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EKITAIAEYXH KAI KATAPTIXH

Méon Exnaidcvon:
18° I'vpvéoto ko Avketo ABnvav 1994-2000
Bpapeio Aproteiog and to Anpo Abnvaiov (1995-2000)

Avortorn Exraidgvon:

[Ttuyovyog E6vikod kot Koanodiotplakov |[Tavemomnuiov AOnvav, Xyodn Ostikmv
Emomuav, Tuqupa Brodoyiag 2000-2005, Atov Kaiwmg

[Ttuyovyog TMavemomuiov Kpnme, Zyoln lotpikng, Tunpa latpwng 2005-2011,
Adov Kaidg

Eéveg 'hwooeg:
First Certificate in English, Univ of Cambridge UK, Grade A- 1995
Certificate of Proficiency in English, Univ of Michigan USA, Grade A -1996
Certificate of Proficiency in English, Univ of Cambridge UK, Grade A — 1996
D.E.L.F. ler et 2eme degré (Diplome élémentaire de langue frangaise), Tres Bien
1995
Diplome d’Etudes Frangaises (Sorbonne 2eme Degré)

Université Paris Sorbonne, Tres Bien — 1996

I'vooaig H/Y:

MICROSOFT WORD, MICROSOFT EXCEL, GRAPH PAD, COREL DRAW,
PHOTOSHOP, SPSS

EPI'AXTHPIAKH EMIIEIPIA - EPEYNHTIKH KATAPTIXH

Yo mAaiowa e exknaidosvonc oto Tunuo Blroloyioc EKIIA:

Teyvntd cvomuoTa ovacLVOLOGHOD, KAWVOTOINo-EKPpacT Yovidiwy, dnuovpyia
YoVIolK®V  Tpamel®@V/PPAodnkdy,  avdivon  KOPLOTLT®V,  YPOUATOYPAPio
COUIPIVAV GE GTNHAT LOVIOUVTOAAAKTT), OVOAVOT] ATTOCOULPIVAV.

Amopdvoon olkod DNA & RNA 10100, HETOCYNUATIOUOS KLTTAPOV LUE
AVOGLVOVAGUEVO TAAGUIOIN, MAEKTPOPOPNOT GE THKTOUO oyapoing, XopToypaenon
DNA pe meploptoTikég EVOOVOUKAEAGES, ATOUOVMGT YPOUATIVIC.

Poyotepoytoog Kot WYOKTOEEAYVWOOT UEUPPOVIKOV TPMTEIVAV, 0VOGOIGTOYNUIKN
EVTOMION OVILYOVIKOV Bécemv. Xpnon NAEKTPOVIKOD UIKPOGKOTIOL Yo TapOTPNoN
Kot €EAYMYN OMOTEAEGUATWV.

Buloynpikog éleyyog kapdlakng, veepikng Aertovpyiag, Ploynukog EAeyY0S OpHoOVAV.
AvocokaTaKpnvIoT, avocodidyvo, avocoevivpikd pébodog ELISA.



AmAouotikn gpyacio otov topéa euostoroyioc 2004-2005:

Enidpaon mepiParloviikod kot oEe0®MTIKOV OGTPEG GTO. LOVOTATIO OTUATOOOTNONG
TOV Map-Kvac®dV, GUGYETIGUOC LE TOV KATOPPAKTI TOV KOOTOCMV Kol UE Tig heat
shock proteins o€ acmovovAa (Mytilus galloprovinciallis).

MéBodot mov  ypnowomomdnKoyv: TOPACKELY] TOVdPAG Amd  16TOVG,
opoyevomoinon 1otov, amopoveoon DNA, RNA «kor mpoteivov. Ilocotikdg
TPOCIOPICHOG TPOTEIVOV pe T péBodo bradford. HAektpopdpnon mpwteivov oe
TAKTOUO  TOALOKPLAOUIONG, mMuioteyvn HETOQOPE TPpoTEiVOV o€ peuPpdvn
VITPOKLTTOPIVING. ATOKOAANGT 0VOGOGLUTAOK®V omtd TN pepPfpdvn vitpokvtTapivig.
PCR, Northern blot, Southern blot, Western blot.

XEMINAPIA-XYNEAPIA

¢ EBviko idpopa epguvav
[MapakorovBnon kikiog «Kowvavia kat vyeioy iii, iv, v (2003-2004-2005)
¢ Tlovedinvid évoon Brorddywv
Soppéroyn ota maveAlnvid cuvédpla 2004, 2005, 2006
* European respiratory society congress
Svppéroym ota etota cvuvedpla 2009, 2010, 2011, 2012, 2013, 2014, 2015
* American thoracic society
Yvppéroyn ota emoto cvvEdpla 2009, 2010, 2011, 2012, 2014, 2015
* World congress on advances in oncology and international symposium on
molecular medicine
Svppéroym ota €toto cvvédpla 2009, 2010, 2012, 2013, 2014, 2015
* Lung science conference — european respiratory society
Soppéroym ota €toto cvvédpia (estoril 2009, 2010, 2011, 2012)
* 270 Bopeloghhadikd Zovédpro latpikng.
Yoppetoyn kot wapoakoiovdnon 2012.
¢ 70 [Maverlqvio Zuvédpro Kuttapopetpiog 2012
¢ TlovelAvio mveLHOVOAOYIKO GUVEDPLO
Yvppéroyn ota etoto cvvédpla 2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016
¢ Tlovedvio Zuvédpro AvarsOncioroyiog
Yoppéroyn ota €oto cvvédpla 2013, 2015
e Tloveddnvio Zuvédpro AAyoroyiog
Yoppétroyn ota €toto cvvédpla 2014, 2016

AHMOZIEYMENEX EPTAXIEX

1. Upregulation of stromal cell derived factor-lalpha in collagen vascular
diseases-associated interstitial pneumonias (CVDs-IPs). Margaritopoulos GA,
Antoniou KM, Soufla G, Karagiannis K, Proklou A, Lasithiotaki I, Tzanakis
N, Spandidos DA, Siafakas NM. Pulm Pharmacol Ther. 2010 Apr;23(2):115-
20. Epub 2009 Oct 28.

2. Expression analysis of angiogenic growth factors and biological axis
CXCL12/CXCR4 axis in idiopathic pulmonary fibrosis. Antoniou KM, Soufla



10.

11.

12.

13.

G, Lymbouridou R, Economidou F, Lasithiotaki I, Manousakis M, Drositis I,
Spandidos DA, Siafakas NM. Connect Tissue Res. 2010;51(1):71-80.

Role of VEGF-stromal cell-derived factor-lalpha/CXCLI12 axis in pleural
effusion of lung cancer. Economidou F, Antoniou KM, Soufla G, Lasithiotaki
I, Karagiannis K, Lymbouridou R, Proklou A, Spandidos DA, Siafakas NM. J
Recept Signal Transduct Res. 2010 Jun;30(3).:154-60.

