omoia eumAéketal oV Tpocdeon g tpwteivng pe 1o DNA tov 100. y) To N-telikd
dkpo TOo omoio amotelel pvOWOTIKN TEPLOYN NG TP®TEIVIG KaBMG Srnbétel
ocovinpnuéves aAnlovyieg ywo. mopnvikd eviomopd (NLS), mopnvikr e&aymyn
(NES), éva ocvvimpnuévo potipo mpdcdeong tov kvkhveov A, E (CBM) mov
aAAniemdpovv pe v Cdk2, kabadg eniong moAlég Béoelc POoPopLAIMONG KIVOGMV
(Ewova 1.8) (Ma et al., 1999, Deng et al., 2004, Fradet-Turcotte et al., 2010).
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Yav tpoteivn évapéng e avtypaenc n E1 éxet 600 Pacukovg porove. I[pdtov
dpa cov TPOTEIVN TPOGdESNS, avayvopilovtog v BEon EvapEng TS avTLypaeng Tov
DNA ka1 devtepov dpa cav eakdon pe amotéleopa vo Eedumhmvel v Béomn Evapéng
NG OVTLYPOPNG KoL VoL TPOY®PA 1 avtrypaeiky otydia (Liu, 1995). ITio cuykekpuéva
nmapovcioo ATP 1 E1 mpocoéverar otnv LCR o¢ pia meployn mhovoo o A-T evtdg g
Béonc évapéng e avtypagng To 10V pe v Pondeia g mpoteivng E2 (Titolo S. et al
2003). To ovumioko E1-E2 amoteleiton and éva E2 dwuepég kar dvo popwo El. To
COUUTAOKO OVTO OpOl GOV SOUIKN HOVAdQ Yo TNV cLYKPATNON €vOg peyarvtepov El
e€apepovg ovumiokov (Ewova 1.8). Me v Ponbewn g E2 mporeivig
otpatoroyovvion emmpdcbeta pope E1 ko oynuoatileton éva owmAd E1 eEapepéc.
(Sedman et al., 1998, D’Abramo and Archambaul, 2011). To ocbumloko avTO
npocdévetal oty B€om Evapéng G avtiypa@ng He LYNAN ovyyéveld, EEKIVAEL TO
EetoMypa g omAng éakag tov DNA kot mpodyel v avitypogr] Tov 100 UE TNV
Bonbewa g ATP-e&aptdpevng opactikdtrog edkdong g El mpwteivng (Ewova
1.8). EmnpoocBeta, 1o C-tehikd dxpo g mpwteivig aAdnAemdpd pe v DNA
TOAVUEPAOT a-TTPLUdoT, TNV Tomotcopepdon | kol v mpwteivn RPA pe otdyo va
otpotoAoynfodv ot kvttapwkol aviypagikoli moapdyovieg otnv 0éomn évapéng g
aVTLYPOQENS TOL 100 Yo v Onpovpyndel éva evepyd avtrypagpikd coumioko (Ewkdva
1.8). (Masterson et al., 1998, Conger et al., 1999, Parker et al., 2000, Loo et al., 2004,
Clower et al., 2006).
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Ewova 1.8. Zynuoatikn oavamopdctacn g npwteiviig E1 xow E2 mov omotteiton yio v
avtrypoer Tov HPV yovidiopatoc. H dwadikacia Evapéng g avitypoaeng tov tkod DNA
nepriapPaver to e€ng Prpata. 1) H avypaen Eexva pe v otpatoroynon tov El (umhe)
kot E2 (xitpvo) mpwteivov oty 0éon Evapéng g avtiypaenc. H otpatoidynon amaitel tnv
TPOTEIVIKY aAANAeTidpaon peta&v g mepoyns TAD ¢ E2 mpwteivig kat tng meployng e
ercaonc g El npoteivig. 1) H E2 npwoteivn otpatoroyei emmdéov E1 udpio xon mpodyst
v ocuvappordynon tovg o ovo El efapepn xobiotdvioc to SOUTAOKO avTd U
Aertovpykn ehkdon. To ATP emiong deyeipel Ttov ohryouepiopd g E1 mpmteivng ko Oa
ypnoworonfel yuo tnv evepyotnta g ehkdong. 1) Térhog 1o E1 cdpnhoxko aAAnAemidpd pe
KLTTOPIKOVG OvVTLYpaplkovg tapdyoviec 0nwc 11 DNA molvuepdon a-mpiudon (toptokoii) pe
GTOY0 VO TPOAYEL TNV OvTLYpa®n ToL kol yovidiopatog (D’ Abramo and Archambaul, 2011).

1.6.2 H ukn npoteivny E2

H E2 mpoteivn givar pia moAvAertovpykn mpoteivn peyébovg 50 kDa won
unkovg mepimov 370 apvo&émv. Tlposdévetar mg duepésg oe edkég Béoeig oty LCR
KOl TPOAYEL TNV QVTLYpAPN TOL 100, puOMLEL TNV HETOYPAPT TOV UKDV YOVISI®V Kot
KOTELOVVEL TNV KOTOVOWUY] TOV EMGOUIKOD YOVISIOUOTOS TOV 100 6T Buyatpikd
KOTTOpa 6TV edor ¢ pitwong (Hedge, 2002, Blachon, 2003, McBride et al., 2004,
llves et al., 2006). H E2 mpwteivn gival opyavmpévn o 600 AEITOVPYIKEC TEPLOYES: ()
Tn N-tehikny meployn odievepyomoinong (Transactivation domain, TAD), n omoia
eUMAEKETAL otV POOUIOT TG HETAYPOONS TOV UKDV  YOVIdl®V KOl  OTnV
aAAnienidpaon pe v El mpwteivn, B) pia C-telikn mepoyn, n onoio cvuPdiet otnv
npdodeon ¢ E2 mpoteiviig oto DNA 1ov 100 ko fonbad otov dpepiopd g El
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npoteivnig (DBD, DNA-binding/dimerization domain). Avtég ot dV0 TEPLOYES
draympilovror peta&d tovg amd v meployn mov ovoudletar "apudc" (hinge region), n
omoio moTevETOL OTL glvan €OKAUTTY TEPLOYN TS TPWOTEIVNG, AAAG 1 Asttovpyio Tng
akopo dev €xel amocapnviotel mAnpmg (Ewova 1.8) (Hedge, 2002).

H E2 npwrteivn ektdg amd tov pdAo g otnVv Evapén tng avitypoeng Tov 100,
EMOPA GTNV PUOLIOT TNG HETAYPOUPNS OPDVTAG MG EVEPYOTOMTNG | KataoToAéas. H E2
TPocdévetal o€ T€60ePLg B€oelg g cuvinpnuévng odiniovyiog ACCGN4CGGT oy
pvOuiotikn meproyy LCR (Bouvard. et al., 1994). Ot meproyéc avtég pvOuilovv v
uetaypoen tov yovidiov E6 kot E7 (Bouvard. et al., 1994). Ocov agopd tov HPV16,
dvo amd avtéc Tig meproyés Ppiokovrar oto TATA Box akpifdg avodikd tov
vrokwnt P97 tov yovidiov E6 kot cuvopehovv 610 5’dKkpo pe po 0éon mpdcedeong
TOV HETAYPOPIKOL Tapdyovta Spl kot 610 3’dkpo pe TV TPOTEIVN TPOGOEGNS GTO
TATA box (TBP) (Ewova 1.9). H npdcodeon ¢ E2 oe avtég Tig meployég Kovid otov
vrokvn T eumodilel v mpodcdeomn tov SP1 kot Tov TBP otig avtictotyeg B€oelg Tovg
Ko ETAyel TV KoTtootoAn ¢ petaypaoeng (Dostatni et al 1991, Tan et al., 2002). Ot
aAleg 000 Béoelg evromifovtar o avodikd tov vrokwvn Ty (Ewodva 1.9). H npodcdeon
¢ E2 otig meproyég avtég odnyel oty gvepyomoinon g petoypoeng (Ham et al.,
1994).

H E2 mapovcualer dwpopetikn ocvyyéveln yuoo T 0éoelg mpdodeong Kot
eCaptaton omd T ovykévipwon s E2 yia tov av 8o kahveBodv 6Aeg ot Bécelg. Xe
YOUNAES ovykevipdoelg | E2 cvvoéetanl oe BEoeic mov tomobetovvtal poakpid omd tov
vrokvnT] Tov yovidiov E6. v mepimtwon ot ol KLTTOPIKOL UETOYPaPLKOl
TOPAYOVTEG LTOPOVV va TPocdefovv Kat va Eekiviael 1 EK@paon TV yovidiov E6 kot
E7. Otav n ovykévipwon g E2 givar vynAn katadapfavoviol kot ol téccepig 0éoelg
npdodeong TG E2 kar o1 xvtropikol petaypoapikoi mopdyovteg, O0nmwg o Spl kot
TFIID/B extomiloviar amd to TATA box. Xe avt) v mepintoon 1 E2 dpa wg
LETAYPAPIKOG KOTAGTOAENG KOl CTOUATA TV EKEPACT] TV oykoyovidiov E6 kol E7.
(Steger and Corbach, 1997).
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Ewodva 1.9. PvOuiotikn meproyny LCR. Avarmapdotoaon e 0€onc TpOCOECNG LETAYPAPIKMDY
TapayovIev kot tov 0écemv tpdodeonc e E2 mpwreivng (Kajitani, 2012).

H E2 mpoteivn €xer amodeytel 6Tt cvvdéetar pe Sdpopovs KLTTOPKOHS
LETAYPOQIKOVG TTopayovteg Oonwg o TFIIB, TBP, TFIID, AMF-1/GPS, p300/CBP,
NAP-1, P/ICAF, ko1 TopBP1 (Lee et al., 2000, Boner et al., 2002, Rehtanz et al., 2004).
[T mpoécpateg peréteg £xovv dci&el 0Tl  aAAnienidopaon g E2 mpwteivng pe tov
uetaypoekd mopdyovia Brd4, emmpedler v Opdon g E2 mpoteiviig g
HeTaypoeikdc evepyomontig M katactoréac (Schweiger et al., 2006). EmmAéov,
Broynuikés perétec améoeiEav 01t M| aAAniemiopaorn g mpowteivinig E2 pe tov
uetaypoekd mapdyovro Brd4d nailer onuavtikd porlo oty dpdon e E2 mpoteivng
oTNV TPAGOEST TOL UKOD EMGAOUATOG OTNV HTOTIKY ¥POUHOTiVY Kot mlovdg otnv
TOTIKY dTpakto tov kuttdpov Eeviotn (llves et al., 2006).

Ady® oV KaBOoPIoTIKOL POAOL TTOV JSPAUATICOVY GTNV AVTLYPAPT TOV 10V
kot v ukn toboyévewn ot E1 kot E2 mpwteiveg amoteAovv eAKuoTIKOVS G6TOYOVS Yl

mv avartuén avti-HPV eoppdakmv (Archambault, 2013).

1.6.3 H ukn npoteivn E4

To avorytd mhaicto avdyvoong tov E4 yovidiov Bpioketal evidg Tov avoryTov
mAouciov avdyvoone tov E2 yovidiov kot dtapépel onuoavtikd oe péyebog peta&y
dwpopetikdv Tonwv HPV. H npwteivn E4 cuvtiBevtor oty oyiun ¢don tov kdiKAov
Comg Tov HPV ot1g avatepeg emBniiokéc otofadec kot ekepaletol e PEYOADTEPESG
mocoTTEC amd OAeg TIC Mpwteiveg Tov 10V. Xtovg HPV 10 mpoidv tov mpdipov
yovidiov E4 gxppaletor amd éva paticpévo popto mMRNA tov omoiov ta mévte mpdta

apuvo&éa mpoépyovtar amd to E1 yovidio (Middleton et al., 2003, Doorbar, 2013).
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H mpoteivn E1"E4 oAAniemdpd pe 10 diktvo wwdiov kepativng ota
SLLPOPOTTONUEVE, KEPATIVOKVTTOPO, EMAYOVTOS TNV KOTAGTPOPT TOL OIKTOLOV KOl TNV
anerevBépmon tav veooynuotilopevov ukov couatdiov (Mclntosh et al., 2010). H
npwteiv E17E4 tov HPV16 dwywpiletar o tpelg Aettovpycés meproyés: o) To N-
TeMkd Gkpo pe to ocvvinpnuévo potifpo mAovolo oe Agvkivny (LLXLL), eivou
amopoitnTo Yoo TNV aAANAERidpacn pe To OiKTVO WISV Kepativng, B) TV KeEVTPIKN
neployn mAoVo 6e TPoAivn, y) v C-telkn meproy M omoio cupPdier oTnv
KOTaoTpo1] Tov diktvov kepativng (Roberts et al., 1997).

M axoun Aertovpyia g E1ME4 mpwteivng mov €xet mapatnpnbel otovg
tonovg HPV11 kaw HPV16 gival  Ttovon tov kuttapikod kokiov otn ¢don G2 (G2
arrest) oe pia mowkidMa kvttopikdv ospmv (Davy et al., 2002, 2005, Roberts et al.,
2008). EmumAéov, €xel mapatnpndei 6t n E4 npmteivn adiniemdpd Kot otabepomoret
mv E2 mpoteivn, evd n vrepékppact] g emnpealel v opaotikdétnta g E2
npoteivng (Davy et al., 2009). Téhoc, n E1"E4 npwteivy tov HPV16 gaiveton va £xet
™V duvatodTNTO Vo ENAYEL TNV ONONTTOON KoODS €xel pedetnBel m odvdeon kol

aAAAemtidpacn g pe to ptoyovoplo. (Raj et al., 2004).

1.6.4 H ukn npoteivny ES

H ES mpoteivn elvan pia pikpn mpmteivy mhodota e vdpopoPa apuvoséo Kot
exppaletor amd éva patiopévo poépto MRNA 1o omoio Eexvd and 1o E2 yovidio. Agv
&xet evlupukn opaon aldd dpa puOuilovtag TV dPaCTIKOTNTA KVTTAPIKAOV TPOTEIVOV.
H E5 mpoteivn kodwomoteiton omd moALoOg aArd Oyt amd OAovg tovg thmovg HPV
(Bernard et al., 2010). Ot Alpo HPV tOmot vyniot kivdhvov peta&d tov omoimv Kot o
HPV16 kodwomoobv pio cvvinpnuévny ES mpwteivn peyéboug mepimov 80 apuvolémv
(Bravo and Allonso, 2004, Di Mao and Petti, 2013). Amotehei pia dtopeuPpavikn
TpOTEIVN pe kuttapomrloopatikd C-telkd dkpo, m omoio di€pyetor TG HeUPpavng
tpeig opés (Ewova 1.10) (Nath et al., 2006, Wetherill et al., 2012). Ta diapepfpavika
TUNHOTO TNG TPOTEIVNG QOIVETAL VO OAANAETIOPOVV HETAED TOVG HEGH OIGOVAPIOIKMDV
deoudv. Téhog, N Tpwteivn olryopepiletan o éva e€apepés oynuatiCoviag pio doun
"daytoidod"  (Ewodvo 1.10) (Wetheril et al., 2012). Ta ES e€apepn mapovoidlovv
dpaotikdétra pH-e€aptodpevov kavolmv wviov ota Mroocopoto (Wetherill et al.,

2012). H mpoteivn aut) evtomiletol oTic EVO0OMUKES HEUPPAVES KOL GTNV GLOKELT
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Golgi ka1 mepiotaciaxd Bpiocketan otig kutrapikés pepuPpaveg (Hu and Ceresa, 2009;
Hu et al., 2009; Krawczyk et al., 2010).

Ewoéva 1.10. Movtého evog e&apepodc Kovailon oviov mov oynuotiletor and mmv ES
apwteivy in vitro. A. TTapovoidleton éva povouepés g ES mpaoteivig e tpio dtapepfpovikd
tunipato (kokkwvo ypopa). H 8éon g pepPpavng opiCeton pe tig opldvrieg ypaupés. H
KéTo ecdva Seiyver v kéroyn g idwac avanapdotacng (Wetherill et al., 2012).

"Exet mopatnpnOei 6t1 1 ES mpmteivn evioyvel Ty KavotnTo TV 0YKOYoVISimv
E6 ko E7 va mpokaiovv abovatonoinon towv Tpdiuomy avipdniveoy KEPUTIVOKLTTAP®V
(Stopler et al., 1996) kot av&avovy TV KIVIITIKOTNTO Kol TV KavOTNTo, Snong tov
Tpdev avipornivov kepatvokvttapov (Kivi et al., 2008, Barbaresi et al., 2010).
‘Exel mpotabei 611 1 ES5 mpwteivn cvvdéetar pe tov vmodoyéa tov mapdyovro EGF
(EGFR). TIoAlég perétec éxovv dei&el 6Tt  HPV16 ES5 npwteivn avéavel ta enineda,
tov EGFR omv emedvela tov kuttdpov gvacOntomoidvtag to kuttapa otov EGF
(Straight et al 1993). EmumAéov dieyeipel 1o LOVOTATIOL TOV EVEPYOTOLOVVTIOL OTO TOV
EGFR. ITio cvykekpipéva, Tpodyel v ektetopuévn gvepyonoinon ERK1/2 kor AKT
(Zhang et al., 2002). Aweyeipel Tnv ékepacn Tmv C-jun kot C-fos oykokovidinv dpmvtag
otov puButotikd mapdyovta NF1 (Chen et al., 1996) kot avédver v Ekepacn Tov
napayovra COX-2 kar VEGF (Kim et al., 2009). ITaporia avtd 0 poplakds unyavicog
ue tov omoio n ES emdpd ota enineda tov EGFR mapapével dyvwotog.

Télog, €xel mpotabel 6ti  ES umopel va eumiéketal oty iKavotnto Tov 100 va
Eepevyel amd TNV OVOGOAOYIKN amdvinorn kpatoviag tov  MHC tomov |, ommyv
ovokevr] Golgi, eumodilovtag pe avtd TOV TPOTO TNV UETAPOPE TOV OTNV KLTTAPIKNY

emoaveto, (Ashrafi et al., 2005, 2006).
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1.6.5 H uxn npoteivny E6

H E6 mpoteivn tov 1dv vymAod kol youniov Kivovvov givor pio amd Tig
TpOTEC TPWTEIVEG OV ekPpalovtar kotd v ddpkeler HPV loipméne (Kajitani,
2012). Amoteleiton mepimov amd 150 apwvo&éa pe popraxd Papog 16-18 kDa ko
mepAapPavel TEooeplg mEPLOYES GHVOEGNS TOL YevdapyHpov pe to potifo Cys-X-X-
Cys (Ewova, 1.11). Avto 10 yapaktnplotikd ivor covenpnuévo petold tov HPV kot
amoTeEAEl ONUOVTIKNY AgtTovpyia Yoo TV OpAoT NG TPOTEIVIG OTWS, LETOCYNUATICUO
TOV KUTTAPOV KOl GOVOEST HE KVTTOPIKEG TPMTEIVEG. XtV mepintmwon tov HPV
TOTOV LYNAOD Kivduvov 10 C-telkd akpo mepiéyel éva topéa mpdodeong PSD-
95/Dlg/Zz01 (PDZ), o omoiog egumhiéketon otnv aAnienidpaon e E6 mpoteivg ue
KLTTapIKEG TpTEiveg Tov dwabétovy PDZ meproyég (Ewova 1.11) (Nomine, 2006,
Boulet, 2007).

H mo onuoavtiknm Aertovpyia g E6 mpmteivng eivor 1 adAnienidpaon g pe
TNV 0YKOKOTOOTOATIKY Tpwteivn p53. H mpoteivn pS3 pvbuiler v €kepoon
TPOTEIVAOV TOL EUTAEKOVTOL GTNV PUOLLGT TOL KLTTOPLKOD KOKAOL. Mia amd avTtég Tig
TPOTEIVEG vt 0 AvacTOALNG TNG Kivaong TG KukAivng p21. Otav to kdttapo Ppedel
o€ ovvOnkec otpeg, 0mwc PAAPN oto DNA, n p53 emdyel v ékppaon g P21, N
omoia [e TNV GEPA TNG AVAOTEAAEL TOV KVTTAPIKO KOKAO Kot divel xpOvo 6To KOHTTOPO
va emdlopBmcel v PAAPN. Edv n BAAPN dev emdopBwbel t6te M P53 0dnyel t0
KOttapo oe oamomtwon (Artandi et al., 2005). Ocov agopd tv ocbOvdeon TOV
povomatiov avtov pe tovg HPVS €yel dwamotwbel 611  E6 mpocsdévetar oty p53
pali pe mv E6 ovfuovtivikn Atydon EGAP. O oymuotiopodg avtdc Tov GLUTAOKOL
odnyel ov ovPucovtivioon g P53 kot TNV amrodoUNoN TS 6To 26S TPMTEAGHLLA.
‘Exer mapammpnBet 6t oo HPV vyniod kor youniod kwdbvov emnpedlovv tnv
Aettovpyia g PS3, 0AAG LOVO 01 TOTTOL LYNAOD KIVOUVOL O1EYEIPOLV TO LOVOTATL TNG
ovPikovtvimong kot Ty amodounong g tpwteivig (Pim et al., 2010, Fu et al., 2010,
Zanier et al., 2012). Axéun n E6 umopel va avaoteidel v dpdomn g pS3 éupeca
néow ovvoeomng g pe v p300/CBP, mov gival cuvevepyorointg g P53 (Demarest
etal., 2002).

Muw axopo Asrtovpyio g E6 onuovtik ywu v ompovpyia abdvatmv
KUTTOP®V €lval 1 €vePYOmMOiINon NG KATOAVTIKNG VTOUOVASOS TNG TEAOUEPAONG
hTERT. H E6 @aivetor va evepyomotei v ékepacn g hTERT péow cuvévaotikng
dpaong twv c-myc kot Spl. Avtf 1 ektetapévn evepyomoinon g hTERT éxel cav
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OmOTEAECUO, TNV OlTNPNON UEYAA®V TEAOUEPDV KATA TNV KLTTOPIKY Olaipeon
OVOOTEAAOVTOG TNV KLTTOPIKN YHPOVOT UE GUECT GLVETEWD TO KOLTTOPO VO YivovTol

aBdavora (Artandi et al., 2005).

Ewoéva 1.11. Zynuatikn avorapdotacn g E6 npoteivic. Tlephapfavel téooepig meployée
ovvdeong tov yevdapyvpov pe 10 potifo Cys-X-X-Cys (umke ypodupa), ot omoieg €ivan
OTOPOITNTEG YIOL TNV LETAYPOQPIKY EVEPYOTOINGN, METOCYNUATIONO, abavatomoinon kot
ovvdeon Ue Kuttopikég mpmteivec. To C- tedikd dkpo (Tpdoivo ypdpo) TeptExel Eva Hotifo
TPOGIEGTG KVTTAPIKDV TPMTEIVOV oL dabétovv PDZ mteproyég (Boulet, 2007).

1.6.6 H ukn npoteivn E7

H E7 mpoteivn eivor m dgbtepn oykompwteivy mov oyetiletor pe v
onuovpyia aBavotov KLTTapoV KoO®OG emiong kot pe v ukn maboyéveln. Eyet
péyebog 100 apvoééwv ko mepiéyel Tpelg dautnpnuéves meproyéc. Tnv CR1, CR2 kot
mv CR3. a) H CR1 mepoyn mepirapupdver to N-teAikd dxpo 10 omoio eival
ATOPOATNTO Y10 TOV KLTTOPIKO UETACYNUOTIOHO Kot TV amoddunon g PRB, (B) 1
CR2 mepiéyer éva cvvimpnuévo potifo LXCXE kar pia Béon eoopoptMmong tng
kwaong kaleivne I (CKII) (y) téhog n CR3 amotedeitar amd dVvo potifa daktvAmv
Yeudapyvpov Kat eumAéketol oty ovvoeon ¢ E7 pe v pRb kot dAdec kuttapikég
TPOTEIVEG, eV cLuPdAetl otov dueptopd g npwteivng (Ewova 1.12) (Hebner, 2006,
Munger et al., 2004)

Boaowm Aettovpyio g E7 mpoteivng sivoar 1 aAAniemidopaocn g pe Vv
O1KOYEVELN TV TPOTEIVOV Tov petvoPractdpatog (PRb, p107 ka1 pl03) (Roman,
2006, Barrow et al., 2010). Xe emimedo pOOUIONG TOL KVLTTOPIKOD KVKAOL 1)
ATOPOOPOPLAIOUEVN Hopeny g PRD dnpovpysi cdumioko pe tov peTOypoapikod
napdyovto E2F/DP1, o omoiog avactéldel T Ek@pacn yovidiov mov coppdiovy oty
TPOMONGN TOL KVTTOPIKOV KOKAOL 6T (domn S Kabdg eniong Kot otnv Tpodincmn Tov
KUTTOpoL otV omdntwon. Katd v petdfoaon and v ¢don Gl oty ¢don S ta

oOUTAOKO  KUKMVNMG-KvAonG  @owo@opvAidvouoy tv  PRb  pe amotéheoua va
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anelevBepmveror 1 PRb and 1o cvpmloko mov oynuotilel pe TOV UETOYPOUPIKO
mopdyovta E2F pe cuvémelo va endystal n peTorypapn TV Yovidimv mov EUTAEKOVTOL
oV avtypaer oo DNA. Ocov agopd tnv dpdon tov 100, 1 E7 cvvdéeton pe mv pRb
Ko emdyel v amowodounon g PRb péow tov povomatiov Tov ovfikovTiviKon
npwteocouatoc. (Berezutskaya et al., 1997, Wang et al., 2001). H npocdeon g E7
otV PRD £xel o¢ amotéleopo v amoppHOUIGN TOV KLTTAPIKOD KOKAOL LE GUVETELD
TOV aveEEAEYKTO KLUTTOPIKO TOAAATAAGLOGHO.

EmumAéov, 1 mpoteivn E7 cuvdéeton pe tig kukAiveg A kot E kabdg eniong pe
TOUG avaoTtoleic TV kOKAMvo-eEaptodpevov Kivoodv (cdk) p21 ko p27. ITo
ovykekpéva, N E7 avédvel ta enineda tov A kot E xokAvov kot pmlokdper v
dpaon tov p2l, p27 ue omotélecpa vo exdyetol 1 eocopvAimon ™ PRD kot m
1p60dog Tov KutTopkoy kOkKAov (Funk et al., 1997, Nguyen, 2008). Emumpocbetn
opdoo TPOTEIVOVY, Tov OAMNAETOPa pe v E7 elval 1 amaxetvAdon ToV 16TOVOV
(HDACS). e guotoloyikéc cvvOnkeg n mpwteiv) PRb cvvdéetar pe 1i¢ HDACS kan
115 otpotoroyel otovg E2F vrokivntéc. Ot HDACS gxppdloviatr 6e OA0VG TOVG 16TOVG
Kot 1 Bacikn Tovg Agttovpyia eitvor 1 HETAKIVION TOV OKETVAO OUAS®V a0 TIC IOTOVEG.
Ov HDACs pumopobv emmpocHeta va  amokeTvM®Ooovy Tov  Tapayovio E2F
avaotéAlovtag v Aettovpyio tov. Eyxer mopatnpnbel 611 1 ovvdeon e E7 omyv
HDAC avactéddel v ovvdeon g PRb-HDAC pe anotéheopa vo KOTOOTELAETOL 1)
Aertovpyio g, Emiong €xet avapepbel 6011 1 mpodcoeon g E7 oty HDAC éxet wg
OTOTEAECLLO, TNV OVOIGTOAT TNG amakeTVAI®ONG Tov E2F. Avtd £xel o¢ amotédeopo v
amopvOuion Tov eAéyyov ocvuvBeonc twv HDAC pe cuvérmelo tnv ekteTapévn avtrypagn
(Longworth, 2004).

H E7 npoteivn tov HPV tinwv vyniod kivddvov cuuPdrel emmiéov otnv
TPOKANGT YEVOUKNG AOTAOELNG [LE TO VO TTPOAYEL TNV EVIOYLOT TOV KEVIPOUEPDV GTO.
KotTOpa g Pacikng otoBddoac Tov emBnAiov. O axkpiPng unyovicpuodg mov odnyel 6to
eovopevo avtd dev xel TAnpwg katavondei (Duensing et al., 2009, Korzeniewski et
al., 2011). Baowm Aertovpyia tov E6 ka1 E7 apmteivdv 6tovg meptocdtepovg THmovg
HPV dgv givan va tpodyovv Tov TOAATAOGIOGUO TOV ETONALIKOV KLTTAP®V 0ALE va.
dleyelpovy JopKMG TOV KLTTOPIKO KOKAO ot KOTTOPO TG MEcoiog emONAOKNG

oto1Badag pe otoyo va evioyvbei To yovidioua tov 100 (Doorbar, 2012).
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Ewodva 1.12. Zynuatikn ovaroapdotaon E7 apoteivie. Xwpiletar og tpeic meproyéc.. o) H
CR1 mepioyn mepthapPdvel To apivoTeMKO GKPO TO 0010 EIVOL OTOPOLTITO Y10 TOV KLTTOUPIKO
petooynuotioud kot v aroddunon mc PR, (B) n CR2 mepiéyet £va cuvinpnuévo potifo
LXCXE a1 pio 8éon emoeopvriinong kivaong kaleiving II (CKII) (y) n CR3 mepiéyet dbo
potifa SakTOA®V YeLdaPYDPOL Kol EUTAEKETOL 0TIV oOvdeon ¢ PR kot GAA®V KuTTapiKdY
TPOTEIVOV, VD cupPdiet otov diuepiopd g npwteivng (Boulet, 2007).

Ewova 1.13. Zynuatikn avamopdotacn tov ctoyov tov E6 kot E7 yovidiov mov odnyodv
oTnv dnpovpyio abavoTmv KuTTAp®V.
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1.7 Mop@n} ToV YOVIOLONOTOS

To yovidiopo tov 100 pmopel va Pploketolr o€ HOPPN EMOCOUATOS, M
eveouatopévo 6to DNA t0v KuTTtépov EEVIOTN 1 TOVTOYPOVA KOl GTIS dVO0 LOPPES.
Meléteg €yovv Ogi&el ot "emipovn” poéAvvon and HPV tHmovg vyniod kivovvov
UTopel va. 0ONYNOEL OTNV EVOOUATMOON TOV 100 €VIOE TOV YPWOUOCHUNTOS TOV
kuttdpov Eeviotn (Tonon et al., 2001, Andersson et al., 2005, Pett et al., 2006, Arias
Pulido et al., 2006, Huang et., 2006, Cheung et al., 2006, De Marco et al., 2007,
Briolat et al., 2007, Li et al., 2008, Cricca et al., 2009, Matovina et al., 2009).
Evooudtoon tov ukod DNA éxer moapammpndei emmpoécbeta oe HPV tomovg
yapumAod Kvddvov oArd pe pikpotepn ovyvotnto (Coutlée et al., 2009, Wang et al.,
2013). Xe poAivopéva kOTTOPO. 0TO. oMol 0 10¢ €xel “eykotooTtadel”, datnpel To
YOVISi®UO TOV VIO TV HOPEN EMCOUATOS. To yovidiopa Tov 100 avIypaQETOL [UE
ovyvotNTa P popd o KABe KLTTAPIKO KOKAO otV @don S. Me avtd tov TpOTo 0
10¢ e€acparlel v dathpnon ¢ poOAvvong ota KOtTopa g Pacikng otoladog
(Doorbar, 2012). H evoopdtmon tov 100 TPOyUOTOTOLEITOL KATA TNV SladiKacio
emdOplwong TV 0aotadn YPOUOCOUKE KLTTOpOV Kot Oewpntikd yiveTon
TOPAAANAL  0€  TOAAODG KLTTOPIKOVG KAMVOLG ot aotabeic meployéc Tov
YOVIOLOUOTOG.  XTNV  GUVEYELDL  TPOYLOTOTOOUVTOL  OldIKOGIEG  EMAOYNG TOV
KUTTOPIKOV KAOVOV HE OMOTEAEGHO TNV EMAEKTIKN OVATTUEN €VOG 1 LEPIKMOV
KAMOVOV e TV vynAoTepn €kepacn Tov oykoyovidimv E6 kot E7, ot onoiot oty
ovvéyelo, pmopet va eEehybovv og oyko (Wentzensen., 2004, Ziegert et al., 2013).

H pnén tov yovidiopotog tov 100 kotd TV OldpKeEld NG EVOOUATOONS
ocvppaivel cuvnBwg oto 3' dkpo tov ukod DNA, pe amotélecpa vo dtatnpeiton
axépam 1 pvOuotikn meproyn (LCR) kot ta oykoyovidia E6 kot E7. Meléteg éxovv
deiéel OT1 or ovvnbBéotepeg Béoelg pNENG TOL YOVIOIOMOTOG TOL 100 &lvorl Ta
pvOutotikd yovidia E1 ko E2 (Chen et al., 1994, Kalantari et al., 1998, Lukaszuk et
al., 2003, Arias Pulido et al., 2006, Cricca et al., 2009), ev® emmAéov £€xel
napatnpndet pién ota yovidwo L1 won L2 (Li et al., 2013, Xu et al., 2013, Akagi et
al., 2014). TITwo ocvykekpuéva, &govv mopatnpndei 0écelg piéng oe 6o 10 avoytd
mhaiclo avayvoong tov El yovidiov, evdd oto E2 yovidio éxer eviomiotel pién pe
LEYOADTEPT CLYVOTNTO UETOEL TV VoukAeoTwdimv 3243 kot 3539. H 0éon avt
ovumeptiappaver v mepoyn "opupog" (hinge region) tg E2 mpwteivng. (Arias-
Pulido et al., 2006, Cricca et al., 2009).
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H pnén tov E1 xou E2 yovidiov odnyel mpdtov, omnv amopvOuion tov
EAEYXOV OVTIYPOPNG TOV EMCOUIKAOV OVTIYPAP®Y TOL 100, Kabhg dev ekppdletan 1
E1l ghucdon ko devtepov otabepomotet tnv ékppaoct TV oykoyovidiov E6 kot E7 og
VYNAG emtineda, kabmg dev eKPPAleTal 0 KOTAGTOAENS TOL POV vrokwnty (E2
npwteivn) (Arias Pulido et al., 2006, Cricca et al., 2009, Hamid et al., 2009, Kadaja et
al., 2009, Thiery, 2009). H amopbOuion avty odnyei otoadiokd otov aveEEAEYKTO
TOAOTAQGLOGHO TOV EMONALOKOV KUTTAPOV KOl GTNV TPODONCN YEVETIKOV Aob®OV
0T0 yovidiopa tov EEVIOTN, TO OToia PE TNV GEPE TOLg 0dNyohV GTNV EUPAVIoN
evooemOniokmv odlhoidoemv kat kapkivo (Arias Pulido et al., 2006, Huang et.,2006,
Kulmala et al., 2006, Cricca et al., 2009).

e yevikég ypappég €xel mapatnpnoel OTL 1 EVOOUATMOOY] TOL YOVISIOUOTOS
0L 100 oyetiferor onuavtikd pe vynidtepov Pabpod dvomiacieg (Ewova 1.14)
(Hudelist et al., 2004, Arias Pulido et al., 2006, Li et al., 2008, Matovina et al., 2009).
Ta televtaio ypovia €xel Tpotabel OTL | eveOUATOON €lvar £vo YEYOVOS TO 0moio
ocvppaivel vopig otov kOkAo {®NG TOov 100 yeyovog mov Pmopel va 0dNynoeL 6TV
e&EMEN ™G Tpayn AN evdoemOnAtakng aAloimong omd Baduo I (CINI) og Babuo 11,
IIT xou kot' enéktaon og kopkivo (De Marco et al., 2007, Briolat et al., 2007, Collins
et a., 2009, Boulet et al., 2009, Manawapat et a., 2012). Eminpdcbeteg peléteg £xovv
dei&et 611 0 KapKivog TOL TPAYNAOL TG UTPOS UITOoPEl Vo TPOKANOEl amd KOTTOpO TO
omoia TEPEXOLVY TOV 10 HOVO VIO TNV EMCOMUIKNY TOL poper. Ocov apopd tov HPV16
nepinov 10 30% TtV TEPMTOGEMV KOPKIVOL TOV TPOYNAOL TNG UNTPAS PEPOVY TOV 10
V1o TNV emcmuikn Tov popen (Pett et a., 2007, Vinokurova et al., 2008). Avtibétmg
nepinov 10 70% TOV TEPWTOCEMV KOPKIVOL TOL TPOYNAOL NG UNTPOS TOL
npokoieitor and tov HPV16 @épouv tov 10 o6& evoOUOTOUEV HOPQT, EVOD OGOV
apopd tov HPV18 10 uko6 yovidioua Bpioketon povo eveoupatouévo. (Fehramn et al.,
2003, Badaracco et al., 2002, Woodman et al., 2003). Enopuévmg, o éleyyoc g
LOPONS TOL YOVISIOUOTOG TOL 10V givar évag xpnoog Pro-osiktng yio tnv mpofieym
g e€EMENG ™S TPoYNAKNG evooemONAloKN G aAloiwong Kot TNV avamtuén KopKivov
(Gradissimo Oliveira et al., 2013).

[Mati opmg o 10¢ va eveopoatovetat, 'Exet mapatnpndei 0t o petdypopa tov
EVOOUATOUEVOV 0YKOYOVIdIwV mepthapuPdvouy Kuttapikés aAAniovyieg oty 0éon
3'UTR. Ta ypopwd HPV petdypaea mapovsialovv peyodvtepn otabepdnta amnd
To, peTdypoapa mov eK@pdloviol omd TNV EMOOMKN HOPPN TOL 100 Kol £YOVV

ueyadvtepo ypovo Lmng oto kuttapdémiacpa (Couturier et al., 1991, Jeon et al.,
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1995a). To yeyovog avtd divel TV dvvaTtdOTNTO 6TOV 10 Vo dleyeipel Eviovo Tov
KUTTOPIKO KOKAO Kot v Olapkn €(0000 TOL KLTTAPOL OTNn QACN NG WITMOONG,
divovtag ota poAlvopéva kouttapo Eva 1oyvpd avartuélokd tieovéktmua. (Jeon et al.,
1995a, Doorbar, 2012). Xe de0tepn QACT LETO TOV GLVEYXN] TOAAUTAOCIAGUO TMV
HOAVGUEVOV — KLTTAP®V  TPOKOAEITAL  CLGCMPELON  YEVETIKOV  AdBOV Kot
amooTafEPOTOINGT TOV YOVISIOUATOG TOL EEVIOTN LE OMOTEAEGUQ TNV OMpiovpyia
KopKIVIK®V oAdotdoewv (Duensing, 2004).

Avo 0101 evompdtmong Exovv kataypapei (Jeon et al., 1995, Xu e tal., 2013,
Akagi et al.,, 2014). O tomog I meploufdvel évo povadkd avtiypoa@o Tov 100
EVOOUOTOUEVO  0T0  ypopdooua. O tomog II, meprhapfdver  arlAvcopepn
(concatemers) uk@v yoviSloudtov 6 pio TEPLOYN TOL KLTTOPIKOD YPMUOCOUATOGC.
"Exel mopatnpnBel 6T Kot oTIC 00O TEPIMTAOGELS TO YOVISI®UO TOV 100 avVILypaQETOL
TOPAAANAC e TO KLTTOPIKO Yovidiopa. Xt mepumtmoelg tomov I ouyva
TOPOATNPEITOL LOVO TO EVOOUATOUEVO YOVIOIOUO TOL 100 Vo €ivol HETOYPAPIK
evepyod, EVO 1 EMCOUKT HOPPY] TOL YOVISUDUOTOG TOV 100 OV GLCCWPEVETAL GTO
KOtTopa oev petaypaeetot. ‘Evog mBavog Adyog umopel vo givor M emyeveTikn
TPOTOMOINCN TOV EMCOUKOV UK®OV yovidtopdtov (Johannsen, 2013). IMapdria avtd
emmpdobetec peréteg Bo mpémer va mpoypotomoinBodv vy v eEokpifmon Tov

TOPOATAVE® POLVOUEVOU.
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Ewova 1.14. Zymuotikn avomapdoToon TG oxéong HETaéy eVeOUAT®OONG TOv 100 Kol
TpoynMkng  evoosmOniokng oAiroimong Pabuov I, II, II, kot dmOnrikod Kopkivov
(Woodman, 2007).
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1.8 Oéoeic evoopatmong

Ext0¢ and tic Béceic mov €xel vrootel prén to yovidimpa Tov 100, CNUAVTIKO
POAO GTNV AVATTLEN KOPKIVIKOV 0Alo1dcemV TTailel kKot 11 B€om evemudTmong Tov
100 670 KLTTAPIKO Ypopocopa (Woodman, 2007, Wentzensen., 2004). O punyaviopdg
™V evooudtmong teptlapuPavel to ondoipo g omAng éatkag tov DNA tov 100 kot
Tov KuTTapKod DNA Kt TV 6VVEVOGON TOLG HEGH KLTTAPIKMOV TPMTEIVOV. [Tapdia
avtd, o akpPng unyoviouos dev Exel eaxpifmbei TAnpwg (Winder et al., 2007). H
eveoudtmon tov yovidiopatog tov HPV mpokadel dopkég ahlayég 610 YpOUOGMLLL
Omov 0 16¢ &xel evoopatwbel, OTmMG duthacilacpol, eEAelyels, petatonioelg (Peter et.
al, 2010, Xu et al., 2013, Akagi et al., 2014). Méypt ofjuepo mepiocdTepeg and 250
0éoelg EVOOUAT®MONG TOL 100 €YOLV  KOTOYPOPElL G OAOL TO YPOUOCHUOTO
(Wentzensen, 2004, Yu et al., 2005, Matovina et al., 2009). MeAétec vrootnpilovv
0Tt M evooudtoon ovpPaivel ot Kowég gvBpavoteg BEGEIC TOL KLTTOPIKOV
yovidiopatog (Common fragile sites- CFS), kot cuyvd omv meployn dapopmv
Yovidiwv mov eumAékovtol oty ovamtuén kopkivov, 6nwg to  oykoyovidio Myc
(Ferber et al., 2003, Thorland et al., 2000, 2003).

O1 kowég 00pavoteg Béoeig (Common Fragile Sites - CFS) givan meployég ot
omoieg mapovotalovv erheiyelg, pNEELS, OVOOLATAEELS, OUMANCLUGUOVG Kot GAAo
xopokINPoTiKd actadovg DNA oto HETOQAcIKG YPOUOCHOUATO HETA OO UEPIKN
avactoAn g avtrypapng tov DNA. Ot 6éceig avtég eivar otabepés oto GOUATIKA
KOTTOPO, EVO OE TEPUITAOCEIS KOPKIVOL GLUPAAOLY GTNV YEVOUIKT 0CTAOEW TOV
KLTTAPOL. Ol TEPLOYEG AVTEG EKTEIVOVTOL QIO LEPIKEG EKOTOVTAOES YIAAOEG Pdoelg
€¢ ekatoppopla Paoelg ko mepiEyovv mepoyxés DNA pe peyddn elootikotto
(Glover, 2006). H mo xown €00pavotn 0éon eivan n FRA3B (3p14.2) n omoia
VEIOTOTAL TPOTOTOMOELS GE OLAPOPOLS TUTTOVG KOPKIVOL HETOED TV OMOimV Kol O
Kapkivog tov tpoyfAov g untpas. H meproyn avth éxel péyebog 4 Mbp kot oto
KEVTIPO NG Tomobeteital to oykokataotoATikd yoviolo FHIT. Evowopdtoorn tov
HPV16 &vtdg tov tvipoviov 3 TOL GULYKEKPIUEVOL YOVIOIOL €XEL EVTOMIOTEL GE
TEPITTMOOELC KapKivov Tov Tpayniov g urtpag (Ferber et al., 2003).

Apketd yovidlo yvmotd Yoo TNV €MOPOCT MOV OCKOLV GTNV avATTLEN TOV
Kapkivov €xet mapotnpnOel 6Tt dStappnyvooviotl Adym eveopdtoong tov HPV. Megpikd
amd avtd eivor too Myc, TP63, NR4A2, APM-1, FANCC, TNFAIP2 ka1 hTERT
(Wentzensen, 2004, Schmitz et al., 2012a). 'Exet mopatnpnfei 6t 10 25% tov

MEPUITAOCE®YV EVOOUAT®ONG TOL Yovidlwpatog tov HPV18 cuvuPaiver kovtd otnv
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nmepoyn Myc oty 0éon  8024.2. to omoio cuvvopevel petacy 0vo CFS meproymv
FRAB8C (8024.1) kau FRAD (8q24.3) (Ferber et al., 2003). EmnAéov 1 evooudtmon
tov HPV16 xovid oto oykoyovidio MyC cuvvavtdtar oto 10% tov mepintdcewmv
KOPKIiVOL TOL TpaynAov g UNTpag Kot oxetiletor pe v avénuévn Ekepocn Tov
oykoyovidiov (Herrick et al., 2005, Wentzensen, 2004, Peter et al., 2006).

[Ipoopateg peréteg £€0€1&av OTL 1| EVEOUATOOT TOL 100 OEV YIVETOL EVTEAMG
wyaion (Schmitz et al.,, 2012a, 2012b) xor ot Oécelg evompdtmong teivouv va,
evtomifovtal og emMOVOAUUPAVOUEVEG TEPLOYES TOV KLTTOPIKOV Yovidudpotog, (Li et
al.,, 2013). EmumAéov mpdéopatn uperétn amédeile 0Tt MOAAEG TEPLOYEC TOL
YOVIOLOLOTOG TOV 100 TapoLG1dlovy oNUAVTIKT opoldTnTa TAve amd 50 voukAeotidw
LLE TOL YOVIOl0 GTO OO0 EVEMUATMOVOVTOL KOBMG Kol L Kot TIG BECELG EVOMUATOONG,
YEYOVOS TTOL JiVEL GNUAVTIKEG TANPOPOPIES Y10l TOV UNYOVIGUO EVOMUATOGNS TOL 100
Kol Yo TG B€0ELG TOV KLTTOPIKOD YPOUOCHOTOS TOV EUTAEKOVTAL GTNV EVOMUATMOON
(Schmitz et al., 2012b). ITapoia avtd emmpdodeteg peAéTec omontobHvTal £T61 HOTE VAL
odnynbovue oe ACEOAESTEPA GLUTEPACUATO Yo TOV TPOTO HE TOV OMOI0 O 10G
emAEYeL TIG B€0E1G EVOOUATMOONG KOl TOV HOPLOKO UNYOVIGUO GOUP®VO LE TOV OTOT0
0 10¢ EVOOUOTOVETOL EVTOG TOL KLTTAPOL EevioTy.

SOUTEPACUATIKG, EKTOG OO TNV EKTETAREVT] EVEPYOTOINGCT TOV 0YKOYOVIOIWV
E6 ko E7, 1 8éon oto kuttapikd ypopdcopo 0mov o 10¢ £xel evoopotmdel mailel
TOAD onpovTikd poAo atov puBud avamtvéng kot oty evon tov dykov (Matovina et
al., 2009), evd n aviyvevon Bécemv EVoOUATOONG TOV 100 6€ KAMVIKA detypoTo pmopet

va 0cEl KaBoploTikég TANpopopies Yo TV Bepoameio Tov achevn.

30

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Kepdlouo 1 Eiooywyn

1.9 O kvkhog {onc Tov Papilloma vdv Tov avlpdmov

1.9.1 Eic060g T0v 100 6T0 KUTTUPO

O xoKhog Comg towv HPV axkolovbel to mpdypappa dlopopomoinong twv
KePATVOKVTTAP®V ToL Eeviot). Ta ukd copatidi mposPdiovv tovg emiOniiokovg
16TOVG HEGM UIKPOTPOVUOTICUDV, LE OMOTEAEGHA O 10C VO EIGPAAEL GTO KOTTOPA TNG
Baocwmng otopdoag. O 16¢ e1oépyeTon evtdg TV POCIKOV ETONAIIKOV KLTTAP®V, LEGH
™m¢ ovvdeong tov ue v Oetik nropivn (HSPG) 1 onoio anotekel cvototikd tmV
TPOTEOYAVKAVDV, TOL OAANAETIOPOVV e TNV KVTTOPIKY pepPpdvn (Shafti-Keramat et
al., 2003, Johnson et al., 2009). H 0Oetixkn nropivn Bpioketar oty eEOKVTTAPLO UATPO,
(ECF) xou omnv emedveia moAldv kuttdpov (Ewovo 1.15). Onwg ovpPaiver pe
TOAAOVG GAAOVG 100G, ot HPV amattovv v mapovcia kot de0TEPOVL LTOSOYEX Yo TV
AMOTEAECUATIKY] €1G000 TOV 61O KVTTOPO EEVIoTH, OmwG €lvar ot A6 — tvteykpiveg
(Shafti-Keramat et al., 2003, Surviladze et al., 2012). EmmAéov éyel amodeybei, 6t n
Aopuvivn-5 gtvor €voc axopo  TopAyovTag KavOog Vo AEITOVPYEL MG VTTOSOYENS TV

HPV oty emeaveia tov kepatvokvttapov (Ewdva 1.15) (Culp et al., 2006).

Ewoéva 1.15. ITiBovo povtédo alAnienidopaong Tov ukol Kayidiov pe v eEmKuttdpilo pnTpo
Kol TNV empavelo, Tov kvttdpov. 1) H Betikn nmapivn Aettovpyel og vmodoy€ag Tov 100
Bpioketon oty eEOKLTTAPIL UATPO KO OTNV EMPAVELD TOV KLTTAp®V. Ta koyido eniong
OAANAETIOPOVY HE TNV Adpvivi-5 2) Zovdeon Tov 100 pe devutepoyevi vtodoyéa. 3) Eicodog
TOV 100 6T0 KuTTAPOTAOGHO e evdokvTTapwon (Horvath, 2010).
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2NV GLVEYELD O 10G LETA TNV TPOGOEGT GTOV VITOOOYEN TOV, EIGEPYETUL EVTOG
TOL KLTTAPOV LLE EVOOKVTTAPM®GOT G€ KVoTidw KAaOpivng 1 kafeoiivng, avdroya pe tov
tOomo 1oV 100 (Ewkdva 1.16). 'Exer mpotabel 6t oo HPV16 xar HPVS8 giépyovtan oe
KvoTtiow kKhabpivng evdd o HPV-31 cuvoéetan pe xvotidio kapeoiivng (Bousarghin et
al., 2003). ‘Exncito to. ukd coudTio. 0rocuvapUoA0YodVIOL 6To EVOOCHUNTO. /Kol 6Ta,
Aocooopato kot To uké DNA petagépetar otov mopriva pe v Pondeta g
Koydtokng mpwteivng L2 evd n L1 mpwteivn amodopeital evidg TovV EVOOCOUATOV .

(Bergant Marusic et al., 2012, Schelhaas et al., 2012).

Ewova 1.16. Hiektpovikn pikpoypapia tng tpdcedeong Kot TG evookuttdpmong tov HPV16
kot HPV 31 og xvotioa khabpivng kot kapeorivng avtictoyya. (A-E) HPV16 ukd couatiow,
(F-J) HPV31 uké copatidi (Bousarghin et al., 2003).

1.9.2 Avtiypa@i] Tov KOV YOVIOLONATOG

Ot HPV avtiypdeovv 10 yovidiopata Toug o€ dlopopeTikég TEPLOS0VG Katd TV
dlapKeL TOL KOKAOL (MMG TOVG Kol LUE SLOUPOPETIKT GUYVOTNTO. L€ TPMOTO EMMEOO EYEL
nmpotafel, 6Tl apéowg PeTd TV HOALVON TOV KLTTAp®V omd Tov 10 Topatnpeiton
evioyvon Tov UKo YOVISIOUOTOS TEPITOV SOKOGIMV avTlypaemV o Kabe KOHTTOPO
(Maglennon, 2011). X avtd T0 onpeio To ukd yovidioua mapapével VTS TOL TVPNVA,
¢ emicopa. H endpevn don tov moAlamioctocspov tov ukod DNA cuufaivel katd

v olaipeon TV KVTTdpwv ¢ Pactkng otolpddoc otnv edon S. v @Aacn autn To
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ukd DNA avtiypdoeeton pali pe to DNA 10V Kuttapov Eeviot, dnpovpymviog 600
avtiypoaea €vo o kibe Buyatpikd KOHTTOPO pEe oKOmO TNV oTafepomoinon Tov ukov
yovidiopatog (McBride, 2008, Pyeon et al., 2009, Parish et al., 2006). H tekevtaia
eaon avtrypaeng tov ukov DNA cvpfaivel ota kdttapa tov avdtepov otoldowy,
omov mopatnpeiton EEapPon TG AVILYpAENS TOL 10V e OKOTO TNV cLVOECT TOL UKOV
DNA mov 0a g16éM0g1 gviog twv veooynuatilopevov ukov copatidiov (Hoffmann et

al., 2006).

Ewova 1.17. o) H Tpdtn gvicyvon Tov 1Ko YovididUaTog YIVETOL OUESMG PETA TNV LOAVVOT)
TOV KUTTAP®V NG Pactknig oToadag, pe v mopaymyn mepimov 200 uk®V avilypaeov e
KkéBe KOTTOPO. B) ZTNV SLVEXELD GTOBEPOTOLEITAL TOL UKO YOVIOIOUO KOl 1 OVTLYPOPT TOL
YiveTOl TOPAAANAO pE TNV avTIypoa@n TOL HOALGHEVOL KuTTdpoL. ¥) Téhog ota polvcuéva
KOTTOPO TOV  OvOTEP®Y  OTOPAO®V  TOPATNPEiTal IO TOPOTETAUEVT]  OVTLYPOPIKN
dpaoTNPOTNTO TOL 100 HE OTOXO TNV TAPOy®Yn moAvapifuwv popiov ukov DNA yuwo v
oLVOeST VE®V LOAVGLOTIKOV UKDV COUTIOWMV.

1.9.3 Metaypo@1] TOL KOV YOVIOIONATOG

H éxopaon tov yovdiov tov 100 eEaptdtar amd T0  TPOYPOLLLO
SPOPOTOINCNG TV KEPATVOKLTTAP®V. O UNYaVIoUOG LLE TOV 0TTO10 1 S10POPOTOiNoN
TOV KEPATVOKLTTAP®V pLOUIlel TNV Ekppaocn TV yovidiov tov HPV dev €yel mAnpag
eCaxppwbel. Exyer moapatnpnbei 611 otor adiopopomointa kePOTVOKOTIOPO 1 TO
evoldpecso  dwpopomomuéva  kepatvokvtTopa  ekppdlovror  €EL un  Sopukég
pvOuioticéc mpwteiveg (E1, E2, E4, ES, E6, kot E7) and v mpduun meployn tov ukon
yovidropotog. Ta €L mpdwa avoytd mlaicio avdyvoong tov yovidiov El, E2, E4,

ES, E6, E7 Bpiokovtoatr vd tov ueco EAeyyo TOL TPOIUOV UETOYPAPIKOD VITOKIVITY
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(p97 vy tov HPV16, HPV31 ka1 pl105 ywo tov HPV18) ywo v eykabidpvon g
pnoéAvvong kot v avttypaen tov DNA tov 100 oto Tpdta 6Tddie TG 16030V TOL 100
oto kvttapo (Ewodva 1.18) (Zheng, 2006).

Amd Vv GAAn mAevpd, O OWYIHOG VLROKWVNTNG EVEPYOTMOLEITOL E0IKA OF
dwpoporomuéveg otolddec tov emniiov. O Oyog vrokivnng Tomobeteiton
avodika tov E1 yovidiov (0éomn 670 yio tov HPV16) kau evepyomotel tnv £kepacn tov
yovidiov E1 kot E2 katd v didpkela g d1apopomoinong Tov KuTtdpov e KHPLo
okom6d TV evioyvon tov DNA tov 100 (Ewova 3.3) (Grassmann et al., 1996). 1o
eMONAOKO KOTTOPO 7OV TPAYUATOTOIEITOL EVIOYLGN TOL UKOV YOVIOIOUOTOG, EXEL
mopatnpnoel 0tL ekppdlovtar mapdyovieg dlapopomoinong dnwg kepativec 1 war 10
(deppotikd embNA0) 1 4 ko 13 (emOnio tov Prevvoydvov). Emumiéov, o dyiuog
VIOKYNTNG CUUPAAEL TNV EKEPOCT] TOV KAWISK®V TpoTteivedv L1 kot L2, o1 onoieg
elval amopaitteg Yoo ToV GYNUOTIOCUO TOL UKOD KOWdiov Kol TO TOKETAPIGUA TOL
ukoH yovidiopatog ota veooynuatilopevo ukd ocoudtia (Ewova 1.18) (Doorbar,
2012). Axoua mopopével omopaitnto vo Eekafuplotel 0 UNYOVIGUOG LE TOV 0010
pvOuiletor o OYog vmokwnTg katd TNV dwdikacio  dtapopomoinong  Twv
emOnAokdv Kuttapwv. [IEpa amd v EAeyy0 TOV OYIHOL LITOKIVNTH OO KLTTUPTKOVG
pvOuioTiKovg mapdyovtes, €xer mopatnpnbel yuu tov HPV16, 611 tar drapopetikd
emineda peBviioong oe Béoelg g pvbotiknig meproyng LCR og dapopomoinpéva
embniokd wOtTopa cvuPdiovv otov €heyyo NG petaypoaens tov wov. Iho
OLYKEKPIUEVA, GE TANPN OLLPOPOTOMUEVO ETONMOAKA KOTTAPO VRAPYEL UELOUEVT
pebvAimon otV TEPLoyY| EVIoKLONG TNG HETAYPOPNS Kot avénon ¢ pebviimong otnv
TEPLOYN TOV TPAOYLOL VTOKIVNTY KOl TO GLYKEKPUEVA oty B€om mpdsdeong g E2

npwteivng (Vinokurova et al., 2011).
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Ewova 1.18. Eynuotikn avomoapdotacn ng €kepacng tov yovidiov tov HPVI6 oe
evdoemBuMakéc odrowwoels. Ta mpoo ukd yovidw El, E2, E4, ES5, E6, E7 exopdalovrot
OUECHOG LETE TNV LOAVVOT TV KVTTAP®Y NG Pacikng otolddas kol Bpickoviatl KAT® amd Tov
avotnpd €leyyo tov TpdOYov vrokwnt| PE (koékkwvo ypopa). Ta wpoidvta tov yovidiov
oVTOV gUMAEKOVTOL 6TV otabfepomoinon kot gvicyvorn Tov ukov yovidiwpatog (E1, E2) kat
otov avegéleykto kuttapikd morlamiactacud (ES, E6, E7). Xty oyun edon g {ong tov
100 ekppalovtar To Oy yoviola L1, L2 ta omoia gival vrevBuva yio v cHGTOGN TOV KO
Koy131ov Kol TO TAKETAPIGHO TOV Yovididpatog. H ékppacn tov yovidiov avtdv Bpicketal
KAT® amd TV enidpactn Tov dyiuov vrokivnty PL (tpdowvo ypopa). Eniong ta yovidwa E1, E2,
E4, E5 exopdalovtor oe peydieg moooOTNTEC KATd TV OYun odomn g (ong tov 100 evd
ocvveyiCouv vo ekppdlovtol Kol O6To TANP®G OlOPOPOTOMNUEVO KEPATIVOKDTTOPO UE TNV
BonBeta tov dyov vrokivnt PL (tpdowo ypdpa) (Doorbar, 2012).

1.9.4 AnelevBépoon Tov 100

To tehevtaio 01ad0 TOL KOKAOL {®NG TOL 100 TEPIAAUPAVEL TNV TOTOBETNON
TV ovTlypdeov tov ukov DNA evtdg tov veooynuatilopevov kayidiov Kot v
ovvleon tov véov ukov copatwiov. H cuvappoldynon towv vémv HOALGUATIKOV
UKOV cOUOTOIOV Tpaypatomoleitor oty avatepn ennilakny otolfada (Ewdva
1.18). T'la. ™MV cLVOPUOAOYNON TOLG ATOLTOVVTOL Ol KoydtakeES mpoteiveg L1, L2, ot
omoieg Bo KotaokeLAGOLV TO Kayido kaOdg emiong kot M mpwteiv E2, 1 onoia
ovupdrer oty tomobétnon tov ukov DNA gvtog tov koydiov (Buck et al., 2004). H
wpipovon Tov UKoV copatiov coppaivel dtav o poAvcuéva Kottapa avépBovv otnv
avatepn  emOniokny  otolfdda.  Tedkd o 10¢  omehevBepmdvetor  omd 1O
KEPATIVOTTOMNUEVO KAADUUO TTOV £XEL CYNUATIOTEL OTNV KLTTOPIKY ETPAVELL E TNV
BonrBeta g Tpwteivng E17E4 yopic vo tpokaiei Avon tov kepatvokvttdpwv (Lehr E

et al 2004).
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1.10 Iotoloykéc arAAOLDGELS

Ot HPV avdéAioya pe tov Tpomiod Toug TpocsPdAlovy To emBAL0 TOL OEPUATOC
Kot 10 emBnio tov PAevvoyovov. Ot deppatikoi HPV tHmor mpokaiovv kadonon
deppotikd OnAopata, 6nwc to Kowd OMAmpa, akpoyopdmoeg ONAmua, enimedo
ONAlopo Ko omavio, epriékovtal otny tpdkAnon kapkivov (Pfister, 2003). O1 HPV
mov mpooPdiovv 1o emBAl0 TOL PAEVVOYOVOL TPOKAAODV OAAOIDGEIS GTO
OVPOYEVVNTIKO GUGTNO, GTOV OVATEPO OVOTVELCTIKO GOANVA, TOV OlGOPAYO KOt
AMOTEAOLV TOV KUPLO OITIOAOYIKO TOPAyovTo, Yoo TNV  OVATTUEN  TPOyNMAKNIG
evooemONAokng veomlaoiag Kol Kapkivo tov Tpayniov g untpog (Zur Hausen,
1996). O «kopkivog TOL TPOYAAOL TNG UATPOC OMOTEAEL TOV TPiTO 7O GLYVA
eupaviopevo tHmo Kopkivov mov mpoosPdrel Tov yuvaikeio TANOLGUO HETA TOV
KOPKIVO TOL HOGTOD KOl TOV EVIEPOV Kol AMOTEAEL POCIKO OVTIKEILEVO EPELVOC TIG
tehevtaisg dexoetieg (Jemal, 2011).

Or tpoymMrég  evooemBNAloKES GAAOIOOELS Kol Ogliypota Kopkivov Tov
TPOYNAOL TNG UNTPOG, OTOTEAOVY KOPLO VAIKO HEAETNG TNG TOPOVGAS OOUKTOPIKNG
dwTpiPng. Ot TpayMAIKES eVOOEMIONALOKEG OAAOIDCELS OPYIKEL POV TOV OPIGUO
dvomhacia Kot daympiotnkov mepetaipm o Yo, uétpio, coPfapd Pabud kot in situ
kapkivo (Reagan, 1953). T'a va yiver o dwyopiopdg mo axpiPpng to 1968 ot
EMOTNOVEG EWCNYOyaV TOV Opo TpoynAlkn evdoemOniaxn veomlaoio (Cervical
Intraepithelial Neoplasia - CIN) (Richart, 1967). H tpoyniin evdoembniiokn
veomlaoia yopiletar o tpeig fabuovg I, 1T ko 111, o1 omoiol avapépovion oty N,
ueoaio ka1 coPapn popen dvomiacioc, avtiotoro (He, 2011, De et al., 2013). H
SIYVOGCT OVOUOALDY TOL TPOYNAOL YiveTol Pe TOAAEG dradikacies, OTmG to teot Pap,
KOATTOGKOTNGN Yl TNV ONTIKI] TOPATHPNCN TOL TPOYNAOL, &VA OTOV VLEAPYEL
dbéoog 10td6c Tpayniov yivetaw iotomaboroyikny avaivon (De et al.,, 2013).
[Mpoxtikd n teEMK Olyvowon TG  OALOI®ONG  TPOYUOTOTOlEITOL e TNV
16100 00A0YIKY] avdAvon Tov TpaynAkol 1otov. H cofapdtnta tng veomhaociog
Baciletar 610 €0pog Tov emBNnAiov pe maboroyikd kouttapo. Mo mapdderypa, oy
evooemOnAtoky] veomiacio tomov I avopiuo maboroyikd kdttapa Ppiokovtal 6to
Kbtw 1/3 dxpo tov embBniiov, oy evdoemOniiokn veomiacio tomov II T avdpuo
nafoAoyikd kvTTapo Ppickoviol 6Tto Hod EMONAO Kol OTNV TEPIMTOON NG
veomAaciog tomov Il ta avopyo maboroykd KOTTOPA KOADTTOLV OAN TV €KTOON

tov emniiov (Ewova 1.19) (He, 2011, De et al., 2013).
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Ewoévo 1.19. Tlopodeiypato tpayniikng evdoembOniiaxrg veomhaoiag (CIN). o)
duvcroroyikog 16toc, (b) tpayniikn evéoemOnilaxn veomiacio tomov I (CINI), tpaymiwn
evdoemiOniioxn veomhaoio tomov Il (CINII), tpoyniixy evéoemiBniiaxy veorlooio tomov Il
(CINHI) (De et al., 2013).

‘Eva emimAéov cvomnua ta&tvopunong ovo Kotnyopltdv £xet onpovpyndei yu
va meprypdyel OAec TIc un dmONTKéEG TpoynAikég oAloumoels. Ot aALOIDGELS TOV
TPOKOAOVVTOL OO EVO OAOKANPOUEVO KOKAO (MNG TOV 100 avaPEPOVTOL OC YOULUNAOD
Babuov dvomhaoieg (low-grade) kot mepthapupavovv orroidoelg e taéng CINI, evad
ol Mo cofapés OAALOIDGES TOL OMOTEAOVV TOV TPAOPOUO EUPAVIONS KOPKivO
avaeépovior ¢ vynAov Pobuod arrowwoelg (high-grade) wxor mepiiappdvouvv
arrownoel t@éng CINIT xar CINIIL. To obotuo oporoyiag Bethesda to omoio
onuovpyndnke amdé 10 EBvikd Ivotitovto Kapkivov twv Hvopévev TloAteimv
Apepucnc (NCI) yio v avoeopd tpoaynAMkov oAlotdoemy petd and v e&étoon
Pap, £éyet vioBemoer tovg Opovg yaunAov Pabuod evdoemBniokn oAioimon
TAak®dovg emtOniiov (low-grade squamous intraepithelial lesion, LSIL) kot vyniov
Bobuov evdoembniokn ardoimon mhakmdoovg emBniiov (high-grade squamous
intraepithelial lesion, HSIL) (Solomon et al., 2002).

Ye poprokod eminedo n poOAvvon amd HPV anotedel 1o evapktiplo yeyovog yo
v TtpoKANoN TpoynAkng evéoemOnAakng arrioimong. [Hoaporo avtd 1 e&EMEn g
TPOYMAKNG €VOOEMONAMOKNG veoTAaoiag o€ Kopkivo eival po pokpd dtadtkacio
(Heise, 2003). Metd v €icodo tOov 100 ©TO KOTTOPO 1 EKQEPOACT) TOVL UKOD
YOVIOLOMOTOG umopel vo kotaotodel (. AOY®D peBvAlwong), pe amoTEAEGUHO Vo
TPOKOAEITOL OQCLUTTOUATIKY] HOALVON KoL TO UKO YOVIOIOUA VO TOPOUEVEL GTNV
Baokn otofada tov emBniiov. EvaAilaktikd, n poéivven pmopel va 0dnyHoel otV
EKQPOOT TOL YOVIOIOUATOS TOV 100 0dNydVvVTog oTtnv onuovpyio véov ukmv
couatdiov kot v ££060 T0ov 100 amd v avotepn emidniakn otoBdda (CINI), 7

oV oamopVOon g EkEPaong TOV Yovidimv Tov 100 Kot TV dnuovpyio vynAov
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Boabuov evdoemOniaxng aAroiwong (CINI/CINII). H "emipovn" vyniov Pabuov
aAAoimon ovvdéeton pe owEavopevo picko EVOOUAT®OONG TOL 100 GTO KLTTUPIKO

YPOUOCOUN Kot TNV TTpdodo TG aAloimwong o kapkivo (Doorbar, 2012).

1.11 Emdnuoroyia

O xapkivog Tov TpaynAov ™G UNTPOg ivat o TPitog o cVyvh PLEaVILOIEVOC
TOTOGC Kapkivov mov epeaviletalr otov yvvoikeio TANOLoUO pe mEPLOGOTEPO. OO
530.000 véa meprotatikd kdbe ypdvo kot tave amd 270.000 Bavdtovg etnoing oe 6A0
tov Koopo. Ilepiocodtepo amd 10 85% twv mepmtdoewv Bavdtov ovuPaivel og
avoantvoooueveg yopec (Forman et al., 2012). H Ivdia, n dgbtepn peyaddtepn yodpa o€
mAnBvopd otov koopo katarappdver to 27% tov cuvolkdv Bavdtev and Kapkivo
TOV TPOYNAOL TG UNTpaG. EmmAéov amd tovg vynAdtepovs aplBpovg mePIGTATIKOV
katalopfavoov n Avtikn kot Nota Agpkn, 1 Noto-Kevrpikn Acia kot 1 Notw
Apepikny. To peydAo mocootd Kapkivov Tov TPOYAOL TNG UNTPOS TOL KATAAAUPAVOLY
Ol OVOTMTUGOOUEVES YDOPES Kat ot TANBvcopol pe younAn wotpiky mepifoiyn opeileTon
oV éMAeyn e€etdoewv mOv GLUPBAAOVY GTNV AVIXVEVCT TPOKAPKIVIKAOV OALOIDCEWDY
(Jemal, 2011).

Onwc xor moAAd amd To. VTOAOUTE GeEOVOMK®MOG HETAOIOOUEVH VOCTLOTA, Ol
HPV cvvnboc mpokalovv 6e apyikd 6TAO0 ACLUTTOTIKY LOAVVeT Tov acBevr|. ‘Etol
N Aoipmén dev dwmotdveTal, dgv avtipetoniletal, pe amotéAecpa o 10¢ vo Lmopet va
petadidoetor otov TANBuopd. XTig meplocoTEPEG peAéTeG 1| cvvnBéotepn nAkia HPV
poéAvvong eitvor pkpdtepn tov 25 etdv, evd M ovvnbéotepn mMkio euEAaviong
Kapkivov kvpaivetor oty nAkio tov 50 etov. Tlapdha avtd evdooemOnAlokég
OALOIDGELS UTOPOVV VO ELPOVICTOVV GE OTOLONTOTE YPOVIKN OTIYUn HETAED TPV
ePOOUAO®V KOl OYT® HNMVOV UETE TNV HOAVLVOT, HE TNV UEYOADTEPT GLYVOTNHTO
ELPAVIONG TOV CLUTTOUATOV 6ToVG TpElg uives (Munoz et al., 2004). O teprocdTepeg
poavvoelg and HPV elaleipovior pdvec tovg, €V Ol MEPIOCOTEPES OAAOLDCELG
UIopovV vo. amopakpuvlovv avtopato yopig tatpikny moapéppacn. IHoapdria ovtd
VIApYEL Kivouvog Yoo OAEG TIG yuvaikes, 1 noAvvor amd HPV va yiver ypdvia kan ot
TPO-KAPKIVIKEG aALOIDoELS Vo e&elMybobv oe Kapkivo TOL TpoyNAOL NG UNTPOGS.
Xpetdleton €va ypovikd mepiBopro 15 - 20 etdv 6€ avocoroyikd vYiElg yvvaikeg va

avamtOEOLY  KOPKIVO TOL TPpoyNAov 1TNg UNTPOG €VA GE Yuvoikeg HE 0adOVONO
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0VOGOAOYIKO cOoTna prmopel va avamtuyBel kopKivog pésa og Eva Ypoviko ddoTnua
5 éwg 10 ypoévev (WHO).

Emdnoroyikéc peréteg €yovv deilet, 6t ot mo emkpateic tomot HPV mov
TPOKOAOVV KOPKIVO TOL TPayAov TG UNTPOg o€ maykoouia kKAipoka eivar oo HPV16
ka1t HPV18 og mocootd 56,6% kar 16%, avtictorya. AkolovBovv ot HPVSE, 33, 45,
31, 52, 59, 39, 51, 56 (Ewoéva 1.20) (Li et al., 2011, de Sanjose et al., 2010). ITapora
aVTE TOPATNPEITOL YEOYPAPIKN Kot €WOKN Yo kGBe yodpa petafAntomta. Onwg yuo
nopddelyo oty VIo-Zoydpro Aepikny kot v Aatvikny Apepiknp or HPV16 ko
HPV18 givar vtevBuvorl yia 1o 65% tov nepint@cemv dimontikov kapkivov. Emmiéov,
omv Avtiki-Kevipun Acio 10 82% tov mepmtodcemv Kapkivov Tov TpOyNAOL
opeirovtal otovg tvmovg HPV16 kot HPV18 evd otv Avatoiikn Acia poévo to 68%
TOV TEPTOCEMV oyeTiletar pe avtovg tovg 6vo tomovg (Li et al., 2010). Axdun £xet
avaeepBel 6Tt HPV tomol xatavépoviolr o SlopeTIKES TEPLOYEG ME OLOPOPETIKN
ovyvomta. ‘Eva yapoaktnpiotikd moapdderypo eivar o HPVS8, o omoiog mapatnpeiton
nepinov o100 10% TOV TEPMTOCEOV KOPKIVOL TOVL TPUYRAOL TNG HATPOS OTINV
Avatohkn Acio, KotaAoapfavoviag To LYNAGTEPO TOGOGTO EUEAVIONG TOL OTN

GUYKEKPLUEVT] TTEPLOYN ATt 0TTOLONTTOTE aAAOD otov Koouo (Li et al., 2011).

Ewoéva 1.20. [Toykdéopo katavopury HPV tomov og mepmtdcelg kapkivov Tov Tpoyniov g
LUNTPAS, YPNCILOTOIDVTOG dnuoctevuéva dedopéva omd o 1990 £mg o 2010 (Li et al., 2011).
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Kepaloio 2 Yo kou MéBodor

Kepaiaro 2

2. Yaka ko M£0odor

2.1 Kaviké deiyporta

Yy mapodoo OOaKTOPIKY dTptPr ypnoomomdnkay KAvikd Ostypoto
TPOYNMAOL TG UNTPOG, OV Tponpbav amd tov yuvoukeio eAAnvikd minbvopo. Ta
detypoto cvAléytnKay amd 1o gpyactniplo lodoyiog tov Avikapkivikod Nocokoueio
ABnvav "Ayog ZapPag”, to epyaoctiplo Kuttaporaboroyiag tov Ilavemotnuiokon
I'evvikov Nocoxopeiov Adpicag kot and WOMTIKO KVTTAPOTAHOAOYIKO £PYAGTNPLO.
Olo Ta TpoyynMkd detypota yopakmmpiomkay amd tovg KutrapomaboAidyovg g
yapmiod Pabuod (low-grade), 11 vymiov Pabupod (high-grade) evdoemiOnAioxn
aAAoimon TAaK®OO0VG emBNAioL Kot Kapkivog tov Tpoyniov ¢ utpag (ITivakag 2.1,
2.2, 2.3). H aviyvevon HPV DNA «xot m tavtoroinon tov HPV16 éywve oto
Epyaotipio Mopuakng loAoyiog - MikpoPioroyiag tov tunuatog Buroynueiog o
Bioteyvoroyiag tov Iavemotnuiov ®socoiiog.

YuvolMka peretnOnkav oydodvta téocepa KMVIKA Ostypoto OeTikd Yo
puéivvon pe HPV16. And ta oydovia técoepo delypata mov eEETAGTNKAY, OEKAETTA
delypata mponpbav amd Proyieg tpoynAkov 16100 HOVILOTOMUEVOD GE TOPOPiv,
oKTd Octypota mponpOav amd TpoynAMKA EMYPICUOTO KOl TEVAVIO EVVEN OElYHOTO
npofpBav omd ThinPrep. Amd v kvttaponaboroyikn oavéivon tov deryudtov
tpudvto Tpla deiypato €xovv ovagepbel ®g vyniod Pabpov  evdoemiBOnAtokm
aAloimon mhakmoovg emBniiov (high-grade squamous intraepithelial lesion, HSIL)
Kol copdvta delypata ®g younAov Babuod evdoemOnitoky oAloiwon TAAKM®IOLS
emBOniiov (low-grade squamous intraepithelial lesion, LSIL) (ITivakag 2.1, 2.2).
Emumiéov, 11 mepumtdoelg kapkivov Tov TPOYNAOL NG UNTPOG YPMOLLOTOmONKay
OTNV TOPOVLGO PEAETY), €K TOV OTOI®V Ol EvvEN TPoEKvyay omd Broyio TpaynAKod
10700 HOVILOTOIEVOD € Tapapivr Kot 600 mepurtooelc mponpbav amd ThinPrep

(ITivaxag 2.3).
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Y yniov Babpov evéoemOnAlokn aAlolmwon TAAK®SoVs emrdniiov (n=33)

Kmwducomoion derypudtomv

Eidog derypdtav

TTpoéievon

A3 Tpoayniko eniypiopo  Ilavemotnuiokd I'evikd Noookopegio Adpicog
A4 Tpoayniko eniypiopo  Iloavemomnpiokd I'evikd Noookopegio Adpicog
Ab6 Tpoayniko eniypiopo  IMavemotnpiokd I'evikd Noookopegio Adpicog
Al3 Tpoayniko eniypiopo  IMavemotnuiokd I'evikd Noookopegio Adpicog
A3l Tpoayniko eniypiopo  IToavemotnuiokd I'evikd Noookopegio Adpicog
PNL1 ThinPrep IMavemomuoxd I'evikd Noocoxopeio Aapicog
PNL4 ThinPrep IMavemomuoxd I'evikd Noocoxopeio Aapicag
PNL5 ThinPrep TTavemotuoxd N'evikd Noocoxopegio Aapicag
PNL6 ThinPrep Tavemotuoxd N'evikd Noocokopegio Aapicag
PNL7 ThinPrep TTavemotuoxd N'evikd Noocokopgio Aapicag
PNLS8 ThinPrep Tovemotuoxd N'evikd Noocokopegio Adpicog
PNL9 ThinPrep TTavemotnuuokod N'evikd Noocokopeio Adpicag
PNL10 ThinPrep TTavemotnuiokod N'evikd Noocokopeio Adpicag
PNL11 ThinPrep TTavemotnuuokod N'evikd Noocokopeio Adpicag
PNL12 ThinPrep TTavemotnuuokod N'evikd Noocokopeio Adpicag
PNL13 ThinPrep Toavemotuoxd IN'evikdé Nocokopegio Adpioog
PNL14 ThinPrep TTavemotuoxd IN'evikdé Nocokopegio Adpioog
PNL15 ThinPrep Maveniompuokd I'evikdé Nocokopeio Adpioog
ATT4 ThinPrep Avtwoapkivikd Nocokopeio Adnvav "Ayiog Zappag"
ATTS ThinPrep Avtikopkivikd Nocokopgio Anvaov "Ayiog Zappog”
ATT9 ThinPrep Avtwoapkivikd Nocokopeio Adnvav "Ayiog Zappag"
ATT16 ThinPrep Avtwapkivikd Nocokopeio Adnvav "Ayiog Zappag"
ATT20 ThinPrep Avtwoapkivikd Nocokopeio Adnvav "Ayiog Zappag"
ATT21 ThinPrep Avtwapkivikd Nocokopeio Adnvav "Ayiog Zappag"
ATT24 ThinPrep Avtwapkivikd Nocokopeio Adnvav "Ayiog Zappag"
ATT79 ThinPrep Avtikopkivikd Nocokopeio Anvov "Ayiog Zappog”
D2 lotog og Tapagivn Id1wtkd gpyactnplo
D4 lotog o Tapapivn Id1wtkd gpyactnplo
D13 lotog og Tapapivn I31wtkd gpyactnplo
D14 lotég o Tapapivn Id1wtkd gpyactnplo
D15 lotég o Tapapivn I31wtkd gpyactnplo
D16 lotég o Tapapivn 1d10tK6 gpyacthplo
D30 lotog og Tapapivn 1810T1K0 gpyacThplo

Mivakag 2.1. Tpidvta tpio KAVIKA detypota vyniov Babuod evdoemBniiokng aAroiwong TAUKDO0VS
emOniiov mov €EETAGTNKOV OTO TAQICLO TNG MOPOVCOC EPYACIOG. XTOV TIVOKA OVAYPOQETAL 1|
KWOKOTOIN G T®V OEYUATWV, TO €100G TV OEIYUATOV KAl 1] TPOEAEVCT| TOVC.
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XopunAob Baduodv evooemidniakny aAloimon TAak®@Oovg extdnAiov (n=40)

Kmdworoion deryudtomv Eidog derypdtov TTpoérevon
Al7 Tpoyniikd exiyxpiopa  IHavemotnuokd 'evikdé Nocokopeio Adpioag
A24 Tpoaynkoé eniypiopa  IMovemomnuoxd 'evikd Nocokopeio Adapioog
A38 Tpoyniikd exiypiopa  I[Havemomnuokd I'evikdé Nocokopeio Adpioag
PNL2 ThinPrep Iovemo ok 'evikd Nocokopeio Adapioog
PNL3 ThinPrep ITovemotnuiokd 'evikd Noookopeio Adpioog
ATTS ThinPrep Avtwapkivikd Nocokopeio AOnvav "Ayiog Zappoc"
ATT6 ThinPrep Avtwkapkivikd Nocokopeio AOnvav "Ayiog Zappoc"
ATTI10 ThinPrep Avtikapkivikd Nocokopeio AOnvav "Ayiog Zappac"
ATTI12 ThinPrep Avtwapkivikd Nocokopeio AOnvav "Ayiog Zappoc"
ATTI18 ThinPrep Avtikapkiviké Nocokopeio AOnvav "Ayiog Zappac"
ATT22 ThinPrep Avtwapkivikd Nocokopeio AOnvav "Ayiog Zappoc"
ATT23 ThinPrep Avtwapkivikd Nocokopeio Adnvav "Ayiog Zappoc"
ATT26 ThinPrep Avtikapkiviké Nocokopeio AOnvav "Ayiog Zappac”
ATT45 ThinPrep Avtwapkivikd Nocokopeio AOnvav "Ayiog Zappoc"
ATT46 ThinPrep Avtwapkiviké Nocokopeio Adnvav "Ayiog Zappoc"
ATT51 ThinPrep Avtikapkivikd Nocokopegio AOnvav "Ayiog Zappac"
ATT54 ThinPrep Avtwapkiviké Nocokopeio AOnvav "Ayiog Zappoc"
ATT78 ThinPrep Avtikapkivikd Nocokopeio AOnvaov "Ayiog Zappoac”
ATTS80 ThinPrep Avtikapkivikd Nocokopegio AOnvav "Ayiog Zappac"
ATTI1 ThinPrep Avtwapkivikd Nocokopeio Adnvav "Ayiog Zappoc"
ATTO8 ThinPrep Avtikapkiviké Nocokopeio AOnvav "Ayiog Zappac"
747 ThinPrep Avtwapkivikd Nocokopeio AOnvav "Ayiog Zappoc"
793 ThinPrep Avtikapkivikd Nocokopeio AOnvaov "Ayiog Zappac”
796 ThinPrep Avtwapkivikd Nocokopeio Adnvav "Ayiog Zappoc"
858 ThinPrep Avtwapkivikd Nocokopeio AOnvav "Ayiog Zappoc"
868 ThinPrep Avtikapkivikd Nocokopeio AOnvav "Ayiog Zappac”
1143 ThinPrep Avtwapkivikd Nocokopeio AOnvav "Ayiog Zappoc"
1620 ThinPrep Avtwapkivikd Nocokopeio AOnvav "Ayiog Zappoc"
2121 ThinPrep Avtikapkivikd Nocokopegio AOnvav "Ayiog Zappac"
2127 ThinPrep Avtwapkivikd Nocokopeio AOnvav "Ayiog Zappoc"
2148 ThinPrep Avtikapkiviké Nocokopeio AOnvav "Ayiog Zappac"
2186 ThinPrep Avtwapkivikd Nocokopeio AOnvav "Ayiog Zappoc”
2209 ThinPrep Avtwapkivikd Nocokopeio Adnvav "Ayiog Zappoc"
2216 ThinPrep Avtikapkiviké Nocokopeio AOnvav "Ayiog Zappac”
2270 ThinPrep Avtwapkivikd Nocokopeio AOnvav "Ayiog Zappoc"
2279 ThinPrep Avtkapkivikd Nocokopeio AOnvav "Ayiog Zappoc"
2290 ThinPrep Avtikapkivikd Nocokopeio AOnvav "Ayiog Zappac"
D7 Iotog o mTapapivn Id1wtikd Epyaotiplo
D34 Iot6g o€ mapapivn I5wwtwd Epyaotiplo
D42 loto¢ o Tapapivn I151wtikd Epyactiplo

Mivakag 2.2. Zapdvto KAMviKG deiypoto yopunAov Babpov evooemBnAlokng aAloimong TAaK®Iovs entBnAion
oL €£ETAGTNKAV OTN TOPOVCO EPYACIN. XTOV TIVOKA AVAYPAPETAL 1] KOOIKOTOINGN T™V dEIYIAT®V, TO £100G
TOV JSEIYLATOV KOl TPOEAEVGT TOVC.
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Kapkivog Tov tpayniov

Kmdwonoion dstypdtmv Eidog derypdtov TTpoérevon
D58 Iot6g oe mapaeivn Idwwtikd Epyaoctiiplo
D59 Iot6g og mapapivn Idiwticd Epyaoctiiplo
D60 lotog og mapapivn I3wwtikd Epyactmpro
D61 Iotég o€ mapapivn Idtwtikd Epyaoctiplo
D62 Iot6g o€ mapapivn I3iwtikd Epyaoctiplo
D63 Iot6g o€ mapapivn Idwwtwo Epyactiplo
D64 Iot6g o€ mapapivn Idwwtwod Epyacstiplo
D65 Iot6g o€ mapaeivn I3iwtwod Epyactiplo
D66 Iot6g o€ mapaeivn ISiwtikd Epyaotiplo
PNL7 ThinPrep IMovertomuiorkod [Nevikd Nocokopegio Adpicag
PNL16 ThinPrep IMoverommuoxod N'evikd Noocoxopeio Adpioog

Mivaxkag 2.3. 'Evtexo xhvikd Oeiypato kopkivov wov eEeTdoTnKOV 0T0 TAQIGIO TNG TOPOVGOS
gpyaciag. XTo TVaKO ovOypAPETOL 1| KMOOKOTOINoN TV JElyUAT®V, To €100¢ TV dSyHdTOV Kol M
TPOEAEVGT| TOVC.