Investigation of Toll-like receptors in the pathogenesis of fibrotic and
granulomatous disorders: a bronchoalveolar lavage study. Margaritopoulos
GA, Antoniou KM, Karagiannis K, Samara KD, Lasithiotaki I, Vassalou E,
Lymbouridou R, Koutala H, Siafakas NM. Fibrogenesis Tissue Repair. 2010
Oct 11;3:20.

Investigation of angiogenetic axis Angiopoietin-1 and -2/Tie-2 in fibrotic lung
diseases: a bronchoalveolar lavage study. Margaritopoulos GA, Antoniou KM,
Karagiannis K, Vassalou E, Lasithiotaki I, Lambiri I, Siafakas NM. Int J Mol
Med. 2010 Dec;26(6):919-23.

Detection of herpes simplex virus type-1 in patients with fibrotic lung
diseases..Lasithiotaki I, Antoniou KM, Vlahava VM, Karagiannis K,
Spandidos DA, Siafakas NM, Sourvinos G. PLoS One. 2011,;6(12):e27800.
Epub 2011 Dec 20.

Expression profiles of Toll-like receptors in non-small cell lung cancer and
idiopathic pulmonary fibrosis. Samara KD, Antoniou KM, Karagiannis K,
Margaritopoulos G,Lasithiotaki I, Koutala E, Siafakas NM. Int J Oncol. 2012
May;40(5):1397-404.

Investigation of Telomerase/Telomeres system in Bone Marrow Mesenchymal
Stem Cells derived from IPF and RA-UIP. Antoniou KM, Margaritopoulos
GA, Proklou A, Karagiannis K, Lasithiotaki I, Soufla G, Kastrinaki MC,
Spandidos DA, Papadaki HA, Siafakas NM. J Inflamm (Lond). 2012 Jul
2,9(1):27.

Association of human herpes, papilloma and polyoma virus families with
bladder cancer. Panagiotakis GI, Papadogianni D, Chatziioannou
MN, Lasithiotaki I, Delakas D, Spandidos DA. Tumour Biol. 2012 Sep 13.

The presence of Merkel cell polyomavirus is associated with deregulated
expression of BRAF and Bcl-2 genes in non-small cell lung cancer.
Lasithiotaki I, Antoniou KM, Derdas SP, Sarchianaki E, Symvoulakis EK,
Psaraki A, Spandidos DA, Stathopoulos EN, Siafakas NM, Sourvinos G. Int J
Cancer. 2013 Aug 1;133(3):604-11. doi: 10.1002/ijc.28062. Epub 2013 Feb
27.

Expression of SDF-1/CXCR4 axis in bone marrow mesenchymal stem cells
derived  from  rheumatoid  arthritis-usual  interstitial ~ pneumonia.
Margaritopoulos GA, Antoniou KM, Lasithiotaki I, Proklou A, Soufla G,
Siafakas NM. Clin Exp Rheumatol. 2013 Jul-Aug;31(4):610-1. Epub 2013
May 27.

Molecular pathological findings of Merkel cell polyomavirus in lung cancer: a
possible etiopathogenetic link? Antoniou KM, Lasithiotaki I, Symvoulakis E,
Derdas SP, Psaraki A, Spandidos DA, Stathopoulos EN, Siafakas NM,
Sourvinos G. Int J Cancer. 2013 Dec 15;133(12):3016-7. doi:
10.1002/1jc.28308. Epub 2013 Jun 29.

Differential telomerase expression in idiopathic pulmonary fibrosis and non-
small cell lung cancer. Antoniou KM, Samara KD, Lasithiotakil,
Margaritopoulos GA, Soufla G, Lambiri I, Giannarakis I, Drositis I, Spandidos
DA, Siafakas NM. Oncol Rep. 2013 Dec;30(6):2617-24. doi:
10.3892/0r.2013.2753.



14.

15.

16.

17.

18.

Detection and genotype analysis of human papillomavirus in non-small cell
lung cancer patients. Sarchianaki E, Derdas SP, Ntaoukakis M, Vakonaki E,
Lagoudaki ED, Lasithiotaki I, Sarchianaki A, Koutsopoulos A, Symvoulakis
EK, Spandidos DA, Antoniou KM, Sourvinos G. Tumour Biol. 2014
Apr;35(4):3203-9. doi: 10.1007/s13277-013-1419-2.

NLRP3 inflammasome expression in idiopathic pulmonary fibrosis and
rheumatoid lung. Lasithiotaki I, Giannarakis I, Tsitoura E, Samara KD,
Margaritopoulos GA, Choulaki C, Vasarmidi E, Tzanakis N, Voloudaki A,
Sidiropoulos P, Siafakas NM, Antoniou KM.Eur Respir J. 2016
Mar;47(3):910-8. doi: 10.1183/13993003.00564-2015.

Aberrant expression of miR-21, miR-376¢ and miR-145 and their target host
genes in Merkel cell polyomavirus-positive non-small cell lung cancer.
Lasithiotaki I, Tsitoura E, Koutsopoulos A, Lagoudaki E, Koutoulaki C,
Pitsidianakis G, Spandidos DA, Siafakas NM, Sourvinos G, Antoniou KM.
Oncotarget. 2016 Aug 11. doi: 10.18632/oncotarget.11222.

Toll-like receptors and autophagy in interstitial lung diseases..
Margaritopoulos GA, Lasithiotaki I, Antoniou KM. Eur J Pharmacol. 2016
Sep 27. pii: S0014-2999(16)30619-7
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EYXAPIXTIEX

« Kabag ouwg xatéfoive to Adpo, kamoia OAiyn ayyile tny woyn tov ko pio okéyn
yevvOnie atnv kapoia. tov: Ilwg Qo umopéow vo pdyw fpeuo kot ywpic tovo, Oxi, de
Oo. umopéow vo, pbyw omo TV TOAN OTH YWPIS Lo TANYH GTHY KOpOid, LLOD.

1épa ol A0 KopuaTio 100 TVEDUOTOS 1OV OLOGKOPTIOA 0 ADTODS TOVS OPOUOVGS, KO
Tapa. TOALG, EIVOL TO. TOLOI0, THG AOYTAPOS OV TOV SAOILODY YOUVE. AVOUECT OE QDTODG
TOVG AOPOVG, KL OEV UTOPD VO, PUYW UOKPLO. TOVG YWPIS KATO010 SOpOS Kol KATO10V
Tovo.

K1 wotooo, o¢ uropa v’apyomopnowm arlo eow. H Baiaooa mov kolel d0da to mpayuoto,
KOVTA. TG, KOAEL Kl EUEVQ, KOl TPETEL VO, TALI0EY®.

M ’evyapiotnon Qo Exaipvo. noli pov oia oca givar €00. AAAG TS Uropd, »

To keipevo Tov XoMA [kipndyv, andoracpo and tov Knmo tov [poent, twiddet
YL TO TEAOG HI0G ETOYNG, TO AVOTOPEVKTO TEALOG £VOG TAELO100 TOL GOV Eade TOALA.
Kdénwg étol aioBdvopor yio tnv mapodvoa ddaktopikn datpiPn: omotéAece omapyn
wog véag Bedpnong tov mpoaypdtov yoo péva. ‘Epaba va  mepopatifopon
KUPLOAEKTIKG OAAG Kot pe ToL OpLal TOL €0VTOV oL, va pobaive amd to AdOn pov kot
va e€epeuvd pe Tabog v emoTUN oL dtdAeEa. Méoa amd avtd To Tagiol £ida Kot
YVOPLo0 TOAAG TPAyHaTo Tov pe amoptilovy mAéov cav dvBpwmo. Aev pumop®d mapd
va gljLot ELYVOU®V Y10 TNV EUTELPIAL.

Mo 6lo to Topamdve, Kot yioo ToAAG akoun, Oa NBsha vo evyaploTHcGH TOV
Koadnynm 'eopyro ZovpPivo, v Enikovpn Kabnyntpia Awkatepivn Avioviov, mov
pe v meipa kot v 01d0eon mov Tovg yapaktnpilovv, pe Bondnoav oe 6Ao 0 TEPOG
T0V épyov awtov. Emiong, Oa fela va evyapiotiom Bepud, Aovg TOVG GUVASEAPOLS
OV gpyactTnpiov yio v kadnueptvy copforn kot cvvdopoun tovg, v EAila
Towobpa, v Epnvn Avumovpidov, tov Kovotavtivo Kapayidvvn, v Eprvm
Bacappion, to tavpo Aépda KaBDS Kot GAOVG TOVG GLVAIEAPOVG OO TO EPYOCTHPLNL
Iodoyiog, Awatoloylag kot  Pevpatoloyiag yiw v moAOTIUN GLUPOLAY Kot
vroompiEn Tovg OAa avtd To ¥poévia. Emiong, Ba Mbsha va guyaploticm TOvg
KaOnyntég Anuiepro Znavtido, Nukoéiao Zwopdka, Nukéiao Tlavakn kabdg kot tnv
TVELVLOVOAOYO Atkatepivn Zapopd Kot TV vredbuvn ToOL CTPOUETPIKOD EPYAGTIPIOV
tov [TAI'NH Aéonowa Mopaitdkn.

Xwpic ) cvvipoid kot T cLUPBoAr OA®V Tovg d¢ Ba fpiokdpovy £60.

Evyopiotd amd Kapddc.
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A.T'ENIKO MEPOX

1. Kapkivog tov Ilvevpova

Me 1ov 6po kapkivo opiletar To kaKONOEG VEOTAAGLO TTOV AVOTTOCCETAL O
emNAL0K6 1670. Qg vedmlaopa opileton kbbe «avodpain pala 16100, 1 avaTTLEn TG
omoilag Eemepvd To OPLOL VTG TOV QUGIOAOYIKAOV 10TMV, 08V VTOKELTOL GTOVG
PLOGTIKODG PNYAVIGHOVG TOV TEAELTAIMV KOl ETUEVEL GTOV PLOUS avATTLENG dTOV
avactolobv  To  gpebiocpota mov mpokdAecav ovtiv T petaforn» (1). H
KOPKIVOYEVEGT TPOKVITEL OO TOAVGVUVOETEG YEVETIKEG KOl EMLYEVETIKEG OAAAYES LE
amotéAecpo. Tn otadlokn koakondn efoddayn towv kuvttdpov. [Ipdkertar yuo o
TOALTTAPOYOVTIKY Kot ToAvoTadlakn oadikasio (2). O kapkivog tov mvedpova (KIT)
AvanmTOGGETOL OO TO OVOTVEVSTIKO EMONAL0 TV Ppoyymv (3).

O xapkivog Tov Tvedpova Be@povTaV GTAVIO LOPPT VEOTAUGULATIKNG VOGOL
péxpt to 1930, énerta Op®G eR@AVIcE JPOUATIKY] adOENCT TNG TAPOLGING Kot TNG
Bvnowdmrag tov oe dvipeg Ko yovaikes. O Hoover mpwv amd mepimov 60 €t
TEPLEYPAYE Y10 TPATT POPA T GYECT TOV KAPKIVOL TOV TVEVLOVA [LE TO KATVIGULA (4,
5). Zta £t mwov aKoAovON GOV, 1 TOPATHPNCT TOV YOVIdi®V TTov gival vrevbuva Yo
NV KopPKIvoyEveon, £yl fondncet oy Kotavonon g vooou o€ KLTTOPIKO EMITESO
(6). Ot mapatnpNoElS AVTEG I6MG UTOPOLY Vo 0dNyNoovy e Pedtiopéves neboddovg

ddyveong, otadlonoinong TV kapkivev, Bepareiog kot TpoOANY” g vOGOov.

TYmor kapkivov Tov TVEOHOVA

Yndpyovv d0o KOp1ot TOTOL KOPKIVOL TOV TVELLOVAL:
-Mikpokvtrapikdg kapkivog Tov mvevpova (SCLC)

-Mn ppoxvttopikoc kapkivog tov mvedpove (NSCLC)

Mukpoxvttapikdg kapkivog Tov mvevpova: [epimov 10% éwc 15% OAwv twv
Kapkivov tov mvevpova gival o Kapkivog tov mvevpova pikpov kuttdpwv (SCLCO),
ov ovopaletal €16t Yo 10 pEYEBOg TV KOPKIVIKGOV KVTTAp®V, 6Tav Tapotnpeitol
010 pKkpookdmo. Eivar moAd omdvio o kdmolov mov dgv €xel kamvicel va €xet
LKPOKLTTOPIKO KopKivo Tov mvedpova. O SCLC Eekvd cuyva 6Toug Bpoyyovg Kovid
010 K€VTpO TOL Bdpaxa, kal teivel va eEamlmBel evpémg HEcO 6TO CAONN VOPIG 6TV
nopeia TG vooov. [ To Adyo avtd Bewpeitar o yevikég Ypoupég aveyyeipntn vocog.

Yrdpyer peyddn mBovoTTo WKPOUETACTOTIKNG VOGOU THV Mpo NG Sdyvmong



AKOLLOL KOL OV O EPYOOTNPLOKOS EAEYYOG etvar apvnTiKOc. O HKPOKLTTAPIKOS KOPKIvOg
£XeL LYNAG TOGOCTA AVTOTOKPIGE®V GTN YNUE0Bepameia KoL TNV akTvobepameio.