2.2 Exyvion DNA
Tpeig dapopeTikég péBodoL exyOAIONG YPNOLUOTOONKAY Y10 TNV OTOUOVMON
DNA om6 1o KAwvikd detypoto, avaloyo pe 1o €idog tov odeiypatog (ThinPrep,

TPOYNAKE emypiopata, TPoyNAKOS 16TOG LOVILOTOMUEVOS GE TapaPivn).

2.2.1 Exyvion DNA (ThinPrep)

IMa ta detypota and ThinPrep n armopdveon tov DNA npaypatoromOnke e
mv pébodo ¢ Osrokvaviovyov IN'ovovidivig (GuSCN) (Casas et al., 1996). Xe
TAaoTIKO colvo tov 2ml  avapryvoovtor  100ul  deiypatog, 10ul  yAvkoydvo
(100mg/ml) wor  300ul  SwAdpotog Betokvaviovyov Tovovidivyg (GUSCN).
Axolovdei 1oyvpf avadevon kol endoon oe Oeppokpacio dopatiov (18-25°C) yio 20
min, ®ote va enttevydei 1 Ao TOV KLTTAPIK®OV HEUPPav®V Yo TV amelevbipmon
TOV VOUKAEIK®V 0o&€mv. Xtmv ovvéyela, mpootifevtor 400 pl 1oompomavoing
(Sratnpnuévng otovg -20°C) kot petd omd 1woyvpn avadevon akolovbei exmdaon yio
20 min otovg -20°C. Akolovbei puyokévipnon yia 10min otig 14.000 rcf otovg +4°C
Kol amopdkpouven tov vrepkeipevov. To inua emavadloAdeTol LE 1GYVPN avAdELON
500ul abovorng 70% (Swatnpnuévng otoug -20°C). AkoAlovbel guyokévipnon yio
10min otig 14.000 rcf otovg +4°C. To vrepKeilevo amopakpOVETOL TANP®S Kot TO

inuo. emavadioivetar o 100 pl dumhd amovicpévov vepot (ddH,0) (Sigma, USA)
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amaAloyuévov piovovkieacmv (RNase, Dnase free). To amopovouévo DNA
anofnkevtke otoug -20°C  péypt TV TEPALTEP® YPHOT TOV.

AwAioporta:

Atdlopo Bgtokvaviovyov INovavidivng: 4M GuSCN, 0.5% N-lauroyl sacrosine, 1mM

dithiotreitol, 25 mM sodium citrate.

2.2.2 Exyvion DNA (Tpoymika emypicpota)

H omopoévoon DNA and 10 mhaxkdkt mdve oto omoio eiyov povipomoindet
KOTTOpa £ytve pe v ypnon npoteivaong K (Puramen et al., 1996). Anopoakpovovton
TO, KUTTOPO OO TO TAOKAKL LE VOOTEPL KOl TOTOOETOHVTOL GE TAACTIKO GOAVO TOV
2ml. TIpaypoatomoteiton woyvpr| ovédevon pe 0.5 £og 1.5 ml dwodvpatog I, avéroyo pe
TNV TOGOTNTA TOV KLTTAP®V TOL £xovv amopovmbel. AkoAovBel puyokévtpnon otig
13.000 rpm ywo. 1 min otovg +4°C kot omopdkpvvern tov vrepkeipevov. To ilnuo
avadtolvetar pe woyvpn avadevon 1 ml drakvuatog I kot akorovbei enmdacn oTovg
4°C v 1 dpo. v cvvéELd, TpaypaTomoteital puyokévipnon otic 13.000 rpm yio
10 min otovg +4°C xat to ilnua erovadwAdvetor pe 50 ul dadvpoartog Il. Akolovbei
npocOnkm 1pl mpoteivaong K (20pg/ul) kot endaocn otovg 55°C yia 60 min. T v
amevepyomoinomn g npwteivdong K mpaypatoroleiton ETdoomn Tov HElYHUATOS GTOVG
95°C yia 10 min. Téloc akolovdei uyokévipnon tov coinvapiov otic 13.000 rpm
vy 5 min otovg +4°C  kau cvAloyn tov vrepkeipevov. To DNA tov derypdtov
anofnkevtnke otovg -20°C Yo paxponpddeoun ypnomn.

Awvpotao:
AdAvpo I: 10 mM Tris Base, ImM EDTA
Adopo I1: 50 mM KCI, 10 mM Tris Base, 2.5 mM MgCl,, 0.5% Tween 20, pH 8.3.

2.2.3 Exyviion DNA (Iot6g povipomomnpévog o€ mapa@ivn)

Mo tov TpaynAKo 1616 povipomomuévo oe mopapivn 1 amopdvoon tov DNA
&yve pe v ypnomn mg npoteivaons K. Topég tpoynitkod 16100 HOVIHOTOMUEVOL GE
mopoagivy, JSpéTpov S5-10um  omopoakphvovial pe TNV ¥PNON VLOTEPLOL KOl
tonofetovviol 6€ TAaoTIKO coAva TV 2ml. AkolovOel 1oyvpr| avadevon pe 400ul
EvhOAnNg kol  @uyokévipnon ot 13.000 rpm ywo Smin. To vmepkeipevo
AOLLOKPOVETOL Kol akoAovOel 1oyvpn avadevon tov Whpoatog ue 400ul obavoing

(96%). Xt ocvvéyeln, mpaypoatomoteital guyokévipnon otig 13.000 rpm ywe Smin
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otovg +4°C ko amopdkpoven tov vrepkelévov. Axolovdei N tpocOikn 50-200ul
dolopatog  exydhone 1X  kor  okovoyto  emdaon otovg 37°C. T v
anevepyomoinomn g npwteiviong K mpaypatonoleiton enddacn otovg 95°C ya 15
min. AkolovOei chvroun euyokévipnon tov dwwdduatog otovg +4°C , cuAloYR TOL
vrepkelévoL Kot amobnkevon tov DNA otovg -20°C.

Awdoporta

Atddopo  exyodong: 10ul mpoteivaon K (20ug/ul), 100ul PCR  puvOuiotikov
dwAvpatog 10 X (Stratagene, La Jolla USA), 890ul duthdé amoviouévo vepd eredBepo

vovkieaomv (Sigma, USA).

2.3 Eleyyog TG eKkyvMong

Mo va emPePoarmbel n mapovsio kuttapikod DNA ota skyvAicpéva detypota
Kot Yo vo olamotobel 61t dgv vdpyovv avactoieic g PCR, mpaypatomombnke
PCR yia v gvioyvon tuquatog tov yovidiov g B-oaxtivng peyébovg 498 bp (Li et
al., 2008). EmmAéov, ta dsiypoata e€etdomrav yo v mapovoia HPV16 DNA
ypnoonowdvtag v uébodo Nested Multiplex PCR (Sotlar et al., 2004).

2.4 Moprwkn] avdivon Tov yovioropatog tov HPV16

2t mopovca  OAKTOPIKN  JSTplP] TPAYUOTOTOMONKE VOLKAEOTIOKN,
apvo&IKY], ELAOYEVETIKN Ko eEEMKTIKN peAétn tov yovidiov E1, E2, E4, E6 ko E7
NG TPOUNG TEPLOYNS TOV Yovidrwpotog Tov HPV16. H avdivon mpayuotomomOnke,
ue v Ponbdeta g pneboddov PCR (Polymerase Chain Reaction).

Ewodva 2.1. Aneikdvion tov yovididpatog tov HPV16. Me tpdoivo ypdpo £xovv TOVIGTEL TO
Yovidlo oL ¥PNGILOTOMONKAY Y10, THV LOPLOKT] OVAAVGT] TOL YOVISIMUATOS TOV 10V.
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2.4.1 Lyed10.610G EKKIVIITIKAOV Popimy

Ta exkvnTiKd popor Tov ¥PNCYOTOMONKAY Yo TNV EVIGYLON TOV YOVIdI®V
El, E2, E4, E6 xot E7 mponpBav and v debvn Piproypaeia,  oxeddotnkoy ot
TAQICLOL TNG TOPOVCHS OWOKTOPIKNG OTpIPng e ™ Pondela tov TPOoypAUUATOS
Primer3, Whitehead Institute (http://bioinfo.ut.ee/primer3-0.4.0). Ot gkkivntég TOL
oYeOIoTNKAV OTo. TTAOiClOL TNG mopovsag epyaciag Paciomnkav otnv TPOTLAN
aAAniovyia tov HPV16 yovidiopatog, m omoia eivor OSwbéoyun oty tpdmela
dedopévov NCBI GenBank (www.ncbi.nlm.nih.gov) pe apiBud kotoydpiong NC_
001526.

242 PCR

Oleg o avtidpacelg g PCR yw v evioyvon tov El, E2, E4, E6 kou E7
yovdiov mpaypatorombnkav oe tehkd Oyko S0ul. Xe Oleg TG avtidpacelg
yponoponomOnkav 3ul DNA a6 kabe deiyua, 2ul ekkvntikov popiov (1l and tov
Kabéva pe ovykévipoon 50pmol/ul), 10ul 5X pvBuictikod dwdvpatog (Green GoTaq
Flexi buffer, Promega), 4ul MgCl, (25mM), 5ul peiypatog vovkieotidiov (ANTPS
10mM, Invitrogen, USA), 1.25U Taq DNA molvpepdong (GoTag® DNA
Polymerase, Promega) kot ddH,0 péypt tedikd 6yko 50ul.

Ye k0be avtidopaon mpoypotomomOnke £va apyikd 6Tdol0 amodidtang tov
DNA otéyov otoug 95°C yio 2min xoi akohoVONGE 1M EQAPLOYY SLOQPOPETIKMOV
oLuVONKOV amodtdTaéng, VPpLdoToinong Kot ETUKLVENG, Yo Kabe (gvyog Eexmplotd
v 40 KOoKhovg. Olec ot avtidpdoelg TePAaUPAvouy Eva TEMKO GTASI0 EMUKVVONG
otovg 72°C yioo Smin yio TApn oHvOES TV U OAOKANPOUEVOY VEOGLVTIOEUEVOV

npoiovtav (ITivakag 2.4).

2.4.3 Auto Nested PCR

IMa va avénbet 1o onpa evioyvong Tov yovidiov 6TOXOL AOY® YOUNAOD KOV
eoptiov, N Yo vo emPeParwbel n vmoapén préng Tov yovididpatog tov HPV16 otig
neputtooelc Tov yovidiov El kot E2 mpaypatomombnke Auto Nested PCR pe v
¥pNoN TV dtwv ekkivnTikdv popiov kot pe DNA unitpa to mpoiov g npdtg PCR.
To peiypa g avtidpaong meptiapupdavet 2ul DNA amd kdbe evieyopévo mpoiov, 2ul
ekkivnTikdv popiov (lul and tov kabéva pe ocvykévipwon 50pmol/ul), 10ul 5X
puBuotikov dwdvpatog (Green GoTaq Flexi buffer, Promega), 4ul MgCl, (25mM),
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Sul petypotog vovkAieotidiov (ANTPs 10mM, Invitrogen, USA), 1.25U Tag DNA
nolvuepdone (GoTag® DNA Polymerase, Promega) kot ddH,O péypt tehxd dyko
50ul.

Ye kd0e avtidopaon mpaypatomomdnke &va apykd otddlo amodidtasng Tov
DNA o16y0v otovg 95°C yu 2min kot okolodONGe 1 £QaPUOYT S1POPETIKAOV
ocuvOnkdv arodidtaing, vppdoroinong Kot emunKvveng, yo kibe (evyog Eeympiotd
v 25 koxkhovg. Oleg o1 avTIOPACELG TEPIAAUPAVOLV EVa TEMKO GTASI0 EMUNKVVOTG
otovg 72°C yio Smin yio TApN GHVOEST TV U OAOKANPOUEVOY VEOGLVTIOEUEVOV

TPOTOVIMV.
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Exkwvnrtég AAAnAovyia (5'-3") ®éon  Méyebog Tlpoidoviov XvvOnkeg Biproypapia
E1 yovidio
E1F1 CAGGTACCAATGGGGAAGA 878 6450p | Atrias Pulido et al., 2006
E1R3 GAAAAACTCACCCCGTATAAC 1523 95°C 2 min
E1F4 GTTATACGGGGTGAGTTTTTC 1503 488bp oo a0 ] o conre,  Avrias Pulido et al., 2006
E1R5 GCAATTTCACTATCGTCTACTATG 1991 - 72°C 20 sec
E1F6 GGGCCTACGATAATGACATAGTA 1952 533bp 72°C 5 min Arias Pulido et al., 2006
E1R7 CCAATGCATTTCTTAAATTGTC 2485
E1F8 CCCTGTTGGAACTACATAGATGAC 2443 405bp Arias Pulido et al., 2006
E2R9 GTCTATATGGTCACGTAGGTCTGTA 2848 _J
E2 yovidio
HPV16 2734 GACGAGGACAAGGAAAACGA 2734 1176 bp | ITapodoa SrotpiPn
HPV16 3912 GCACACAAAGCAAAGCAAAA 3912 95°C 2 min
= deO E2 YOVLSiOU :Z"g ;g 222]’ 40 kOKAOL
HPV16 2732 GAGGACGAGGACAAGGAAAA 2732 632bp — 72°C 40 sec IMopovoa dwatpfn
HPV16 3364 CGTTGCTGCTAAACACAGATG 3364 72°C 5 min
3" dxpo tov E2 yovidiov
HPV16 3312 ATGCGGGTGGTCAGGTAAT 3312 598bp ] TTapovoa dwatppn
HPV16 3912 GCACACAAAGCAAAGCAAAA 3912
E4 yovidio
95°C 2 min
HPV16 3312 ATGCGGGTGGTCAGGTAAT 3312 95°C 40 Sec} ) Mapovoa Statppy
50°C 30 sec [~40 kdkAot
598bp 72°C 40 sec
HPV16 3912 GCACACAAAGCAAAGCAAAA 3912 72°C 5 min
E6-E7 yovidia
95°C 2 min
HPV16 41 AGCGACCCAGAAAGTTACCA 123 957C 40 sec , Iapodsa dotpPr
716bp 5752 E ?-0 S-ec 40 kbvKAOL
° min
HPV16 757 ATGGGGCACACAATTCCTAG 839 72°C 5 min

Mivaxag 2.4. TTapovcioon ToV EKKIVITOV TOL ypnoiporomnkay amd tn PipAoypapic Kol T@V EKKIVITOV oV oXEOAGTIKAY GTI TOPOLGN EPYUCI LE TN
Bonbeia tov mpoypdupoatog Primer 3, Whitehead Institute (http://bioinfo.ut.ee/primer3-0.4.0). Ztov mivaka avoypd@etal 1 cAANAOVYI0 TOV EKKIVITOV Kot
ot drapopeTicég cuvinkeg evioyvong twv El, E2, E4, E6 kot E7 yovidiwmv.
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2.4.4 Hlexto@lépnon npoidévrov g PCR

H emBefaiovon tov amotedeopdromv thg PCR kot g Auto Nested PCR éywve
HE TMAEKTPOQEOPNOT TV TPoidoviewv ot miktoua ayapdlne (Invitrogen, UK),
ovykévipoong 2% oe pvbotikd didivpo TBE 1X (Tris, Boric acid, EDTA). Zto0
dtddlvpo Tpootifetan Ppopodyov abwiov (EtBr,), dote  teAMKn 10V GLYKEVTP®ON
va givar Tpg/ml. And 1o mpoidv kabe avtidpacng ypnoworomdnkay 10 pl, ta omoio
avapiyOnkoav pe 2ul ypowotikng (kvavd mg Ppopoeavoing oe 40% wiv covkpolng
oe TBE) kot petagépbnkav oto miktopa oyopoing. o tov mpocsdiopiopd tov
UAKOLS TV emBuuntdv TPoidvimv ypnolomomonke HapTLPOS HOPLaKOL Papovg
(100 bp DNA Ladder, Invitrogen UK). H niektpo@opnomn mpaypotonodnke oe
120Volts yia mepinov 1h. Tt ovvéyela 1o mhiKtoua ayopdlng tomobeteitar oe
tpamelo ekmopmng vrepiodovg axtivoPforiag (Foto UV15, Fotodyne, Hartland WI)
Kot potoypagiletar pe ynoewokn unyovn (Olympus digital camera).
AwAvpota:
5X TBE: 5.4% Tris Base, 2.75% H3;BO3; (Merck, Germany) kot 10uM EDTA
dwAvovtal og 1 Altpo amovicpuévo vepo.
Kvavé g Bpopopavoing: ImM EDTA, 0.25% wxvavd g Ppopo@otvoing
(SIGMA, USA), 40% covkpoln.

2.4.5 ATop6vemon TOV TPoiovVTMV amé To TNKTOR ayapolng

OMOKANpN M mocotnto ¢ avtidpaocng g PCR i ¢ Auto Nested PCR
niektpopopninke oe mikTOpL ayapdlng 2% mov mepielye Ppopovyo €6ido oe
ovykévipoon lug/ml. Ot embBountég {dveg amopakpuvONKay OO TO TAKTMLO KOl
petapépdnkay oe mAooTikovg coinveg tov 2ml. AkoloObnoe kabapiopdc tov
TPOIOVI®V 0o TO KT ayapding pe ) ypnon tov Gel extraction kit (Macherey—
Nagel, Germany), coppova pe t1g 0dnyieg tov Katackevaot. Ola ta Tpoidvia TG

avtidpaong vrofANnOnkav ce poplokn KAwvoroinon.

2.4.6 Moploxi] KA®OVOToiNo1 TOV EVIGYVUEVOV YOVIOI®MV Kol aliniovyion
[Ma va peremnBovv ot aAAniovyieg tov yovidimv E1, E2, E4 E6 kol E7, dvo

ave&aptnteg PCR mpaypatoromnkay yio kdbe meproyn, yio ke kKAvikd tpoymiucod
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delypa Eexmplotd. XN GLVEKELD, TO TPOIOVTO amd TIG 0VO AVEEAPTNTES OVTIOPACELS
vrofAnOnkav ce poplokn KAwvomoinom kot e€etdotnkov Tpeic KAOVOL amd KAOe
SPopeTIKO evicyvuévo mpoidv. H dadwacio vt mpaypotomombnke yuo kdbe
yovido Eeywpiotd. H popuokny kiwvomoinorm £€ywve ywo v amo@uyn Vmapéng
HEWYUATOV SopopeTikdv otereydv tov HPV16 kabdg emiong kot tov eviomouo
TAVTOYPOVNG LOAVVONG OO TEPIOCOTEPO OO it EVOOTLTTIKY| TOPAAACYT] TOV 100.

H dodwcacio g khovomoinong mpaypoatomromOnke pe o TAaGHO0KO Qopéa,
pGEM T-easy vector System (Promega, Madison, USA), o oroiog eionyOn oe étowua,
dextikd wvttopo Escherichia coli DH5a. H amopdveon tov avacuvovacuévoy
TAOGOKOD  @opén.  amod petaoynuotiopéveg  Paktnplokés  amotkieg
npaypatonomdnke pe to Nucleospin plasmid kit (Macherey-Nagel GmbH, Duren,
Germany), oOuemvo HE TIC O00NyleC TOV  KOTOOKELOOTH. XTH  GULVEXELL
TPOYLOTOTOMONKE OAANAOVYION Kol TOV 000 KADOV®V TOV EVOELNTOG od TNV Taipia
Macrogen (Seoul, Korea). I'a kdfe avtidpoon aAlniodyiong Tmv KA®VOTOIUEVOV
derypdtov  ypnowomomnkoy ®g ekkwntég ot emaywysic T7 ko SP6  tov
TAOo UKoV Qopéa mov Ppiokoviarl ekotépwbev g Béong £vBeong Tov TUNUATOG
DNA.

2.4.7"Eleyy 05 TOV 0AAAOVY IOV

Ot aAAnlovyieg mopaAneOncav vad TV HOpPeN YPOUATOYPOPAaToS. To
ypopaToypaenuo kébe odinAiovyiog eAEyxOnke ywo TV TOWOTNTO TOV KOl Yo TNV
Ymapén Aabodv mov iowg Tpaypatomomdnkay Katd TV OPKELD TG OAANAOVYIONC.
O Khwvorompuéveg aAAnAovyieg kdbe delypatoc eetdonkay wg TPOg TV E0IKOTNTA
TOVG HEC® Oopomapabeong pe TV TPOTLAY aAANAoVYia Tov Yovidiwuatog tov HPV16
(HPV16R), n omoia givor dtabéoyun otn vovkieotidikn Paon dedopévav (Los Alamos
National Laboratory). H opomopdbeon mpaypotomombnke pe tnv ypnomn Tov
aAiyopiOpov Muscle (Edgar et al., 2004) ko tqv Bonbeia. tov mpoypaupatog MEGA
v.5 (Tamura et al., 2007). Ztn ocvvéyela, ot odiniovyieg k@O deiyuatog ueheTnOnKav
¢ TPog TV petalh tovg opotdtnta Yo kéOe yovido tov HPV16 Eeymprotd (E1, E2,
E4, E6 xou E7). Mo ovtimpocomevtiky] aAinAovyio ypnoipomomdnke oTig
TEPUTTAOGELS TOV Ol KAOVOTOMUEVES aAANAOLYieS TOV detypatog Tapovsialov petald

tovg opowdmnta  100% 7y po0  CUYKEKPUWEVN TEPLOYY. XTIV GLVEXELQ,
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TPOYLOTOTOMONKE QUAOYEVETIKY Kol €EEAMKTIKN avVAALOT OA®V TV TEPLOYDV TOL
e€etdoTnKOY TNV TOPOVGo OaTPIPr], EVO TAPAAANAC EVIOTIGTNKAY VOUKAEOTIONKES
Kot opvolikég aAlayég, ol omoieg cvoyeTiotnKoy pe Tov Pabud g evooemOnAlakng

OALOIOONG KOt TNV QLAOYEVETIKY| TPOEAELGT TOL 10V.

2.4.8 OpomapdOeon VOUKAEOTIOIKOV KOl GUIVOSIKAV OAAA0V IOV

o v aviyvevon VOULKAEOTIOIKOV Kot  OUVOEIKOV — pETOAAGEE®DY
npaypatortomOnke yio kabe yovidwo Eeywpiotd (E1, E2, E4, E6 ko E7) moAlomin
opomapdfeon petah TOV KAOVOTOMUEVOV OAANAOLYLOV TV JEYUATOV pE TV
npotonn  aAlnlovyic tov HPV16 yovidiopotog (HPV16R). H  moldamin
opomapabeon £yve pe tnv ypnon tov adydpiduov Muscle (Edgar et al., 2004) ko thv
BonBeta Tov mpoypappatog MEGA v.5 (Tamura et al., 2007).

2.4.9 KataoKEDT] QUAOYEVETIKAOV dEVIPOV

H xatookevr] @uAoyevetikdv dévipov mpoypatormomdnke pe mm pébodo
Méyiotng [Mbavopaveiag (Maximum Likelihood, ML) kot og opiouéveg mepntdoelg
ue ™ pébodo g Mrebliavie Zvumepacpatoroyiag (Bayesian Interference, Bl) ko
™m¢ Méyiotng Pedwrotrag (Maximum Parsimony, MP). Ot cuykekpipéveg pébodot
vodoyilovv dedopéva e SLOPOPETIKES KOTAGTAGELS TANPOPOPLAK®Y YOPUKTHPp®V. Mg
TIC oLYKeEKPEVEG HeBOOOVE emAéyovtal kdOBe @opd ot kpOTEPES €EEMKTIKEG
amooTACELS (VOUKAEOTIOWKEG 1 OUIVOEIKEG VLTOKOTOOGTAGEIS) YO TNV KOTOGKELT
QLAOYEVETIKOD 0EVTpOov, o€ oxéon pe OAa To mBava dévipa Kot Bempeitor 10 To
mhovd cmotd dévipo. Ta QLAOYEVETIKG dEVIPA. TTOL TPOEKLYAV HE TIC HeBAdOLG
Méyiotng [TiBavopavelog kot Méyiotng @edmrottog, a&toloyndnkay pe v uébodo
™m¢ enavoovumintovcog yvnidtnong (bootstrap ovdivon). H emovacvumintovoa
yvnidmnon etvor pa otatiotikny péBodoc, Katd Tty omoio YPNOLUOTO0VVTOL TOAAG
Toyoio HEPN SEYUATIKOV YOPOUKTHP®VY, OT®MG AOYOL YOpN VOLKAEOTIOKES BEcEIC Kot
yivovtor TOAAEG emavaAapuPavopeves avaAdcels, pe vEa TexvnTd OedOUEVa, Yol TOV
VTOAOYIGUO TG MoTOTNTOG VOGS 0évtpov. H péBodog avt cuvavtd v mbavotepn
TPOUYUOTIKT KOTAGTACY] 6T 0EvTpa oL dev aAAdlovv 1| aAhdlovv Alyo kot yio ovTod

avtavakAovv v avalntovpevn motoétnro. To @uAoyevetikd dévipo Méyiotng
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[TBavopdvelag ko Méyiomng PeldwAdT TG KATAOKELAGTNKAY Kol aloAoynOnkay pe
10 Tpdypoupa MEGA v.5 (1000 bootstrap values).

Avtifeto and Tic pebddovg Méyiommg Dewdwrdmrag kot Meyiog
[MBavopavelag, n Mredllovi Zvunepacpotoroyio dev mapdyel Eva Hovo dEVTIpo 1| Eval
ovvoAro dévipwv. H Mrebliovi Zvumepacpoatoroyio ypnoiponotel v mbavotnta tov
dévipwv pe ) ypnomn tov adyopidpov MCMC (Markov Chain Monte Calro) yia éva
delypa dévipov oe avoroyio pe v mOovOTNTA TOLG, £Tol Mote va Toapaybel Eva
a&omioto detypa dEvipwv. Ta @uAOYEVETIKA dEVTpa TOV TpoEkvyav pe TV Mrebliovn
Yvumepacpatoroyio  aoloynOnkay pe TNV EKTIUNON TOV €K TOV VLOTEPMOV
mbavotntwv (Posterior Probabilities). H ek tov votépov mbavotnto exepdalel v
mBovotnTo KABe SEVIPOVL OEOOUEVOVL @) TNG €K TOV TPOTEPWV Yvdons, P) evidg
LOVTEAOD VOUKAEOTIOIKNG VTOKATAGTAOTG, Y) TMV TOPATPOVUEVOV OESOUEVMV.

Mo ™V Kataokev] ELAOYEVETIKOV 0EVIp®V He TNV péEBodo g Mmebliovng
Yvumepacpatoroyiog mpoypotoromOnke Mredllovy] avdAvon yp1oLLOTOIOVTOS TOV
aryopiOpo MCMC (Markov Chain Monte Calro) pe v Ponbeia tov mpoypdppotog
BEAST v.1.6.2 (Drummond, 2007) yw tnv eKTiunon TV &K TOV VOTEPOV
mhavotitov. O aiydpiOpoc MCMC £yet v 1010TTa Vo GUYKAIvEl Tpog pia
KaTaotaon wwoppomiag aveEdptnra amd to onueio exkivione. Ta amoteAéopata Tng
avaAivong agloloyndnkav pe v xpnomn Tov mpoypdupatog Tracer v1.5, gvtdg tov
npoypappotog BEAST v.1.6.2. H andxion T@V OTOTEAEGUATOV TPAYLOTOTOMONKE
ue tic tuég ESS (Effective Sample Size). £ ocvvéyela, to @uAOYEVETIKO SEVTPO
Kataokevdotnke pe to mpoypoupo TreeAnnotator V.1.6.2 xou FigTree v.1.3.1, 10
omoio dwutifetan oto mpoypoupo BEAST v.1.6.2. H Mnebliov avaivon xor 1
puébodog Méyiotng [MBavoeavelng TpoayoTonomOnKay e TNV ¥PHOT TOL KOTAAANAOL
HOVTEAOV  VOUKAEOTIOKNG VLTOKOTACTOONG, ONMC 0ouTO VTOAOYIGTNKE Omd TO
TPOYPOLLLLLOL FindModel, 10 omoio dartiBetan o710 d10.8iKTLO
(http://.hiv.lanl.gov/content/sequence/findmodel/findmodel.html). Ta HovTéLQ,
VOUKAEOTIOIKNG VTOKATACTOONG LETATPEMOVY TNV TOPOTNPOVUEVY] OTOGTOCYT] OE
TPOYLOTIKY EEMKTIKY] AOGTOON.

H xatoackevn pUAOYEVETIKOV dEVTPOV TPAYLATOTOONKE Yia KAOE TEPLOYN TOV
yovidiwpatog tov HPV16 Egywpiota (E1, E2, E4, E6, E7). H puloyevetikn  avdivon
€ywve petd and TOAAATAY opoTapAdesT), HETOED TV aAAnAovyldV kdbe yovidiov, TG

TPHTLTNG aAANLoVYiag TOVL Yovididpatog Tov HPV16 kot twv mpodTumtemv aAlniovyudv
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TOV EVOOTLTIKOV Toapoiioywdv tov HPV16 yovidiopatos. H dwdwkocio avt
mpaypotorombnke pe otoéxo va  opadomonBodv ot aAAnAovyiec otig mévtE
OLOPOPETIKEG EVOOTVTIKEG YEVIEC TOPOUAAAYDV TOL Yovididpatog tov HPV16 kot va
evoouatmbodv ota T€coepa S10POPETIKA PLAOYEVETIKA KAadLA. EmumAéov eEetdotnke
€dv Oheg o1 TEPLOYEG TOV 100 UTOPOVV VO, CLUPAAOVY GTOV EEKADUPO JLOYMPICUO TOV
TEGOAPMY  SWPOPETIKMOV  PUVAOYEVETIKOV KAAOIDV 7ov  oynuotiovialr amd Tig

OLOPOPETIKEG EVOOTLTIKEG TTOPOALAYEG TOV YOVIOIDUOTOS TOV 10V.

2.4.10 Avdivon emAEKTIKNG TTigong

H a&oloynon g emiextikng mieong mov emdpd ota yoviowo El1, E2, E4, E6
kot E7, mpayuoatomomnke petd omd moAAamAn opomopdOeor, HETOED TOV
aAlndovyidv  KaBe yovidiov Eexwplotd Kot TG TPOTLTNG  OAANAovLYiOG TOL
yovidtopatog  tov HPV16. O mpoodiopiopdg NG EMAEKTIKNG  Tieong
Tpoypotonotonke pe tov voloyiopd tov pubupod dN/dS. O pvOudc dN/AS sivar pia
O100edopEVN OTATIOTIKY HEBOSOG TTOV YPNOLUOTOIEITOL EVPEMG, AOY® TG AMADTNTOG
kot ¢ aélomotiag g O Adyog AN/AS givar o pvOuodg mov mpoodiopilel Tov apOuod
TOV U1 GCLVOVLU®V DTOKOTOOTACE®Y ava Un-cuvavoun 0éon (dN) mpog tov apduo
TOV GLVOVLUOV VTOKATACTAGE®V ovd cuvavoun 0éon (dS) (Kryazhimskiy, 2008). Ou
VTTOKOTOOTAGELS GE CUVAOVVLUEG (CLOMNALS) Kal Un cLVOVLUES (U ouwTAES) Boelg
dpopomotobvtal HeTald O0VLOETEPOV Kol EVEPY®OV €EEMKTIKOV JUVAUE®Y TOL
ackovvtal o€ yovidta. O puOuog dN/AS diver EvogiEn yio Tov TpomO Kot TV SVVOUN TG
e€éMéne. TTo ocvykekpiuéva, mepicosio un cvvovopoy petoirdéemv (AN/AS > 1)
amotedel EvoelEn BeTikng emMAEKTIKNG Tieong (OpA N PLOIKY EMAOYY), EVD TEPICOELN
ovvovouov petadddéewv (AN/AS < 1) deiyver apvnTikn emAeKTIKN Tieon (OVAGTOAN
™G QULOIKNG emAoyng). Emumdéov, xopio Swwpopd petald ocvvadvopov kot pn
ocuvovopov petodddéemv (AN/AS = 1) omotelel évdelén ovdetepdrog (Tvyaio
otabepomoinon ovdétepov uetaArdéewv) (Yang et al., 2002, Nielsen, 2005, Hurst,
2009, Akashi et al., 2012).

O pvOuog dN/dS vroroyiotnke pe v uébodo g Méyiomg Mbavoeavelag
péom tov mpoypaupatoc SLAC (Singe Likelihood Ancestor Counting) mov eivot
dwbéoo otov dakoutotny Datamonkey (Suzuki et al., 1999, Pond et al., 2005).
EmnAéov, yia va mpocdioptotel n vapén Oetikng emdextiknc wicong (AN/AS > 1) oe
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GUYKEKPIUEVO KMIKAOVIOL EVTOG TV YoVidiwv, ypnoorombnke n nébodog Méyiog
[TBavopdvelng wor Mmedllovig Zvumepacpatoroyiag. ITo  ovykekpuéva, o
TPOCOOPIGHOG BETIKNG eMAEKTIKNG Ttieong pe v péBodo Méyiotng [Tibavopdvetlog
npaypoatoromnke pe to mpdypoupa FEL (Fixed Effects Likelihood model) ctov
dwaxopot Datamonkey, evd o mpoodiopiopdc OeTikng emAeKTIKNG Tieong pe tnv
Mnetvliovn Zvunepacpoatoroyio mpoypotomomdnke pe v Pondela Tov d10KOUGTN
Selecton 2.4 (Stern et al., 2007).

Mo va evtomoTovy oNUaTe avVOGLVIVAGHOD YPNCLOTOONKE TO TPOHYPOLLLLLO
SBP (Single Recombination Breakpoint), to omoio eivor drabéoipo oto dakopo
Datamonkey. I'ia TV OTTTIKY OVATOPAGTOCT] TOV OVAGVVIVOOUOD YPTCILOTOMONKE TO
npoypappo  SimPlot v.3.5.1 (Ray, 1998). H mocooctwiic opowdtnto TOV
OVOGVVOVOGUEVOV OAANAOLYIOV HE TIG TPOTLTEG OAANAOVYIEG TOV OlOPOPETIKAOV
evooTuTIKOV moporrlaydv tov HPV16 mov ovupetéyovv otov  avacvuvovoouo
TPOYLOTOTTOIONKE ue ™ uébodo ClustalW?2
(www.ebi.ac.uk/Tools/msa/clustalw2/analysis).

2.4.11 TIpocoopiopog Tov pécov puORov VIOKATAGTAGNS TOV YOVIOI®MV

EmmAéov, mpoodiopiomnke o péoog puvORdg vTOKATAGTOONS YOO TO TPMOTO
denTEPO Ko TPITO VOLKAEOTIOW OAMV TV KOOIK®OVImV &vog yovidiov. Ta v
dwdkacio avty mpaypoatomombnke Mmebliov avdAvon, YPNCILOTOUDVTOG TOV
adyopiOpo MCMC (Markov Chain Monte Calro) pe v Ponbeia tov mpoypdppotog
BEAST v.1.6.2. Ta amotehécpata g avdivong a&toloyndnkav pe tmv ypnion tov
npoypdaupoatoc Tracer v1.5 evtog tov mpoypdupatoc BEAST v.1.6.2. H andxiion tov
armotedecpudtov mpayuatorombnke pe tg tipég ESS (Effective Sample Size). H
Mnebllovny oviAvoT TPayHaTomomonke pe v ¥pNon ToL KOTAAANAOL LOVTEAOL
VITOKOTAOTOONG ON®MG OLTO  VTOAOYIGTNKE OO TO  TPOYPOLLLLO FindModel
(www.hiv.lanl.gov/content/sequence/findmodel/ findmodel.html) ywa kabe yovidio 7

TEPLOYN YOVIOiov EEY®PIOTAL.

54

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Kepalouo 2 Yhixo, kou MéBodor

2.5 TIpocoropiopoc g popeiig Tov yovidtopotos tov HPV16

O  7mpoodloplopdg ™S HOopeNS  TOv  yovidiwpatog tov  HPVI16
mpaypoatortombnke oe dvo Pruata. Ipdtov, Tpocdopicnkay ot mo cuyvég BEcelg
PNENG TOL YOVISIOHOTOS TOL 10V, PES® yaptoypaenong tov El kot E2 yovidiov.
Agbtepov, ot mo kowég Béoeic pnéng tov HPV16 DNA ypnowomombnkav yo vo
mpocoloptotel 0 AOyog tov Tiudv E1/E6 ko E2/E6. Me Bdon tov AdOYO TwV
avVILYPAQOV TOV YOVISI®MV, TPOCIOPIGTNKE TO E0POG TOV TIUOV TOL OVTITPOCHTEVOVY

TNV HLOPPT| TOV YOVISUDUOTOG TOV 100 (EMCOUIKY], EVOOUATMOUEVT, | LEIKTY] LOPOT).

2.5.1 Xaprtoypdonon tov E1 ko E2 yovidimv

O mpoodopopdg tov Bécewv pnéng evtog tov El wor E2  yovidimv
mpaypatonomOnke pe v pébodo g PCR, ypnoponotdvtag aAANAETIKOAVTTOUEVOL
ekkvnTiKa popo omd v Piproypagio. To ekkivnTikd popo Tov ypnoiporodnkoy
EVIOYVOVV GE EMUEPOVS TULATO OAOKANPO TO avoytd mAaiclo avayvoons tov El
kot E2 yovidiov, pe oKkomd vo Tpocdtoptotovy To. onpeia 6to omoia To yovidimpa Tov
00 €yet vmootel pnén, Adyo evoopdtwong tov HPV16 DNA oto kuttopukd
yovidiopa (TTivakog 2.5).

Olec o1 avtidpdoeic g PCR yia v evioyvon tov empuépovg TUNUATOV TOV
El xor E2 yovidimv, mpaypotomombnkav oe tehkd Oyko S0ul. Xg Ohec Tig
avtidpaoelg ypnooromonkav 3ul DNA amd ke deiypa, 2ul ekkivntikdv popiomv
(1ul amo tov kabéva pe ovykévipoon 50pmol/ul), 5ul 10X pvOuiotikod dtoldpatog
(Stratagene, La Jolla, USA) mepiektikotnrog 2 mM MgCly, 5Sul  peiypatog
voukAeotdimv (ANTPs 10mM, Invitrogen, USA), 2.5U Pag DNA molvuepdong
(Pag5000TM DNA Polymerase, Stratagene, La Jolla, USA) kot ddH,0 péypt tehkd
6yko 50ul.

Ye kabe avtidpaon mpoypatomomdnke Eva apytkd oTddlo amodldToENS TOL
DNA otoyov otovg 95°C yio 2min kot akoloVONGE 1M EQAPHOYY SLOPOPETIKOV
ocuvOnK®OV arodidtaéne, vPpLdoToinong Kot exunKuvoNs, Yo kébe (evyog Eexwpiotd
vy 40 KOKAovg. Oleg o1 avtidpdoelg TepAaUPAvouy Eva TEMKO GTASI0 ETUKVVONG
otovg 72°C yio. Smin yo mAnpn cdvOeo TV U1 OAOKANPOUEVOY VEOGUVTIOEUEVDVY
npotovtwv (ITivaxag 2.5). H emPePaimon tov anoteAecpdtov £yive o€ mNKTOLO

ayapolng cvykévipoong 2%.
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Exxomrég AlAnrovyia (5'-3") ®éon MéyeBog llpoidviov ZvvOnkec BiAoypapio
E2 yovidio
al AGGACGAGGACAAGGAAAA 2735 475 bp Li et al., 2008
a2 ACTTGACCCTCTACCACAGTTACT 3210 95°C 2 min
bl TTGTGAAGAAGCATCAGTAACT 3172 477 bp coec oo 2‘22} 40 cycles Li et al., 2008
b2 TAAAGTATTAGCATCACCTT 3649 72°C 20 sec
cl GTAATAGTAACACTACACCCATA 3597 276 bp 72°C 5 min Li et al., 2008
c2 GGATGCAGTATCAAGATTTGTT 3873
E1l yovido
E1F1 CAGGTACCAATGGGGAAGA 878 241bp ) Arias Pulido et al., 2006
E1R1 ACCTGTACTGCATCTCTATGTTGT 1118
E1F2 GACAGCACATGCGTTGTTTAC 1059 265bp Arias Pulido et al., 2006
E1R2 AGTCTCATGGCGCCCTTC 1323
E1F3 CGCCATGAGACTGAAACAC 1312 212bp Arias Pulido et al., 2006
E1R3 GAAAAACTCACCCCGTATAAC 1523
E1F4 GTTATACGGGGTGAGTITTTTC 1503 282bp Arias Pulido et al., 2006
E1R4 ATCATCATACACATTGGAGACA 1784 95°C 2 min
E1F5 GTGTGTCTCCAATGTGTATGATG 1760 232bp - 95°C 20 sec Arias Pulido et al., 2006
E1R5 GCAATTTCACTATCGTCTACTATG 1991 55°C 30 sec | 40cycles
E1F6 GGGCCTACGATAATGACATAGTA 1952 235bp 72°C 10 sec Avrias Pulido et al., 2006
E1R6 TGCTTCCAATCACCTCCAT 2186 72°C 5 min
E1F7 GGAGGTGATTGGAAGCAA 2170 316bp Arias Pulido et al., 2006
E1R7 CCAATGCATTTCTTAAATTGTC 2485
E1F8 CCCTGTTGGAACTACATAGATGAC 2443 301bp Arias Pulido et al., 2006
E1RS8 CCTCGTCCTCGTGCAAACT 2743
E1F9 CCAGTGTATGAGCTTAATGATAAGA 2662 187bp Arias Pulido et al., 2006
E2R9 GTCTATATGGTCACGTAGGTCTGTA 2848 _

Hivaxag 2.5. [Tapovoioon T@V GAAMAOETIKAAVTTOUEVOV EKKIVIITOV TOL ypnolpormombnkay ond tm Piprlioypapio yuo v evioyvon olOKANpoOV TV
yovidiowv E1 kot E2. Ztov mivaka avaypdeetor 1 avtioTotyn aAAnAovyic TovV EKKIVITOV Kol 01 SIPOPETIKES GUVONKEG EVIGYLONG TOV EMUEPOVS TUNUATOV
tov E1 kot E2 yovidiov.

56

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Kepalouo 2 Yhixo, kou MéBodor

2.5.2 'E)eyyog akeparotnrag Tov HPV16 yoviswdpatog

o va eiéydn edv to DNA tov HPV16 éxel xotaxeppatiotel, AOY®
enefepyaciag TV Osypdtov (Kuplog Yoo TIC TEPUITAOCES TPAYNAIKOD 16TOV
povipomompévov og mapapivn) kot va egakpipwbetl 6t 1 pnén mpoépyetal amd v
evooudtmon tov 100 o610 kuttapikd DNA, mpaypoatomombnke evioyvorn tunpatog
tov E6 yovidiov, peyéBoug 354 Cevyov Bacemv o OAa ta detypata pe v néBodo g
PCR. To tunua tov E6 yovidiov evioydbnke pe v ¥pfon TV EKKIVITIKOV Hopimv
HPV-16 1 5-GCACAGAGCTGCAAACAACT-3° [ HPV-16 353 5’-
GGTCCACCGACCCCTTATATT-3’, ot omoiot oyedldotnKov O©TN TOPOVCH
Statppn.

H avtidpaon g PCR ywa v evioyvon tov tunuotog tov E6 yovidiov,
npaypoatonomdnke oe tehkd oyko S0ul. Xtmv avtidpaon ypnopomomndnkav 3ul
DNA and ka0e detypa, 2ul ekkivnrikdv popiov (1pl amd tov kabéva pe cuykévipmon
50pmol/ul), Sul 10X pvOuotikod SwAvpotog (Stratagene, La Jolla, USA)
neplektikontog 2 mM MgCly, 5Sul peiypatoc vovkieotidimv (ANTPs 10mM,
Invitrogen, USA), 2.5U Paq DNA noivuepdonc (Pag5000TM DNA Polymerase,
Stratagene, La Jolla, USA) ka1 ddH20 péypt telikd dyko 50pul.

H avtidpaon mpaypoatomomdnke pe éva apykod otdoto amodidraéng tov DNA
61oY0L oToug 95°C Yo 2min kat akolovOnoav 40 kokhot amodidraing otovg 95°C
v 40sec, vBpidomoinong otovg 58°C yio 20sec kar empnkvvong otovg 72 °C yuo
20sec. Téhog N avtidpaon meprthapPdvel évo tedkd 6Tad0 emunrkvvong otovg 72°C
Yoo Smin yo TAnpn oVvOEGN TV U OAOKANPOUEVOVY veoouvTIOéueEVmY Tpoidvimy. H

emPefainon Tov anotelecpdtov £yve o€ TNKTOUA ayopOing cuykévipwong 2%.

2.5.3 IIpocoropropdcg evatsOneciog T pedodov.

O mpoodopiopdg g evacOnoiog tov aviwpdcewv g PCR vy v
evioyvon tov El, E2 ka1 E6 yovdiwv, mpaypatomombnke pe v ypnomn Ttov
avaoLVOLAGHEVOL TTAacudiov PEG-E2, mov mepiéyel v yevoukn meployn HeTa&y
TV yovidiov E6 émg kot E2 (Béon 123 éwg 3912).

[Ma ™ xotackevn Tov TAacdiov PEG-E7 evioyvOnke n aAiniovyia petald
TV voukAeoTwdimv 123 éwg 3912 pue v Pondeia tov ekkivntikdv popiov HPV-16

41 5’-AGCGACCCAGAAAGTTACCA-3’ / HPV-16 3912
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GCACACAAAGCAAAGCAAAA. Ta ekkivntikd poplo oxed1GoTNKOY GTI TOPOVCH
Swutpfny ko M aviidpaon mpoyuoTomomOnke o EKYVAMOUEVO  OElypo  Tov
yopoakIpictnKe g TpdTLTo 6TEAEYOG (796)

H avtiopaon g PCR ywa v evioyvon g neproyng petald tov yovidiov E6
kot E2 wpaypatonomdnke o tehkd dyko 50ul. H avtidpaon nepieiye 3ul DNA, 2ul
exkkivnTikdv popiov (lul and tov kabéva pe ovykévipmon 50pmol/ul), Sul 10X
puOuiotikod daivuatog (GeneON) mepiektikotntoag 1.5 mM MgCl,, Sul peiypatog
voukieotdimv (ANTPs 10mM, Invitrogen, USA), 25U Tag DNA molvuepdong
(Maximo Tag DNA Polymerase, GeneON) ka1 ddH20 péypt tediko oyko 50ul.

H avtidpaon mpaypatomroleiton pe £va apykd otdoto arodidtaing tov DNA
61610V 6Tovg 95°C Yo SMin kot axoAovOovv 40 KiKAOL amodidtaéng otovg 95°C yia
40sec, vppdonoinong otovg 55°C yua 40sec kot empfkvvong otovg 72 °C yio 4min.
Tékog M ovtidpoaon mepthapPdver évo teMkd o61ad0 empfkvvong otovg 72°C yia
10min ywo TA7pn cOVOES TV L1 OAOKANPOUEVOV VEOGLVTIOEUEVOV TPOTOVTOV.

X ovvéxeln, 10 evioyvuévo mpoidv peyéBovg 3791 levyov Pdoewv
vroPAnOnke oe poplokn KAwvomoinon pe v ypnon tov StataClone PCR cloning kit
(Stratagene, Agilent technologies), cOoppova pe T1c 0dnyieg tov Kataokevooty. H
amopdvmGN TOL OVAGLVOVACUEVOL TAACHIOIKOD (OPEN OO UETOCYNLUATICUEVES
Boktnplaxég anokiec mpaypoaromrombnke pe to Nucleospin plasmid kit (Macherey-
Nagel GmbH, Duren, Germany), cOue®mvo pe Tic 001yieg TOL KOTOUOKEVAGTH. TN
CULVEYEL, TPOYHOTOTOMONKE aAANAOVYION KOl TOV dV0 KAMVOV Tov evBépatog amd
v etopio Macrogen (Seoul, Korea) ywo va damiotmbel 1 €181KOTNTO. TOL TPOTOVTOC.
Mo v avtidpoaon g aAANAOUYIONS XPNOILOTOMONKOV (¢ EKKIVITEG Ol ETAYMYELG
T3 ko T7 100 TMAaoudokod gopéa mov Ppiokoviar exoatépwbev g BEéong évBeong
tov Tunpatog DNA. O apBuog tov avitypdewv tov PE6G-E2 npocdiopiotnke péom
[Mocotikng PCR Ipaypatikod Xpodvov, evicydovtog Tunpa tov yovidiov E6 (evotnta
2.5.2).

YEPloKéG  VTOOEKOAACIEG  OPOLDGELS OO 10° ¢og 1 avtiypago Tov
avoovvovacpuévoy mhooudiov (PE6-E2) vmopindnkoav oe PCR pe ola ta (edyn
EKKIVITIKOV HopiwV TTov ypnoiponomdnkay ot pébodo yoaptoypdonong tov E1 kot
E2 yoviiwv, Eeymprotd. Or cuvOnkeg mov epappoctnray yio kdbe (edyoc ekkivtdv

neprypaenkov otnv evotnra 2.5.1 (Ilivaxoag 2.5). H dwdwacio mpoypotomodnke

58

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Kepalouo 2 Yhixo, kou MéBodor

Y va Tpocdtoptotel Kot va PeAtimbel 1 evaucOncio g pebddov Ko epapudoTnKe

tpeig opég yia kibe {evyog eKKIVITIKOV popimv.

2.6 IIpoodropiopndg T popens tov yoviordpatos Tov HPV16 pe IMoocotikn) PCR
Mpaypatikod Xpoévov (quantitative - Real Time PCR)

O mpoodopiopdg g Hopeng tov yovidiwpatog tov HPVI16 (emowpkm
HOPPY, EVOOUATOUEVT LOPPT], LEIKTH LOPPT])) TPAYLATOTOMONKE pe TV HEB0do g
[Mocotikng PCR Ipaypaticod Xpdvov kot ) xpnion eBopilovcag ypwotikng SYBR
Green |. Tl va Tpocd10pIoTel 1 LOPPT TOL YOVISIOUATOG TOV 100 TPOYLOTOTOONKE
nocotikomoinon twv yovidiov E1, E2, E6 kot vroloyiotnke 0 Adyoc tov tiudv E1/E6
kot E2/E6 yio k@O deiyua Eeyopiotd. H Bacwkn apyn ¢ nueboddov Paciletor otnv
vrdBeon o011 ta yoviowa E1, E2 kot E6 mapovoidlovv ion mocodHTTA OVTypaQmv OToV
0 106 PploKeTOl GTNV EMOOMUKT TOV HLOPPT, EVAD TO YEYOVOG ALTO avolpeital OTav 1o
yovidiopo Tov 100 veiotator pREN ot mepoyn tov yovidiov E1 /o E2 katd v
SladIKacio EVEMUATMONG TOV 100 GTO YOVISI®MU TOL KLTTAPOL EeVioTh.

H emloyn ekkivntikodv popimv yuo v mocotikonoinon tov yovidiov E1 kot
E2 Baciomke otov evtomiopnd 0écemv mov mapovctdlovv pe pHeyolvtepn cuyvotnta
PNEN, OTMC TPoEKLYE amd TNV YopTOYpdenon Tov BEcemv préng Tov yovidiov E1 kot
E2. ITwo ovykekpyéva, n o ovyvy Béon pnéng tov E2 yovidiov evtomileton oty
nepoyn HeTa&d TV voukAeoTdiov 3172 kot 3649, evd yio to E1 yovidio n) o cuyvy
0¢om evromiletat oto 5' dipo tov yovidiov peta&h twv vovkieotdimv 1059 kan 1323.
Emopévmg, yio 1ov mocotikd mpocsdioptopd tov E2 yovidiov ypnoipomomdnke Levyog
EKKIVITAOV, TOV EVICYVEL TN TEPLOYN HETOEL TV VOoukAeoTwiwv 3243 war 3539
(E2F12-E2R12), ev®d m mocotikomoinon tov El yovidiov mpayuatomombnke pe
{edyog eKKIVITMV TTOL €VIGYVOVV TNV TEPLoyn UeTAED TV voukAeoTdiov 1059 kot
1323 (E1F2-E1R2) (Ilivoxoag 2.6). Ot avtdpdoelc oe kabe  deiypa
mpaypoatortombnkov ce cuvolkd apBpd 500 avtrypdowv kuttapikov DNA, 6mmg

aVTO VTOAOYIGTNKE UETA TNV TOGOTIKOTTOINGT TUNHOTOC TOL Yovidiov GAPDH.

2.6.1 Kataokevn thaopidiov
IMa tov mpocdopiopd tov avtypaenv tov E1, E2, E6 kot GAPDH yovidiov

pe v pébodo g Iocotikng PCR Ipaypatikod Xpdvov dnpovpyndnkoav tpodtumeg
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KOUTOAEG HE TNV YPNON  OVOCLVOLOCUEVOV  TAAGUISI®V. ADO  O10POPETIKA
aVOCLVOLOGHEVO TAOCUIOW KaTtaokevdaotnkay. Evo mAacuidio mov mepiéyel v
neployn peta&d tmv vovkieotdiov E6 kot E2 (pE6-E2) (mocotikomoinon E1, E2 kot
E6) xotr éva miacpidio mov @éper tunua tov GAPDH yovidiov (pGAPDH)
(rocotikomoinon tov kvutTapikod DNA).

['a ™ xotackev] Tov TAacudiov PEG-E2 mpaypoatomomnke 1 dodikoacio
ov avaeépetal otny evotnta 2.5.3. T ) kotackevn tov mAacdiov pGAPDH,
npaypatoromnke PCR ywo v evioyvon tunupatog tov GAPDH yovidiov og
ekyvMopévo detypo kuttapikng oepdg CaSki (Li et al., 2008). Xt ocvvéyeia 10
TPoioV TG avtidpaong vroPAndnke oe poplakn kKAwvoroinomn ue to StataClone PCR
cloning kit (Stratagene, Agilent technologies), cOuewvo pe TG 00Myieg TOV
KOTOGKELOOTY).

Emnpdobeta, yioo v mpayuatomoinon mepapudtov tpocopoinong (evotnta
2.6.3), KOTOAOKELAGTNKE £va KO0 TAAGHIO petd omd evioyvon tuiuatog tov E6
yovidiov mpoepyOpevo amd to KAviKO Ogiypo 796, to omoio mepiéyel 10 mpdHTLTTO
oT1éheyog ToL 100. To TAaoUId0 aVTO KATOCKEVACTNKE UETA amd EVIGYLON TUNUATOG
tov E6 yovidiov pe v ypfon tov exkkvnuik®v popiov HPV16 1 5’-
GCACAGAGCTGCAAACAACT-3 / HPV16 353 5’-
GGTCCACCGACCCCTTATATT-3’, onwg meprypdpnke oty gvotnta 2.5.2. X1
CULVEYELL TO TPOIOV TNG avtidpaong VITOPANONKe ce poplaxkn KA®vomoinom WHe TO
StataClone PCR cloning kit (Stratagene, Agilent technologies), cOupwva pe T1c

00N YlEG TOV KATAOKEVOOTY).

2.6.2 IToootwk) PCR Ipaypatikod Xpovov

H xataokevn mpdtunng kapmoing yw to yovidww El, E2, E6 kau GAPDH
npaypatonomOnke Eexwplotd Yoo KABe yovidlo o1oxo. Olec ot ovTIOpACELG
npaypoatonomOnkay pe o SYBRe FAST gPCR Kit (KAPA, Boston, Massachusetts,
United States) xot otn ovokevry Mx3000Pe (Stratagene). Kdébe avtidpaon
nepehapPave 3ul miacudiokod DNA, 2ul exkivntikdv popiov (1pl amo tov kabéva
pe ovykévipmon 10pmol/ul), 10ul 2X pelypotog avtidpacng (KAPA SYBRe FAST
gPCR Master Mix), 0.4ul ypootiknc avapopds ROX kot ddH,0 péypt tedkd dyko
25ul.
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Ye kabe avtidpaon mpoaypatomodnke Eva apytkd oTddlo amoddToENS TOL
DNA o1t6y0v otoug 95°C yoo 1min kou akolovBodv 40 kdxAor amodiéraéng oToug
95°C yua 3sec, vppdonoinomng otovg 60°C yia 20sec ko empnkvvong otovg 60°C yia
10sec. Téhog n avtidpaon meprlapPavel éva TeEMKO OTAOI0 KOTUOKELNG KOUTOANG
TENG TOV eVIGYLUEVOV TTPOTdVTIMV, Tov Kupaivetal artd 55°C dmc 95°C. H cviloyn
TV amotelecpdtov £yve otovg 72°C ota 510 nm (TTivaxag 2.6).

H mpotumn kopmdAn mov kataokevdotnke vy to yovioro GAPDH
TPAYUOTOTOWONKE HEC® EVIOYVOTNG VTOJEKUTAUCIOV OPUIDCEDY TOV TAAGULOIOV
PGAPDH, mov xvuaivoviav amd 1 émg 108 avtiypaea Tov yovidiov. EmmAéov tpeig
OLOLPOPETIKES TPOTVTEG KAUTVAEG KATOGKEVAGTNKAV Yot TOVG 6TtOYovs TV El1, E2 kot
E6 yovidiov ypnowomoidvtag 1o mhacuidio PE6-E2, to omoio mepiapfdver v
nepoyn HETaEL TV yovidiov E6 kot E2. Ot tpdtumeg KoUmTOAES KOTOCKEVACTNKOAV LE
NV XPNON VTOOEKATAACI®V OPOIOCEMY TOV TAacudiov PE6G-E2, mov xvuaivoviav
and 1 émg 108 avtiypoeo Tov TAacpdiov. OAec ol avTidpdoelg Yo TV KATOGKELN
TOV TPOTLIIOV KAUTVA®V TPaypatomoOnKay Tpeic Qopés, evd OAo To KAIVIKA
detypata eEetdomkav €1g dumhovy. O apBudg tov aviypdewv tov E1, E2 kot E6
yovidiov kobopiotnke yio kdbe Oetypa, pe Baon tov apBud tov kvttdpov (500
avVTLypopO TOV KLTTOPIKOD YOVIOIOUOTOG), OO TPOEKLYE OO TN TOCOTIKOTOINOoM
tov GAPDH yovidiov kot ta amotedéopato ekppaotmkav o¢ El, E2 xor E6

avtiypapa/ 500 kotTapa.

Exxcvnrég Alnhovyia (5'-3") ®éon  Ilpoiov BifAoypaoia

El ot0y0¢
E1F2 GACAGCACATGCGTTGTTTAC 1059 265bp | Arias Pulido et al., 2006
E1R2 AGTCTCATGGCGCCCTTC 1323

E2 o10y06
E2F12 GAATACGAACATATTTTGTGCAG 3243 297 bp 95°C 1 min Arias Pulido et al., 2006
E2R12 CTGAGTCTCTGTGCAACAACTTA 3539 95°C 3sec

E6 o10y0¢ L 60°C 20 sec } 40 cycles

HPV161 ~ GCACAGAGCTGCAAACAACT 150  353bp _ S0C dosec Hopotoo SotpiBh

HPV16 353 GGTCCACCGACCCCTTATATT 502 35°C-95°C Anodidmoin

GAPDH o70y0g
GAPDH F ACGGATTTGGTCGTATTGGG 250bp Lietal., 2008
GAPDHR TGATTTTGGAGGGATCTCGC

Mivaxag 2.6. [Tapovcioon tov ekkivntdv yuo. T mocotikoroinon tov El, E2, E6 xa1 GAPDH
yovidiov. Xtov mivoKko avaypdeetal 1 ovtiotoyyn oAAnAovyio TV EKKIVIT®OV Kol 0l cuvOnKeg
evioyvong g [locsotikng PCR Ipaypatikov Xpovov.
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2.6.3 KaBopiopog tov gvpovg tov Tipov E1/E6 ko E2/E6

[o va mpocdloplotel 1 LOPPY] TOL YOVIOLOUOTOS TOL 10V Yo KAOe KAVIKO
TpoynAkd deiypa, vmohoyiotmke to evpog tv Twov E1/E6 war E2/E6 movu
Stywpilovv TV EMOOUKT), EVOOUATMOUEV] KOL LEIKTH LOPPT] TOV YOVISUDLOTOG TOV
100. H mepapoatiky] mpocéyyion tov opiov mpayuotonombnke pe v onuovpyia
StoAvpdtov mAacudiov, Tov mepletyay pa otabepn mosdtrta (100 aviiypoaea) tov
mhooudiov PEG-E2 kor Swapopetikég mocodtnteg tov mAacpdiov pPE6, mov
xopaivovtay omd 0 éog 10° avtiypopa (Iivakag 2.7). To Siiivpa mhoomdiov mov
nepieiye povo to miaopidlo pPEG-E2, afoloynbnke ¢ M emoouikn popen tov
YOVIOLOUOTOS TOV 100. AvTifETmMC 10 OdAvpa TAAGSiov Tov Tmepleiye pOvo To
mhaopidro PE6 agliohoyndnke og n evoopotopévn Hopen Tov TAacpdiov. O aptBuog
tov avtiypaeov tov El, E2 kot E6 yovidiov vmoloyiotnke o Olo to dtoAvparto
TAOGUOIOV Kot emavaAnednke tpeic eopég yia kdbe ddAvpa mlacpodiov. O Adyog
tov tuov E1/E6 xor E2/E6 vmoloylomnke oo OAa tor StoAdpOTO TAAGHOIWV

Eexwp1oTdL.

Ao\ poTo TAOC STV

pE6-E2 pE6
Awdiopa 1 100 avtiypapoa 0 avtiypaopa
Awdovpa 2 100 avtiypagpo 10 avtiypapa
Aldhoua 3 100 avriypapa 100 avtiypapa

Awdiopa 4 100 avriypapa 1000 avtiypapa
Aldiopa 5 100 avriypapa 10000 avtiypago
AtdAopo 6 100 avrtiypaopa 100000 avtiypaopa

Mivaxkag 2.7. Tlepypagn Tov SOAVUATOV TOV TAOCUISI®V TOVL YPMCILOTOONKAY Y10, TOV
KaBopiopd tov €HPOVE TOV TIUDV TOL daYWPILOVV TNV EMCMOUIKY|, EVOMUATOUEVT] KoL LEKTY
popon Tov yovidiwpatog tov HPV16. O Adyog tov tinmv E1/E6 kot E2/E6 vroloyiotnke yia
OLol T SLOADLLOTO, TAOG LG TWV.

2.6.4 LToTIOTIKN HEAETT TOV UTOTEAECRATOV

H otatiotikn eneepyosio tov dedopévov mpayuatonomonke pe mv néBodo
x? (Chi-square test) pe d16pbwon tov Yates (Yates’ correction) 1 pe tov akpifn
éleyyo Fisher (Fisher's exact test) o 2 X 2 wivaka cuvaeelag (Contingency table) wov

onuovpyeitan pe PAcN TG TAPUTNPOVUEVES TILES Kot TN fonfelor TOV TPOYPAULOTOS
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GraphPad Prism v. 4.00 (GraphPad Software, San Diego, CA), to omoio diatifetar
oto JSwdiktvo. H pébodoc tov X2 OVAKEL OTNV KoTnyopiot T®V OVOUUCTIK®V
LETAPANTAOV KOl YpMCIULOTTOLEITOL GTN TTEPImT®ON oL To. delyparta givar oveEdptnra
peta&d tovg, evd o okpiffng éleyyog Fisher ypnoyomoteitor 6tav o apOuodg tov
derypatov etvoan pikpoc. H tyu P Beoprnke ototioTikd onpoviiky o€ TIHEG
pikpotepeg Tov 0.05. H tyun P kaBopilel to mapatnpovpevo enimedo TG OTATIGTIKNG
ONUOVTIKOTNTAG 7OV VLIOAOYI(eTOl ME TN YPNON TOV KATAAANAOL OTOTIGTIKOV

LOVTEAOVL.
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2.7 Hpoodwpiopos g 0éong evoopdtoong tov HPV16 oto kvrropiko
YPOROCONO,

O mpoodopiopdg e Béong evomupdtmong tTov 10O 6to Kuttaptkd DNA
npaypoatormomdnke pe v texvikn RS-PCR (Restriction Site PCR) (Yu et al., 2005).
H pébodoc RS-PCR ypnoyonoteitat yo v evioyvon tunuatov DNA, 6tav povo n
pio TAevpd g aAAnAovyiag-otoxov gival Yvwoth (0T GLYKEKPIUEVT] TEPITTMOT TO
yovidiopo tov V). H pébodog mepthapfdaver tn ypfon WIKOV EKKIVITOV, TOV
avayvopilovv cvykekpiuéveg 0écelg ota yoviowa E7, E1, E2, L1 kot L2 tov HPV16
Kot ovvdvdlovior 6TV avTidpaon HE EKKIVNTEG TOV  OOKOAOLVTOL EKKIVNTEG
avoyvopiong Bécemv meplopiopov (Restriction site oligonucleotide primers, RSO)
(Ewova 2.2). Ov skkivntég RSO eivor oyedlacuévol va evioyvovy  AyvmoTeS
aAAndovyieg mov cuvopevovy ot Béon evowpdtmong tov HPV16 yovidiopatog. H
aAlnrovyia tov RSO exkivntov mepthapfdavel, pio 06om avayvdpiong Tov LTOKIVNTY
T7, déxa Tuyaio voukAeoTidwn Kot €51 VOUKAEOTIOW CUUTANPOUOTIKA TG AVTIGTOTYNG
0éong avayvopiong amd mepopotikd  Evlvpa  (IMivaxoag 2.8). H  uébodog
TPOYUOTOTOIEITOL LE HI0L TPDTT EVIGYVOT TOL EVOOUATOUEVOD UKOD YOVISIOUOTOG LE
RS-PCR «ot axoAiovbei Nested RS-PCR. T tov mpocdiopiopd g 0éong
EVOOUATOONG TOV 100 ypnoipomolovvtal 1€6ceplg olapopetikoi RSO exkvntég,
ewwol v va mpoodeBouv ce Bécelg avayvopiong amd To meploploTikd Evivuo
BamHI, EcoRI, Sau3Al kot Xbal. ¥t mapovoa epyacio, OAOL Ol €101KOTL EKKIVNTES
v T yovidla tov HPV16 cuvovdomray pe toug téooepic RSO exkivntég (Iivakag
2.8).

Ewova 2.2. Zynuatik avamopdotaon e 0£ong mpocdeons Tov ekkivnTov g uebodov RS-
PCR o610 yovidiopa Tov HPV16
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2.7.1 RS-PCR

Kabe avtidpaon RS-PCR mpaypatorombnke o telikd dyko 25ul. Te dheg tig
avtdpdoelg ypnopworomdnikay 3ul DNA amd «dbe delypo, lul  omd tov €101K6
HPV16 ekkvit (ovykévipmong 2pmol/ul) 1ul oamdé 1ov RSO  ekxivnm
(ovykévipwong 20pmol/ul), Sul 5X pvBuotikod SaAdpatog A TEPIEKTIKOTNTOGC
1.5mM MgCl, (KAPA2G Buffer A, KAPA), 5ul peiypatog vovkieotidiwv (ANTPS
10mM, Invitrogen, USA), 0.5U Tagq DNA moivuepdaong (KAPA2G Robust DNA
Polymerase, KAPA) kot ddH,0 péypt tehikd dyko 25ul

Ye ke avtidpaon mpoypatomodnke Eva apytkd oTddlo amodldToENS TOL
DNA o1t6y0v otoug 95°C yio 2min kor akolovBodv 30 kdxAor amodidraéng 6Toug
95°C yua 30sec, vBpidomoinong otovg 45°C yia Imin ko empikvveng otovg 72°C yia
2min. Tékog 1 avtidpaon mepthapPaver évo teMkd otédo empfkvveng otoug 72°C
ywo. Smin yioo TAnpn obvOeon T@v un oAOKANP®UEVOV VEOGUVTIOEUEVOV TPOIOVI®V.
21 ovvéyelo o evioyvuévo mpoidvta vroPAndnkov o Nested RS-PCR. (ITivakag

2.8)

2.7.2 Nested RS-PCR

H avtidpaocn Nested RS-PCR mpayuatonomdnke oe tehikd oyko 25ul. e
OAec TG avTdphoelc ypnowonomdnkay 2ul and 1o mpoiov g npmtng RS-PCR, 1ul
and tov eWkd HPV16 exkwvit) (ovykévipoong 2pmol/ul), o omoiog vpidiletar oe
0éom eowtepikd Tov TpdTOL £11KOV ekkivith (RS-PCR), 1ul amd tov RSO ekkivnty
(ovykévripwong 20pmol/ul), 5ul 5X pvBuotikod SaAdpatog A TEPIEKTIKOTNTOGC
1.5mM MgCl, (KAPA2G Buffer A, KAPA), 5ul peiypatog vovkieotidiov (ANTPS
10mM, Invitrogen, USA), 0.5U Taq DNA moivuepdone (KAPA2G Robust DNA
Polymerase, KAPA) kot ddH,0 péypt tehkd dyko 25ul

e kdOe avtidpaon mpoypaTomomndnke Eva apyikd oTAd0 amoddTOENG TOV
DNA o1t6y0v otoug 95°C yio 2min kou akolovBodv 35 kdxAor amodidraéng 6Toug
95°C yua 30sec, vBpidomoinong otovg 55°C yia Imin ko empnrxvveng otovg 72°C yia
2min. Tékog 1 ovtidpaon mepthapPaver évo teMkd otédo empikvveng otovg 72°C
Yoo S5min yio TARpn 6VVOEST TV U OAOKANPOUEVOV VEOGVVTIOEUEV®V TPOTOVI®V.

H emPefaioon tov amotedecpdtov Eywve o mnktopo  ayopolng
oLYKEVTPOONG 2%. ZTN GLVEXEWD TO EVIGYLUEVA TPOIOVTO VIOPANONKAV GE HOPLaK

KA@vomoinom e to pe to mAaciudiokd popéa PGEM T-easy vector System (Promega,
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Madison, USA). H amoudévwon Tov avocuvovacuEVoy TANCULSIIKOD (GOpEd Oomd
LETAOYNUOTIONEVES Paktnplakéc omotkie mpaypotomodnke pe to  Nucleospin
plasmid kit (Macherey-Nagel GmbH, Duren, Germany), cOup®vo L TIg 001YieG TOV
KOTOOKEVOOTH. ZTN GLVEXELD TPOUYUOTOTOMONKE AAANAOVYION KOl TOV dV0 KADOVOV
tov evOépatog omd v etaupic Macrogen (Amsterdam, Netherlands). T kabe
avTiopaon GAANAOLYIONG TOV KA®VOTOMUEVOV OEIYUAT®OV YPNCILOTOmONKaY g
exkivntég ot emoywyelg T7 ko SP6 tov mAacpidiokod @opéa mov Ppickovrol

exatépbev ¢ Béong £vBeong Tov tunratog DNA.

Exkwnrég AAAnrovyia (5'-3")
RS-PCR

HPV16-768-24D ACAAAGCACACACGTAGACATTCG
HPV16-1545-26D AGTAATAAATCAACGTGTTGCGATTG
HPV16-2386-25D TTTGTTTACAACCATTAGCAGATGC
HPV16-2929-24D GTGCCAACACTGGCTGTATCAAAG
HPV16-5156-27U TACCAATTCTACTGTACCTAATGCCAG
HPV16-5883-27U ACTTATTGGGGTCAGGTAAATGTATTC
HPV16-6686-25U AGTAGATATGGCAGCACATAATGAC
HPV16-7591-22U GTTGGCAAGCAGTGCAGGTCAG

Nested RS PCR

HPV16-790-25D CGTACTTTGGAAGACCTGTTAATGG
HPV16-1587-26D GGACTTACACCCAGTATAGCTGACAG
HPV16-2414-26D AATAGGTATGTTAGATGATGCTACAG
HPV16-2964-25D ACAAGCAATTGAACTGCAACTAACG
HPV16-5121-25U GAGGTTAATGCTGGCCTATGTAAAG
HPV16-5850-28U CCCTGTATTGTAATCCTGATACTTTAGG
HPV16-6651-25U TGCGTGTAGTATCAACAACAGTAAC
HPV16-7524-26U TTAAACCATAGTTGCTGACATAGAAC

RSO gxkivntég

RSO-Bam TAATACGACTCACTATAGGGAGANNNNNNNNNNGGATCC
RSO-Eco TAATACGACTCACTATAGGGAGANNNNNNNNNNGAATTC
RSO-Xba TAATACGACTCACTATAGGGAGANNNNNNNNNNTCTAGA
RSO-Sau TAATACGACTCACTATAGGGAGANNNNNNNNNNGATC

Mivakog 2.8. H xodotkomoinon tov exkivntov mepthopfdvel v 0éon mpdcsdeon 610 ukd
yovidiopo, evd m évoeign U xor D dnlover tv kartevBuvorn tov exkivntov. [ho
ovykekpiuévo pe U onpeidvovtol ot eKKvnTég Tov €xovv mposovotolMoud 5'-3', eved pe D
ONUEWMVOVIOL Ol EKKIVNTEG 7OV €yovv mpocavatolopud 3'-5'. Emkéov otov mivaka
avaypaeovtal ot RSO ekkivntéc, ol omoiol amotehovvtonl and pio B€omn avoyvopiong tov
vrokwntn T7, 6éka tuyaion vovkieotidwr (N) kot €L vOUKAEOTIOW GUUTANPOUATIKA TNG
avtiotoyng 0éong avayvopiong and to meplopiotikd Evlope BamHI, EcoRI, o Xbal
Sau3Al, avtictouyo.
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2.7.3 Avéivon TOV aAAA0V) IOV

H tavtomoinon tov alinlovyidv mov tpoékvyav pe ™ uébodo RS-PCR ya
TOV TPOGOOPCHO NG B€omg EVOOUAT®ONG TOL 100 OTO KLTTAPIKO YOoVIdimua,
npaypoatonomdnke pe v Pondeto tov mpoypdppatoc NCBI BLAST (Basic Local
Alignment Search Tool) (Altschul et al., 1990) ka1 tov aiyopibpo Mega-BLAST
(http://blast.ncbi.nim.nih.gov/Blast.cgi).

2.7.4 Empepaioon avaorwotdiemv Tov HPV16 DNA

H avdivon tov amotelecpudtov g RS-PCR £0e1&e pawvopeva avadidtaing
tov HPV16 DNA. Ot avadwtdéelg mepredappovay pnén tov yovidiov E1, E2 ko
ocuvvévaoon pe 1o yovidlo L1 pe avtifeto mpocsavatoiiopod. I'a va eEaxpipmbel 6t n
avadldtaln vty dev €xel mpoépbet and Adbog g RS-PCR, mpaypotonomnke PCR
HE TN YPNOM EKKIVINTMOV Ol Omoiot Gyedtdodnkav €Wdwd Yo avtd To OKOTO Kot
otoyevovy ekotépwbev g Béong avadidroine. Ot ekkivntég oyedldotnkay oto
mlaiclo ¢ mapovoag datpiPrg pe 1t Pondeia tov mpoypdupatog Primer3,
Whitehead Institute (http://bioinfo.ut.ee/primer3-0.4.0) kot pe Pdon tig adiniovyieg
avadldtaéng yw kabe mepintoon Eeywpiotd. Emopévag yuoo v emPefaimon g
avadtdtaéng E7,E1-L1 oyedidommkoav o600 (ebyn ekkivntov 7y v gvioyvon
OLLPOPETIKMY  JEIYUAT®V, TOV TOPOLGLALOVV  UETAAAAEELS OTN  VOUKAEOTIOKN
aArniovyio Tov L1 yovidiov: RSE1F1-RSE1R1 kouw RSE1F1-RSE1R2. Emiong, v
mv avadidtaén E2-L2 oyedudommke 10 (evyog tov exkivniov RSE2F1-RSE2R2
(ITivaxag 2.9).

Olec o1 avtidpdoelg g PCR yuo v evioyvon tov TUNUATOV avadtdTodng
tov ukod DNA (E7, E1-L1 xou E2-L1) mpaypatomombnkav ce tedikd 6yko S0ul. Xe
OAec TG avtdphoelg ypnoornomdnkav 3ul DNA, 2ul ekkvvnrikov popiov (1ul amod
tov Kobéva pe ovykévipwon 25pmol/ul), Sul 10X pvbuictikod dtoidpotog (GeneON)
neplektikontog 1.5 mM MgCly, 5Sul peiypatoc vovkieotidimv (ANTPs 10mM,
Invitrogen, USA), 2.5U Taq DNA molvuepdong (Maximo Tag DNA Polymerase,
GeneON) kot ddH20 péypt tehkd 6yko 50pul.

e kdOe avtidpaon mpoypaTomomndnke £va apyikd oTAd0 AmOdATOENG TOV
DNA otéyov otoug 95°C yio 2min kot akoloVONGe 1M EQAPHOYH SLUPOPETIKAOV
ocuvONKOV amodidtaine, vRpdoToinoNg Kol emunKLVoNGS, Yo Kabe Levyog Eexmplotd

v 40 kOxAovg. Oleg ot avTidpAcels TEPIAAUPAVOLY Eva TEMKO GTAOI0 EMUNKVVONG
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otovg 72°C yio. Smin yo mAnpn cHvOeon TV U1 OAOKANPOUEVOY VEOGUVTIOEUEVDVY

npoioviov (ITivakag 2.9). H emPePaiovon tov amotehecpdtov £yve e TKTOUO

ayopdlng ovykévipmong 2%, evd 1 eEakpifmon ¢ E0IKOTNTOG TOV OAANAOVYIDV

TPUYUOTOTOWONKE HETE amd HOPLOKY] KAMVOTOINGT Kol TN ¥PNOT TOV TAAGHO0KOD

eopéa PGEM T-easy vector System (Promega, Madison, USA), 6mwg ovapépOnke

otV evotnra 2.4.6.