Mn pikpokvttaptkdg kopkivog tov mvevpova: Ilepimov 10 85% £wg 90% tov

Kapkivov tov mvedpova stvor un-pikpokvtraptkds (NSCLC). Yrdpyovv tpeig kvupiot
vrotvnor NSCLC. Ta kvttopa e ovtodc Tovg VIOTOHTOVG dtapépovy oe peyedog,
OYNUO, KOl 1CTOXNUKG YOPOKTNPOTIKA. AAAG €lvol OpAOOTOMNUEVOL G N
LKPOKLTTOPIKOL, YloTl  Tpocéyyion ot Bepaneio Kot TV Tpdyvmon eivat Tapouota.
-[Thokddeg kapkivopa: Iepimov 35% £ 40% OAwv TV KopKivov Tov TvedHOVA
elval KapKIVOUOTO TAAK®OGV KLTTAp®V. To TAak®morn koTTapa ival eninedo KHTTOpa
7oV BPICKOVTOL GTO ECOTEPIKO TOV AEPAYOYDV GTOVG TVEVIOVEG. XZVYVE GLUVOEETAL e
1GTOPIKO KOTVIGHOTOG KOt TEIVOLV VoL BPioKOVTOL KEVTIPIKA GTOVG TVEVLOVEG, KOVTH GE
éva Bpoyyo.
-Adevokapkivopa: Ilepimov 10 40% TtV kopkivov tov mveduova  gival
adevoKapKIvOUaTo. Avtol ot kapkivotl EeKivicel omd KOTTOPA TTOL EKKPivovy PAEVVYT).
Avtd t0 €ld0g TOV KOpPKivoL TOL TVELHOVA gUEOVIETAL KLPIWG GE VOV N TPAONV
KOMVIGTEG, OAAG elval €miong 0 TO KOWOG TUTOG KOPKIVOL TOL TTVEDUOVO GE Un
kamviotés. Eivotl mo cuyvog otig yuvaikeg mapd 6toug avopeg, Kot ivat mo mhoavo va
ououPel oe vedtepa dropa amd GAAOVLG TUTOVLG KopKivov Tov Tvevpova.Ta
adevokapkivopo ovvBmg Pplokovial oTto TEPIPEPIKE TUAUOTA TOV TVEVLOVAL.
Tetvouv va avoartoccovtot mo apyd ard O, Tt Aol TOTOL KapKivoy Tov TvedOVA,
Kot givor mo mbavd va dwyvewotovv mpotol eEamimBoldv extdg Tov mvevpova. Ta
dtopa e TOV TOTO TOL AOEVOKAPKIVAOUOTOS TOV OVORALETal adevokapKivmpa in situ
teivouv va éxovv KaAvTEPN TPOYVOOT).

To Bpoyyoxvyehdikd kapkivopo elvor o KoKondng popen  un
LKPOKLTTOPIKOD KOPKIVOL TOV TVEDHUOVO TTOV OVOTTUGGETOL Kol TOAAOTAAGIACETOL
EVTOG TV KLYEAId®V TV Tvevuovov . Eivar plo and tig Ayeg popeég Kopkivov mov
dev €xet kadonOn tomo: Kdbe epgdvion Tou KapKIvOROTOS BPoyyoKuyeAdIKoD TOTOL
Bewpeitar kaxonOng. Avti 1 Hope| KapKivov Tov Tvedpova €ivat 1 To KOwn G€ un
KOTVIGTPLEG YUVAIKEC.

-Megyorokvttapikd kapkivopo: 5% &og 10% tov kopkivov Tov TVELLOVO.
Ovopaletal £€tol enedn to KOPKVIKE KOTTapo glvar peydioa. Mmopetl va epooaviotel
oe omowdnmote mePLoyn Tov Tvevpova. Teiver va avamtuyBel kot va eEomlmBOel
YPNYOPOQ, TPAYHO OV pmopel va Kavel duokorotepn 1 OBepameio. ‘Evag vrotdmog

KOPKIVOUOTOG UEYOA®Y  KVTTAP®V, YVOOTOG ©G KOPKIVOUO VELPOEVOOKPIVIKA



HEYOA®MV KLTTAP®V, €ivol o ToYEWG OVOTTLUGGOUEVT] HOPPY| KopKivov mov eivat
TOPOLOLD. LLE TOV HKPOKVTTAPIKO KOPKIVO TOL TVEDLOVOL.

AA\ot TOmoL KapKivov TOL TVEDLOV
Mol pe tovg 2 kHplovg TOHTOVG KOPKIVOL TOL TVELHOVO, GAAOL OYKOlL UITOPOvV,
MydtEPO GLYVA, VA ovaTTTLYHOVV GTOVG TVEVLOVEG:
Koapxwvoedeig dyko: Apopodv Mydtepo and 5% tov Oykwv tov mvedpova. Ot
TEPLOCOTEPOL EYOLV  apyn avamtvln. Mepucol TOTOL KOPKIVOEWDOVS pmopel va
eCamlmBolv, aArd £xovv cLVNOBMG KAADTEPT TPOYVMOOT] OO TOV UIKPOKVTTOPIKOV 1|
Un UKPOKLTIOPIKOD KOpKivov tov mvevpova. Atydtepo ocvyva eivoar to druma
Kapkivoewdn. H mpdyvoon yior avtovg Toug dyKovg eival KAmov HETAED TOV TUTIK®V
KOPKIVOEW®MV KOl TOV UIKPOKLTTOPLON KOPKIVOL TOV TVEDLOVAL.

AAlot YKol ToL TVED OV
AALot TOTTOL KOPKIVOL TOL TVEDUOVO OGS 0OEVOKVOTIKG KAPKIVAOUOTO, AELPDLLOTOL,
COPKAOUOTO Ko, KoODS KoAoNOES OYKOl TV TVELUOVOV OTMOC OUAPTOUATO Eivol
onaviol. 'Exouv d1apopetikovg Tapdyovteg KIvduvoy omd TOVS IO KOOV KAPKIVOUg
TOV TVELUOVOV.

Metaotatucol Kopkivol Tmv mveupdvav
Koapxivolr mov Eexwvobv oe dAlo 6pyava (OT®G TOL HACTOD, TOL TAYKPENTOS, TOV
veEQPP®V, N TOL 0EpUaTOG) Umopel pepkEg Popég vor eEamhmBodv (LETAGTAON) GTOVG
TvedpoveS, aAAG Oev elvar kapkivog Tov mvevpova. o mopdderypa, o KopKivog mov
Eekvd 6T0 HOOTO Kot eEOMAMVETOL GTOVG TVELHOVEG €lval aKOUN O KOPKIVOG TOV
poaotov. H Oepaneio eEaptdton omd v Tpoérevot), oniadn 1o 6pyavo OTov £3peVEL 1)
TPOTOTOONG E0TIA.

Ot votvmor tov KIT anewcoviCovror otnv Ewcova 1.
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major histology types

Large cell
carcinoma
5.0%

' Squamous cell
carcinoma

Percent distribution by histology among histologically
confirmed lung cancer cases, 2001-2004

SEER Database, Lung and Bronchus Cancer (Invasive), 1975-2004,

Ewova 1. Yrnotvror MMKII.

Emonuoroyikd ocoonéva

Y& moykOGHo KAIHoKO, 0 KopKivog Tov TVEDUOVO €ival O TTO KOWOG TUTOG
Kapkivov 6Gov aeopd oty emintwon oAAd Kot T Ovnrommta. H mheoyneio
oyetiCetarl pe 10 KAmviopo, av Kot £xovv evoyomoindel kot dAiotr mepiBailoviikol
TOPAYOVTES.

Yoppova pe tov Iaykoopo Opyaviopd Yyelog, o Kapkivog tov mvedpovo
TAPOUEVEL ] KOPLOL oTio BovATOL amd KapKivo 6Toug Avopeg Kot 1) 0e0TEPN LY VOTEPT
attio Bavdtov amd Kapkivo oTIg Yuvaikeg, Pe Kat' extipunon va ufdvetot yio to Eva
néUnTo TG BvnrotTog maykoouing (1,59 ekatopdpia Bdvatot, 19,4% twv cuvoAiK®V
Boavatov and xapkivo. Extipdror 6tt amotelel mepi to 13% (1,8 exkatopdpla
TEPIOTATIKA) OA®V TOV TPOTOSNYVOGE®V Kapkivov yio to 2012, etdvovtag to 58%
oe Myotepo avemtvypéveg meployés. [a v EAAGSa, o mo cvyvog kapkivog eivor
0 kapkivog tov mvedpova (6.884 véa kpovopata kot 6.434 Bdvatol 1o 2012) ko
aKoAovBoVV 0 KapKivog TOV HAGTOD, 0 KOPKIVOS TOL TToy€0g EVIEPOL, O KAPKIVOG TOV
TPOCTATN Kol 0 KOPKIVOG TNG 0upoddyov KHGTNG.

Ytovg Gvopeg, ta vynAdtepa mocootd eupdviong KIT frav ot Bopew
Apepwn, v Evpomn, v Avatoiikn Acta, Tv Apyevivg kat v Ovpovyovdn kot
TOL YOUNAOTEPO TOGOGTA TAV GTNV VITOGAY AP0 APPIKT|. XTIC YOVOIKEG, TO LYNAOTEPA
nocootd KII ntav otn Bopeia Apepikn, t Bopewa Evponn, v Avotpoiia, tn Néa

Znhovdio kot v Kiva. [opd tov yopunid emmolacpiod Tov Konviopatog, To T0c00Td
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KIT o¢ yvvaikeg otnv Kiva (21,3 nepurtdoeig avda 100.000 yovaikeg) nrov vymidtepa
a0 TO AVTIGTOLYO TOCOOTA GE YUVOIKES KATOL0G EVPOTATKNG Y®POS. AvTd ThovOV va
0QeiAeTOL OTN POTTOVGT TOV OEPO ECOTEPIKAV YDPWOV OO avaBLHAGELS AvOpaKa, TOL
ocvvnBiletor va ypnoomoteitol ¢ KOVGLO Yo GOUTEG Kol Yol TO HOYEIPEUD GTNV
Kiva (7). Hopd tic KAmolec PEATIOCEIS OTIC YEPOVPYIKEG TEYVIKEG KOl OTIS
ouvdovoouéveg Bepameiec kKaTA TIG TEAEVLTOIEG OPKETEC dekaeTieg, O KOPKivOg TOL
nvedpova Tapapével pio amd Tig To Bavatneodpeg popeéc kapkivov (8). To oyetikd
TOGOOTO TEVTNETOVG EMPiwong Yo OA Ta 6TAd10 GVVOAIKA elvan mepimov 17% oTig
Hvopéveg [MoMrteieg yia ta étn 2002-2008 and 12% mov ntav ta £ 1975-19776 . To
1060010 SeT0Vg emPimong ayyilel To 53% Yo TIg TEPMTAOGELG TOV aviyveDOVTAL OTAV
N vVOGOG TOPOUEVEL EVTOMICUEVT], OAAL povo to 15% tov KII daytyvdokoviotl o€

aLTd TO TPOYLO GTAJO.

2. MMapdayovteg oxeTILONEVOL pg TNV GVATTUEN TOV KOPKIVOD TOV TIVEDVHOVA

Kanviepa

O kapkivog TOV TVELULOVOG KATEXEL TO UEYAAVTEPO TOGOCTO BvnTdTNnTOS KOt
Bvnodmrag Kot ota dvo eOAa otig HILA.. Xe cVykpion pe ta mocootd Bvyntdtntog
kot Bvnoyomtog tov KIT oty mapovca emoyn (Ewdva 2), to 1920 Bempodrtav
ondvia voGoc, apov avapépovtal povo 956 nepumtooelg KII. And to 1950 ko petd
avayvopiotke g cofapd mpdfinua g onpoctag vyesiog (9). H evtomon véwv
TEPIOTATIKMV G AVOPEG KopLuedOnke T dekoaetioo Tov 1980 (pe mepinov 87 acbeveic
dva 100.000 dropa), evd 1 ERMITTOON TNG VOGOU GLVEXICE VO OVEAVETOL KOl OTIG
yovaikeg, etavovtog ta 42 mepiototikd /100.000 to 1991. Metd 1o 1982 1 enintoon
OTOVG AVIPEG 1IGGOPOTNGE, EVM Y1 TIG YUVAIKES cLVENIoE I avEavopevn mopeio aALd
pe pkpotepo pupod. Amd to 1987 kan petd, n eninwon g Bvnromrog anod KIT otig
Yovaikeg LIEPEPN TNV TOV KAPKIVO LOGTOV, TOL AOTEAOVGE TN GLYVOTEPT aiTio

Bavatov amd KapkKivo yia Tig yuvaikeg yio méve amd 40 €.
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Trends in death rates, 1930-2012
er 100,000, age adjusted to the 2000 US standard populatior

Ewova 2. Taoeig Bvnromrag K.I1. (cancer.org)

H avénomn tov KIT eivon dpeca cuvdedepévn pe v avénon oty KaToviimon
Kkamvol kot totydpov. Ztig H.ILA. o KIT npe dactdoelg m dekaetio Tov 1930 o
tov Ilpdtov IMaykoopiov IToAépov, wWwitepa otov avipikd TANOLGRO, AdY®
kanvicpatog. [Mapdpoto avénon mapoatnpndnke Kot otig yuvaikeg Katd tov Agbtepo
[Moykdopo [ToAepo, g kot tn dekaetio tov 1960. Me Bdon to dedopéva TOL
[Maykdopov Opyavicpov Yyeiog, €€1 ekatopvplo dvBpomor mtebaivovv kKabe ypdvo
eCartiag Tov Kamviocpoatog maykoopuimg. Ot mBovotnteg Oavdatov amd KIT eivon
EIKOGIOV0 POPEC TEPLOGOTEPES GE AVOPEG KATVIOTES KOl OMOEKA POPEG GE YUVOIKESG O

oyxéomn pe un kanviotég (10, 11).