Exkomrég AlMhovyio (5'-3") ®éon [poiov Bifhoypagio
E2-L1
RSE2F1 ATGCGGGTGGTCAGGTAA 3315 1930p ssg 420”““ Hopodoa SrpiPn
° Sec
RSE2R1 CGGCTTTGGTGCTATGGACT 6266 BEOC 40 sec } 40 cycles
72°C 20 sec
E7, E1-L1 72°C 5 min
RSE1F1 TGTGTGCCCCATCTGTTCT 828 2500p
RSE1R1 TTGTCCACCATTAGAGTTACCC 6211 35502 420”““ apovea datpiPi
° sec
50°C 40 sec }40 Cyc|es
RSE1F1 TGTGTGCCCCATCTGTTCT 828 2480bp 72°C 20 sec
RSE1R2 TTGTCCACCATTAGAGTTAC 6209 72°C 5 min

Hivaxag 2.9. Topovoicon tov ekkivntav yuwo T emPefainon tov yeyovotomv avadldtaéng tov
HPV16 DNA. Ztov mivoka avoypaeetal 1 avTictotyn oAANAOLYI0 TOV EKKIVIITOV TOV GTOXEVOVY GE

TEPLOYES eKaTEPBEY TG B€omg avadidtaéng Kot ot cuvOnkeg g PCR
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Kepdaiaro 3

3. Amoteréopata

To amoteléopata TG mapovoag OwTpirig €xovv ymplotel o€ TECOEPLG
evotreg. Ot evotnreg mepthopufdvouy a) TV avaAvon TOV AmOTEAECUAT®V amd TV
poplaxn perétn tov El, E2, E4, E6 kot E7 yovidimv, B) t xaptoypdenon tov E1 kot
E2 yovidiwv yia tov mpocdiopioud tov Bécewv pnéng tov HPV16 yoviduopartog, y) 1o
TPOGOIOPIGHO TNG LOPPNG TOV YOVISIMUATOG TOV 100 Kol §) TOV TPOGO0pIoHd Bécewv

EVOOUATMONG TOV 100 GTO KLTTOPIKO YOVIOIMLLAL.

3.1 Moproxi avdivon Tov yovioropatog tov HPV16

21 Tapovoa SOAKTOPIKN dtTpiPn] TpoyaTomo|OnKe Hoplokn avaAvon g
TPOUNG TEPLOYNS TOL Yovidiwpotog tov HPV16, pe otdyo va mpocdiopiotohv
YOVIOLOKES TPOTOTONGELS, OMMC UETAALAEELS, OumAactlaool, eAlelyelg, evBéoelg Kot
VO GUGYETIGTOVV UE TO PoBud g evdoemBnilakng airoimong. o 1o oxomd avtd
mpaypoatorombnke peAétn tov mpopwv yovidiov El, E2, E4, E6 xou E7 pe
puébodo g PCR, ypnoipomoidvtog ekkiviTikd poplo to. omoio oyedldonkay ota
mhaio TG mapovoag epyaciog 1 emAEYONKay amd v vrdpyovco PifAoypapio

(ITivakag 2.4).

3.1.1 NovkAieotiotkn avdiven tov E6 kol E7 yovidiov

[a v avéivon tov E6 kot E7 yovidiov ypnoipomomdnkav cuvolxd
nevivio tpioe KAMvikd Osiypata (capdvta €€ deiyuata omd ThinPrep ko emntd
TpoynAkd emypiocpota). Amd to mevivta tpia detypota, eikoot tpio deiyparta
YopokIpicTNKay 0omd TOVg KLTTOPOTAHOAGYOLS WG VYNAOD Bablol evdoemOnAloxy
aAloimon TAak®Oovg emOnAiov kol €lKOool OKTM JelypaTo YopokpioTnKay ¢
YOUNAoU Babuot evéoemOnitokn aAloimorn Thak®oovg emBnAiov. Emmpdcheta dvo
TEPMTMOOELS YOPUKINPIOTNKAV ®OF Kopkivog Tov Tpoyniov ¢ untpog. o v
avaivon tov E6 ko E7 yovidiov mpaypatoromnke PCR ypnoomoidvioag toug
exkwvntég HPV16 41 - HPVI16 757, ot omoiot evioybouv Tn mePoyn HETOED TV
yovidiov E6 kol E7 (ITivakag 2.4).
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H vovkieotidikm avaivon tov E6 yovidiov €dei&e 6t1 10 E6 yovidio eivan pua
OPKETA TOAVLOPPIKT TTEPLOYN TOL YOVIOLOMOTOG TOL 10V. H o cuyva epeavilopevn
petdAraén mov mapatnpnOnke oto E6 yovido eivon n petdAroén T350G, n omoia
npokaAel v apwvolikn aAlayn L83V. H petdAroén T350G éxer cvoyetiotel and
TPONYOLUEVES HEAETEG pe TNV avamtuén vyniotepov Pabuod  evdoemOnAlokdv
aAAOLDOEMV Kal KopKivo kot Bempeiton onpoavtikdg deiktne mpdPreyng e eEEMENG
™m¢ evdoembniokng aAloimong (Yamada et al., 1997, Andersson et al., 2000,
Grodzki et al., 2006). Xt mopovoa perétn n petdAroén T350G mapovoiace ion
KOTOVOUN HETAED TV Oypdt®v LYNAoD Kot YounAov PBabpov evooemOnAlakng
aAroimong. ITo ocvykekpéva, n petdAroén T350G aviyvedtke oto 69.6% (16/23)
TOV JelyPdTev vynAoy Pabpov evdoemBnAlokng oAAoimong, Ve EVIOMIGTNKE GTO
64.3% (18/28) tov mepurtdce®v younAov Pobuod evooemOnAokng aAloimoNG
(IMivaxog 3.1, 3.2). EmmAéov n petddhaén T350G aviyvedtnke og 800 TEPITTOOELC
kapkivov (PNL7 kot PNL16).

Emmpdcheta evvéa vovkAeotdwés petadrhdlerc Al84G, G201A, G219A,
A280T, T302A, A336G, G514A, C523T, C539T avapépbnkav yio TpdTn Qopd oTo.
mhaioto g mapovoag dwrpiPng (Mivaxog 3.1). TTio cvykekpyuéva ot HeTOAAGEELS
A184G, G201A, G219A, T302A, A336G, mpokaioOv TiG apvosikés aAlayég 127M,
C33Y, R39Q, L671, xor H78R avtictorya kot evromilovtar oto N- telikd dkpo g
E6 oykompwteivng (Ghittoni et al.,, 2010, Boulet et al., 2007). EmmAéov ot
petoddaéelg G514A, C539T mpokarovv Tic apvoéikés arrayég M1371 kot R146C
avtiotoya. Ot petodddéelg avtég evromilovior 610 C-TeMKO AKPO TNG TPOTEIVNG
(Ghittoni et al., 2010, Boulet et al., 2007). Té\og ot petarraéeig A280T kol C523T
yopoakpiomkav g cltomAésg petairaserg (Ilivaxag 3.1)

Oocov agpopd ) oOvoeon Tov vémv petarrdéemv oto E6 yovidlo pe to Babuo
™G evooemOniaxng arloiwong mapotnpndnke 0tL o1 petodddéelg Al184G, G201A,
G219A, A280T, C523T, kou C539T aviyveboviar oe vynAov kot youniod Pabpov
dvomAaocieg, evd ot petodrddEerg T302A, A336G, G514A aviyvevovior povo oe
yopniod Pabuod dvomhaocieg (IMivaxog 3.1). IMapdAinio, mapotnpnidnke OtL ot
KovoOpYleg LETAALAEELS TOV KUKAOPOPOUV 6Tov EAANVIKO TAnBuoud evromilovion o
delypata mov @épovv tavtdypova ™ petdAraln T350G ko yopaktmpiloviar wg
HPV16 Evpomaikny evéotvmikny moapaiioyn. [Hapdria ovtd n petdAroén G219A
aviyvenTNKe TOWTOYPOVO, oTIG vdotumikég moporiayéc HPV16 African type Il kot

European.
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H vouvkieotdwnm avdivon tov E7 yovidiov €deiée OtL 10 avoytd mAiclo
avdyvoong tov E7 yovidiov elvar mo ocvvinpnuévo. Ilapoia avtd, emtd véeg
petaAra&elg C565T, TH596A, G685A, G813A, G814A, G815A o C818T
EVIOTIOTNKOV KOl ovo@éPONKay Yy TPAOTN @opd ot TAGic. NG TOPOVCHG
dwtpPng. O perarragerg C565T, T596A, G685A, G813A, G814A, G815A xu
C818T mpokoarovv T1g apvoéikés arlayég H2Y, M12K, A42T, M84l, G85S, G85D
kot T86l, avtioctoya. ITo ovykekpéva, ot apwvo&ikés odhayéc H2Y ko M12K
evtomiCovtar otn mepoyn CR1 g E7 oykompwteivng (Munger et al., 2004).
EmumAéov, ot apvo&ikég arlayéc M841, G85S, G85D, kot T861 evtomictnkav ot C-
el meployn tng mpwteivng (Ghittoni et al., 2010) (TTivaxog 3.1).

Oocov agopd ™ ovvdeon Tov véov petorrdéemv oto E7 yovidio pe 1o fabuod
g evooemOnilokng aAloiwong, mapoatpnonke 0tL ot petadda&elg TS96A, G685A,
G814A, G815A xot C818T aviyvevovtol o detypoata vynAod Kot yaunAod Padpov
evdoemOniokng aAloimong (Iivaxag 3.1). Avtifeta, ov petodrdaelg CH65T won
G813A evrtomilovtar pévo og deiypato youniod Babuod evéoemOnAlaxng aArloiwong
(MMivaxag 3.1). EmmAéov, or kawvobpyleg petarrdéelc oto E7  yovidio mov
KVKAOQOpoLV otov EAAnvikd mAnbvoud evromilovtor oe delypato mov @EPoLV
tavtoypova, T petdiioln T350G kor yoapaxtnpiloviar wg HPV16 Evpomaikn
evootumikn mapoaiiayr). H mapovsio tov véov petodidéemv ota yovidia E6 ko E7
ov aviyvedtnkav omv Evponaiky mopoAiloyn tov yovidiwpatog tov HPV1E,
ypedletan vo depevvnbel mepeTaip® e GKOTO VO TPOGOOPIOTEL O POAOC TOVG OTN

doun ko ) Aertovpyia twv E6 ko E7 oykompwteivav.

3.1.1.1 ®vioyevetiki] avaivon Tov HPV16 DNA

H ovioyevetiky to&vopmon tov HPVI16  yovidiopatog ot mévte
OLOPOPETIKEG EVOOTLTIKES YEVIEC TOPUALOYDV &xel Paciotel G€ GLYKEKPLUEVOLG
EVOOTLTIKOVG TOAVLOPPIoUOVS €vTOC TV yovidiov E6 kor E7. TTo ocvykexpyuéva,
npoTLTo oTéAEX0C (Kavévag molvuopeoudc), evdotvmiky maporiayny European E-
G350 (T350G), E-C109G (T109C, T350G), E-G131G (A131G, T350G), Asian
(T178G, A647G), African type | (G132C, C143G, G145T, T286A, A289G, C335T,
T789C, T795G), African type Il (T109C, G132T, C143G, G145T, T286A, A289G,
C335T, G403G, A647G, T789C, T795G) war Asian American (G145T, T286A,
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A289G, C335T, T350G, A532G, T732C, T789C, T795G). (Yamada et al., 1995,
1997, Wheeler et al., 1997, Swan et al., 2005, Wu et al., 2006).

Ao ™ voukAeoTidikn avaivon tov E6 kot E7 yovidiwv mpoékvye 0T | o
ovuyva epeoviiopevn aliniovyio tov yovidiov E6 kar E7 givon 1 aAiniovyio g
HPV16 Evponaikng mopariayng (European, T350G) kot akoAovbei  alAniovyio
oV mpOTLTTOL GTEAEYOVC. TTo ouykekpéva, N Evponaikn mapailayn evromiotnke
010 65.2% 1oV detypdtov vyniol Padurod aiioimong kot oto 64.2% twv derypdtmv
yopunAov Babuov aAloiwong, evd To TPOTLTO 0TEAEYOG evtomiotnke oto 26.1% twv
derypatov vyniod Padbuov airoimong ko oto 35.7% twv derypdtov younAov
Babuod arroiwong (ITivaxkag 3.1, 3.2). EmumAéov, n evdotvmiky| mapariayn HPV16
Asian American evtoniotnke ot mepintwon kopkivov PNL7 kot 610 detypo yopunion
Babuov aAiloiwong A3. Mewt) poéAvvon aviyvedtnke oto Oetypo Al7, kabodg
napatnpnOnke toavtdxpovn uoéAvven amd v evéotvmiky mapaiiayy HPV16 African
type Il xou European. Télhog 10 Oelypa vyniod Pabuod aAiroiwong A4
yapoktpiomke o¢g evdotvmiky moporiiayn HPV16 African type I. Me Baon v
aVAALOY  GUYKEKPYEVOV  EVOOTLTIKMOV TOAVUOPPICUAOV  Tapotnpnonke Ot un
Evponaikéc mapailoyéc Tov YOVIOIOUOTOS TOL 100 KLUKAOQOpoOV otov EAAnviko
TAnBvopd Kol aviyvevovior o€ LYNAOD Pabuod kot younAov Pabuod oAAOIOCELS
(MMivaxag 3.1, 3.2).

H opadomoinon tov dtapopetikdv otedeymv HPV16 mov amopovodnkav amd
tov  EAMnvikd  minbuopd, mapovctdletar  ©6TO0  QUAOYEVETIKO  OEVIPO  TOL
Kataokevdotnke pe ) péBodo Méyiotng IIbavopdaveing (1000 bootstrap values,
Movtého Ymokatdotaong: GTR + G), petd omd molhomdn opomopdbeon Tng
TpoOTLING  aAAnAovyiag tov E6 yovidiov tov HPVI16, T1ig alAnlovyieg mov
amopovadnKav ota TANICIL TG TOPOLCOS EPyaciog Kol TIC OAANAOVYiES TMV
evooTumiK®V  mopoiloymv, European: AF125673, AY686583, AY686580,
AY686584, AF536179 (European-German type), Asian: AF534061 African type I:
AF472508, AF536180, African type Il: AF472509 ka1 Asian American: AF402678,
AY 686579 xor AY686582 (Ewova 3.1). Onwg eaivetal 6To QUAOYEVETIKO OEVTPO,
oynpotifovtol T€6GEPA SLOPOPETIKA PLAOYEVETIKA KANOIH TOV OUOGOTOLOVV TIG TEVTE
OLPOPETIKEG  EVOOTVTIKEG TOPOAAAYEG TOL yovidwwpatog tov HPVI16. Xe éva
QLAOYEVETIKO KAOOT opadomoteitan To tpdTumo otédeyog HPVIGR poli pe tic HPV16
evooTLTIKEG Taporhayég Asian kot European, evd o€ tpio S10pOPETIKA PUAOYEVETIKA

KAad1d opadomotovvion ot HPV16 evdotvmikég maparloyéc African type I, African
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type 1l kar Asian American, avtiototya. (Ewcova 3.1) (Yamada et al., 1995, 1997,
Wheeler et al., 1997, Swan et al., 2005, Wu et al., 2006).
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European

Asian American

} African type Il

} African type |

Ewova 3.1. ®vioyevetikd Oévipo pe tn pébodo tng Méyotg I[MbBavoedveing (1000
bootstrap values), pe Baon v ariniovyio tov E6 yovidiov.
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E6 yovidio E7 yovidio
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PNL11C2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
PNL12C1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
PNL15 C1 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - -
PNL15 C2 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - -
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ATT51 C2 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - -
ATT78 C1 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - -
European G - - - - - - - - - - - - - G - - - - - - - - - - - - - - - -
African type | - c G T - - - - - - A G - T - - - - - - - - - - - - c G - - - -
African type Il - T G T - - - - - - A G - T - - G - - - - - - G - - C G - - - -
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3.1.1.2 E€ghktikn perétn tov yovidiov E6 kol E7

H peArétn g emlextikng micong tov E6 yovidiov €de1&e 6Tt AN/AS=1 ka1 o
HECOG PLOUOC VTTOKATAGTAONG TOV TPMTOL OEVTEPO KOl TPITOL VOLKAEOTIOIOL €ivor
CP1=0.826, CP2=1.015, CP3=1.159. T'ia 10 E7 yovidio o Adyog tov E7 yovidiov
dN/dS=1.25 kot 0 pécog pvOudg vokartdotacng CP1=0.728, CP2=1.2 koau CP3=1.07.
Enopévmg ovdétepn mieon aokeitar oto yovidolo E6 kou Oetikn emdextiky mieom
emopa oto E7 yovidro. EmumAéov, Betikn emMAEKTIKN TTieoN EVIONMIGTNKE GTO KMOTKOVIO
83 (L83V) oto yovidio E6 péow Mrebllovig avdivong, eved pe mv puébodo Méyiotng
[MBavopdavelag dev evtomiotnke 0éom pe Betikn emdextikn mieorn. EmumAéov, oto
yoviolo E7 mn pébodoc g Méyiwome I[TBavoedvelng xou mn Mmedliovn
Yvunepoouatoroyio £dei&av Ot oto Kmdikovio 85 (G85S, G85D) aokeitor Oetikn
EMAEKTIKN Tieon, aAAG povo pe ™ Mmrebliovr Zvpnepacpatoroyio 1 vrdbeon avty
NTav  oTOTOTIKA  onuovtiky. O mpocsdlopiopds TG EMAEKTIKNG  TIEOTG
Tpaypototombnke pHeTtd omd TOAAOTAN OHOTOPAOEST, TOV  OAANAOLYLOV TNG
Topovcas UEAETNG pE TN mpdTLmn oAAnAovyia Tov HPVI6 yovididpotog kot Tig
TpoOTLTES OAANAoVYieg Twv HPV16 evdotumikdv moapailaydv, European: AF125673,
AY686583, AY686580, AY686584, AF536179 (European-German type), Asian:
AF534061 African type I: AF472508, AF536180, African type Il: AF472509 xou
Asian American: AF402678, AY686579 ka1 AY686582, dnw¢ meptypdonkay otnv
epyacio tov Carvajal-Rodriguez (2008).

3.1.2 Aviyvevon vémv aiinioviov Tov E6 ko E7 yovidimv

H vouvxkAeotidowkn avdivon g mepoyng petald twv yovidiov E6 ko E7
arokdAvye v dmoapEn 6vo véwv arliniovyiov E6-E7, ot omoieg aviyyvevtnkav ota
detypata A15 (vynAov Babpov evdoemBnitakng adioiwong), A38 kot 1143 (xounAov
Babupov evdoemBniakng arroiwong). ITo cvykekpéva, n aAiniovyio E6-E7 tov
detypotog AlS €0e1&e opoldTNTA e OVO SLUPOPETIKEG EVOOTVTIKES TAPOUAAAYES TOV
yovidiopoatog Tov HPV16 oe dapopetikég meployés tov yovidiov E6 kot E7. Meta&d
TV voukieotidimv 123-350 1o delypa AlS, mapovcidlel VOUKAEOTIOKT OLOLOTNTO LE
mv evéotvmiky mapaAiiayy HPV16 Asian American (evootumikoi mTOALUOPPIGUOL:
G145T, T286A, A289G, C335T, T350G) pe péyrotn opodtro 98% péow Clustalw?2
avéivon. Emumiéov, petald tov vovkieotidiov 350-839 mapovoidlel vOuKAEOTIOKN

opotdmta pe v evootvmikn moporiayn HPV16 African type | (evdotvmikoi

77

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Kepalouo 3 Amotsiéouozo

nolvpopiopoi: T789C, T795G) pe péyrotn vovkAeotidkr opotdotnto 99% (IMivakag
3.3). To mpdypoupa SBP &dei&e évoeiEn avaouvvovacpot otn Béon 405 (kwdikdvio
101) evtoég g aAiniovyiag tov E6 yovidiov ocOuewvo pe to kpurfpio AlC
(AIC=92.3% «at CAIC=90%) péow molhaming opomapddeong upetal&d TV
KA@vVOToOmUEVOV aAANAovldV Tov dciypatog AlS, tn mpdtumn aAinAovyio Tov
HPV16 yovidiopatog kar tic mpdtumes oaiiniovyieg tov HPVI16 evdotvmikdv
naparlayov European, Asian American kot African type |. EmpocOeta n avéivon
Bootscan é6ei&e 011 o dctypo AlS opodomoteitanr pe TIG EVOOTLTIKES TOPOALOYEG
Asian American kot African type | o€ dl0QopeTIKEG mEPLOYEG TG OAANAOLYIOG TV
dvo yovidiov (Ewova 3.2)

H vovikeotidikn avdivon ota delyparta yopnAiov Babuod aiioimong A38 kot
1143 peta&d tov voukieotdiov 123-143 &deiée i voukheoTdwkég adrayég G132T,
C143G, o1 omoiec mepiéyovtor oty evootumikyy moporiayn HPV16 African type Il
(IMivaxag 3.3). Avtifeta petold tov vovkieotidiov 144-839 povo n petdAiaén
T350G aviyvevnke kot ot aAAniovyiec TV derypudtov £0e1&av VOUKAEOTIOKN
opotdmra pe v Evporndiki mopaiiayn tov HPV16 (ITivoxoag 3.3). Emiong,
ocvueova pe o Tpdypappo SBP mapatnpnonke £voeién avacvdvacuod otn Béon 143
(kwdwovio 14) evtdoc g aAiniovyioag tov E6 yovidiov petd omd moAlomAn
opomapdfeon TV aAAniovyidv tov oetypdtov A38 wor 1143, g mpdTLANg
aAlndovyiog tov HPV16 yovididpatog kor Ttov mpOTUTOV OAANAOLYIOV TOV
evdotumikdv maporiaydv HPV16 Asian American, African type I, African type 11 ko
European (AIC=100% xou1 CAIC=100%).
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E6 yovidio E7 yovidio
1 1 1 1 2 2 3 3 4 5 6 7 7 7 ApOpoi
3 3 4 4 8 8 3 5 0 3 4 3 8 9 KoTayd®@pnong
KA Advor 1 2 3 5 6 9 5 (o} 3 2 7 2 9 5 otn Genbank
A G C G T A C T A A AT T T
Al5 E6-E7 C1 - - - T A G T G - - - - C G JN205116
Al5 E6-E7 C2 - - - T A G T G - - - - C G JN205117
A38 E6-E7 C1 - T G - - - - G - - - - - - JN205111
A38 E6-E7 C2 - T G - - - - G - - - - - - JN205112
A38 E6-E7 C3 - T G - - - - G - - - - - - JN205113
1143 E6-E7 C1 - T G - - - G - - - - - - JN205114
1143 E6-E7 C2 - T G - - - G - - - - - - JN205115
European G - - - - - - G - - - - - -
African type | - C G T A G T - - - - - C G
African type Il - T G T A G T G - G - C G
Asian American - - - T A G T G - G - C C G
Asian - - - - - - - - - - G - - -

Mivaxkag 3.3. NovkAeoTdkn avaivon tov oetypdtov AlS, A38 kot 1143. Ta deiypato A38
kot 1143 @épovv toug moivpopoicpovg G132T kar C1l43G, mov aviyvevovial oIV
gvdotumikny moporioyr HPV16 African type I, ko1 tov molvuopeiopd T350G mov
aviyvevetal otnv Evponaikn evdotvmikn mapailayn. Emmpdcheta 1o delypo AlS peta&o
tov voukAeoTdiov 123 and 350 mapovotdlel OpoOlOTNTA HE TNV EVOOTLTIKY TOPUAANYY
HPV16 Asian American, evéd peta&d tov vovkieotdiov 350 kot 839 mapovoidlet opotdtnto
ue v gvdotvmiky mapariayn HPV16 African type |

Ewkévo 3.2. Bootscan avdlvon tov deiypotog AlS pe 1ig svdotvmikég moporrayég African
type I, African type Il kou Asian American. O a&ovog tov ¥ deiyvel 10 T0606TO TOV TIHOV
bootstrap ka1 o d&ovag twv X v 0éon tov yovidiov E6 kot E7. H avdlvon deiyver v
ouadomoinon tov deiyporog AlS pe tig evdotumikég mapariaysg Asian American kou African
type | o€ dapopetikég Béaelg g meproyng E6 ko E7.
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3.1.2.1 Mgrétn TG EMAEKTIKIG TTIEGNG TOV EVOOTVAIKAV TOAVROPPIGPUAV TOV E6
kol E7 yovidiov

¥to yovidio E6 Oetikny emdextikn wieon (AN/AS > 1) aviyvedmke ota
kodwovie 10 (G132T), 14 (C143G) ko 83 (T350G), uovo péow Mmebliavig
avéAlvong petd amd mToALATAY OpOTapAfes TOV VEOV OAANAOVYIOV HE T TPOTLTN
aAlnAovyio oo HPV16 yovidiopatog kot tic oAAniovyieg twv HPV16 evootumikmv
naparrayov (DeFilippis et al., 2002, Chen et al., 2005, Lee et al., 2008, Carvajal-
Rodriguez, 2008). EmutAiéov dev gvtomioTnkav 0Ecelg mov ackeital OeTiKN EMAEKTIKN
mieon evtog tov yovidiov E7. Me Baon v apwvoéikn perétn tov oykoyovidiov E6
kot E7 mov mpaypatoromOnke otn mapovoa dwatpiPr] kot amd tn PiAtoypaeia Exet
nmpotabel 0Tt ot Béoeig 10 wor 14 (Betkn) emidektikny mieom) ovuPdiovv otnv
tagwounon tov dweopetik®v HPV16 mapariayov. H 6éon 101 Swaywpilel Tig
evdotumikég mapailayéc HPV16 African type | kou African type Il, eved n 6éon 14E
drywpiler tic Appikavikég maporiayés (African type I, African type Il) and tic un
Appikovikég moaporrayég tov yovidiopatog tov tov (Carvajal-Rodriguez, 2008).
ZOUTEPACUATIKA, 1) VEX oAANAOVYia TOV aviyvevTnke ota detypoto A38 kot 1143 éyet
VOUKAEOTIOWKT opotdtnto pe TV Evpomaikn evooTumiky| mopaiiayr] ToOL 100 Kot EVIOG
™G aAAnAovyiag g Evpomaikhg mapaiioyne evromilovtol ol ToAVUOPPIGHOT oTO
kodwovie 10 ko 14, mov avivevovior POVO OTIG AQEPIKOVIKEG EVOOTUTIKEG
naporrayéc tov HPV16 yovidiopatog.

Mo va peketnBel n ta&vounon kKo 1 ox€on TV vEOV OAANAOLYIOV LE TO
OLPOPETIKA PLAOYEVETIKA KAadLA Tov HPV16 yovidudpatog, KataokevdotnKay tpia
OLPOPETIKA QLAOYEVETIKA dévipa pe TiG peBddovg Méywotg I[TBavoedavelag,
Méyiomg @edoromtog kot Mmedliovng  Zoumepoacpotoroyiag. And T
QLAOYEVETIKA 0&vTpa. mapatnpOnke 6Tl o1 aAiniovyiec E6-E7 twv derypdtov A38
kot 1143 (101, 14E, 83V) mopovstdlovv SlopopeTik GLAOYEVETIKN Ta&vounon Kot
AmOKAIVOUV 0O TO. TEGGEPO JLAPOPETIKA PLAOYEVETIKA KAAOIE TOL OPYAVAVOLV TO
YOVISI®OUO TOV 100 OTIG TEVTE SLUPOPETIKEG YEVIEG EVOOTVTIKMOV Tapailaydv (Ewova
3.3). Emiong to deiyua Al5 mopovctdlel puioyevetiky amokAon omd 0 KAadi 610

onoio opyavavetar 1 HPV16 evdotvmikn maporiayn Asian American (Ewova 3.3).
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68 AF402678 (Asian American)
&7 AY686579 (Asian American)
A AY686582 (Asian American)
' S0 Al5 E6-E7 C1
AF472509 (African type I1)
AF536180 (African type I)
AF472508 (African type 1)
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AY686584 (EBE)

AF536179 (European German)
AF125673 (16W12E)
AY686583 (BE)

AY686580 (E)
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1143 E6-E7 C1

[
o8 L A38 E6-E7 C1

0.002
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70 AY686579 (Asian American)

AY 686582 (Asian American)
oS3 Al5 E6-E7 C1
B_ AF472508 (African type I)
- AF472509 (African type II)
AF536180 (African type I)

AF125673 (16W12E)
AY686580 (E)

AY686583 (E)

AF536179 (European German)
AY686584 (E)

= HPV16R
- AF534061 (East Asian)

1143 E6-E7 C1

|
os L A38 E6G-E7 C1

i |
2

A15_ESET CI

AF402678_(Asian_American)

0,43

AYER6579_(Asian_American)

AYEBE582_(Asian_American)

090
1
F ' AF472508_(African_type_)
4@
. AF536180_(African_type_I)

AFA72500_(Afvican_type_IT)

038 —— AYGBG383_(E)

AY6R6530_(E)
_E
0,48 AF336179_(Ewopean_German)

AF125673_(16WI12E)

097

AF534061_(East_Asie)

AY686584_(E)

HPVIGR

A38_E6ET C1

I 0s3
1143 E6ET7 C1

00020

Ewéva 3.3. A) Ovloyevetikd dévepo pe ) uébodo Méyiotng IMbavopdveiag (1000 bootstrap
values, Movtého Ymokatdotoong: GTR + G). B) ®vloysvetikd dévipo pe 1t pébodo
Méyiotng Pedwrdottag (1000 bootstrap values). T') ®dvloyevetikd dévtpo pe ) Mrebliovy

Youmepacpotoroyio (Moviédo Yrokatdotaone: GTR + G).
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3.1.3 NovkAigoTotkn avdiven tov E2 yovidiov

["a ™ vovkieotdwn avaivon tov E2 yovidiov ypnoipomomidnkov cuvoikd
gloot dvo detypota (0YT® TPAYNAIKOL 16TOL HOVILOTOMUEVOL OE TopaPivy, evvea
delypoto omd TpaynAkd emtypiocpato Ko wévte detypato ThinPrep). And ta gikoot
o000 Oetypata Evteka delypoTo yopakTnpioTnKay ©¢ VYNAoL Pabuod evdooemOniiokn
aAloimon TAaKOO0VG emBnAov Kot EvieKa OElyUATO YOPAKTNPIOTNKAY MG YOUNAOD
Babuov evooesmiOniiokn aAloiwon mThakddovg entBnAiov. To E2 yovidio éyet péyebog
1098bp kot m evioyvon tov mpaypotomodnke pe €va (guydpt EKKIVITOV TOL
EVIOYVEL OAOKANPO TO avOoyTO TAAICIO OVAYVMONG TOL YOVIOloU Kot €mMTAEOV OVO
E0MTEPIKOVEG EKKIVNTEG TTOV EVIGYVOLV GE EMUEPOVS TULOTO OAOKANPO TO OVOLXTO
mhaiclo avayvoong tov yovidiov (ITivaxag 2.4).

Ola ta detypata youniov Pabpod aAloiwong épepav aképato to E2 yovidio.
AvtiBétmg 1 meproyn peta&d tov vovkieotwdiwv 3312 £wg 3912 dev evioyvOnke oto
KAMviko oetypa D30, evd n meproyn petald tov vovkieotidiov 2732 g 3364 dev
evioyOOnke ota deiypato D2, D4 ko D14. TTapdAinAa, n evicyvon TUHOTOS TOV
yovidiov g P-oktivng peyébovg 498 bp (Li et al., 2008) oe 6l ta deiypata 16100
povipomompévov oe moapaeivn emPePaiowce, o6tt m pnén tov E2 yovidiov dev
TPOEPYETAL OO KOTOKEPLATIGUO TOL YOVIOIMUATOS TOL 100 AOY® €MEEEPYNTING TOV
16TOV, OAAG OO TNV EVOOUATMOOT] TOV 100 GTO KLTTOPIKO YOVISIMLLAL.

A6 11 voukAeoTdkn avaivon Tov E2 yovidiov gvtomiotnkav petaArdEels, ol
omoieg &yovv avagepbel kol Exovv ovvoebel pe TIC OOPOPETIKES TOAPUAAAYES TOV
yovidiopatog Tov HPV16 amd mponyodueveg peléteg (Azizi et al., 2008, Giannoudis
et al., 2001, Jiang et al., 2009, Graham et al., 2000, Eriksson et al., 1999). ZvvoAikd
EVTOTIOTNKOV €VVEX UETOAAAEEIS OTNV TEPLOYN TOV KMOWOTOLEL Yol TN TEPLOYN
devepyomoiong (transactivation domain), ek tov omoimv 600 HETOAAGEELS oTIG BéoELg
2791 ko 2823 avaeépnkav yio Tpd@Tn Popd ot mapovoa dutpPn. H petdriioén
2791 oaviyvedtnke oto delypata youniov Poabpod aAiroiwong D7, D34 wou
YOpOKINPioTNKE ®G CLOANAY HeTOAAAEN evd M petdAAaln 2823 mpokodel v
apwvolikny ardayn S231 kot aviyvevtnke oto deiypota vymiov PBabuod ailoiwong
A13 xoar D30 (ITivaxag 3.5). H apwvo&ikny adrayn S231 tomobeteiton ot meproym
aAlnieniopaong g E2 mpoteivng pe mv El1 mpoteivn (6éon  18-41). H meproym
avt eumiéketal ot dnuovpyia E1-E2 cupmidkov 1o onoio givor vrevbuvo yio v

évapén g avtrypoeng tov ukov DNA (Piccini et al., 1995).
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EmmAéov déka petaAraelg eviomiomnrov ot meploy tov E2 yovidiov mov
Kodtkomotel yio tn meproyn "oppog” (hinge region). Meta&d tov petadddéewv avtdv
avoeépbnke o kovovpyla petdAiaén ot 0éon 3361 (C3361T). H petddraén
C3361T oev mpoxoiel auwvo&ikny ordayr ommv E2 mpoteiv. H ovykekpyévn
HETAAMOEN aviyvedtnke oto oetypata Al7, A3 kot A4, ta omoia £yovv opadomomn el
ue tig evéotvmikég mapairayéc African type Il, Asian American kot African type |
avtiotoryo, (ITivaxag 3.4, 3.5), péow avdAvong evOOTLTIKMY VOVKAEOTIOIK®MV
TOADUOPPIOUAOV €VTOG TV oykoyovidiov E6 kot E7 (evomta 3.1.1.1). H petdiiaén
avt) dgv mopatnpnOnke otig mpdtumeg aAAnAovyiec tov yovidiov E2 ko tov
EVOOTLTIIKAOV TOPIALAY®V TOL Yovidltopatog tov HPV16. EmnpdcOeto otn meproyn
"apudc" aviyvevtnke N apwvolikn petddroén P219S (C3410T) (ITivakag 3.4, 3.5). H
petdAraén C3410T éxer ovvdebel pe vynAdtepov Pabpov dvomlacieg kot Kopkivo
tov Tpayniov g uitpog (Graham et al., 2000). Xt napovoa epyacio 1 apvoEkn
petairoén P219S mapovciace ion katavour petald tov vyniod Kot youniov
Boabpov evdoemOniakdv arlowwoewv. Télog entd petodrhaelg (A3622T, C3684A,
T3694A, T3706G, G3778T, C3787A, T3805G) aviyvedtnkav otn meployn tov E2
yovidiov mov Kmdkomolel yioo tnv meployn mpdcoeong e E2 mpwteivng o010 ukod

DNA (DNA binding domain) (TTivaxog 3.4, 3.5).
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2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 Apbpoi
7 8 8 9 1 1 1 2 2 3 3 3 4 4 4 5 5 5 5 6 6 6 7 7 7 8 Evdotumuég Kotaydpnong
BoOpog 9 2 6 7 5 6 8 2 4 6 6 7 1 1 4 1 1 3 6 2 8 9 0 7 8 0 TOPOALAYEG ot GenBank
aAhoiwong K\dvot 1 3 0 7 9 1 2 4 9 1 2 7 0 3 9 6 7 8 6 2 4 4 6 8 1 5
G G C A CCSGTGCATCT CSGTGT CTATATCTTGCT
CIN I A3632C1 - - AT A T A A A Asian American HM 162479
CIN I A3 632 C2 - - A T T T A A A Asian American HM 162480
CINIII A4632C1 - - AT A T A - A African type | HM 162481
CIN I A6 632 C1 - - - e e European HM 162482
CIN I A6 632 C2 - - - e e European HM 162483
CIN I Al3632CL - T - - - - - - European HM 162484
CIN I Al3632C2 - T - - - - - - - . . European HM 162485
CIN Il Al5632C1 - - A - G T A A A Hinae domain Asian Agwerican HM 162486
CINII A31632CL - - - - - - oo L ) European HM 162487
CIN Il D16632CL - - - - - - - - A DNA binding domain European HQ 398218
CIN I-ll D30632C1 - A - - - - - - - European HQ 398216
CINI-ll D30632C2 - - - - - - .- European HQ 398217
CIN I A3598 C1 - 6 6 T AA A - C - - - - - - - C  AsianAmerican HM 162489
CINIII A3598 C2 T 6 6 T A A A C C G - A A G T A G AsianAmerican HM 162490
CIN I A4 598 C1 - 6 6 T - A A - - G - A A G T A G African type | HM 162491
CIN I A4 598 C2 T 66T - A A - - G - A A - T A - African type | HM 162492
CIN I A6 598 C1 - - - T - - A C - G - A A - T A - European HM 162493
CIN I A13598 C1 e European HM 162494
CIN 11 A13 598 C2 Transactivation domain - - T - - - - - - - - - - - - - European HM 162495
CINIII Al5598 C1 - 6 G - A A cC cC - - - = - - - Asian American HM 162496
CIN I A31598 C1 - - - - - A - - - G - A G T A G European HM 162497
CINII D2 598 C1 T - e e European HQ 398221
CIN 11111 D4 598 C1 S ... Lo e e European HQ 398219
CIN I D14 598 C1 - - - T - - - - C - - - - G - - - European HQ 398220
CINIII D16 598 C1 S ... Lo e e European HQ 398222
Amino acid I S HE T HAGI R S N P P A E T T S F V T T S W D V
o o 0o o 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3
1 2 3 7 3 3 4 5 6 0 0 0 1 2 3 5 5 6 7 8 1 1 1 4 4 5
5 3 5 4 5 6 3 6 5 2 3 8 9 0 2 4 4 1 1 9 0 3 7 1 4 0
-1 Q b K YT - Q - DA S TKN NN -V - K - - ¢C E -

ivaxag 3.4. [Tapovsioon TV VOUKAEOTIOIKOV Kol apvostkdv PeToaAAdEEDY Tov E2 yovidiov. Ot apiBuol 1176, 632 kai 598 avtictotyovv oto uéyebog twv
mpoidvtv Kot To teAevtaio ypdupa (C1 1 C2) avtictolyel otov aptdud tov kKhmvov. Ola ta detypata youniod adrod adioinwong mepi€yovy aképalo 1o
yoviolo E2.
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Kepdlaio 3 Amnoteléouoza
2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3
7 8 8 9 1 1 1 2 2 3 3 3 4 4 4 5
BaOpog 9 2 6 7 5 6 8 2 4 6 6 7 1 1 4 1
aAroimong KXidvor 13 o 7 9 1 2 4 9 1 2 7 0 3 9 6
G G C A CC G T G CATCUTCG G cC
CIN | D7 632 C1 A - - - - - - - -
CIN | D7 598 C1 - - - T - - -
CIN | D7 632 C2 - - - - - - - - -
CIN | D7 598 C2 - - - T - - -
CIN | D34632C1 A - - - - - - - -
CIN | D34 598 C1 - - - T - - -
CIN | D34 632 C2 - - - - - - - - -
CIN | D34 598 C2 - - - T - - -
CIN | D42 632 C2 - - - - - - - - -
CIN | D42 598 C1 - - - - - - -
CIN | D42 598 C2 - - - - - - -
CINI 747 1176 C1 - - - - - - - - - - - - T - A -
CINI 747 1176 C2 - - - - - - - - - - - - T - - -
CIN'I 747 1176 C3 - - - - - - - - - - - - T - - -
CIN'I 747 1176 C4 - - - - - - - - - - - - T - - -
CIN'I 747 1176 C5 - - - - - - - - - - - - T - - _
CIN'I 796 1176 C1 - - - - - - - - - - - - T - A -
CINI 858 1176 C1 - - - - - - - - - - - - T - - -
CINI 868 1176 C1 - - - - - - - - - - - - T - - -
CINI 7931176 C1 - - - - - - - - - - - - T - - -
CIN | Al7 1176 C1 - - A - AT A - A - G G T - A A
CIN | Al71176 C2 - - A - AT A - A T G G T - A A
CIN'I A24 1176 C1 - - - - - - - - - - - - T - R _
CIN'I A381176 C1 - - - - - - - - - - - T - R _
Amino acid | S H E T H A G R S N P P A E T
0 0 0 0 1 1 1 1 1 2 2 2 2 2 2 2
1 2 3 7 3 3 4 5 6 0 0 0 1 2 3 5
5 3 5 4 5 6 3 6 5 2 3 8 9 0 2 4
L | Q D K Y T - Q - D A S T K N
Transactivation domain
Hinge domain

AN 01w

> o w ol w

TP ONWD

— oo ow

>N OO W

N ek

oo N <

3 3 3 3 3
6 6 7 7 7
8 9 0 7 8
4 4 6 8 7
C T T G C
A G C T A
A A C T A
- - ST
T T S W D
3 3 3 3 3
1 1 1 4 4
0 3 7 1 4
K - - C E

DNA binding domain

— 01O 0w

rouw<L

Evdotumikég
IMoaporrayég

European
European
European
European
European
European
European
European
European
European
European
European
European
European
European
European
European
European
European
European
African type Il
African type Il
European
European

ApBpoi
KOTOdPNOoNG
ot GenBank

JF422083
JF422085
JF422084
JF422086
JF422087
JF422089
JF422088
JF422090
JF422091
JF422093
JF422094
HM 162464
HM 162465
HM 162466
HM 162467
HM 162468
HM 162469
HM 162475
HM 162477
HM 162478
HQ 398228
HQ 398229
HM 162463
HM 162462

Mivaxag 3.5. [apovciaon TV VOUKALOTIOKOV Kot apvoSikov petodrlaéewmv tov E2 yovidiov. Ot apiBuoi 632 kot 598 avtictoyobv oto péyebog twv
Tpoiovtev kot to terevtaio ypaupa (C1 or C2) avtictoyel otov apiBud tov khkmvov. H meployn peta&d tov vovrkdeotidiov 3312 éwmg 3912 dev evioybonke
670 KAWIKO dgiyua D30, evd n meployn peta&d tv vovkieotidiov 2732 émg 3364 dev evioyvOnke ota deiypoto D2, D4 ko D14,
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3.1.3.1 Egghktikn perétn tov E2 yovidiov

H pedémm g emiextikng mieong mov ookeitor oto E2  yovidwo
Tpaypoatoromnke oe 600 meproyég Tov E2 yovidiov Egywprotd. TTo cvuykekpéva, n
neployn peta&d Tmv vovkieotidiov 2755 émg 3364 £de1&e 6t AN/AS=0.9 kot o pécog
pvOuog vrokatdotaong eivor CP1=1, CP2=0.956 CP3=1.035, evd peta&d tmv
voukAeoTdimv 3312 £mg 3852 mapatmpnnke 6t1 o Adyog dN/dS= 0.88 kot 0 pécog
pvOuodg vrokatdotaong eivor CP1=0.882, CP2=1.086, CP3=1.05 petd and moAlamin
opomapdBeon g mpdtvANg aAinAovyiag tov E2 yovidiov pe tig aAAniovyieg g
Tapovoos epyaciog Kot Tig oAAnAovyieg tov E2 yovidiov mov eivan dwbéoyieg ot
tpameCo dedopévov GenBank pe oapBud koatayodpnong: AY686580 AY686583,
AF536179, AF534061, AF472509, AF402678, AF472508, AF536180, FJ610150,
FJ610151, FJ610147, FJ610149, FJ610146, AY686581, AF125673, FJ610152,
FJ610148, FJO06723, AY686584, AF193429, DQ191463, AF067034, AF193425,
AF193427, AF115832, DQ191465, AY686579, NC001526, AY686582, AF067035,
AF115831, EU430675, EU430667, EU430683, EU118173, AF515620, AF067029,
DQ191462, AF193430, AF193426, AF067032, AF067028, AF067030, K02718,
DQ191461, AF193428, AF067031, EU918764, wxor HMO057182. Téhog, odev
aviyyvebdtnke 0éon pe Oetikn emhexktikny mieon pe T1g pueBodovg MéEyiong

[TBavodvelag kKot 1 Mrebllovig ZopumepacatoAoyiog.
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3.1.4 NovkieoTotkn avaiven tov E4 yovidiov

o v avdivon tov E4 yovidiov ypnoipomomdnkoyv cuvoAlkd €ikoot entd
KAk deiypata (évteka detypoto ThinPrep, evvéa tpaynAkd emypiopota Kot xto
TOHEG TpayMAKoD 16T0V). AT Ta €lkool €mtd delypota, OEKOMEVTE TEPIMTTOCELG
yopaxtnpiokay ¢ vyniov Pabuod evooemBnAlokny oAloi®on  TAAKDOOOVG
emOniiov kot  Omddeka  delypoto  yopaktnpiomkay ®¢  youniov  Pabuov
evdoemOniiokn aAloiworn mhakdoovg emOniiov. To E4 yovidio €xer uéyebog 288bp
Kot M evioyvon tov mpaypotonmomOnke pe ™ pébodo g PCR pe t ypnon tov
Cevyoug TV exkkivntikov popiov HPV16 3312- HPV16 3912 (Tlivaxag 2.4).

Méypt otiypunqg  voukAeotdowkr] avdivon tov E4  yovidiov dOev  €yet
npaypatonomBel oe mponyovueveg peAéteg. AmO TN voukAeoTdowkn peAétn tov E4
yovidiov mapatnpnOnkav peToAAGEElS ot omoieg dev  €yovv  avapepbel o
BipAroypaeia. TTo ocvykekpiuéva, ot meproyn tov E4 yovidiov mov kmdkomotel yio
t0 N-tehk6d akpo g E1ME4 mpwteivng eviomiotkav ot petairaéel G3360C,
C3361T, A3362G, C3377G, T3387C, C3410T, G3413A xor G3449A (Ilivaxag 3.6,
[Mivakag 3.7) O petodraEerg G3360C ko C3361T evromilovion oe youniov kot
vyMAov Babpod evooemOnMokéc 0ALOIDGELS Kol TPOKOAOVV TIC OpVOEIKES OALYEC
AT7P won A7V, avtioctoyya (ITivaxog 3.6, IMivaxog 3.7). EmmAéov ot petalldéelg
A3362G, C3377G, T3387C, C3410T, xar G3449A yoapaktnpiotmkay ®¢ clOTNAEG
petaAraéelg ko evromilovtar o€ younAod Kot vynAov Pabupod evéoemOnAlKES
aAAOUDOEL, evd 1 olwmnAn petdAdlaln G3413A eviomiotnke povo oe Ogtypata
vyniov Pabuod evooembnAlokng oAloiwong. EmumpodcOeta, 600 Orapopetiég
petaAraéels mapatpnonkav ot 0éom 3387. ITo cvykekpyéva, n petdtaén T3387C
(A3, Al15, PNL6, PNL7) yopaktnpioctnke mg oionnin petatoén eved n T3387A (747,
Al7) mpokaAei v apwvolikny odloyn L16l. Ocov apopd 1t obOvdeon TV
UETOAAGEEWY avTOV e TO Pabpd ¢ evdoemOniiakng aAlloimwong mapatnprdnke ot
N uetdAroEn T3387C evromiletow poévo oe vymiov Pabuod evdoemBnitokég
aAlowdoelg, evd M petdAialn T3387A  evtomiletor oe  youniov  Pabpov
evdoemOniokég dvomhacies. (Iivaxag 3.6, [Tivaxoag 3.7)

X mepoyn] tov E4 yovidiov mov KmIKomotlel yio T KEVIPIKN TEPLOYN TNG
E1"E4 mpoteivng eviomiomkav petodrdéelc otg 0éoeig 3476 ko 3516. Avo
petaAraéelg avyvevtnkov otn 0éon 3476. H petdirotn C3476A mpoxodel v
apwvoikny aAdayrq D4ASE, evo n petdAdaln C3476T yopaxtnpiomnke ®G GlLOTNAN
petairoln. Emmiéov, n petdAraén C3516A mpokaiel v aptvo&ikr aiioyn LS9
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ota ostypota A4 xor A6, A31, evd ota oelypato A3, AlS5, A17, PNL6 ko1 PNL7
nopatnpeital o€ ovvovaouo pe t petdAraén T3517C mpokaidvtog v aptvolikn
aAlayn LSOT (ITivaxog 3.6, ITivaxoag 3.7).

Téhog, ot mepoyn tov E4 yovidiov mov kwdwkomotel ywo v C-tehkm
nepoyn ™¢ E1ME4 mpwteivng, evromiotnkav ot petodddéelg A3538C, C3556T wat
T3566G, ot omoieg mpokaioOv Tic oauwvosikés oriayég Q66P, S72F, H75Q,
avtiotorya. H meployn avt) g mpwteivng elvar vevbuvn yio T KOTOGTPOEN TNG
kephTivng otoladog kot tov oAryopepiopd g E1ME4 mpoteiving. O petaAldéelg
A3538C «or T3566G aviyvevnkov o€ vymAovd Pabuod kot yopnAod Pabupod
aAlowwoelg, evdd M petdAraén  C3556T aviyvevtnke pévo e vyniod Pobpov
dvoriacieg (ITivaxag 3.6, [Tivaxag 3.7).

3.1.4.1 ®viroyeveTikn avaivon tov HPV16 DNA pe Baon v aiiniovyio Tov E4
yovidiov

["a va cuvoefohv o1 peTaALAEES TOV avagEpOnKay 6T Tapovca EpYAcio e
TIG €VOOTLTIKEG TopaAlayéG Tov yovidwwpatog tov HPV16 mpayuatomomdnke
OLYKPLTIKY HEAETN TG aAAnAovyiag Tov E4 yovidiov pe v aAiniovyio tov E6 kot
E7 yovidiov ota 1010 khMvikad deiypota. Metd omd cuyKprtikny HEAETN HETAED TNG
aAiniovyiog tov E4, E6 kot E7 yovidimv, mapatnpndnke 6t o1 petarddéerg A3362G,
C3377G, G3449A, C3516A, T3566G, ovvdéovtal pe TIG eVOOTLTIKEG TOPOAAOYES
HPV16 African type |, African type Il xar Asian American (evdotvmikoi
molvpopoeiopol E6, E7: G145T, T286A, A289G, C335T, T789C, T795G evtog twv
yovidiov E6 xou E7). EminpocOeta, o1 petadra&erg T3517C ko A3538C cuvoétnkav
ue tig evootvmikég mapairayéc HPV16 African type Il kou Asian American, evod 1
petdAraén C3556T evromileton o delypata mov oyetiCovior e TIG €VOOTLTIKEG
naparrayéc HPV16 Asian American kou African type I. H petdAdaén C3556T dev
evtomiletal oTIC TPOTLTEG AAANAOLYIEC TOV AVTIIGTOYY®V EVOOTLTIKMOV TOPUAAAYDV.
EmnpocBeta or petarraéelg T3387C ko G3413A cuvdédnkov pe TV €VOOTLTIKN
naparroy HPV16 Asian American (gvdotvmikoi moAvpopeispoi E6, E7: A532G «at
T732C).

[o va mpoodiopiotel €dv o1 petodddéelg mov evtomilovtor oto E4 yovidio
umopobv va  Talvopuicovy 1o Yovidiopo TOL 100 OT0 TEGOEPO  OLOPOPETIKGL

QLAOYEVETIKO, KAOOLA, 7OV OPYOVOVOVIOL Ol TEVIE OLOPOPETIKEG EVOOTLIIKES
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TOPOALAYEC TOV YOVIOLOUOTOG TOV 10V, KOATOOKEVAGTIKE £V PUAOYEVETIKO OEVTPO LE
™ pébodo ¢ Méyiotng ITibavogdverng (1000 bootstap values, Movtého
Ynokatdotaong: GTR), petd omd moAlamAr, opomapdBeon g  mTPOTLMNG
aAiniovyiog tov E4 yovidiov, Tig adinAovyieg mov avalvdnkav ot mapodoa epyacio
Kol TG mpoTumeg aAAnAovyieg twv HPV16 evootvmikdv moaporioydv. Amd
KOTOGKELT] TOL (PLAOYEVETIKOV dEVTPOL apatnpnOnke 011, o E4 yovidio talivopuet to
yovidiopa tov HPV16 oe téooepa dapopetikd @uAOYeVETIKG KAOOLE, HE TUUES
bootstrap > 70% (Ewodva 3.4). H voukheoTidikny Kol QUAOYEVETIKY) UEAETN 7OV
mpaypoatoromOnke £dei&e 0tL T delypata A3, AlS5, PNL6, PNL7, ta omola &yovv
yopaxTnpotel ¢ vynAlov Pabuod evdoemOnAlokn aAloiwon TAAKOIOVG emONnAiov
opodomolovVTaL 6T0 1810 PLAOYEVETIKO KAWL pe v gvdotumikn maporiayn Asian
American. Emiong, to delypo A4 (vyniov Pabuod evdoembOniiokr olioiowon
TAAK®O0VG emOnAiov) opadomoteiton pe v Topariayn African type I, evd to detypa
Al7  (yopumAo® Pobuov  evooemOnAloky] oAAoimon  TAAK®IOLG  EmONAIOV)
opoadomoteiton pe v maporiayn African type Il (Ewova 3.4).

ZOUTEPACHUATIKA, EIVOL 1] TPOTY EPYUGIO TOL OGYOAEITOL LLE TV VOUKAEOTIOIKT
avéivon tov E4 yovidiov tov HPV16. Mg Bdon ta aroteAéopata tpoékvye 6t 10 E4
YOVidlo glvor pio. Pikp mEPLOYN TOL Yovididuatog Tov 100 peyébovg 288bp, apketd
TOALHOPQPIKN, M omoia umopel vo ta&tvopmoet o DNA tov HPV16 oe téooepa
OLOPOPETIKA PLAOYEVETIKA KAOOLA KO VO, TOLTOTOMGEL TIC OLUPOPETIKES TAPOUAAAYES

TOV YOVIOU®UATOG TOV 10V.
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Ewova 3.4. dvroyevetiko dévipo (Méyiotn ITibavoeaveia, 1000 bootstrap values) oto E4
yovidio. To E4 yovidio peyébovg 288bp, umopel pmopei va ta&vounoel to DNA tov 1hv
HPV16 og té00epa S10popeTIKd PLAOYEVETIKA KAAOIA TOV OPYOAVAOVOVTOL Ol  OLOPOPETIKEG

maporiayéc Tov HPV16.
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Mivaxag 3.6. Novkleotiowmn kat apivoéikn avaivon tov E4 yovidiov og delypata vyniov Paduod odioioone. O apBpog 288 avtiotoryel oto péyebog twv
TpoiovTv kal o tedevtaio ypauua (C1 v C2) avtictoyei otov aptBud Tov khdvov. EmmAéov avaypdeovtol ol avtictotryeg optvolikég petadraéelg g E2

TPOTEIVNG
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E4
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 4 4 4 4 4 5 5 5 5 5 Evdotumikég ApwWpoi
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D7 288 C1 - - - - - T - - T - - - - - - European HQ693895
D7 288 C2 - - - - - T - - - - - - - - - European HQ693896
D34 288 C1 - - - - - T - - - - - - - - - European HQ693897
D34 288 C2 - - - - - T - - - - - - - - - European HQ683998
D42 288 C1 C - - - - - - - - - - - - - European HQ693899
D42 288 C2 - - - - - - - - - - - - - - European HQ693900
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Al7 288 C2 - T G G - T - A - - A c c - G African type Il HQ693902
A24 288 C1 - - - - - T - - - - - - - - European HQ693904
A38288 C1 - - - - - T - - - - - - - - - European HQ693903
European - - - - - T - - - - - - - -
Asian R R _ R - T - R - _ _ R _ - _
African type | - - G G - T - A - - A - C - G
African type Il - - G G - T - A - - A C C - G
Asian American - - G G C T A A - - A C C - G
E4 protein ATP ATV ATA L12L L161 T23T P24p 33P R40R D45E L59I L59T Q66P S72F H75Q
E2 protein S202S  S202S N2023D P208A 1211V P219S A220T E232K T236M P241T T254N  T254N  S261S 12671 F271V

Mivaxag 3.7. NovkheoTidtkn kot aptvosikn avdAvor tov E4 yovidiov og detypata yauniob Babpov adioioong. O apBudc 288 aviiotolyel oto puéyebog tmv
TpoiovTev kal o terevtaio ypauua (C1 f C2) avtiotoyei otov aptBud Tov khovov. EmmAéov avaypdeovtol ol avtictotryeg apvolikég petarraéelg g E2
TPOTEIVNG.
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3.1.4.2 EEgMKTiKN pEAETN TOV UAANAEMIKOAVTTONEVOV TAULGIOV AVAYVOGS TOV
E4 ka1 E2 yovidimv

Onoc avoeépbnke oe mponyoduevn evotnTo T0 avoytd TANIGIO avAyvmoNg
tov E4 yovidiov tomobBeteiton evidg tov avolytoh mAaisiov avdyvoong tov E2
yovidiov, mov Kmdtkomolel yio T meproyn "appud" g E2 mpoteivig. o to okomd
aVTO TPOAYLOTOTOMONKE VIOAOYIOUOG TNG EMAEKTIKNG TIEONG, TOL OCKEITOL GTNV
OUYKEKPIUEVT] TEPLOYT] TOL YOVIOLOUOTOS TOL 10V OTO OVO OLLPOPETIKA TAAICIO
avayvoong tov yovidiov E4 ko E2, avtictoryya. Amd tv eeMktikn perétn mov
npaypoatonomdnke yio to E4 yovidio mopotmprnke ot Adyog dN/dS=0.97 kar o
puécog puludg vrokoTdoTaong Yo TiG TPElS Béoelg Tov Kmdwkoviov eivar CP1=0.929,
CP2=1.023, CP3=1.048, petd omd mollomAn opomapdbeon TG MPOTLTNG
aAlniovyiog tov E4 yovidiov, tig aAAniovyieg g mapovoos SatpiPng kot OAes TIC
SraBéoeg alinAovyieg tov E4 yovidiov ot Paon dedopévav GenBank pe apiBuovg
kataympnong: AF472509, AF402678, AF472508, AF536180, AF534061, AF536179,
FJ610150, FJ610151, FJ610147, AY686583, FJ610149, FJ610146, AY686581,
AF125673, FJ610152, FJ610148, FJ006723, AY686584, AY686580, AF193429,
DQ191463, AF067034, AF193425, AF193427, AF115832, DQ191465, AY686579,
NC001526, AY686582, AF067035, AF115831, EU430675, EU430667, EU430683,
EU118173, AF515620, AF067029, DQ191462, AF193430, AF193426, AF067032,
AF067028, AF067030, K02718, DQ191461, AF193428, AF067031, EU918764, xat
HMO057182. EmmAéov, and v e&elktikny peAETn mapoatnpnOnke OeTikn emAeKTiKn
nieon oto kwdwovie 59 (L5IT) ko 66 (Q66P) pe t pébodo g Méyiotng
[TBavodvelag kot t péBodo e Mredllovng Zvunepacpotoroyiog. Onme Tpoékvye
amd TN VOUKAEOTIOKN Kot OUvoEkn peAétn tov E4 yovidiov, ot Béoelg 59 kar 66
Swyopilovv tig HPV16 evdotvmikég mopariayég African type I, African type 11 kot
Asian American amo tig evéotumikég mapairoyég Asian kot European (ITivakag 3.6,
[Tivakag 3.7).

["a 10 mhaiclo avdyvoong tov E2 yovidiov 610 aAANAETIKAAVTTOUEVO TUN LA
tov E2 kot E4 yovidimv o Aoyog dN/dS=1 kot o pécog puOudc vrokatdotaong yio Tig
Tpelg Béoelg Tov kwdwkoviov givar CP1=1.056, CP2=0.927 xon CP3=1.018, petd and
TOALOTTAY] OLOTOPEOEST) TV AAANAOLYLOV TOL TEPTYPAPNKOY TAPUTAV®, GALE LE TO
mAaiclo avayvoong tov E2 yovidiov. Axoun, oev aviyvedtnke 0éom pe Oetucn

EMAEKTIKN TiEoN o010 avolytd mAaiclo ovdyvoong tov E2 yovidiov. Mg Pdon ta
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amoteAéopato and tov Adyo tov Tudv dN/AS, mapatnpnibnke OtL ovdétepn
EMAEKTIKY] Ttieomn aoKeitol TavtdYpova 6To OV0 OAANAETIKOAVTTOUEVO TULLOTO, TOV

yovidiwpatog tov HPV16.

3.1.5 NovkieoTiowkn avédivon tov E1 yovidiov

lNa v avédivon tov El yovidiov ypnowyomomnkov Tpidvia KAVIKE
detypota (mévte TpoynAkol wotol povipomomuévol oe mapaeivn, tpia delypato amd
TpayNAMKa emypiopata kot gikoot dvo dsiypata ThinPrep). And ta tpiavta delypora,
deKa€EL delypata xopaKTNPIoTNKAY 0 TOLG KVTTAPOTUOOAIYOVS MG VYNAOD Babpov
evooemOniok] oAhoiwon TAAK®OOVS EmMONAIOL KOl  OEKOTPELS TMEPUTTMOELS
yopaxtnpiomkay ©¢ youniov Pabuod evdoemOniokn oaAloiwon TAAKDOOVS
emOniiov. Emumpocheta pio mepintoon yapoaktnpiotnke g KopKivog Tov TpayAov
¢ utpoc. H evioyvon tov El yovidiov mpaypatomomnke pe m puébodo g PCR,
YPNCILOTOUDVTOAG TOVS E6MTEPIKOVS aAANAemKoAvTTTOUEVOLG exkivntég E1IF1-E1RS,
E1F4-E1RS5, E1F6-E1R7, E1F8-E1R9, o1 omoiot KaAVTTOUV GE EMUEPOVS TN LLOTOL
0AOKANPO TO avoryTo TAaicto avdyvoong tov El yovidiov (ITivakag 2.4).

H mepoyn peta&d tov vovkieotdiov 878 kot 1523 dev evioybbnke ota
detypata vyniod Pabpov aiioimong ATTY, D2, D13, D14, ko D15, eved n mepioyn
avtn 0ev evioyvOnke oe dvo deiypota youniov Boabpov ailoiwong 747 ko D7. H
gvioyvon tunuatog Tov yovidiov ¢ P-axtivig peyébovg 498 bp (Li et al., 2008) oe
oha T Osiypato emPePaimoe 61t m pREN tov El yovidiov dev mpoépyetan amod
KOTOKEPUATICUO TOV YOVISUDUOTOG TOV 100 OAAL amd TNV EVOMUATOGCT TOV 100 GTO
KLTTOPIKO YOVISImO L.

Méypt otiypung voukAeoTowkr] avdivon tov El  yovidiov dev  eixe
Tpaypotorombel 6e mpoNyouEVEG LEAETEG KOl EVIOTIOTNKOV UETAAAAEELS Ol OTOlEG
avaeépOnkay yuo Tpdtn eopd otn Piproypaeia. ITo cvuykekpéva, n avaivon g
aAlniovyiog tov El1 yovidiov petald tov vovkieotidimv 858 ko 1523 £de1&e v
Omapén tov vovkieoTdkdv petaArdewv T921C, C1096G, G1163A, T1200C,
T1366A, C1377T, C1426G, T1486C, ov omoieg aviyvevtnkav oto dsiypota Al7
(xopuniod Babuod evdoemOnAlaxn adroimon) kot PNL7 (kapkivog) (ITivakag 3.8). Ot
voukAeotdwkég addayég T921C, T1200C, C1377T wor T1486C, de mpoxarodv
apwvolikég vrmokatootdoel omv El mpoteivn, evd ot petorrdaéelg C1096G,
G1163A, T1366A ko C1426G mpokarovv tig aptvoEikég petaaraéerg Q78E, G100E,

C168S kot Q188E, avtictorya. Ot petarrdéels avtéc eviomilovtor 1o N-telkd dKpo
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m¢ El mpoteivng. EmumAéov, n ctommAn petdAraén Al041G aviyvedtnke pdévo oto
oetypa PNL7, evd n ctommAn petdAiaén C1416T aviyvedtnke povo oto deiypo Al7
(Mivaxog 3.8).

Metaéd Tov voukieotidiov 1503 kat 1991 mapatnprinkav ot VOUKAEOTIOIKES
petoddaéelg C1624T, C1744A, A1842G, o1 omoieg evtomiotnkay ota detypato PNL7,
Al7 (ITivaxag 3.9). H vovkieotidwn petdAraln C1624T dev mpoxaiel apivolikn
aAlayn, eved ot petodrddcerg C1744A kor Al842G mpokorobv TiG aptvoEikég aAhayEg
L294M «kar 1326M, avtictorga. Ot petadrd&elc avtég eviomilovior oTn KEVIPIKN
nepoyn ¢ El1 mpwteivng, n omola epumhéketon oty TpOcOEST TG TPMTEIVIG LE TO
DNA tov 100. EmmAéov, otn meploy] auty EVIOTIGTNKE 1) VOUKAEOTIOKN UETAALAEN
A1668G, n omnoio yapoktnpiotnke ©¢ clOANAN Kot aviyvedtnke oto dgiyua PNL7
(Iivaxog 3.9).

EmnpocOeta, pe v avaivon tov E1 yovidiov petald twv vovkieotidimv
1952 ko1 2485 eviomiotnkov ot voukAeotdwkég petoArdEelg G2073A, T2169C,
T2189C, A2453T xar C2454T, o omoieg avyvevtnkov ce vymAdtepov Pabpov
dvomhaoieg (D2, D13, D15) ([Tivaxoag 3.10). Akdpa, aviyvedTKoV Ol VOUKAEOTIOIKES
petaiddéerg C2041T, G2220C, C2237G, G2249A, C2262T, C2287T kou C2344T, ek
tov omoiwv ot C2041T, G2220C, C2237G wor G2249A mpokalobv TG apuvoSikég
petodra&eg L3931, E425D, T458S, kot R462K, evd o1 C2262T, C2287T kon C2344T
YOPOKTNPIOTNKOV OC CIOTNAEG LETOALAEELG. AVTEG O HETAALAEELS avapEépONKav oTa
oetypota PNL7 won Al7 (ITivoxag 3.10). EmimpoocBeta m petdiroén T2355C
aviyvedtnke povo oto deiypo Al7 (ITivaxag 3.10). Téhog, n mepoyn petald tov
voukAeoTdimv 2443 and 2848 ¢aivetol vo givar mo cvvinpnuévn. Ot petadddéelg
A2587T (R575W) kow G2650A (E596K) evtomiotkav oe vynidtepov Pabpod
dvomhaoiec kar kopkivo (PNL7, D13, D14, and D30). Ot cioanAéc petoArd&elg
T2586C, A2608C won T2631T aviyvedtmrav ota ostypota Al7 kot PNL7 (ITivokog
3.11), evd n voukheotdkn petdAroén G2650A aviyvedtnke povo oto deiypa PNL7
(IMivaxag 3.11). Ot petadra&elg avtég evromiotnkay ot meptoyn tov El1 yovidiov mov

kwokomotel yro To C-teAkd dkpo g E1 mpoteivng.
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Kepalouo 3 Amotsiéouozo

3.1.5.1 ®viroyevetikn avaivon tov HPV16 DNA pe Baon v aiinrovyia tov E1
yovidiov

IMa va ocvuvdoebovv ot petadddéelg mov evtomiotnkov oto El1 yovidio pe tig
EVOOTLMIKEG  TOPOAAAYEG TOL 100 TPAYLOTOTOMONKE GLYKPITIKY UEAET NG
aAiniovyiog tov E1 yovidiov pe v adiniovyia tov E6 kot E7 yovidiov oto id1a
KhMvika oetypato. ITwo ovykekpuéva, ot petorrdtelg T921C, C1096G, G1163A,
T1200C, T1366A, C1377T, C1426G, T1486C, C1624T, C1744A, A1842G, C2041T,
G2220C, C2237G, G2249A, C2262T, C2287T, C2344T, T2586C, A2608C, T2631T,
GLVOEOVTOL E TOVG EVOOTLTIKOVG ToAvpopeiopovg G145T, T286A, A289G, C335T,
T789C, T795G mov evromilovton evtdg TG alAniovyiag tov E6 koau E7 yovidiov tov
evdotumikdv moporiayodv Asian American kou African type Il. Emmdéov, ot
voukAeoTdkég addayég Al041G, C1587T, Al668G, G2650A cuvdébnkav povo pe
™mv evdotvmikn mapailoyr Asian American (gvdotvmikoi molvpopeiopoi E6, E7:
A532G ko T732C), evd ot petorrd&elg C1416T ko T2355C cvoyetiomkay povo pe
v evdotumikn mapairayn African type 1l (evdotvmikog moivpopeiopog E6: A403G).

2T GLVEXEW, Y. VO TTPOGOIOPIoTEL OTL Ol €VOOTLTIKES UETOAAGEES OV
evtomiCovtar oto El yovidto upmopodv va odwywpicovv TG TopaAlayég TOL
YOVISLOUOTOG TOL 10V GTO TEGGEPO, LEYAAN PVAOYEVETIKA KAOOLA KATACKELAGTNKE £Vl
QLAOYEVETIKO 0évTpo pe TN pébodo g Méyiotng Tibavopdavelng (1000 bootstrap
values, Movtélo Yrokatdotaong GTR + G), ypnoiponoidviog tig aAiniovyieg g
Topovcas dTpPng, ™ mpoTLIN aAANAovyio tov E1 yovidiov ko Tig aAAnAovyieg
TOV EVOOTVTIIKOV TOPaAAay®V oL givar dlabéoiueg otn Paon dedopévov GenBank
pe apiBuovg kotaympnong: European: HQ644236, HQ644259, HQ644267,
HQ644268, HQ644271, Asian: HQ644234, HQ644235, HQ644248, HQ644251,
HQ644261, African type I: HQ644238, HQ644240, AF472508, HQ644290, African
type Il: HQ644237, HQ644239, HQ644249, HQ644250, AF472509, HQ644291,
HQ644292, Asian American: HQ644289, HQ644247, HQ644253, HQ644255,
HQ644254, AY686579, AY686582, HQ644273, HQ644257). Me pdon 1o
ATOTEAEGLATO OO TO PLAOYEVETIKO OEVTIPO TapatnpnOnke otL 1 aAiniovyio tov El
yovidiov pmopel va taStvounoel To Yovidiopo Tov 100 6Ta TECOEP OLOPOPETIKA
QLAOYEVETIKO KAOOWY, TTOV OPYOVAOVOVTIOL Ol TEVTE OLOPOPETIKEG TOPUAAAYES TOV
HPV16 DNA pe tyég bootstrap > 80% (Ewova 3.5). Zounepacpatikd, givar n tpdm™
EPYOCI0 TOL OGYOAEITOL LE TNV VOUKAEOTIOWKT Kot aptvo&ikn avaAvon 0AOKANpov Tov

E1 yovidiov kot amodeikvoet 0Tt cuykekpluéves petarrdéelg tov E1 yovidiov umopotv
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Kepalouo 3

Aroteléouazo

VO TOVTOTTOGOLV

TIC OLOPOPETIKEG

TOPAANOYES TOV

yovioropotog tov HPV16

(Ewova 3.5).
a4 PNL4
10 PNL6
7 ATTA \
PNL2
3142 ATT16
PNL5
A38
-0 793
s9 858
58 868
20
- ATT20
2% 3 A24
PNL10
of HQB644267 (E)
796 European
7| A4 D4az2
7 D34
> PNLS8
o9 ATTS
30 ATTS
a6 ATT12
HQ644268 (E)
SE-I_ HQ644271 (E)
D30
HQ644236 (E)
HQ644234 (EA)
46 HQ644235 (EA)
HQ644261 (EA)
HQ644248 (EA) }
99 | HOB44251 (EA)
HPV16 R
HQ644259 (E)
47— AFA472508 (Afl) African type |
86 ’ HQ644290 (Afl)
HQ644240 (Afl)
HQ644238 (Afl)
HQ644250 (Afil)
84 | HQB644291 (AfID)
— az AFA72509 (Afll) Afrlcan type “
HQ644292 (Afil)
AL17
HQ644249 (Afll)
HQ644237 (Afll)
150 o4 HQ644239 (Afll)
HQ644257 (NAL) )
PNL7

HQ644289 (AAID
HQ644253 (AAD
HQ644247 (AAD
HQ644255 (AAID
AYE86579 (AAID
AY 686582 (AAID)

95

* Asian American

0.002

es5— HQ644254 (AAID
ezl_— HQ644273 (AAID |

Ewova 3.5. ®dvioyevetikd Oévipo katookevaopévo pe 1 péBodo g Méyiotng
Mbavopdvelng (Maximum Likelihood, 1000 bootstrap values). o T Kotackevy Tov
(QUVAOYEVETIKOV SEVTIPOL T, aAAnAemukodlvtopeva tufuata tov E1 yovidiov kdbe deiypartog
evanKov yoo vo oynUoTIoTeEl OAOKANPO TO avolytd mAoiclo avayvmong tov yovidiov. To
(QUAOYEVETIKO OEVTPO KOTOOKELACTNKE WETA 0omd TOAAATAN OUOTApPADEST] TNG TPOTLANG
aAiniovyiog Tov E1 yovidiov, pe tig oAAniovyieg tov deryudtov kol Tig aAAniovyieg twov
£VOOTLTTIK®V Taporiaymv tov HPV16 yovidiouatog.
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Kepaioio 3 Aroteléouazo,

1 1 1 1 1 1 1 1 1
9 0 0 1 2 3 3 4 4 4 ApOpoi Kataydpnong
878-1523 2 4 9 6 0 6 ’ 1 2 8 Evdotuomkéc maparlayés ot Genbank
1 1 6 3 0 6 7 6 6 6
T A C G T T C C C T
Yyniov BaOpov arloioon
PNL4 645 C2 - - - - - - - - - - European JQ791086
PNL5 645 C1 - - - - - - - - - - European JQ791089
PNL6 645 C1 - - - - - - - - - - European JQ791087
PNL6 645 C2 - - - - - - - - - - European JQ791088
PNL7 645 C1 C G G A C A T - G C Asian American JQ791066
PNL8 645 C1 - - - - - - - - - - European JQ791067
PNL10 645 C2 - - - - - - - - - - European JQ791069
ATT4 645 C1 - - - - - - - - - - European JQ791090
ATT5 645 C1 - - - - - - - - - - European JQ791071
ATT12 645 C2 - - - - - - - - - - European JQ791075
ATT16 645 C2 - - - - - - - - - - European JQ791091
ATT20 645 C1 - - - - - - - - - - European JQ791073
D30 645 C2 - - - - - - - - - - European JQ791079
Xopuniov padpod arloimon
PNL2 645 C1 - - - - - - - - - - European JQ791084
ATT8 645 C2 - - - - - - - - - - European JQ791070
Al7 645 C1 C - G A C A T T G C African type Il JQ791076
A24 645 C1 - - - - - - - - - - European JQ791080
A38645C1 - - - - - - - - - - European JQ791092
793 645C1 - - - - - - - - - - European JQ791095
796 645 C1 - - - - - - - - - - European JQ791082
858 645 C1 - - - - - - - - - - European JQ791094
868 645 C1 - - - - - - - - - - European JQ791097
D34 645 C2 - - - - - - - - - - European JQ791078
D42 645 C1 - - - - - - - - - - European JQ791077
Evdotvmkéc Mapardayég
European - - - - - - - - - -
African type | - - G - - A T - - C
African type Il C - G A (& A T T G C
Asian American C G G A C A T - G C
Asian - - - - - - - - - -
Apmwvoiia F19F L59L Q78E G100E A112A C168S Y171y H184H Q188E L208L

Mivaxag 3.8. [Topovsioon TV VOUKAEOTIOIKOV Kot opltvoSiKav petaiddéemv oty meployn Tov El1 yovidiov peta&d tov vovkieotdiov 878 g 1523. O
apBpog 645 avtiotolyei oto péyebog tov mpoidvtog g PCR Kot o tedevtaio ypauua (C1) avtiotoyel otov aptBud tov kKAdvov. Me fdon tn voukieoTidkn
AVAADOT OKT® HETOANAEEIS avixvedTnKay Kol cvoyetiotkay e tig moporiayég Asian American kou African type Il. Exiong n voukheotidowkn petdihoén

A1041G aviyvedtnke poévo ot mapailayn Asian American, eve n petdraén C1416T avyyvedtnke povo ot moporioayn African type I1.
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Kepaioio 3 Aroteléouazo,

1 1 1 1 1
5 6 6 7 8 Ap@poi
1503-1991 8 2 6 4 4 Evdotvmkég maporilayig KOTOYdPNoNs ot
7 4 8 4 2 Genbank
T C A C A
Yyniov BaOpod airoiwon
PNL4 488 C1 - - - - - European JQ768483
PNL5 488 C1 - - - - - European JQ768485
PNL6 488 C1 - - - - - European JQ768487
PNL7 488 C1 - T G A G Asian American JQ768488
PNL8 488 C1 C - - - - European JQ768490
PNL10 488 C1 - T G A G European JQ768491
ATT4 488 C1 - - - - - European JQ768492
ATT5 488 C1 C - - - - European JQ768504
ATT9 488 C1 C - - - - European JQ768496
ATT12 488 C1 C - - - - European JQ768498
ATT16 488 C1 - - - - - European JQ768500
ATT20 488 C1 - - - - - European JQ768502
D2 488 C1 - - - - - European JQ768462
D13 488 C1 - - - - - European JQ768476
D14 488 C1 - - - - - European JQ768477
D15 488 C1 - - - - - European JQ768478
D30 488 C1 - - - - - European JQ768463
Xopuniov Babpod arroimon
PNL2 488 C1 - - - - - European JQ768481
ATT8 488 C1 C - - - - European JQ768494
Al7 488 C1 - T - A G African type Il JQ768467
A24 488 C1 - - - - - European JX297818
A38 488 C1 - - - - - European JQ768468
747 488 C1 - - - - - European JQ768479
793 488 C1 - - - - - European JQ768470
796 488 C1 - - - - - European JQ768474
858 488 C1 - - - - - European JQ768472
868 488 C1 - - - - - European JQ768480
D7 488 C1 - - - - - European JQ768465
D34 488 C1 - - - - - European JQ768473
D42 488 C1 - - - - - European JQ768475
Evdotuvmkic maparlayis
European - - - - -
African type | - T - T G
African type Il - T A G
Asian American C T G A G
Asian - - - - G
Apwoiia F241F L254L A268A L294M 1326M

Mivaxag 3.9. TTapovciaon TV VOLKAEOTIOIK®Y Kot QUIVOSIKGOV PETOALGEE®Y otV TEptoy] MeTaly Tov voukAeoTdiov 1503 éwg 1991. O apBuog 488
avtiototyel 6to péyebog tov mpoiovrog g PCR kat to tedevtaio ypaupa (C1) aviiotoryel otov aptBud tov kKhmvov. Me Bdon ) voukAeoTidiky aviivon
tpeic petoArdelg avyvedtnkay Kor cvveébnkav pe Tig moporiayéc Asian American ko African type Il. Ov vovkieotidikég petadhaéelg T1587C o
A1668G aviyvevtnkav povo ot mapaiiayn Asian American.
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Kepaioio 3 Aroteléouazo,

2 2 2 2 2 2 2 2 2 2 2 2 2
(0] (0] 1 1 2 2 2 2 2 S] 4 S 4 . ApOpoi
Evdéotuomikég .
1952-2485 4 7 6 8 2 3 4 6 8 4 5 5 5 . KATOY® PpNoNG oTn
TP AIIIYES
1 3 9 9 o 7 9 2 7 4 3 5 4 Genbank
C G T T G C G C C C A T C
Yyniov BoaOpov arloimon
PNL4 533 C1 - A - - - - - - - - - - - European JQ791030
PNL5 533 C1 - - - - - - - - - - - - - European JQ791032
PNL6 533 C2 - - - - - - - - - - - - - European JQ791034
PNL7 533 C1 T - - - Cc G A T T T - - - Asian Americar JQ791035
PNL8 533 C1 - - - - - - - - - - - - - European JQ791037
PNL10 533 C1 - - - - - - - - - - - - - European JQ791036
ATT4 533 C1 - - - - - - - - - - - - - European JQ791017
ATT5 533 C2 - - - - - - - - - - - - - European JQ791019
ATT9 533 C1 - - - - - - - - - - - - - European JQ791021
ATT12533C1 - - - - - - - - - - - - - European JQ791022
ATT16 533 C1 - - - - - - - - - - - - - European JQ791024
ATT20 533 C1 - - - - - - - - - - - - - European JQ791026
D2 533 C1 - A C c - - - - - - T - T European JQ791038
D13 533 C1 - A C C - - - - - - T - T European JQ791053
D14 533 C1 - - - - - - - - - - - - - European JQ791044
D15533C1 - A C C - - - - - - T - T European JQ791052
D30 533 C1 - - - - - - - - - - - - - European JQ791045
Xopuniov Badpod arloimon
PNL2 533 C1 - - - - - - - - - - - - - European JQ791028
ATI8 533 C1 - - - - - - - - - - - - - European JQ791020
Al7 533 C1 T - - - C G A T T T - C - African type Il JQ791062
A24 533 C2 - - - - - - - - - - - - - European JQ791061
A38533C1 - - - - - - - - - - - - - European JQ791063
747 533 C1 - - - - - - - - - - - - - European JQ791059
793533 C1 - - - - - - - - - - - - - European JQ791050
796 533 C1 - - - - - - - - - - - - - European JQ791048
858533 C1 - - - - - - - - - - - - - European JQ791057
868 533 C1 - - - - - - - - - - - - - European JQ791055
D7 533 C1 - - - - - - - - - - - - - European JQ791043
D34 533 C1 - - - - - - - - - - - - - European JQ791040
D42 533 C1 - - - - - - - - - - - - - European JQ791047
Evdotvomkég waparrayig
European - - - - - - - - - - - - -
African type | T - - - C - - - - - - -
African type Il T - - - C G A T T T - C -
Asian American T - - - C G A T T T - - -
Asian - - - - - - - - - - - -
ApwvoEEa 393l K403K D435D 14427T E425D T458S R462K G466G LA475L L4941 N5301 S497S N5301

Mivaxag 3.10. ITopovciaon T@V VOUKAEOTIOIKOV Kol OUIVOEIKOV HETOAAAEE®Y GTNV TEPLOY] LETOED TV VoukAgoTdiov 1952 éwmc 2485. O apiBuog 533
avtiototyel oto uéyebog tov mpoiovrog g PCR kat to tedevtaio ypauua (C1) aviiotoryel otov aptBud tov kKhdvov. Me Baon ) vOukAEoTIdIKY avdAvon
ENTO PETOALAEEIC avivedTnKoy Ko cuvaEdnkav pe Tig mapariayéc Asian American ol African type Il H petdiiaén T2355C aviyvedtnke povo ot
napairoyn African type Il.
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Kepaioio 3 Aroteléouazo,

2 2 2 2 2

5 5 6 6 6 ApOpoi
2423-2848 8 8 o 3 5 EvdotTvmkég waparlayig KaToy®dpnons otn

6 7 8 1 [0} Genbank

T A A T G

Yyniov BaOupuov arloimon
PNL4 405 C1 - - - - - European JQ779917
PNL5 405 C1 - - - - - European JQ779919
PNL6 405 C1 - - - - - European JQ779921
PNL7 405 C1 C - C A A Asian American JQ779923
PNLS8 405 C1 - - - - - European JQ779925
PNL10 405 C1 - - - - - European JQ779927
ATT4 405 C1 - - - - - European JQ779933
ATT5 405 C1 - - - - - European JQ779934
ATT9 405 C1 - - - - - European JQ779937
ATT12 405 C1 - - - - - European JQ779939
ATT16 405 C1 - - - - - European JQ779941
ATT20 405 C1 - - - - - European JQ779942
D2 405 C1 - - - - - European JQ779961
D13 405 C2 - T - - - European JQ779962
D14 405 C1 - T - - - European JQ779963
D15 405 C1 - - - - - European JQ779960
D30 405 C1 - T - - - European JQ779951
Xouniov BaOpov arloimon
PNL2 405 C1 - - - - - European JQ779915
ATT8 405 C1 - - - - - European JQ779936
Al7 405 C1 C - C A - African type ll JQ779944
A24 405 C2 - - - - - European JQ779946
A38 405 C1 - - - - - European JQ779947
747 405 C1 - - - - - European JQ779967
793 405 C1 - - - - - European JQ779929
796 405 C1 - - - - - European JQ779931
858 405 C1 - - - - - European JQ779965
868 405 C1 - - - - - European JQ779968
D7 405 C1 - - - - - European JQ779957
D34 405 C1 - - - - - European JQ779955
D42 405 C1 - - - - - European JQ779949
EvdoTtuomkic maporiayicg

European - - - - -

African typel C - - A -

African type Il C - C A -

Asian American C - C A A

Asian - - - - -

A pwvoEéa S574S R575W R582R P589P E596 K

Hivaxag 3.11. Iapovcioon T@V VOUKAEOTIOIKMOV KOl OUIVOEIKOV HETOALAEEWV GTNV TEPLOYN UETOED TV VOukAeoTdimv 2423 ém¢ 2848. O apBuoc 405
avtiototyel oto péyebog tov mpoidvrog g PCR kat to tedevtaio ypaupa (Cl) avriotoryel otov aptBud tov kKhovov. Me Bdon T voukAeoTidiky avaivon
tpeic petaArdéelg aviyvedtkay kol cvvdstnkay pe tig mopariayés Asian American xou African type Il H petddlo&n G2650A aviyvedmke povo ot
naporroyn Asian American.

101

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Kepaioio 3 Aroteléouazo,

3.1.5.2 E€ghktikn} perétn tov E1 yovidiov

H emdextikn wieon mov ookeiton oto TEGGEPO. OAANAOETIKOAVTTOUEVOL
tuquoate tov E1 yovidiov peletnOnke péow tov Adyov dN/AS petd omd moliamin
opomapdBeon g mpotumng El  aAdnlovyiog, T aAinAovyieg tng mapoHoog
STPIPNG Kot TIG OAANAOVYIES TOV EVOOTVTKMV TOPUALAYDV TOL YPNCULOTO KOV
YL TN KOTOOKELY] TOU (QULAOYEVETIKOD OEVIPOVL. XN TEPoyn METaED TV
vovkieoTdimv 878 ko 1523 mapatnpnibnke o6tt o Adyoc dN/AS=0.68 ko1 o pécog
pLOUOG vmokaTAcTOONG TOV TPLOV Béoemv evog kmdkoviov Mrav CP1=0.823,
CP2=1.027, CP3=1.15. Emnpocbheta, otn mepoyn peta&d tov vovkieotdiov 1503
kot 1991 o Adyog dN/AS=0.67 kot 0 pécog puOuodg vrokatdotaong nrov CP1=1.075,
CP2=0.813, CP3=1.13. Zt meproyn petald tov vovkieotdiov 1952 ko 2485 o
Aoyoc dN/dS=0.57 pe CP1=0.77, CP2=0.881 and CP3=1.349, ev® ot meployn
peta&d tov vovkieotdiov 2443 ko 2848 o Adyog dN/AS=0.9 pe CP1=0.878,
CP2=0.916 «xo CP3=1.006. Emmiéov, olOupova pe TNV OVOALCON TOL
mpaypatorombnke péow g pebooov Méyiomg ITibavoedveiag ko 1 Mrebliovng
Youmepacpatoroyiog, dgv aviyveutnkay Bécelg mov emdpohv pe BeTiKn EMAEKTIKN
mieom.

H avéivon g emiextikng mieong mov aokeital oto El yovidio, £deile o1t
apvnTikn emioyn aokeitar oto El yovidio, kabmdg o Adyog dN/AS < 1 kau o pécog
PLOUOC VTTOKOTAGTACTG TOV TPITOV VOUKAEOTIOOL TOV KMIKOVIOL €ivar vynAOTEPOG
amd 10 TPOTO Kot TO 0eVTEPO. To YEYOVOC aTO OMOSEIKVOEL OTL EMKPOATOVV Ol
ocuvavuueG petoAldEers ko o E1 yovidio givon pia eEaipetikd cuvinpnuévn meploym
TOL YOVIOLOUOTOG TOL 100. To pawvouevo avtd iowg va opeiletal 610 Kpioo poio

mov dwdpapatiCer n E1 wpwteivn oty aviypoer| tov HPV16 DNA.
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Kepaioio 3 Aroteléouazo,

3.1.6 Avaivon outrhacroopov 6to yoviowo E1.

H avdivon tov E1 yovidiov odnynoe ommv aviyvevon evog €vooyovioloKov
dumhactoopod 63 vovkieotdiov (E1-1374763nt) oto 5' dxpo tov yovidiov. ITwo
ovykekpiéva, 1 meployn petad tov vovkieotwdimv 1311 ko 1374 Bpébnke
Loy IKA SMAASIOCUEVT YOPIC VO KATAGTPEPEL TO AVOLYTO TAIGIO aVAYVMOGONS TOL
E1 yovidiov. EmmAéov, 0 evooyovidlakog SIMAACIOGOC TPOKAAEL TNV ETAVAANYT TNG
0éonc peta&d tov apvotémv 150 éog 170 oto N-tehkd dkpo g mpowteivng. H
aviyvevorn Tov SUTANGLOGHOD 0ONYNGE OTN UEAETN TNG EMKPATNONG TOV GE TEVAVIQ
TPpOMAKE KAvikd detypoato mwov mponphav amd tov EAAnvikd mAnbvoud ko otov
TPOGOIOPICHO TG oNUACiG TOV SUTANGLOGHOD oTn Agttovpyio Kot T doun g El
TPOTEIVNG. [l T0 6KOTO AVTO peAeTNONKOV GUVOAKE TEVIVTA KAVIKA Oglypata, To
onoia tponpOav amd ThinPrep kot tpaynikd enypiopata. Amod to Tevivta deiyuata,
elkool emtd yopoktnpiotnkov ¢ LVYNAoO Pabuod evéoemOnAokn oAioimon
TAOK®OO0VG emBniiov, ko gikoot Tpia detyparta ¢ youniov Padpov evdooemOniiakm
aAroimon mhakmoovg emOniiov. H aviyvevon tov dumhaciacuot €ywve pe m pébodo
mg PCR kot t ypnon tov skkwvntov E1F1-E1R3 (ITivakag 2.4) Ot ekkvntég
vPpdilovrar o BEoelg mov meprlapfavouv ) tepoyn tov duthactacuov. To mpoidv
™G avtidpaong éxel uéyebog 645bp, evd t0 mPOIdV OV TEPIAOUPAVEL TO SITANCIACLO
&yl uéyebog 708bp.

H evioyvon tov 5' dkpov tov El yovidiov pe tovg ekkivntéc E1F1-E1R1,
odMynoe omv aviyvevon g Covng evioyvong peyébovg 708bp oto 24% TV
eetalopevov derypatov (12/50), eved to 76% tov detypudtov £Qepayv TNV KOVOVIKY|
Covn evioyvong peyébovg 645bp (Ewdva 3.6). H avdivon g aiiniovyioag thg (dvng
ueyébovg 708bp oe OAa ta KAwiKG detypoto £0eiée v VmopEn  S1080)1KoD
dmiactacpoy petald tov voukieotdiov 1311 ko 1374. O dumhaciacudg tov 63
vouKAE0TIOIV aviyvedtnke 610 30.4% TV JEIYUATOV TOL £Y0VV YOPAKTNPIOTEL MG
vyniol Pabpov evdoemBniokn oairoiworm (7/23) kot oto 18% 1wV derypdtov
vyniov Pabuod arroiwong (5/27) (Ilivaxog 3.12). EmmAéov koud otatiotikd
ONUOVTIKN) GLGYETION Ogv TapatnpnOnke petald e mapovsiog Tov SITANGLOGHOD

Ko TG 6oPapoTnNTag TG EVOOEMONAIOKNG 0ALOIoNG
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Ewdva 3.6. O1 Ofoeig 2, 4 Ko 8 avIIGTOLYOVV OTO EVICYLUEVO TTPOTOVIN TOV QEPOVY TO
dumhactocuo kot éxovv péyebog 708bp, evd ot Bécelg 3,5, Kot 7 avTIGTOLXOUV GTO EVIGYLUEVA
TPOIoVTO Ympic TOV SmAacacuo Kot £xovv péyebog 645bp. Xt Béon 1 ko 10 Bpioketal o
uaptopag poplakod Papovg (100 bp DNA Ladder, Invitrogen UK). Xt 6éon 9 Bpicketat o
apvntikog paptupag (dd H,O)

[Tponyovueveg peréteg £xovv cuvdéoetl tov E1-1374763nt dSuthaciocud pe v
voukieotowkn petdAraén T350G (E6 yovidwo) kot pe v Evpomoiky evdéotumiky
napailoyn Tov yovidiovuatog tov HPV16 (Sabol et al. 2008, Bogovac et al. 2011,
Sabol et al. 2012). I'o va e€axpipwbei 1 6VVOEST TOV SMAAGIOCUOD pE TN UETAAAAEN
T350G mpaypatomomdnke vovkAeotdkn avdivon tov E6 yovidiov ce OAa Ta
delypata mov épepav T0 ovYKeEKPUEVo dumhactoopd. Me Bdon 1 VOuKAEOTIOKY|
avéivon tov E6 yovidiov mpotdbnke, 011 OAc To OelypaTo TOL  QEPOLV  TO
dwmiactacpd @épovv emmAéov TN petdArlaén T350G kot €povv VOUKAEOTIOKN
opotdotnto. pe v  Evpomaiky mopordoyn tov yovidiwpoatog tov HPV16.
Emumpdobeta, yo va peletbei n oyéon petald mg petdiraing T350G kan tov E1-
1374"63nt sumhociocpov, peietnOnke n aAAniovyia tov E6 yovidiov oe eikoot éva
delypoto mov 0ev £pepav TOV OMAACIOCUO. ATTO TNV OVAALGN TOV OTOTEAEGUATOV
noapatnpOnKe 6Tl dddeka detypata pepav opotdtra pe v Evporaikn mopaiioym
10V Yovidiwpatog Tov HPV16 kot épepav t petdriatn T350G. H petdAraén T350G
dgv aviyvedTNKe 0€ ENTA OELYLLOTO TTOV TOPOVGIOCAY VOUKAEOTIOKT OHOLOTNTO LE TN
npotumn aAAntovyia tov HPV16 (JQ422087, JQ422091, JQ422070, JQ422065,
JQ422094, JQ422108, JQ422117) kot dev gviomictnke og 600 delypata To. omoio
yapaxtpiotnkov og evootvmikég maparrayég African type | ko African type Il

(JQ422059, JQ422056). H otatiotiki] avaivon tov arotelecpdtov £6eiée 0tL o E1-
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1374763nt Simhactaopnog cvvoceton pe t petdAriaén T350G ko v Evpomaikm
moparrayn tov HPV16, 6tav cuykpivetal pe ) mapovoia g petdAraéng T350G oe
Seiypato mov e pEpovy 1o durhactoopd (X2 = 5.076, P = 0.024). Ilapd to yeyovog Ot
N netdAroén T350G cuvoéetan pe vynAdtepov Pabod aAloidoelg Kot oyetTileton pe
mv mopovcio. Tov omlactacpov E1-1374763nt dev mopatnpnOnke ocvvoeon Ttov
SANGLOGHOV pe LYNAOD Babuol evdoemOnAloKkég AAAOLOCELS.

EmmAéov and 1 vouvkieotidikr| avdivorn tov El yovidiov mov ¢@épet tov
EVOOYOVIOLOKO mAAGLOcHd aviyvevtnke 1 petdAroén A1053C. H petddraén avt
EVIOTOTNKE 0€ OAESG TIG OAANAOVYIES LE TOV OITAACIOCUO KO TPOKOAEL TNV OUIVOEIKT
aArayn E63D oto N tehko dkpo ¢ El1 mpwteivng. IN'a va eEaxpifmbei n oxéon g
petdAraéng AL053C pe tov E1-1374763nt simhacioacpud aAiniovyndnkay dekamévie
detypoto mov dev €pepav Tov gvooyovidlakd dmhaoctacpo (JQ791078, JQ791077,
JQ791079, JQ791076, JQ791080, JQ791082, JQ791066, JQ791067, JQ791069,
JQ791071, JQ791070, JQ791075, JQ791074, JX297816, and JX297817). H
petdAraén Al053C dev evromiotnke oe delypata ywpig tov omAaciocpd E1-
1374763nt, ko1l TOPOVCIACTNKE ONUAVTIKY) GUVOEST TNG GLYKEKPIUEVNG UETAALAENG
ne tov E1-1374763nt duthaciacpd (X2 = 23.102, P < 0.0001). Akoum, yw vo
eCaxpPwbet edv N petdAiain A1053C evtomiletal 6TIC EVOOTVTIKEG TAPAALAYES TOV
yoviditwpotog Tov HPV16, mpaypoatomombnke moAlamAr oponapdbeon g TpdTuINg
aAAniovyiog tov HPV16 pe tic aAAniovyies TV evOOTLUTIK®OV TapOAlay®V. AT TNV
vovkAeoTidwkn avaivon tov El yovidiov towv HPV16 evdotumikdv mopailoydv dev
evromiomnke N petaAraén Al053C. Xvunepacpatikd, pe Bdon ta amoteAécpato TG
avdivong tov El yovidiov moapatnpnOnke 611, 0 SIMAAGLOGHOS TV 63 VOUKAEOTISI®V
TOPOVGIALEL OMNUOVTIK) OLVOESN HE TIG VOUKAEOTOWEG petodhagelg T350G ko

A1053C.

105

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Kepaioio 3 Aroteléouazo,

El yovidwo E6 yovidio
E1-1374763nt duthaciaopudg / Evdotumikég
Tpoymiwd detypoto (=50 T350G (L83
pem yhora (1=50) A1053C (E63D) (L83V) napadavéc
ApOpoi kotaydpnong ot ApBpoikatoydpnong ot
Yyniot Babpov aAloiwon (n=27) GenBank GenBank
ATT4 JQ791090 JQ422080 European
ATT16 JQ791091 JQ422082 European
PNL4 JQ791086 JQ422083 European
PNL5 JQ791065 JX291526 European
PNL6 JQ791087 JX291528 European
Xapuniov Badpod airoimon (n=23)
A38 JQ791092 JN205112 European
858 JQ791094 JQ422101 European
793 JQ791095 JQ422103 European
868 JQ791097 JQ422106 European
PNL2 JQ791084 JQ422078 European
ATT6 JX291529 JQ422061 European
ATT21 JX291531 JQ422068 European

Hivaxog 3.12. H xotavopn tov E1-1374763nt dumhacioopod petald Serypdtov vymAiol
Babuod aAloiwong (18.5%) kot youniov Pabuov oAloiwong (30.4%) Kot 1 GuoyETION LE T
netédhaén T350G (x° = 5.076, P < 0.024).

3.1.6.1 Avaiven g Aerrovpyiog s E1 mpmteivng

Aapupavovtag vmoyn o011 o Jwmlacwuopdg E1-1374"63nt mpokoiel v
EMOVAAN YT TNG TEPLOYNMS HeTalDd Tov apuvoéémy 150 émg 170 oto N telkd dkpo g
El mpwteivng, mpaypatoromOnke e£eMKTIKN HEAETN TG TEPLOYNG TOL STAUCIAGILOV
néo® tov Aoyov dN/dS, €161 dote va TPocdlopIloTEL HEGH EMAEKTIKNG TiEONG €AV M
Aertovpyia ko n dopr] Tov N-TeAMKoD AKpov TG TPMTEIVING emnpedletal AOY® TOV
dumAactacpov. O TPocsdlopIoUOS TNG EMAEKTIKNG TMIECTC TOL OOKEITOL GTO YOViOlo
¢dei&e Ot dN/dS=0.56. Emumdéov o pécog puOUdC vIOKATAGTOONG TOV TPDTOL,
debTEPOL KoL TPitoL VOLKAEOTIOiOL TOL Kwdwkoviov €doei&e o6t CP1=0.918,
CP2=0.722, CP3=1.36. Ano6 0. amoteAéouato avtd anodeiydnke 0Tt 61N TEPLOYN TOV
OUTAOGLOGHOD OCKEITOL OPVNTIKY EMIAEKTIKN TiEoN YEYOVOG TOL OMAMVEL OTL 1
nepoyn tov E1 yovidiov givar apketd cuvinpnuévn pe amotéhespo n Asttovpyio Kot
N doun tov N-teAkoh dKpov NG TPOTEIVIG Vo unv emmpealetal apvnTikd AOym
SUTANGLOGLLOV.

Y& mpornyovuevn peAétn oty omoia mpoPAépOnke n doun g El1 mpoteivng
pe 10 OwmAacloopd TV 63 VOuKAEOTWIMV HECH TPIOOACTOTNG OMEIKOVIONG,

napatnphnke 611 o E1-1374763nt dimhaciacpog Kot 1 apvosikn petddiaén E63D,
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TOmoHETOVVIOL OTNV EMPAVEID TNG TPOTEIVIG KOl TPOTAONKE OTL OV VTAPYOLV
coPapég ahdayég otV doun Kot Aettovpyio TG TPMTEIVIG AOY® TOV dmAactlacpov. H
VIOOECT AVTH G GLVOVAGUO LLE TO OMOTEAEGO TNG EMAEKTIKNG TiEONS EVIGYVEL TO
vYEYOvOg 0Tt T0 N-TeMKkd AKpo TNG TPMTEIVNG dgv emnpedleTor apynTikd Ady® TOV

dumhactoouo tov 63 vovkieotidiov (Sabol et al., 2012).

3.2 IIpocdropiopdg TS popens Tov yovidropatos tov HPV16

H popon tov yoviduopatog tov HPV16 mpaypatorombnke pe t Pondeta g
[Mocotikng PCR Ipaypoatucod Xpdvov Kot T0 TPOGOOPIGUO TOV AOYOL TOV TILMOV
E1/E6 xou E2/E6. H Baocwkn apyn g peboddov Paciletar otnv vrdbeon 6Tt o yovidla
El, E2 xou E6 mapovsialovv ion mocdtta avirypdemv otav o 10¢ Bpioketal otnv
EMGOUIKT TOV HOPPY], EVO OTOV O 10§ EVOMUATOVETOL GTO YOVISI®UO TOL KVTTAPOL
EevioTn], KataoTpéPETal To avolytd mAaiclo avdyvmong towv El1 f/kor E2 yovidimv.
INo va xoBopiotovv or Béoelg - o1dYoL Yoo TOV LROAOYIOUO TOL aplBuoh TV
avtiypdeov tov yovwwiov El ko E2, mpaypoatomombnke yaptoypdonorn twv
YoVIdlmV, HE GKOTO VO TPOGOI0PIGTOVV 01 KOWEG BEGELg pENG TOV YOVIOIDUOTOG TOV

HPV16.

3.2.1 Xaprtoypdonon tov yovdiov E1 ko E2

H vouvkleotidwkr; avdivon tov El koaw E2 yovidiov mov meprypdonke oe
nponyovpeveg evotnteg (evomta 3.1.3 ko 3.1.5) €0eiée oe OPKETEC MEPMTOGELS
eowvopevo pnéNg oto avolytd mhaiclo avdyvoong tov El kot E2 yovidiov. O
TPOGOOPIoHOC TV Bécewv pnéng mpaynatomoOnke pe PCR pe 1 yprion evvéa
Cevyopltdv OAAMAETIKOAVTTOUEVOV EKKIVITIKOV LOPIOV TOL EVICYDOLV GE ETLUEPOVE
TUHOTO. OAOKANPO TO avoytd mhaico oavdyvoong tov El yovidiov kon pe tpia
Cevydplo. aAAMAETIKOADTTOUEVOV EKKIVIITAOV OV EVICYDOVV CE EMUEPOVS TUNLLOTOL
OAOKANPO TO ovorytd mAaiclo avdyvmong tov E2 yovidiov (ITivakag 2.5). T v
dwdkasion VT YPNOHOTOMONKOY GUVOAKE 0YOOVTO TEGGEPO KAWVIKG OelypoTo
(dexaentd TpoynAkol 10Tol pOVYHOTOMUEVOL G TOpaPivr, OoKT® Oeiypota omd
TpaynMkd emypicpoto ko meviavro evvéa Ogiypata ThinPrep). Amd to oydovta
téooepa Oetypata mov e€etdotnioy tpLdvto Tpio detypato elyav yopoktnpiotel omd
TOVG KLTTOPOTOOOAGYOVG ¢ LYNAOD Babod evooemBnAloK aALOI®OT TAAKDOOVG

emOniiov kot ocapdvta delypata elyav yopokmnplotel ®g youniod Pabupov
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evooemOnAloky] aAloimon mAokddovg emBniiov. EmumpocOeta, €viexo dsiypota
elyav yopaxtnpotel ¢ kopkivoc Tov TpaynAov g MTpag (9 mEPMTOGELS
TPAYNAKOD 1GTOV LOVILOTOMUEVOL GE Tapapivn kot dVo Tepurtmaoelg ThinPrep).

¥t mapovoa SaTpPn yopakpioTnKay ®¢ yeyovota pHENG ol TEPITTAOGELS
TOV derypatov Tov dev £dmoav (dvn evioyvong petd and ) PCR, alld evioybonke
TO TUNMO TOL Yovidiov Tng P-aktivng kot tov E6 yovidiov. H evioyvon tov E6
Yovidiov mpaypotomomonke pe okomd vo. EETACTEL 1 AKEPULOTITO TOV YOVIOLOUATOG
tov HPV16, ét61 dote va mpocsdiopiobel 6Tt n prén eviog twv yovidiov E1 ko E2
opeileTal 0TV EVOOUATMOON TOL 100 GTO KLTTAPIKO YOVIdI®UO Kol Ol amd TOV
KOTOKEPUOATIOUO TOV YOVIOIOUATOS Tov 100. H evoucOnoio tg pebdoov yuo v
evioyvon tov emuépovg tunudteov tov El, E2 kot tppotog tov E6 yovidiov,
kaBopiomke ota 10 avtiypago/avtidpaocn yia kaOe (evydpt EKKIVNTIKOV pLopimv.

H evioyvon tov E1 kot E2 yovidiov tpaypoatomomdnke mapdAinio ce O A T
KAMvika detypoto. Amo v evioyvon tov E2 yovidiov prén mapatnprdnke cuvolikd
o dekaentd KAMvikd detypata (20.23%). ITio cvykekpuéva, evvéa nepmtmoelg (9/33)
vyNAo0 Babuod evdooemBnAlokng aAloiwong (27.27%), mapovsiocav pnén evtdg Tov
E2 yovidiov, evd gikoot téocepig mepmtdcels vynAoy PBabpov ailoiwong (72.72%)
mEPLEiYaY aKEPOLO TO ovoLyTd TAiclo avayvmong tov E2 yovidiov (Ewova 3.7). Ocov
aopd ta detypata youmAiov PBabpov evdoemiOnilokng aAlhoimong dev KataypaenKe
pMén evtog tov E2 yovidiov. Me Bdon ta amoteAéopoto g mopodcsos daTpiPng
mopatnpOnKe 0Tt N PREN EVIOC TOL AVOLYTOV TANIGIOL avayvmong tov E2 yovidiov
OLVOEETOL ONUOVTIKA pe Oetypato vyniov Paburov evdoemOniiokng aAloimong, dtav
cuyKpiveton pe defypato yapnhod Paduod Svomhaciog (X = 10.05, P < 0.01).
EmmAéov, amd Tig €vieKo TEPIMTMOGEIS KOPKIVOL TOL TPOYNAOL NG WNATPOS
napotnpnOnke o0t okt® Oetypata (72.72%) ¢épovv pnén oto E2 yovidwo ko
avaeEpOnke onuavtiky oyxéon LeTa&d T pnéENS tov yovidiov E2 pe tig meputtdoeig
Kapkivov, 6tav cuykpiveton pe youniod Paduod dvomhaoieg (X° = 22.2, P < 0.001)
Kkat vyMAov Padpod Svomhaoies (X2 = 5.4, P < 0.05) (Ewova 3.7).

A6 v evioyvon tov E2 yovidiov mapatmpnbnke pnén petald tov
vovkAeoTdimv 2735 kot 3210 og éva detypo vyniod Babuod airoimong (Ewkova 3.8,
[Mivaxag 3.13). Emumiéov prién peta&d tov vovkieotidiov 3127 kot 3649 avapépOnke
oe €& delypata vynAod Paduod adhoimong Kol 6 ENTA TEPITTOCELS KOPKIVOL, EVOD
PNEN Heta&d TV voukieoTdimv 3597 kot 3873 aviyvevtnke o dVO delypaTo VYNAOD

Bobuov arloimong kot o€ pio mepintwon kapkivov (Ewova 3.8, IMivaxag 3.13). Me
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Baon ta amoteléopota TapotnpnOnKe OTL N TEPLOY HETAEL T®V VOLUKAEOTWOiwY 3172
ka1 3649, n onoia kwdkomotel yio v meployn "apud" g E2 mpwteivng, amoteiel
mo ovyvn Béom priiéng tov E2 yovidiov (Ewova 3.8, IMivaxog 3.13).

H evioyvon tov E1 yovidiov mpaypatomombnke mopdAinia ota idto KAVIKA
delypata. Pnén evidc tov E1 yovidiov mapatnpndnke oe glkoot éva detypata (25%).
H mo ovyvn 0éon pnéng tov E1 yovidiov mapatnpndnke oto 5' dxpo t0v yovidiov
peta&d tov vovkieotdiov 1059 kar 1323 (Ewova 3.8, Ilivakag 3.13). ITTwo
OULYKEKPIUEVD, OKT® omd To. TpLdvta Tpion detypata vyniov Pobuod airoiwong
(24.24%) mapovoiacav pnEN evidc tov avolytov mAociov avayvoong tov El
yovidiov, evd aképato 10 El1 yovidro mapatnpndnke oe eikoot tpelc mepmtdOoELg
vynAov Pabupod evdoemOniokng arroioong (75.76%) (Ewova 3.7). Emmpocbera,
Tpavta T€coEPO amd To capdvto delypoto yaunAiov Poabuod ailoimong (85%),
TEPLEYOLY OAOKANPO TO ovolyTd TAaiclo avayvmong tov El yovidiov, evd €&t
detypota (15%) mapovoiacav pién oto El yovidio (Ewdva 3.7). Emmpdobeta, amd
TIG €VIEKN TEPWMTMGELS KopkKivov mopatnpndnke pnén oe entd deiyparto (63.63%)
peta&d tov vovkieotdimv 1059 wor 1323 (Ewodve 3.8, Ilivokag 3.13). H
yoptoypaonon twv E1l kot E2 yovidiov ota 10w khvikd oelypata, £oeiée OtL o€
detypoto younAot Paduov arlioimong mapatnpeiton pnén poévo evidg tov yovidiov El
KO DITAPYEL ONUOVTIKY GYE0T HETAEL TG pnENG Tov Yovidiov E1 pe yaunioo Pabupov
aAlowdoelg O0tav avutég ovykpivovior pe T pnéng tov yovdiov El xor E2 oe
detypoto yopuniov kot vymiov Babupod evéoembniokmv ardowwoewv (Fhisher's exact
test, P < 0.05). EmumAéov mapatnpnidnke ocbvdeson g piéng tov El yovidiov pe Tig
TEPMTMOOEL KAPKIVOL OTOV GLYKpivovTol pe xapniod Pabpod Svomhaciec (X° =
14.75, P < 0.001) kat vynhod Padpod Svomhaoies (X2 = 8.44, P < 0.01).

Télog, and ™ yoptoypdonon tov Bécewv pHENg Tov YOVISUOUATOS TOV 100
mopatnpnOnke tavtoypovn pnén evidg tov yovisiov E1 ko E2 oto 10.7% tov
eetalopevov  detypdtov. ITo  ovykekpipévo, pnén kot oto 6v0  yovidw
nopatnpninke oe téooepa detypoto vynAov PBabpod aAiroimong (D2, D13, D14,
D15) ko og técoepig meputtmdoelg kapkivov (D58, D62, D64, D65, D66) (ITivakag
3.13).
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Ewova 3.7. Iapovsioon tov mocootdv priéng tov yovidiov E1 kar E2 og tpidvia tpia
detypoto vymiov Pabupod evooemBniwoxng orroioong (HG), capdavto dsiypoto youniod
Babuod evéoembniiakng odroimong (LG) kot €vieka meEPmMTMOGEIC KOPKIVOL TOV TPOYHAOL
m¢ unTpag (cancer). Xe youniov Pabupod ariowboelg sivar duvatdv va mwapatnpndel prién
uovo tov yovidiov E1. EmumAéov vrdpyel ototiotiKd onuavtikny oyéon Hetald g pnéng tov
yovidiwv E1 kot E2 pe T mepimtdoelg Kapkivov Tov TpayiAoy g UHTPOS OTAV GLYKPIvovTaL
pe v pnén tov El xou E2 yovdiov oe youniod Pabuod kot vymiod Pobpov
evdoemOnAokég odhotboeig (X2, P < 0.05) .

Ewova 3.8. [opovcioon tov 0écewv pnéng tov El wor E2 yovidiov. Xto oyedidypoppo
mopovotdlovtal Ta TocooTd TV Bécemv péng yio ta yovidia E1 kot E2. H mo ko 0éon priéng tov
E2 yovidiov givor n meproyn peta&d tov vovkieotdiov 3127 ko 3649, n onoia mapatnpeiton oto 76%
TV delypatov mov eépovv pnén oto E2 yovidio. Emmhéov, n mo kown 0éon priéng tov E1 yovidiov
elvar M mepoyn peta&d tov vovkAieotwdimv 1059 xar 1323, n omoio amovidtor oto 86% TV
e&etalopevav detypdtov mov eépovv prién oto E1 yovidio.
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E1l yovidowo E2 yovidio
El1F1-E1R1 E1F2-E1R2 E1F3-E1R3 El1F4-E1R4 E1F5-E1R5 E1F6-E1R6 E1F7-E1R7 E1F8-E1R8 E1F9-E1R9 al-a2 b1-b2 cl-c2
®éon 878-1118 1059-1323 1312-1523 1503-1784 1760-1991 1952-2186 2170-2485 2443-2743 2662-2848 2735-3210 3172-3649 3597-3873
AAloioon IIpoééievon  Asgiyna
LG paraffin D7 -
Lo Thinerep 747 - |
L Thinerep  ATTe N - [
LG Thinerep ATT7e NESEEEEEEN - |
Le  Thinerep  ATTo: NN - |
LG ThinPrep ATTos NSNS - NN
CIN
HG  paaffin D2 I - S -
HG paraffin D4 | - ]
HG paraffin D13 I - | - [
HG paraffin D14 I - | - [
HG paraffin pis - | -
HG paraffin ©30 | -
HG ThinPrep  ATTS [N - |
HG ThinPrep  ATT21 | - [
HG ThinPrep  ATT24 | - [
HG ThinPrep  PNLO [N - |
HG ThinPrep  PNL1 [ - |
HG ThinPrep  PNL12 - |
HG Thinprep  ATT79 NGNS - 20 e
cancer  ThinPrep  PNL7 | - [
cancer  paraffin Dss - | - [
cancer  paraffin D59 | -
cancer  paraffin BN - |
cancer  paraffin pé1 - |
cancer  paraffin pe2 NN - | - [
cancer  paraffin D63 | - [
cancer  paraffin De4 N - | - [
cancer  paraffin Des N - | - [
cancer ___paraffin Dec I -~ BT 0 0 e

Mivaxag 3.13. Xtov mivoko mopovcsidlovior or Béoeic pnéng tov yovidiov El1 kot E2. Amd v avdivon mpoékvye 0Tl ota delypoata youniod Pabuod aAiloiwong
napatnpeitoan povo pién tov E1 yovidiov (Fisher's exact test, P <0.05). EmimAéov n cuvnbéotepn Béon priEng tov E1 yovidiov Bpioketon petald twv vovkieotidiov 1059 kot
1323, evd n ovvnbéotepn Béom priéng tov E2 yovidiov Ppioketal peta&d tov vovkieotidiov 3172 kot 3649.
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Kepalouo 3 Amotsiéouozo

3.2.2 IIpooodwopiopés ™S popeng Tov yovioropatog tov HPV16 pe Mocsotky PCR
IMpaypatikod Xpévov (quantitative - Real Time PCR)

H emloyn tov ekkKiviTIKOV HopimV Y10 TOV VTOAOYIGHO TV avTlypapwv Tov E1, E2
kot E6 yovidiov mpaypoatomomOnke Aappdvovtag vwoyn d00 Kputiplo, o) TS WO GUYVES
0é¢oeig piéng tov El kot E2 yovidiov kat B) va vBpilovior oe cuvinpnuéves meploxég Tov
yovidrtopatog Tov 100. [Tio cvykekpuéva, pe BAon to amoTEAECUATO TOV TPOEKVYOV OO TN
yoptoypdonon tov El kot E2 yovidiov, mtapatnprinke 6t1  cvvnbéotepn 0éon pnéng tov
E1 yovidiov givar n meproyn petald twv vovkieotidiov 1059 émg 1323 kot yio to E2 yovido
elvar 1 mepoyn peTaEy TV vovkAieotwiov 3172 éwog 3649 (Ewova 3.8, Ilivaxkoag 3.13).
Emumdéov, mpaypatomomOnke molhamAn opomapdbeon, petald Ttov oAANAOV(IOV TOL
peretnOnkav otn mopovca datpiPn, e mpdtunng alinAiovyiag tov HPV16 yovididpatog
KOl TIG TPOTUTES AAANAOVYIES TOV EVOOTVTIKAOV TOPOAANYDV TOL VIAPYOLV J10OECIUEG OTN
tpameCo dedopévov GenBank pe apbuo katoydpnong: European: HQ644236, HQ644259,
HQ644267, HQ644268, HQ644271, Asian: HQ644234, HQ644235, HQ644248, HQ644251,
HQ644261, African type I: HQ644238, HQ644240, AF472508, HQ644290, African type II:
HQ644237, HQ644239, HQ644249, HQ644250, AF472509, HQ644291, HQ644292, Asian
American: HQ644289, HQ644247, HQ644253, HQ644255, HQ644254, AY686579,
AY686582, HQ644273, HQ644257, vy xabe yovidwo Eeyoprota (E1, E2 xor E6).
Aoppdvovtag vdyn T VO AVTE KPLTHPLO O VIOAOYIGHOS TV avTlypaewv Tov E1 kot E2
YOVISL®V Y10, TOV TPOGO0PIGHO TOL AOYoL TV TIndV E1/E6 kot E2/E6 tpaypatomomOnke pe
mv xpnon tov ekkivntov E1F12-E1R12 (E2 yovidio, 0éon 3243- 3539) kou E1F2-E1R2 (E1
yovidwo, 0éon 1059-1323) (ITivaxag 3.13), evd yi 1o yovidio E6 ypnoipomomniav ot
exkwvntéc HPV16 1- HPV16 353 (TTivakog 2.6).

[Na tov Tpocdiopiopd ™G Lopeng Tov yovidtwpotog tov HPV16 ypnoonomOnkav
oLVoAKd efdopnvta €61 KAMvikd Ogtypato (dekaemtd TpoynAtkol 16Tol LOVIHOTOINIEVOL GE
napaeivny ko mevivta evvéa dsiypata ThinPrep). And ta efdounvra €61 deiypota mov
eetdotnkay, elkoot oktd dstypota giyav YapokTnplotel amd ToVg KLTTOPOTAOOAGYOVS WG
vynAob Babpod evdoemBnAlokn adloimon mhakmddovg emOniiov kot Tprévto entd delypato
elyav yapoktprotel o¢ yopnAod Padbpov evooemOnAloKky] aAloimorn TAaK®IoLg emOnAiov.
Emnpocheta, Evieka detypata eiyov yopaktnplotel ®g Kapkivog Tov TPayNAoL TG UNTPOG
(evvéa TEPIMTOGELS TPAYNAIKOD 16TOD LOVIHLOTOMUEVOL G€ TTapapivy kol 600 TEPIMTOGELS

ThinPrep).
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3.2.2 1 KaBopiopog tov gvpovg Tov Tipov E2/E6 ko E1/E6

[Ma va S1evkpvieTovV Ta OpLoL TNG EMCOUKNG, EVOMUATMOUEVNG KO LEIKTNG HLOPPNS
TOV YOVIOIOHOTOS TOL 100 ypnoiponombnkay dtodvpato mtAacudiov mov mepiéyovv 100
avtiypapa Tov mAacudiov PEG-E2 (smocopkn poper] TOL YOVISIOUATOG TOL 10V) Kot
mocdtteg omd 0 €wg 1 X 10° avtiypaea tov mTAacpdiov PE6 (evoouatopévn popen tov
yovidriopatog tov 100) (ITivaxag 2.7). tn cvvéyeln, Tpayratortoonke tpocdlopioudg tmv
avtrypaeov tov E1, E2 ka1 E6 yovidiov pe ) pébodo g IMocotikng PCR Ipaypatikod
Xpbvov, (PNCILOTOIMVTOAG TIG TPOTVTES KOUTOAES TOL OvOAVON KAV oty evotnta 2.6.2. ATt
™mv avdlvon tov Adyov tov Tiwodv E1/E6 Bpébnke ott Tiuég kovid oto undév ( < 0.003)
voAoyifovtar, Otav 10 TAacouUido PE6 Pploketon o ekatoviamAdola mEPIGGEWL TOV
mhaopdiov pE6-E2. H iyl E1/E6 = 0.03 mapatnpeital, 6tav 6to StdAvpe TV TAAGHSImV
10 mloouwio PE6 Ppioketon oe dekomAdola mepicosw evd m tiun EI/E6 = 0.52
mapatnpeital 0tav to StdAvpa TV TAAcUdioV Tepielye ion mocotnta Twv PEG-E2 ka1 pE6
mAacdiov (100 avtiypaga). Télog, dtav n cvykévipmon tov PEG-E2 eival oe dexamidoia
nepiooela oto dSdAvpa tote T E1/E6 = 0.7. H tyun E1/E6 = 0.98 mopatnpeitat, 6tav 1o
dulvpa Tov TAacdiov mepleiye povo to mhacpidlo pE6-E2 (emoopkn popen tov 100)
(ITivaxag 3.14).

Oocov apopa 1o evpog v Twev E2/E6 napatnpeitar avtiotoya, 0Tt TIéEC KOVIA 6TO
unoév (< 0.001) vmoioyiCovtar, 6tav to mAacuidlo PE6 Ppioketor oe ekatovtamidoia
nepiooeln Tov mAacpdiov pE2-E6. Otav 10 mhoaopidio pE6 Bpioketon oe dekomidoio
nepicoeia n i E2/E6 = 0.01, evd dtav n mocoOTnTa TV dVO TAACUdiOV givon iomn oTo
owivpa tote E2/E6 = 0.62. Otav n ovykévipwon tov PEG-E2 eivon oe dexomidcia
nepicoeia oto dtdAvpo tote n Ty E2/E6 = 0.82. Téhog E2/E6 = 0.96 6tav 10 diddvpa tov
mhaodiov teplelye povo 1o mhacuidlo PE6-E2 (emowpkn poper| tov 100) (Ilivaxog 3.14).

SVUTEPOCUATIKA, | EVOOUATMOON TOV 100 cvpPaivel 6tav o Adyog E1/E6 < 0.003. Z¢
Tipég peta&d 0.003 émg 0.98 o 10¢ Ppioketon Ko oTig dVO HopPES, evd oe Tuég EL/EB
peyodovtepeg M toeg pe 0.98 o 16¢ Bpioketar vd v emcopiky tov poper (Ilivaxog 3.14).
Eniong, 6cov apopd tig Tynég E2/E6 mapatnpeital 0Tt 1 EVoOUAT®OOT TOV 100 cuppaivel o
Tipég pkpotepeg amd 0.001 evod petagd 0.001 €wc 0.96 mapovctdleTon 1 HEKTY] LOPPT TOV
YOVIOLOUOTOC TOV 100, VD o€ TIUEG peyaAvtepeg 1 toeg pe 0.96 mapoatnpeiton n EMGOUIKN

popen tov yovidiopatog tov HPV16 ([Mivaxag 3.14).
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IMacpido Adyog TV HPV16 DNA
pE6-E2 (emicopua) | pE6 (evooudtwon) EL/E6  E2/E6

Avdopa 1 100 avtiypoapo 0 avtiypopa 0.98 0.96 emicopa
Ao 2 100 avtiypaga 10 avtiypapa 0.7 0.82 petypo
Ao 3 100 avtiypoaga 100 avtiypaga 0.52 0.62 petyno
Atddopa 4 100 avtiypopo 1000 avtiypopa 0.03 0.01 petypo
Ao 5 100 avtiypaga. 10000 avtiypaga. 0.003 0.001 EVOOUATOUEVO
Alhopo 6 100 avtiypaga 100000 avtiypopa 0 0 EVOOLOTOUEVO

Mivaxkag 3.14. Xtov Tivaka avaypaQeTol 1) GOGTOCT TOV SIHAVUATOV TOV TAAGHISI®MV, Kol 0 AOY0g
tov tuodv E1/E6 ko E2/E6, dnwc vmoAoyiotnke pe t uébodo Ilocotikng PCR Ipaypoticon
Xpoévov. Emumdéov pe PBaon tig Tipég xobopiotnray to 6pto. ToL TPOocdopilovy TNV EMCOUK,
LEIKTN KOl EVEOUATOUEVT LOPOT] TOV YoVISidpatog tov HPV16.

3.2.2.2 lIpocdwopiopoc tov tipnov E1/E6, E2/E6

Ao Vv avdivon tov Adyov E2/E6 og 6Aha ta khvikd delypata mapotnprdnke 0t n
KaBapd EMCOUIKT] LOPEON TOVL 100 €VTOMIcONKE o€ OKTM Oomd TO TPLAVIO EMTA OElypoTa
yoprnAov Babpov airoimong (21.6%) kot oe kavéva detypa vyniol PBabuod aiioimong kot
kapkivov (Ewova 3.9 A). H pewtn popen oo HPV16 DNA evrtomictnke o€ gikoot t€66epa
amd To €1k0ot OKT® detypota vYnAov Babod aAloiwong (85.7%) kot o€ €ikoot OKTd omd To
Tpuavta entd detypato youniov Babuod airoiwong (75.7%). Ocov apopd T TEPIMTOGELS
Kkapkivov N pewt popen tov HPV16 DNA eviomiotnke oe dvo amd to Evieka deiypoto
kapkivov (18.2%) (ITivaxkag 3.15, 3.16). Téhog, n kaBapd evoOUATOUEVT HLOPOT TOVL 100
aviyveutnke oe évo ogtypo youniov Pobpod aAiroimong (2.7%), oe técoepa detypota
vyniob Pabuov arloiwong (14.3%) kot oe gvvéa detypoto  KopKivov tov TpoynAov Tng
untpag (81.8%) (Ilivaxag 3.15, 3.16). ITo cvykekpyéva, n kabopd EMCOUIKNY LOPPT TOVL
100 Pploketoar poévo oe younrod Pabpov orrowwoelc (21.6%). IMopdia avtd, oTic
TEPMTOGELS YounAol Pabuod dvomhaciog emkpatel n pewktn popen tov HPV16 DNA, oe
ouyKpon pe v emoopkn (21.6%) ko v evoopatopévn popen (2.7%) tov 100 (X% =
9.757 P = 0.0018). Emiong, otig mepurtddocic vyniod Pabuod arioiwong mapoatnpndnke
ONUAVTIKY EMKPATNON TNG HeKTNG popeng tov HPV16 DNA (85.7%), o€ ciykpion e v
EVOOUOTOUEVT] KAl TV ETOOWKY HOpeH Tov 100 (X° = 14.286, P = 0.0002). Télog, oTig
TEPUTTAOGELS KOPKIVOV EMKPATEL 1] EVOOUATOUEVT] LOPPT] TOL 100 OTOV GLYKPIVETOL LE TNV
EMOMUIKTN Kot TN pektq popoen tov HPV16 DNA (X2 =45, P <0.05) (Ewova 3.9 A).

Ocov apopd tov Adyo tov tuov E1/E6 vmoloyiotnke 611 1 kabopd emicwmpuxn
HOpPON TOV YOVISIOMOTOG TOV 100 eviomicOnke oe €vieka amd To TPLIVTO €MTA Ogiypota

xopmAot Babpod evéoembniiokng odroiwong (29.7%) kot og kavéva deiypa vymiov Babpon
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aAloimong kot kopkivov. H pewty popen tov yovidiopatog tov HPV16 evromicOnke oe
glkootl dvo amd to Tprdvta entd dOstypota yoauniov PBabpov aiioiwong (59.5%), oe gikoot
éVTE amod 1o £1KOCL OKTM delypata vymAov Babupov ailoiwong (89,3%) kot o mévie and ta
11 delyparta kapkivov tov TpaynAov ¢ ptpog (45.5%) (Mivakag 3.15, 3.16). Téhog
kaBopd evoopatopévn poper tov yovidiopatog tov HPV16 evtonicOnke o tpia deiypota
vynrov Badpov arroiwong (10.7%) kor oe €1 detypata kapkivov TOL TPAYNAOL TNG UNTPAS
(54.5%). EmumAéov, 1 kaBapd eVoOUATOUEVT] LOPOT TOV YOVISUDUOTOG TOV 100 gviomicOnke
oe T1éooepa Oetypata yapnAiov Pabuod arloiwong (10.8%) (IMivaxog 3.15, 3.16). ITwo
oLYKEKPIEVO, N Kabopd ETCOUIKY HOPPN TOV YOVIOI®UOTOS TOV 100 eviomileton e
peyolvtepn ovyvotto e yoauniov Poburod arrowdoelg (29.7%), eved dev mapatnpnOnke
OTOTIOTIKA ONUOVTIKY oOvOeon TG pektng popeng tov HPV16 DNA pe younioo Bodpod
aAloidoels. EmmAéov, ota detypata vyniod Pabuod aAloiwong emkpatel N HEKT] HOPOT|
oV yovidiopatog tov HPV16 (89.3%), oe clhykpion UE TV EMCMUKT KOl EVOOUATOUEVN
popen tov yovidiopatog tov v (10.7%) (X2 = 17.286, P < 0.0001). Emiong, n
EVOOUATOUEVT LOPPY] TOV YOVISIOUATOG TOV 100 PBpioketal pe peyaAlvtepn cuyvotntao oTig

nepmtooels kapkivov (54.5%) (Ewova 3.9 B).
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Kepalouo 3 Aroteléouazo

Ewéva 3.9. A. Katavopn g popeng tov yovidiopatog tov HPV16, peta&d yopmiod kot vyniod
Babuov evdoemBniiokng aAloimong Kot KapKivov Tov TpaynAov TG UNTPOS, HECH VTOAOYIGLOD TOV
Adyov tov tudv E2/E6. B. Katavoun g pnopeng tov yovidiouatog tov HPV16 peta&d deryudrov
YOUNA0D Kot VYNAoD PBabpod evdoemBnAlokig aALOIOoNG Kol KOPKIVOD, HECH TPOGIIOPICUOD TOL
Adyov E1/E6.
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Agtypa BoOpog aAroimwong E2 El E6 E2/E6 Mopon (E2/E6) E1/E6  Mopon (E1/E6)
PNL2 Xapniov Bodpov aAioimwon 800 721 820 0,98 eMicOUO 0,88 petypo
PNL3 XapnAov Bodpov aAloimon 110 240 240 0,46 petypo 1 gmicopo
ATT8 XopunAob Badpod oiioimon 60 260 265 0,23 petypo 0,98 enicopo
ATT10 XounAob Badpod oiioimon 13 12 13 1 emicopO 0,98 enicopo
ATT18 XounAob Badpod aidoimon 12 172 175 0,07 Letypa 0,98 enicopo
ATT23 XounAob Badpod orioimon 1944 1960 1970 0,98 emicopo 0,99 emicopa
ATT26 XounAob Badpod orioimon 4390 4320 4400 1 emicop 0,98 enicopo
858 Xapniov Bodpov aAioimwon 1565 1580 1600 0,98 gMicOULO 0,99 gmicopo
2279 XapnAov Bodpov aAloimon 1350 1365 1380 0,98 EMCOUO 0,99 enicopo
2290 XounAob Badpod orioiwon 110500 113650 114300 0,97 emicop 0,99 enicopo
ATT12 XounAob Badpod oiioimon 150 4400 4500 0,03 petypa 0,98 enicopo
ATT78 Xapniov Bodpov aAioimwon 80 0 110 0,72 petypo 0 gvoopdtmon
ATT91 XounAob Badpod orioimon 100 0 200 0,5 petypo 0 gvoopdtmon
ATT46 XounAob Badpod oiioimon 11 27 27 0,4 Hetypa 1 emicopa
ATT54 XounAob Babpod odloimon 208 163 214 0,97 eMicOLOL 0,76 petypa

Hivaxag 3.15. [Tapovcioon TV SeyHLATOV TOV GEPOLY TNV EMCMIKT LOPPT) TOV YOVISIOLOTOG TOV 100 HESH TOV TPOGIOPIoHOD TOV AdYoL TV TiUdV E1/E6 kot
E2/E6
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Agiypa BoOuog aAloiwong E2 El E6 E2/E6  Mopon (E2/E6) E1/E6 Mopon (E1/E6)
747 XopunAov Badpov oAloimon 12 7 86475 0 EVoOUATOON 0 EVOOUATOGCN
D7 XounAov Badpov aAloimon 24 0 154 0,15 peiypo 0 EVOOUATOGCTN
PNL1 Yynioo Babpov oAroimon 22 5 42 0,52 petypao 0,1 petypa
PNL9 YynioO Babpod oAroimon 15 7 80 0,18 peiypo 0,08 peiypa
ATT21  Yynio® Babpod aAloimon 8 7362 52000 0 EVOOUATOGCN 0,14 peiypna
D13 YynAioo Babpov oAroimon 0 0 83 0 EVOOUATOGCN 0 EVGOUATOON
D14 YynioO Babpod oAroimon 0 0 40 0 EVOOUATOGCN 0 EVOOUATOGCT
D15 Yynio0 Babpod arrloimon 0 0 54 0 EVOOUATOGCN 0 EVOOUATOGCTM
PNL7 Kapxkivog 5 13820 214440 0 EVOOUATOGCN 0,064 petypa
PNL16 Kaoapxkivog 84450 276200 950000 0,08 petypo 0,3 peiypo
D58 Koapxkivog 0 0 370 0 EVOOUATOGCN 0 EVOOUATOGCTM
D59 Kapkivog 15 10 16200 0 EVOOUATOGCN 0 EVGOUATOON
D60 Kaoapxkivog 12 7 15700 0 EVOOUATOGCN 0 EVOOUATOGCT
D61 Kapxivog 70 6 1600 0,043 petypa 0,004 petypa
D62 Kapxkivog 0 7 120 0 EVOOUATOGCN 0,05 peiypao
D63 Kaopxkivog 0 12 1000 0 EVOOUATOGCN 0,012 peiypo
D64 Kapxkivog 0 1 470 0 EVOOUATOGCN 0,002 EVGOUATOON
D65 Kapxkivog 0 0 1250 0 EVOOUATOGCT 0 EVGOUATOON
D66 Kaoapxkivog 0 2 1300 0 EVOOUATOGN 0,001 EVOOUATOGCT

Hivaxag 3.16. [Topovcioomn TV SEYHATOV TOV GEPOLY TNV EVGOUAUTMOUEVT] LOPOT] TOL YOVISIOLOTOG TOV 100 HECH TOV TPOGIOPIGHOL TOV AdYov TeV Tiu®v E1/E6

kou E2/E6.
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3.2.2.3 Lvuykprtikn perétn tov Loyov E1/E6, E2/E6

Me 1tov mpocdopicpd tov Adyov tov Twov E1/E6 kar E2/E6 ota idw dsiypata
napatnprinke Otl gikoot técoepa deiypota vynAod Pabuod aAloiwong, elkoot delyuata
YOUNAoU Babpod aAloiwong Kot 000 TEPUMTOCELS KOPKIVOL TOL TPAYNA0L TG UWTPOS PEPOLV
TN UEIKTH LOPPT TOV YOVISIOUATOS TOV 10V. AVTO 001YNGE GTO CLUTEPACLLO OTL GVVLTTAPYOVV
tpeic drapopetikol "tAnBucpol" HPV16 ota suykekpyéva detypota. [To cuykekpiéva, €vog
TANOLVGUOC OV PEPEL TNV EMCOWKY HOPET TOV 10V, £vog TANBLGUOC Tov €xel LIOOTEL
gvoopdtoon péow pnéng oto E1 yovidwo kot évag mAinbuopdg mov €xel vrootel prién oto E2
yovido, avtiototya. EmmAéov g €€t delypata younAiov Babuov adioioong (ATT10, ATT23,
ATT26, 858, 2279, 2290) mapatnphnke 0Tt 10 yovidiopa Tov 100 PBpioketor otn kabopd
EMOWOUIKN HOPPT], LEC® LTOAOYIGHOV TOL AOYoL TV Tw®mv E1/E6 ko E2/E6 (ITivokag 3.15,
3.16). Axéun, oe éva detypo yopniod Pabuod orroiwong (747), tpia dstypota vyniov
Babuov airoiwong (D13, D14, D15) kot og €& detypara kapkivov (D58, D59, D60, D64,
D65, D66) mapatnpndnke 6t o1 dvo Adyor EI/E6 ko E2/E6 deiyvouv 6Tt 10 yovidimpa tov
100 etvan eveopatopévo oto DNA tov kuttapov eviot (ITivaxag 3.15, 3.16). Avto iocwg va
opeiletal 6To YEYOVOG OTL 1] EVEOUATMOGT TOL 100 GTO KLTTOPIKO YOVIOI®UO TPOKAAEL TNV
EMAenyn oAOKANPNG TG TTEPLOYNS HETAEL TV Yovidiov E1 kot E2.

EmunAéov, oe mévie nepimtooelg youniod fabuod orroioong (PNL3, ATTS8, ATT1S,
ATT12, ATT46) o Loyoc E2/E6 deiyvel 0Tt 10 yovidimpo Tov 100 BpiokeTol 6 PEKTN LOPOT,
eved o€ 0 Aoyog E1/E6 deiyvet 0Tt 0 10¢ Bpioketar o popen| emoopartog (ITivakag 3.15, 3.16).
Av10 lomwg va opeileTon 6TO YEYOVOS OTL oTa delypata avtd 1 evooudtoon tov HPV16
YOVIOIOHOTOG £xEl Yivel amokAeloTikd povo pécm pnéng tov E2 yovidiov. AvtiBétwg, oe 600
TEPWTAOGELS Yapuniov Pabuod ailoimong (PNL2, ATT54) o Adyog E2/E6 oeiyvel, 6tL 10
YOVISIOUO TOV 100 €ivol GE EMOMUIKT LOpPT, eV 0 Aoyog E1/E6 deiyvel 6t 0 10¢ PpiokeTon
ot pewty popen tov (Iivaxoag 3.15, 3.16). To yeyovdg avtd icmg va opeileton otV
eV UdT®mon Tov Yyoviditdpatog tov HPV16 amoxieiotikd péow pnéng tov E1 yovidiov.

Axoun og TPEIC TEPUTTMOGELS Kapkivov tov Tpayniov ¢ uftpog (PNL7, D62, D63)
Ko pia mepimtmon vyniov Babuod evdoemOnitokng odroiwong (ATT21) moapatnpeital, 6tL 0
Aoyog E2/E6 delyvel evompdtmon Tov 100 6T0 KLTTOPIKO Yovidimpa, v ota oo delypota o
Moyog EI/E6 mpoPAémer tnv Vmopén TG UEKTAG HOPPNG TOV YOVIOIMUOTOS TOL 10V.
AvtiBétwg, og Tpelg meputdoelg youniov Baduod airoiowong (D7, ATT78, ATTI1) o Adyog
E1/E6 mpoPAéner 6011 0 10¢ eivar evoopatopévog, eved o Aoyog E2/E6 odelyver 011 0 10g

Bpioketon oe pewtn popoen (Iivaxag 3.15, 3.16). Ot dtupopég avTég TOL LLAPYOVY GTA ENTAH
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detypota, iomg va opeihovtal 6€ SLOPOPETIKE TPOTLITOL EVGOUATOGCNS TOV 100 GTO KLTTUPIKO
yovidiopa, g avadldtaén Tov YOVIOIOUOTOS TOL 10V 1| GE GCLGCMPEVCT UETOAAAEEDV OTN
nwepoyn v yovdiov El kot E2 tov HPV16 otedeydv mov xvukho@opovv otov EAAnvikd
mnBououd, pe amotéAecua Vo, TPOKVTTOVV SOPOPETIKE dedopéva e Tovg d00 AOYOUG T®V
Tiuwv E1/E6 kar E2/E6. TTapdia avtd, mapatnpeitor 6TL 0 GLVOLACUOS TMV OTOTEAEGUATOV
tov Myov tov tweov E1/E6 xoaw E2/E6 pmopel vo dmGel onUOvVTIKEG TANPOPOPIES Yoo TN
popen tov yovidiwparog tov HPV16 oe khvikd detypota, kabmg emiong Kor vo dMoeL

TANPOQOPIES Y1l TOV TPOTO OV O 10G EYEL EVEOUATM®OEL GTO KVTTAPIKO YPOUOCOLLAL.

3.3 IIpocdropiopds BEcemV EVEOUATOONS TOV 100 6GTO KUTTUPLKO YPOROCONA

210 tEAELTOIO HEPOG TNG SlaTPIPNg TpayHaTOTOONKE O TPOGOOPIGUOG TV BEcE®V
EVOOUATOONG TOL 100 GTO KLTTOPIKO Ypopdcoua pe  Ponbeia g pebodov RS - PCR
(Restriction Site PCR). H cuykexpyévn pébodog Paciletor otn PCR kat t yprion €01k®dV
EKKIVNTIKOV popiwv mov vPpidilovial oe cuYKEKPEVEG BEGELS TOV YOVISIOUATOG TOL 10V Kot
ocvvdvdlovtal otV ovTIOPaoT HE EKKIVNTEC TTOVL OMOKOAOVVTOL EKKIVNTEG OVAYVAOPIONG
Béoemv mepropiopov (Restriction site oligonucleotide primers, RSO) (Ewéva 2.2). Zoupmvo
HE TNV OVAALCYN TOV OTOTEAECUAT®V OVOUEVOVTOL TPELG OlOPOPETIKEG  KaTyopieg
aAAndlovyidv. o) oaAAniovyiec ot omoieg meptlopPdvouov povo kuvttopwd DNA, B)
aAlnAovyiec mov meptlapupdvouv povo ukd DNA kot v) aAinlovyieg mov meptlappdvoovv
oVvdeoT UKoy katl Kuttaptkov DNA, 0nm¢ éxel TpokOyel HeTd amd TV EVEOUATOGT TOV 100
GTO KLTTOPIKO YPOUOGOLLL.

And Vv avdivon TovV oAAniovyidv mov mepAapuPdvouv pdvo TUNUOTO TOL
yovioropotog tov HPV16, eviomiomnkav 6€ TPES TEPMTMOELS KOPKIVOL TOV TPOYNAOL NG
unTpoG, o mepimtwon vyniov Pabuod evdoemOnilokng aAloiwong kol oe TECCEPLG
TEPMTOCELS YOUNAOL Pabpov evdoemOniiokng aAloiwone, @aivopeve ovadldtoEng Tov
YOVIOLOLOTOS TOL 100 pe avaotpoon). [To cuykekpipéva, oto delypa kapkivoo PNL7 pe tov
ovvdvaoud Tov ekkivntov HPV16-2964-25D (vBpwiletor otn 6éom 2964 tov HPV16 DNA
E2 yovidwo) ka1t RSO-Bam (vBpwiletor oe Béon avayvopiong tov eviOUOL TEPIOPIGHLOV
BamHI), evtoriotnke pia eviaio aAiniovyia, n oroia mepthopfavel Tunpa tov yovidiov E2
Kot TURpe ¢ aAAniovyioag tov L1 yovidiov pe ovtiBeto mpocovatolopo. Ilo
ovykekpipéva, n Béon 1 €wg ™ Béon 373 avtiotoyyel ot Béon 2965 émg 3337 tov E2
YoV1diov pe mpocavatolcpd 5' - 3', evd otn cuvéyela 1 aAAnAovyia amd ™ 0éom 372 £mg

0éon 659 avtiotoyel otn meploy HETAEL TV VOukAcoTdimv 6418 €wg 6151 tov L1
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yovidiov pe avtifeto mpocsavatoiiopo (3' - 5') (Ewdva 3.10 A). Onwg eaiveton oty gova
3.10 A n mepoyn petald tov vovkieotwdiwv 3337 émc 6418, 1 omola mepthapfdver
ocuvéyela tov E2 yovidiov, to E4, ES, L2 ot tuiua tov L1 yovidiov éxet amoieipbel ko
ovveyilel tuqua tov L1 yovidiov pe avtibeto mpocavatoioud (3' - 5).

EmnAéov og d00 mepumtdoelg kapkivov tov tpaynrov g untpag (D59, PNL16), ot
plo mepintwon  vyniov Pabupov evooemiOniaxkng aAloimong (ATT21) ko oe téooepig
TEPUTAOGELS YopunAoD Pabpov evooemOniakne arloimong (ATT6, ATT78, ATTI9l ko
ATTI8) pe tov cuvdvoouod tov ekkivntov HPV16-790-25D (vBpudileton ot Béon 790 tov
HPV16 DNA - E7 yovidw) ka1t RSO-Bam (vBpidiletor og Béon avayvopiong tov evivpov
neplopiopov BamHI), evtoniotnke éva d10popeTikd TpdTLIO OVAdIATAENC TOV YOVISIDUOTOG
tov 100 pe avaotpogn. Il ovykexkpyéva, evtomiomnke o oAiniovyio 1 omoia
nepthopPdver tunpa tov E7 yovidiov, tunpa tov E1 yovidiov kot tpumpa tov L1 yovidiov, pe
avtifeto mpocavatoiiopd (3' - 5') (Ewova 3.10 B). H adiniovyia petald tov 0écewv 1 €mg
269, mepriopPdverl ) meployn HETOED TV VOLKAEOTOIwV 790 ém¢ 858, mov avticTolyel 6to
téhog tov E7 yovidiov kot T meployn twv voukAieotidimv 865 £wg 1059 mov meptlappdvel
v apyn tov E1 yovidiov pe mpocavatoriopd 5' - 3'. Tt cvvéyela petad tov Bécewmv 270
€m¢ 326 axoiovBei n meproyn tov L1 yovidiov peta&d tov vovkieotidiov 6207 éwg 6151 pe
avtifeto mpocovatoiiond (3' - 5'). Onwc eaivetar oty gikova 3.10 i mepoyn petold tov
vovkAeotdiov 1059 éwg 6207,  omoia mepthapPdavel ) cvvéxewn tov E1 yovidiov, kot
oAOKANPEG TIG TepoyEg Tov yovidiov E2, E4, E5, L2 kot tpuqpatog tov L1 yovidiov €yet
amarelpOel kot cuveyilel Tunipo tov L1 yovidiov pe avtibeto mpocavatohopo (3'- 5.

[No va emPePoarwbet n dmapén ™c avadidtaéng tov yovidiwupatog tov HPVIG,
OYEOACTNKOV EKKIVITIKO HOPLa, To Oomoia oToyevovy o BEcelg ekatépmwbev Tov omnueiov
ovvdeong TV 600 aveotpappévav tunuatov tov HPV16 DNA (E7, E1-L1 kot E2-L2). Ot
exkivnTég oyedomkay pe Pdaon v oAAnAiovyic ¢ avadidrang yw kdbe delypa
Eexoprotd. Emopévog, yioo v emPefaioon g avadidraéne E7, E1-L1, 1o (evyog twv
exkwvntov RSE1F1-RSE1R1 epapuoonke ota dsiypota ATT6, ATT21, ATT78, ATTI1
ATT98, evd to (ebyog RSE1F1-RSE1R2 epappoomke ota osiypota AS59, PNLI16.
Emumiéov, yuo v avadidtaén E2-L1 oyedidotnie kot epapudotnke 10 Levydpt eKKivnTodv
RSE2F1- RSE2R1 ywo ™ mepintoon kapkivov PNL7. And v avdivon tov anoteAecudtov
emPePardOnke oe Olo ta delypata to Qorvopevo ¢ avadtdtaéng tov DNA tov 100.
EmumAéov, mpocpatn perétn mpdteve v OTapEN avTicTOlY OV QUIVOUEVOV avadldTaéng o

evoopatopévo pope HPV16 DNA mov mpoépyovial amd T KopKIVIKY KUTTOPIKY GEPE
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Caski (Akagi et al., 2014). O poiog TV VEwV aAlnlovyidV oty TaboyEveld TOL 100 Kal O
TPOTOG Le ToV 0moio £xovv oynuatiotel cuveyiletal va depevvdrar.

Téhog, ot mepimtwon kopkivov tov Tpayniov ¢ untpog D59 extdg amd v
aAlndovyio avadidraing tov ukob DNA eviomicmnke pe 10 cLVOLAGUO TOV EKKIVITOV
HPV16-790-25D (vBpdileton ot Béom 790 tov HPV16 DNA - E7 yovidio) kau RSO-Bam
(vBpdileton oe BEon avayvodpiong tov evibpov meproptopudv BamHI), pwo aAiniovyio wov
nepapPavet Tov cvvovacud ttkov DNA kot dyvootng péypt otiyuns aliniovyiog (Ewkéva
3.10 T ). TTo ovykekpyéva, n aAiniovyio tov deiypatog D59, mepihopfdver petald tov
Béocewv 1 émg 145 ™ meproyn peta&d tv voukieotdiov 790 émg 858, mov aviiotoyel 6to
téA0G Tov E7 yovidiov kot ) meproyn T@v voukAeoTdinv 865 £mg 934 mov avtictotyel oto 5'
dxpo tov E1 yovidiov pe mpocavatolopd 5' - 3'. EmumAéov, and ™ 0éon 146 €wg 188
VILAPYEL VOLKAEOTIOIKT aAANAovYia, 1 ool OV avTioTolXEL € aAAnAovyia Tov 100, eV dg
umopet va d1evkpviotel akpBdS 1 TOVTOTNTA TNG GLYKEKPIUEVNG aAANAoVYiaG Le TN Por sl
tov mpoypaupatog NCBI BLAST (Ewova 3.10 T'). T 10 okond avtd oyedldotnke £vog
eEKKVNTNG, 0 omoiog vPpudiletar akpiPdc ot Béom obvoeong T™C UKNG Kot AyvOOTNG
aAAnAovyiog, Tl MGTE VO GLVOVACTEL LE TOVG EKKIVITEG OVOYVAPLoTG BEGE@V TEPLOPIGHOD
(Restriction site oligonucleotide primers, RSO). H dwadikacio avt) Ppioketol o eEEMEN e
o016Y0, va evioyvbel peyoddtepo TuNpa TG aAANAovyioag kot va tavtomon el pe akpifea n

0éom g dyvaootng aAANAoVYiaG 6TO KLTTOPIKO YPOUOGHLLO.
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Ewova 3.10. A) Avadidtoén tov yovidiopatog tov HPV16 nov mepiapfaver amd ) 0éon 1 g ™
0¢om 373 ) meproyn tov E2 yovidiov (npdotvo) petald tomv vovkieotdiov 2965 Emc 3337, kot and
1 0éom 372 émg 659 meprropfavel v meployn Tov L1 yovidiov (kitpivo) peta&d tmv voukieoTidimv
6418 ¢w¢ 6151 pe avrifeto mpocavotorioud (3' - 5'). B) Avadidraén tov yovidiopotog tov HPV16
mov mepthapPavel amd T 0éon 1 €wg 269 1 mepoyn tov E7 yovidiov (kdkKivo) pETOED TV
vovkAeotidiov 790 émg 858, kot To 5' dxpo Tov El yovidiov (mpdoivo) peta&d tov voukieotidiov
865 émc 1059 ko amd ™ Béon 270 émg 326 akohrovbel n mepoyn tov L1 yovidiov petald tov
vovkAeoTdimv 6207 £m¢ 6151 pe avtifeto mpooavatolioud (3'- 5Y). I') Eto deiypo A59 gvtomiotnke
N obvdeon ukod DNA pe dyvootn aiiniovyio. Metald tov 0écemv 1 g 145 mepiéyetol to TEAOC
tov E7 yovidiov (790 - 858) (koxkivo) kot to 5' dxpo tov El1 yovidiov (865 - 934) (nmpdowvo), evd
amo T 0éon 146 g 188 vapyetl Ayvootn voukieoTidtkny aAiniovyio (Lovpo).
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EmumAéov, mpaypatoromOnke cuykpitikn perémn petald tov Aoyov tov Tipdv E1/E6,
E2/E6 ko tov mepumtocemv  avadoldtaéne. Ilo  ovykekpiuéva, oto Ogiypoto  mwov
napovstalovy 1o 1010 potifo avadidraing tov yovidiwpatog tov HPV16, peta&d g
nepoyns E7, E1-L1 mopatnpnOnke, 61t ot nepumrtmwoelg PNL16 (kapkivog), ATT6 o
ATTI8 (youniov Babuod aAloimwon) EmKPOTEL LEIKT LOPPT] TOV YOVISIOUATOS TOV 10V, EVED
to detypo D59 (kapxivoc) gépel pOVO TV EVOOUATOUEVT] LOPEYT] TOV YOVIOUDUATOS TOV
HPV16 (ITivaxog 3.17). Avtifétmg, oto detypo ATT21 (vymiod Babuod arioimon) o Adyog
E2/E6 delyvel evompUdtmon Tov 100 610 KLTTapIKO yovidiopa, eved o Adyog E1/E6 mpoPAémet
Vv Omapén TG HEIKTNAG HOPPNG TOV Yovidldpatog tov 10b. EmmAiéov, ota dsiypo ATTT7S,
ATTI1 (yopunio® Pabuod oaArroiwon) o Adyog EI/E6 mpoPAémer 6t1 0 10¢ &ivon
EVOOUOTOWIEVOC, eV 0 AOYog E2/E6 delyvel 011 0 10¢ Ppioketon oe pewktn popen| (Iivakog
3.17). Tékog, oto deiypo PNL7 (kapkivog) to omoio mopovctdlel SlopopeTikd potiffo
avadidtaéng tov HPV16 DNA (E2-L1), o Adyog E2/E6 deiyvel evompdtmon tov 100 610
KLTTOPIKO Yovidiopa, eved o Adyoc E1/E6 mpoPAémet v dmapEn TG UEIKTNG HOPPNG TOV
yovioropotog tov v (ITivakag 3.17). Ta amoteléopata avtd vioyvovy TV vodeon OTL 1M
acLUEOVia ToV arotedecpdtov Tov Aoyov E1/E6 kot E2/E6 o opiopéveg mepintdoelg
(ATT21, ATT78, ATT91, PNLY7), icowg vo opeidetan og powvopeva avadidtaéng tov HPV16
DNA. Tw tov Adyo avtd mepdaupato Ppiockovior okdpo oe €£EMEN, €tol dote va

OEVKPIVIGTOVV TO OUTIO ALCVLULPOVIOG TOV ATOTEAECUATMOV KO OTIC VTOAOUTEC TEPUTTDGELC.
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Agtypo | Babpdg evooembniioxrc alhoiowong | E2/E6 [ Mopery HPV16 DNA | E1/E6 | Mopery HPV16 DNA Avadidtatn HPV16 DNA
ATT6 XopnAiov foabdpov aihoioon 0,33 netypor 0,57 Letypor E7, E1-L1, (790-1059, 6207-6151)
ATT78 Xopniot Padpov adroimon 0,72 petypa 0 EVOOUATMON E7, E1-L1, (790-1059, 6207-6151)
ATT98 Xopniot padpov adroimon 0,45 petypa 0,07 petypo E7, E1-L1, (790-1059, 6207-6151)
ATTI1 XopnAiov foadpov aikoioon 0,5 petypor 0 EVOOUATOON E7, E1-L1, (790-1059, 6207-6151)
ATT21 Yyniov Babpiod oddoimon 0 EVOOUATOON 0,14 ety E7, E1-L1, (790-1059, 6207-6151)
PNL7 Kopxkivog 0 EVOOUATOON 0,064 etypor E2-L1, (2965-3337, 6418-6151)
PNL16 Kopxkivog 0,08 netypon 0,3 uetypor E7, E1-L1, (790-1059, 6207-6151)
D59 Kapkivog 0 EVOOUATMON 0 EVOOUATMON E7, E1-L1, (790-1059, 6207-6151)

Mivaxag 3.17. Zuykevip®TIKA OMOTEAEGLOTO OE OKTM KAWVIKA OELYHOTO 0O TOV TPOGOIOPIGUO TG LOPPTS Tov Yovidiouatog tov HPV16, péow tov Adyov twv
tudv E1/E6, E2/E6 kot ¢ avadidTaéng tov yovidudpotog tov HPV16.
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Kepdraro 4

4. Xolntnon

Ot 10l Tov INhopdtov eEeliydnkay yio exatoppdpla ypdvia yio va emPBLdcovy o
éva gupy paopa Cotk®V 0V, petald tov omoiwv kot o avBpwrog. O 16¢ twv AvOpomivev
Onlopdtov (HPV) arotelel o etepoyevi| opdoa 10V Le O10popeTIKO MONALOKO TPOTICUO
Kol otpatnyikég KokAov {one. Ot ol tov AvBpomvov Oniopdtov dtaywpiloviar 6Tovg
tomovg younAov (low-risk) kot vyniod kwvévvov (high-risk). Ot mo cvyvé eppaviidpevor
HPV tdmot vyniot kivdvvovu eivar ot HPV16 kar HPV 18, o1 omoiot evronilovtot 6to 56,6%
Kot 16% tov Tepmtdcemv KapKivov Tov Tpayniov g untpog maykoopiog (Li et al., 2011,
de Sanjose et al., 2010). Ot HPV tHmot vymiod kvddvov mTpokaAodv S1apopovg THmovg
KopKivov, copmeptAapuPavovtoag OAEC TIG TEPUTTAOGELS KOPKIVOL TOL TPAYNAOL NG UNTPOG,
éva LEYAAO TOGOGTO JLAPOPETIKMV TOTOV KOPKIVOL TOV OVUPOYEVETIKOV GUGTNUATOG, KAO®MS
emiong Kot 0yKovg oto otopatoeapvyya.(Cubie, 2013). H gupdvion kapkivov cuvdéetat pe
"emipovn" poéAvvon pe HPV tHmouvg vyniod kivohvou kon pe v amopHopion g EKepaong
TV ukdv oykoyovidiov E6 xou E7. H aveéheyktn €kppoon avtdv Tov oykoyovidiwv
oonyel OTOV EKTETOUEVO TOAAATANGIOCUO TOV HOAGUEVOV KOUTTAP®V, OTNV OTEAN
emd0pbwon tov DNA kot 6t cveo®pevon YeEVETIKOV AaBDV GTo LOAVCUEVO KVOTTOPO
(Doorbar, 2012).

[TapdAinia pe ™ dpdon TV OYKOTPMTEIVMV TOL 10V 1| "emipovn" poéAvven and HPV
TOTOVS VYNAOD KIVOUVOL GLVOEETOL HE OVEAVOUEVO KIVOUVO EVOOUATOONG TOV 100 GTO
KUTTOPIKO Ypopdcmpa kot v eEEMEN g alhoimong og kapkivo. ‘Exet mapotnpnOet 6tin
evoopdtowon tov HPV16 610 xuttapikd yovidiopa yivetonr pécm piéng e CLVEKEWNS TOV
E1 1 a1 E2 yovidiov (Kalantari et al., 1998, Arias-Pulido et al., 2006, Cricca et al., 2009).
To yeyovdg awtd divel tnv duvatdTnTo 6Tov 10 va Sleyelpel ToV KVTTAPIKO KUKAO LE S0pKT
€lc0d0 TOv KLTTAPOL OTN QoM TG piTOoNG, divovtag GTe HOAVGUEVE KOTTOPA 1oYLPO
avorttuélokd  mheovéktnuo. (Jeon et al., 1995a, Doorbar, 2012). O ovveyng
TOALOTAQGLUGUOG TOV LOAVGUEV®V KLTTAP®Y TPOKOAEL CLCCMOPELGT YEVETIKOV A0ODV Kot
amocTOHEPOTOINGT TOV YOVIOIOUATOG TOV EEVIOTH UE OMOTEAECUO TNV OVATTLEN KOPKIVOL
(Duensing et al., 2009).

2 Tapovoa SIOaKTOPIKY daTpipn Aappdvovtog voyn ot o HPV16 eviomiletan og

névo ond 10 50% TV TEPITOCEDV KAPKIVOL TOV TPAyNAOL TNG UATPOS TpayLaTomo|OnKe
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VOUKAEOTIOWKT], OUIVOEIKT KOl (QLUAOYEVETIKY] GVOAVLGON GE OAOKANPN OYEOOV TN TPMIUN
mePLOYN TOL Yovidtwpatog tov HPV16, cuunepthapfavovtag ta yoviowa E1, E2, E4, E6 kot
E7 oe wxhvikd tpoymikd Oetypoto mov cvAAéyOnkov amd tov EAAnvikd yvvaukeio
mnBvoud. H perémn avt) npaypotonom)dnke pe okond va tpocsdlopiotohlv YOVIOIMUATIKES
TPOTOMOMNGELS, OMWG WETOAAAEELS, OmMAOCLOoUHOl, EAAEIYES Kol  €VOECES OTN TPOIUN
neployn tov HPV16 yovididuatog Kot vo GLGYETIoTOVV Ue T0 Babud g evooemOnAlakng
aAlolOoNG, €&VO TOPAAANAC  XOPOKTNPIOTNKOV Ol  OlOQOPETIKEG  TOPOAAAYEC  TOL
yovidiopatog tov HPVI6 mov wvkhoeopovv otov EAAnvikd mAnbBoopd. EmmAéov,
TPOYLOTOTOONKE AvVAAVGN TNG EMAEKTIKNG TECNG TOL OCKEITOL GTNV PO TEPLOYT TOV
YOVIOLOUOTOS TOV 100 pe 0TOY0 va peretnBel 1 e€EMEN TV Tpdiuwv yovidiov tov HPV16.
Emumpdcheta, Aapfavoviag vroyn ott n "emipovn" poéivvon ond HPV16 oyetiCeton pe
aLEAVOUEVO KIVOUVO  EVOOUATMONG TOL 100 GTO KVTTAPIKO YOVISI®LLO, TPOyUATOTOm0nKE
TPOGOIOPIGUOC TNG HLOPPNG TOV YOVIOLOUOTOS TOV 100 GE KAWIKE TpoynAKE deiypoto Kot
ovoyetiotnke pe Tov Pabud g evooemOniaxng aAloimong, pe okond va ypnotpomondet
¢ deikng e€EMENG TG evooemONAOKNG 0ALOIMONG GE KOPKIVO TOV TPOYNAOL TG UATPOG.

Téhog, TpocdlopioTnKay 01 0EGEIS EVOOUATMONG TOV 100 GTO KLTTAPLKO YOVISIMLLOL.