Hhwxia

H mBovomta epedviong KIT avéaveton pe v adénon g mAkiog,
aveaptNTeOg eOAOL Kot ELANG. Me v avénon g nikiog dvokolevel 1 Bepameia
Kol petvetal n mlavotta avacTtoAng g Ovnondttog pnetd omd Bepamevtikés
napepPacelg  (12). 'Exer  moapammpnbet o611 m mbavoémmro  epeovicewmg
AOEVOKAPKIVOLOTOG, OV 0moteAel To 50% TOL UN-HIKPOKLTTOPIKOD KOPKIVOL TOL
nvevpova (non-small cell lung cancer — NSCLC), givor vynAdtepn o€ véovg Tapd e
niukiopévoug acbeveig (13). ‘Exet eniong mpotabet 61 0 KII mapapéver mo emBeticog
o€ véoug aoBevelg, dev VIapYoLY OUWOG aKOpo amodeilels. XoPapd onueio kAWl Y
NV mopeia TS VOGOV TAPOUEVEL 1] GTASIOTOINGT TOV KOPKIVOL KoL TNV 16TOAOYiO TOV
(14).

O xkapkivog Tov mvevpove Eekivd mo cuyvd oto emOnAoKd KOTTOpO TOV
LEYOADTEP®OV GE OLAUETPO PBPOYY®OV N KPOTEPOV SOU®Y, OTMS To Ppoyytolla 1 ot

KOYeLdec.Ot kapkivol TOv TVEDHOVE TIGTEVETAL OTL APYOVTOL MG TPO-KOPKIVIKESG
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eotieg. AAMayég ota yovidia (DNA) tov mvevpovikdv Kuttdpov pmopel va
TPOKOAEGOLV TOV TOYVTEPO TOAAATAAGLOGUO TOuG. Ta KOTTOpO oVTO pmopel va
eoaivovtol Alyo avodpoid, ov To SOOUE KATO amd Vo PIKPOGKOTLO, 0ALYL GE 0VTO TO
onpeto dev oynuatiCouv akoun po pdlo M 6yko. Ot ahdayég avtég dev paivoviot
OTNV OKTVOYPaPio Kot 0&V TPOKOAOVV GUUTTOUATO.Me TV Thpodo Tov xpdvov, Ta
AVOUOAO KOTTOPO OTOKTOVV EMTAEOV YOVIOLOKES aAAAYES (Kapkivikn eEahdayn)). Qg
€vaG KapKivog TOL OVOTTUGGETOL, TO KOPKIVIKA KOTTOPO, TOPAYOLV YNUKEG 0VGIES
OV TPOKOAOVV TO GYNUOATICUO OHLOQOp®V ayYeimv o Kovivhy andotacn. Avtd ta
ALLOPOpa ayyeio TPEPOLY TO KAPKIVIKA KOTTOPO, TO OTTOi0 LTTOPOVV VO GLVEXIGOLY Vi
avamTHCCOVTOL KOl VoL GYNUATICOUV Evay OYKO OpKETE PEYAAO MOTE VO Elval opaTog
0€ OMEKOVIOTIKEG EEETAGELG OMMOG OKTIVOYPOPieS.Ze KATO10 onpeio, KOTTOPA OO TOV
Kuplog KopKvikd Oyko umopet va Eehyovv kot va eEomAwBovv oe GAAa LéPN TOV
odpotog (petdotaon). O Kapkivog Tov mvevpova givol por omelAnTiky yio ™ Con
acBévela, emeldn teivel vo eEamAwbel pe avtdv Tov TPOTO, AKOUN Kol TPV VoL UTopel

vo oviyvevbel amekovioTikd Omwg o aktvoypagio Bmpakoc 1 pe v agovikn

TopoYpapio.

Heprpdariov

O KII oyetileton pe 10 emayyelpotikd mepipdArov kar pe v ékbeon oe
dAAOVG KOPKIVOYOVOLS TTapdyovTeg €KTOC amd to kdmviopa (15). Tétolor mapdyovieg
elval To apoeviko, 0 apiovtog, TOmol abépa, 1 YPOULVKIVY, Ol VOPOYOVAVOpPOKES, TO
aéplo HOVOTAPONG, TO VikeL Kot M axtvoPoAic. Xe Propnyovieg Kot cvyypova
vavmyeia 1 €ékBeon oe apiovto amotedel artoloyikd mapdyovra epeovicews KIT. H
ékbeon oe ovphvio oe gpydreg opvyeimv €xel ocvoyetobel pe TV gnedvion
UIKPOKVTTAPIKOV TUTTOL Kapkivov (small cell lung cancer- SCLC) kot yopoaktnpiotikd
etvar mwg Tov 190 audva o tHmog avtdg ™ vocov ovopalotav «ebiong opvyeiovy. O
Saccomanno kot ot cuvepydteg Tov avakdivyav nMynAid mocootd KII oe epydteg
opvyeiov tov Kolopdvto ot omoiot ektiBovtav ce ovpdvio. Ta mocootd avtd

eKTOEEVHOVTOV OTAV GLVLTINPYE Kol KATVIGTIKY cuvnbeta (16, 17).

Kinpovomkétnta

Eivar yvootd 011 évag peydiog aptBpudc Kamviotdv, cuUTEPIAaUPavouévmv
Kol Bopé®V KOTVIGTOV, 0eV avantHcoovV kapkivo Tov mvedpova. [Tibavog, Aordv, n
vO60G e€apTtdTal Kot amd T YEVETIKY TPpodldbeon kal {owg Kot £Tepa KOpKIvoyova.