4.1 NovkAeoTI01K1] avaivon Tov yovidiov E6 kol E7

H avéivon tov yovidiov E6 kot E7 mpaypatoromnke pe okomd va peietndovv ot
EVOOTLTIKOL TOAVUOPPIGHOL TTOL YOPUKTNPILOVV TIG TEVTE JUPOPETIKEG TOPUAAAYEG TOL
yovidiopatog tov HPV16 (Yamada et al., 1995, 1997, Wheeler et al., 1997, Swan et al.,
2005, Pande et al., 2008). ITopdiinAa evtomicTnKov VOUKAEOTIOKES UETOAAGEEIS oTa
HPV16 otehéyn mov kvkAogopovv otov EAAnviké mAnbvopd. Amd T oavaivon g
aAiniovyiog tov E6 xou E7 yovidiov mopatnphiOnke 011 m mo ovyvd speoviidpevn
napaAloyr] Tov yovidiopatog tov HPV16 givor n Evporaiky mapaiiayr (T350G) ko
QUECOG LETO o€ emimedo cuyvotnTag akolovbel to mpotvmo otédeyog (Andersson et al.,
2000, Zuna et al., 2009). ITio ovykekpéva, 1 Evponaiky moporiayn evtomiotnke o610
65.2% tov derypbrov vyniod Badpod arioimong kot 6to 64.2% TV TEPIMTOGEMY YOUNAOD
Babupov aAroimong, eved to mpdtumo otédeyog (350T) evromiotnke oto 26.1% TV detypdtov
vyniob PBadrod airoimong kot oto 35.7% tov detypdtov youniod Pabuod aAiloiwong.
[Tponyovpeveg pekéteg €govv mpoteivel, 0TI 1| pOAVvon and un Evponaikéc mapailayég Tov
yoviduopotog tov HPV16 emnpedlovv v e€MEn g evdoemOniokng aAAloimong oe

KopKivo, ovagépovtag onpoviik oovoeon e HPV16 evdotvmikng mapaiiayng Asian

127

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Kepdiaio 4 2vlntnon

American pe v guedvion kapkivov tov tpayniov g pnitpog (Junes-Gill et al., 2008,
Quint et al., 2010, Sanchez et al., 2011, Tornesello et al., 2011). Zoupwvo pe v avaivon
tov E6 ko E7 aAlndovyiov pn Evpomoikéc moapoaAilayés Tov YOVIOIOUOTOS TOL 100
yapoxtpiomnkov oe téooepa oeiypata  (PNL7, A3, A4, Al7). ITio ovykekpyéva, m
evooTuTIKY TapaArayny tov HPV16 yovidubpotog Asian American, evtoniotnke oto detyuo
PNL7, to omoio yapoaktnpiotnke G KOPKIVOG TOL TPOyNAoL TG UNTPOS KOl 6TO Oelyua
vyniot Padbuod arroimong A3. EmmAéov, oto deiypa vymiov Pabuov aAiloiwong A4
evtomiotnke M evootumikn mopaiiayn African type I, evd oto deiypo Al7 evromictnkov
napdAinia ot evdotvmikég maparayéc African type Il ko European. To deiyua A17 givan n
LOVOOIKY] TTEPITTMOTN OTNV Omoio avapEPOnKe UEKT HOALVON HE TEPICGOTEPEG OO ia
TAPOAAAYEC TOL YOVIOLOUATOG TOV 100. Zvumepoaopatikd un Evpondikéc mapailayés tov
HPV16 kvkiogopoldv otov EAAnvikd mAnbuopd kot eviomifovior oe youniod kot vynAov
Babuotd dvomhacies. H ocvykekpipuévn pedétn eival n mpdN Tpoomdbeia, Tov enyelpel Tov
YOPAKTNPIGUO EVOOTLTIKMOV TOPUAAAYDV TOL KLKAOQPOPOLV oTtov EAAnvikd mAnBuouo.
[Mopoha oavtd omoutodvior TEPIOCOTEPEG EMONUOAOYIKEG LEAETEG €TOL  DOTE vV
TPOCOOPIOTEL 1 GLYVOTNTO EUEAVIONG TOV EVOOTLMIKAOV TAPUAAAY®V oTov EAANVIKO
TAnBvopd Kot va cuvoefovv pe To Pabud g evdooemOnilakng aAloiwong.

EmumAéov, o mo cuyva epeoaviOUeVog TOAVLOPPIGUOS TTOV aviXVEDTNKE GTA OElYIATO
ov avolvbnkav otn mapovca epyacio sivar o T350G, o onoiog evromiletal otnv mpdTLTN
aiAniovyio tov HPV16 evdotumikdv maparraydv European kot Asian American. (Yamada
et al., 1995, 1997, Wheeler et al.,, 1997, Swan et al.,, 2005, Wu et al., 2006). O
molvpopeiopnds T350G mpokaiel v apvolkny oddayn L83V wou €xet mpotabel OTL
emkpotel og VYNAOV Pabpov dvomhacieg, evd mapdAinia €xel avapepOel OTL cuvdEeTL LE
mv EEMEN TG evdoemONAOKN G aAloimong 6g KapKivo Tov Tpayniov ¢ uitpog (Yamada
et al., 1997, Andersson et al., 2000, Grodzki et al., 2006). tn napovca epyacio 1 apvoEikn
aAhayr L83V moapovcioce ion xoatavour] petald tov derypdtov vyniod Pabuov kot
younAov Pabpod evdoembniokng oiroiwong. Mo ocvykekpiéva n petdriialn L83V
evtomiotnke oto 69.5% TV TEpmTOGE®V VYNAOD PBabpov aAloimwong kKot 6to 64.28% TV
TEPUTAOCEDV YOUUNAOD PBabpod aAloiwong, eved TapdAAnio eviomicTnke o€ VO deiypota
OV YapoKTnpioTnKaV ¢ KapKivog Tov tpoynrov g untpag (PNL7, PNL16). H napovoia
g petdAroéng L83V oe mepumtdoeig youniod Pabpov oarioimong, amotelel €voeiEn
eEEMENg g evooesmOniokng aAloiwong amd yapnAov Pabuod orroimong o€ vLYNAOL

Babuod aAioimon kol Kot' eméKTOoN GE KOpPKivo TOL Tpayniov tng untpos. Emouévag, n
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aviyvevon g petdAraéng L83V oe kAwvikd tpayniikd delypoto o€ TPOIUO GTAO0 UmopEl
Vo 0CEL ONUOVTIKEG TANPOQOPiEG Yoo TOV TPOMO HE TOV Omolo 0 KAWVIKOG ylutpoc Oa
dwyelprotel v evooemBnAlakn aAloimon).

[MopdAAnAo pe TV OviyvVELOT GLYKEKPLUEVOV EVOOTLTIKAOV TOAVUOPOIGUOV TOL
yopaxtnpilovy TG TEVTE SPOPETIKEG EVOOTLMIKEG TAPUAAAYEC TOL YOVIOIDUOTOS TOV
HPV16, eviomiotnkav gvvén VOUKAEOTIONKEG HETOALAEES 0T TEPLoyn Tov Yovidiov E6 kat
entd petaAddelg otn mepoyn tov yovidiov E7, ot omoieg dev €yovv avapepOeil Eava ot
Broypapio. Oleg ot karvovpyleg HeTaAldEELG oV avapépOnkay eviomilovial og detypota
To. ool opadomoOnkay 610 1610 PLAOYEVETIKO KAadl pe v Evpomaikn mopoiiayn tov
YOVIOLOUOTOS TOL 10V. Ot VOUKAEOTIONKEG Kot ApVOEIKEG LETAALAEELS TOV gvTomilovTol oTa
yovidwa E6 kot E7 g Evponaikig mtapaiiayng tov HPV16 mov kvukhoeopei otov EAANviKo
mnBuoud dMnidvovy, 0Tt ta oykoyovidla E6 kot E7 mapovotd{ovv onpavTiky VOUKAEOTIOK)
Kol opvoEikn petafaAntomta. H ocvoodpevon petodrdéemv icmog va ogeileton omnv
EMAEKTIKY Tieom mov aokeiton oto yoviolra E6 ko E7, pe amotéhespo vo EmKpotovyv 6To
YOVISI®OUO TOV OTEAEXDV HETOAAAEELS, TOL EVVOOVV TNV CAANAETIOPOAOT TOV OYKOTPOTEIVAOV
HE SoPOPETIKEG TAPAALOYEG KLTTAPIK®OV Tp@TEiviKOV otoywv (DeFilippis, 2002, Chen et
al., 2005, Carvajal-Rodriguez, 2008). Ot dvvdpelc mov 0dnyodv otnv eEEMEN TV yovidinv
tov HPV16 ko1 o tpoémog pe tov omoio M emhoyn emdpd 6€ CLYKEKPIUEVES BEGEIC TOV
YoVIdL®patog Tov 100 Ba suintnBoldv otn cuvEELa.

EmumAéov, amd ™ voukAieoTdkn avaivon tov yovidiov E6 kot E7 mapatnpnnke n
vmapén 6vo véwv E6-E7 aAinlovyiov oe tpion kKAvikd dsiypota. [Tio ovykekpipéva, oto
oetypoe vyniod Pobpod aArroiwong AlS petald tov vovkieotwiowv 123 €wg 350
TOPATNPEITAL VOUKAEOTIONKT) OHOOTNTA pE TNV EVOOTLTIKNY apailoyr Asian American, evod
petald twv voukieotdiov 350 émg 839 amovoidletl évag evoOTLTIKOS TOAVUOPPIGHOG GTO
yovidlo E6 (A532G) xor évog evooTumikog moAvpoppiopog oto yovisto E7 (T732C). H
OmTOVCI0 TOV GLYKEKPUEVOV TOAVUOPPIGUAOV TOPOTNPEITOL GTN TPOTLTN aAANAovLYio TNG
HPV16 evdotvmikng maporiayng African type I. [TopdAinia pe ™ voukAeoTdky avdAivon,
10 Tpdypappa SBP £oeiée £voelEn avacvvovaouov ot Béon 406, evd n avaivon Bootscan
anédelée 0Tl 1o deiypa AlS opadomoteitan pe Tig evooTumIKEC mapailayég Asian American
ko African type | oe dwopetikéc meployés g arAniovyiog E6-E7. TMapodia ovtd,
TPOCPUTO OTOSEIYTNKE OTL GLYKEKPIUEVOL EVOOTLTIKOL TOAVLOPPIGLOTL £VTOG TOL Yovidiov E6
Kot TG puBuetikng meproyng LCR, emrpémovv m tavounon tov Tévie KOPLOV YEVOV TOV

EVOOTLTIKAOV  TOPOAAAYDV TOL yovidiwpatog tov HPV16, oe vynidtepov Pabuod

129

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Kepdiaio 4 2vlntnon

ta&wvounong yapaxtmpiCovrag tig "vmoyeviec" (Cornet et al., 2012). ITio ocvykekpuéva
amodeiynke OtL N evdotumikn TapaAiayny Asian American dwaympiletoar oTig "vIoYEVIES”
Asian American 1, Asian American 2, kot North American. H amovcia tov ToAvpop@iopod
A532G ot0 E6 yovidio mov mapatnpnnke oto delypa AlS evtomileton oty "vmoyevid"
North American. Emopévog, 1 ovykekpuévn aAiniovyio umopei va amotedei £voeién ot
otov EAMnvikd minbuoud kvklogopei n "vmoyevid" North American. Qotoco, 1 opotdtnTo
¢ vroyeveldg North American pe v evootvmikn maporiayn African type |, peta&d tov
voukAeotdimv 350 émg 839, odnynoe oto cvumépocue OTL Ol LAOYEVIEG TOL £YOVV
neprypopel pmopet va givor mpoidvro ovasuVOVAoUOD HETAED OLUPOPETIKOV EVOOTLTIKMOV
TOPOALAYDV TOV YOVIOLDOUOTOG TOL 10V, YEYOVOS TOV O1VEL ONUAVTIKEG TANPOPOPIES Yo TOV
Tpomo e£EMENG Tov Yyovidiwpatog tov HPV16.

Emumiéov, ota deiypata youniod Pabuov ailoiwong A38 kot 1143 mopatnpnOnke
VOUKAEOTIOWKN opowdtnta pe v Evpomaiky mapoaiiayr tov yovidiopotog tov HPV16
(T350G). Qotdéco, oto E6 yovidlo TV GUYKEKPIEVOV OSEIYHAT®V EVIOMIOTNKAV Ol
gvootumikoi vovkAeotidwkol molvpopeiopoi G132T wor C1l43G. O ovvdvacpds tov
GLYKEKPIUEVOV EVOOTLTIKAOV TOAVHOPPICUDV OTNV VOUKAEOTOIKY, oAAniovyio tov E6
yovidiov evrtomileton ot mpodTLMN aAAnAovyia ¢ evdotumikig Tapaiiaync HPV16 African
type Il. Me Bdon ™ Mnebliovn Zvunepacpatoroyia mapatnpninke, 6tt ota kookovio 10
(G132T), 14 (C143G) kot 83 (T350G) ackeitan Oetikn emAextikn mieon (Chen et al., 2005,
DeFilippis, 2002, Carvajal-Rodriguez, 2008, Lee et al., 2008), evd mopdriinia €xel Tpotadel
ot o n 0éon 101 dwoywpiler Tig evootvmkég maporroyés HPV16 African type | kou African
type Il kou i 0éon 14E dwoyopilet 1ic Appikavikéc maparrayés (African type I, African type
) omd g un Aepikavikég maporroyés tov yovidiopatog tov ov (Carvajal-Rodriguez,
2008). Xougpwvo pe ovtd to dedopéva mapatnpnOnke, OTL oTN TEPLOYN OLTH EYOVV
wponynOet yeyovota OeTiknG emMAEKTIKNG Tieons, KaMoTOVTAG TN MEPLOYN OLTH TOL 10V
eEapetikd moAvpopeikn (Yang et al., 2000, Bush, 2001, Kosiol, 2006), evd mapdriinia n
eEEMEN xer odnynoel omv emkpdmon tov petaArdEewv G132T wxor C1l43G oty
evootumikr] mopardiayn African type Il. Tlapodia avtd, ce 600 deiypoto ot PETOAAAEELS
G132T (10I) xon C143G (14E) gunepiéyovron otnv aAiniovyio e Evporaikng mapoariayng
oV yovidlwpatog Tov HPV16. Emiong 10 @uAoyeveTikd 06VIPO TOL KATOOKELAGTNKE OTN
nepoyn Tov yovidiov E6 kot E7, £de1&e amdKAlon TV GUYKEKPUEVOV OAANAOLYIOV Ao T
TEG0EPO  PLAOYEVETIKA KAAOWE 1OV TOEvOoUOOV TIG TEVIE JLOPOPETIKEG  EVOOTLMIKES

TopoALayEC Tov yovidiwpatoc tov HPV16, evdd 10 mpoypappo SBP  €deiée vmapén
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aVOOLVOLOGHOD  UETOED TV  OlPOPETIKOV TOPOALAYy®YV Tov 100 otn 0éon 143.
Aappdavovtog voéyn 6Tt  E6 oykompmteiv aAANAETIOPA LE OOPOPETIKES TOPAAAAYES TG
TpOTEiVG PS3  KataAnyovpe o©T0 ovumépoacpo 0Tl VEEG OAANAovyieg pmopel va
oynuatiovrot Kot va Hotpalovtol Kol YopaKTPIoTIKG [E TIC GLYYEVIKES TOPOAAAYES TOV
yovidropotog tov HPV16. Avo mbavég eénynoeic £xovv mpotabet yio tnv vmapén Tov vémv
aAiniovyiov. Ilpodtov, kabhg ot Bécelg pe Otk emAexTiKy] mieon vwodnA®vouvv OTL M
e&EMEN éxel odnynoel oe avénuévn petafintomra tov E6 yovidiov (Yang et al., 2000,
Bush, 2001, Kosiol, 2006) kot n E6 Tp@teiv aAAAETISpa e SLAPOPETIKEG TAPAALOYES TNG
TPOTEIVNG P53, 00NyoVHOGTE 6TO GVUTEPACHO OTL 1 EEMEN emdpd otV E6 mpmteivn péow
OeTIKNg EMAEKTIKNG TlEONG, TPOAYOVTAG TNV EMIKPATNGT CLYKEKPIUEVOV VOUKAEOTIOIKMOV
petoAldEewv. Avtég ot petaAldéelg pmopel vo mpoodidovv mAcovéktnpo oty E6
OYKOTPMOTEIVI Y10 TO OMOTEAEGLATIKY OAANAETIOPOOT UE TIC TOPOALAYEG TOV KVTTOPIKMV
TPOTEIVOV - 6TOYOV KOOMG emiong Kol pe T0 ovocoroyikd cvothyua tov acbevi (Chen et al.,
2005, DeFilippis, 2002, Carvajal-Rodriguez, 2008, Lee et al., 2008). Agvtepov, ot véeg
aAAndovyieg pmopel vo mPOEPYOVTOL Amd YEYOVOTH OVOGUVOIVOGHOD UETAED OLOUPOPETIKADOV
TapoAiay®v tov yovidiopatog tov HPV16. Tlponyovpeves peléteg €xovv mpoteivel OtL
avoovvovacpog umopel vo ovuPei oto yovidioua tov HPV (Varsani et al., 2006) ITo
ovykekpuéva, 0 Carvajal-Rodriguez to 2008 ypnoiponoidvtoag arAniovyiec omd ) tphmelo
dedopévav GenBank mpotewve v vmapén 0éong avacvvovaouov ot 0éon 171 evtdg Tov
E7 yovidiov tov HPV16, evdd oe mponyovpevn HeAETN EVIOTMIGTNKE O TPOTOG EVOOTLTIKOG
avaoLVOLOGOG HETAED TG evootumikng mapaiiayng HPV16 European kot tg evootumikng
napairaync HPV16 African type Il o khvikd deiypa (Jiang et al., 2009). Zvunepacpotikd,
0 €VOOTLTIKOG OvVaCLVOLOCUOG 16MG va glval €va 6Tavio PavOpUEVO 6TV eEEMKTIKY TopEia
tov HPV16, aArd pmopel va mailel kabBopiotikd poAo otov tpdmo eE€MEng tov HPV16 mpog

TNV 0YKOYOVIKOTNTO TOV.

4.2 NovkieoTi01k1 avaivon tov E2 yovidiov

H vovkieotiown avdivon tov E2 yovidiov €deiée v mapén petaAraéemv o OAN
mv mepoyn tov E2 yovidiov. Otr mepiocdtepec petarraelg evtomilovior Kupiwg oTig
nepoyés tov E2 yovidiov mov kwdwkomolovv yuo T meproyr] "oppog’ Kot T mEPLoYM
dtevepyomoinong g E2 mpwteivng kot €xovv avaeepBel omd mponyodueveg UHeAETeS
(Meissner et al., 1997, Veress et al., 1999, Casas et al., 1999, Eriksson et al., 1999, Graham
et al., 2000, Giannoudis et al., 2001, Watts et al., 2002, Sathish et al., 2004, Swan et al.,
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2005, Azizi et al., 2008, Jiang et al., 2009). Emupocheta, 1 voukAeoTidikr aviivon tov E2
YOVidlov oTo KAVIKG SEIYHOTO TOL YPNOLUOTOMONKAY TN GLYKEKPIUEVT dtoTpiPn £0e1ée
™V VIopén POV VEOV HETOAAAEE®VY, 01 0TToleg avaeEPONKAV Yio TPMTN Popd oTa TANicLL
g mapovoag dtpipng. ITo cvykekpipéva, oto 5' dkpo tov E2 yovidiov mov kmdikomotel
v ™ meployn devepyomoinomng e E2 mpmteivng, 600 véeg petahAdEelg avapiéptnkay oTic
0éoeic 2791 wor 2823 oe dstypota to omoio €yovv yoapaktnplotel ¢ Evpomaikéc
TapaAlayég Tov yovidiopatog tov HPV16. Emmiéov axoua o véa petdiiaén (C3361T)
evromiotnke ot mepoyn E2 yovidiov, mov kmdkomolel yioo ) mepoyn "appdc" g E2
TpoTeEiVNG. H petdAAaln aut yopaktnpiotnke ®C GLOMNAN HETAAAAEN KOl EVIOTIOTNKE OE
delyporo To omoio opadomoOnkay pe Tig evéotumikég maporiayég Asian American, African
type | ko African type Il. H petddhaén avtn dev eviomiotnke 6Tig TPOTLUTES AAANAOVYIES
TOV EVOOTLMIKAOV TOPOUAAAY®DV, YEYOVOS OV O0ONYNGE GTO GLUTEPACHO OTL €ivol pio
KOvoOPYlo. VOUKAEOTIOWKN UETAAAOEN M omola evtomileTon OTIC €VOOTLMIKEG TAPUALOYES
Asian American, African type | kot African type Il mov kvkAogopovv otov EAAnvikod
TnBuouo.

Emumpdcheta, ot meproyn tov E2 yovidiov mov kwdwomotel ya tn mepoyn "appog”
g E2 mpwteivng, eviomiotnke n voukAeotidwkn petdracn C3410T, n omoia mpokaiel v
apvivoSikny adhayr P219S. H petdiroén C3410T €xet ovuvoebel pe vynidtepov Pabupod
dvomAacieg kot €xet mpotabel 61t T otedéyn HPVI6 mov ¢@épovv 1 ovykekpuévn
HETOAAOEN  EUMAEKOVTOL HE  HEYOADTEPN oLYVOTNTA otV  ovartuén  coPapdtepwv
aAlowwoewv kot kapkivov (Graham, 2000) H petdAiaén avt) mapovoiace ion katavoun
HETOED  deypdtv vynmAov Kot youniov Pabuod evooemBnAloxng oAloiwong, evod
TapOAANAD  eviomiotnke o€ Oelypato, To Omoio YUPOKTNPIGTNKAV G EVOOTLMIKES
naparrayég Asian American, African type |, African type Il. H mapovcioon g petdAraéng
P219S ot meproyn "appog” g E2 mpmteivng, iowg va ennpedlel ™ tprtotayn Sapdpeoon
™G TPOTEIVNG, YEYOVOGS OV ol UTOPOVGE VO AVAGTEIAEL TN AEITOVPYIN TNG MG UETAYPUPIKOG
KatootoAéag Tov oykoyovwdiov E6 kot E7 (Graham, 2000). H mapovcio g petdAiaéng
avTg o€ Oetypata youmAov Pabuod aAloiwong amotelel onuovtikn £vOeEn eEEMENG ™G
aAhoimong o vynmAdTEPOL Pabuod ariowwoels. TTapdAinia, 6T GLYKEKPIUEVT TTEPLOYT TOV
E2 yovidiov mov kwdwomolel yioo ™ meproyn "oppds" g E2 mpoteivng, aviyvedtnkoav
apvo&kég aAlayég ot omoieg Ba pmopohoay va EXNPEGGOLY T TPLTOTAYY| SLUUOPPOCT TNG
E2 mpwteivng. Enopévac, mapdAinia e TV EVOOUATOGT TOL 100 GTO KUTTUPIKO YOVIOIMLLOL

péow pnéng g ovvéyelag tov E2 yovidiov, kpicipo poho otnv epeavion evOoETONAIOKOV

132

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Kepdiaio 4 2vlntnon

aAlowwoewv moilel  cveodpevon petaAraéemv oto E2 yovidro, ot omoieg Ba pmopovoav va
emmpedoovv 1 Acttovpyin g E2 mpoteivng ®¢ UETOYPOQIKOS KOTOUOTOAEG TV
oykoyovidiov E6 ko E7 (Graham, 2000, Gianoudis et al., 2001, Arias-Pulido et al., 2006,
Azizi et al., 2008). To yeyovog awtd Bo propodoe vo 0dNyNoel o€ amopOOUIoN TG EKEPAONC
TOV 0YKoyovidlov kot Tn mpoOkAnon coPapotepov Pabuod airoimong kol Kopkivo Tov
TPOYNAOL TNG UNTPOG OKOUT KOl o€ delypaTa Tov dev Tapatnpeital eveopdtwon tov HPV16
0TO KLTTOPIKO Ypopdcopa. Eropévog, mapdAinia e tn HEAETN TG EVOOUATMOONG TOV 10V

pécm pnéng tov E2 yovidiov, kpioipo pdro mailel n apvoéikn avaivon g E2 npmteivng.

4.2 NovkieoTi01k1 avaivon tov E4 yovidiov

To avoytd mhaiclo avdyvoong tov E2 yovidiov eumepiéyet oAOKANPO 10 avorytd
m\aiclo avayvoong tov E4 yovidiov peta&d tov vovkieotidiov 3332 émg 3619 (Doorbar,
2013). 1t mopovca £pyacio EVIOTIOTNKOY GUVOAKA SEKOTEVTE VOUKAEOTIOIKEG LETOANAEELS
oto E4 yovidlo peta&d detypdtov youniod Badpov kot vyniod Babuod evdoemOnitakng
aAhoimong. Méypt otiypng dev €xovv mpaypatomomOel HEAETEG Yyl Tr VOLKAEOTIOWKN
avaivon tov E4 yovidiov tov HPV16 og khvikd detypata, pe amotéAespa va avoeepfodv
peTAALAEELS Yoo TpDTN Popd. Otmg avapépbnie oe mponyoduevn evotnta (1.6.3), To Tpoidv
oV POV Yovidiov E4 exppdleton amd éva patiopévo popto MRNA tov omoiov ta mévte
npota apwvoééa mpoépyovtor amd to E1 yovidio (Middleton et al., 2003, Doorbar, 2013).
Boown Aettovpyia g E1"E4 mpwteivng sivor 1 aAAnienidopacn g pe 10 diktvo widiov
KePATIVIG OTA SLOPOPOTONUEVO KEPATIVOKVTTOPO EXAYOVTIOS TNV KOATAGTPOP] TOV SIKTVOV
Kot TV omelevbépmon tov veooynuatilopevov ukov copatidiov (Mclntosh et al., 2010).
[T ovykekpuéva, €xel mopatnpndei, 6Tt T0 N-tehko axpo g E1ME4 mpwteivng cvopfaiet
OTN KATOOTPOPN] TOL OIKTOOL KepaTivg HECH €VOC cuvinpnuévov potifov Agvkivig
(LLXLL) (Roberts et al., 1994, Mclintosh et al., 2010, Doorbar, 2013) ka1 £yet avapepOei 1
N OMOTEAEGHOTIKY OAANAETIOpaon TOv dikTvov Kepativng pe v E1ME4 mpoteivn amontel
NV oKEPAOTNTO TV 16 TPOT®V VOuKA£0TIdimV Tov N-TteAkoD dkpov g npwteivng (Wang
et al., 2004). Ao T vovkieotidkn avaivon tov E4 yovidiov mapatnpnonke 0tL ot mepoyn
tov E4 yovidiov mov kmdikomotel yioo to N-teAkd Gkpo Tng mpmTeivng, EVIomioTnKay 600
peTaAAGEELS, Ol omoieg TpokaAoVV apvosikég aAlayéc otn 0éon 7 (A7V kar A7P). Ot
UETOAAAEELS OVTEG OVIYVELTNKAY € OelyorTa LYNAOD Kol YoUNA0D Babpov evooemOnAloK”g
aAlhoimong. H copuPoAn tov petoddéemv avtdv otn doun Kat tn Asttovpyio TG TPOTEIVIG

Ba mpémet va peletnBel mepATEP® £TGL MOTE VAL TPOKVYOLV OGPOAT] GUUTEPAGLOTO Y10l TOV
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poLlo mov SadpapatiCovv 6T doun Kot TN Asttovpyia g mpwteivng. Emmpdcbeta, £xet
avagepBel 6t1  E1ME4 mpmteivn petald tov apuvolémv 17 €wg 45 cvupdiel otn Todon tov
KuTTapKoH KukAov ot edon G2 (Davy et al., 2002, Davy et al., 2005). ITio cuykekpiéva,
oTN TEPLOYN OVTH LIAPYEL P BEon EOOEOPVAIMONG KUKAIVOEEAPTOUEVOV KIVOOMY GTIG
0¢oeic T23 ko T24. Me Bdon ta amoteléopata amd Tt TOAAATAY opomapdOeon peTtalld g
TPOHTLTNG AAANAOLYING, TOV OAANAOVYIDV TOL YapakTNPpicOnKay oty Tapovoa dlaTpifPr] Kot
TIG OAANAOVYIEG TMV EVOOTLTIK®OV TOPUALAYDV TOV YOVISIOUATOS TOV 100, TOpaTpHOnKe OTL
N mEPoYN POoPOopPLAIwoNG elvar efaipeTikd cvvimpnuévn. Oleg ot VOUKAEOTIOKES
UETOAAAEEIS TTOL  OVIYVELTNKOY OTN TEPLOYN TOV KMIKOTOOLV Ylol TN TEPLOYN TOV
apwvolénv 17 émg 45 yapoakmmpiotnkav o¢ oclomiés. Emmpdcobeta, otn cvykekpiyuévn
nepoyn otn 0Béon 3410 mapommpeitor n vovkAeotdwkn petaAiratn C3410T, n omoia
npokaAel tn petdAloén P219S omv E2 mpoteivn mov avaeépbnke kol mTponyoupEvVemg
(evotnra 4.2), evd 1 10100 petdAraln oev mpokaiel apuvolikn aAiayr oto E4 yovidio.

Téhog, €xer mpotabel 6t1 M C-tehkn meployn TG TPOTEIVNG EUTAEKETAL OGNV
KoTaoTpo®n tov dktvov kepativng (Roberts et al., 2008). Xt meployr ot gviomioTnKay
tpelg apvolég petorrdacerg Q66P, S72F ko H75Q peta&y derypdtov xoumAov Kot vyniov
Babuod evdoemOniiokng aAiroiwonc. Ot apvo&ikég ovTéG HETOALAEES EVTOTIGTNKOV OF
detypota o omoior ovvdEdnKkav pe un Evpondikéc mapailoyéc Tov YOVISUOUATOS TOV 10V.
Aoppdvovtag vroyn 6tL n poivvon and un Evporaikég mapailayés Tov YOVISIOUATOS TOV
HPV 16, emnpedlovv v eEEMEN g evdoembniakng adhoiwong o kapkivo (Junes-Gill et
al., 2008, Quint et al., 2010, Sanchez et al., 2011, Tornesello et al., 2011), cvunepdvape 611
o1 HETOAAGEELS avTéG Tomg va cupPdiovy 6e avénuévn oykoyovikdtnta Tov 100. H aviyvevon
TOV UETOAAGEE®V oVT®OV o KAVIKE Oelypota 16m¢ vo Umopel vo OMOCEL YPNOLUES
TANpoeopieg Yo Tov kivovvo avamtuéng coPapdtepov Pabpov evdoemBOnAlokng alioimong
KOl K0T EMEKTOON KAPKIVOL TOL TPOYNAOL TG LWATPOG.

EmmAéov pe Bdon ™ vovkieotdikn avdivon tov yovidiov E4, E6 ko E7 mov
TpaypatonomOnke ota 0o deiyparo, mopatnpnonke OTL GLYKEKPIUEVES UETOALAEELS TTOV
evromilovtal oto E4 yovidio cvvdéovtor pe €01KOVG €VOOTLTIKOVS TOAVUOPPIGUOVG GTO
yovidwe E6 o E7. H ocvykprtiky perém tov E4, E6 ko E7 yovidiov ota 1010 KAvikd
Oelylota 6€ GLVOLOGUO LE TO PLAOYEVETIKO OEVIPO TTOV KATOCKELAGTNKE OTN TEPLOYN| TOL
E4 yovidiov, odnynoe oto ocvumépacpa, 0t to E4 yovidio pmopel va to&ivopnoet to
yovidiopa tov HPV16 ota téocepa S10popeTikd QUAOYEVETIKA KAOSLL TOV OPYOVAOVOVTIL Ol

TEVTE OLOPOPETIKEG EVOOTLTIKEG TapaAlayéc Tov HPV16 yovidiwpatog. Emopévog 1o E4
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yovidlo tov HPV16 eivor o pikpr| TOALUOPPIKN TEPLOYN TOL YOVIOIMUOTOS TOL 10V,
ueyébovg 288bp, N omoia pumopei av SMGEL TANPOPOPIES Y10 TN PLAOYEVETIKT| TPOEAEVGT| TOV

YOVIOUDLLOLTOG TOV 10V, YMPIG VoL amorteitan 1 Tantdypov aviivon twv yovidiov E6 kot E7.

4.3 NovkieoTio1k1 avaivon tov E1 yovidiov

To E1 yovidio kwdwomotel pia evepyn DNA ghkdon, n omoia mpodyst v avirypaen
TOV YOVIOLOUOTOS TOV 100 0TV PpIoKETOL OTNV EMCOUKN TOV Hopen. To avoytd mAiaiclo
avayvoong tov El1 yovidiov elvar to peyodvtepo oto yovidiopo tov HPVI16 kot 1o mio
ocuvinpnuévo petaéd tov dapopetikdv tormov HPV (Garcia- Vallve et al., 2005, Bergvall,
2013). Tlopoio ovtd, dmoc avapépdnke kot yio o yovido E4, uéypt onuepa dev &yxel
TpaypotoromOel ekteTapuévn LEAETN TNG VOUKAEOTIONKTG aAAnAovyiag Tov El1 yovidiov. Amo
v avdivon tov El yovidiov mopatnpnibnkov cuvolkd &Koot €RTO VOUKAEOTIOIKES
petaAraéelg, ol omoieg dev €yovv avapepBel omn Piploypapio pe poévn egaipeon
puetdAiaén otn 6éon 1053 (Sabol et al., 2012). H petddroén A1053C evtomiotnke o€
delypota vynAov kot youniov Boabpov aAloimong Kot wpokaAel TV aUvoSikn oAloyn
E63D, n omoia evtomileton oto N- tedkd dxpo g El mpoteivng. H meployn avt) sivon
vrevbovvn Yo ) Tpdcdeon g E1 npwteivng oty H1 1otévn (Swindle, 1998, Wilson et al.,
2002). EmumAéov, avapépOnkov pior celpd VOUKAEOTIOK®OV UHETOANGEEDV pHETOED TOV
derypatov vyniod PBabuod kot yoaunAov Pabuod evooemOnAlaKkig aAloimong, ot Omoieg
TPoKaAoVV apvolikés aAdayés omv El mpoteivn. AvtiBétmg, ov petarldaéelg ALl668G,
G2073A, T2169C, T2189C, A2453T, C2454T, A2587T, G2650A aviyyvedTnKav o€
delypota, oo omoia yopoakmpiotnkay ®¢ vyniov Pabpov evdoemBOnitokn ailoimon. ITo
ovyKkekpipéva ot petadraéele Al1668G, G2073A, T2169C yopaxtnpiotnkoy m¢ GlOTNALG
petolAaéels, evd ot petaAraerg T2189C, A2453T, C2454T, A2587T wxar G2650A,
TpokaAovV Tig apvosikés ardayég 1442T, N5301, N5301, R575W kan ES96K, avrtictorya. Ot
petoAraéelg avtég eviomilovtor oto C-teMkd AGkpo TG MPOTEIVING, TO omoio £xel
opaoctikoTnta ATPaong, 3'-5' eAikdong Kot GUUPAAEL GTOV OATYOUEPIGUO TNG TPMTEIVIG G
éva e€apepéc (Titolo et al., 2000, White et al., 2001, Wilson et al., 2002). H emikpdrnon tov
GLYKEKPIUEVOV PHETAALAEEWV GE LYNAOTEPOL PaBLOD HAAOIDGELS KOl 0 POALOG TOVG GTN dOUN
kot TN Aertovpyio ¢ E1l mpwrteivng Bo mpémer va pelemBel mepetaipw, £Tol dOTE VA
OlevKpvVIoTel 0 TPOTOG e TOV OTOT0 01 UETOALAEEIS OVTEG EMNPEALOVY TNV OVTLYPAPT] TOV

ukov DNA.
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[TopdAinio pe v evioyvon ko ™ perétn tov E1 yovidiov, mpayportomodnke
VOUKAEOTIOWKT avaAvon Tov yovidimv E6 kat E7 pe otdéyo va cvuvoebohv ot petodhdéelg oto
yovidro El pe €vootumikovg TOALHOPPIGHOVG OV YapoaKTNPIlovV TIG TEVTE OLUPOPETIKEG
EVOOTLTIKEG TTAPOAAAYEC TOL Yovidliopatog Tov HPV16. And ) ovykpltikn peEAETN TV
yovidiov apatnpnonke, 0Tt o1 peTaALGEelg mov aviyvebtnkav oto E1 yovidio cuvoéovtan pe
T1g gvdotvmikég maporrayés HPV16 African type Il kar Asian American. IapdAinla, to
(QLAOYEVETIKO JEVTIPO OV KATOOKEVAGTNKE e Bdon v aAiniovyia tov E1 yovidiov, £de1&e
otL 10 E1 yovidio ovuPdier otn tagivounon tov yovidiwpotos tov HPV16 ota téocepa
QLAOYEVETIKG KAOOL4, TTOL opyavdveTal To Yovidiopo tov HPV16 pe tipnéc bootstrap values
> 80%. Xoumepacuatikd, 6T ToPoLGH SOUKTOPIKN SoTPIPN TPay U TOTOMmONKE o TPMTN
TPOCEYYION VOUKAEOTIOWKNG Kot apvoEikng avdivong tov yovidiov El kot E4 ce khvikd
TpoynAkd detypoto. Méypt oTiyung ot TePLoyég aVTEG TOL YOVISIOUATOS TOV 100 OgV £X0VV
pereBel oe KAMvikd delypota kot dgv £xovv avoeepbel HETOALAEELS, Ol omoieg GuVOELovVTaL
pe 1o Pabud evdoemONAMoOKNG OAAOIOONG Kol HE TIC EVOOTLTIKEG TOPOAAAYEC TOV
yovidiopatog tov HPV16. Ztdyog emiong Ntav va peiemBel m moAvpopeikdtnta tov
YOVISI®V OLTOV Kol VO EVTOTIGTOVV UETAAAAEEIS OTIG AVTIOTOLYEG TPOTEIVEG TOL UTOPEL VOl
emmpedoovy T Ooun kol T Asrtovpyia tev mpoteivav. IlopdAinio m  Omapén
VOUKAEOTIOIKMOV KOl  OUIVOEIK®OV — UETOAAAEE®V  OTIC  EVOOTVTIKEG TAPOAAOYEG  TOV
yovidiopatog tov HPV16 mov kvukhoeopovv otov EMnvikd minbuopd eivor dvvotdv vo

dMGOVV YPNCIUES TANPOPOPIES Yia TV 0yKoYyovikoTnTo Tov HPV16.

4.4 Avaivon tov owrhacrocpoV E1-1374763nt

H vouvkieotiowkn avédilvon tov El yovidiov odnynoe omv aviyvevon &vog
dumhactoouov 63 vovkieotidiov oto 5' dkpo tov El yovidiov (E1-1374763nt) petold tov
voukAeotdimv 1311 kou 1374. O dumhaclacpog Tv 63 VOUKAEOTIOI®V 0EV KATAGTPEPEL TO
avolyTd TANIGIO aVAYVMOOTNG TOL YOVIOIOL Kol TPOKOAEL TOV S100YIKO OUTAAGLOGUO TNG
neployns tov apvoéémv 150 émg 170. H meproyn tov dumhaciacpov Ppicketot 6to N- TeAKo
dxpo g El mpwteivng, 10 omoio gvBhvetan yuo ™ mpodcdeon g E1 mpwteivng oty H1
otovn (Swindle, 1998, Wilson et al., 2002). Méypt otiypnig o dumAacioouds tov 63
vovkAeotdimv Tov El yovidiov €xet avapepbel ot Kiva, ot Kpooatio kot ot ZhoPevia
(Dong et al., 2000, Sabol et al., 2008, Bogovac et al., 2011, Sabol et al., 2012). ITwo
GUYKEKPIUEVA, O EVOOYOVIOLOKOG OIMANGLUGUOC, £xel evtomiotel 6to 8% twv eéetalouevav

detypatmv otn XhoPevia (Bogovac et al., 2011), oto 10% tov eéetaldpevav derypdtov ot
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Kpoartia (Sabol et al., 2008, 2012), eved £xel EVIOMIOTEL GE OPIOCUEVES TEPIMTOOELS KAPKIVOD
tov Tpoyniov g untpog ot Kiva. Ztn mapovoa perém to 24% tov eetaldpevov
detypdrtov mov mponpbav and tov EAANvikd yuvaikeio mAnBuoud eépovv tov SmAacloopo
E1-1374763nt. H vynAn emikpdnon tov dumhoctiacod otov EAAnvikd minfucud, icog va
opeiletal oto YEYOVOG OTL M TOPOAANYY] OLTH TOL YOVIOIOUOTOS TOV 10V TOPOVCIALEL
avénuévn Kotavopu| o€ o avatoMKES yopes s Evpanng. Ilepiocotepa deiypata amd tov
EXMnvikd minBoopd kot amd dhiovg tAnbucpovg g Evpdnng kot g Aciag Oa mpénet va
peretnovv, étol wote va eaxpiPwbel 1 mtapoamdve vedBeon Kot va peketn el | daoTopd
™G Kovovpyiag mapoairayne tov HPV16 otov [Maykdopo [TAnBvouo.

EmnmAéov, mapatnprinke o011 6Aa to dstypoata mov @Eépovv to dmAacioucpd El-
1374763nt, éyovv tawTOYpova. Tov ToAvpopeopd T350G ko opodomolovvior pE TNV
Evpomndixy mopalioyf Tov yovididpoatog tov HPV16 (x* = 5.076, P = 0.024) (Sabol et al.,
2008, Bogovac et al., 2011, Sabol et al., 2012). ITapd to yeyovdc OTL 0 TOALUOPPIOUOG
T350G emikpoteli oe vynAod Pabpod dvomiacieg kol cvvoéetor pe v eEEMEN NG
evdoemOniokng adloimwong oe Kopkivo Tov tpayniov g pntpog (Yamada et al., 1997,
Andersson et al., 2000, Grodzki et al., 2006), dev mapatnpniOnke onuavtiky cHvoeor HeToEd
TOL EVOOYOVIOIOKOD OUMANGLOUGHOY, O Omoiog PpiokeTonl mAVIO GE GLVOLOCUO HE TN
petadroén T350G, kar tov Pabuod g evdoembOniokng oarrioiwone. EmmpocHeta,
wapotnpnOnke onuovtikny obvoeon g petdAraéng Al053C kot tov duthaciacpod E1-
1374763nt (x? = 23.102, P < 0.0001). H petérratn AL053C Sev evtomiotke oe deiypato
YOPIG TOV NTAACIOCUO, KOONDS EMIoNG 0EV EVIOTIOTNKE OVTE GTN TPOTLTN GAANAOLYIN TWV
EVOOTLTIIKAOV TAPOALXY®V Tov yovidiwpatoc tov HPV16. Emopévag o dumhaciaopdg E1-
1374"63nt Bpioketar mavio og cvvdvooud pe tig petaArdéelg T350G (E6 yovidio) ko
A1053C (E1 yovidio).

2 mopovoa dwTpiPn Yo vo TPOGIOPIGTEL 0 TPOTOC TOV EMOPE O HNIMAUGIOGOG
otn doun kat ™ Asrtovpyio g E1 mpwteivng, vmodoyiotnke o Adyog AN/AS, 161 dote va
TPOCIOPLOTEL O TPOTOG LE TOV OTOT0 EMOPA 1 €EEMEN OTN TEPLOYN TOV IMAACLAGHOV. Mg
Baon ta amoteAéopota mov TPONPOAV AmO TN GLYKEKPIUEVN UEAETN mapoTnpnOnke, OTL
OPVNTIKY] EMAEKTIKY] TECT] OOKEITOL OTN TEPLOYN TOVL SMAUCIOGHOV, YEYOVOS TOV ONAMVEL
otL M e€EMEN dwatnpel TN cvykekpluévn meploy otabepn), Yopig vo emnpedlel apvnTikd ™
Aertovpyia kot T doun tov N-tedkov dxpov g E1 npwteivng (Vandepoele et al., 2005). H
vdbeon avt evioyvdnke amd TPOGPATN £pgvva, otV omoia £xel mPoPAeptel UECm

Blrominpopopikng mn tplodidotatn OSwpdpewone e El mpoteiving, mov @éper tov
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oumhactacpud tov 21 apvo&éwmv. H ovykekpluévn perémn €xel mpoteivel 0Tt 0 SIMAUCIOCHOG
Kot n apvo&ikn petdAraén E63D, evromilovtan oty emdvela g E1 mpmteivng yopig va
TPOKAAOVVTOL CIHOVTIKEG 0ALyEG oTn dopun kot ot Aettovpyia g E1 mpoteivng (Sabol et
al., 2012).

Amo v avdivon tov onotelecpdtov 000 mBavéc eénynoelg d0Onkav otV
mapovoa,  dtpPn yu tov unyaviopud vmopéng tov duthaciacpov E1-13747°63nt. Tlpmdtov,
enedon N El mpoteivn eivar por e€onpetikd cuvimpnpévn meployr] ToL YOVISIOUUTOS TOL
HPV 16, pumopei va cupfaivel opdAoyog ovacuvovaopog HETAED JLOPOPETIKMV CTEAEXDV TNG
Evponaikng moapoiiayne Tov YOVISUOUATOS TOL 100, TPOKOADVING TOV EVOOYOVISLOKO
duthactacpud Tv 63 voukieotidimv. Agbtepov, 11 chvoeon tov dumlactacpov E1-1374763nt
pe v Evponaikn tapaiiayn tov HPV16 icog va amotedel £voein g mapovsiog po véag
TOPOAAAYNG TOV YOVIOLOUATOG TOL 100 TOL KLUKAOQOPEL HE VYNA GLYVOTNTO GTOV

Evponaiko tinboouo (Sabol et al., 2008).

4.5 E€ehktuikn perétn g mpoyung neproyns tov HPV16 DNA

H e&felktikn pedétm ¢ mpoung  mEPOYNS  TOV  YOVISIOHUOTOS TOL 100
npaypotonomnke, péow vmoAoyiopov tov Adyov dN/AS pe o10)0 va mpocdiopiotel 1
EMAEKTIKY] TECT] TOV AGKEITOL GTO SLUPOPETIKG Yovidla TG TpdUNG meployng tov HPV16
DNA. H avdivon g mpdung meployig Tov YOVIOIOUATOS TOV 100 €0e1&e 0Tl apvnTiKn
eMAEKTIKN Tieom aokeital ota yovidwn E1, E2, ovdétepn mieon aokeiton ota yoviowa E6 kot
E4, evd Betikn emidextikny mieon aokeitor oto yoviowo E7. IMapd to yeyovog OTL aokeiton
OLOLPOPETIKY  EMIAEKTIKY] TIECT OTIG OLPOPETIKEG TEPLOYES TOVL YOVIOUDUATOS TOL 100,
EVIOTOTNKOV CLYKEKPIUEVEG BECELG OTIC OTOleC EMOPA OETIKN EMAEKTIKN TTiEoT).

Ot mo onuoavtikég Bécelg otig omoieg £xel mpotadel Ot Kuplopyel BeTiKn emAEKTIKN
nieon oto yovdiopo tov HPV16, sivar 1o kwdwovia 10, 14 ko 83 tov E6 oykoyovidiov
(DeFilippis et al., 2002, Chen et al., 2005, Carvajal-Rodriguez, 2008, Lee et al., 2008). Xta
detypota mov e€etdonkay ota mAaicla g mapovoag dTpPne, Btk emhektikny mieon
aviyvedtnke Hovo 010 Kodwkovio 83 tov E6 yovidiov. H amovoio Oetikng emAekTikng mieong
o115 Béoelg Tov kwdwoviov 10 kot 14 icwg va opeiletor oy emkpdtnon g Evpomraikng
naparroyns (T350G) tov yovididpatog tov 100 otov EAAvikd minboopod. Avtifétmg, Oetikn
EMAEKTIKY] TTigon oT1g B€oelg TV kmotkoviov 10, 14 kat 83 evromiomnke oT1g vEEG TAPAAAAYEG
TV aAAnAovyiov E6-E7, mov aviyvedtnkav Hécm TG VOLKAEOTIOIKNG OVAALGTG TG TEPLOYNG

E6-E7. ITio ovykekpyiéva, otnyv 1ot aAlniovyio mapotnpovvior aArlayés otig 0Eoelc tv
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kwowkoviov 10, 14 kon 83. H enidpaon Oetikng emiektikng mieong o€ ocuyKekpipéveg BEcelg
TOV YOVIOIOU OQEIAETOL OTN TEGN TOV OCKEL TO AVOGOAOYIKO GUGTNUHA TOV EeVioTh, KaOMG
eniong kot oty aAinienidpaon g E6 mpoteivng e dopopeTiKés mopailayés TPpMTEIVAOV
otoyov mov emikpatovv otov mAnOvoud (Chen et al., 2005). ITwo ocvykekpuéva, &xet
avagepfel OTL 1 OMOTEAEGUOTIKY] TOPOVCIOCT] TOV UK®OV TERTWIOV omd To ovTiydva
totoovuPototntog tééng I ko II (HLA), ennpedletar and yeveTikoOg TOAVUOPPIOUOVS TOV
evromilovtar oto yovidiopa tov HPV16 kabdg emiong kot omd TOALHOPPIGUOVS 7OV
evromilovtal ota avtrydéva iotocvppatottoc. ‘Exet anodeydei 611 n mapariayn L83V (Béon
OV aoKelTo OETIKT EMAEKTIKN Ttieon mieon), N omoia TapATPEITOL GTO HEYOADTEPO TOGOGTO
tov TANBvGPoV, cuvdéetan pe dtopopetikd arinAopopeo HLA taéng 1 (B*44, B*51 wou
B*57) (Andersson et al., 2000, Zehbe et al., 2003, Chakrabarti et al., 2004). Eropévmg, 1
€TEPOYEVELD TOV O0POPETIKOV otereydv HPV16 oe cvvdvacud pe v etepoyévela g
OVOGOAOYIKNG amOKPIoNg Tov Eeviotn, iomg va ennpedlet tov kKokAo {ong tov HPV16 kot v
éxPaon g Aoipménc (Andersson et al., 2000, Zehbe et al., 2003, Chakrabarti et al., 2004).
AkOuN, M OAANAETIOPOOT] TOV UKDV TPOTEVOV HE OUPOPETIKEG TOAPUAAAYES KUTTOUPIKDV
TPOTEVAV - 6TOY®V, umopel vo supPaiet otny e&EMEN tov ukod DNA. T'a mapdderypa, £xet
avagepBel 6tL aAlayéc oto Kodwovia 14 kot 27, umopel va ennpedlovv v oAAnAenidpaon
™m¢ E6 mpwteivng pe v ovPikovtivikr Atydon E6AP (Watts et al., 2002) Emunpocbeta, Evag
TOADHOPPIoNOC TG mpwTeivng P53 oto kwdwkdvio 72 Arg/Pr ce ocuvovocpd LeE Tov
moAvpopeiopd L83V tov E6 yovidiov amoteAel onpoavtikd mapdyovta avamtuéng Kopkivov
oL Tpaynrov g untpag (Brady et al., 1999, Liu et al., 2013). EmumAéov Betikn emidektikn
nieon mapotnpnOnke oto kmdikovio 85 (G85S, G85D) tov E7 yovidiov. H Béon avtn dev éxet
avapepBel oe mponyodueveg peréteg ko evromiletar oto C-telkd dxpo g E7 mpwteivng
tov HPV16 otedeydv mov kukAopopovv otov EAAnvikd minbuopod. To C-tehucd dipo g E7
TPOTEIVNG EUMAEKETOL OTN GVOVOEST TG TPOTEIVIG pe v PRD xor GAAeg kvttopikég
npwteiveg (Hebner, 2006, Munger et al., 2004). Onwg kot ot mepintwon ¢ TpmTeivng P53,
Srapopetikég mapaArayéc g PRD iomg va emkpatodv otov mTAnOvoud, pe omotélecpo 1
0éon 85 va emmpedaler v aAAnieniopaon g E7 mpoteivng pe tv owoyéveln Tov
TPOTEIVOV TOV PETIVOPAACTONOTOS. AKOUN, OeTikn emAekTikn Tieon moapatnpnOnke ota
Kodkovia 59 (L59I/T) ko 66 (Q66P) tov E4 yovidiov. Ot 0éceig 59 ko 66 draympilovv Tig
HPV16 evdotvmkég maparrayég African type I, African type Il kwor Asian American amo Tig
evooTumkéEG maporiayég Asian kot European kot evronilovtot oto C- tediko akpo g E1°E4

npoteivng. H ovykekpiuévn meproyn g npoteivng cuuPaiel 6t KaTosTpOE TOL SIKTOHOL
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Kepativng kat tnv amelevfépmon tov veooynuatilopevov ukov copoatdiov (Mclntosh et al.,
2010). H enidpaon Betikng emrektikng mieong otig 0€ceig 59 ko 66 dev Exovv avapepbel og
TPONYOVUEV €pYOCio. Kol omOoTELOVV OVTIKEILEVO TEPETAIP®O HEAETNG, £€TOL DOTE VO
dtevkpviotel 0 poAog TV Bécewmv avtdv oty aAinieniopaon tg E1"E4 npmteivng pe 10
SiKTLO KEPATIVIG.

SOUTEPACUATIKA, O TPOCGOLOPIoUOG VEMV BEcemV eMAEKTIKNG Tieong ota yoviolwa E7
kot E4, icog va oyetiletan pe v MKPATNON GUYKEKPIUEVOV TOPUALAYDV TOV TPOTEIVAOV -
OTOY®V 7OV EMKPOTOLYV oTov EAMviKd mAnBvoud, m kou omd v €repoyéveln g
avocoloyikng omokplong tov Eeviotov (Andersson et al., 2000, Zehbe et al., 2003,
Chakrabarti et al., 2004). Mg Bdon ta amoteAécpato tov Adyov tov Tiwdv dN/AS ot
oLYKeKpLEVES TEPLoYES TV Yovidiov E6, E7 kot E4 eEelicoovtal pécm emidpaong Betikng
EMAEKTIKNG TLECTG.

Téhog, otig meproyég tov yovdiov E1 kot E2 mapatnpninke apvntikn emhektikn
nieon (AN/dS<1). To @awvduevo awtd dnidver O6tL oTig Teployég tov yovidimv El kar E2
VILAPYEL AVAGTOAT TNG PLGIKNG EMAOYNG. To YeEYOVOG 0nTd 16mG Vo 0QeideTal 6TO POAO TOV
dwdpapatiCouv or ukég mpwteiveg E1 ko E2 oty aviypaen Kot petaypagn Tov koo
DNA, xobd¢ 1 cuvocompevon kot 1 ykabidopuon HETOALAEE®Y OTIC TPOTEIVEG AVTEG UTOPEl
va emmpedlovy apvnTiKa 1o KOKA0 {oNng Tov 100. AV Ko oT1g mePLoyés TV Yovidiov El1 kot
E2 mopatnpnOnkav petorrdelc o apketég 0éoeig tov E1 ko E2 mpoteivov, aivetal mog
dgv emmpedlovv apvnTikd Tn SO Kot TNV AEltovpyic TV ukdv ntpoteivov. Eropuévog 1
eEEMEN dwutnpel TG Béoelg avtég otabepéc €Tl MOTE VA TPOAYETAL ATOTEAECUATIKG O

KOKAOG {mNG TOV 100.

4.6 TIpoodropiopdg TS popens Tov yovidropatog Tov HPV16

2 ovvéyeln TG OAKTOPIKNG O TPIPNG TpayuaTonomonKe TPosdloptoids g
popeng tov yovididpatog tov HPV16 oe delypata mov €xovv yopaktnpiotel og vyniol
Babuov, youniod Pabuod evooemiOniiokng aAroiwong kot KopKivov Tov TPaynAov Tng
untpag. O TPosdoPIGUOG TNG HOPPTS TOV YOVISIOUATOS TOV 100 TPOYUATOTOONKE [E TN
puébodo g Ioootikng PCR Tlpaypatikov Xpoévov, UEc® TOV VTOAOYIGHOV TOV AOYOL TV
Tiuwv E1/E6 ka1 E2/E6. H dwdikacio Tov Tposdlopioov g HOPPNG TOL YOVIOIDUOTOS TOV
HPV 16, mpaypotonombnke ce dvo Prparta. [pdtov, mpaypotonombnke xoaptoypaenon twv
yovidiov E1 kot E2 pe okond va mpocsdiopiotohv ot kowég BEcelc priéng Tov YovididUaTog

tov HPV16. Agitepov, yio Tov mocotikd mpocsdiopiopd tov yovidiov El kot E2 kot tov
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pocdloptopd Tov Aoyov E1/E6 kat E2/E6, ypnoipomomOnkay ekKivTéG mov 6To)ehovy oTIg
Béoeic pnéng, €101 ®OTE Vo TPOCOOPISTEL pE peYyoALTEPN axpifeld m Hopen TOL
YOVIOU®LOLTOG TOV 10V.

Dowvopeva piéng evtdg g aAiniovyiog Tov yovidiov E1 kot E2, £yovv cuvoebel pe
MV evooudt®on Tov 100 oto KutTopikd ypoudcmpo (Kalantari et al., 1998, Arias-Pulido et
al., 2006, Cricca et al., 2009). Xt mapovoa dSwatpipny, yeyovoto pnéng kabopiotnkav oce
KAMvikd detypota, 6tav dgv eVIOTIoTNKE GNUO EVioyvong LeTd amd v epappoyn g PCR
HE €val 0md TOVG OMOEKD EKKIVITEG TOV YPTCILOTOMONKaAY Yo TN XapToypdonon tov E1 kot
E2 yovidiov, evdd mapdiinia ta delypata nroav Betikd yio v evioyvon tov E6 yovidiov. H
evioyvon tov E6 yovidiov mpayuatomomOnke mopdAinio ota idio delypata, €161 OOTE Vo
eleyyBet n akepardtra tov HPV16 DNA kot va xabopiotetl 6t 1 pnén tov yovidiov El
Nk E2, mpoépyetor amd yeyovota €VOOUATOONG TOV 100 GTO KLTTOPIKO YPOUOCMOLO.
Méypt otiyung €yovv avagepbel ot PipAloypaeia ddpopeg Béoelg pnENG evtog g
aAlniovyiog tov E1 yovidiov, evad €xel mpotabel 6ti 1 mo ocvyvny 6éom pnéng tov E2
yovidiov, eivor m meployn mov Kwdtkomotel v v meproyn "appdc" g E2 mpoteivng
(Kalantari et al., 1998, Arias-Pulido et al., 2006, Cricca et al., 2009). ITo cvykekpiuéva, Exet
avapepBel Eva Tpdtuomo préng tov yovidiov El kol E2, mov mepirappaverl to 3' akpo tov El
yovidiov kot ¢ Béong mov kmdikomotel yio. t meproyn "apud" e E2 mpwteivng (Cricca et
al., 2009), evd avtibeta GAAN mpocéyyion mpoteivel 6t pnén twv El1 ki E2 yovidiov
ovpaivel o cvyva oto 5' dkpo Twv E1 ko E2 yovidiov, avtictorya (Kalantari et al., 1998).

X moapovoa datpiPry pnén oto E1 yovido evromiomnke uoévo oto 5' dkpo tov E1
yYovidiov pe mo ovuyvn Béon va givon | meproyn HeTa&d Tv voukAeotidimv 1059 ko 1323.
ITo cvykekppéva, pién petaé&d tov vovkieotidiov 1059 éwc 1323 (exkivntég E1F2-E1R2)
EVTOTIOTIKE G OEKNOYTM amd T 0YdOVTO TEGGEPQ detypata mov eEetaotnkay (21.4%), evod
peta&y tv voukieotdiov 878 émg 1118 ko 1503 éwg 1784 evtomiotnke pnén oe dvO
detypata (2.4%) ko éva detypa (1.2%), avtiotorya. Emmiéov B¢éceic priéng oto E2 yovidio
TAPOTNPOVVTOL GE OAOKANPO TO OVOLXTO TANIGLO OVAYVAOGTG TOV YOVIdiov pe o cuyvh B€om
pPNENG va givar 1 Teployn HETAED TV voukAeoTdiwv 3172 éwg 3649, mov Kmdikomotel Yo T
neployn "apudc" e E2 npwteivne (Kalantari et al., 1998, Arias-Pulido et al., 2006, Cricca
et al., 2009). ITio ocvykekpéva, N weployn HETaED TV vovkieoTdinv 3172 émc 3649 éyxet
vrootel pén oe dekatpia deiypoto amd to oyddvta Téccepa OeiylaTo TOv €EETACTNKAY
(15.5%). Emumiéov, peto&d tov vovkieotwdimv 3597 émog 3873 wor 2735 €wg 3210

evromiotnke pnén oe tpla detypata (3.57%), wkar €éva oOetypo, avrtiotorya (1.2%).
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Emnpocheta, éva dwapopetikd potifo pnéng towv E1 xouw E2 yovidiov evtomiotnke oto
10.7% tov eéetaldpevav detypdtmv, counepthaptPavoviag T€00EpIS TEPUTTOCELS LYNAOD
Babuov airoiwong (D2, D13, D14, DI15) kot mévie mepmt®dGEIS KopKivov Tov TpoynAov g
uepag (D58, D62, D64, D65, D66). To potifo awtd mepirapfavet tn tavtdypovn pHén tov
yovidiov E1 ko E2. Tavtoypovn prén petaéd tov yovidiov E1 kot E2 éxel mapatnpnOel kot
€ TPONYOVUEVEG HEAETEG G€ LVYNAOL Pabod GAAOLDCELS Kol KOPKIVO TOV TPayNAOL TNG
untpag. To yeyovog awtd €xel amodobel o poavopeva avadldtaéng Tov YOVISIOUOTOS TOL
HPV16 ypoupdcopo (Arias-Pulido et al., 2006, Cricca et al., 2009), pe omotéiecuo v
TAVTOYXPOVN EALEWYT SLAPOPETIKOV TTEPOYDV TV Yovidiov El1 kot E2. Aappavovtag vmoyn
OTL 1 EVOOUAT®ON TOL 100 pmopel va mepthapPavel €va HovadlKO oavtiypopo Tov 10V
EVOOUATOUEVO GTO KVTTOPIKO Yovidimpa, 1 0AADGOUEPT] UKDV YOVIOIOUAT®V GE pio TeEPLoyN
oL KLTTaPKoD yovidiopatog (Jeon et al.,, 1995, Xu e tal., 2013, Akagi et al., 2014),
KOTOANEQIE GTO CUUTEPACLLO, OTL EKTOG OO TO. PALVOUEVA OvVOOLATAENG 10MG 1 TOVTOYPOVT
pnén ota yovidla E1 kot E2 va opeiletar og 010popeTikd mpdTLTTO EVOOUATM®ONG TOV 100 GTO
KLTTOPIKO YOVISimpLaL.

Ocov agopd 11 ovvdeon g pnéng tov E1 xor E2 yovidiov pe 1o PBabud g
evdoemOnAokng aAloiwong mpoékvye 0tL prién tov E2 yovidiov eumiéketon amokAEIoTIKA
o€ dglypota To omoia Exovv yopakTnPIoTel MG VYNAOL PBabuod evooemiBOnAioxkn veomlacio
(9/33, 27.27%) ka1 o€ TEPMTOGELS KOPKIVOL TOL TpoyiiAov e piTpag (8/11, 72.72%) (X,
test, P < 0.01). EmmAéov dev kotaypaenke kopio 0éon piéng tov E2 yovidiov oe deiypata
youniov Boabpov ailoiwong. Avtibeta, n yoptoypdenon tov E1 yovidiov €deiée 6t pnén
tov E1 yovidlov evtomiletan oe delypata youniov Babuov (6/40, 15%), vyniod Pabpov
(8/33, 24.24%) evdoemBnAlaKkng aALoi®moNG Kol G TEPUTTOOCELS KAPKIVOV TOV TPOYNAOL TG
untpag (7/11, 63.63%). Zvumnepoopatikd, uévo n pnén tov E1 yovidiov eumAiéketar oe
detyporo yauniot Babpod adloimong (Fisher's exact test, P <0.05), evd og delypoto vynion
Boabpod ardoimong kot kapkivov mapotnpeitoan pnén tov E1 xar E2 yovidiov (Cricca et al.,
2009). Emopévamg, Aoufavovtag vroyn t cvyvotnto piéng tov El yovidiov e deiypata
yopunAov Babpod aAroiwong, Tpotabnke 6t N mEPLoy Tov Yovidiov El elvar éva onpoavtikod
oNUEI0 TOL YOVIOIOUOTOS TOL 10V, YO TOV TEPETAIP® TPOCGOIOPICUO TNG HOPENG TOV
yovidiopoatog tov HPV16 og younAot Babpod dvomhacie.

H yoprtoypdonon tov yovidiov E1l peta&d detypdtov vyniod Pabpov, youniod
Babuov odroimong kot KopkKivov, 0d1ynce 6TO0 GUUTEPAGHO OTL O TPOGOIOPIoUOG BEcE®V

pMéng evtoc tov E1 yovidiov, umopel vo amotelécel £vor onUOVTIKO OgikTn aviyvevong tng
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péng kot evooudtoong tov HPV16 DNA og mepmmtooelg  yopnAod  Pabpov
evdoemOnAlokng aAloiwong, yeyovog mov umopel va cupuParel oty aglohdynon g eEEMENG
¢ aAAoimong oe coPapodtepov Pabuov dvomiacio. EmmAéov, n mapovoia priiéng oto E2
yovidto povo og detypata vynAov Padprod aAloiwong Kot Kapkivov, EVIGYVEL TPONYOVUEVES
peréteg, ot omoieg ovvédesav ) pién tov E2 yovidiov pe vyniov Pabuod aAloldcels kot
Kapkivo tov tpoyniov g untpog (Tonon et al., 2001, Cricca et al., 2007, Li et al., 2008,
Cricca et al., 2009). Xto onueio avtd givar onuovtikd va avaeepbei 6t 1 dopopd ot
ocvyvotnta kot otn Béom pnéng Tov E1 kot E2 yovidiov iomg va opeidetar oe dtapopés, 6Gov
aQopd TN TEYVIKN Tpootyylon tov Bépotoc, kabmg emiong kol o€ UETOALAEES 7OV
oveompevovTal ot mepoyn tov yovidiov E1 kot E2. (Arias-Pulido et al., 2006). Mg Bdon
v  mAnpogopio.  ovty, N evawOnoio ™g PCR  mpocopudommke oto  déka
avtiypo@a/avtidpacn, evd 1 voukieotidikn avaivon tov E1 kot E2 yovidiov £6ei&e 6Tt ot
0éoe1c mov vPpBilovTal ol EKKIVYNTEG Ko ¥PNGLULOTO00VTAL Y10 TV TocoTikomoinon towv El
kot E2, elvon apketd ocvvimpnuéveg petald tov dagopetikdv oteheyov HPV16 mov
KUKAOQOPOLV 6ToV EAANvikd mAnbuopd. Zounepacpatikd, 1 VOLkAEoTIdKN avaivon tov El
kot E2 yovidiov g cuvivaopd e Tov Tpocdtoptopd Tov Bécewmv piéng amotedel avaykaio
npovimdOeon yioo TN TEPETOP® HEAETN NG HOPENG TOL Yoviditwpatog tov HPV16 oe
SaPopeTIKOVG TANBVGLOVG.

Onwg avagépbnke ce mponyovpevn evotnta 10 yovidiopo tov 100 umopel vo
napopeivel o¢ emicopo oe youniod Pobpod aAlowwoelg, evd €xel moapatnpndel 6Tl 1
"emipovn" HPV16 poivvon, oyetileton pe avéovouevo kivouvo eVOOUAT®OONS TOL 100 GTO
KUTTOPIKO YOVIOIOUO, LE OMOTEAECUO TNV TPO0OO TNG aAAoimong o€ vyMAdTEPOL Pabpov
dvomhaoiec. (Hudelist et al., 2004, Andersson et al., 2005, Pett et al., 2006, Arias-Pulido et
al., 2006, Cheung et al., 2006, De Marco et al., 2007, Cricca et al., 2007, Briolat et al., 2007,
Huang et al., 2008, Li et al., 2008, Matovina et al., 2009). Méypt otiyung €xet mopoatnpnbei
OTL 1] EVOOUATMOGT TOV 100 GTO KVTTOPIKO Yovidiwpa yiveton o cvuyvd pécm pnéng tov E2
yovidiov (Chen et al., 1994, Kalantari et al.,1998, Lukaszuk et al., 2003, Arias-Pulido et al.,
2006, Cricca et al., 2009) kot 0 Tpocdoptopds TG HOPPNG TOL Yovididuatog tov HPV16
éxel emkevipmbel kuping uéom avaivong tov Aoyov towv Twedv E2/E6 (Andersson et al.,
2005, Arias Pulido et al., 2006, Kulmala et al., 2006, Cricca et al., 2007, Briolat et al., 2007,
Boulet et al., 2009, Li et al., 2011, Manawapat et al., 2012, Theelen et al., 2013). To yeyovdg
avtd odnyel oV aviyvevorn YeyovoOT®V €VOMUAT®OONS TOL 100 HoOvo péc®m pNENG Tov

yovidiov E2, ywpic va mpocdiopiletor n cvuvéyeta tov E1 yovidiov. X mapovoo S100KTOPIKY

143

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Kepdiaio 4 2vlntnon

owtppn, AouPdvovrag vmoym ™ ovyxvomrta pnéng tov El kot E2  yovidiov,
TPOYLOTOTOONKE TAVTOYPOVOS TPOGOOPIoUOG TOV AdYoL TV Tiudv E1/E6 kau E2/E6 ota
O Khvikd delypota, pe okomd vo cvuykplodv ot dVvo Tég kot va  deaybovv
CUUTEPAGUOTO OGYETIKO HE TN HOPEN TOL YOVIOUOUOTOG TOV 100 KOl Yoo TovV TPOMO
evoopdtoong tov HPV16 oto xuttapikd yovidiopa. Eropévag, pe fdon to aroteAéouata
™mg xaptoypaenong tov yovdiov El, E2 katl ¢ vovkieotidwkng avdivong tov El1, E2 kot
E6 yovidiov avtictowa, o mpocdopiopog E1/E6, E2/E6 mpayuatomomOnke pe tn ypnon
EKKIVNTIKOV popimv, mov vPp1dilovtal 6e GuVINPMUEVES TEPLOYES TOL 10V KO GTIG TTLO GUYVE
enpavilopeveg Béoeig préng tov HPV16 DNA (E1: 1059 - 1323), (E2: 3172 - 3649), 6mwg
TPOGOopIoTNKE OO TN UEAETN T®V dopopeTIK®V otereydv HPV16 mov kxukAogopovv ctov
EXMnvikd mainBoopd.

H avéivon tov Adyov tov Tindv E2/E6 kot E1/E6, £6e1&e Ot1 1 emompikn Lope1| Tov
100 Ppioketor pe peyodldtepn ovyvotnta o€ youniov Pabuod dvomlaciec, evd 1 UEKTN
HOPPN TOV YOVIOLOUATOS TOV 100 PpiokeTar pe peyaAvtepn cvuyvotnta oe vyniov Paduod
evooemOnhokég aAroidoelc. Télog, ot Adyol E1/E6 kot E2/E6, £de1&av 6t 1) evompatopévn
popen tov yovidsiopatog tov HPV16 Bpioketon pe peyodldtepn cuyvotnto 6€ TEPIMTOCELS
Kapkivov Tov Tpayniov ¢ untpag (Andersson et al., 2005, Kulmala et al., 2006). EmmAéov,
pe Paon to amoteAéopato To. omoiol TPOEKLYAV amd TNV avaivorn tov Adyov EI/E6 kot
E2/E6, mopatmpnOnke 011 og deiypata yopmAiov PBabuov aAloiwong eviomiotnke 1 kobopd
EVOOUATOUEVT HOPPY] TOV YOVISIDHOTOS TOV 100 6TO KLTTOPIKO Yovidiopa. To yeyovog ovtod
6€ CLVOLAGUO HE TNV UEYAAN CLYVOTNTO EUPAVIONS TNG UEIKTNG HOPPNG TOV YOVISUDHATOG
tov HPV16 cg meputtddoelg younAov Pabuod evdoembOnitokng ailoiwong odnynoce oto
CLUTEPAGHLO, OTL T EVEOUATOSN TOV 100 cupPaivel o€ yauniod Pabuov dvomracieg (Cricca
et al., 2007, Briolat et al., 2007, Boulet et al., 2009), vrootpilovtag t0 yeyovog OTL M
evoopdtoon tov HPV16 DNA eivor éva gawvopevo 1o omoio cupfaivel vopic oto KOKAO
Cong tov 100 Kol pwopet vo amoTeEAESEL £VOL OUAVTIKO TPOYVOOTIKO dgiktn eEEMENC TG
evooemOnAokng ahloimong o vymidtepov Pabprod duomhacieg Kot KopKivo Tov TpoynAov
¢ untpog (Peitsaro et al., 2002, Gallo et al., 2003, Andersson et al., 2005, Kulmala et al.,
2006, Cricca et al., 2007, Briolat et al., 2007, De Marco et al., 2007, Huang et al., 2008,
Azizi et al., 2008).

H obykpion tov 600 Adyov tov tuov E1/E6 xov E2/E6 ota deiypoto mwov
eetdotnkay, Kafdpioav Tov TPOTO EVOMUATOONG TOV 100 GTO KVLTTAPKO yovidiopa. TTo

GLYKEKPLUEV, TOPOUTNPNONKOYV TEPITTMCELS OTIC OMOIEC TPOGOIOPIGTNKE N GLVOTOPEN TPLOV
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SpopeTik®v "tAnBvoumv" HPV16 DNA. TTo cvykekpiéva, Evag mAnfucpudg mov eépet v
EMOMUIKT LOPPT TOL 10V, £vag TANBVOUOG oL €Yl LIOOTEL Evompdtmon pnécwm pnéng oto
El yovidio kot évag mAnBuoudg mov €xel vmootel pnén oto E2 yovidwo, avtictoyya. To
yeyovog avtd iomg va amotelel onuovtikny évoeldn ywo v Vmapén moAlamAodv Bécemv
gvoopdtoong tov wv oto kuttopikd DNA. Emmdéov, mapammpnbnkav yeyovota
evoopdtoong tov HPV16 DNA, péom €Adetyng oAdOKANpNG g meployng Hetald Tov
yovdiov El xov E2, eved mapommpnOnkav mepmtodcels, mov o 10¢ Ppiokdtov o€
EVOOUATOUEV HopPn amokAeloTikd pécm pnéng tov E1 1 tov E2 yovidiov. Enopévag and
™V OVOADOT TOV OTOTEAEGUATOV AQUPAVOVIOL CNUOVTIIKEG TANPOQOPIES YL TOV TPOTO
evoopdtmong tov 10V 1o Kuttaptkd DNA, yeyovdg mov divel onpavtikototeg evosiEels v
v oykoyovikdtnto tov HPV16 DNA kot v e£éMén ¢ dvomAiaciog. AvtiBétmg, oe entd
TEPMTMOOEIS TOPOVCIACTNKE CNUAVTIKY amOKAlon peTaéy tov twov E1/E6 ko E2/E6. To
veYovdg ovTtd {omMG Vo OPEIAETOL GTN) GLOGMPEVLOT UETOAAMAEEWV OTIS TEPLOYEG TOL
vPpwilovtal ot ekkivntéc, N o€ avadlataéels tov HPV16 DNA ota cvykexkpiuéva HPV16
oTEAEYN, LE OMOTEAEGLO VO TTOPOTNPEITOL CNUAVTIKY] OTOKAMON HETAED TV dVO AdY®V TV
Tiwov E1/E6 xar E2/E6 (Tornesello et al., 2000, Arias Pulido et al., 2006). Axoéun, M
anokion tov tiuev E1/E6 ko E2/E6 Oa umopotoe va opeidetal oty dmapén S10popETIK®Y
minbvopodv HPV16 DNA mov mopovstdalovv O1a@popeTikd TPOTLTO EVOOUATOONS GTO
KuTToPKO Yovidiopa. [Tapdia avtd, Oa mpémetl va yivouv emmpdobeteg peréteg yia ta potifa
EVOOUATOONG TOL 100 6TO KLTTAPKO Yovidiopa, £tol ®ote va evioyvbel M mopamdve
vdOeon.

SOUTEPACUATIKG, LEXPL CTIYUNG Y10 TOV TPOGOIOPIGHUO TG LOPPTS TOV YOVIOLDUOTOG
TOV 100 Tpaypatonoteiton pévo aviaivon tov Adyov E2/E6. H pedétn avtr, etvon pio mpo
TPOcEYYIoN TovTOYPOVNG ovdAvong tov Adyov tev Tiwdv E1/E6 kot E2/E6, €161 dote va
TPOGOI0PIoTEL e peyaAvTEPN oKpifeila 1 Lopen Tov yovidtdpatog tov HPV16 kou o tpomog
pe tov omoio o 10¢ €xel evoopoatwbel oto kuttapikd DNA. Me Bdon to aroteAéopato mov
TPOEKLYOV A0 TN GLYKEKPIUEVT HEAETN, TpoTeiveTan OTL Bor mpémet vo Aapfdvetol coPapd
VIOYN M EMAOYN KATAAANA®V GTOY®V Yo TV Tocotikonoinon tov E1, E2 kot E6 yovidiwv,
o€ éva 0gdopévo mAnBvopd. Emmpdcbeta, 0 Tpocsdlopiopods Tov TpOTOL e TOV OTOi0 O 10G
€xel evoopotmbel oto KLTTOPIKO Yovidimupa, iowg vo umopel vo OMOEL CNUAVTIKEG
Tnpoeopieg yio v maboyévela tov HPV16, kabiotdviog tovg Adyoug tov Tindv E1/E6 ko

E2/E6, éva onpovtiko epyaieio mpdyvmong e eEEMENG TG evOoemBNAakng vEoTAociog.
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4.7 ®awvopeva avaordtaing tov HPV16 DNA

210 TEAEVTOIO PUEPOC TNG OOAKTOPIKNG SlaTtpPng, £yve TpoomdOeln EVTOMIGHOD TV
Béocewv evoopdtoong tov HPV16 o kAvikd oetypata, ota omoio mpocdiopiotnke OTL TO
yovdiopa tov HPV16 PBpioketor evoopoatopévo oto DNA tov kvttdpov Eeviot. H
SladIKaGion TPOGOOPIGHOD TV BEcemV evomudtmong tpaypatoromdOnke pe m pébodo RS -
PCR, ooupova pe tv omoio eKkKivntég ot omoiot avayveopilovv cuykekpiuéves BEGEIC 0T0
yovidiopa oo HPV16 (E1, E2, L1, L2 ko1 LCR) cvvdvdlovtor otnv avtidpaon e eKKivntég
OV OmMOKOAOOVTOL EKKIVNTEG  ovayvoplong 0Oécemv  meplopiopov  (Restriction  site
oligonucleotide primers, RSO). Mg Baon ™ pébodo ovty evioybeTor 1 TEPLOYT TOV
yovidropatog Tov HPV16 mov €xel evoopatwbel og dyvmotn meploy T0L YOVISUDUATOS TOV
kouttdpov Eeviotn (Yu et al., 2005)

Metd Vv ovAAVoY TOV OTOTEAECUOTOV EVIOMIGTNKOV GE TPELS TEPIMTMOCELS
Kapkivov, pio mepimtwon vynAod Pabuod evooemBnAlokng oAloiwong kot oe Vo
TEPUTAOGELS YounAov Pabpov evooemBniakng adroiwong, avadatdéelg tov HPV16 DNA
pe avaotpon. ITo cvykekpyéva, oto detypo PNL7 (kapkivog Tov TpaynAov g UTpog)
evromiotnke po aAiniovyio HPV16, n omoia mepiiapfavel tunpa tov E2 yovidiov (2965 -
3337) pe mpocavatolopd S' - 3" wou tpuqua tov L1 yowvidiov (6418 fwg 6151) pe
mpocsavatoAopo 3' - 5'. EmmAéov ota deiypota D59, PNL16 (kapkivog tov tpayfAov tng
untpag), ATT21 (vynAod Pabuod evdoemBniiokn orroiwon), ATT6, ATT78, ATTII,
ATTI8 (youniov Pabupov evéoemOnAlakn oAAOI®OT)) EVIOTIGTNKE £Va SLOPOPETIKO TPOTLTTO
avadtdtaéng pe avactpoen tov HPV16 DNA, to onoio mepthapfavel Tufpa tov yovidiov E7
(790 -858), Tunua tov E1 yovidiov (865 - 1059) pe mpocovatoiicud 5' - 3' kot ot cuvEYELL
tuiua tov L1 yovidiov (6207 - 6151) pe mpocavatoiiopd 3' - 5'. Gawvdpeva avadidtaing
TOL YOVISIOUATOG TOV 100 £yovv avapephel kat amd tponyovuevn epyacio tov Arias Pulido
Kol Tov cvvepyatdv Tov (2006), onv omoia TEPLYPAPOVTOL TEPUTTMOCELS AVUOLATAENS TOV
HPV16 DNA ot nmeproyn tov El1 ko E2 yovidiov oe mepuntdoelg kapkivov Tov Tpoyniov
™G UNTPOG. TN GUYKEKPUEVT EpYacio mapatnpnOnKay eAAelyelg 1 SumAaclac ol eVvtog TV
YOVOI®V, &VM 0V KATOYPAPNKOV YEYOVOTO GULVEVOONS OLUPOPETIKOV TUNUATOV TOV
yovidiopartog tov o0 (Arias Pulido et al., 2006). EmmAéov oe pia mpocpatn epyacia, omd
™V avaivorn 0AOKANPOL TOL YOVISIOUOTOS THG KuTTopikhg ospdc Caski, evromiotnkav
moAlOmAG yeyovota avadidtalng oe evoopatopéve ukd popwe DNA, dnuovpydviog
Tuqpato pe ovtibeto mpooovatodiopd (Akagi et al., 2014). Meta&d towv yeyovotOV

avadtdtatng tov HPV16 DNA meprypdoeton kou m obvoeon tunudtov pe ovitifeto
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npocavaTodond petald Tov yovidiov E7,E1 - L1 ko E2 - L2 (Akagi et al., 2014). Méypt
OTIYUNG M aVAAVOT TETOLMV TEPUTTAOCE®Y OVASIATAENG EVOOUATOUEVOV YOVIOIOUATOV TOL
HPV16, &yel meprypagei poévo ot kuttopikn oepd Caski, evd dev €xovv avarivbei kKhvikd
detyparta. EmmAéov, amd v 1010 peAétn mpotdOnke €va poviélo OnAldg, coppova pe to
OO0 1 OVTIYPOPN TOV EVOOUNTOUEVOV OVILYPAP®OV TOL YOVIOIOUOTOS TOV 10V Kol O
aVaGLVOLOGHOG, CUUPAAOVY GTO GYNUATIOUO CAVCOUEP®Y KOV Kot kKuttapikoh DNA, pe
AmOTEAEG LA TNV EAAELYT) YOVISI®V 0ALG TNV EKppaoT) Tov oykoyovidimv E6 kot E7 (Akagi et
al., 2014). Mg Baon avty ™ TANpoYopia, évag mTOavOg TPOTOG COHUE®VA LE TOV 0Toio Oa
umopovoav va mpokvyouv ot avadlatdéelc tov HPV16 DNA mov evtomiotnkav ot
Topovoa, dtoTpiPn], etvon n dnovpyia pog doung Onidg, n omoia mepthapPavel aAvcopepn
HPV16 DNA, ta omoia £pyovial 6 ovTUmapGAANAO TPOGOUVATOAGHO KOl avacLuvOLalovTal
petald tovg (Ewova 4.1). To @ovopevo avtd 16m¢ €xel G OMOTEAEGUO TN CLVEVMON
Swpopetik®v tunudtov HPV16 DNA pe oavtifeto mpooavatoMopd, v avacTpoen
TUNUOTOS TOV YPOUOCOUOTOS Kol TNV amaAolpn meptoydv tov kuttaptkod DNA (Ewdva
4.1). Eav t0 @awvdpevo avtd cvpPaivel tote cvuPdirer oty amoctabepomoinon Tov
YPOUOCHOUATOG TOV EEVIOTH Kot TN TPOKANoT kopkivov. Emopévoe, akdun kot petd tnv
EVOOUAT®OON TOV 100 O6TO KLTTOPIKO YPOUOSOUO 0 10¢ cuveyilel vo TPOKAAEl dOPKMG
eawvopevo amootadeporoinong tov kvttapikod DNA. Katd cvvénela, eivar onuoviikod va
eleyyBel mn meproyn oplotepd Kot el TOV EVOOUATOUEVOV OAANAOVYIDOV £TCL OOTE Vo

enoAn0gvBel n Tapomdve vedOeon.
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Ewoéva 4.1. ITiBavé poviého to omoio ovuPdier oto oynuatiopd tunudtov HPV16 DNA pe
avtifeto mpocavatoMopd. A) Alvoopepn kuttapikov kot HPV16 DNA, 6mwg mpoteivetol amd 1o
HovTéLO TTov TEPLypdpeTal o mponyovuevn epyacia (Akagi et al., 2014). B) Zynuotiopudc dopung
Ondc, n onoia Pépel e avtmapdAAnio TpocavatoAlcud dtapopetikd popto HPV16 DNA, ta onoia
ot ovvéyela avaovvovdlovral petald tove. I'. Eynuotiopog tunudtov HPV16 DNA, pe avtibeto
TPOCAVATOAIGHO, OVOGTPOPY] TUNUATOV TOL YPOUOCOUOTOS Kol  EAAEWT  TEPLOYADV  TOL
YPOLOCDLOTOG,

Emumpdcheta ot mepintwon tov detypotog D59, evtomiomnke pior adAniovyio
omoio. mepthapPaver tunuo Tov yovidiov E7 kar El, evd m ovvéyela g aAiniovyiog
nepapPavetl axopa copdvta tpeg Paoets. [apoia awtd, 1 aAAniovyio TOV GopPAVIO TPLOV
Baoewv dev umopet vo tavtomomBel otn Paon dedopéveov NCBI. T'o 10 okond owtd to
nelpapa Ppioketon oe e£EMEN oyxedidlovtog Evav eKkvTh, 0 omoiog vPpdileTor akpPdg
o1 0éom GvVdEoNC TG UKNG Kot AyvmoTNG aAANAovyiog, £T61 MOTE VO GLVOLOGTEL e TOVG
EKKIVNTEG avayvoplong 0écewv mepropiopov (Restriction site oligonucleotide primers,
RSO).