Meléteg éyxovv deiletl 6tL o1 mBavotnteg eppdviong KIT dev e€aptdvior amd 10 10
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OKOYEVELNKO 10Topkd. [evetikn mowilopopeio TOV a@opd onyv amAVINGY TOL
OOUOTOC GE AVOGOLOYIKOL TOTMOV cvpuPdvia iocwg va kabopilel meplocdTEPO TNV
dpovo Tpog ta dpopa Kapkvoyova Kot ev TéAeL T mavotteg eppavicewmg KIIT.
AAleg peréteg deivouv Ot M avantuén tov KII oe evijlikeg kT tv 50 etdv
oLoYETILOTOV e €V EMIKPOTEG OTAVIO OVTOCOUIKO YOvidlo. Avtd o yovidlo dgv
EVTOMIOTNKE GE MO NAMKIOUEVOLS 0GOEVEIS e TN VOGO. ZVVETMG GTOVS LEYAAVTEPOLG,

N Pacikn artia g vOcou mapépeve n kBeor otov Kamvo Tov Totydpov (17).

I'evetikéc petoforéc

H oApatodng avantoén g poplakng Proloyiog odnynce oty ovayvaopion
YEVETIKOV aAlay®dv otov avOpdmivo KIT. Opwg,  motidio YEVETIKGOV OVOUUADY TOV
EYOUV eVTOTMIOTEL £XEl TPOKOAEGEL GUYYLON G TPog TV a&io Tovg 6T dnuovpYia

AL Kot oty eEEMEN Tov KTI(6).

Oykoyoviow

[Ipdkettar yoo owKoyéveleg Yovidimv Tov 1 €KQOPOCTN TOLG EMAYEL TNV
kapkwvoyéveon (Ilivaxog 1).

MMivoxog 1.

Kapxivog [Tvevpova: Oykoyovidia kat OykokataotaAtika ['ovidia

SCLC NSCLC
c-myc N-ras, K-ras, H-ras
L-myc ¢c-mycc
N-myc c-raf
c-raf c-fes
Oykoyovidia c-myb c-fur
c-erbB1 (EGFR) c-erbB1 (EGFR)
c-fms c-sis
c-rlf c-erbB2 (HER2/neu)
Telomerase Bell
GRP/BN MEK1
Braf
Rosl
OyxoxataoTaATk p53, Rb, Pten p53, Rb, Pten
yovido
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Tnv tehevtaio dekoetio £yl koTaotel Tpoovég 6Tt ot vrrdtvmol tov NSCLC
umopovv vo ta&tvounovv pe PBaon 1o poplakd eminedo, Pe OPICUEVES «OOMYESH
petaAraéelg mov cvppaivovv oe d1dpopo oykoyovidla. Xe avtd mepAapPavovTol To
Aktl, Alk, Braf, Egfr, Her2, Kras, Mekl, Met, Nras, Pik3ca, Ret kot Rosl (18). Ot
«oOMYée» UETAALNGEEIS KOTOAYOUV GE €VEPYOTOINOT| UETOAAAYUEVOV TPOTEIVOV
ONUOTOdOTNONG MOV  EMAYOLV Kol Otnpodv TNV  Kapkivoyéveon. Avtég ot
petaAraéelg omdvio  Ppiokovtar tovtéypova otov 0o dyko. MetaAddelg
avevPpiokovtar oe 6AoVS Tovg VITOTVLTOLG ToL NSCLC (adevokapKivep, TAUKDOES
KOl LEYOAOKVTTOPIKO KopKivepa) Kabdg Kot 6 OAOVG TOVG EvEPYOVS, TPONV Kot Un
KamvioTég. Ot Un KOmVIGTEG e 0OEVOKAPKIVOUO £Y0VV TN UEYOAVTEPN EMIMTOON OE
uetaAraéelg Egfr, Her2, Alk, Ret kot Rosl.

To povomdtt Tov vrodoyéa Tov emdeppKod avEntikov Tapdyovta (epidermal
growth factor receptor, EGFR) givat éva a6 ta wo cvyvé amopuduicpéva povomdtio
otov MMKII. H owoyéveia tov EGFR vrodoyémv amotedeiton and dapepppovikong
Vod0YElg TOTOL TVpocIViKNG kKivaong (TK) kot meptrapfaver tov EGFR (@ ERBBI 1
HER1), tov HER2 (1 ERBB2), tovHER3 (1 ERBB3), xa1 tov HER4 (4 ERBB4). O
kaAvtepo peretnuévog TK vmodoyéag otov NSCLC eivar o EGFR kot ot
EVEPYOTTOMTIKEG UETOAAAEEIS TOV OTOTEAOVV GYUEPO TOV KUPLO HOPLIKO GTOYO TNG
vooov. Ot petodrdEelg tov EGFR eivon mo ovyvég oe moté xomviotpleg e
adevokapkivopo and v Avatolkr Acio. Extog and tig petadraéelg tov EGFR, 1
evatoOnoio oty avi-EGFR Ogpaneioa emnpedletor kor amd GAAo péAN g
owoyévelag tov EGFR, 6nwg tov HER2. O HER2 vrepekppdalerar mepimov oto 20%
tv NSCLC kot 1 VIepék@pacn ot GTO TPMOLO GTAS0 TOV 0OEVOKOPKIVOUUTOS
nvevpova £xel cuvoebel pe Kakn tpdyvoon. Iapodra avtd, n evepyonoinon tov HER2
amd puoévn g omdvio omotedel KAvikd mpoPfAnua, a@ov cvvnbwg oyetiletarl pe
evepyomoinon tov EGFR ot xoAn avtamdkpion oty ovit-EGFR  6Oepamneio.
Evtovtoig, évag coPapdg meploptopog g BEpUmTEVTIKIG OVTNG TPOGEYYIONG EVAVTLL
otov NSCLC eivor n emiktnm avtoyn ot Bepaneio mov avantdccovv ot acbeveic
Katd TN odpkeln N petd v orokAnpwon ¢ H epupdavion tmg EGFR T790M
ONUEWKNG UETOAAAENG amoTeLel TOAD KOAG HEAETNUEVO LNYOVIGUO OELTEPOYEVOVG
avToyNg o€ v omd 10 68% TV 0cOevOV e OYKOVLS apyIKA EvaicONTOVG GTNV AVTL-
EGFR 0Ogpancio. Ze dAleg mepintdoels, evepyonoinon tov HER2 pumopet va evBovertan
v eniktnn avtoyxn otovs EGFR avaotoleic (18).