Téhog, OmM®G ovoeEépOnke o€  mTPONYOOUEVY] €VOTNTAL O EMTE  TEPIMTAOGCELS
TOPOVCIACTNKE ONUAVTIKY amdkAon petaéy tov twov E1/E6 ko E2/E6. Zta deiypota
avTd, aviyvevtnke oe 1éaoepic mepimtwoelg (ATT21, ATT78, ATT98, PNL7), avakatavoun
TOV YOVIOLOUOTOG TOV 100, EVO T LITOAOWTA delypoTa deV £Y0vV e€ETAOTEL LEYPL OTIYUNG Kot

10 meipapa Ppioketon akodpa og e&EMEN. Ta amoteléopata avtd evicyvovy TV VIOBEST OTL
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N aocvpeovia twv Aoyov E1/E6 ko E2/E6 icmg va opeidetor og patvopeva avadldtaéng Tov
HPV16 DNA. ITapoéia avtd o tpdmog e tov omoio Exovv onpiovpyndel ol cLYKEKPIUEVES
OVOKOTOVOWLEG GTO YOVIOI®O TOV 100 TTPENEL Vo LeAeTBOVV TTEpaITéP®, YEYOVOS TTOL 1GMG
dMGEL TANPOYOPIEG YL TOV TPOTO KOl TOV UNYOVICHO gvowpdtoong tov HPV16 oto
KUTTOPIKO YPOUOCDLLOL.

SVUmEPACUATIKG, £XEL TPOTOOEL OTL O TPOGIOPIGUOG TNG HOPPTC TOV YOVIOLDUOTOG
tov HPV16 &ivar évag onpoavtikdg poplakog deiktng, mov pmopel va tpoPAéyet v eEEMEN
g evooemBOnilokng addoimong amd youniot Babuod ce vyniov Pabuod evdoemBnitok
aAloimon kot Kot eMEKTOOT OE KapKivo Tov tpayniov ¢ unitpog (Hudelist et al., 2004,
Arias Pulido et al., 2006). ITopoia ovtd eivoar 1 TPOTN QOPE TOL TPAYUOTOTOLEITOL
TaVTdYpovn avdivon tov Adyov tev Tiuev E1/E6 kot E2/E6, petd and mpocsdiopicpd tov
ocvvnBéotepwv Bécemv pnéng twv HPV16 oteheydv mov kukho@opovv ce éva dedopévo
mAnBvopd. O tpocdopiopnog E1/E6 kar E2/E6, umopel va 00GEL ONUAVTIKES TANPOPOPIES Yo
™ popen tov yovididpatog tov HPV16 ce khvikd detypota. Me Bdon ta amoteléopota
OV TPOEKLYAV OO TN CLYKEKPLUEVN OlaTpIPn], TPOTeiveETOL OTL 1 YOPTOYPAPNON TOV
ocvvnBéotepov Bécemv pnéng tov E1 kot E2 yovidiov o cuvdvacud pe T VOUKAEOTIOK
avédivon tov yovidiov El, E2 xat E6 tov HPV16 xor tov mpoodiopioud yeyovotwv
avadtdtaéng tov HPV16 DNA 0o mpémer vo AauPdvetor cofopd vmdym vy OV
TPOGOOPIGHO TNG HOPPNG TOL YOVISIMHOTOS TOV SOPOPETIKMY KukAopopovviwy HPV16

oTeEAEYDV € EVal OEOOUEVO TANOLGLO.
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Abstract

Human Papillomaviruses (HPVs) are non enveloped, epitheliotropic, double
stranded, circular DNA viruses that infect cutaneous and/or mucosal epithelia. Over 150
different HPV types have been characterized, and approximately 40 of them are detected in
the cervical epithelia and are classified as members of the genus Alphapapillomavirus.
Epidemiological studies have revealed that persistent infection with high-risk human
papillomavirus is the main risk factor for the development of high grade precancerous
lesions and cervical carcinoma, with HPV16 and HPV18 types being the most frequently
identified HPV types in invasive cervical cancer cases worldwide. Cancer progression is
associated with persistent high-risk HPV infection and with deregulated expression of viral
oncogenes E6 and E7. The E6 and E7 oncoproteins mediate mitogenic and antiapoptotic
stimuli by interacting with numerous regulatory proteins of the host cell that control the cell
cycle. As a consequence, HPV infection causes excessive cell proliferation, deficient DNA
repair, and the accumulation of genetic damages in the infected cell.

Persistent infection with high-risk HPV types is associated with an increasing risk
of genome integration into the host cell chromosome and progression to cancer. Viral
integration deregulates the expression of the E6 and E7 proteins in the high-risk HPVs types.
As a consequence, the virus stimulates cell cycle entry, providing selective growth advantage
to the infected cells. In addition, the extensive proliferation of the infected epithelial cells is
directly responsible for the accumulation of genetic errors, and genome destabilization that
result in cancer development.

The present thesis, focused on the molecular analysis of HPVV16 DNA. Moreover,
the HPV16 DNA physical state and the HPV16 integration sites into the cellular
chromosome were determined. The study was carried out in HPV16 positive cervical
samples derived from Greek population, that were diagnosed as high grade, low grade
squamous intraepithelial lesions and cervical cancer cases. Nucleotide and phylogenetic
analysis of HPV16 DNA, showed that the prototype stain and the European variant are both
prevalent in Greek population, while non European variants are circulating among Greek
women. To the best of our knowledge, novel sequence variations were reported for the first
time within E1, E2, E4, E6 and E7 genes, as well as duplications and intratypic
recombination events among distinct HPV16 variants were also reported. However,

molecular evolutionary analysis proposed that different genes at the early region of HPV16
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genome are dominated by different selective pressure and that might be associated with the
essential role of viral proteins in the productive viral life cycle.

In addition, the present thesis studied the physical state of HP\VV16 DNA, considering
that the key importance for the progression of cervical intraepithelial neoplasias (CIN) to
invasive cervical cancer is the integration of HPV into the host genome. The physical state of
viral genome was determined, taking into consideration the most frequently disrupted sites of
HPV16 DNA, revealing that the viral integration is an early event in the viral life cycle.
Finally, according to integration sites analysis, rearrangements within HPVV16 genome were
determined. In particular, a model of looping was proposed by which viral - host DNA
concatatemers - mediate replication and recombination resulting to rearrangements in
inverted orientation. According to this hypothesis, after HPV16 integration into the host
chromososome, the virus promotes genome destabilization leading to cancer development. In
conclusion, the extensive mapping analysis of disruption sites of E1 and E2 genes, in
combination with the nucleotide analysis of E1, E2 and E6 genes, and the detection of
HPV16 genome rearrangements, is a prerequisite in order to further understand and analyze

the physical state of HPVV16 DNA form in cancer progression.
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Abstract The E2 gene of human papilloma virus is
expressed at the early stage of the viral life cycle, encoding
the E2 transcription factor, and regulates the expression of
E6 and E7 oncogenes. Disruption of E2 gene due to viral
integration inhibits the transcriptional suppression of the
HPV oncogenes, inducing cell proliferation. In the present
study, a total of 22 HPV16-positive cytological specimens
derived from high- and low-grade cervical intraepithelial
lesions were investigated in order to identify sequence
variations in the HPV16 E2 ORF. The E2 gene was
amplified by PCR using external and internal overlapping
sets of primers. Amplicons were cloned and sequenced.
Disruption sites were detected in cervical samples diag-
nosed as high-grade cervical intraepithelial lesions. More-
over, sequence variations were identified in the E2 ORF
and specific variations were associated with non-European
variants such as African type I, African type II and Asian
American. A total of three new sequence variations were
identified at positions 2791, 2823 (transactivation domain)
and 3361 (hinge region). Distinct phylogenetic branches
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were formed according to E2 analysis that characterized
the different HPV16 variants. It was ascertained that non-
European variants are circulating in the Greek population.

Introduction

Human papillomaviruses (HPVs) are non-enveloped, dou-
ble-stranded DNA viruses that infect the basal layer of
epithelia and are associated with benign and malignant
lesions of the skin and the mucous membranes in humans.
To date, more than 120 different HPV types have been
identified, and about 40 of them infect the genital tract [1].
The mucosatropic HPVs are typically classified as high-
risk (HR) genotypes, including HPV-16, and -18, and low-
risk (LR) genotypes, such as HPV-6, -11, and -42, based on
their association with clinical lesions [2, 3]. A further
classification of HPV16 has revealed five distinct phylo-
genetic branches according to intratypic sequence poly-
morphisms in specific portions of the genome related to the
geographic origin of the strains. Consequently, five HPV16
variants have been characterized: East Asian, European,
African type I, African type II and Asian American [3, 4].
Moreover, HPV16, HPV18 and HPV45 are the most fre-
quently identified HR HPV types found in invasive cervical
cancer [5-9]. Nevertheless, it has been proposed that epi-
genetic alterations may also be necessary for the estab-
lishment of cervical neoplastic progression [10, 11].

The HPV genome encodes six early (E1, E2, E4, ES, E6,
E7) and two late (L1, L2) genes. The early functional
domain of the viral genome is regulated by the early pro-
moter. This promoter is referred to as P97 in HPV-16 and
-31 and as P105 in HPV-18 [12]. The early genes encode
proteins responsible for replication, transcription and
translation of infected cells. In particular, the HPV E6 and
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E7 early genes encode oncoproteins that are able to
transform the infected cells. In addition, they are involved
in maintenance of the viral genome extrachromosomally.
The HPV E2 protein is also involved in both the replication
of viral DNA and the transcriptional regulation of early
genes and contributes to the control of the viral copy
number in undifferentiated epithelial cells [13-15].

In previous studies, it has been reported that in low-
grade CIN lesions, the high-risk HPV genomes persist as
episomes, while during progression to high-grade lesions
the viral genome is also found integrated into chromo-
somes of the host cells [16-27]. The integration of HPV
usually disrupts the E2 gene open reading frame, resulting
in the loss of the E2 protein function. These data led to the
assumption that disruption of the HPV-16 E2 gene results
in the deregulation of P97 promoter activity and an
increase in the expression of the E6 and E7 viral oncogenes
[28, 29]. As a result, E6 and E7 oncoproteins are persis-
tently expressed, and they deregulate p53 and pRb proteins,
respectively, providing the infected human keratinocytes
with a selective growth advantage [29-31]. Consequently,
it has been proposed that mutations in the E2 regulatory
gene increase the immortalizing activity of HPV16 [32]. In
the present study, a total of 22 HPV16-positive cytological
specimens derived from high- and low-grade cervical
intraepithelial lesions were investigated in order to deter-
mine the physical state and sequence variations of the E2
gene in high- and low-grade precancerous lesions.

Materials and methods
Clinical cervical specimens

A total of 22 HPVI16-positive cervical samples were
investigated. Five clinical Thin Prep cases were received
from the Virology Laboratory of the Anticancer Hospital of
Athens “Agios Savvas”, eight paraffin-embedded samples
from cervical biopsies were from patients with cervical
intraepithelial lesions (CIN), and nine clinical samples
were from stained cervical smears submitted for cytologic
analysis to the Cytopathology Laboratory of the University
Hospital of Larissa. All these cases were diagnosed as
cervical intraepithelial lesion stage I, II and III. Of the 22
specimens, 11 were diagnosed as high-grade (CIN II, III)
and eleven as low-grade (CIN I) cervical intraepithelial
neoplasia. All cervical samples that were assayed in the
present study were from Greek patients.

DNA preparation

Three different DNA extraction methods were used for
the three different groups of specimens. DNA from Thin

@ Springer

Prep was extracted using the chaotropic agent guanidine
thiocyanate (GuSCN) according to Casas et al. [33].
DNA from stained cervical smears was isolated as
described by Puramen et al. [34]. The extraction of DNA
from paraffin-embedded tissue sections is briefly descri-
bed below. Sections of 5-10 um in diameter were cut and
collected in 0.5-ml microtubes using a clean blade. Each
individual section was deparaffinized in xylene, washed
with 96% ethanol, pelleted and air-dried. The sections
were treated with 200 pl of 1X extraction buffer, which
contained 20 pg/pl of proteinase K, 100 pl of 10X PCR
buffer (Stratagene, La Jolla, USA) and ultrapure water
(Sigma, St. Louis, USA) up to a final volume of 1 ml.
The samples were incubated either at 37°C overnight or
at 55°C for 3 hours, and proteinase K was inactivated at
95°C for 15 min. The lysate was removed by a brief
spin, and the resulting supernatant was transferred into a
new tube and stored at —20°C. Three pl of the super-
natant was used directly for DNA amplification by PCR
assays.

The quality of the extracted DNA from cervical speci-
mens and from formalin-fixed, paraffin-embedded human
cervical tissues was tested by amplification of a 498-bp
fragment of the human f-actin gene [20]. HPV typing of
the specimens was performed using a nested multiplex
PCR assay as described previously by Sotlar et al. [35].

E2 amplification by PCR

The HPV16 samples were subjected to PCR amplification
of the E2 ORF using the set of primers (HPV-16
2734/HPV-16 3912) (Table 1). The primers were designed
using the online Primer3 program, and the nucleotide
positions are numbered according to the E2 sequence of the
reference HPV16 strain available in the NCBI GenBank
sequence database (http://www.ncbi.nlm.nih.gov/) under
accession number NC_001526. The forward primer was
designed to hybridize 21 bp upstream of the E2 gene, and
the reverse primer was designed to hybridize 90 bp
downstream of the E2 ORF.

PCR was performed in a final volume of 50 pl, and the
PCR mixture contained 50 pmol of each primer, 10X PCR
buffer (Stratagene, La Jolla, USA) containing 2 mM
MgCl,, 0.25 mM each dNTP, and 2.5 U of thermostable
DNA polymerase (Pag5000™ DNA Polymerase, Strata-
gene, La Jolla, USA). The cycling conditions were as fol-
lows: 40 cycles of 40 s at 95°C, 30 s at 56°C and 40 s at
72°C. The first cycle was proceeded by a 2-min denatur-
ation step at 95°C, and the last cycle was followed by a
5-min elongation step at 72°C. Subsequently, in order to
increase the amplification signal, 2 pl of the first-round
PCR product was used as template for auto-nested PCR
using the primer set HPV-16 2734/HPV-16 3912. The
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Table 1 Sequences of the outer and two overlapping inner primers and their respective positions on the E2 gene

Primers Location Sequence (5'-3') PCR product

E2 complete ORF HPV-16 2734 2734 GACGAGGACAAGGAAAACGA 1176 bp
HPV-16 3912 3912 GCACACAAAGCAAAGCAAAA

5 region HPV-16 2732 2732 GAGGACGAGGACAAGGAAAA 632 bp
HPV-16 3364 3364 CGTTGCTGCTAAACACAGATG

3’ region HPV-16 3312 3312 ATGCGGGTGGTCAGGTAAT 598 bp
HPV-16 3912 3912 GCACACAAAGCAAAGCAAAA

The primers were designed using Primer3

auto-nested PCR was carried out for 25 cycles under the
same conditions.

The samples that were not amplified with the primer set
HPV-16 2734/HPV-16 3912, were tested further with two
inner overlapping primer sets (Table 1) in separate reac-
tions. These primers were designed to amplify overlapping
fragments of the E2 ORF in order to locate the sites of
disruption in the E2 gene. All of the PCR reactions
were performed in a final volume of 50 pl, and each
PCR mixture contained 50 pmol of each primer (HPV-16
2732/HPV-16 3364, HPV-16 3312/HPV-16 3912). Ampli-
fication conditions were the same as described above. In
addition, 2 pl of the first-round PCR product was used as
template for auto-nested PCR, which was performed
for 25 cycles under the same conditions as above. Ten
microliters of the amplified samples was electrophoresed in
a 2% agarose gel containing 1 pg/ml ethidium bromide in
Tris-borate-EDTA buffer using a 100-bp DNA ladder
(Invitrogen Life Technologies, Paisley, UK) as a molecular
weight marker.

Sequence analysis of E2

PCR amplicons were excised from the agarose gel using a
QIAquick Gel Extraction Kit (QIAGEN GmbH, Hilden,
Germany) according to the manufacturer’s instructions and
were cloned into pGEM-T Easy vector (Promega, Madison,
USA). Recombinant plasmids containing the 1176-bp,
632-bp or 598-bp fragment were prepared by miniprep
using a NucleoSpin Plasmid kit (Macherey-Nagel GmbH,
Duren, Germany). In order to confirm the nucleotide
variations, two independent PCR assays were carried out
for each individual cervical sample, and amplicons from
the different PCR assays were subjected to cloning. Three
clones from each individual amplicon were selected. The
samples were sequenced at Macrogen Inc., Korea. The
HPV16 E2 cloned sequences were analyzed using the ORF
Finder tool on the NCBI server of the National Institutes of
Health (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Multiple
sequence alignment of the cloned E2 sequences and the

reference HPV16 sequence (HPV16R) available in the
HPV16 Sequence Database (Los Alamos National Labo-
ratory) was done using the multiple sequence alignment
program Mega5 in order to detect nucleic acid variations.

Phylogenetic analysis

A phylogenetic tree was constructed on the basis of the
cloned sequences of the complete E2 ORFs derived from
eleven low-grade cervical samples, the HPV16 E2 refer-
ence sequences and those of representative sequences of
HPV16 variants, such as African type I, African type II,
Asian-American, European and Asian (data not shown). In
addition, considering that some cervical samples were
amplified only by the two internal overlapping primers sets
(Table 1), two phylogenetic trees in the portion of the 5’
region and of the 3’ region of the E2 gene were also con-
structed using the corresponding partial E2 sequences of
the reference HPV16 strain and of the HPV16 variants
(data not shown).

The sequences of the HPV 16 variants that were used to
construct the distinct HPV16 phylogenetic branches are
available in the GenBank sequence database under the fol-
lowing accession numbers: for the Asian American vari-
ant, AF402678 (Asian American) and AF407220, AF11
5832, AF115831, DQI191465, DQI191464, AY686582,
AY686579; for the Asian variant, AF534061 (Asian) and
AF40719, AF407218, FJ610150; for the African type I
variant, AF536180 (African type 1) and AF472508; for the
African type II variant, AF472509 (African type 2) and
AF193429; and finally, for the European variant, AF536
179 (European) and AF067034, AF193425, AF19347,
AY686580, EU430675, EU430667, EU430683, FJ610148,
FJ610149,FJ610152,F1610146,FJ610147, DQ191463. The
phylogenetic trees were calculated by the neighbor-joining
method using the program Mega5 (1000 bootstrap repli-
cates). ClustalW2 multiple sequence alignment analysis was
also carried out in order to calculate the percentage of
sequence similarity between the E2 amplicons and the rep-
resentative sequences of the HPV16 variants.
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Results
E2 OREF disruption

Intact E2 ORF was detected in eleven low-grade cytological
specimens, while the eleven cases of high-grade intraepi-
thelial neoplasia revealed E2 disruption. The E2 genomic
region from nucleotides 3312 to 3912 was not amplified in
the specimen D30 (Table 2), while the 5’ genomic region of
the E2 gene from nucleotides 2732 to 3364 was not amplified
in three more specimens, D2, D4 and D14 (Table 2). The
amplification of the human f-actin gene in all paraffin-
embedded cervical samples revealed that the disruption in E2
OREF was caused by viral integration and not by the formalin
fixation process. These findings indicate that the viral gen-
ome must be integrated into chromosomes of the host cells
and that E2 disruption took place in the corresponding
genomic region of the E2 ORF.

E2 Sequence variations

Three colonies were selected from each cloned amplicon,
and the isolated plasmids were used for direct sequencing.

The selection of clones was performed according to the
sequence heterogeneity among the different cloned
sequences derived from the same cervical sample. The
numbering of the nucleotide variations was based on the
reference sequence of HPV16 (HPV-16R), which is
available in the HPV16 Sequence Database (Los Alamos
National Laboratory).

A total of nine sequence variations were identified in the
portion of the E2 gene that encodes the transactivation
domain. Two new variations in this domain were detected
at positions 2823 and 2791 (Tables 2, 3). The sequence
variation at position 2823 results in the amino acid sub-
stitution S23I (Table 2) and was detected only in cervical
samples derived from high-grade lesions (samples A13 and
D30). The sequence variation at position 2791 was detected
only in the low-grade clinical samples D7 and D34
(Table 3) with no amino acid change. Moreover, ten vari-
ations were detected in the hinge domain, including one
new sequence change at position 3361. The C3361T vari-
ation was detected in three cloned E2 sequences derived
from one low-grade (A17) and two high-grade (A3 and A4)
samples (Tables 2, 3) without resulting in an amino acid
change. In addition, seven nucleic acid variations (A3622T,

Table 2 Sequence variations in the E2 gene and amino acid substitutions detected in eleven cervical samples with high-grade intraepithelial

neoplasia
2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 Accession
7 8 8 9 1 1 1 2 2 3 3 3 4 4 4 5 5 5 5 6 6 6 7 7 7 8 Variants number in
CIN: HG 9 2 6 7 5 6 8 2 4 6 6 7 1 1 4 1 1 3 6 2 8 9 0 7 8 0 GenBank
Clones 13 0 7 9 1 2 4 9 1 2 7 0 3 9 6 7 8 6 2 4 4 6 8 7 5
G G CACGCGTGT CATCTCGSGT CTATA ATCTTGT CT
CINTII A3632CL AT A T A A A Asian American HM162479
CINTII A3632C2 AT T T A A A Asian American HM 162480
CINTII A4632C1 - - A T A T A - A African type| HM 162481
CINTII A6632CL European HM 162482
CINII A6 632 C2 - European HM 162483
CINTII A13632C1 - T HingEdoman European HM 162484
CINII A13632C2 - T - - - - - - - European HM 162485
CIN Il A15632C1 - - A - G T A A A DNA binding domain Asian American HM 162486
CINII A31632CL - - - - - - - - - European HM162487
CIN 11 D16 632 C1 - - - - - - - - A European HQ398218
CINI-II D30632C1 - A - European HQ398216
CINI-II D30632 C2 European HQ398217
CINTII A3598CL - 6 G T A A A - C - - - - - C  AsanAmerican HM 162489
CINTII A3598 C2 T G G T A A A C C G A A G T A G AsenAmerican HM 162490
CINTII A4598 CL - G G T - A A - G A A G T A G  Africantypel HM 162491
CINTII A4598 C2 T G G T A A - G A A T A African typel HM 162492
CIN Il AB598 CL - - T - A C G A A T A European HM 162493
CINII A13598 C1 T A - - - - - European HM 162494
CIN I A13598 C2 Transactivation domain B European HM 162495
CINTII A15598 CL - 6 G - A A A CC - Asian American HM 162496
CINTII A31598 CL - - - A G A A G T A G European HM 162497
CINII D2598C1 - - T - - European HQ398221
CIN 11111 D4 598 C1 - e - European HQ398219
CINTII D14598 C1 - - T c G European HQ398220
CINTII D16 598 C1 - European HQ398222
Amino acid I S HETHAGR SNUPPATETT S FV T T S WDV
o0 0 0 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3
1 2 3 7 3 3 4 5 6 0 0 0 1 2 3 5 5 6 7 8 1 1 1 4 4 5
5 3 5 4 5 6 3 6 5 2 3 8 9 0 2 4 4 1 1 9 0 3 7 1 4 0
L1 Q DK Y T - Q -DASTZ KNN -V - K - - C E -

The HG cervical cases that are listed in this table were amplified only by the internal overlapping primer sets. The corresponding HPV 16 variants
were identified using phylogenetic trees and ClustalW2 analysis. The codes A3, A4, A6, A13, Al5, A31, D2, D4, D14, D16, and D30 correspond
to the cervical samples. The numbers 632 and 598 correspond to the size of the amplified PCR product, and the last letter (Clor C2) corresponds
to the number of the clone
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Table 3 Sequence variations and amino acid substitutions of eleven low-grade cervical samples with intact E2 genes
2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 Accession
7 8 8 9 1 1 1 2 2 3 3 3 4 4 4 5 5 5 5 6 6 6 7 7 7 8 Variants number in
CIN: LG 9 2 6 7 5 6 8 2 4 6 6 7 1 1 4 1 1 3 6 2 8 9 0 7 8 0 GenBank
Clones 13 0 7 9 1 2 4 9 1 2 7 0 3 9 6 7 8 6 2 4 4 6 8 7 5
G G CACCGTS GO CACTCGG G CTATATCTTG C T
CINI D7632Cl A - .- European JF422083
CINI D7598 C1 - - T European JF422085
CINI D7632C2 - - - - - - - - - European JF422084
CINI D7598 C2 - - - T European JF422086
CINI D34632C1 A - - - - - - - - European JF422087
CINI D34598 C1 - - T European JF422089
CINI D34632C2 - - - - - - - - - European JF422088
CINI D34 598 C2 - - T European JF422090
CINI D42632C2 - - - - - - - - - European JF422001
CINI D42 598 C1 - - - - e - - European JF422003
CINI D42 598 C2 - - - - - - - - - - - - - European JF422094
CINI 7471176 C1 - - T L I e European HM162464
CINI 747 1176 C2 - - T - - - - - T e European HM162465
CINI 7471176 C3 - - T - - - - T - European HM162466
CINI 7471176 C4 - - T B - European HM162467
CINI 7471176 C5 - - T T B European HM162468
CINI 796 1176 C1 - - T L | B European HM162469
CINI 858 1176 C1 - - T e e e B European HM162475
CINI 868 1176 C1 - - T e - - European HM162477
CINI 7931176 C1 - - T e - European HM162478
CINI A171176 C1 A AT A A - G G T A A C - G A G C T A G Africantypell HQ398228
CINI A171176 C2 A AT A AT G G T A A CC G A A C T A G Africantypell HQ398229
CINI A241176 C1 - - T S - ST - European HM162463
CINI A381176 C1 T - European HM162462
Aminoadd | S H E T H A G R S N P P A E T T S F V T T S W D V
o000 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3
1 2 3 7 3 3 4 5 6 00 0 1 2 3 55 6 7 8 1 1 1 4 4 5
5 3 5 4 5 6 3 6 5 2 3 8 9 0 2 4 4 1 1 9 0 3 7 1 4 0
L 1 QDK YT - Q -DASTIKN NN -V - K - - C E -
Transactivation domain DNA binding domain
Hinge domain

The corresponding HPV 16 variants were identified using phylogenetic tree and Clustal W2 analysis. The codes 747, 793, 796, 858, 868, A24, A38,
A17,D7, D34, D42 correspond to the cervical samples. The numbers 1176, 632 and 598 correspond to the size of the amplified PCR product, and

the last letter (C1 or C2) corresponds to the number of the clone

C3684A, T3694A, T3706G, G3778T, C3787A, T3805G)
were found in the DNA binding domain. These variations
were found in low- and high-grade cervical cases that have
been correlated with HPV16 African type I, African type
II, Asian American and European variants (Tables 1, 2).

Specific variations in the E2 gene, such as T3224A and
G3413A, were identified in a group of clones (A3, Al5)
(Tables 2, 3) that were closely related to the Asian
American variant as calculated using the online ClustalW?2
multiple sequence alignment program. A high degree
(>97%) of nucleotide sequence similarity was noted
between the Asian American variant and the cloned E2
sequences (Table 2).

As a result, this strong association between specific
variations and the HPV16 variants could be a significant
step towards the identification of the HPV16 Asian
American variant in premalignant intraepithelial neoplasia.

Phylogenetic clustering of HPV16 isolates

Phylogenetic and ClustalW2 analysis were performed
based on the complete HPV16 E2 coding sequence, the 3’
region and the 5 region of the E2 gene as described
above. Several HPV16 variants were detected in

premalignant cervical samples. In particular, samples that
had been diagnosed as CIN I lesions (Table 3) contained
an intact E2 coding region, and phylogenetic and Clu-
stalW2 analysis revealed a strong relationship between the
cloned sequences and the European variant in the corre-
sponding genomic portion (Table 3). ClustalW2 analysis
revealed that the similarities between the characterized
HPV16 strains and the European variant were 98% in E2
ORF and less than 97% with the non-European HPV16
variants in the same portion of the genome. In contrast,
the LG sample A17 was clustered with the African type II
variant, with 99% sequence similarity in the E2 ORF
(Table 3).

Phylogenetic tree and multiple DNA sequence align-
ment analysis of the 3’ region and the 5’ region of the E2
gene revealed a strong association between cloned
sequences derived from five high-grade cervical cases (A6,
Al3, A31, D16, D30) and the European variant (Table 2).
In addition, cloned sequences derived from the high-grade
samples A3 and A15 were classified with the HPV16 Asian
American variant, with 97%-98% sequence similarity,
while the high-grade cervical case A4 was clustered in the
same branch with the African type I variant, with 98%
sequence similarity (Table 2).
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Discussion

The purpose of the present study was to identify HPV16
E2 sequence variations in 22 cervical samples that were
diagnosed as premalignant intraepithelial neoplasia. One
outer primer set was designed to amplify the complete E2
ORF, and two inner primer sets were used to amplify
internal overlapping fragments in the 5" and the 3’ region
of the E2 gene in order to detect disruption sites. Dis-
ruption sites were dominant in high-grade clinical cases.
Nucleotide variations were detected in the E2 sequences,
mainly in the region encoding the hinge and the trans-
activation domain of the E2 protein. Multiple sequence
alignment analysis revealed that specific nucleotide vari-
ations were associated with non-European variants such
as African type I, African type II and Asian American
variants. The nucleotide variations were studied by
analysis of the cloned sequences derived from the high-
and low-grade cervical samples. Cloned sequences were
selected according to the nucleotide homology between
the different clones derived from the same sample. In
particular, only one cloned sequence was used in nucle-
otide and phylogenetic analysis of cervical samples when
the cloned sequences showed 100% nucleotide homology
(Tables 1, 2). In particular, a total of six cloned sequences
derived from the cervical sample D30 were characterized.
From these cloned sequences, four clones were identical
to the HPV16 reference sequence, while in two cloned
sequences, the nucleotide variation A2823G was identi-
fied. One representative cloned sequence from each
HPV16 strain (the A2823G variant and the HPV16 ref-
erence strain) is listed in Tables 1 and 2. Taking these
data into account, it was assumed that distinct HPV16
strains are present in the same cervical sample. In addi-
tion, different HPV16 strains were identified in the sam-
ples A3, A4, A13, D7, D30, D34, 747 and A17 according
to nucleotide polymorphisms that were detected in the E2
region (Tables 1, 2).

In previous studies, it was reported that the disruption of
the E2 gene is a common and early event following HPV16
or HPV18 infection [16-18, 22, 23, 36—39]. In the present
report, intact E2 gene was detected in HPV16 samples
derived from low-grade intraepithelial neoplasia, while E2
gene disruptions were detected only in high-grade prema-
lignant lesions (Table 2). These data suggest that the E2
gene was disrupted and that the HPV16 genome was
integrated most frequently into the host genome in high-
grade lesions, as has been reported in earlier studies
[19-21, 24-27].

In the present report, a total of 29 sequence variations
were identified in the cloned E2 sequences. Of the 29
sequence variations, 19 resulted in amino acid changes in
the three HPV16 E2 protein domains (Tables 2, 3). The

@ Springer

majority of the nucleotide variations identified have also
been reported in previous studies [40-50], but three new
variations were reported for the first time in the present
report. In the 5" region of the E2 gene, which encodes the
transactivation domain of the protein, two new variations
were detected at position 2791 and 2823 in cervical cases
that were associated with HPV16 European variants
(Tables 2, 3). The sequence variation at position 2791 does
not result in an amino acid change (Table 3), while the
variation at position 2823 results in the amino acid sub-
stitution S23I (Table 2). The S23I amino acid substitution
is located within the E1 interaction site at residues 18-41
[51]. This genomic region is implicated in the formation of
the EI-E2 complex responsible for the viral DNA
replication.

In addition, the analysis of the HPV16 E2 ORF sequence
revealed a new nucleic acid variation at position 3361. The
C3361T variation failed to induce an amino acid substitu-
tion in the E2 protein. However, the specific nucleotide
variation was reported in cervical samples strongly related
to HPV16 Asian American, African type I and African type
II variants (Tables 2, 3). The strong association of C3361T
with non-European variants requires further investigations
in order to use the specific nucleotide change as a molec-
ular marker for the identification of non-European variants.
Consequently, it is reported that non-European variants are
circulating in the Greek population.

The hinge region harbors the amino acid change P219S
(C3410T). This variation was detected in different HPV16
variants derived from both high- and low-grade cervical
premalignant intraepithelial lesions (Tables 2, 3). In an
earlier study by Graham et al. [43], it was reported that this
variation was found in high-grade clinical samples, and it
had been suggested that HPV16 variants that carry this
variation could be involved in the development of high-
grade and invasive malignancy. In the present report, the
P219S nucleotide variation was detected in both high- and
low-grade cervical samples (Table 3). Amino acid varia-
tions in the hinge region could influence the three-dimen-
sional structure of the protein, inhibiting the functional
activity of the protein.

Sequence analysis of the HPV16 E2 gene revealed that
the nucleotide variations C2860A, A2977T, C3159A,
C3161T, G3182A, G3249A (transactivation domain) and
A3362G, C3377G, G3449A, C3516A (hinge domain) were
present in cervical samples with high sequence homology
to HPV16 Asian American, African type I and African type
II variants (Tables 2, 3) [48]. In addition, the nucleotide
change A3538C was reported in cervical cases with strong
association with HPV16 Asian American and African type
II variants (Tables 2, 3). Moreover, the specific sequence
variations T3224A and G3413A were only identified in
HPV16 Asian American variants (Tables 2, 3).
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The underlying mechanism of cervical carcinogenesis
induced by oncogenic HPVs is mediated through protein-
protein interactions of the host and virus. From this point of
view, amino acids conserved across viral HPV16 variants
are more likely to be functionally significant. Therefore,
variations that change these amino acids might be more
likely to be associated with altered protein functions
involved in virulence or enhanced capacity to transform the
cervical epithelium. The E2 sequence variations could also
be involved in an alternative mechanism for deregulating
the expression of the HPV E6 and E7 oncogenes.

In conclusion, this is the first study reporting specific E2
sequence variations and E2 disruption sites in HPV16
strains from women in Greece. Such findings might have
implications for future studies of HPV infection and the
design of new viral biomarkers for the elucidation of
mechanisms involved in cervical carcinogenesis.
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Abstract The HPV16 E1"E4 protein is thought to con-
tribute to the release of newly formed viral particles from
infected epithelia. In order to investigate amino acid
mutations in the HPV16 E1"E4 protein, the complete E4
ORF was amplified by PCR in 27 HPV16-positive cervical
samples, and the amplicons were cloned. Fifteen nucleic
acid variations were identified in the E4 ORF, including
seven silent nucleic acid mutations. In addition, nine amino
acid mutations (A7V, A7P, L16l, D45E, L591, L59T,
Q66P, S72F, H75Q) were detected in the E1"°E4 protein,
and these were associated with the severity of cervical
malignancy. A maximum-likelihood phylogenetic tree was
constructed based on the E4 ORF, and nucleotide sequence
analysis of the E4, E6 and E7 genes from the same samples
was conducted in order to determine the phylogenetic
origin of the cloned sequences from the amplified HPV16
E4. Based on the nucleotide sequence and phylogenetic
analysis it was revealed that even though E4 ORF consti-
tutes a small polymorphic portion of the viral genome
(288 bp), it could provide valuable information about the
origins of the HPV16 genome. In addition, molecular
evolutionary analysis of the E4 coding region revealed that
neutral selection is dominant in the overlapping region of
the E4 and E2 ORFs.
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Introduction

Human papilloma viruses (HPVs) constitute a group of
small double-stranded DNA viruses that infect the basal
layer of the epithelium of skin and mucous membranes.
Over 100 different HPV types infect humans, and 40 HPV
types are associated with anogenital tract malignancy [1].
HPV16 and HPV18 are the most common types identified
in invasive cervical cancer cases [2—6]. Genomic intratypic
heterogeneity has been mainly characterized in HPV16,
and five distinct HPV16 variants have been identified
(African type I, African type II, Asian-American, European
and Asian) according to their geographical distribution
[7-12]. Previous studies have suggested that non-European
HPV16 variants constitute a high risk factor for more-
severe cervical malignancies [13—15].

Infection with mucosatropic HPV types is a major factor
for cell proliferation induced by overexpression of the viral
oncogenes E6 and E7. HPV genome integration into the
host chromosome usually results in the functional elimi-
nation of the viral E2 transcriptional repressor. As a result,
viral transcriptional control is depressed, and the viral
oncoproteins are persistently expressed, inactivating the
tumor suppressor proteins pS3 and pRB [16—19]. The loss
of function of the cell-cycle regulatory proteins induces
extended proliferation of the infected epithelial cells,
leading to premalignant and malignant lesions [20].

The HPV genome is divided into two functional
domains, which are expressed via two major promoters
during the early and late phases of the viral life cycle. The
majority of HPV mRNAs are polycistronic, including more
than one open reading frame (ORF) and gene expression is
regulated by alternative splicing mechanisms [21, 22], as is
the case for the E4 protein, also known as E1"E4 late
protein. The first five amino acids are derived from the E1
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ORF, while the remaining amino acids are derived from
the E4 ORF [23, 24]. The E1"E4 protein is the first late
protein that is expressed in the upper layers of the epi-
thelium and is the most highly expressed of the HPV
proteins [24-26]. The HPV16 E1"E4 protein is thought to
be responsible for the total collapse of the epithelial cell
intermediate filament during the late stage of viral
infection, releasing infective novel viruses [27]. In pre-
vious studies, it has been reported that overexpression of
the E1"E4 protein induces G, arrest in several HPV-
infected cell types [28-30]. However, Davy et al. [31]
have suggested that the E2 protein is stabilized by the
presence of the E1"'E4 protein and that it influences E2
protein activity.

In the present report, considering the essential role of the
E4 protein during the productive phase of HPV infection,
we have investigated the HPV16 E4 ORF in order to detect
sequence variations in premalignant cervical lesions. The
main objective of the present report was to reveal E4 gene
mutations, to conduct phylogenetic analysis based on the
E4 ORF, and to correlate these sequences with HPV16
variants, considering that HPV16 variants have been
mainly characterized in E6, E7, L1, E2 and LCR, while
data on E4 variants remain scarce.

Materials and methods
Cervical specimens

Eleven Thin Prep slides, nine clinical samples from stained
cervical smears and seven paraffin-embedded cervical
biopsy samples were tested from women diagnosed as
having HPV16 associated with cervical intraepithelial
neoplasia (CIN), stage I, II or III. Fifteen of these cases
were diagnosed as high-grade cervical intraepithelial neo-
plasia (CIN II, III), and 12 were diagnosed as low-grade
cervical intraepithelial neoplasia (CINI).

DNA preparation

One hundred pl of Thin Prep solution was used for DNA
extraction using the chaotropic agent guanidine thiocyanate
(GuSCN) according to Casas et al. [32]. DNA from stained
cervical smears was extracted as described previously by
Puramen et al. [33]. DNA from formalin-fixed, paraffin-
embedded cervical tissues was extracted by the proteinase
K extraction method as described previously [10]. Three pl
of the eluted DNA was used for DNA amplification by
PCR assay.

The quality of extracted DNA was tested by amplifica-
tion of a 248-bp fragment of the beta-globin gene, while
HPV typing of the cervical samples was performed by

@ Springer

nested multiplex PCR assay as described previously by
Sotlar et al. [34].

Amplification of the E4 ORF

PCR amplification of the E4 ORF was performed using one
primer set (HPV16 3312, 5’-ATGCGGGTGGTCAGGTA
AT-3’/HPV16 3912, 5’-AGCACACAAAGCAAAGCAAA
A-3’). The Primer3 program was used to design the primer
pair (http://frodo.wi.mit.edu/primer3/). The nucleotide
numbering of the primer positions is according to the
prototype E4 sequence of the reference HPV-16 strain
available in the NCBI GenBank sequence database (http://
www.ncbi.nlm.nih.gov/) under accession number NC_
001526.

PCR assay was performed in a final volume of 50 pl,
including 50 pmol of each primer, (HPV-16 3312/HPV-16
3912), 10X PCR buffer (Stratagene, La Jolla USA) con-
taining 2 mM MgCl,, 0.25 M each dNTP and 2.5 U of
thermostable DNA polymerase (Pag5000™ DNA Poly-
merase, Stratagene, La Jolla, USA). The cycling conditions
were as follows: A DNA denaturation step for 2 min
at 95 °C, followed by 40 cycles of denaturation for 40 s at
95 °C, annealing for 30 s at 56 °C and extension for 40 s at
72 °C. The last cycle was followed by a 5-min elongation
step at 72 °C. Two pl of the obtained product was used as
template in auto-nested PCR using the same primer set in
order to improve the amplified signal. The auto-nested PCR
was performed for 25 cycles under the same conditions.
Ten pl of the amplified samples was electrophoresed in a
2 % agarose gel containing 1 pug ml~' ethidium bromide in
Tris-borate-EDTA buffer using a 100-bp DNA ladder
(Invitrogen Life Technologies, Paisley, UK) as a molecular
weight marker.

Amplification of the E6 and E7 genes

HPV16 variant determination was performed through
nucleotide sequence analysis of the HPV16 E6 and E7
genes. The E6 and E7 region was amplified using the pri-
mer set HPV16 41, 5’ AGCGACCCAGAAAGTTACCA-
3’/HPV16 757, 5’-ATGGGGCACACAAT TCCTAG-3'.
The primers were designed using the Primer3 program
(http://frodo.wi.mit.edu/primer3/), and the numbering of
nucleotide positions was based on the reference sequence
of the HPV16 genome (NC_001526). The PCR reaction
was performed in a final volume of 50 pl. The PCR mix-
ture contained 50 pmol of each primer, 5X Green GoTaq
Flexi Buffer (Promega), 2 mM MgCl,, 1 mM dNTPs and
1.25 U of thermostable DNA polymerase (GoTaq® DNA
Polymerase, Promega). The cycling conditions were as
follows: 40 cycles of 40 s at 95 °C, 50 s at 55 °C and
1 min at 72 °C. The first cycle was preceded by a 2-min
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denaturation step at 95 °C and the last cycle was followed
by a 5-min elongation step at 72 °C.

DNA sequencing analysis

The E6-E7 and E4 amplicons were excised from an agarose
gel and purified using a QIAquick Gel Extraction Kit (QIA-
GEN GmbH, Hilden, Germany) according to the manufac-
turer’s instructions. The PCR products were ligated into
pGEM-T Easy Vector (Promega, Madison, USA), and the
plasmid constructs were used to transform Escherichia coli
DH5a cells. The plasmid DNA was purified using a Nucleo-
Spin Plasmid kit (Macherey-Nagel GmbH, Duren, Germany),
and samples were sequenced at Macrogen Inc., Korea. In
order to confirm the nucleotide sequence variations in the E4,
E6 and E7 genes, two independent PCR assays were carried
out for each viral domain, and amplicons from the distinct
PCR assays were subjected to cloning. For E4 gene analysis,
two clones from each individual amplicon were selected,
while one clone was selected for E6 and E7 gene analysis.
However, both strands of all tested clones were used in the
sequencing reactions. The DNA strands were sequenced three
times to ensure minimum reliability of results.

Multiple sequence alignment was carried out using the
program MEGA v.5 [35] and the Muscle algorithm [36],
comparing the cloned E4 sequences and the reference
HPV16 E4 sequence (HPV16R) available in the HPV16
Sequence Database (Los Alamos National Laboratory) to
detect sequence variations and amino acid substitutions.
However, nucleotide polymorphisms in the E6 and E7
genes were detected using multiple sequence alignment of
the amplified E6-E7 sequences, the reference sequence of
the HPV16 genome (HPV16R), and those of representative
sequences of HPV16 variants available in the GenBank
sequence database under accession numbers AF536179 for
the European variant (European-German type), AF534061
for the East Asian variant, AF472508 for the African type I
variant, AF472509 for the African type II variant, and
AF402678 for the Asian American variant.

For E4 nucleotide sequence and phylogenetic analysis,
two clones were used from the cervical samples A3, A4,
A13, A17 PNL2, PNL4, PNLS, PNL7, D7, D34, D42, one
clone from the cervical samples A6, A15, A24, A31, A38,
D2, D4, D14, D16, PNL11, 796, 858, 868, 793, and three
clones from the sample PNL6 (Tables 1, 2). From the
cervical sample 747, five clones were sequenced and used
for phylogenetic and nucleotide sequence analysis. Clones
were selected based on the sequence heterogeneity of the
different cloned sequences derived from the same cervical
sample. Only one cloned sequence was used in nucleotide
and phylogenetic analysis for cervical samples in which the
nucleotide sequences of all of the cloned sequences were
identical (Tables 1, 2).

E4 Phylogenetic tree

A maximum-likelihood phylogenetic tree (1000 bootstrap
replicates) was constructed from the alignment of the ref-
erence HPV16 E4 sequence (HPV16R), the complete E4
OREF cloned sequences derived from the 27 cervical sam-
ples (Tables 1, 2), and those of representative sequences
of HPV16 variants, African type I, African type II, Asian-
American, European and Asian (Fig. 1). Prior to phyloge-
netic estimation, the online program FindModel (http://
www.hiv.lanl.gov/content/sequence/findmodel/findmodel.
html) was used to identify the best evolutionary model. The
GTR nucleotide substitution model was used for the E4
phylogenetic tree. The nucleotide sequences that were used
to construct the E4 phylogenetic tree are available in the
GenBank sequence database under accession numbers
FJ610152, FJ610150, FJ610151, FJ610149, FJ610148,
FJ610147, FJ610146, FJ006723, AY686584, AY686583,
AY686581, AY686580, AF125673 and AF536179 for the
European variant (European-German type), AF534061for
the East Asian variant, AF472508 and AF536180 for the
African type I variant, AF472509 for the African type II
variant, and AF402678 for the Asian American variant.
The sequence of the HPV16 reference strain was also
included in the present phylogenetic analysis.

Selection detection

The ratio of dN (nonsynonymous changes per nonsyn-
onymous site) to dS (synonymous changes per synonymous
site) was calculated in the two different reading frames in
the overlapping portion of E2 and E4 genes using the
SLAC (single likelihood ancestor counting) method in
Datamonkey [37, 38] in order to examine the selective
pressure acting on the two protein-coding genes. The
median mutation rate in the first, second and third positions
of the codon in the two different reading frames was
determined by Bayesian analysis using Markov chain
Monte Carlo (MCMC) and BEAST v.1.6.2 [39]. Bayesian
analysis consisted of four chains with random starting
trees. Results were examined using the program Tracer
v1.5 from the BEAST package. Convergence was assessed
with ESS (effective sample size) values after a burning of 2
million steps. However, the GTR nucleotide substitution
model was used, as it was calculated using the online
program  FindModel (http://www.hiv.lanl.gov/content/
sequence/findmodel/findmodel.htm).

Molecular evolutionary analysis of the overlapping
region of the E2 and E4 genes was performed using the
cloned E4 sequences from the present study, the reference
sequence of the HPV 16 genome, and 49 E2 gene sequences
that included the complete E4 OREF, available in the
GenBank sequence database under accession numbers
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<« Fig. 1 The phylogenetic tree was calculated by the maximum-likeli-
hood method (1000 bootstrap replicates) using MEGA v.5. The GTR
substitution model was selected. The phylogenetic tree was inferred from
Muscle alignment of cloned E4 sequences, the prototype sequence of
HPV16, and those of representative sequences of HPV16 variants. The
phylogenetic tree construction based on the E4 gene revealed distinct
phylogenetic branches. Each individual branch represents a specific
HPV16 variant. The results of phylogenetic analysis revealed that the
low-grade cervical sample A17 and cloned sequences derived from high-
grade cervical samples (A4 288 C1, A4 288 C2, A3 288 C1, A3 288 C2,
A15288 C1,PNL6288 C2 and PNL7 288 C1) were associated with non-
European HPV 16 variants

AF472509, AF402678, AF472508, AF536180, AF534061,
AF536179, FI610150, FI610151, FI610147, AY686583,
FJ610149, FJ610146, AY686581, AF125673, FJ610152,
FJ610148, FJ006723, AY686584, AY686580, AF193429,
DQ191463, AF067034, AF193425, AF193427, AF115832,
DQ191465, AY686579, NC001526, AY686582, AF067035,
AF115831, EU430675, EU430667, EU430683, EU118173,
AF515620, AF067029, DQ191462, AF193430, AF193426,
AF067032, AF067028, AF067030, K02718, DQ191461,
AF193428, AF067031, EU918764, and HM057182.

Results
E4 sequence analysis

In the present report, 27 HPV 16 samples were investigated in
order to detect sequence variations in the E4 ORF. Multiple
sequence analysis of the cloned E4 sequences and the refer-
ence sequence of the HPV16 strain was carried out using
MEGA v.5 [35] with the Muscle [36] algorithm. The num-
bering of the nucleotide variations was based on the HPV16
genome sequence, which was obtained from the HPV16
Sequence Database (Los Alamos National Laboratory).

The nucleotide variations at positions 3360 and 3361
caused the amino acid substitutions A7P and A7V,
respectively, in the N-terminal domain of the E1"E4 pro-
tein (Tables 1, 2). The G3360C variation was identified in
two high-grade cervical cases (PNL6 and PNL7) and in one
low-grade cervical sample (D42). The C3361T variation
was detected in the low-grade cervical case A17 and in the
high-grade cervical samples A3 and A4 (Tables 1, 2).
Additionally, six silent nucleotide variations were identi-
fied at positions 3362, 3377, 3387, 3410, 3413 and 3449 of
the E4 ORF (Tables 1, 2). Nevertheless, two different
nucleotide changes at position 3387 were observed.
Nucleotide variation T3387C (A3, Al5, PNL6, PNL7)
does not result in an amino acid substitution, while
T3387A (747, A17) causes the amino acid change L16I
(Tables 1, 2).

However, two nucleotide variations were detected at
positions 3476 and 3516, resulting in the amino acid

changes D45E and L59I, respectively (Table 1). The var-
iation C3476A was identified in two high-grade clinical
cases (A31 and D2) (Tables 1, 2). In the same portion of
the high-grade sample A15, the nucleotide change C3476T
failed to induce an amino acid change in the E1"E4 protein
(Table 1). The C3516A variation leads to an Ile substitu-
tion in amino acid 59 in the cervical samples A4 and A6. In
the remaining four high-grade specimens A3 and Al5, and
in one low-grade case, Al7, the C3516A was found in
combination with the nucleotide variation T3517C, causing
the amino acid change L59T (Tables 1, 2).

In the C-terminal domain of the E1"E4 protein, which is
responsible for keratin collapse and the oligomerisation of
the protein, three nucleotide variations at positions 3538,
3556 and 3566 were detected. The A3538C variation
induces the amino acid substitution Q66P, which was
identified in cervical samples (A3, A4, A15, PNL6, PNL7,
and A17) that were related to non-European variants
(Tables 1, 2; Fig. 1). The C3556T variation causes the
amino acid substitution S72F in the high-grade samples
A4, PNL6 and PNL7 (Table 1). This variation was strongly
associated with the African type I and the Asian American
variants (Table 1; Fig. 1). However, the T3566G variation
causes the amino acid change H75Q in one low-grade
(A17) and three high-grade (A3, A4, and A15) cervical
intraepithelial cases (Table 1). Considering the phyloge-
netic analysis (Table 1; Fig. 1), amino acid substitutions in
the C-terminal domain were strongly associated with non-
European variants such as the HPV16 Asian American,
African type I and African type II variants (Tables 1, 2;
Fig. 1).

Nucleic acid mutations that were detected in the present
report were identified in cervical samples derived from
Thin Prep samples and stained cervical smears. Three
variations at positions 3360, 3410 and 3476 were also
detected in paraffin-embedded cervical tissue. Taking these
data into account, the probability that these nucleic acid
mutations were induced by formalin fixation must be
excluded.

Evolutionary analysis of the overlapping region of E4
and E2

E4 OREF is entirely contained within the E2 ORF. Results
derived from molecular evolution analysis showed that in
the E4 reading frame the dN/dS = 0.97 and the relative
substitution rates for all three codon positions was
CP1 = 0.929, CP2 = 1.023, CP3 = 1.048. In the E2
reading frame of the overlapping portion of the E2 and E4
genes, the dN/dS ratio was 1, and the relative substitution
rates for all three codon positions were CP1 = 1.056,
CP2 = 0.927 and CP3 = 1.018. The dN/dS ratio was 1 for
both the E2 and E4 reading frames. Taking these data into
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account, it was assumed that neutral selection dominated in
the overlapping fragment of the E2 hinge region and the E4
gene.

Phylogenetic clustering of E4 amplicons

In previous studies, the amplified HPV16 sequences were
classified with the HPV16 variants according to sequence
variations in the E6, E7, L1, E2 ORFs and the long control
region (LCR) [7-12]. In order to investigate the possible
association between nucleotide variations in the E4 ORF
and HPV16 variants, E6 and E7 nucleotide analysis was
performed on the same cervical samples (Table 3). Nev-
ertheless, seven cervical cases (D2, D4, D7, D14, D16,
D34, D42) have been associated with the European HPV16
variant by nucleotide and phylogenetic analysis of the E2
gene, as we have reported previously (Table 3) [11].

Nucleotide and phylogenetic analysis of cloned HPV16
E4 sequences showed that the E4 ORF may be used to
classify the HPV16 genome into distinct phylogenetic
branches like those of the E6 and E7 genes. In particular,
nucleotide sequence analysis of the E4, E6 and E7 genes
revealed that isolates from six high-grade and seven low-
grade cervical samples were related to the European variant
(T350G), while isolates from the cervical samples PNL11
and 796 were related to the reference strain. In addition, the
high-grade cervical samples A3, A15 and PNL7 (Tables 1,
3) showed sequence homology to the HPV16 Asian
American variant, while the high-grade cervical sample A4
and the low-grade sample A17 showed sequence similarity
with the African type I and African type II variants,
respectively (Tables 1, 2, 3).

Nucleotide and phylogenetic analysis of HPV16 E4 also
revealed that different cloned sequences derived from each
individual high-grade cervical case, PNL6 and PNL7,
clustered in different phylogenetic branches. In particular,
the cloned sequences PNL6 288 C2 and PNL7 288 Cl1
clustered in the same phylogenetic branch with the Asian
American variant, while the other cloned sequences (PNL6
288 C1 and PNL7 288 C3) derived from the same cervical
samples clustered with the European variant (Fig. 1)
revealing that these cervical samples might carry multiple
viral infections by Asian American and European variants.

Discussion

The E4 ORF is located entirely within the E2 gene and is
expressed during the late phase of infection [40]. In the
present report, a total of 15 nucleic acid variations were
detected in the HPV16 E4 ORF in high- and low-grade
cervical cases (Tables 1, 2). The initial study by Eriksson
et al. [41], which described HPV 16 variants in this region,
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did not report the amino acid mutations that were reported
in the present study. According to sequence analysis of the
E4 ORF, two amino acid changes were detected in the
N-terminal domain of the E1"E4 protein at amino acid
position 7 (A7V and A7P). Previous studies revealed that
the N-terminal domain was necessary for E1"E4 protein
attachment in a keratin network, through a conserved leu-
cine motif (LLXLL) [23, 27, 42]. In addition, McIntosh
et al. [27] suggested that the N-terminal domain also
contributes to the regulation of protein function in the cell.
The significance of these changes was also reinforced by
Wang et al. [43], who proposed that the effective LLXLL
keratin interaction may be strongly related to the integrity
of the N-terminal 16 amino acids of the HPV16 E1"E4
protein.

The protein region from amino acids 17 to 45 has been
termed the ‘‘arrest domain’’ as is implicated in G2 arrest of
the cell cycle [28, 29]. However, the ‘‘arrest domain’’
includes a single cyclin-dependent kinase phosphorylation
site at T22 and T23, and a point mutation at amino acid
T23 interferes with G2 arrest [28, 29]. In the present study,
the nucleotide variation C3410T was detected in 21 cer-
vical samples (low and high grade) (Tables 1, 2) but did
not cause an amino acid substitution at the Cdk phos-
phorylation site T23. Based on a multiple sequence
alignment, it was concluded that the phosphorylation site
(T22, T23) is strongly conserved between the different
characterized HPV 16 isolates (Tables 1, 2). Two nucle-
otide variations at positions 3516 and 3517 were detected
in the E4 ORF. The covariation of C3516A and T3517C
leads to the amino acid change L59T (Tables 1, 2). These
mutations were located between the N-terminal and
C-terminal domains of the protein. Phylogenetic analysis
revealed that the L59T mutation was encountered in
HPV16 African type II and Asian American variants
(Tables 1, 2).

The C-terminal domain of the HPV16 E1"E4 protein is
implicated in the disruption of keratin filaments and in the
formation of multimeric complexes of the protein [30]. In
this region, three amino acid changes (Q66P, S72F and
H75Q) were identified among high- and low-grade cervical
samples (Tables 1, 2). However, the Q66P and S72F
mutations were strongly associated with non-European
variants. The role of these mutations in the C-terminal
domain of the protein must be further investigated in order
to clarify the influence of point mutations in the oncogenic
potential of the virus. Taking these data into consideration,
it is proposed that the nucleotide variations A3362G,
C3377G, G3413A, C3476T/A, C3516A, T3517C, A3538C,
C3556T and T3566G are related to high-grade cervical
malignancies. Nevertheless, further studies are required in
order to estimate the role of these particular changes in
progression of malignancy.

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



1737

Phylogeny of the HPV 16 E4 gene in cervical lesions

[01] Apms snoraaid e ur juerrea ueadoIng oy} YIIM PAJLIOOSSE UAqQ dARY TH( PUt +€d ‘LA ‘9TA
“$1d vd ‘Td se[dwes [o1A195 oY) ‘JOAMOH ‘YO +H Y} Ul suoneLieA 20uanbas aprios[onu yIm pojeIoosse dIom A9y} pue ‘SJuBLIBA 9] AJH 1OUNSIP AU} 2qLIOSIP 0) PIsn dJom sagueyod Isay],

soua3d ¢Hg pue /q ‘9F Jo

sIsATeue oprIoQ[oNN

- - - 5 - - - - - - 9o 1L - - - UBISY
5 > o2 - 5 - H L 5 VvV - 1L - - - ueuswyuesy
5 > - » - o - 1 o V - 1L o 1 - 11 2d4y ueoryy
5 22 - - - - - 1 Vv - 1L 5 D - I 2d£y ueoryy
- - - - - - Is) - - - - - - - 's) ueadoing
TTTSOTNS weodomygy - - - - - - o - - - - - - - - 8¢V
SLOTTYOL wgodomygy - - - - - - o - - - - - - - - 7A
950TTHOf nmodfgueoryy o o - o - o - L H vV - L H L - LIV
9012¢HOf uwgadomygy - - - - - - o - - - - - - - = €6L
€012ZHOr weadomy - - - - - - o - - - - - - - = 898
101¢ZHOr uwepdony - - - - - - O - - - - - - - - 868
66070l adbfyoyogy - - - - - - - - - - - - = = = 96L
9112THOr uesdomyg - - - - - - O - - - - - = - = L¥L
8L0TZHOL weodomygy - - - - - - o - - - - - - - - TINd
¥60TCrOr adbfyoyog - - - - - - - - - - - - - - - [17INd
S80TTYOr  uedMMWY WISy H > D - H - H 1L H VvV - L - - - LINd
€807ZHOr wgadomygy - - - - - - o - - - - - - - - 9INd
780TTHOf wgadomgy - - - - - - o - - - - - - - = SINd
160TCydl  ueadomyg wda  080TTyOr wgadomgy - - - - - - o - - - - - - - = ¥INd
L80TTHAr  ueaddoing ved  860TTHOL uwepdongy - - - - - - o - - - - - - - - 1€V
€80TChdAr  ueadoing Ld  9TISOTNf uwdmewWyuwesy o o - - - - ©H L H Vv - L - - - SIv
TTT86EOH  ueadoing 91d  TLOTZYOL weodomygy - - - - - - o - - - - - - - - €IV
0T7866OH  ueadoing vid  L60TTHOL wgodomygy - - - - - - o - - - - - - - - 9V
61786€OH  ueadomy ¥a  650TCrOr [odfjueoryy o o - - - - - L H VvV - L D D - v
17786OH  ueadoing T TLL96LOr  wedOWYUWESY ©H D D - H - - L 5 VvV - L - - - €V
Ll L L V vV vV 1L D2 V 1 1 9 D 9 V¥V
S 6 ¢ L T ¢ 0 S 6 9 8 S ¢ T 1
wequan 6 8 ¢ v € 0 S ¢ 8 8 L ¥ ¥ ¢ ¢
uvquan ur sjuereA  sopduieg Vw: toquinu L L L 9 S ¥ ¢ ¢ T T 1 1 1 1 1
JoquInu UOISSA00Y uor3ar gg UOISSA0IY SjueLIR A uordar /g uo13ar 9g sordureg

sordures [eOIAIO0 PAUTWEXS Y} UI PAYNUIPI dIom Jey) sauaS /7 pue 9F 9y} UI SUOIRIIEA d0uanbas apnod[onN ¢ dqel,

pringer

as

Institutional Repository - Library & Information Centre - University of Thessaly

21/05/2024 21:43:26 EEST - 13.58.66.104



1738

D. Tsakogiannis et al.

Phylogenetic and nucleotide analysis of HPV16 E6, E7
and E4 sequences from the same samples revealed that
specific nucleotide variations in the E4 region were asso-
ciated with intratypic nucleotide polymorphisms into E6
and E7 genes and clustered HPV16 E4 sequences into
distinct phylogenetic branches [7-9, 11] (Tables 1, 2, 3). In
particular, in the E4 ORF, the nucleotide variations
A3362G, C3377G, G3449A, C3516A, T3566G were rela-
ted to sequence changes in the E6 and E7 genes (G145T,
T286A, A289G, C335T, T789C, T795G) that are encoun-
tered in the HPV16 African type I, African type II and
Asian American variants (Tables 1, 2, 3). However, the
nucleotide changes T3517C, A3538C were identified in
the African type II and Asian American variants, while the
nucleotide variation C3556T was detected in Asian
American and African type I variants. In addition, the
nucleotide variations T3387C and G3413A were associated
with the E6, E7 nucleotide changes A532G and T732C,
which converge only in the HPV16 Asian American gen-
ome (Tables 1, 2, 3). Taking these data into account, it was
concluded that although the E4 ORF is a small region of
the viral genome (288 bp) it can be used to classify the
HPV16 variants into distinct phylogenetic branches.
Nucleotide and phylogenetic analysis of the E4 ORF
revealed that non-European variants such as the African
type I and Asian American variants were preferentially
detected in high-grade cervical malignancies [13—15]. Non-
European variants (African type I, African type II and
Asian American) are circulating in the Greek population,
and results derived from the phylogenetic study revealed
that the cervical samples PNL6 and PNL7 contained both
HPV16 Asian American and European variants (Fig. 1).

However, the nucleotide variations that were recorded
for the E4 gene resulted in nucleotide variations and amino
acid substitutions in the E2 hinge region (Tables 1, 2). In
order to investigate the selective pressure acting on the two
distinct overlapping reading frames, molecular evolution
analysis was performed using the cloned E4 sequences and
49 E2 sequences available in GenBank sequence database
that included the overlapping fragment of the E2 hinge
region and the E4 ORF. Our results indicate that neutral
selection is acting on the two overlapping reading frames.
In contrast, previous reports have proposed that positive
diversifying selection on the E2 hinge region coexists with
purifying selection on the overlapping fragment of the E4
gene [44, 45].

In conclusion, little information about the HPV16 E4
OREF is known. HPV16 variant determination is carried out
using mainly the LCR and L1, and E6 and E7 coding
regions. Our data presented in Tables 1, 2 prove that the E4
ORF is a polymorphic region when different HPV16
variants are compared, and although the E4 ORF consti-
tutes a small portion of the viral genome (288 bp),

@ Springer

sequence variability in the E4 ORF may provide valuable
information about the origins of HPV16 variants.
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Abstract The rate of evolution of the human papillo-
mavirus 16 (HPV16) genome is low. However, the ability
of the E6 oncoprotein to interact with distinct p53 variants
causes selective pressure on the E6 gene. In addition, in-
tratypic recombination events in the HPV16 E6 and E7
genes have been characterized as extraordinary phenomena
during the evolutionary history of virus. In the present
study, we identified two new sequence variants through
nucleotide analysis of the E6-E7 region of the HPV16
genome. Maximum-likelihood and empirical Bayesian
methods were used in order to identify positive selection at
particular residues of the E6 and E7 genes. Using the single
recombination breakpoint (SBP) method, we found evi-
dence of recombination events in the E6 ORF. Nucleotide
sequence analysis showed that the new sequence variants
are phylogenetically distant from the other members of the
population. Our results indicate that new evolutionary
intermediates of HPV16 might be formed either though
positive selective pressure or through recombination events
by multiple infections with distinct HPV16 variants.
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Introduction

Human papillomaviruses (HPVs) are double-stranded, cir-
cular DNA viruses that infect cutaneous or mucosal epi-
thelial cells [1]. HPVs are classified into different types and
variants according to sequence homology of the L1 capsid
gene [2, 3]. Intratypic genomic heterogeneity has been
mainly described in HPV16. In particular, the study of
specific viral domains (E6, E7, E2, L1, L2 and LCR) has
revealed a number of intratypic nucleotide polymorphisms
in the HPV16 genome. These sequence polymorphisms
have been identified in different geographical locations and
have been associated with the ethnicity of the studied
populations. The geographical relatedness of the virus
resulted in a further classification of HPV16 into five dis-
tinct molecular variants known as the HPV16 European,
African type I, African type I, Asian American and Asian
variants [4-10]. The best-defined region of the viral gen-
ome, which has been used to describe distinct HPV16
variants, is the E6 oncogene [4-8, 11, 12].

The results of molecular evolution analysis have sug-
gested that the HPV16 genome has a low evolutionary rate
[13]. Nevertheless, the ability of the E6 oncoprotein to
interact with distinct p53 variants causes selective pressure
on the E6 gene [14]. Carvajal-Rodriquez [15] proposed that
coevolution with cell-cycle regulators drives divergence in
the E6 genes within the HPV16 group. However, a
molecular mechanism that also contributes to HPV16
genome evolution is intratypic recombination. Previous
studies that used human alpha PVs sequences from the
public database at Los Alamos National Laboratory
reported evidence that recombination signals are located in
the E6, E7, L2 and L1 genes, mainly within the high-risk
HPV16 [15, 16]. Nevertheless, the first intratypic recom-
bination in natural infection was described by Jiang et al. in
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2009 [17]. This was the first report that recombinant
sequences in the HPV16 genome were detected in a con-
current infection, showing the genomic variability of
HPV16 E6 and LCR genes.

In the present report, HPV16-positive cervical samples,
diagnosed as normal, high- and low-grade cervical intra-
epithelial neoplasia, were assayed in order to investigate
the E6-E7 genomic region, looking into the nucleotide
variability between different HPV16 variants circulating in
the Greek population. According to the nucleotide
sequence analysis, novel HPV16 E6-E7 sequence variants
were present in three distinct cervical samples.

Materials and methods
Sample collection and DNA isolation

In the present report, HPV16-positive cervical samples
from Thin Prep and stained cervical smears were
received from the Virology Laboratory of Anticancer
Oncology Hospital of Athens “St Savvas”. DNA from
Thin Prep specimens was isolated following the method
described by Casas et al. [18]. DNA from cervical
stained smears was extracted according to Puranen et al.
[19]. The quality of the extracted DNA was assayed by
amplification of a 498-bp fragment of the human B-actin
gene [20]. HPV typing was performed using nested
multiplex PCR as described previously by Sotlar et al.
[21].

E6-E7 amplification by PCR

HPV16-positive samples were subjected to PCR amplifi-
cation of the HPV16 E6-E7 genes using the primer
set HPV16 41, 5-AGCGACCCAGAAAGTTACCA-3'/
HPV16 757, 5-ATGGGGCACACAATTCCTAG-3'. The
primers were designed using the Primer3 program, and the
nucleotide positions were numbered according to the
nucleotide sequence of the prototype HPV 16 strain avail-
able in the NCBI GenBank sequence database (http://
www.ncbi.nlm.nih.gov/) under accession number NC_
001526. The set of primers was designed to amplify both
the HPV16 E6 and E7 ORFs. PCR was performed in a final
volume of 50 pl. The PCR mixture contained 50 pmol of
each primer, 5X Green GoTaq Flexi buffer (Promega),
2 mM MgCl,, 1 mM dNTPs and 1.25 U of thermostable
DNA polymerase (GoTaq® DNA Polymerase, Promega).
The cycling conditions were as follows: 40 cycles of 40 s
at 95 °C, 50 s at 55 °C and 1 min at 72 °C. The first cycle
was preceded by a 2-min denaturation step at 95 °C, and
the last cycle was followed by a 5-min elongation step at
72 °C.
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Cloning and sequencing of E6-E7 genes

The 715-bp amplicon of the HPV16 E6-E7 genes was
subjected to cloning using pGEM-T Easy Vector (Pro-
mega, Madison, USA). Recombinant plasmid DNA was
extracted using a Nucleospin Plasmid Kit (Macherey-Nagel
GmbH, Duren, Germany), and the plasmids were subjected
to sequencing at Macrogen Inc., Korea. In order to confirm
the sequence variations that were detected in the E6 and E7
OREFs, three independent PCR assays were performed, and
amplicons were subjected to cloning. Two to three colonies
were collected from each individual specimen, and both
strands of all tested clones were sequenced. The DNA
strands were sequenced three times to insure minimum
reliability of results. In order to identify HPV16 variants
that were circulating in the Greek population, a multiple
sequence alignment was made using the program MEGA
v.5 [22] and the Muscle algorithm [23]. The alignment
included the cloned HPV 16 E6-E7 sequences, the reference
sequence of HPV16 (HPVI16R) available in the HPV16
Sequence Database (Los Alamos National Laboratory), and
the corresponding sequences of the following HPV16
variants: African type I, African type II, Asian-American,
European and Asian, available on line in the GenBank
sequence database under accession numbers AF536180,
AF472509, AF402678, AF536179 and AF534061, respec-
tively (Table 1).

E6-E7 selective pressure

To investigate the selective pressure acting on specific
codons in the E6 and E7 genes, maximum-likelihood (ML)
and empirical Bayesian (EB) methods were used to
examine the new E6-E7 sequences and those of represen-
tative sequences of HPV 16 variants that were described in
previous work by Carvajal-Rodriquez [15] (accession
numbers AF125673, AY686583, AY686580, AY686584,
AF536179, AF534061, AF472508, AF536180, AF472509,
AF402678, AY686579, and AY686582). The maximum-
likelihood method was used using the fixed effects likeli-
hood model (FEL) on the Datamonkey server [24, 25].
Empirical Bayesian analysis was performed using the
program Selection 2.4 [26] at the highest precision level. In
order to identify evidence of recombination, the single
recombination breakpoint (SBP) method [27] was used in
the current study. In addition, the GTR + G model was
used to describe the process of nucleotide substitution
according to AIC criterion using the online program
FindModel (http://www.hiv.lanl.gov/content/sequence/find
model/findmodel.html). Bootscan analysis was incorpo-
rated in the present study using the program SimPlot
v.3.5.1. In addition, ClustalW2 analysis was carried out in
order to determine the percentage of sequence homology
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Table 1 Nucleotide sequence analysis of the cervical samples AlS5,
A38 and 1143. The first letter or number corresponds to the code of
the cervical sample (A15, A38 and 1143). The character E6-E7
corresponds to the genomic portion that was amplified. The last letter,
Cl1, C2, or C3, corresponds to the number of the cloned sequence.
Specific nucleotide polymorphisms that were associated with partic-
ular HPV16 variants are presented. Cervical samples A38 and 1143

carried the nucleotide changes G132T and C143G, which were
detected in the African type II variant, and the nucleotide change
T350G, which was identified exclusively in European variants. In
addition, cervical sample A15 showed sequence homology between
nucleotides 123 and 350 with the Asian American variant, and
between nucleotides 350 and 839, with the African type I variant

E6 region E7 region
1 1 1 1 2 2 3 3 4 5 6 7 7 7 Accession number in GenBank
3 3 4 4 8 8 3 5 0 3 4 3 8 9
CLONES 1 2 3 5 6 9 5 0 3 2 7 2 9 5
A G C G T A C T A A A T T T
A15 E6-E7 Cl - - - T A G T G - - - - C G IN205116
A15 E6-E7 C2 - - T A G T G - - - - C G IN205117
A38 E6-E7 Cl - T G - - - - G - - - - - - JIN205111
A38 E6-E7 C2 - T G - - - - G - - - - - - IN205112
A38 E6-E7 C3 - T G - - - G - - - - - IN205113
1143 E6-E7 C1 - T G - - - - G - - - - - JN205114
1143 E6-E7 C2 - T G - - - - G - - - - - - IN205115
European G - - - - - - G - - - - - -
African type I - C G T A G T - - - - - C G
African type II - T G T A G T - G - G - C G
Asian American - - - T A G T G - G - C C G
Asian - - - - - - - - - - G - - -

between the E6-E7 amplicons and the representative
sequences of the HPV16 variants (http://www.ebi.ac.uk/
Tools/msa/clustalw2/analysis).

Phylogenetic trees

Maximum-likelihood, maximum-parsimony and Bayesian
phylogenetic trees were constructed using one representa-
tive sequence from the newly identified variant, the refer-
ence sequence of the HPV16 genome (HPVI16R), and
representative sequences of the HPV16 variants described
above in order to determine the position of the new E6-E7
genes in the major HPV16 phylogenic branches [15]
(Fig. 1). The maximum-likelihood phylogenetic tree (1000
bootstrap replicates) was constructed using the program
MEGA v.5 [21] (Fig. 1). Maximum parsimony (MP)
analysis was carried out using the close-neighbor-inter-
change algorithm to search for the optimal tree, and con-
fidence in the nodes was evaluated by 1000 bootstrap
replicates using the program MEGA v.5 [21] (Fig. 1). In
addition, a Bayesian analysis using the Markov chain
Monte Carlo (MCMC) method was also carried out on the
E6-E7 dataset using BEAST v.1.6.2 [28]. Bayesian anal-
ysis consisted of four chains with random starting trees.
The results were examined using the program Tracer v.1.5
from the BEAST package. Convergence was assessed with
ESS (effective sample size) values, after a burning of

500,000 steps. The Bayesian phylogenetic tree was con-
structed using the programs TreeAnnotator V.1.6.2 and
FigTree v.1.3.1 from the BEAST package. The first 1000
trees were discarded as burn-in, and the remaining trees
were used to construct a 50 % majority-rule consensus tree
on which posterior probability scores are indicated (Fig. 1).
Bayesian analysis was performed using the GTR + G
substitution model and was calculated using the online
program  FindModel (http://www.hiv.lanl.gov/content/
sequence/findmodel/findmodel.html).

Results
Characterization of new HPV16 E6-E7 gene variants

Phylogenetic classification of HPV16 genomes in distinct
branches has usually been done based on specific nucleo-
tide changes in the E6 and E7 genes [4-8] as follows:
prototype strain (no changes), European variant E-G350
(T350G), E-C109G (T109C, T350G), E-G131G (A131G,
T350G), East Asian (T178G, A647G), African type I
(G132C, C143G, G145T, T286A, A289G, C335T, T789C,
T795G), African type II (T109C, G132T, C143G, G145T,
T286A, A289G, C335T, G403G, A647G, T789C, T795G),
Asian American (G145T, T286A, A289G, C335T, T350G,
A532G, T732C, T789C, T795G). In the present study,
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68 AF402678 (Asian American)
AY686579 (Asian American)

A AY 686582 (Asian American)
2 A15 E6-E7 C1
AF472509 (African type I1)
o AF536180 (African type I)
AF472508 (African type I)
HPV16R
py AF534061 (East Asian)
AY686584 (E)
AF536179 (European German)
AF125673 (16 W12E)
AY 686583 (E)
AY 686580 (E)
1143 E6-E7 C1
—1 A38 E6-E7 C1
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73 AF402678 (Asian American)
B 0 AY686579 (Asian American)
AY 686582 (Asian American)
= Al5E6-E7 C1
AF472508 (African type I)
” AF472509 (African type I1)
AF536180 (African type I)
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AF536179 (European German)
AY686584 (E)
” HPV16R
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T 1143 E6-E7 C1
9 L A38 E6-E7 C1
L
2
C

Fig. 1 Phylogenetic analysis of the new HPV16 E6-E7 sequence
variants, the reference sequence of the HPV16 genome, and
representative sequences of HPV16 variants that were described in
a previous study by Carvajal-Rodriquez [15]. A) A maximum-
likelihood phylogenetic tree (1000 bootstrap value) was constructed
using the program MEGA v.5. B) Maximum-parsimony analysis was
carried out using the close-neighbor-interchange algorithm to search
for the optimal tree, and confidence in the nodes was evaluated using
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1000 bootstrap replicates in the program MEGA v.5. C) Bayesian
phylogenetic tree constructed using the programs TreeAnnotator
V1.6.2 and FigTree v1.3.1 from the BEAST package, on which
posterior probability scores are indicated. Maximum-likelihood,
maximum-parsimony and embrirical Bayesian phylogenetic trees
showed that the viruses in cervical samples A38 and 1143 are
phylogenetically distant from the established phylogenetic branches
of HPV16 variants
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nucleotide sequence analysis of E6-E7 genes from three
cervical samples (A15, A38 and 1143) revealed two novel
sequence variants that were circulating in the Greek pop-
ulation (Table 1).

Nucleotide sequence analysis revealed that the virus in
the high-grade cervical sample A15 had sequence homol-
ogy to two distinct HPV16 variants in different positions of
the E6-E7 sequence. In particular, between nucleotides
123-350, the cervical sample Al5 showed nucleotide
homology to Asian American variant (G145T, T286A,
A289G, C335T, T350G), with maximum sequence Simi-
larity of 98 % based on ClustalW2 analysis, while nucle-
otides 350-839 had sequence homology with African type I
variant (T789C, T795G), with a maximum sequence sim-
ilarity of 99 % (Table 1) [4-8]. The SBP program revealed
evidence of a recombination event at position 406 (codon
101) of the E6 gene according to the AIC criterion (average
support for AIC =923 % and cAIC = 90 %) in the
multiple sequence alignment between the cloned sequences
derived from the cervical sample AlS5, the reference
sequence of the HPV16 genome (HPVR), and representa-
tive sequences of HPV16 Asian American, African type I
and European variants. In addition, Bootscan analysis
supported the clustering of the cervical sample Al5 with
the Asian American and African type I variants in the E6-
E7 genomic region (Fig. 2).

Moreover, sequence analysis in low-grade cervical
samples A38 and 1143 between positions 123-143 revealed
the nucleotide changes G132T, C143G, which were
encountered in the HPV16 African type II variant
(Table 1). In contrast, between nucleotides 144-839, only

Fig. 2 Bootscan plot of A15 E6-E7 C1 supports the clustering of
cloned sequences of cervical sample Al5 with the representative
HPV16 variants. The y-axis indicates the percentage of bootstrap

the nucleotide variation T350G was detected, suggesting
sequence homology with the HPV16 European variant
(T350G) [4-8] (Table 1). Accordingly, the SBP program
showed evidence of a recombination event at position 143
(codon 14) in the E6 gene in the multiple sequence align-
ment of the A38 and 1143 cloned sequences, the reference
sequence of the HPV16 genome, and the representative
sequences of HPV16 Asian American, African type I,
African type II and European variants (average support for
AIC = 100 % and cAIC = 100 %).

Phylogenetic clustering and selective pressure

In the E6 gene, positive selection (dN/dS > 1) was indi-
cated at codons 10, 14 and 83 by empirical Bayesian
analysis [15, 29-31]. No positively selected sites were
found in the E7 gene. Considering the results derived from
nucleotide and positive selection analyses, it was assumed
that codons 10 and 14 are sufficient for the classification of
HPV16 variants. Codon 10 distinguishes African type I and
African type II variants, while codon 14 determines only
the African type II branch [15]. Considering our results, it
was reported that the new sequence variant isolated from
cervical samples A38 and 1143 showed sequence homol-
ogy with the HPV16 European variant (T350G), with
amino acid substitutions in codons 10 and 14 that were
only identified in the African population.

In order to investigate the classification of novel
sequence variants in the distinct phylogenetic branches of
the HPV16 genome, maximum-likelihood, maximum-par-
simony and Bayesian phylogenetic trees were constructed.

values that support the clustering of A15 E6-E7 C1 with different
HPV16 variants in different positions of the viral genome between
nucleotides 123 and 839
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The results of the phylogenetic analysis suggested that the
E6-E7 sequences derived from cervical samples A38 and
1143 (101, 14E, 83 V) are phylogenetically distinct from
the established phylogenetic branches (Fig. 1). In addition,
the virus in cervical sample Al5 was phylogenetically
distant from the Asian American branch (Fig. 1).

Discussion

The main objective of this study was to examine the
nucleotide polymorphism of HPV16 E6 and E7 oncogenes
from positive cervical samples in order to identify HPV16
variants that were circulating in the Greek population [4—
8]. According to nucleotide analysis two novel E6-E7
sequence variants were detected in three cervical samples.
In order to avoid artificial variations due to PCR errors,
different PCR assays were carried out for each individual
cervical sample. Amplicons from different PCR assays
were subjected to cloning. PCR errors must be excluded, as
all of the nucleotide alterations matched those of the
African type II and European variants (samples A38, 1443)
and Asian American and African type I variant (sample
A15) at the corresponding positions and were present in
overlapping clones.

Nucleotide sequence analysis of the E6 and E7 genes in
the low-grade cervical cases A38 and 1143 revealed
sequence homology with the European variant (T350G).
However, in the E6 gene, we identified the sequence
variations G132T and C143G, which were encountered
only in the African type II variant (Table 1). Using the EB
method, it was revealed that codons 10 (G132T), 14
(C143G) and 83 (T350G) were characterized as statisti-
cally significant positively selected sites [15, 29-31] (dN/
dS > 1). The combination of positively selected residues
101, 14E, 83 V that was found in the E6-E7 sequences of
A38 and 1143 were not present in the reference sequence
of HPV 16 variants. Moreover, Carvajal-Rodriquez [15] has
proposed that positive selection at codons 10 and 14 plays a
significant role in the separation of African type I and
African type II variants from the other populations. In the
present analysis, codons 10 and 14 were detected as posi-
tively selected sites that were encountered in the HPV16
European genome (T350G). In addition, SBP analysis
revealed evidence of a recombination event with a potential
break point at position 143. Maximum-likelihood, maxi-
mum-parsimony and Bayesian phylogenetic clustering
revealed that the viruses in cervical samples A38 and 1143
are phylogenetically distant from the other populations
(Fig. 1).

Accordingly, in cervical sample Al5, nucleotide
sequence analysis of the E6-E7 sequence between nucle-
otides 123 and 350 revealed sequence homology with
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Asian American variant, while nucleotides 350 and 839
showed nucleotide homology with the African type I var-
iant (Table 1). SBP analysis revealed evidence of a
recombination event in the E6 ORF at position 406
(average support for AIC = 92.3 % and cAIC = 90 %). In
addition, Bootscan analysis supported the clustering of
cervical sample A15 with the Asian American and African
type I variants at different positions in the E6-E7 genomic
region. A recent study by Cornet et al. [32] suggested that
particular nucleotide polymorphisms in E6 and the LCR
region may allow classification of the major HPV16 variant
lineages at a deeper level, known as variant sublineages.
Cornet et al. [32] demonstrated that the Asian American
variant lineage is divided in the Asian American 1, Asian
American 2, and North American variant sublineages. The
intratypic variation A532G in the E6 gene is absent in the
North American variant sublineage and in the Asian
American 2 variant sublineage. Taking these data into
account, it was concluded that the new E6-E7 sequence
variant might have originated due to selective pressure
acting on particular residues in the Asian American variant
genome and might have led to the emergence of a HPV16
Asian American variant sublineage that was circulating in
Greece over evolutionary time. Moreover, in previous
studies, we have demonstrated that the Asian American,
African type II and African type I variants are circulating in
the Greek population, through the study of intratypic
nucleotide polymorphisms in the E2 and E4 genes [10, 33].
Taking these data into account, it is possible that the novel
sequence variant might have emerged from Asian Ameri-
can or/and African type I variants that circulated for a long
time in the Greek population. However, further investiga-
tions are required in order to determine the prevalence of
this new sequence variant in the Greek population.
Considering that the E6 oncoprotein interacts with dis-
tinct p53 variants [30], it can be concluded that new evo-
lutionary E6 intermediates may be formed, sharing
characteristics with their relative HPV16 variants. Two
possible explanations for the identification of new evolu-
tionary intermediates can be presented. First, as positively
selected sites indicate that past evolutionary pressures have
led to increased genetic variability [34-36] and the E6
protein interacts with distinct p5S3 variants, evolutionary
pressure might act on the E6 gene, promoting specific
nucleotide variations. These sequence changes may lead to
a selective advantage of the E6 oncoprotein in effective
interaction [15, 29, 30]. Second, intratypic recombination
events might be induced by multiple infections with dis-
tinct HPV16 variants. Previous studies have suggested that
the evolutionary rate of the HPV genome is low, charac-
terized by the absence of recent recombination [13, 37, 38].
However, statistical and phylogenetic evidence suggest that
recombination can occur within the HPV16 genome [39].
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In particular, Carvajal-Rodriguez [15] identified a poten-
tial intratypic recombination breakpoint at nucleotide 171
of the HPV16 E7 gene. In addition, in a previous study by
Jiang et al. [17], an intratypic recombination event was
reported between the HPV16 European and HPV16
African type II variants, with potential breakpoints
between positions 7868 and 31, and between positions
145 and 286.

In summary, in the present analysis, we identified two
novel E6-E7 sequence variants that were circulating in the
Greek population. The evidence of intratypic recombina-
tion events in the HPV16 E6-E7 region that have been
described in previous reports imply a rare molecular
mechanism that may contribute to the evolution of the
HPV16 genome. In addition, the role of positively selected
residues in E6 oncoprotein function and phylogenetic
clustering of HPV16 allow the E6 gene as a significant
evolutionary marker of the viral genome. According to our
analyses, it was concluded that new evolutionary HPV16
intermediates might be formed either through positive
selective pressure acting in particular on residues in the E6
gene or through recombination events by multiple infec-
tions with distinct HPV16 variants. However, further
studies are required in order to understand the molecular
and evolutionary mechanisms that led to novel E6-E7
sequence variants, their prevalence in distinct populations,
and their role in viral pathogenicity.
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Human papillomavirus type 16 (HPV16) non-European variants have been associated with
persistent infection and cervical cancer development, while the L83V variant of the E6 gene has
been correlated with the progression of cervical malignancy. The present study investigated the
presence of the HPV16 L83V variant in Greek women. Molecular evolutionary analysis of the
HPV16 E6 and E7 oncogenes was conducted in order to estimate the evolution of the HPV16
genome in the Greek population. The E6 L83V variant was found in 78.2 % of high- and 64.28 % of
low-grade specimens. Moreover, the prototype and E6 L83V variants were both prevalent in high-
and low-grade malignancies in Greek women. Selective pressure analysis of the individual amino
acid residues of HPV16 sequences from the Greek population indicates that codon 83 of the E6
protein, as well as codon 85 of the E7 protein, are undergoing positive selection. Novel sequence
variations were recorded within the E6 and E7 genes in cervical samples, characterized as (T350G)
European variants. However, no signal of intratypic recombination event was identified within the

Received 27 November 2012 E6-E7 region. Molecular and evolutionary analyses of HPV16 genomes from distinct geographical

Accepted 10 August 2013

locations might provide valuable information about viral evolution and oncogenecity.

INTRODUCTION

Human papillomavirus (HPV) is composed of a 7.9 kb
double-stranded circular DNA encapsidated in an ico-
sahedral capsid. HPV infects cutaneous and mucosal
epithelial cells, leading to malignant transformation
(Muiioz, 2000). A total of 40 HPV types have been related
to anogenital tract malignancy and have been grouped as
high-risk (HR) and low-risk (LR) genotypes (Bernard et al.,
2010, 2006; zur Hausen, 1996). Persistent infection with
HR HPV is a major cause of cervical cancer worldwide.
HPV16 and HPV18 are the most common types identified
in invasive cervical cancer cases (Li et al., 2011; de Sanjose
et al., 2010).

The HPV genome is divided into three viral domains,
consisting of the early region that encodes five early genes
(E1, E2, E4, E6, E7), the late region that encodes two late
genes (L1, L2) and the long control region (LCR). HPV

Abbreviations: CIN, cervical intraepithelial neoplasia; EB, empirical
Bayesian; GTR, general time reversible; HPV, human papillomavirus;
HR, high risk; LCR, long control region; LR, low risk; ML, maximum-
likelihood; SBP, single recombination breakpoint.

The GenBank/EMBL/DDBJ accession numbers for the EG-E7 region
sequences are given in the supplementary data available with the online
version of this paper.

types are defined according to the percentage of sequence
identity at the L1 gene. Sequences from any two distinct
HPV types differ by at least 10 % at the nucleotide level.
Isolates derived from the same HPV type are referred as
variants when less than 10 % sequence diversity in L1 gene
is encountered (Bernard et al, 2006, 2010). The HPV
genome has a low evolutionary rate, and is also
characterized by the absence of recent recombination
events (Chan et al, 1997; Halpern, 2000). Nevertheless,
previous studies that have used alpha HPV sequences from
the public database at Los Alamos National Laboratory
identified significant recombination signals, located in E6,
E7, L1 and L2 genes at different HPV types and namely
within HPV16 (Carvajal-Rodriguez, 2008; Angulo et al.,
2007).

The HPV16 genome has been extensively investigated for
nucleotide polymorphisms (that occur via random muta-
tions) and a number of HPV16 variants have been detected
in distinct geographical locations and ethnic groups
(Schiffman et al, 2010; Chen et al, 2005, 2009). In
particular, HPV16 is divided into four distinct phylogen-
etic branches, the distribution of which varies geograph-
ically. These four distinct groups are designated as (i)
European—Asian (including the sublineages European and
Asian), (ii) African I, (iii) African II and (iv) North
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American/Asian American (Cornet et al, 2012; Yamada
et al., 1995, 1997). Several analyses revealed a number of
intratypic nucleotide polymorphisms within the E2, E6, E7,
L1 and LCR regions (Wu et al, 2006; Swan et al., 2005;
Eriksson et al., 1999; Wheeler et al., 1997; Yamada et al,
1995, 1997). Interestingly, intratypic nucleotide poly-
morphisms within the HPV16 E4 ORF are capable of
correctly classifying an HPV16 genome in any of the four
phylogenetic branches mentioned above (Tsakogiannis
et al, 2012). Different HPV16 variants might present
distinct biological functions, thus resulting in different
pathogenicity and immunogenicity. Epidemiological studies
have suggested that the presence of HPV16 non-European
variants constitute HR factors for development of cervical
malignancy and invasive cancer (Sanchez et al, 2011;
Tornesello et al., 2011; Quint et al, 2010). It has also been
proposed that nucleotide polymorphisms within the HPV16
E6 gene (rather than in other HPV16 genes) influence the
progression of cervical malignancy, and that additional factors
are likely to play a significant role as well (Lee et al., 2008).

This study considers the significant role of the E6 and E7
oncogenes, and focuses on these two regions in order to
investigate the nucleotide variability between different
HPV16 variants that circulate in the Greek population.
The most dominant HPV16 variants were detected in high-
and low-grade cervical malignancies in Greek patients.
Finally, molecular evolution analyses of the E6 and E7
genes were conducted in order to better understand viral
evolution and pathogenicity.

METHODS

Sample collection and DNA isolation. A total of 53 HPV16 positive
cervical specimens were derived from ThinPrep (46 specimens) and
cervical-stained smears (seven specimens, A3, A4, A6, A13, A31, PNL7
and PNL16). In particular, 23 cervical samples were diagnosed as high-
grade cervical intraepithelial neoplasia (CIN II, III), 28 as low-grade
cervical intraepithelial neoplasia (CIN I) and two cervical specimens
(PNL7, PNL16) were characterized as cervical cancers. The cervical
samples were collected from patients attending for the annual Pap test,
while smears were collected from patients with a history of abnormal
smears. Patient ages ranged from 25 to 60 years.

DNA from ThinPrep samples was extracted using the chaotropic
agent guanidine thiocyanate (GuSCN) (Casas et al., 1995). DNA from
cervical-stained smears was extracted following the method described
by Puranen et al. (1996). The quality of extracted DNA was evaluated
by PCR amplification of a 498 bp fragment of human f-actin gene (Li
et al., 2008). HPV typing was performed using the Nested Multiplex
PCR described by Sotlar et al. (2004).

E6-E7 amplification by PCR. The cervical samples were subjected
to PCR amplification for HPV16 E6-E7 genes using the primer set:
HPV-16 41 5'-AGCGACCCAGAAAGTTACCA-3'/HPV-16 757 5'-
ATGGGGCACACAATTCCTAG-3". The primers were designed
with the Primer3 program (http://bioinfo.ut.ee/primer3-0.4.0/
primer3/). The numbering of nucleotide positions was based upon
the sequence of the prototype HPV16 strain (GenBank ID:
NC001526). The set of primers was designed to amplify both
HPV16 E6 and E7 genes. The forward primer hybridized 20 bp
downstream from the transcriptional start site of the HPV16 E6

gene, while the reverse primer hybridized 10 bp upstream from the
3’ end of the HPV16 E7 gene.

PCR was performed in a final volume of 50 pul. PCR mixture
contained 50 pmol of each primer, 5x Green GoTaq Flexi buffer
(Promega), 2 mM MgCl,, 1 mM dNTPs and 1.25 U of thermostable
DNA Polymerase (GoTaq, Promega). The cycling conditions were as
follows: 40 cycles of 40 s at 95 °C, 50 s at 55 °C and 1 min at 72 °C.
The first cycle was proceeded by a 2 min denaturation step at 95 °C
and the last cycle was followed by a 5 min elongation step at 72 °C.

Cloning and sequencing of E6—E7 genes. The 715 bp amplicons
of the HPV16 E6-E7 genes were ligated into pGEM T-easy vector
(Promega) and transformed into Escherichia coli DH5a competent
cells. Recombinant plasmid DNA was purified using the Nucleospin
plasmid kit (Macherey-Nagel GmbH) and the plasmids were
subjected to sequencing at Macrogen. In order to confirm nucleotide
variations, two independent PCR assays were carried out for each
individual cervical sample and amplicons from the two distinct PCR
assays were subjected to cloning. Three clones from each individual
amplicon were isolated. In addition, the two strands of all tested E6—
E7 clones were used in sequencing reaction analysis.

In order to identify nucleotide polymorphism and amino acid
substitutions into the E6 and E7 ORFs, multiple sequence alignments
were performed with the MUSCLE algorithm, in MEGA v.5 software
(Edgar, 2004; Tamura et al, 2007). The multiple sequence alignment
was conducted between the cloned E6—E7 sequences and the reference
sequence of HPV16 genome (HPVI6R), available at the HPV16
Sequence Database (Los Alamos National Laboratory).

Phylogenetic analysis. Specific intratypic sequence polymorphisms
within the E6 and E7 genes were used in order to classify the E6—E7
cloned sequences to the corresponding HPV16 variants. In order to
examine the phylogenetic clustering of HPV16 E6-E7 cloned
sequences, a multiple sequence alignment was carried out among
the E6-E7 cloned sequences, the reference sequence of HPV16
(HPV16R) available at the HPV16 Sequence Database (Los Alamos
National Laboratory), and those of representative sequences of
HPV16 variants available in the GenBank sequence database under
accession numbers for European variant AF536179 (European-
German type), AY686580, AY686581, AF125673 and FJ006723
(North American), for East Asian variant AF534061, for African type
I variant AF472508 and AF536180, for African type II variant
AF472509 and for the Asian American variant, AF402678. The
sequence alignment was performed using the MUSCLE algorithm
(Edgar, 2004) of MEGA v.5 (Tamura et al., 2007).

Selection and recombination analysis. Maximum-likelihood
(ML) and empirical Bayesian (EB) methods were implemented in
order to identify the selective pressure acting upon the E6 and E7
genes. For the ML analysis, the fixed effects likelihood model (FEL)
was implemented at the Datamonkey server (Kosakovsky Pond &
Frost, 2005; Suzuki & Gojobori, 1999) in order to identify selection
pressure. FEL estimates the rate between dN (non-synonymous
changes per non-synonymous site) and dS (synonymous changes per
synonymous site) at every site. The FEL method assigns a codon as
positively selected at a 0.05 P-value cut-off (Carvajal-Rodriquez,
2008). Implementation of the EB analysis was through the Selecton
2.4 program (Stern et al., 2007), using the highest precision level. In
addition, a Bayesian analysis using Markov chain Monte Carlo
methods using the program BEAST v.1.6.2 (Drummond & Rambaut,
2007) was also implemented. Bayesian analysis consisted of four
chains with random starting trees. Convergence was assessed with
effective sample size values, after a burning of 1x 10° steps. The
median mutation rate in the first, second and third position of the
codon in the E6 and E7 reading frames was estimated using Tracer
v.1.5 within the BEAST software package. The general time reversible
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(GTR) plus Gamma substitution model was selected according to
Akaike information criterion by the FindModel online software
(www.hiv.lanl.gov/content/sequence/findmodel/findmodel.html). In
addition, the single recombination breakpoint (SBP) method in
Datamonkey server (Kosakovsky Pond et al., 2006) was used in order
to identify any evidence of recombination signal.

Phylogenetic tree. An ML phylogenetic tree was computed (1000
bootstrap replicates) from the alignment of the reference HPV16 E6
sequence (HPV16R), the E6 cloned sequences derived from the
present study (Tables 1 and 2) and the HPV16 E6 sequences that were
presented in the study of Carvajal-Rodriquez (2008) (Fig. 1). Thus, it
was possible to evaluate how the sequences in the present study
classify with respect to codons 10, 14 and 83. Prior to phylogenetic
estimation, the online software FindModel (www.hiv.]anl.gov/
content/sequence/findmodel/ findmodel.html) was used to identify
the best evolutionary model as mentioned above. The GTR plus
Gamma nucleotide substitution model was used for the E6
phylogenetic tree. The nucleotide sequences used are available in
GenBank under the following accession numbers: for European
variant AF125673, AY686583, AY686580, AY686584 and AF536179
(European-German type), for East Asian variant AF534061, for
African type I variant AF472508 and AF536180, for African type II
variant AF472509 and for the Asian American variant AF402678,
AY686579 and AY686582.

RESULTS

E6-E7 sequence variations

Sequence analysis of the HPV16 E6 gene shows that this
viral region is polymorphic. The most frequently observed
nucleotide changes the T350G that induces the L83V
amino acid substitution. In high-grade cases, the nucleo-
tide variation T350G was detected in 69.6 % (16/23) of
cervical specimens, while in low-grade dysplasia, the
T350G polymorphism was identified in 64.3 % (18/28) of
cervical samples (Tables 1 and 2). Nevertheless, the
nucleotide variations A184G, G201A, G219A, A280T,
T302A, A336G, G514A, C523T and C539T were identified
for the first time in the present study (Table 1). The
nucleotide variations at positions 184, 201, 219, 302, 336,
514 and 539 induced the amino acid substitutions 127M,
C33Y, R39Q, L671, H78R, M1371 and R146C, respectively.
However, two silent mutations (A280T, C523T) were
identified within the E6 ORF.

The nucleotide variations A184G, G201A, G219A, C523T
and C539T were detected in high- and low-grade cervical
samples (Table 1). In addition, the silent nucleotide
variation A280T was detected in cloned sequences derived
from the high-grade cervical samples ATT5 and ATT20 and
the low-grade sample PNL2, while the nucleotide changes
T302A, A336G and G514A were identified only in low-
grade cervical intraepithelia neoplasias (Table 1). The
newly identified nucleotide variations were detected in
HPV16 strains that harbour the T350G nucleotide
variation. Nevertheless, G219A was identified in both
European and African type II variants. In particular,
G219A was found in low-grade sample 2279 and high-
grade sample ATT9 that were characterized as European

variants. In addition, the G219A was identified in two
cloned sequences derived from the low-grade cervical
specimen A17 (A17 C1, A17 C2), characterized as African
type II (Tables 1 and 2).

Sequence analysis of the HPV16 E7 gene revealed that this
OREF appears to be more conserved among distinct HPV16
variants. However, seven nucleotide changes were iden-
tified for the first time in the present report. The nucleotide
variations C565T, T596A, G685A, G813A, G814A, G815A
and CB818T were detected in cervical samples that
harboured the nucleotide variation T350G. These varia-
tions induce the amino acid changes H2Y, M12K, A42T,
MB84I, G85S, G85D and T86I, respectively. The nucleotide
variations T596A, G685A, G814A, G815A and C818T were
detected in both high- and low-grade cervical intraepithe-
lial neoplasias (CIN) (Table 1). In contrast, the nucleotide
changes C565T, G813A were recorded only in low-grade
cervical cases (Table 1). In particular, the C565T was
detected in the low-grade cervical cases A24 and 1620,
while the G813A was identified in two cloned sequences
derived from the cervical sample A24 (A24 C2, A24 C3)
and in the low-grade cervical sample 858 (Table 1).

HPV16 variant determination

Specific nucleotide changes within the E6 and E7 genes
have been associated with the five major variant lineages:
prototype strain (no changes), European variant E-G350
(T350G), E-C109G (T109C, T350G), E-G131G (A131G,
T350G), East Asian (T178G, A647G), African type I
(G132C, C143G, G145T, T286A, A289G, C335T, T789C,
T795G), African type II (T109C, G132T, C143G, G145T,
T286A, A289G, C335T, G403G, A647G, T789C, T795G)
and Asian American (G145T, T286A, A289G, C335T,
T350G, A532G, T732C, T789C, T795G) (Wu et al., 2006;
Swan et al., 2005; Wheeler et al., 1997; Yamada et al., 1995,
1997).

According to nucleotide analysis of E6 and E7 ORFs, the
HPV16 prototype sequence was identified in ten low-grade
(2121, 2127, 2148, 2216, 796, ATTS, ATT10, ATT12,
ATT18, ATT45) and in six high-grade cervical samples
(PNLS, PNL10, PNL11, PNL12, ATT20, ATT24) (Tables 1
and 2). In addition, European sequences (T350G) were
recorded in 18 low- and 15 high-grade CIN cases (Tables 1
and 2). Asian American sequences were reported in the
high-grade cervical sample A3 and in the cancer case PNL?7,
while African type I sequence was identified in the high-
grade cervical sample A4. The cancer case PNL16 was
characterized as (T350G) European variant. In addition,
two different HPV16 variants were identified in the low-
grade cervical sample Al7. In particular, one cloned
sequence of the cervical specimen A17 (A17 C2) was
characterized as a European variant, while in two other
cloned sequences, A17 C1 and A17 C3, E6-E7 African type
II sequences were detected (Tables 1 and 2). However, the
possibility of an artefactual presence of both African type II
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Table 1. Nucleotide variations in HPV16 E6 and E7 ORFs associated with both high- and low-grade cervical cases

-, absence of nucleotide variation or amino acid substitution; A, adenine; T, thymine; G, guanine; C, cytosine. A number of specific intratypic nucleotide polymorphisms were detected in the E6

and E7 genes that were used to describe the distinct HPV16 variants. The sequence variation T350G was identified in both high- and low-grade cervical specimens. The cervical samples PNL7

(invasive cancer) and A4 (CINIII) were characterized as Asian American and African type I variants, respectively. In addition, the low-grade cervical sample A17 presented sequence homology with

African type II variant.

Clones* E6 region E7 region Variants  Accession
number
131A 132G 143C 145G 145G 178T 184A 201G 219G  280A  286T  289A 302T 335C  336A  350T  403A 514G 523C  532A  539C  565C  596T  647A 685G 732T 789T 795T 813G 814G 815G  8I18C Gm‘l‘,‘a "
CIN HG
A3 Cl - - - - T - - A G - T - G - G - - c ¢ G - - AA Q796772
Ad4Cl - [¢ G T - - - A G - T - - - - - - - ¢ G - - Afl JQ422059
A4 C2 - [¢ G T - - - A G - T - - - - - - - - [¢ G - - Afl JQ422060
A6 Cl - - - - - - - - - - - - - - - G - - - A - - - - E JQ422097
Al3 Cl - - - - - - - - - - - - - - - G - - - A - A E JQ422072
Al3 C2 - - - - - - - - - - - - - - - G - - - A - A E JQ422073
Al3C3 - - - - - - - - - - - - - - - G - - - A - - - - E JQ422074
A3l Cl - - - - - - - A - - - - - - - G - T - T - - - A - E JQ422098
PNL4 C1 - - - - - - - - - - - - - - - G - - - A - - - - T E JQ422080
PNL4 C2 - - - - - - - - - G A - T E JQ422081
- - - - - - - - G - - - - - A T E JQ422082
PNL6 C1 - - - - - - - - - - - - - - - G - - - - - A T E JQ422083
PNL6 C2 - - - - - - - - - - - - - - - G - - - - - - - A - E JQ422084
PNL7 C1 - - - - T - - - A G - T - G - G - - c [¢ G - - - AA JQ422085
PNL7 C2 - - - - T - - - - - A G - T - G - G - ¢ ¢ G - - AA JQ422086
PNL8 Cl - - - - - - - - - - - - - - - - - - T - - Pr JQ422087
PNL8 C2 - - - - - - - - - - - - - - - - - - - - T - - Pr JQ422088
PNLI0 C1 - - - - - - - - - - - - - - - - - - - A Pr JQ422091
PNLI0 C2 - - - - - - - - - - - - - - - - - - - - - - - A - - Pr Q422092
ATT4 Cl - - - - - - - - - - - - - - - G - - - - - - - G - - - E JQ422061
ATT4 C2 - - - - - - - - - - - - - - - G - - - - - - - - G - - E JQ422062
ATT5 C1 - - - - - - - - - T - - - - - G - - - A A - - E JQ422063
ATT5 C2 - - - T G - A A E JQ422064
ATT9 Cl - - - - - - A - - G - - T A - - T E JQ422066
ATT9 C2 - - - - - - - - A - - - - - - G - - T A - - - - T E JQ422067
ATTI6 C1 - - - - - - G - - - - - - - - G - - T - - - - - - - E JQ422068
ATTI6 C2 - - - - - - G - - - - - - - - G - - T - - - - - E JQ422069
ATT20 C1 - - - - - - - - - T A - - - - - - - - - Pr JQ422070
ATT20 C2 - - - - - - - - - T - - - - - - Pr JQ422071
CIN LG
Al7 Cl - T G T - - A A G - T - - G - - G - [¢ G A - - AF I JQ422056
Al7 C3 - T G T - - - - A A G - T - - G - - - - - - G - - [¢ G - - - AfII JQ422058
A2 Cl - - - - G A - - - A - G G - A T - - T - - - - - E 1Q422075
A24 C2 - - - - - G A - A - G G A T - - T - - A E JQ422076
A24C3 - - - - - - G A - - A G G A T - - T - A E Q422077
PNL2 Cl - - - - - - - - - T - - - G - - - - - - - - - E JQ422078
PNL2 C2 - - - - - - - - - T - - - - - G - - - - - - - - E JQ422079
2148 C1 - - - - - - - - - - - - - - - - - - T - - - T Pr JQa22112
2148 C2 - - - - - - - - - - - - - - - - - - T - - - - T Pr JQ422113
2270 C1 - - - - - - - - - - - - - - - G - - - - - A - E JQ422110
2270 C2 - - - - - - - - - - - - - - - G - - - - A E JQa22111
2279 C1 - - - - - - - - A - - - - - - G - - - - - - E JQa22114
2279 C2 - - - - - - - - A - - - - - - G - - - - - - E JQa22114
858 C1 - - - - - - - - - - - - - - - G - - - - - - A - - E JQa22101
858 C2 - - - - - - - - - - - - - G - - - - - A - - E JQ422102
868 C1 - - - - - - - - - - - - - - - G - - - - - - E JQ422103
868 C2 - - - - - - - - - - - - - - G - - - - - - E JQ422104
1620 C1 - - - - - G - - - - - A - G G - A T - - T - - E JQ422095
1620 C2 - - - - - G - - - - - A - G G - A T - - \T - - E JQ422096
ATTS Cl - - - - - - - - - - - - - - - - - - - - - - A - - - - - Pr JQ422065
European G - - - - - - - - - - - - - - G - - - - - - - - - -
African type I - [¢ T - - - A G - T - - - - - - - - [¢ G
African type I1 - T G T - - - A G - T - - G - - G - - c G
Asian American - - - - T - A G T - G - G - c ¢ G
Asian - - - T - . - - - - - - - - - - - - - - - - - 5 - - - - - - -
Amino acid RIOG RIOI QME QD QI4H D25E  I127M  C33Y  R39Q P59P  A61A VeV  L671 H78Y H78R L83V LIOOL  MI371  Cl40C  S1435  RI46C  H2Y  MI2K N29S  A42T FS7E 1761 Ms4l G855  G8SD  Ts6l

*The first letter or number corresponds to the code of the cervical sample. The last letter C1, C2, C3 corresponds to the number of the cloned sequence.
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Table 2. Sequence analysis of HPV16 E6 and E7 ORFs in low- and high-grade cervical samples

-, absence of nucleotide variation or amino acid substitution; A, adenine; T, thymine; G, guanine; C, cytosine. The African type II variant was identified in two cloned sequences derived from the

low-grade cervical sample A17 (A17 C1, A17 C3) (Table 1). However, the cloned sequence A17 C2 was characterized as European variant. This is the only multiple infection that was described in

the present report.

Clones* E6 region E7 region Variants Accession
number
131A 132G 143C 145G 145G 178T 184A 201G 219G  280A 286T  289A 302T 335C  336A  350T  403A 514G 523C  532A  539C  565C 596T  647A 685G  732T 789T 795T 813G 814G 815G 8I8C Gen‘:ﬂ K
CIN-HG
PNLI C1 - - - - - - - - - - - - - - - G - - - - - - - - - - - - E  JX193802
PNL9 C1 - - - - - - - - - - - - - - - G - - - - - - - - - - E  JQ422089
PNL9 C2 - - - - - - - - - - - - - - - G - - - - - - - - - - E  JQ422090
PNLII Cl - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr JQ422094
PNLI1 C2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr JQ422093
PNLI2 C1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr KF110693
PNLI5 C1 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - E  JX193804
PNLI5 C2 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - E  JX193811
PNLI6 Cl - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - E  JX193810
ATT21 Cl - - - - - - - - - - - - - - - G - - - - - E  KF110687
ATT24 C1 - - - - - - - - - - - - - - - - - .- - - - - - - - - - - - - - Pr KF110694
ATTS0 C1 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - E  KF110690
CIN-LG
PNL3 C1 - - - - - - - - - - - - - - - G - - - - - - - - E  JX193803
2209 C1 - - - - - - - - - - - - - - - G - - - - - - - - - - E  JQ796770
2290 C1 - - - - - - - - - - - - - - - G - - - - - - - - - - E  JQ796774
2290 C2 - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - E  JX193812
2186 Cl - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - E  JQ864252
2121 C1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr JQ422108
2121 C2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr JQ422109
2127 C1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr KF110692
2216 Cl - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr JQ422117
Al7 C2 - - - - - - - - - - - - - - - G - - - - - - - - - - E  JQ422057
747 C1 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - E  JQ4221l6
747 C2 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - E  JQ422107
793 C1 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - E  JQ422105
793 C2 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - E  JQ422106
796 C1 - - - - - - - - - - - - - - - - - - - - - - - - - - Pr JQ422099
796 C2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr JQ422100
ATT6 Cl - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - E  KF110689
ATT6 C2 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - E  KF110688
ATTI0 C1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr KF110686
ATT10 C2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr KF110685
ATTI2 C2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr JX193805
ATTI8 C1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr KF110695
ATT22 C1 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - E  JX193806
ATT22 C2 - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - E  JX193807
ATT45 C1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pr KF110684
ATT51 Cl - - - - - - - - - - - - - - - G - - - - - - - - - - E  JX193808
ATT51 C2 - - - - - - - - - - - - - - - G - - - - - - - - - - E  JX193809
ATT78 C1 - - - - - - - - - - - - - - - G - - - - - - - - - - E  KF110691
European G - - - - - - - - - - - G - - - - - - - - - - - - - - -
African type I - c G T - - - - - A G T - - - - - - - - - - - - c G - -
African type II T G T - - - - - A G T - - G - - - - - - G - - c G - -
Asian American - - T - - A G T G - - - G - - - - - ¢ c G
Asian - - - - - G - - - - - - - - - - - - - - - G - - - - - - -
Amino acid RIOG RI0l QI4E QI4D QI4H D25E  I27M  C33Y R39Q P59P  A6IA V62V Le7I  H78Y H78R 183V LIOOL  MI371  CI140C  S143S  RI46C H2Y MI2K N29S  A42T  ES7F 1761 T78T  Ms4l G855  G8SD  Tsel

*The first letter or number corresponds to the code of the cervical sample. The last letter C1, C2, C3 corresponds to the number of the cloned sequence.

siay1o pue siuueiBodes| ‘q



HPV16 E6 and E7 genes in Greek women

—

0

ATT21 C1
ATT6 C1

ATT6 C2
2209 C1

747 C2
PNL15 C1

ATT4 C2

PNL15 C2

ATT22 C2

PNLO C1

2209 C1
ATT22 C1
PNL16 C1
PNL3 C1

793 C2

25 A17 C2

o]

0 5, 868C2
2

[¢]

1

53 858 C1
ATT51 C1
2270 C1
PNL5 C2
98 PNL6 C1
ATT51 C2
A13C3
PNL9 C2
793 C1
A31C1
69 A24 C2
32 A24C3
90 A24 C1
73 1620 C1
74 1620 C2
2186 C1
PNL1 C1
38 PNL6 C2
858 C2

2270 C2
5 868 C1
2279 C1

15 2279 C2

36 ATT9C1

2 ATT9 C2
34 ATT16C1

45 ATT16 C2
2209 C2
2290 C2
PNL4 C1

5 ATT4 C1

39 747 C1
97 PNL2 C1
51 PNL2 C2
PNL4 C2

933 ATT5Ci

ATT5 C2
11 ATT20 C1
23 ATT20 C2
74 A13 C2
A6 C1
ATT45 C1

42 A13C1

0

0

2

o

2121 C1
15 PNL11 C1
2216 C1
99 PNL8 C1
34 PNL8 C2
0 2148 C1
38 2148 C2
44 796 C1
06 ATT24 C1
PNL12 C1
41 ATT18 C1
ATT8 C1
2127 C1
PNL11 C2
2121 C2
PNL10 C1
61 PNL10 C2
43 796 C2
ATT10 C1

40 ATT80 C1

AY686583 (E)

97 AY686580 (E)

34
42

23

AF536179 (European German)
AF125673 (NA)
ATT10 C2
ATT78 C1

4 ATT12C1
ATT12 C2
26 HPV16R

53
47

AF534061 (East Asian)
AY686584 (E)
44  AF402678 (Asian American)
43 AY686579 (Asian American)

49 A3Ci1

47
71

82

PNL7 C1
PNL7 C2
AY686582 (Asian American)
91 A17Ct
67 A17C3
AF472509 (African type Il)
83 AF472508 (African type I)
65 AF536180 (African type I)
A4 C1
76 A4 C2

Fig. 1. A maximum-likelihood phylogenetic tree (1000 bootstrap
replicates) from the alignment of the reference HPV16 E6
sequence (HPV16R), the E6 cloned sequences derived from the
present study and codons 10, 14 and 83 that were presented in
the study of Carvajal-Rodriquez (2008). Phylogenetic and positive
evolution analysis reported that residue 83 (L83V) has undergone
positive selection within the European population. Bar, 0.002.

and European variants in cervical sample A17 cannot be
excluded, due to sequencing only two PCR products.

Selection and recombination analysis

Molecular evolution analyses for E6 gene revealed that the
relative substitution rates for the three codon position was
CP1=0.826, CP2=1.015, CP3=1.159, whereas a corres-
ponding analysis of the E7 ORF estimates CP1=0.728,
CP2=1.2 and CP3=1.07. Only under the EB method
(Stern et al., 2007) was the codon 83 detected as a
positively selected site. Moreover, in the E7 gene, both the
ML and EB methods detected codon 85 as a positively
selected site, but only under the EB method was the finding
statistically significant. The ML phylogenetic tree (Fig. 1)
for the sequences in the present study and for codons 10,
14 and 83 (based on previous work by Carvajal-Rodriguez,
2008) revealed a sufficient classification of HPV16 genome
in the corresponding phylogenetic branch. However, the
SBP program (Kosakovsky Pond et al., 2006) revealed no
evidence of recombination in the multiple sequence
alignment between the E6-E7 cloned sequences, the
reference sequence of HPV16 and those of representative
sequences of HPV16 variants.

DISCUSSION

The main objective of this study was to understand the
genomic evolution of the HPV16 genome, via the study of
genomic diversity and evolution of the E6 and E7
oncogenes. According to sequence analysis, specific nuc-
leotide polymorphisms were detected and used to explore
the intratypic heterogeneity of the HPV16 genome in the
Greek population. The most frequently identified HPV16
variant was the European variant (T350G), following the
HPV16 prototype strain (Tables 1 and 2) (Zuna et al.,
2009; Andersson et al., 2000). In particular, the European
variant (T350G) was identified in 65.2% of high-grade
cervical cases and in 64.2 % of low-grade specimens, while
the prototype strain (350T) was detected in 26.1 % of high-
grade and in 35.7% of low-grade CIN samples (Tables 1
and 2). The nucleotide change T350G corresponds to
amino acid substitution L83V, which is one of the changes
detected as undergoing positive selection (Chen et al.,
2005; DeFilippis et al., 2002; Carvajal-Rodriguez, 2008).
Previous studies have revealed that HPV16 E6 L83V variant
is prevalent in high-grade lesions and is associated with
progression of cervical malignancy (Grodzki et al., 2006;
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Andersson et al., 2000; Yamada et al., 1997). In the present
study, the E6 L83V variant was detected in 69.5 % of high-
grade and 64.28 % of low-grade cases. Moreover, the L83V
variant was identified in the two cervical cancer cases
(PNL7 and PNL16). The difference among high- and low-
grade malignancies was not statistically significant. The
prototype and the E6 L83V variant were both prevalent in
high- and low-grade malignancies in Greek women.

Previous studies have proposed that specific intratypic
variants might influence the progression of preinvasive
cervical lesions to cancer. In particular, it was proposed
that there is a strong relation between Asian American
variant and cervical cancer development (Sanchez et al.,
2011; Tornesello et al., 2011; Quint et al., 2010; Junes-Gill
et al., 2008). According to sequence analyses of the E6-E7
cloned sequences and the representative sequences of
HPV16 variants, non-European variants were identified
in four cervical samples (PNL7, A3, A4, A17). The HPV16
Asian American variant was identified in cervical sample
PNL7, diagnosed as invasive cervical cancer and in the
high-grade cervical sample A3 (Table 1). However, two E6—
E7 cloned sequences derived from the low-grade cervical
sample A17 were characterized as African type II variants,
while one E6-E7 cloned sequence derived from the cervical
sample A17 was characterized as European variant (Tables
1 and 2). This was the only mixed infection that was
recorded in the present study although an artefactual event
could not be excluded due to sequencing only two PCR
products. In addition, the cervical sample A4 was
characterized as an African type I variant. Taking these
data into account, we conclude that non-European variants
are circulating in Greek population and are detected in
high- and low-grade CINs (Tables 1 and 2).

Sequence analysis of the E6 gene revealed significant
sequence heterogeneity, clustering the HPV16 variants in
distinct phylogenetic branches (Pande et al., 2008; Swan et
al., 2005; Wheeler et al., 1997; Yamada et al., 1995, 1997).
Nevertheless, nine new nucleotide variations (A184G,
G201A, G219A, A280T, T302A, A336G, G514A, C523T
and C539T) were detected in the present study (Table 1) in
cervical samples that were characterized as (T350G)
European variants. In particular, the nucleotide variations
A184G, G201A, G219A, T302A and A336G induced the
amino acid changes 127M, C33Y, R39Q), L67I and H78R,
respectively. These amino acid changes were located at the
N-terminal domain of the E6 oncoprotein (Ghittoni et al.,
2010; Boulet et al, 2007). Additionally, the nucleotide
changes G514A and C539T caused the amino acid substitu-
tions M137I and R146C, respectively. These changes were
located at the C-terminal domain of the E6 protein into the
Zn2* Finger portion (Ghittoni et al, 2010; Boulet et al.,
2007). Moreover, the nucleotide variations A280T and
C523T did not induce amino acid substitutions within the
E6 protein. The nucleotide variation A280T was detected in
both high- and low-grade cervical samples (Table 1).

Previous studies have proposed that the E7 gene is more
conserved than E6 (de Boer et al., 2004; Wu et al., 2006;

Pande et al, 2008). Nevertheless, seven new nucleotide
variations were identified within the E7 gene in cervical
samples that clustered to the same phylogenetic branch
with the (T350G) European variant. The nucleotide
changes C565T, T596A, G685A, G813A, G814A, G815A
and C818T caused the amino acid substitutions H2Y,
MI12K, A42T, M84I, G85S, G85D and T86I, respectively. In
particular, the amino acid substitutions H2Y and M12K
were located at the CR1 domain of the E7 oncoprotein
(Miinger et al., 2004). In addition, the amino acid changes
M84I, G85S, G85D and T86I were detected in the C-
terminal domain of the E7 protein into the Zn®* Finger
portion (Ghittoni et al, 2010) (Table 1). The new
nucleotide and amino acid substitutions of E6 and E7
ORFs that were detected in European variants require
further investigations, in order to discern their functional
implications.

However, the ability of the E6 oncoprotein to interact with
distinct p53 variants might induce strong selective pressure
upon the E6 gene (DeFilippis et al, 2002). In particular,
codons 10, 14 and 83 of the E6 gene are under positive
selection and the L83V amino acid substitution is
associated with cervical cancer development (Chen et al.,
2005; DeFilippis et al., 2002; Carvajal-Rodriguez, 2008; Lee
et al., 2008). In the present study, positive selection was
found in codon 83 of the E6 gene. However, no signal of
positive selection was found in codons 10 and 14, by the
ML and EB methods. Considering the positive selection
analysis and the ML phylogenetic tree (Fig. 1), we assume
that codon 83, which is implicated in cervical cancer
progression, has undergone positive selection within the
European population. However, nucleotide and phylogen-
etic analyses revealed that codon 10 distinguishes African I
and II, while codon 14 separates African type II from the
non-African variants (Carvajal-Rodriguez, 2008). Absence
of positive selection in codons 10 and 14 might be caused
by dominance of HPV16 European variant in the Greek
population (Fig. 1).

It was proposed that positive selection is acting upon
codon 29 of the E7 protein (Sun et al., 2012). In the present
analysis, only codon 85 was found to be under positive
selection by EB analysis. Codon 85 is located within the C-
terminal domain of E7 protein. This protein domain is
implicated in protein interactions with the pRb and other
cellular proteins, and may act as a dimerization domain
(Minger et al., 2004). Amino acid substitution in codon 85
was detected only in cervical samples that were character-
ized as European variants. The role of positive selection in
codon 85 in the Greek population should be further
investigated in order to discern the interaction between the
E7 oncoprotein and host cellular targets.

In conclusion, the HPV16 E6 and E7 genes are poly-
morphic regions of the viral genome and provide
significant information about HPV16 intratypic hetero-
geneity and evolution. To the best of our knowledge, this is
the first study describing nucleotide variations and

1694
Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104

Journal of Medical Microbiology 62



Institution

HPV16 E6 and E7 genes in Greek women

evolutionary pressure acting on E6 and E7 regions of
HPV16 genomes from the Greek population. Molecular
and evolutionary analyses of the HPV16 genome in distinct
geographical locations might provide valuable information
about the viral pathogenicity and genome evolution.
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Abstract The El1 ORF is one of the most conserved
regions in the human papillomavirus (HPV) genome. The
complete E1 gene of the HPV16 genome was amplified
with four overlapping primer sets in 16 high-grade (CIN I,
IIT) and 13 low-grade cervical (CIN I) intraepithelial neo-
plasias as well as in one cervical cancer case. Sequence
analysis of the E6 and E7 genes was also carried out in the
same cervical samples in order to confirm the association
between nucleotide sequence variations in the HPV16 El
ORF and HPV16 variant lineages. Analysis of the E1 ORF
revealed 27 nucleotide changes, and these changes were
correlated with those found in HPV16 Asian American and
African type II variants. Of these nucleotide variations,
A1668G, G2073A, T2169C, T2189C, A2453T, C2454T,
A2587T and G2650A were identified only in high-grade
dysplasia cases. A phylogenetic tree of the E1 ORF and
nucleotide sequence analysis of the E1, E6 and E7 genes
revealed that intratypic nucleotide sequence polymor-
phisms located in the E1 ORF can be used to identify the
major phylogenetic branch to which a HPV16 genome
belongs. Moreover, amplification of the E1 ORF revealed a
disruption between nucleotides 878 and 1523 in five high-
and two low-grade cervical cases, indicating that integra-
tion of HPV DNA occurs at an early stage of viral
infection.
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Introduction

Human papillomaviruses (HPVs) are a divergent group of
small, non-enveloped DNA viruses that replicate in the
nucleus of squamous epithelial cells. Over 150 different
HPV types have been characterized, and approximately 60
of them are detected in the cervical epithelia and are
classified as members of the genus Alphapapillomavirus [1,
2]. Epidemiological studies have revealed that high-risk
human papillomaviruses are associated with cervical can-
cer development, with HPV16 (alpha-9) and HPV18
(alpha-7) types being the most frequently identified HPV
types in invasive cervical cancer [3-5]. The HPV16 gen-
ome is divided into the early region, comprising the early
genes El, E2, E4, ES, E6, and E7, the late region, com-
prising two late genes (L1, L2), the long control region
(LCR), and a small non-coding region (NCR), which is
located between the ES and L2 genes.

Evolutionary analysis has provided evidence that pap-
illomaviruses (PVs) coevolved with their hosts over mil-
lions of years [6]. However, Gottschling et al. [7]
established that alternative events may contribute consid-
erably to the evolution of PVs. Moreover, the viral genome
is further classified into variant lineages within each type
[1]. In particular, HPV16 variant lineages have been
associated with the geographic origin of the populations in
which they are prevalent [8, 9]. The HPV16 genome is
classified into five major intratypic variant lineages known
as HPV16 European, European Asian, African type II,
African type I, and Asian American [10-12]. Nucleotide
sequence analysis of the HPV 16 variants in the E6, L1, L2,
and LCR genomic regions has expanded this phylogenetic
classification [9, 13]. In a previous study by Carvajal-Ro-
driquez et al. [14], it was proposed that classification of a
given HPV16 genome in any of the major variant lineages
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can be achieved according to E6 polymorphisms. More-
over, nucleotide polymorphisms in the E4 region can be
used to classify the HPV16 variants into distinct phyloge-
netic branches [15]. However, recent studies have classified
the common HPV16 variant lineages at a deeper level,
referred to as “sublineages”. Variant sublineages constitute
groups of sequences with 0.5 %-1.0 % divergence at the
genome level [16-19].

In the papillomavirus genome, the E1 ORF is one of the
most conserved regions [20]. The papillomavirus (PV) El
protein is expressed during the early stage of the virus life
cycle in order to maintain the viral DNA in an episomal
form. The E1 protein displays both ATPase and 3’-5" he-
licase activities. Previous studies have suggested that the
El protein of HPV11 is composed of three functional
domains: an N-terminal regulatory region, a central origin-
DNA-binding domain (OBD), and a C-terminal ATPase/
helicase domain [21-24]. The PV El protein recognizes
and binds to an AT-rich sequence within the PV DNA
replication origin in cooperation with the PV E2 protein.
The complex of PV E1l and E2 proteins binds to the viral
replication origin with high affinity and initiates DNA
replication via the E1 ATP-dependent helicase domain [20,
25]. In addition, the PV E1 helicase domain interacts with
DNA polymerase a-primase, topoisomerase I and the sin-
gle-stranded DNA binding protein RPA in order to recruit
the cellular replication factors to the viral origin of repli-
cation, forming an active replication complex [26-30].

Previous studies have suggested that the integration of
HPV16 DNA into the host genome usually disrupts the
viral E1 and/or E2 ORFs [31, 32]. This disruption (of E1l
and/or E2 ORFs) results in deregulation of viral gene
expression and DNA replication control. This deregulation
is associated with the progression of cervical intraepithelial
neoplasia to invasive cancer [31-34].

Considering the essential role of the E1 protein in viral
replication, the present study focused on the analysis of
HPV16 E1 ORF. Thus, the complete HPV16 E1ORF was
amplified from 30 cervical samples in order to identify
nucleotide sequence variations and amino acid substitutions.
Furthermore, sequence analysis of the E6 and E7 genes was
also carried out from the same cervical samples in order to
investigate the association between HPV16 variants and
nucleotide sequence variations in the E1 ORF. In addition,
sites of disruptions in the E1 region are reported.

Materials and methods
Cervical specimens

Thirty HPV16-positive specimens from Greek patients (5
paraffin-embedded cervical biopsies and 25 Thin Prep
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samples) were diagnosed as cervical intraepithelial neo-
plasia stage I, IT and III. Thin Prep samples were collected
from patients who were having their annual Pap test, while
the paraffin-embedded tissues were collected during biopsy
from patients with a history of abnormal smears. The
patients’ ages ranged from 25 to 60 years old. Of the 30
samples, 16 were diagnosed as high-grade cervical intra-
epithelial neoplasias (CIN II, III), and thirteen were diag-
nosed as low-grade cervical intraepithelial neoplasias (CIN
I). In addition, one cervical sample was diagnosed as cer-
vical cancer.

DNA extraction

DNA from Thin Prep samples was extracted using the
chaotropic agent guanidine thiocyanate (GuSCN) [35]. In
addition, DNA from formalin-fixed, paraffin-embedded
cervical tissues was extracted using the established pro-
teinase K method [36], while DNA from stained cervical
smears was extracted following the method described by
Puramen et al. [37]. A 498-bp beta-actin fragment was
amplified by PCR assay as a quality control in order to test
the integrity of the extracted DNA and to test for the
presence of PCR inhibitors [38]. Identification of HPV16
genomes was carried out using nested multiplex PCR [39].

Amplification of E1 ORF

The HPV16 E1 gene was amplified using the overlapping
primer sets EI1F1-E1R3, E1F4-E1RS5, E1F6-EIR7, and
E1F8-EIRY in separate reactions [32]. The primers were
selected to amplify subsequent fragments of the HPV16 E1
gene in order to obtain the complete sequence of E1 ORF
and to locate sites of disruption within this ORF. In the
present study, gene disruption events were considered only
for those samples that were positive for the B-actin gene
but gave no signal amplification with one of the primer
pairs of HPV16 E1. The PCR reactions were performed in
a final volume of 50 pl. Each PCR mixture contained 50
pmol of each primer set (E1F1-E1R3, E1F4-E1RS5, E1F6-
EIR7, EIF8-E1R9), 5X Green GoTaq Flexi buffer (Pro-
mega), 2 mM MgCl,, 1| mM dNTPs and 1.25 U of ther-
mostable DNA polymerase (GoTaq® DNA Polymerase,
Promega). PCR cycling conditions were as follows: an
initial denaturation step at 95 °C for 2 min, then 50 cycles
of 95 °C for 40 s, 50 °C for 30 s and 72 °C for 30 s. PCR
reaction was ended with a 5 min incubation step at 72 °C.

In addition, when a site of disruption was identified
within the E1 ORF, an auto-nested PCR was carried out in
that particular viral region in order to confirm the result.
Auto-nested PCR amplification was performed using as
template 2 pl of the first-round PCR and the corresponding
primer set (E1F1-EI1R3, E1F4-E1RS5, E1F6-EI1R7, E1F8-
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E1R9). Auto-nested PCR amplification was conducted for
25 cycles under the conditions described above.

Amplification of the E6 and E7 ORFs

Sequence analysis of the HPV16 E6 and E7 genes was
performed in order to correlate particular intratypic varia-
tions within those regions of E6 with nucleotide variations
within the E1 gene. The E6-E7 region was amplified using
the primer set HPV16 41/HPV16 757 as described previ-
ously [15].

Cloning and sequence analysis of HPV16 E1, E6
and E7 ORFs

Four distinct overlapping amplicons from E1 (645 bp, 488
bp, 533 bp and 405 bp length) and the E6, E7 genomic
regions, derived from each individual cervical sample were
subjected to cloning using the pGEM-T Easy Vector sys-
tem (Promega, Madison, USA). Recombinant plasmid
DNA was purified using a Nucleospin Plasmid Kit
(Macherey-Nagel GmbH, Duren, Germany), and the plas-
mids were sequenced at Macrogen Inc., Korea. In order to
confirm sequence variations that were detected within the
El, E6 and E7 ORFs, two independent PCR assays were
performed for each viral genomic region, and amplicons
from distinct PCR assays were cloned. For E1 overlapping
PCR fragments, three clones from each individual ampli-
con and two clones from the E6-E7 genomic region were
selected for sequence analysis. Sequencing reactions were
performed in both DNA strands and were sequenced three
times to insure the reliability of the results. However, only
one cloned sequence was used for nucleotide sequence
analysis of the El gene in cervical samples when the
cloned sequences showed 100 % nucleotide identity.
Multiple sequence alignment was performed using the
Muscle algorithm in the MEGA v.5 software [40, 41],
using the E1 and E6-E7 region sequences from the present
study, the reference sequence of the HPV16 genome
(HPV16R) available in the HPV16 Sequence Database
(Los Alamos National Laboratory), and sequences from
representative HPV16 lineages and sublineages available
in GenBank. The accession numbers were as follows:
European prototype 1 variant, HQ644236; European pro-
totype 2 variant, AF536179; European-Asian variant,
AF534061; African type I variant, AF472508; African type
II variant AF472509: Asian American 1, HQ644247; Asian
American 2, HQ644254; Asian American/North American,
HQ644257.

Sequences between nucleotides 878 and 1523 of the El
gene are available in GenBank under accession numbers
JQ791065-JQ791098. The accession numbers are
JQ768462-JQ768505 for nucleotides 1503 to 1991,

JQ791017-JQ791064 for nucleotides 1952 to 2485, and
JQ779915 - JQ779969 for nucleotides 2443 to 2848.

Phylogenetic tree construction

A maximum-likelihood phylogenetic tree was constructed
using E1 ORFs sequenced in the present study, the refer-
ence sequence of HPV16R, and those of representative
sequences of HPV16 variant lineages and sublineages in
order to investigate how the E1 gene performs as a marker
for assigning a given HPV16 genome to any of the major
HPV 16 phylogenic branches (Fig. 1). Cervical samples that
showed a disruption within E1 ORF were not used in this
phylogenetic tree. The phylogenetic tree (1000 bootstrap
replicates) was constructed using the GTR + G substitution
model according to the FindModel online software (http://
www.hiv.lanl.gov/content/sequence/findmodel/findmodel.
html).

Results
E1 gene disruption

Amplification of the HPV16 El region revealed an intact
El gene in 11 out of 16 high-grade cases (68.95 %). The
viral domain between nucleotides 878 and 1523 was not
amplified in the high-grade cervical samples ATT9, D2,
D13, D14, and D15 (31.05 %). In addition, 11 out of 13
low-grade cervical samples, (84.61 %) harbored the com-
plete E1 ORF, while two of them (15.39 %) (samples 747
and D7) showed E1 gene disruption between nucleotides
878 and 1523. However, no evidence of gene disruption
was found in the cervical cancer case PNL7. The above
results show that the integration of the HPV16 genome
through disruption of E1 gene might occur in both high-
and low-grade cervical intraepithelial neoplasias. Further-
more, our results were also confirmed through real-time
PCR by assaying the E1/E6 ratio. An experimental cutoff
value was established in order to determine the physical
state of HPV16 DNA as episomal, integrated or mixed
(integrated and episomal forms). According to our results,
it was concluded that integration occurs when the E1/E6
ratio is less than 0.003. Ratios less than 0.98, ranging from
0.003 to 0.98, indicated the presence of mixed forms of
viral DNA, while ratios greater or equal to 0.98 indicated
the presence of the episomal form only, (data not shown).
The ratios for the high-grade cervical samples ATT9 (E1/
E6=0.002), D2 (E1/E6=0), D13 (E1/E6=0), D14 0.001),
and D15 (E1/E6=0) and for the low-grade cervical samples
747 (E1/E6=0.002) and D7 (E1/E6=0) were close to zero,
indicating the presence of the integrated HPV16 DNA form
(Table 1).
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Fig. 1 Maximum-likelihood phylogenetic tree based on the complete E1
gene, derived from the four overlapping fragments of E1 gene of the
investigated samples, the reference sequence of HPV16 genome, and the
reference sequences of HPV16 variants retrieved from the GenBank
sequence database (European prototype 1 variant, HQ644236,
HQ644259, HQ644267, HQ644268, HQ644271; European-Asian vari-
ant, HQ644234, HQ644235, HQ644248, HQ644251, HQ644261; African
type I variant, HQ644238, HQ644240, AF472508, HQ644290; African
type II variant, HQ644237, HQ644239, HQ644249, HQ644250,
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HQ644254 (AAIl)
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AF472509, HQ644291, HQ644292; Asian American 1, HQ644289,
HQ644247, HQ644253, HQ644255; Asian American 2, HQ644254,
AY686579, AY686582, HQ644273; Asian American/North American,
HQ644257). The phylogenetic tree (1000 bootstrap replicates) was
constructed using the GTR + G substitution model, calculated using the
online software FindModel (www.hiv.lanl.gov/content/sequence/
findmodel/findmodel.html). Using the E1 ORF sequence, the HPV16
variant lineages were divided into distinct phylogenetic branches with
high bootstrap values (>80%)
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Table 1 Four overlapping primer sets used to amplify the complete E1 ORF

Primer Sequence (5°-3’) location PCR product length
E1F1 CAGGTACCAATGGGGAAGA 878-896 645 bp

EIR3 GAAAAACTCACCCCGTATAAC 1503-1523

E1F4 GTTATACGGGGTGAGTTTTTC 1503-1523 488 bp

EIR5 GCAATTTCACTATCGTCTACTATG 1968-1991

E1F6 GGGCCTACGATAATGACATAGTA 1952-1974 533 bp

E1R7 CCAATGCATTTCTTAAATTGTC 2464-2485

EIF8 CCCTGTTGGAACTACATAGATGAC 2443-2466 405 bp

EIR9 GTCTATATGGTCACGTAGGTCTGTA 2824-2848

Variant determination

The association between nucleotide changes within the E1
ORF and HPV16 variants was conducted through nucleo-
tide sequence analysis of E6 and E7 ORFs on the same
cervical samples. Intratypic polymorphisms in the E6 and
E7 genes were used in order to classify the HPV16 genome
into any of the major variant lineages [9, 13, 16]. The
cloned sequences of the E6 and E7 genes were subjected to
multiple sequence alignment with the reference sequences
of HPV16 variant lineages and sublineages as described
previously [16]. Nucleotide sequence analysis of the E6
and E7 genes revealed that 8 low-grade and 11 high-grade
cervical samples were related to the HPV16 European
variant and the reference sequence of HPV16 genome.
However, the low-grade cervical sample Al7 showed
sequence similarity with the African type II variant, while
the cancer case PNL7 showed higher sequence identity
with the Asian American variant (Table 2). In addition,
nine cervical samples (D2, D7, D13, D14, D15, D16, D30,
D34, D42) were associated with the HPV16 European
variant by nucleotide sequencing and phylogenetic analysis
of the E2 gene, as has been reported previously [36]
(Table 2). The phylogenetic tree that was constructed using
the complete E1 gene further confirmed our results.
According to sequence and phylogenetic tree analysis, it
was concluded that the E1 ORF alone can be used to
correctly classify the HPV16 genome in any of the major
phylogenetic branches (Fig. 1).

E1 nucleotide sequence analysis

Multiple sequence alignment between the E1 amplicons,
the genome of the HPV16 reference strain, and the
sequences of HPV16 variants was conducted for the four
consecutive fragments of the HPV16 E1 gene. Sequence
analysis of the El region from nucleotides 858 to 1523
revealed the presence of nucleotide variations T921C,
C1096G, G1163A, T1200C, T1366A, C1377T, C1426G,

T1486C in the low-grade cervical sample Al7, the cancer
sample PNL7, and the reference sequences of the HPV16
African type II and Asian American variants (Table 3). The
nucleotide changes T921C, T1200C, C1377T and T1486C
do not cause amino acid substitutions in the El protein,
while the nucleotide changes C1096G, G1163A, T1366A
and C1426G result in the amino acid changes Q78E,
GI00E, C168S and QI188E, respectively. However, the
silent nucleotide variation A1041G was only identified in
the cervical sample PNL7 and in the reference sequence of
the Asian American variant, while the silent nucleotide
change C1416T was only found in the cervical specimen
Al7 and in the reference sequence of the African type II
variant (Table 3).

Sequence analysis of the El region from nucleotides
1503 to 1991 revealed the nucleotide variations C1624T,
C1744A, A1842G, which were detected in high-grade
cervical sample PNL7, in low-grade sample A17 and in the
reference sequences of the African type II and Asian
American variants (Table 4). The nucleotide change
C1624T was a silent nucleotide variation, while C1744A
and A1842G induced the amino acid substitutions L294M
and 1326M, respectively. In addition, the silent nucleotide
variation, A1668G, was detected in the cervical sample
PNL7, and in the reference sequence of the Asian Ameri-
can variant (Table 4). Moreover, between nucleotides 1952
and 2485, the nucleotide mutations G2073A, T2169C,
T2189C, A2453T and C2454T were detected in high-grade
malignancies (samples D2, D13, D15) (Table 5). In addi-
tion sequence analysis of the El region revealed the
nucleotide variations C2041T, G2220C, C2237G, G2249A,
C2262T, C2287T and C2344T, from which the nucleotide
variations C2041T, G2220C, C2237G, and G2249A
induced the amino acid changes L3931, E425D, T458S, and
R462K, while the C2262T, C2287T, and C2344T changes
were silent nucleotide variations. These nucleotide changes
were detected in the cancer sample PNL7, in the low-grade
sample A17, and in the reference sequences of the African
type II and Asian American variants. Moreover, the silent
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Table 2 Sequence analysis of the E6 and E7 genes of cervical associated with the European variant according to nucleotide
samples in which the E1 ORF was also analyzed. Samples D2, D7, sequence analysis of the HPV16 E2 ORF [15]
D13, D14, D15, D16, D30, D34 and D42 have previously been

Samples E6 region E7 region

Pl
QN w—
Aws—
QWA -
— 0 < —
- o oo
> O 0 N
A www
> WO A
>N W W
RS EENICN
- W
— \© o0 -
NN

PNL2 - L
PNL4 - oL S
PNL5 .o oL
PNL6 ..o S
PNL7 e A G T
PNLS -- oL L
PNL10 -- oL L
ATT4 -- oL S
ATTS -- oL S
ATTS .- Lo S L
ATT9 -- o S
ATTI2 -- oL S L
ATTI6 .- L - - - G - - L
ATT20 - - oo S L
Al7 - T G T - A G T - G - G - C G
A24 -- oL . - .G
A38 -- oL . - .G
858 ..o .. . G
868 ..o - - - G - - L

G

G

oo Heownw

aa !

Q

747 - - -
793 . L
796 - - L . - L

Lineage Sublineage

European European prototype I

—
Q

European prototype 11 G - - - A -
Asian European Asian - - - - G/C - - - - - - G - -

Asian American Asian American 1 - - -

[olNe!

Asian American 2 - - -

aloNo!
a

North American - - -
African type I - C G
African type II - T G

4 A a0
> > > >
aaaaaaQ
4o a s
nnooaon
aaooaaaQ

E2 region

Variant lineage Accession number in Genbank Samples Variant lineage Accession number in Genbank

European JQ422078 D2 European HQ398221
European JQ422080 D7 European JF422083
European JQ422082 D13 European JQ864254
European JQ422083 D14 European HQ398220
Asian American JQ422085 D15 European JQ864253
Prototype J1Q422087 D16 European HQ398222
Prototype JQ422091 D30 European HQ398216
European JQ422061 D34 European JF422087
European JQ422063 D42 European JF422091
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Table 2 continued

Samples

Variant lineage Accession number in Genbank

E2 region

Variant lineage Accession number in Genbank
Prototype JQ422065
European JQ422066
Prototype JX088614
European JQ422068
Prototype JQ422070
African type II JQ422056
European 1Q422075
European JN205111
European JQ422101
European JQ422103
European JQ422116
European JQ422105
Prototype JQ422099

nucleotide variation T2355C was only detected in the
cervical sample A17 and in the reference sequence of the
African type II variant (Table 5).

Finally, the genomic region between nucleotides 2443
and 2848 appears to be more conserved among the cloned
El amplicons. The nucleotide variations A2587T and
G2650A were found in high-grade samples (PNL7, D13,
D14, and D30). Moreover, the silent nucleotide changes
T2586C, A2608C and the T2631T were identified in the
cervical samples A17 and PNL7 and in the reference
sequences of the HPV16 African type II and Asian
American variants (Table 6). However, the nucleotide
change G2650A was only detected in the cancer sample
PNL7 and in the reference sequence of the HPV16 Asian
American variant (Table 6).

Discussion

The HPV16 El gene encodes an active DNA helicase that
initiates the DNA replication of the episomal viral genome.
The gene encoding the viral E1 protein is the largest viral
OREF and is a highly conserved region among the various
HPV types [20]. The present study aimed to investigate
nucleotide sequence variations and amino acid substitu-
tions in the HPV16 E1 ORF from Greek patients. Thus, the
complete E1 gene was amplified, using four overlapping
primer sets [32]. Nucleotide sequence analysis of the E6
and E7 genes from the same cervical samples was also
conducted in the present study in order to investigate the
association among E1 nucleotide variations and the various
HPV16 variant lineages.

El gene disruption was identified in five high-grade and
two low-grade cervical samples. It has been proposed that
disruption of the E1 gene occurs mainly at the 3’ end [31].
However, the present study found disruptions only between
nucleotides 878 and 1523, located at the 5° end of the El
gene [42]. The presence of a disrupted genome in low-
grade samples reinforce the hypothesis that integration of
HPV16 DNA occurs at an early stage of viral infection,
leading to the progression of cervical intraepithelial neo-
plasia to invasive cancer [31, 33, 34, 43].

In the present study, nucleotide sequence analysis of the
E6 and E7 genes from HPV16 genomes revealed that the
most frequently identified HPV 16 variants were the Euro-
pean variants and the HPV16 prototype strain. Previous
studies have shown that HPV16 non-European variants are
significantly more likely than European variants to cause
high-grade cervical malignancies [44, 45]. In the present
report, the European variant was detected both in high- and
low-grade cervical intraepithelial neoplasia cases
(Table 2). Moreover, the African type II variant was
identified in the low-grade cervical case Al7, while the
Asian American variant was identified in the cervical
cancer case PNL7. The Asian American variant has been
strongly associated with cervical cancer development [46,
47].

In a previous report by Cornet et al. [16], it was pro-
posed that nucleotide sequence polymorphisms within the
HPV16 E6 and LCR regions may be used to further clas-
sify the major HPV 16 variant lineages into HPV16 variant
sublineages. However, a global alignment of cloned El
sequences and HPV 16 reference sequences that represented
the majority of HPV16 diversity revealed that nucleotide
polymorphisms in the E1 ORF might be sufficient to
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Table 3 Sequence analysis of the E1 ORF between nucleotides 878
and 1523. Codes PNL4, PNL5, ATT4, ATTS, Al7, A24, D34, D42,
747, 793, etc. correspond to the cervical samples. The number 645
corresponds to the size of the E1 amplicon, and the last letter (C1)
corresponds to the number of the cloned El sequence. According to

sequence analysis, eight nucleotide variations were identified that
were associated with HPV16 Asian American and African type II
variants. However, the nucleotide variation A1041G was identified in
the Asian American variant only, while the nucleotide change
C1416T was detected only in the African type II variant

878-1523 1 1 1 1 1 1 1 1 1 Variant Accession number in
9 0 0 1 2 3 3 4 4 4 lineage GenBank
2 4 9 6 0 6 7 1 2 8
1 1 6 3 0 6 7 6 6 6
T A C G T T C C C T
Clone (HG)
PNL4 645 C2 - - - - - - - - - - European JQ791086
PNLS 645 C1 - - - - - - - - - - European JQ791089
PNL6 645 C1 - - - - - - - - - - European JQ791087
PNL6 645 C2 - - - - - - - - - - European JQ791088
PNL7645C1 C G G A C A T - G C Asian JQ791066
American
PNL8 645 C1 - - - - - - - - - - European JQ791067
PNL10 645 - - - - - - - - - - European JQ791069
Cc2
ATT4 645 C1 - - - - - - - - - - European JQ791090
ATTS 645 C1 - - - - - - - - - - European JQ791071
ATTI12 645 - - - - - - - - - - European JQ791075
C2
ATT16 645 - - - - - - - - - - European JQ791091
Cc2
ATT20 645 - - - - - - - - - - European JQ791073
Cl
D30 645 C2 - - - - - - - - - - European JQ791079
Clone (LG)
PNL2 645 C1 - - - - - - - - - - European JQ791084
ATTS8 645 C2 - - - - - - - - - - European JQ791070
Al7 645 C1 C - G A C A T T G C African type  JQ791076
1I
A24 645 Cl - - - - - - - - - - European JQ791080
A38 645 Cl - - - - - - - - - - European JQ791092
793 645 C1 - - - - - - - - - - European JQ791095
796 645 Cl - - - - - - - - - - European JQ791082
858 645 C1 - - - - - - - - - - European JQ791094
868 645 C1 - - - - - - - - - - European JQ791097
D34 645 C2 - - - - - - - - - - European JQ791078
D42 645 C1 - - - - - - - - - - European JQ791077
Linegage
European - - - - - - - - - -
African type I - - G - - A T - - C
African type  C - G A C A T T G C
I
Asian C G G A C A T - G C
American
Asian - - - - - - - - -

Amino acid FIOF L59L Q78E GIO0E Al12A C168S Y171Y

H184H QI88E L20SL
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Table 4 Sequence analysis of E1 ORF between nucleotides 1503 and
1991. Codes PNL4, PNLS5, ATT4, ATTS, Al17, A24, D34, D42, 747,
793, etc. correspond to the cervical samples. The number 488
corresponds to the size of the E1 amplicon, and the last letter (C1)
corresponds to the number of the cloned El sequence. According to

sequence analysis, three nucleotide variations were identified that
were associated with Asian American and African type II variants.
The nucleotide changes T1587C and A1668G were detected only in
the Asian American variant

1503-1991 1 1 1 1 1 Variant lineage Accession number in GenBank

5 6 6 7 8

8 2 6 4 4

7 4 8 4 2

T C A C A
Clone (HG)
PNL4 488 C1 - - - - - European JQ768483
PNLS 488 C1 - - - - - European JQ768485
PNL6 488 C1 - - - - - European JQ768487
PNL7 488 Cl - T G A G Asian American JQ768488
PNLS 488 Cl1 C - - - - European JQ768490
PNL10 488 C1 - T G A G European JQ768491
ATT4 488 Cl - - - - - European JQ768492
ATTS 488 Cl C - - - - European JQ768504
ATT9 488 C1 C - - - - European JQ768496
ATTI12 488 C1 C - - - - European JQ768498
ATTI16 488 C1 - - - - - European JQ768500
ATT20 488 Cl1 - - - - - European JQ768502
D2 488 C1 - - - - - European JQ768462
D13 488 C1 - - - - - European JQ768476
D14 488 C1 - - - - - European JQ768477
D15 488 C1 - - - - - European JQ768478
D30 488 C1 - - - - - European JQ768463
Clone (LG)
PNL2 488 Cl1 - - - - - European JQ768481
ATTS 488 Cl C - - - - European JQ768494
Al17 488 C1 - T - A G African type II JQ768467
A24 488 C1 - - - - - European JX297818
A38 488 C1 - - - - - European JQ768468
747 488 C1 - - - - - European JQ768479
793 488 C1 - - - - - European JQ768470
796 488 Cl - - - - - European JQ768474
858 488 Cl1 - - - - - European JQ768472
868 488 Cl1 - - - - - European JQ768480
D7 488 Cl - - - - - European JQ768465
D34 488 C1 - - - - - European JQ768473
D42 488 C1 - - - - European JQ768475
Lineage
European - - - - -
African type I - T - T G
African type II - T A G
Asian American C T G A G
Asian - - - G
Amino acid F241F L254L A268A L294M 1326M
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Table 6 Sequence analysis of E1 ORF between nucleotides 878 and sequence analysis, three nucleotide variations were identified that
1523. Codes PNL4, PNL5, ATT4, ATTS5, A17, A24, D34, D42, 747, were associated with the Asian American and African type II variants.
793, etc. correspond to the cervical samples. The number 405 Moreover, the nucleotide variation G2650A was only detected in the
corresponds to the size of the E1 amplicon, and the last letter (C1) Asian American variant

corresponds to the number of the cloned El sequence. According to

2423-2848 2 2 2 2 2 Variant lineage Accession number in Genbank

5 5 6 6 6

8 8 0 3 5

6 7 8 1 0

T A A T G
Clone (HG)
PNL4 405 C1 - - - - - European JQ779917
PNLS 405 C1 - - - - - European JQ779919
PNL6 405 C1 - - - - - European JQ779921
PNL7 405 C1 C - C A A Asian American JQ779923
PNLS8 405 Cl1 - - - - - European JQ779925
PNL10 405 C1 - - - - - European JQ779927
ATT4 405 C1 - - - - - European JQ779933
ATTS 405 C1 - - - - - European JQ779934
ATT9 405 C1 - - - - - European JQ779937
ATTI12 405 C1 - - - - - European JQ779939
ATT16 405 C1 - - - - - European JQ779941
ATT20 405 C1 - - - - - European JQ779942
D2 405 Cl - - - - - European JQ779961
D13 405 C2 - T - - - European JQ779962
D14 405 C1 - T - - - European JQ779963
D15 405 C1 - - - - - European JQ779960
D30 405 C1 - T - - - European JQ779951
Clone (LG)
PNL2 405 C1 - - - - - European JQ779915
ATTS 405 Cl - - - - - European JQ779936
Al17 405 C1 C - C A - African type II JQ779944
A24 405 C2 - - - - - European JQ779946
A38 405 C1 - - - - - European JQ779947
747 405 C1 - - - - - European JQ779967
793 405 C1 - - - - - European JQ779929
796 405 C1 - - - - - European JQ779931
858 405 C1 - - - - - European JQ779965
868 405 Cl1 - - - - - European JQ779968
D7 405 CI - - - - - European JQ779957
D34 405 C1 - - - - - European JQ779955
D42 405 C1 - - - - - European JQ779949
Lineage
European - - - - -
African type I C - - A -
African type II C - c A -
Asian American C - c A A
Asian - - - - -
Amino acid S574S R575W R582R P589P E596K
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classify the HPV16 genome in the major variant lineages.
Moreover, a maximum-likelihood phylogenetic tree indi-
cated that the HPV16 E1 ORF can be used to classify the
HPV16 genome in distinct phylogenetic branches with high
confidence (bootstrap values >80 %; Fig. 1). Furthermore,
a comparative analysis of the E6, E7 and E1 regions from
the same samples was done in the present study in order to
associate E1 polymorphisms with particular intratypic
polymorphisms within the E6 and E7 genes. In particular,
within the E1 ORF, the nucleotide variations T921C,
C1096G, G1163A, T1200C, T1366A, C1377T, C1426G,
T1486C, C1624T, C1744A, A1842G, C2041T, G2220C,
C2237G, G2249A, C2262T, C2287T, C2344T, T2586C,
A2608C, T2631T were detected in both the HPV16 Afri-
can type II and Asian American variant lineages (Fig. 1).
These sequence changes resulted in the G145T, T286A,
A289G, C335T, T789C, and T795G sequence variations
that are encountered in the E6, E7 sequences of Asian
American and African type II variant lineages. Moreover,
the nucleotide variations A1041G, CI1587T, A1668G,
G2650A were detected only in the Asian American variant
lineage (E6, E7: A532G and T732C), while the C1416T
and T2355C variations were associated with the HPV16
African type II variant lineage (E6: A403G) (Fig. 1) [9, 13,
16, 17] (Tables 3, 4, 5 and 6).

We conclude that nucleotide changes within the E1 ORF
can be used to correctly classify the HPV16 genome in any
of the distinct variant lineages. To the best of our knowl-
edge, this is the first report analyzing the HPV16 E1 ORF
in order to identify nucleotide variations and amino acid
substitutions in high- and low-grade cervical malignancies.
However, the presence of an El gene disruption in low-
grade malignancies indicates that the E1 region might be a
noteworthy genomic region for the study of the physical
state of the HPV16 genome in low-grade malignancies.
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Recent studies have focused on sequence vari-
ation of the HPV16 E1 gene. The present study
investigates the prevalence of E1-1374"63nt
duplication in the Greek population, and the
sequence variation at the 5 end of the E1 and
E6 genes from samples that harbored this
genetic alteration. Fifty HPV16 positive cervical
samples, derived from Greek patients were
investigated. The 5 end of the E1 gene was
amplified through PCR and the variant ampli-
cons were cloned, sequenced, and bioinfor-
matically analyzed for selective pressure. The
E1-1374763nt duplication was identified in 24%
of the examined samples, with the same preva-
lence in both high and low-grade cervical
malignancies. The E1-1374763nt duplication
was linked to the European variant lineage
(x*=5.076, P<0.024) and it was significantly
associated with the nucleotide variation
A1053C (x?=23.102, P< 0.0001). Molecular evo-
lution analyses anticipate that the E1-1374"63nt
duplication induces functional constraints on
the 5’ end of E1 gene, and it is proposed that
this duplication might not affect negatively
the function or structure of the E1 protein. The
E1-13747"63nt duplication is prevalent in the
Greek population, whereas the A1053C varia-
tion might constitute a significant marker
for the characterization of the E1-1374"63nt
variant in the Greek population, thus providing
significant information about viral pathogenicity.
J. Med. Virol. © 2014 Wiley Periodicals, Inc.

KEY WORDS: HPV16; E1 gene; E1-1374763nt
duplication; T350G variation;
A1053C variation; natural
selection

INTRODUCTION

Human papillomaviruses (HPVs) are non-enveloped,
epitheliotropic, double stranded, circular DNA viruses
that infect cutaneous or mucosal epithelia [Munoz,
2000]. HPVs are classified in different types, sub-
types, and variants based on sequence identity of the
L1 capsid gene [de Villiers et al., 2004; Bernard
et al., 2010]. Human papillomavirus type 16 (HPV16)
is identified most frequently among HPV types and is
implicated in 50% of cervical cancer cases [De Sanjose
et al., 2010; Ferlay et al., 2010; Li et al., 2011]. The
HPV16 type is classified in five major intratypic
variant lineages known as HPV16 European, European
Asian, African type II, African type I, and Asian
American [Ho et al., 1991, 1993; Chen et al.,, 2005].
Nucleotide polymorphism of HPV16 variants in geno-
mic regions such as E6, L1, L2, and LCR expanded
this phylogenetic classification [Yamada et al., 1995,
1997]. Previously it was demonstrated that intratypic
variations within the E1 and E4 genes suitably
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classified HPV16 genomes in four distinct phylogenetic
branches [Tsakogiannis et al., 2012, 2014]. Epidemio-
logic studies have revealed that different HPV16
variants vary in pathogenesis and progression of
cervical malignancy in cancer disease [Quint et al.,
2010; Sanchez et al., 2011; Tornesello et al., 2011].

Nucleotide analysis of the various HPV genes
highlighted the E1 ORF as the most conserved. The
E1 protein displays both ATPase and 3'-5' helicase
activities and cooperates with the E2 protein in order
to form an active replication complex, responsible for
HPV DNA replication [Masterson et al., 1998; Conger
et al., 1999; Parker et al., 2000; Loo and Melendy,
2004; Clower et al., 2006]. Nevertheless, sequence
analysis of the E1 gene revealed that the region from
nucleotide 1,311-1,374 was found to be duplicated
in tandem. The duplication of 63 nucleotides (E1-
1374"63nt duplication] was first reported by Dong
et al. [2000], who investigated HPV16 positive cervi-
cal cancer cases in the Chinese Population. This
intragenic duplication was also recently described
in Croatia and Slovenia [Sabol et al., 2008, 2012;
Bogovac et al.,, 2011]. However, previous reports
demonstrated that the E1-1374"63nt duplication was
linked with the European variant and was associated
preferentially with low-grade cervical intra-epithelial
neoplasia cases [Sabol et al., 2008, 2012; Bogovac
et al., 2011]. The E1-1374"63nt duplication is placed
at the N-terminal domain of the E1 protein, that is
responsible for binding of the E1 protein—H1 histone
[Swindle and Engler, 1998; Wilson et al., 2002]. The
exact impact of this sequence duplication in E1
protein function and the molecular mechanism that
induces this genetic alteration in HPV16 genome
remains unknown.

Considering the presence of the E1-1374"63nt
duplication in Croatia and Slovenia, the current
study focused on prevalence of this duplication in
Greek women. Thus the 5 end of the E1 gene was
amplified through PCR, and sequence analysis was

Tsakogiannis et al.

performed in order to identify sequence variations in
cervical samples that harbored the E1-1374763nt
duplication. In addition, sequence analysis of E6 and
E7 genes in the same cervical samples was performed
in order to investigate the association of E1-
1374763nt duplication with the nucleotide variation
T350G. Furthermore, molecular evolutionary analysis
was also performed in order to identify potential
functional constraints acting on the E1 gene.

MATERIALS AND METHODS
Cervical Specimens

Fifty HPV16 positive cervical samples of Greek
women were diagnosed as cervical intra-epithelial
neoplasia stages I, II, and III. The cervical samples
were derived from Thin Prep and cervical stained
smears. Of the 50 samples, 27 were diagnosed as
high-grade cervical intra-epithelial neoplasias and 23
as low-grade cervical intra-epithelial neoplasias.

DNA Extraction

DNA from Thin Prep samples was extracted using
the chaotropic agent guanidine thiocyanate (GuSCN)
[Casas et al., 1995], while DNA from cervical stained
smears was extracted as previously described [Puranen
et al.,, 1996]. The quality of extracted DNA was
assayed by amplification of a 498 bp beta-actin frag-
ment [Li et al.,, 2008]. The identification of HPV16
genome was performed through nested multiplex
PCR [Sotlar et al., 2004].

Amplification of 5 End of the E1 Gene

The 5 end of the E1 gene was amplified using the
primer set E1F1-E1R3 [Arias-Pulido et al.,, 2006]
(Table I). PCR was performed in a final volume of
50 pl. PCR mixture contained 50 pmol of the primer
set (E1F1-E1R3), 5x Green GoTaq Flexi buffer
(Promega, Madison, WI), 2mM MgCl,, 1mM dNTPs,

TABLE I. Distribution of the E1-1374"63nt Duplication in High (18.5%) and Low-Grade (30.4%) Malignancies and the
Association With the T350G Sequence Variation (x*=5.076, P < 0.024) With the Corresponding

E1 gene E1-1374"63nt

Cervical samples duplication/A1053C (E63D)

E6 gene T350G (L83V)
GenBank accession

(n=>50) GenBank accession number number Variants

High-grade lesions (n =27)
ATT4 JQ791090 JQ422080 European
ATT16 JQ791091 JQ422082 European
PNL4 JQ791086 JQ422083 European
PNL5 JQ791065 JX291526 European
PNL6 JQ791087 JX291528 European

Low-grade lesions (n =23)
A38 JQ791092 JN205112 European
858 JQ791094 JQ422101 European
793 JQ791095 JQ422103 European
868 JQ791097 JQ422106 European
PNL2 JQ791084 JQ422078 European
ATT6 JX291529 JQ422061 European
ATT21 JX291531 JQ422068 European
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and 1.25U of thermostable DNA polymerase (GoTaq®
DNA Polymerase, Promega). PCR cycling conditions
were as follows: an initial denaturation step at 95°C
for 2min, then 40 cycles of 95°C for 40sec, 50°C for
30sec, and 72°C for 30sec. PCR was ended with a
5 min incubation step at 72°C.

Amplification of the E6 and E7 Genes

E6 sequence analysis was performed in order to
investigate for the association between the T350G
sequence variation and the E1-1374"63nt duplica-
tion. The E7 gene was also analyzed in order to
examine sequence variations that might be associated
with the E1-1374"63nt duplication. Thus, the E6-E7
region was amplified using the primer set HPV16 41/
HPV16 757 as has been recently reported [Tsakogian-
nis et al., 2013].

Sequence Analysis of the E1, E6, and E7 Genes

The HPV16 E1 variant amplicons (of approximately
708 bp in size) and the E6, E7 genes derived from the
same cervical samples were subjected to cloning
using the pGEM T-easy vector system (Promega).
Recombinant plasmid DNA was purified using the
Nucleospin plasmid kit (Macherey-Nagel, Duren,
Germany), and the plasmids were subjected to
sequencing at Macrogen, Seoul, Korea. In order to
confirm nucleotide variations in E1 amplicons, E6,
and E7 genes, three independent PCR assays were
performed and amplicons from distinct PCR assays
were subjected to cloning. Two colonies were collected
from each individual specimen and both strands were
sequenced. The DNA strands were sequenced three
times to ensure high-reliability of the results.

Multiple sequence alignment was carried out using
the program MEGA v.5 [Tamura et al., 2007] and the
Muscle algorithm [Edgar, 2004], between E1 cloned
sequences that harbored the E1-1374"63nt duplica-
tion, and the reference sequence of HPV16 genome
(HPV16R) available in the HPV16 Sequence Data-
base (Los Alamos National Laboratory, Los Alamos,
NM). However, in order to discern the association
between the E1-1374"63nt duplication and HPV16
variants, multiple sequence alignments were per-
formed along with E6 and E7 cloned sequences, the
reference sequence of HPV16 genome, and those of
representative sequences of HPV16 variants available
online in GenBank sequence database, under acces-
sion numbers for European Prototype 1 variant,
HQ644236, HQ644259, HQ644267, HQ644268, HQ64
4271, AY686581, AY686580, HQ644272, AY686584,
AY686583, HQ644274 E, HQ644280, HQ644282,
HQ644283, HQ644284, HQ644286, HQ644287, HQ6
44297; for European prototype 2 variant, AF536179;
for European-Asian variant HQ644234, HQ644235,
HQ644248, HQ644251, HQ644261, AF534061; for
African type I variant HQ644238, HQ644240,
AF472508, HQ644290, HQ644293, AF536180,
HQ644296, HQ644298, HQ644299; for African type II

3
variant HQ644237, HQ644239, HQ644249,
HQ644250, AF472509, HQ644291, HQ644292; for the
Asian  American 1, HQ644247, HQ644253,
HQ644255, AF402678, HQ644265, HQ644269,
HQ644276, HQ644278, HQ644285, HQ644288,
HQ644289; for the Asian American 2, HQ644254,
HQ644270, AY686579, AY686582, HQ644273,

HQ644277, HQ644279, HQ644281; and for Asian
American/North American, HQ644257.

Statistical Analysis

Statistical analysis was performed by Chi square
test using GraphPad Prism version 4.00 for Windows,
(GraphPad Software, San Diego, CA). P-values were
considered significant at the 0.05 cut-off level.

Analysis of Functional Constraints in the E1
Gene

Natural selection acting on the E1 fragment with
the E1-1374"63nt duplication was investigated by
estimating the dN (non-synonymous changes per non-
synonymous site) and dS (synonymous changes per
synonymous site) rates, with the SLAC (singe likeli-
hood ancestor counting) method in Datamonkey [Su-
zuki and Gojobori, 1999; Pond and Frost, 2005]. In
addition, maximum likelihood (ML) and empirical
Bayesian (EB) methods were used in order to identify
positively selected sites. According to the ML method,
the fixed effects likelihood model (FEL) in Datamon-
key server [Suzuki and Gojobori, 1999; Pond and
Frost, 2005] was used to identify positive selected
sites within the 5 end of the E1 gene that carried out
the duplication of 63 nucleotides. Under the FEL
method, P-value cut-off was set at the 0.05 level in
order to assign a codon as no false positively selected.
EB analysis was performed by the SELECTON serv-
er, using the highest precision level [Stern
et al., 2007]. In addition, Bayesian analyses using
Markov chain Monte Carlo MCMC) was implemented
on the E1 dataset with E1-1374"63nt duplication
using BEAST v.1.6.2 in order to calculate the median
mutation rate in the first, second, and third position
of the codon [Drummond and Rambaut, 2007]. Bayes-
ian analysis consisted of four chains with random
starting trees. Results were examined using the
program Tracer v1.5 from the BEAST package. Con-
vergence was assessed with ESS (effective sample
size) values, after a burning of 1 million steps. The
TrN substitution model was used [Tamura and
Nei, 1993]. The best nucleotide substitution model
was selected according to Akaike information criteria
(AIC) by the FindModel online program (www.hiv.
lanl.gov/content/sequence/findmodel/findmodel . html).

RESULTS
E1 Duplication Analysis

The HPV16 variant amplicon of approximately
708bp in size was detected in 24% (12/50) of the
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Fig. 1. Agarose gel electrophoresis of amplified fragments
from the 5 end of E1 gene in seven cervical samples. Lines 1,
10, molecular weight marker, 100-1,500bp in 100bp incre-
ments and an additional fragment at 2,017bp (100bp DNA
Ladder Invitrogen, Life Technologies, Carlsbad, CA); lines 2, 4,
and 8, PCR products corresponding to variant amplicons of
708bp in size, derived from cervical samples PNL4, PNL5, and
PNLS6, respectively; lines 3, 5, 6, and 7, PCR products corre-
sponding to the normal amplicons of 645bp in size; line 9 the
negative control (ddH50).

examined cervical samples, while in 76% (38/50) of
cervical specimens an ordinary amplicon of 645bp in
size was observed (Fig. 1). Sequence analysis of the
E1 variant amplicons revealed that the region from
nucleotide 1,311 to nucleotide 1,374 was found to be
duplicated in tandem. In the present analysis, 7 out
of 23 low-grade cervical samples (7/23, 30.4%) and 5
out of 27 high-grade cases (5/27, 18.5%) harbored the
E1-1374763nt duplication (Table I). In particular, the
E1-1374763nt duplication was detected in the low-
grade samples A38, 858, 793, 868, PNL2, ATTS6,
ATT21, and in the high-grade cervical samples ATT4,
ATT16, PNL4, PNL5, PNL6 (Table I). However, no
statistically significant association among the E1-
1374763nt duplication and the severity of cervical
malignancy was observed. According to amino acid
analysis, it was observed that the KE1-1374"63nt
duplication does not interrupt the open reading frame
of the subsequent region of the E1 gene, and causes
the repetition of amino acids from 150 to 170.
Previous reports have demonstrated that the El-
1374763nt duplication is linked with the nucleotide
variation T350G within the E6 gene and the Europe-
an variant lineage [Sabol et al., 2008, 2012; Bogovac
et al., 2011]. Sequence analysis of the E6 gene was
performed on all cervical samples that harbored the
E1-1374763nt duplication. According to E6 sequence
analysis it was revealed that all cervical samples
with the E1-1374763nt duplication carried out the
nucleotide variation T350G, and these samples pre-
sented highest sequence similarity with the European
variant lineage (Table I). In addition, in order to

J. Med. Virol. DOI 10.1002/jmv
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study the relation between the nucleotide variation
T350G and the E1-1374"63nt duplication in the
cervical specimens derived from Greek population, 21
cervical samples with regular E1 sequence (645bp)
were subjected to E6 sequence analysis. The T350G
variation was detected in 12 cervical samples that
were characterized as European variants (JQ422097,
JQ422072, JQ422098, JQ422063, JQ422068, JX193
802, JQ422089, JX193811, JX193810, JX193803,
JQ422116, and JX193806), while it was not identified
in seven cervical samples that had highest sequence
similarity with the reference sequence of HPV16
genome (JQ422087, JQ422091, JQ422070, JQ422065,
JQ422094, JQ422108, and JQ422117), and in two
cervical samples that were characterized as African
type I and African type II variants (JQ422059, JQ42
2056). Statistical analysis revealed that the E1-
1374"63nt duplication was associated with the T350G
sequence variation and the European variant lineage
when compared with the presence of T350G nucleotide
variation in cervical samples with regular sequence of
E1l gene (x>=5.076, P=0.024). In addition, sequence
analysis of the E7 gene in cervical samples with the
E1-1374763nt duplication revealed that there is no
sequence variation associated with this duplication.

A previous study found that the nucleotide varia-
tion A1053C was present in all analyzed cervical
samples that carried out the E1-1374%63nt duplica-
tion [Sabol et al., 2012]. The nucleotide variation
A1053C induces the amino acid substitution E63D in
the N-terminal domain of the E1 protein. In the
present study, nucleotide analysis of the 5’ end of the
E1 gene revealed that the A1053C was only detected
in cervical samples that harbored the E1-1374"63nt
duplication. In order to investigate the association of
A1053C with the duplication of 63 nucleotides, 15
cervical cases with regular amplicons were subjected
to sequence analysis (JQ791078, JQ791077, JQ
791079, JQ791076, JQ791080, JQ791082, JQ79 1066,
JQ791067, JQ791069, JQ791071, JQ791070, JQ
791075, JQ791074, JX297816, and JX297817). The
sequence variation A1053C was not identified in the
regular amplicons. Consequently, the A1053C se-
quence variation was significantly correlated with
E1-1374763nt duplication when compared with E1
regular sequences (x>=23.102, P <0.0001). In addi-
tion, in order to discern the presence of A1053C
sequence variation in any of the distinct HPV16
variants, multiple sequence alignments were per-
formed between the E1 variant sequences, and the
reference sequences of HPV16 variants that were
described above. Multiple sequence analysis revealed
that the sequence variation A1053C was only related
to cervical samples that carried out the E1-
1374"63nt duplication.

Functional Constraints Analysis

Considering that the E1-1374"63nt duplication
causes the repetition of amino acids from 150 to 170
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within the E1 protein, the dN/dS ratio was calculated
in order to investigate any selective pressure acting
upon the N-terminal domain of the E1 protein and to
investigate the functional constraints acting upon the
E1 gene due to the E1-1374763nt duplication. SLAC
analysis estimated a dN/dS ratio of 0.56 and indicat-
ed that negative selective pressure is acting upon the
N-terminal domain of the E1 protein that harbored
the duplication of 21 amino acids (150-170). In
addition, the median mutation rate in the first,
second, and third codon position was calculated by
Bayesian analyses, using MCMC and it was estimat-
ed that CP1=0.918, CP2=0.722, and CP3=1.36.
Considering the results derived from the dN/dS ratio
and the median mutation rate in the first, second,
and third codon position, the evolution of these
sequences was dominated by purifying selection it
was clearly suggested that functional constraints
dominated in the 5 region of the E1-1374"63nt
variants. However, no evidence of positively selected
sites was recorded in variant amplicons according to
ML and EB methods.

DISCUSSION

The main objective of the present study was to
investigate the prevalence of E1-1374763nt duplica-
tion in cervical samples derived from Greek women.
Previous reports proposed that the E1-1374763nt
duplication was linked with the European variant
lineage [Dong et al., 2000; Sabol et al., 2008, 2012;
Bogovac et al., 2011]. So far, this intragenic duplica-
tion has been described only in China, Croatia, and
Slovenia [Dong et al., 2000; Sabol et al., 2008, 2012;
Bogovac et al., 2011]. The presence of E1-1374763nt
duplication was confirmed in 8% and 10% of Slove-
nian and Croatian samples, respectively [Sabol et al.,
2008, 2012; Bogovac et al., 2011]. In the present
study, 24% of the investigated cervical samples
derived from HPV16 positive Greek women, carried
out the E1-1374"63nt duplication. The higher preva-
lence of the E1-1374"63nt variant in Greek popula-
tion might be associated with an elevated geographic
distribution of this variant in East-European coun-
tries. However, further samples derived from Greece
and other European and Asian surrounding countries
are required in order to confirm this hypothesis.

In addition, sequence analysis of the E6 gene in
cervical cases that harbored this intragenic duplica-
tion revealed a significant association between the
E1-1374763nt duplication and the sequence variation
T350G within E6 gene (x2=5.076, P=0.024). This
result confirms that the E1-1374"63nt duplication is
strongly associated with the European variant line-
age [Sabol et al., 2008, 2012; Bogovac et al., 2011].
However, no statistically significant association
among high and low-grade malignancies, and the E1-
1374"63nt duplication was observed. The El-
1374"63nt duplication was prevalent in both high
(18.5%) and low-grade (30.4%) dysplasias. However,
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in a previous report by Sabol et al. [2012], the E1-
1374763nt duplication is linked with the E-G350 and
the E-C109/G350 variants. In addition, it has been
proposed that the E1-1374763nt E-G350 variant was
significantly associated with low-grade cervical malig-
nancies, while the E1-1374"63nt E-C109/G350 was
prevalent in both high and low-grade dysplasias,
when compared with the European prototype strain
[Sabol et al., 2012]. The prevalence of the E1-
1374763nt E-G350 and the E1-1374"63nt E-C109/
G350 variants in Greek population among high and
low-grade malignancies needs to be investigated
further in order to better understand any association
of the E1-1374"63nt variant with the severity of
cervical malignancies.

Selective pressure analysis by estimating the dN/
dS ratio revealed that negative selective pressure is
acting upon coding sequences that harbor the El-
1374763nt duplication (dN/dS=0.56). These results
indicate that functional constraints occur in the 5’
region of the E1-1374763nt variants [Vandepoele
et al., 2005]. Consequently, it was assumed that the
E1-1374763nt duplication might not affect negatively
the function or structure of the N-terminal domain of
the E1 protein. Two potential scenarios might explain
the presence of the E1-1374"63nt duplication. In the
first scenario, since the E1 gene is highly conserved,
frequent homologous recombination events between
distinct HPV16 European variants may occur, thus
resulting to the duplication of nucleotide sequences.
In the second scenario, the association between the
European variant and the intragenic duplication
might indicate the presence of new HPV16 European
sub-variant lineages [Sabol et al., 2008].

Nucleotide analysis of the E1 variant amplicons
identified the reported A1053C wvariation [Sabol
et al., 2012] and found a significant prevalence in all
cervical samples that harbored the E1-1374"63nt
duplication. The nucleotide variation A1053C induces
the amino acid substitution E63D and is located at
the N-terminal domain of the E1 protein. This
protein domain is thought to be responsible for the
binding of E1 protein to H1 histone [Swindle and
Engler, 1998; Wilson et al., 2002]. A significant
association among the nucleotide variation A1053C
and the E1-1374"63nt duplication of (x®=23.102,
P <0.0001) was detected in the present study. In
addition, this mutation was neither identified in any
of the regular amplicons that were sequenced in the
present study, nor to the reference sequence of the
five distinct HPV16 variant lineages. Taking these
data into account the present study suggests that
there is a strong relation among the E1-1374"63nt
duplication and the nucleotide variation A1053C, and
it was proposed that this particular mutation may
predict the presence of E1-1374763nt variant in the
studied populations. However, previous three dimen-
sional structure representations that predicted the
E1 protein structure showed that both E1-1374"63nt
duplication and E63D amino acid substitution were
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sited on the surface of the E1 protein, and no drastic
changes in the function or the structure of E1 protein
occurred [Sabol et al., 2012]. These data reinforce the
above hypothesis of this study, that functional con-
straints dominate the 5’ region of the E1-1374"63nt,
and might not affect negatively the function or the
structure of the N-terminal domain of E1 protein.

In conclusion, little is known about sequence varia-
tion of the E1 gene. On the other hand, it was
recently established that 27 nucleotide variations
within E1 gene adequately classify the HPV16 ge-
nome in any of the four distinct HPV16 phylogenetic
branches [Tsakogiannis et al., 2014]. Nucleotide
analyses of the 5’ end of the E1 gene revealed that
the E1-1374"63nt duplication was present in 24% of
the investigated cervical samples derived from Greek
women. Furthermore, the E1-1374"63nt variant
might have a different geographic distribution pat-
tern in Europe. In addition, the E1-1374763nt dupli-
cation seems to not affect negatively the function or
structure of the N-terminal domain of the E1 protein,
as it was concluded from molecular evolution analy-
ses. Finally, it was concluded that the sequence
variation A1053C was significantly associated with
the E1-1374763nt duplication and may characterize
the E1-1374763nt variant in the studied population,
providing significant information about viral evolu-
tion, and oncogenecity.

REFERENCES

Arias-Pulido H, Peyton CL, Joste NE, Vargas H, Wheeler CM.
2006. Human papillomavirus type 16 integration in cervical
carcinoma in situ and in invasive cervical cancer. J Clin Micro-
biol 44:1755-1762.

Bernard HU, Burk RD, Chen Z, van Doorslaer K, Hausen H, de
Villiers EM. 2010. Classification of papillomaviruses (PVs) based
on 189 PV types and proposal of taxonomic amendments.
Virology 401:70-79.

Bogovac Z, Lunar MM, Kocjan BJ, Seme K, Janéar N, Poljak M.
2011. Prevalence of HPV 16 genomic variant carrying a 63bp
duplicated sequence within the E1 gene in Slovenian women.
Acta Dermatovenerol Alp Panonica Adriat 20:135-139.

Casas I, Powell L, Klapper PE, Cleator GM. 1995. New method for
the extraction of viral RNA and DNA from cerebrospinal fluid
for use in the polymerase chain reaction assay. J Virol Methods
53:25-36.

Chen Z, Terai M, Fu L, Herrero R, DeSalle R, Burk RD. 2005.
Diversifying selection in human papillomavirus type 16 lineages
based on complete genome analyses. J Virol 79:7014-7023.

Clower RV, Hu Y, Melendy T. 2006. Papillomavirus E2 protein
interacts with and stimulates human topoisomerase I. Virology
348:13-18.

Conger KL, Liu JS, Kuo SR, Chow LT, Wang TS. 1999. Human
papillomavirus DNA replication. Interactions between the viral
E1 protein and two subunits of human DNA polymerase alpha/
primase. J Biol Chem 274:2696-2705.

De Sanjose S, Quint WG, Alemany L, Geraets DT, Klaustermeier
JE, Lloveras B, Tous S, Felix A, Bravo LE, Shin HR, Vallejos
CS, de Ruiz PA, Lima MA, Guimera N, Clavero O, Alejo M,
Llombart-Bosch A, Cheng-Yang C, Tatti SA, Kasamatsu E,
Iljazovic E, Odida M, Prado R, Seoud M, Grce M, Usubutun A,
Jain A, Suarez GA, Lombardi LE, Banjo A, Menéndez C,
Domingo EJ, Velasco J, Nessa A, Chichareon SC, Qiao YL,
Lerma E, Garland SM, Sasagawa T, Ferrera A, Hammouda D,
Mariani L, Pelayo A, Steiner I, Oliva E, Meijer CJ, Al-Jassar
WF, Cruz E, Wright TC, Puras A, Llave CL, Tzardi M,
Agorastos T, Garcia-Barriola V, Clavel C, Ordi J, Andujar M,
Castellsagué X, Sanchez GI, Nowakowski AM, Bornstein J,

J. Med. Virol. DOI 10.1002/jmv

Tsakogiannis et al.

Munoz N, Bosch FX. 2010. Retrospective International Survey
and HPV Time Trends Study Group. Human papillomavirus
genotype attribution in invasive cervical cancer: A retrospective
cross-sectional worldwide study. Lancet Oncol 11:1048-1056.

de Villiers EM, Fauquet C, Broker TR, Bernard HU, zur Hausen H.
2004. Classification of papillomaviruses. Virology 324:17-27.

Dong X, Zhou W, Pfister H. 2000. Presence of genetic rearrange-
ments in E1/E2 regions of episomal HPV 16 isolates from
cervical carcinomas. Zhonghua Shi Yan He Lin Chuang Bing Du
Xue Za Zhi 14:5-8 [In Chinesel].

Drummond AJ, Rambaut A. 2007. BEAST: Bayesian evolutionary
analysis by sampling trees. BMC Evol Biol 7:214.

Edgar RC. 2004. MUSCLE: Multiple sequence alignment with high
accuracy and high throughput. Nucleic Acids Res 32:1792-1797.

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
2010. Estimates of worldwide burden of cancer in 2008: GLOBO-
CAN 2008 Int J Cancer 127:2893-2917.

Ho L, Chan SY, Chow V, Chong T, Tay SK, Villa LL, Bernard HU.
1991. Sequence variants of human papillomavirus type 16 in
clinical samples permit verification and extension of epidemio-
logical studies and construction of a phylogenetic tree. J Clin
Microbiol 29:1765-1772.

Ho L, Chan SY, Burk RD, Das BC, Fujinaga K, Icenogle JP, Kahn
T, Kiviat N, Lancaster W, Mavromara-Nazos P. 1993. The
genetic drift of human papillomavirus type 16 is a means of
reconstructing prehistoric viral spread and the movement of
ancient human populations. J Virol 67:6413-6423.

Li N, Franceschi S, Howell-Jones R, Snijders PJF, Clifford GM.
2011. Human papillomavirus type distribution in 30,848 inva-
sive cervical cancers worldwide: Variation by geographical
region, histological type and year of publication. Int J Cancer
128:927-935.

Li W, Wang W, Si M, Han L, Gao Q, Luo A, Li Y, Lu Y, Wang S,
Ma D. 2008. The physical state of HPV16 infection and its
clinical significance in cancer precursor lesion and cervical
carcinoma. J Cancer Res Clin Oncol 134:1355-1361.

Loo YM, Melendy T. 2004. Recruitment of replication protein A by
the papillomavirus E1 protein and modulation by single-strand-
ed DNA. J Virol 78:1605-1615.

Masterson PJ, Stanley MA, Lewis AP, Romanos MA. 1998. A C-
terminal helicase domain of the human papillomavirus E1
protein binds E2 and the DNA polymerase alpha-primase p68
subunit. J Virol 72:7407-7419.

Munoz N. 2000. Human papillomavirus and cancer: The epidemio-
logical evidence. J Clin Virol 19:1-5.

Parker LM, Harris S, Gossen M, Botchan MR. 2000. The bovine
papillomavirus E2 transactivator is stimulated by the E1 initia-
tor through the E2 activation domain. Virology 270:430-443.

Pond SL, Frost SD. 2005. Datamonkey: Rapid detection of selective
pressure on individual sites of codon alignments. Bioinformatics
21:2531-2533.

Puranen M, Saarikoski S, Syrjdnen K, Syrjdnen S. 1996. Polymer-
ase chain reaction amplification of human papillomavirus DNA
from archival, Papanicolaou-stained cervical smears. Acta Cytol
40:391-395.

Quint KD, de Koning MN, van Doorn LJ, Quint WG, Pirog EC.
2010. HPV genotyping and HPV16 variant analysis in glandular
and squamous neoplastic lesions of the uterine cervix. Gynecol
Oncol 117:297-301.

Sabol I, Matovina M, Gasperov NM, Grce M. 2008. Identification of
a novel human papillomavirus type 16 E1 gene variant with
potentially reduced oncogenicity. J Med Virol 80:2134—2140.

Sabol I, Matovina M, Si-Mohamed A, Grce M. 2012. Characteriza-
tion and whole genome analysis of human papillomavirus type
16 €1-1374"63nt variants. PLoS ONE 7:e41045.

Sanchez GI, Kleter B, Gheit T, van Doorn LJ, de Koning MN, de
Sanjosé S, Alemany L, Bosch XF, Tommasino M, Munoz N,
Quint WG. 2011. Clinical evaluation of polymerase chain
reaction reverse hybridization assay for detection and identifica-
tion of human papillomavirus type 16 variants. J Clin Virol
51:165-1169.

Sotlar K, Diemer D, Dethleffs A, Hack Y, Stubner A, Vollmer N,
Menton S, Menton M, Dietz K, Wallwiener D, Kandolf R,
Biltmann B. 2004. Detection and typing of human papillomavi-
rus by e6 nested multiplex PCR. J Clin Microbiol 42:3176-3184.

Stern A, Doron-Faigenboim A, Erez E, Martz E, Bacharach E,
Pupko T. 2007. Selecton: Advanced models for detecting positive

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



HPV16 E1-1374763nt Duplication in Greek Women

and purifying selection using a Bayesian inference approach.
Nucleic Acids Res 35:W506-W511.

Suzuki Y, Gojobori T. 1999. A method for detecting positive
selection at single amino acid sites. Mol Biol Evol 16:1315-1328.

Swindle CS, Engler JA. 1998. Association of the human papilloma-
virus type 11 E1 protein with histone H1. J Virol 72:1994-2001.

Tamura K, Nei M. 1993. Estimation of the number of nucleotide
substitutions in the control region of mitochondrial DNA in
humans and chimpanzees. Mol Biol Evol 10:512-526.

Tamura K, Dudley J, Nei M, Kumar S. 2007. MEG A4: Molecular
evolutionary genetics analysis (MEGA) software version 4.0. Mol
Biol Evol 24:1596-1599.

Tornesello ML, Losito S, Benincasa G, Fulciniti F, Botti G, Greggi
S, Buonaguro L, Buonaguro FM. 2011. Human papillomavirus
(HPV) genotypes and HPV16 variants and risk of adenocarcino-
ma and squamous cell carcinoma of the cervix. Gynecol Oncol
121:32-42.

Tsakogiannis D, Ruether IGA, Kyriakopoulou Z, Pliaka V, Skordas
V, Gartzonika C, Levidiotou-Stefanou S, Markoulatos P. 2012.
Molecular and phylogenetic analysis of the HPV 16 E4 gene in
cervical lesions from women in Greece. Arch Virol 157:1729—
1739.

7

Tsakogiannis D, Papadopoulou A, Kontostathi G, Ruether IG,
Kyriakopoulou Z, Dimitriou TG, Orfanoudakis G, Markoulatos
P. 2013. Molecular and evolutionary analysis of HPV16 E6 and
E7 genes in Greek women. J Med Microbiol 62:1688—1696.

Tsakogiannis D, Darmis F, Gortsilas P, Ruether IGA, Kyriakopoulou
Z, Dimitriou TG, Markoulatos P. 2014. Nucleotide polymorphisms
of the human papillomavirus 16 E1 gene. Arch Virol 159:51-63.

Vandepoele K, Van Roy N, Staes K, Speleman F, van Roy F. 2005. A
novel gene family NBPF: Intricate structure generated by gene
duplications during primate evolution. Mol Biol Evol 22:2265-2274.

Wilson VG, West M, Woytek K, Rangasamy D. 2002. Papillomavirus
E1 proteins: Form, function, and features. Virus Genes 24:275—
290.

Yamada T, Wheeler CM, Halpern AL, Stewart AC, Hildesheim A,
Jenison SA. 1995. Human papillomavirus type 16 variant
lineages in United States populations characterized by nucleo-
tide sequence analysis of the E6, L2, and L1 coding segments. J
Virol 69:7743-7753.

Yamada T, Manos MM, Peto J, Greer CE, Munoz N, Bosch FX,
Wheeler CM. 1997. Human papillomavirus type 16 sequence
variation in cervical cancers: A worldwide perspective. J Virol
71:2463-2472.

J. Med. Virol. DOI 10.1002/jmv

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Sites of disruption within E1 and E2 genes of HPV16 and association with cervical

Manuscript Number:

Full Title:

Article Type:
Keywords:

Corresponding Author:

Corresponding Author Secondary
Information:

Corresponding Author's Institution:

Corresponding Author's Secondary
Institution:

First Author:
First Author Secondary Information:

Order of Authors:

Order of Authors Secondary Information:

Suggested Reviewers:

Molecular Biology Reports

malignancy.
--Manuscript Draft--

MOLE-7574

Sites of disruption within E1 and E2 genes of HPV16 and association with cervical

malignancy.
Manuscript
HPV16, E1 disruption, E2 disruption, HPV16 integration

Panayotis Markoulatos

GREECE

Dimitris Tsakogiannis

Dimitris Tsakogiannis
Paschalis Gortsilas
Zaharoula Kyriakopoulou
Irina Georgia Anna Ruether
Tilemachos Dimitriou
Georges Orfanoudakis

Panayotis Markoulatos

Michel Favre
Pasteur Institute, paris
mfavre@pasteur.fr

Gaelle Boulet
University of Antwerp
gaelle.boulet@ua.ac.be

Maria-Paz Canadas
General Lab,Spain
pcc@general-lab.es

Antonio Carvajal-Rodriguez
University of Vigo, Spain
acraaj@uvigo.es

Brian Moris
University of Sydney,Australia
brianm@medsci.usyd.edu.au

Marialuisa Zerbini
University of Bologna, ltaly
marialuisa.zerbini@unibo.it

Institutional Repository - Litanaeyr&d | bfoEuatioialGésnteey e kdbisiack Py arfudiesdbnager® from Aries Systems Corporation
21/05/2024 21:43:26 EEST - 13.58.66.104



Manuscript

Click here to download Manuscript: E1, E2 sites of disruption.doc
Click here to view linked References

©CO~NOOOTA~AWNPE

64

Sites of disruption within E1 and E2 genes of HPV16 and association with

cervical malignancy.

D. Tsakogiannis, P. Gortsilas', Z. Kyriakopoulou®, I.G.A. Ruether*, T.G. Dimitriou?,

G. Orfanoudakis?, P. Markoulatos™*.

1) University of Thessaly, School of Health Sciences, Department of Biochemistry
& Biotechnology, Microbiology-Virology Laboratory, Larissa , Greece

2) University of Strasbourg, Ecole Superieure de Biotechnologie de Strasbourg,
CNRS FRE 3211-Oncoprotein Group,67412 IlIkirch, France

*Corresponding Author: Professor P. Markoulatos
University of Thessaly, School of Health Sciences
Department of Biochemistry & Biotechnology
Ploutonos 26 & Aiolou

41221 Larissa, Greece

Tel.: +302410 565274, Fax: +302410 565294
E-Mail: markoulatos@bio.uth.gr

BRstitutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104


mailto:markoulatos@bio.uth.gr
http://www.editorialmanager.com/mole/download.aspx?id=191619&guid=53b4406b-89f1-4c38-8018-ff969d6475d4&scheme=1
http://www.editorialmanager.com/mole/viewRCResults.aspx?pdf=1&docID=11532&rev=0&fileID=191619&msid={1A7CC43A-71F3-44CF-A7B0-B85176A88E25}

©CO~NOOOTA~AWNPE

64

Abstract.

In the present study disruption events within E1 and E2 genes of HPV16 genome
were studied in 31 high grade (CIN 11, 1), 40 low grade (CIN 1) cervical
intraepithelial neoplasia cases and 10 cancer cases, in order to associate the disruption
of E1, E2 genes with cervical malignancy. Complete E2 and E1 genes were amplified
using three and nine overlapping primer sets respectively, in order to determine sites
of disruption. Disruption within E2 gene was strongly associated with high grade
malignancies (29%, P < 0.001), while in low grade malignancies only disruption
within E1 gene was involved (15%, P < 0.05). Specifically, deletions within E2 gene
occurs only in high grade dysplasia, while disruptions within E1 gene occurs both in
high and low grade dysplasia and make up disruption events in E1 gene a significant
early marker towards low grade malignancies. However for E1 gene the most
prevalent site of disruption was located between nucleotides 1059 and 1323, while
extensive mapping analysis of E2 gene revealed that the most prevalent deleted region
was located on the E2 hinge region (from 3172 to 3649). Extensive mapping analysis
of sites of disruptions in E1 and E2 genes of HPV16 genome constitute a precious
molecular tool for the investigation of the pure integrated HPVV16 DNA form towards
the prediction of cervical malignancy development.

Key words: HPV16, E1 disruption, E2 disruption, HPV16 integration

BRstitutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



©CO~NOOOTA~AWNPE

64

Introduction

Cervical cancer is the second most common cancer among women worldwide.
Epidemiologic studies have shown that persistent infection with oncogenic Human
Papillomaviruses (HPVs) is the major cause of invasive cervical cancer development
[1-2]. Human papillomavirus type 16 (HPV16) is a small DNA virus with an
icosahedral capsid comprising a double-stranded circular DNA genome of about
8000bp in size [3]. HPV16 is the most frequently identified HPV type addressed in
50% of cervical cancer cases [1,4-5]. Extensive study of viral genome revealed that
HPV16 is classified in five major intratypic variant lineages known as HPV16
European, European Asian, African type Il, African type I, and Asian American [6-8].
HPV16 variant lineages have been associated with the geographic origin of the
populations in which are prevalent [9-10] However, epidemiologic studies revealed
that different HPV16 variants vary in pathogenesis and progression of cervical
malignancy in cancer disease [11-12]. Moreover, a significant event in viral infection
that occurs at an early stage of viral life cycle and plays a major role in the
pathogenesis of cervical cancer is the integration of HPV16 genome into the host
chromosome [13-19].

HPV16 genome can be found either as extrachromosomal circular episome or
in integrated form. Experimental data indicate that the integrated HP\VV16 genome, co-
exist with the HPV episomal form in the same cell [14-16, 19-27]. The integration of
the virus usually disrupts the E1 and/or the E2 open reading frames (ORFs), leading to
transcriptional activation of the viral oncogenes E6 and E7 [15-16, 28-30]. The
transactivation domain of E2 protein interacts with the helicase domain of E1 protein.
The E2 protein recruits additional E1 molecules, leading to the formation of double
E1 hexameric helicase. The resulting E1 hexamer is an active DNA helicase that
initiates the DNA replication of the episomal viral genome [31]. Since the disruption
of the viral genome occurs in E1 and /or E2 genes, the integration leads to the
interference of viral DNA replication control. In addition, since E2 protein regulates
the transcription of the E6 and E7 oncogenes, disruption into the E2 ORF increases
the immortalization capacity of the infected epithelial cell by augmenting the level of
stable integrant E6 and E7 transcripts [32].

Previous studies investigated the physical state of HPV16 genome through
mapping of disrupted sites into E1 and E2 ORFs [15-16, 33-34] and disruption of the
HPV16 E2 gene was associated with high grade cervical malignancies [15-16, 35]. A
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previous study by Cricca et al. [15] reported that disruption of both E1 and E2 genes
occurred in high grade cervical intraepithelial malignancies while in low grade cases
only E1 gene disruption was involved. Moreover, reported studies varied on
frequencies and sites of gene deletions fact that might be explained by differences in
technical methods used or by differences on the studied population [16]. In the present
analysis sites of disruption within HPVV16 E1 and E2 genes were investigated through
PCR assay in thirty one high grade, forty low grade cervical intraepithelial neoplasia
cases and and ten cervical cancer cases derived from Greek women, in order to
associate the severity of cervical dysplasia with the sites of disruption of the viral

genome.
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2. Materials and Methods.

2.1 Cervical specimens

Eighty one HPV16-positive specimens of Greek women (eighteen cervical
biopsies paraffin embedded samples and sixty three Thin Prep samples) were
diagnosed as cervical intraepithelial neoplasia of stage I, II, 1ll. Of the eighty one
samples thirty one were diagnosed as high grade cervical intraepithelial neoplasia
(CIN 11, 1) and forty samples as low grade cervical intraepithelial neoplasia (CINI).
Moreover, ten HPV16-positive cervical cancer cases were included in the present

analysis (nine cervical biopsies paraffin embedded tissues and one Thin Prep sample).

2.2 DNA extraction

DNA from Thin Prep samples was extracted using the chaotropic agent
guanidine thiocyanate (GuSCN) [36]. DNA from formalin-fixed, paraffin-embedded
cervical tissues was extracted following the proteinase K extraction method as has
been previously described [35]. PCR amplification of a 498 bp fragment of human f-
actin gene was performed in order to test for the presence of PCR inhibitors and
evaluate the quality of the extracted DNA [20]. The cervical samples were screened
for presence of HPVDNA by Nested Multiplex PCR [37].

2.3 Amplification of E1 gene

In order to map the sites of disruptions within E1 gene the complete E1 gene
was amplified using the primer sets that were designed in a previous study by Arias-
Pulido et al. [16] in separate reactions (table 1).

PCR reactions were performed in a final volume of 50ul. For the amplification
of E1 gene each PCR mixture contained 50 pmol of each primer set, 10X PCR buffer
(Stratagene, La Jolla, USA) containing 2 mM MgCl,, 0.25 mM from each dNTP, and
2.5 U of thermostable DNA polymerase (Pag5000TM DNA Polymerase, Stratagene,
La Jolla, USA). PCR cycling conditions were as follows: an initial denaturation step
at 95°C for 2 min and then 40 cycles of: 95°C for 20 sec, 55°C for 30 sec and 72°C for

10 sec. PCR reaction was ended with a 5 min incubation step at 72°C.
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2.4 Amplification of E2 gene

The complete E2 gene was amplified using three overlapping primer sets (al-
a2, b1-b2, c1-c2) in separate reactions, in order to locate sites of disruption within E2
gene [20] (table 1). Each PCR reaction was performed in a final volume of 50ul. For
the amplification of E2 gene each PCR mixture contained 50 pmol of each primer set
(al-a2, b1-b2, c1-c2), 10X PCR buffer (Stratagene, La Jolla, USA) containing 2 mM
MgCl,, 0.25 mM from each dNTP, and 2.5 U of thermostable DNA polymerase
(Pag5000TM DNA Polymerase, Stratagene, La Jolla, USA). PCR cycling conditions
were as follows: an initial denaturation step at 95°C for 2 min and then 40 cycles of
95°C for 20 sec, 50°C for 30 sec and 72°C for 20 sec. PCR reaction was ended with a
5 min incubation step at 72°C. Ten microliters of each amplicon were electrophoresed
in a 2% agarose gel containing 1 pg/ml ethidium bromide in Tris-borate-EDTA
buffer. A 100-bp DNA ladder (Invitrogen Life Technologies, Paisley, UK) was used
as molecular weight marker.

In order to avoid mismatches between the primer and the DNA target due to
intratypic polymorphisms the primer sets were selected in order to hybridize in
conserved regions among the reference sequence of HPV16 genome and those of
representative sequences of HPV16 variants. In consequence absence of amplification
signal was not related with reduced binding of primers but with disruption of E1 and

or E2 genes.

2.4 Amplification of E6 gene.

Moreover in order to look at the integrity of HPV16 genome (namely from
formalin-fixed, paraffin-embedded cervical tissues) we amplified a partial fragment of
E6 gene (354bp in size) in all cervical samples. In particular, the E6 fragment was
amplified using the primer set HPV-16 1 5’-GCACAGAGCTGCAAACAACT-3’ /
HPV-16 353 5>-GGTCCACCGACCCCTTATATT-3". The primers were designed in
the present analysis, through Primer3 program (http://frodo.wi.mit.edu/primer3/)
based upon the sequence of the prototype HPV16 strain (GenBank 1D: NC001526).

PCR was performed in a final volume of 50ul. PCR mixture contained 50
pmol of each primer, 10X PCR buffer (Stratagene, La Jolla, USA) containing 2 mM
MgCl,, 0.25 mM from each dNTP, and 2.5 U of thermostable DNA polymerase
(Pag5000TM DNA Polymerase, Stratagene, La Jolla, USA). The cycling conditions
were as follows: 40 cycles of 40s at 95°C, 30s at 58°C and 20sec at 72°C. The first
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cycle was proceeded by a 2 min denaturation step at 95°C and the last cycle was
followed by a 5 min elongation step at 72°C.

2.5 PCR sensitivity.

In order to examine the sensitivity of PCR assays for E1, E2 and EG6
amplification, a plasmid was constructed containing the region between E6 and E2
genes of HPV16 genome. The sequence from E6 to E2 gene was amplified using
Caski cell line. In particular, this viral portion was amplified though PCR assay using
the primer set: HPV-16 41 5’-AGCGACCCAGAAAGTTACCA-3’ / HPV-16 3912
GCACACAAAGCAAAGCAAAA. The primers were designed in the present
analysis, through Primer3 program (http://frodo.wi.mit.edu/primer3/) as it was
described above.

PCR was performed in a final volume of 50ul. PCR mixture contained 50 pmol
of each primer, 10X Taq buffer (GeneON), 2mM MgCl,, 1.2mM dNTPs and 2.5U of
thermostable DNA Polymerase (Maximo Taqg DNA Polymerase, GeneON). The
cycling conditions were as follows: 40 cycles of 30s at 95°C, 40s at 55°C and 4min at
72°C. The first cycle was proceeded by a 5 min denaturation step at 95°C and the last
cycle was followed by a 10 min elongation step at 72°C. The amplicon of 3791bp in
size was subjected to cloning using the StataClone PCR cloning kit (Stratagene,
Agilent technologies). The recombinant plasmid DNA was purified using the
Nucleospin plasmid kit (Macherey-Nagel GmbH, Duren, Germany) and the plasmids
were subjected to sequencing at Macrogen Inc., Korea in order to confirm the
integrity of HPV/16 sequence of pE6-E2. However, serial 10-fold dilutions (from 10°
to 1) of plasmid pE6-E2 were used in triplicates in order to assess the sensitivity of
the primer sets that were used to amplify the complete E1 and E2 genes and the partial

fragment of E6 gene.

2.6 Statistical analysis. The relation among the sites of disruption in E1 and E2 genes
and the grade of cervical malignancy was determined through Fisher's exact test,
using GraphPad Prism version 4.00 for Windows, GraphPad Software, San Diego,
CA. P- values were considered significant if less than 0.05.
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3. Results.

In the present study gene disruption events were defined only for those
samples that gave no signal after PCR assays in agarose gel electrophoresis with one
of the overlapping primer pairs for E1 and/or for E2 genes but were positive for p-
actin and E6 genes. The sensitivity of primer sets that were used in the present
analysis in order to amplify the complete E1, E2 genes and a partial sequence of E6
gene was determined to be 10 copies/ reaction for each primer set.

Amplification of E2 and E1 gene was carried out in the same cervical samples.
Amplification of the complete E2 gene was performed in a total number of eighty one
cervical samples. Disruption within E2 region was identified in a total of seventeen
cervical samples (21%). In particular, nine out of the thirty one high grade cervical
samples (29%), revealed disruption within E2 gene, while twenty two high grade
cervical samples (71%) harbored the complete E2 gene. However, no evidence of E2
gene disruption was recorded in low grade cervical intraepithelial neoplasia cases.
According to our results it was concluded that E2 gene disruption was strongly
associated with high grade dysplasia, when compared with low grade cervical
malignancies (Fisher's exact test, P < 0.001). Moreover, of the ten cancer cases E2
gene was found to be disrupted in eight cancer cases. However, considering results
derived from mapping analysis of E2 gene it was reported that, disruption from
nucleotide 2735 to 3210 was detected in one high grade cervical intraepithelial
neoplasia case (table 2). Moreover, disruption from nucleotide 3127 to 3649 was
reported in six high grade and seven cancer cases, while disruption from nucleotide
3597 to 3873 was detected in two high grade and one cancer case (table 2). Taking
these data into account it was concluded that the viral region from nucleotide 3172 to
3649 was the most frequently disrupted region of E2 gene although disruption pattern
implicated in different degree the entire E2 gene (table 2).

Amplification of the complete E1 gene was also performed in eighty one
cervical samples. E1 gene disruption was found in twenty cervical samples (24.7%).
The most frequently disrupted region was located in the 5'end of E1 gene from
nucleotide 1059 to 1323 (table 2). In particular, eight out of thirty one high grade
cervical samples (25.8%), showed E1 gene disruption, while intact E1 gene was
identified in twenty three (74.2), high grade cervical specimens (table 2). On the other
hand, thirty four out of the forty low grade cervical samples (85%), harbored the

complete E1 gene, while six (15%), showed E1 gene disruption. Moreover, of the ten
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cervical cancer cases, seven cervical specimens revealed disruption between
nucleotides 1059 and 1323 (table 2). Extensive mapping analysis of E1 and E2 genes
into the same cervical samples, revealed that in low grade specimens only E1 gene
was disrupted when compared with E1 and E2 gene sites disruption in low and high
grade cervical malignancies (Fhisher's exact test test, P < 0.05). On the other hand
extensive mapping analysis within E1 and E2 genes in the same cervical samples
revealed that a disruption/deletion genome disruption pattern involve both E1 and E2
genes in the 11.1% of the examined cervical samples (table 2). In particular,
disruption in both genes was detected in four high grade cervical samples (D2, D13,
D14, D15) and in five cancer cases (D58, D62, D64, D65, D66) (table 2).
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Discussion

Disruption events within E1 and E2 genes have been strongly associated with
the integration of HPV16 DNA in the cellular chromosome [15-16, 34]. The main
objective of the present report was to investigate the sites of disruption within E1 and
E2 genes of HPV16 genome in high and low grade cervical intraepithelia neoplasia as
well as in cervical cancer cases, in order to associate the sites of disruption within
viral genome with the severity of cervical dysplasia. However, disruption events were
defined in cervical samples that gave no signal in PCR amplification with one of
twelve primer sets that were used for extensive mapping analysis of E1 and E2 genes,
but these same samples were positive for E6 gene, confirming the integrity of HPVV16
genome. By the design of the present study only the integrated or episomal form of
the viral genome can be detected as the assay can not identify the mixed DNA forms
(integrated and episomal viral DNA). Eighty one cervical samples derived from Greek
women were examined and HPV16 genome disruption was identified in twenty nine
cervical cases (table 2).

Previous studies have reported different sites of disruptions within E1 gene,
while it has been demonstrated that the most prevalent site of disruption of E2 gene
occurs in the domain that encompass the hinge region of E2 protein [15-16, 34]. In a
previous study by Cricca et al. [15] a disruption pattern that implicated the 3' portion
of E1 gene and the E2 hinge region was reported, while Kalantari et al. [34] proposed
that gene disruption occurs in the 5° end of both E1 and E2 genes in cervical cancer
cases. In the present study E1 gene disruption was also detected in the 5'end of the E1
gene from nucleotide 1059 to 1323, targeted by primers E1F2-E1R2 in eighteen
(22.2%) out of the eighty one examined specimens, in two samples from nucleotides
878 to 1118 (2.5%), while in one specimen from nucleotide 1503 to 1784 (1,23%)
(table 2). On the other hand, disruption of the E2 gene was detected through out the
entire E2 gene (table 2). In particular, the hinge region targeted by primers b1-b2 from
nucleotides 3172 to 3649 was disrupted in thirteen (16.04%) out of the eighty one
examined samples, in three samples from nucleotides 3597 to 3873 (3.70%) and in
one sample from nucleotide 2735 to 3210 (1,23%). [15-16, 34]. Moreover a distinct
deletion/disruption pattern that involves both E1 and E2 genes was recorded in the
11.1% of the examined cervical samples, including four high grade (D2, D13, D14,
D15) and five cervical cancer cases (D58, D62, D64, D65, D66) (table 2). Disruption
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in both E1 and E2 genes has been also previously reported in severe dysplasia and
cancer disease [15-16].

In addition, our data indicate that E2 gene disruption was exclusively involved
in high grade dysplasia in nine out of thirty one samples (29%) and in eight out of ten
cervical cancer samples (80%) (Fisher's exact test, P < 0.001). No evidence of
disruptions were recorded within E2 gene among the low grade malignancies.
However, the extensive mapping analysis of E1 gene showed that in six out of the
forty examined low grade samples carried out disruption within E1 gene (15%), while
E1 gene disruptions were recorded in eight out of thirty one high grade samples
(25.8%) and in seven out of ten cervical cancer samples (70%). Taking these data into
account it was concluded that in low grade malignancies only the E1 gene disruption
was involved (Fisher's exact test, P <0.05), while in high grade malignancies and
cervical cancer cases deletions in both E1 and E2 genes occurs [15]. Considering the
frequency of E1 gene disruption among low grade, high grade and cervical cancer
cases, the extensive mapping analysis of E1 gene might constitute a significant
molecular marker for the identification of genome disruption in low grade
malignancies through the progression of cervical intraepithelial neoplasia from stage |
to superior stages. However, the presence of E2 gene disruption only in high grade
cervical malignancies reinforced earlier studies that correlated the association of E2
gene disruption with high grade cervical malignancies and cervical cancer [15, 20-21,
38]. However, it has been proposed that the observed differences on frequencies and
sites of genes disruptions that have been recorded by previous analyses may be due to
differences of technical approaches that were used or in differences on the studied
populations [16]. In this way extensive mapping analysis of E1 and E2 genes is a
prerequisite in order to further evaluate the physical state of HPV16 DNA form in
distinct populations.

In conclusion, extensive mapping analysis of E1 and E2 genes in cervical
samples derived from Greek women revealed that in low grade cervical cases only
the disruption of E1 gene was involved rendering the disruption on the 5'end of E1
gene a significant early marker for the identification of genome disruption in low
grade malignancies towards the progression of cervical intraepithelial neoplasia. On
the other hand, the association of E2 gene disruption with more severe dysplasia make
up the E2 region a valid marker, especially the E2 hinge region, for the viral

integration into the host chromosome and the progression towards high grade cervical
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lesions. Mapping of sites of disruptions in E1 and E2 genes of HPV16 genome
constitute a precious molecular tool for the investigation of the integrated or episomal
HPV16 DNA form towards the prediction of cervical malignancy development.
Finally, according to the hypothesis that frequencies and sites of disruptions may be
associated with differences on the studied populations, extensive mapping analysis of
E1l and E2 genes should be reinforced in order to detect in time course HPV16
genome integration events in different populations. All HPV-16 positive women
should be screened regularly for E1 and E2 sites of disruptions and monitored closely,

facts that will be significant for early diagnosis, prevention and finally treatment.
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tablel:

Primers 5'-3' sequence location PCR product
E2 gene
al AGGACGAGGACAAGGAAAA 2735 475 bp Li et al. 2008
a2 ACTTGACCCTCTACCACAGTTACT 3210 95°C  2min
bl TTGTGAAGAAGCATCAGTAACT 3172 477 bp P 5“720} 40 cycles Li et al. 2008
b2 TAAAGTATTAGCATCACCTT 3649 20sec  72°C 5
cl GTAATAGTAACACTACACCCATA 3597 276 bp min Li et al. 2008
c2 GGATGCAGTATCAAGATTTGTT 3873
El gene
E1F1 CAGGTACCAATGGGGAAGA 878 241bp ) Hugo Arias Pulido et al. 2006
E1R1 ACCTGTACTGCATCTCTATGTTGT 1118
E1F2 GACAGCACATGCGTTGTTTAC 1059 265bp Hugo Avrias Pulido et al. 2006
E1R2 AGTCTCATGGCGCCCTTC 1323
E1F3 CGCCATGAGACTGAAACAC 1312 212bp Hugo Atrias Pulido et al. 2006
E1R3 GAAAAACTCACCCCGTATAAC 1523
E1F4 GTTATACGGGGTGAGTTTTTC 1503 282bp Hugo Arias Pulido et al. 2006
E1R4 ATCATCATACACATTGGAGACA 1784 95°C 2 min
E1F5 GTGTGTCTCCAATGTGTATGATG 1760 232bp 95°C 20 sec Hugo Avrias Pulido et al. 2006
E1R5 GCAATTTCACTATCGTCTACTATG 1991 [ 55°C 30sec 40 cycles
E1F6 GGGCCTACGATAATGACATAGTA 1952 235bp 72°C 10 sec Hugo Avrias Pulido et al. 2006
E1R6 TGCTTCCAATCACCTCCAT 2186 72°C 5 min
E1F7 GGAGGTGATTGGAAGCAA 2170 316bp Hugo Avrias Pulido et al. 2006
E1R7 CCAATGCATTTCTTAAATTGTC 2485
E1F8 CCCTGTTGGAACTACATAGATGAC 2443 301bp Hugo Arias Pulido et al. 2006
E1R8 CCTCGTCCTCGTGCAAACT 2743
E1F9 CCAGTGTATGAGCTTAATGATAAGA 2662 187bp Hugo Arias Pulido et al. 2006
E2R9 GTCTATATGGTCACGTAGGTCTGTA 2848

I\

Primers used for

El and E2 gene amplification
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E1l gene E2 gene
EIF1-EIR1 E1F2-E1R2 E1F3-E1R3 E1F4-E1R4 E1F5-E1R5 EI1F6-E1R6 EI1F7-E1R7 E1F8-E1R8 E1F9-E1R9 al-a2 b1-b2 cl-c2

Position 878-1118 1059-1323  1312-1523  1503-1784  1760-1991  1952-2186  2170-2485  2443-2743  2662-2848 2735-3210  3172-3649  3597-3873
CIN source Samples
LG paraffin D7 -
LG ThinPrep 747 |NESEENEEES - NS
LG ThinPrep  ATTo | -
LG ThinPrep  ATT7s |NESENEEEES - NS
LG ThinPrep  ATTo. |NENEENNNEN - |
LG ThinPrep ATTos NN -
CIN
HG  paaffin - D2 N - I $ 0 .
HG  pacfin - D4 IS $ 0
HG  paaffin - D13 I - T $ 0 .
HG  paaffin - D1 I - I $ 0 .
HG  paafin D15 NN - ..
HG  parafin - D30 ..
HG  ThinPrep  ATTO |ESNNNNNEN - NN
HG  Thinrep  ATT2l IS $ 0 .
HG  ThinPrep  ATT24 NGNS $ 0 .
HG  ThinPrep  PNLO |ENSNENNNNE - NN
HG  ThinPrep  PNL1 |ESSSSNNENN - NS
HG  ThinPrep  PNL12 - |
HG  ThinPrep  ATT79 T 0 .
cancer  ThinPrep  PNL7 - I -
cncer  paraffin D53 N - IS -
cancer  paraffin .| -
cancer  paraffin D60  |NSENNNNNS - NN
cancer  paraffin D61 |NSSEEENEEN - N
cancer paraffin - D62 NN - A $ 0 .
cancer paraffin D63 NN $ 0 .
cancer paraffin - De4 NN - IS $ 0 .
cancer paraffin D65 [IEEEE - IS .
cancer _paraffin___Dec N - IS 0 .

table 2: Sites of disruption placed within E1 and E2 genes according to overlapping primer pairs in high, low grade and cervical cancer samples.

I | icates the presence of nucleotide fragments

—— Indicates sites of disruption

=
~N

4’r%titutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Determination of HPV16 physical status through E1/E6 and E2/E6 ratio analysis

D. Tsakogiannis', V. Diamantidou!, G.D. Amoutzias', Z. Kyriakopoulou®, 1.G.A.
Ruether!, T.G. Dimitriou®, C. Kotsovassilis?>, P. Markoulatos®

1) University of Thessaly, School of Health Sciences, Department of Biochemistry
& Biotechnology, Microbiology-Virology Laboratory, Larissa , Greece

2) General Hospital of Athens, Clinical Biochemistry Dpt, Athens, Greece

*Corresponding Author: Professor P. Markoulatos
University of Thessaly, School of Health Sciences
Department of Biochemistry & Biotechnology
Ploutonos 26 & Aiolou

41221 Larissa, Greece

Tel.: +302410 565274, Fax: +302410 565294
E-Mail: markoulatos@bio.uth.gr

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104


mailto:markoulatos@bio.uth.gr

Abstract

HPV16 genome integration into the host chromosome is a crucial event during
viral life cycle and a major step towards carcinogenesis. The integration of HPV16
DNA promotes a constitutive high expression level of E6 and E7 oncoproteins,
resulting to the extensive proliferation of the infected epithelial cells. The present
report studied the physical status of HPV16 genome, through determination of E1/E6
and E2/E6 DNA copy number ratios in sixty one cervical samples of low and high
grade malignancy and eight cervical cancer samples, all of them associated with
HPV16 infection. The selection of E1, E2 and E6 amplification target regions was
performed according to the most prevalent deleted/disrupted sites of E1 and E2 genes.
For this target selection we also considered the most conserved regions of E1, E2 and
E6 genes among the same HPV16 isolates that were recently reported by our group.
The analysis of HPV16 DNA form revealed a significant association among the
mixed DNA forms in low grade and high grade malignancies, (x>, P < 0.01). The
comparative analysis of E1/E6 and E2/E6 in the same cervical samples provides an
accurate picture of HPV16 DNA form and may reveal whether different HPV16 DNA
integrants coexist in the same cervical sample or not. This study proposes that E1/E6
and E2/EG6 ratios determine with accuracy the HPV16 DNA integration pattern and
may predict multiple integration events in the examined sample, thus providing

significant information about the progression of cervical dysplasia.

Key words: HPV16 integration, E1 gene, E2 gene, E1/E6, E2/E6, HPV16 physical

status

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 21:43:26 EEST - 13.58.66.104



Introduction.

Cervical cancer is the third most common type of cancer among women
worldwide, with a high mortality rate. The worldwide incidence of cervical carcinoma
is more than 530,000 cases per year, whereas mortality reaches 275,000 deaths
annually, of which approximately 85% occur in developing countries. The etiologic
agent for the development of high grade precancerous cervical lesions and invasive
cervical cancer is the persistent infection with oncogenic Human Papillomavirus
(HPV) types®. To date, more than 150 different HPV types have been characterized
and about 40 of them are related with anogenital tract malignancy, grouped as high-
risk (HR) or low risk (LR) genotypes*®. Epidemiological studies revealed that HPV16
is the most commonly observed high-risk HPV type followed by HPV18, 31, 33 and
457,

Persistent infection with high-risk HPV types is associated with an
increasing risk of integration of viral circular genome (episome) into the host
chromosomes, leading to cancer development. The circular HPV genome is then
linearized but the Long Control Region (LCR) and the E6, E7 oncogenes are always
retained intact®*. Viral integration appears to coincide with the development of high
grade cervical intraepithelial neoplasia (CIN II, IlIl) as a consequence of over
expression of the E6 and E7 oncogenes™. In particular, the integration of HPV16
genome usually disrupts the E2 and/or E1 regions found downstream of the early
genes E6 and E7, thus resulting to functional inactivation of E1 and E2 proteins™**®,
Disruption events within the E1 and /or E2 genes lead to interference of viral DNA
replication control. Moreover, disruption of the E2 gene results in the elimination of
the E2 viral repressor function that leads to deregulation of the E6/E7 promoter
activity®>**®°. In addition, integration of the HPV genome leads to the generation of
viral - cellular fusion transcripts with increased stability that results to constitutive,
high expression of the viral E6, E7 oncogenes®. As a consequence, the integrated
viral DNA stimulates cell cycle entry and provides a selective growth advantage to
the infected cells. The extensive proliferation of infected epithelia is a key event for
the accumulation of genetic errors and genome destabilization that finally results to
cancer development®%,

The present report focused on the determination of the physical status of

HPV16 genome among low and high grade malignancies and cervical cancer cases.
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Towards this end we took into consideration previous reports that the most frequently
disrupted region of HPV16 genome during integration is the 3' end of viral DNA,
between E1 and E2 genes. The ratio values of E1/E6 and E2/E6 DNA copy numbers
for each individual cervical sample were determined in order to discern the precise
physical state of HPV16 genome and the HPV16 integration pattern in host
chromosomes. The overall goal was achieved through Real time PCR assays, using
specific primer pairs hybridizing to E1 and E2 target regions and with an E6 specific
primer pair hybridizing to the E6 ORF. The E1 and E2 target regions were previously
determined to be the most frequently disrupted sites during HPV16 DNA integration,

whereas the E6 region is always retained intact®>2°.

2. Materials and Methods.

2.1 Cervical sample collection and DNA isolation

Sixty nine samples of Greek women positive for HPVV16 DNA (55 from Thin
Prep and 14 from cervical biopsies of paraffin embedded tissue), were diagnosed as
cervical intraepithelial neoplasias of stage I, I, 11l and cervical cancer. Of these sixty
nine samples, twenty seven were diagnosed as high grade cervical intraepithelial
neoplasia (CIN II, 111), thirty four as low grade cervical intraepithelial neoplasia (CIN
I) and eight as cervical cancer cases.

Genomic DNA from Thin Prep samples was extracted using the chaotropic
agent guanidine thiocyanate (GUSCN)®, while DNA from formalin-fixed, paraffin-
embedded cervical tissues was extracted using the established proteinase K method®.
A 250bp GAPDH fragment was amplified by PCR assay as a quality control in order
to assay for the integrity of the extracted DNA and for inhibition of PCR process®®.
Identification of HPV16 genome was carried out through Nested Multiplex PCR as

previously described®.

2.2 Plasmids construction

Real time-PCR (RT-PCR) assays were conducted in order to determine the
E2/E6 and E1/E6 DNA copy number ratios and thus understand the physical status of
HPV16 DNA in all the investigated cervical samples. A plasmid containing the viral

region from E6 to E2 genes (pE6-E2) was constructed in order to normalize the Real
4
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Time - PCR assays, while a plasmid containing a partial sequence of GAPDH gene
(pGAPDH) was constructed, in order to normalize for sample copy number by means
of GAPDH quantification. Moreover, an additional E6 plasmid containing a partial
sequence of the E6 ORF (pE6) was designed to perform reconstitution experiments

for the determination of the ratio cut-off value.

2.2.1 pE6-E2

The standard curves for E1, E2 and E6 genes were constructed through
plasmid pE6-E2, which contains the region from E6 to E2 gene. This viral region was
amplified through PCR assay using the primer set: HPV-16 41 5’-
AGCGACCCAGAAAGTTACCA-3’ /HPV-16 3912
GCACACAAAGCAAAGCAAAA. The primers were designed with the Primer3
program (http://bioinfo.ut.ee/primer3-0.4.0/). The numbering of nucleotide positions
was based upon the sequence of the prototype HPV16 strain (GenBank ID:
NC001526).

PCR was performed in a final volume of 50ul. PCR mixture contained 50
pmol of each primer, 10X Taq buffer (GeneON), 2mM MgCl,, 1.2mM dNTPs and
2.5U of thermostable DNA Polymerase (Maximo Tag DNA Polymerase, GeneON).
The cycling conditions were as follows: 40 cycles of 30s at 95°C, 40s at 55°C and
4min at 72°C. The first cycle was proceeded by a 5 min denaturation step at 95°C and
the last cycle was followed by a 10 min elongation step at 72°C.

The amplicon of 3791bp in size was subjected to cloning using the StataClone
PCR cloning kit (Stratagene, Agilent technologies). The recombinant plasmid DNA
was purified using the Nucleospin plasmid kit (Macherey-Nagel GmbH, Duren,
Germany) and the plasmids were subjected to sequencing at Macrogen Inc., Korea in

order to confirm the integrity of HPV16 sequence of pE6-E2.

2.2.2 pGAPDH

The GAPDH plasmid was constructed through PCR amplification of a 250bp
fragment in size. The PCR amplification was carried out using the primer set GAPDH
F 5’-ACGGATTTGGTCGTATTGGG-3’/ GAPDH R 5’-
TGATTTTGGAGGGATCTCGC-3’ as it was previously reported®®. The GAPDH

plasmid construction was similar to that described for the construction of pE6-E2.
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2.2.3 pE6

The E6 plasmid was constructed through PCR amplification of a 354bp
fragment located in the E6 ORF in order to perform the reconstitution experiments. In
particular, the E6 fragment was amplified using the primer set HPV-16 1 5’-
GCACAGAGCTGCAAACAACT-3 / HPV-16 353 5’-
GGTCCACCGACCCCTTATATT-3". The primers were designed with the Primer3
program and the numbering of nucleotide positions was based upon the sequence of
the prototype HPV16 strain (GenBank ID: NC001526).

PCR was performed in a final volume of 50ul. PCR mixture contained 50
pmol of each primer, 10X Taq buffer (GeneON), 1.5mM MqgCl,, ImM dNTPs and
2.5U of thermostable DNA Polymerase (Maximo Taq DNA Polymerase, GeneON).
The cycling conditions were as follows: 40 cycles of 40s at 95°C, 30s at 60°C and
20sec at 72°C. The first cycle was proceeded by a 2 min denaturation step at 95°C and
the last cycle was followed by a 5 min elongation step at 72°C. The amplicon of

354bp in size was subjected to cloning, as described above.

2.3. Quantitative Real time PCR assays

A total of sixty nine cervical samples were investigated in order to determine
the integrated, mixed or episomal physical status of HP\VV16 genome. Real Time PCR
assays were performed using the Mx3000Pe instrument (Stratagene). To determine
the physical state of viral DNA, the E1, E2 and E6 genes were quantified and both
E1/E6 and E2/E6 ratios were calculated for each individual cervical sample. The
principle of this approach is based on the assumption that E1, E2 and E6 genes are
present in equal amounts in episomal HPV16 genome, while integration most often
induces the deletion of the E2 and/or E1 target regions but not of E6.

Extensive mapping analysis of the E2 gene in the sixty nine cervical samples
was conducted using three overlapping primer sets (al-a2, b1-b2, c1-c2) through PCR
assay, in order to locate sites of disruption into the E2 gene, as previously described?®,
However, in order to map the sites of disruptions within E1 gene the complete E1
gene was amplified using the primer sets that were designed in a previous study in
separate reactions™. In the present study the most commonly disrupted region of E2
ORF was that encoding for the hinge region of E2 protein (from 3172 to 3649), while

for E1 gene the most prevalent region of disruption was located within the 5'end of E1
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gene (from 1059 to 1323) (data not shown). The selection of primer pairs was
conducted according to the following two criteria: the primer pairs must target the
most frequently disrupted regions of E1 and E2 genes and must hybridize to
conserved regions of E1, E2 and E6 genes. As a consequence, the amplification
reaction for E2 target was carried out using the primer pair E2F12-E2R12 that targets
the hinge region between nucleotides 3243 and 3539. For E1 target the primer pair
E1F2-E1R2 was used, that targets the region between nucleotides 1059 and 1323.
Moreover the amplification reaction for E6 target was performed using the primer pair
HPV16 1- HPV16 353.

The construction of standard curves for E1, E2, E6 and GAPDH genes was
carried out for each individual gene - target separately. Each Real Time PCR assay
was performed in a final volume of 25ul. Real Time PCR mixture contained 10 pmol
of each primer set, 2X KAPA SYBRe FAST gPCR Master Mix (KAPA SYBRe FAST
gPCR Kit, Boston, Massachusetts, United States) and ROX Reference Dye. The
cycling conditions for E1, E2, E6 and GAPDH genes were as follows: 40 cycles of 3s
at 95°C and 30s at 60°C. The first cycle was proceeded by a 1min denaturation step at
95°C. Data acquisition at 510 nm was performed at 72 °C (table 1)

One standard curve for GAPDH was constructed through amplification of 10-
fold dilution series of 10° to 1 copy of pGAPDH. In addition, three distinct standard
curves were constructed for E1, E2 and E6 targets using only the pE6-E2 plasmid
construct that contains the viral fragment from E6 to E2 ORFs through primer sets
E1F2-E1R2, E2F12-E2R12 and HPV16 1/ HPV16 353, respectively. The three
standard curves were constructed through amplification of 10-fold dilution series
ranging between 10° to 1 copy of pE6-E2 per reaction. All standard curves were
performed in triplicates in three independent Real Time PCR assays, in order to
minimize unreliability of the quantification of results. All cervical samples were
examined in triplicates. The copy number of E1, E2 and E6 genes was determined
according to the number of cells (Real time PCR targeting GAPDH gene) and results

were expressed as E1, E2, E6 copy number per 500 cells.

2.4 Cut- off value
An experimental cut-off value was established in order to determine the

physical state of HPVV16 DNA (episomal, integrated, mixed integrated and episomal
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forms). The ratio cut-off was obtained by preparing DNA plasmid solutions
containing a standard quantity of 100 copies of the pE6-E2 plasmid and different copy
numbers of pE6 ranging from 0 to 1x10° copies (table 2). The plasmid solution that
contained only the pE6-E2 was considered to be the episomal DNA, while the
solution containing only the pE6 plasmid was considered to be the integrated DNA.
However E1, E2 and E6 copy numbers were determined in all plasmid solutions in
triplicate in three independent real time PCR assays and the E1/E6, E2/E6 ratios were
calculated for each DNA solution (table 2).

2.5 Statistical analysis

The association among the physical status of HP\VV16 genome and the grade of
cervical malignancy was determined through Chi-squared test. The statistical analysis
was conducted with the GraphPad Prism version 4.00 software for Windows. P-values

were considered significant if less than 0.05.

3. Results

In the present study a total of sixty nine cervical samples which were positive
for HPVV16 DNA were investigated in order to determine the physical state of HPV16
genome through E2/E6 and E1/EG6 ratio analysis. An extensive mapping analysis of
E1l and E2 genes was carried out in all cervical samples through PCR assay, using
twelve overlapping primer sets*> 8. According to our findings the most frequently
disrupted site was located in the E2 hinge region (from nucleotides 3172 to 3649),
while the most prevalent site of disruption within E1 gene was located between
nucleotides 1059 and 1323. Moreover nucleotide analysis of the E1 and E2 genes in
the same cervical samples that were derived from Greek women revealed that the
region between nucleotides 3172 and 3649 (E2 gene) and the region between
nucleotides 1059 and 1323 (E1 gene) is conserved among distinct HPV16 isolates that
are circulating in the Greek population®’*%*!, Taking these data into consideration, we
targeted the E2 domain between nucleotides 3243 and 3539 and the E1 domain
between nucleotides 1059 and 1323, through Real Time PCR, in order to assign the
copy numbers of E2 and E1 genes respectively.

Reconstitution experiments were performed using plasmid solutions

containing from 0 to 1x10° copies of pE6 plasmid (integrated form of HPV/16 DNA)
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combined with 100 copies of pE2-E6 plasmid (episomal form of HPV16 genome) in
order to determine the cut-off value and establish the physical state of HPV16 genome
(table 2). The E1, E2 and E6 gene copy numbers were determined through
quantitative Real Time PCR assay, using the standard curves that were constructed for
this purpose. According to our findings the ratio values close to zero (E2/E6 ratio
value < 0.001, E1/E6 ratio value < 0.03) were observed when pE6 plasmid was in
100-fold excess of pE2-E6 plasmid. E2/E6 ratio value of 0.01 and the E1/E6 ratio
value of 0.03 were observed in plasmid solutions that contained 10 fold excess of
pE6/ pE2-E6 plasmid. The E2/E6 ratio value of 0.62 and the E1/EG6 ratio value of 0.52
were observed in plasmid solutions that contained equal amounts of pE6-E2 and pE6
plasmids (100 copies from each). However when pE6-E2 plasmid was in 10-fold
excess in plasmid solution the E2/E6 ratio value was 0.82, and the E1/E6 value was
0.7. Finally, the E2/E6 ratio value of 0.96 and the E1/E6 ratio value of 0.98 was
encountered in plasmid solutions that contained only the pE6-E2 plasmid (episomal
DNA) (table 2).

Taking these data into account it was concluded that E2/E6 ratio gave
evidence for viral integration when its value was less than 0.001. However, E2/E6
ratios less than 0.96 (range, 0.001 to 0.96) indicated the presence of both integrated
and episomal forms of viral DNA (mixed DNA forms), while ratio values equal to or
greater than 0.96 indicated the presence of the episomal form of HPV16 genome
(table 2). Similarly, E1/E6 ratio analysis revealed that viral integration occurs when
the E1/E6 ratio value was less than 0.003. E1/E6 ratios ranging from 0.003 to 0.98
indicated the presence of mixed DNA forms, while ratio values greater or equal to
0.98 showed the presence of the episomal form of the viral genome (table 2).

In the present study E1/E6 and E2/E6 ratio analysis was performed in the
same cervical specimens in order to identify the HPVV16 DNA form. E1/E6 and E2/E6
ratio values analysis in the sixty nine cervical samples, showed that the pure episomal
DNA form was present in six out of thirty four (6/34 - 17.6%) low grade cervical
intraepithelial cases (table 3). However, no evidence of pure episomal DNA form was
recorded in high grade malignancies and cervical cancer specimens. The mixed DNA
form was identified in twenty seven out of thirty four (27/34 - 79.5%) low grade cases
and in twenty four out of twenty seven (24/27 - 88.8%) high grade cervical

intraepithelial neoplasia cases (table 3). Moreover, the mixed DNA form was
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identified in two out of eight (2/8 - 25%) cervical cancer specimens. In addition, the
pure integrated viral form was identified in three out of twenty seven (3/27 - 11.1%)
high grade cases and in six out of eight (6/8 - 75%) cervical cancer samples (table 3).
Finally, the pure integrated viral form was reported in the low grade sample 747
(2.9%) (table 4). Taking these data into account, it was concluded that the pure
episomal DNA form is exclusively detected in low grade malignancies (17.4%), while
the pure integrated viral form is preferentially encountered in cervical cancer cases
(75%). However, a significant association among the high grade -cervical
intraepithelial neoplasias and the mixed DNA form was recorded, when compared
with the episomal (0%) and the integrated viral form (11.1%) (x> = 16.333, P <
0.0001). In addition, a strong association among the low grade cases and the mixed
DNA form was identified, when compared with the episomal (17.6%) and the
integrated viral form (2.9%) (x* = 11.7, P = 0.0006).

Nevertheless, in seven low grade malignancies an important difference among
E1/E6 and E2/E6 ratio values was recorded. In particular, in five low grade cervical
cases (PNL3, ATT8, ATT18, ATT12, ATT46) the E2/EG6 ratio values analysis showed
the presence of mixed HPV16 DNA form, while the E1/E6 ratio values analysis
revealed the presence of episomal HPV16 DNA form (table 4). In contrast, in two low
grade cervical cases (PNL2, ATT54) the E2/E6 ratio analysis showed the episomal
viral DNA form, while the E1/EG6 ratio analysis revealed the mixed form of viral DNA
(table 4). According to these results it was concluded that the mixed HPV16 DNA
form is encountered in these cervical cases, suggesting that the integration of HPV16
DNA may occur through disruption/deletion of E2 and E1 genes. In consequence, we
propose that both the E1/E6 and E2/E6 ratio analyses should be considered in order to
identify the accurate viral form mainly in low grade malignancies, as HPV16

integration events also occur through disruption of E1 gene.

10
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Discussion

HPV integration into the host chromosome is the key event for cervical cancer
development and has been proposed to occur early in the development of cervical
malignancy™#?3%% |n the present study a total of sixty one precancerous cervical
samples and eight cervical cancer cases associated with HPV16 infection were
investigated in order to study the physical status of HPV16 genome through
quantitative Real Time PCR and E2/E6, E1/E6 ratio values analysis. However, in
order to achieve more reliable results the selection of E1, E2 and EG6 targets was based
on the most frequently disrupted sites of E1 and E2 genes and according to the most
conserved E6 regions among the same HPV16 isolates, that were recently reported by
our group %3031,

Several reports have investigated the HPV16 genome status, through E2/E6
ratio analysis and demonstrated that this ratio is a significant molecular marker for
evaluating the risk of progression of cervical intraepithelal neoplasia of stage I, II, 11l

252832343531 As g result, the HPV16 integration was determined

to cervical cancer
only through disruption of E2 gene, while the integrity of E1 gene was not
investigated. In addition, it has been demonstrated that disruption of both E1 and E2
genes is involved in high grade cervical intraepithelial neoplasia cases due to HPV16
DNA integration, while in low grade cases only the E1 gene is involved™.
Considering the prevalence of E1 gene disruption in low grade cases, a comparative
analysis along with E1/E6 and E2/EG6 ratio values on the same cervical samples was
performed in order to accurately determine the HPV16 DNA form and to explore for
additional integration events that have been induced through disruption of E1 gene.
Previous analyses have reported that the integration of viral genome is

exclusively identified in high grade lesions and cervical cancer cases®**,

while other studies found early integration events in low grade malignancies®*2>384,
Our findings demonstrate that the pure integrated viral form is preferentially
identified in high grade malignancies and cervical cancer cases, while the pure
episomal DNA form is exclusively identified in low grade lesions. In addition, it was
demonstrated that both high grade and low grade malignancies present significant
relation with the mixed DNA viral form (x%, P < 0.001)®. The high prevalence of
HPV16 integration as mixed DNA form in low grade dysplasia reinforces earlier

studies who proposed that HPV16 integration occurs at the early stage of viral life
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cycle?* #3840 |n addition, in one low grade sample the pure integrated viral form was
identified, through complete disruption of E1 and E2 genes (E1/E6 and E2/EG6 ratio
values were close to zero), (table 4). Considering the implication of E1 gene
disruption/deletion during HPV16 integration in low grade malignancies™ and the
elevated prevalence of mixed DNA form in low grade cases, we conclude that single
E2/E6 analysis might miss integration events through disruption of E1 gene. This
assumption was confirmed in two low grade cases (PNL2, ATT54), in which E2/E6
ratio analysis showed the episomal viral DNA form, while the E1/E6 ratio analysis
revealed the mixed form. Taking these data into account we propose that both E1/E6
and E2/E6 ratio value analysis should be calculated simultaneously, in order to
determine the accurate form of HPV16 genome, and this is especially needed in low
grade malignancies.

The outcome of E1/E6, E2/E6 ratio value analysis also demonstrates
significant information about HPV16 DNA integration pattern. In particular, it was
proposed that distinct HPV16 integrants coexist in the same cervical sample, when
both E1/E6 and E2/EG6 ratio values predict the presence of mixed DNA form. The
HPV16 DNA episomes coexist with HPV16 DNA molecules that have been
integrated into the host chromosome through disruption of E1 gene and with HPV16
DNA molecules that have been integrated into the host chromosome through
disruption of E2 gene, respectively. These results were encountered in 58.8% of low
grade, in 88.8% of high grade malignancies, and in 25% of cervical cancer cases. The
identification of distinct HPV16 integrants through E1/E6, E2/E6 ratio value analysis
constitutes a serious evidence for the presence of multiple integration sites in the
investigated cervical cases. Multiple integration events have been recently reported in

tumor cell lines and cervical cancer cases’®*" *%2 The

identification of multiple
integration events in low and high grade malignancies might provide a valuable
information about the progression of cervical malignancy to cancer disease.

In conclusion, the present study suggests a combined analysis of both E1/E6
and E2/E6 ratio values, in order to accurately examine the physical state of HPV16
genome. We propose that E1/E6 and E2/E6 ratio value analysis comprises an
important tool to investigate the multiple integration events in the selected samples.
Considering that the integration of HPV16 genome into the host chromosome is a

crucial step towards carcinogenesis, both E1/E6 and E2/E6 ratio value is a prospective
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prognostic tool that may provide valuable information about HPV16 integration and

HPV16 physical state in the investigated cervical samples.
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Primers Sequence (5-3') Position  Product size References
E1 target
E1F2 GACAGCACATGCGTTGTTTAC 1059 265bp ] Avrias Pulido et al., 2006
EIR2 AGTCTCATGGCGCCCTTC 1323
B2 target
E2F12 GAATACGAACATATTTTGTGCAG 3243 297 bp 95°C 1 min Avrias Pulido et al., 2006
E2R12 CTGAGTCTCTGTGCAACAACTTA 3539 95°C 3 sec
6 target 60°C 20 sec } 40 cycles
HPV16 1 GCACAGAGCTGCAAACAACT 150 I | cscmone ™ Present study
HPV16 353 GGTCCACCGACCCCTTATATT 502
GAPDH target
GAPDH F ACGGATTTGGTCGTATTGGG 250bp Lietal., 2008
GAPDHR TGATTTTGGAGGGATCTCGC

table 1: Primer pairs and assay conditions used to amplify the target-regions for E1, E2, E6 and GAPDH genes with the qRT PCR.

Plasmid Solutions Ratio values HPV16 DNA form
pE6-E2 (episomal) PEG6 (integrated) E1/E6  E2/E6
Solution 1 100 copies 0 copies 0.98 0.96 episomal
Solution 2 100 copies 10 copies 0.7 0.82 mixed
Solution 3 100 copies 100 copies 0.52 0.62 mixed
Solution 4 100 copies 1000 copies 0.03 0.01 mixed
Solution 5 100 copies 10000 copies 0.003 0.001 integrated
Solution 6 100 copies 100000 copies 0 0 integrated

table 2. Plasmid solutions used in order to establish the cut-off value and determine the physical state of HPV16 genome. The plasmid solutions
contain a standard quantity of 100 copies of the pE6-E2 plasmid and ranging amounts of pE6 plasmid from 0 to 10° copies.

Institutional Repository - Library & Information Centre - University of Thessaly

21/05/2024 21:43:26 EEST - 13.58.66.104

17



Status Low grade grade N (%) High grade N (%) Cancer N (%)

Episomal 6 (17.6) 0 (0) 0 (0)
Mixed 27 (79.5) 24 (88.8) 2 (25)

Integrated 1(2,9) 3(11.1) 6 (75)
Total 34 27 8

table 3. HPV16 genome status according to patient cytological diagnosis

Sample  Source CIN E2 El E6 E2/E6  HPV16 DNA form (E2/E6) EI/E6  HPV16 DNA form (E1/E6)
PNL2 ThinPrep  Low grade 800 721 820 0,98 episomal 0,88 mixed
PNL3 ThinPrep  Low grade 110 240 240 0,46 mixed 1 episomal
ATTS8 ThinPrep  Low grade 60 260 265 0,23 mixed 0,98 episomal
ATT18  ThinPrep  Low grade 12 172 175 0,07 mixed 0,98 episomal
ATT12  ThinPrep  Low grade 150 4400 4500 0,03 mixed 0,98 episomal
ATT46  ThinPrep  Low grade 11 27 27 0,4 mixed 1 episomal
ATT54  ThinPrep  Low grade 208 163 214 0,97 episomal 0,76 mixed
747 ThinPrep  Low grade 12 7 86475 0 integrated 0 integrated

table 4. HPV16 genome physical state of eight low grade cases.
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