To povomdrt onpartodosiog tng Kvaong g 3-emoeotvoottiong (PI3K) sivat

emiong moAd ovyva evepyomompévo otov NSCLC, péow petaArdéewv oto yovidl
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PIK3CA, AKT1 71 PTEN. Eivot a&loonpeioto 6t 10 yovidio PIK3CA eivou mo cuyvd
evepyomomuévo oto KIT amd mhokddn kOTTOpo mopd 6To 0OEVOKAPKIVOO, EVEO
LETAALAEELG TOV 0OMYOUV GE OMMAELN AELTOVPYIOG TOV OYKOKOATAGTOUATIKOD YOVIdIOL
PTEN, apvnrtikov pvBuiot) tov yovidiov PIK3CA, spopavifovtar e mocootd 10%
tov KIT (19). Ta yovidwo avtd amoteAodv duvntikovg otoyovg evavtio oto KIT amd
TAOK®OON KOTTOPO, €VM TPOKAWVIKEG UEAETEG OvEDEEAY TOAAG VTOCYKOUEV
OVTIKOPKIVIKY OpAoT TV OVOCTOAE®V TOV GULYKEKPIUEVOL povoratioV. Extdg amd
ONUEOKEG HETOAAGEELS, eVioyDoelg Kot anmAgles Yovidiov, otov NSCLC amavtdvton
kot petabéoelg. To yovidio ELM4A/ALK éxer kotadeydel oG oavomvenotikod
oykoyovidlo kot ot acbevelg mov ekepdlovv TN YWOPIK) TPOTEIv) o detypota
Oyk@v TOVG mapovslalovy  KOAN  avtoamdkplon otov  ovaotorléa g ALK
kpotwvipmm. Emopévamg, to yovioro ELM4/ALK amotelel onpovtikd poplokd otdyo
ywo 10 Bepomevtikd yeptopd tov NSCLC (20).

Mo amd TIC TPAOTES YOVIOLAKES OAAaYEG oV oyetiotnkay e tov KIT ftav n
evioyvomn Tov 0yKoyovidiov c-myc, OTMG TaPUTNPHONKE KUPIWG 0E PIKPOKVTTAPIKOVS
kapkivoug mvevpova (SCLC). Ta wdttapa mov yoapoaktnpiloviav amd avt v
yovidlakn evioyvon mapovcialav ToAD YpNyopo SMAACIAGHO, VYNAOTEPEG KAWVIKEG
otabepég Kol peyaAvTePN ovToyn otV aktvoPolria amd diiovg tvmovg SCLC (19,
20). H ovvolikn a&la g vrepékppaong Tng otKoyévelng yovidiomv myc dgv €xel
Tpog Eexobaplotel. Tevikd ot KLTTOPIKEG OEPEG HE TNV TPOTOTOUUEVN
popeoioyio. NTav Mo ovOEKTIKEG 0T YMueobepaneio Kot otnv akTvobepameio Kot
otovg dvo Paocikég katnyopieg kapkivov (SCLC, NSCLC) (16). Opwg, pdidov dev
amoTEAEL TPOTOYEVEG QOVOILEVO POV ELPaVIfeTOL g petovotnTo Kopkivey (21, 22).

H owoyévela ras (oporoyn He TOV 10 TOV GOPKMOUOTOS TMOV TOVTIKIOV) £XEL
tpion KOpla uén yovidiov, ta H-ras, ta K-ras kot ta N-ras to omoio &ivor ta
TEPLOCOTEPO  EVEPYOTMOMUEVO OYKOYoVidla evtomldpeva o€ ovOpdmvo Kopkivo.
Kwdwonoodv po mpmteivn cyclin-dependent kinase inhibitor 1 (p21) n omoia
Bploketor otV €0MTEPIKN EMPAVELD TNG TAUGULOTOKVLTTOPIKNG HEUPPAvNG, Exouvv
dpactnpromta GTPAoNG Kot Umopovv va GUUUETEXOLV OTN HeTAPOPd onudtmv. Ot
petaAraéelg Tov yovidiov EGFR kot KRAS eivatl apotfaio amokAedpeveg kot 1 pn
(QLOIO0AO0YIKT| gvepyomoinon Tov povoratioh Tov KRAS éyetl oyetiotel pe mpotomadn
avtoyn otovg avaotoreic EGFR. Ot petodhdEeic tov KRAS éyovv og amotédespa
OVLGOTATIKY] EVEPYOTOINGT TOV oNpotodoTikoy povoratiod RAF-MEK-ERK.

Meléteg o€ movTiKia Pe KOPKIVO TVEDLLOVOS EVOYXOTTOLOUV YoVidld ras yio TV

e€EMEn ¢ kapkivoyéveons. Ot petodrddéels apopovcav kupiog GC pe AT alhayécg
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vrodeikvoovtag 6t M pebviiowon tov DNA amotelel mibavotato tov kOpo Adyo
avENCEMS TG veomAlasiog amd avtd ta Kapkivoyova. Ot peréteg vrootnpilovy 0T 1
evepyomoinon tov ras cvuPdiier oty avantuén KII. H evepyomoinon ras agopd to
éva 1pito mepimov tov adevokapkivopdtov tov KIT acbBevov pe Bopd 1otopikd
Kkamviopotog (23, 24).

Ta oyxokotaotaATikd yovidwa oyetilovtal pe aveEEAeYKTO TOAAATANGIOUGUO
KOl KUTTOPIKY ovanTuén Kot glvanl cuvendg vrevbuva yio kapkivoyéveon. O poAog
TOVG OTNV KapPKIvoyéveon oyetiletal pe tnv anevepyomoinon GAlwv yovidiov, n oroia
umopel vo. ouviedécel oty ovamtuén Kamowov oOykov (25). H ovyvf epedvion
ypopocopokdv dypapdv ota SCLC kot ota NSCLC vrodnidvel 0TL 1 amdAe
€101KNG YOVISLOKNG Aettovpyiag umopel va gival éva kpioywo Prpa yo v avamtoén
Kapkivov mvedpova. AVO TOAD OMUAVTIIKE 0YKOKOTOGTUATIKG YOVIdld GTOV KapKivo
TOV TTVEDUOVA €lval o1 TUPNVIKEG POSPOTPMTEIvEG pS3 Kot Rb (26-28). To yovidio
pS3 xwowkomotel poe mpoteivy 375 apwoééov 1 omola pmopsl kKo oynuotilet
ovuUTAoKa e GAAeS peydieg mpwteiveg dnwg to avtryévo T kot 1 end-binding protein
1 (E1B). Ot petodrdéelg Tov yovidiov gival cuyvég oe TAnBmpa Kapkivov. O axpifng
POLOC OVTOV TOV pPeTOALAEEDV amoTtedel Kot onuepa Bépa mpog depgvvnon (29).
Apketd akdpa yovidla £govv Bewpnbel vroynela o¢ oykokatactaltikd. To yovidio
pl6 givon cvyva amevepyomompuévo oe apkeToHS KOPKivoug, Ommg Kol GTOV KOPKIVO
oV Tvedova. AAla yovidia Aydtepo cuyva avagepoueva gival to, Phosphatase kot
tensin homolog (PTEN), Candida albicans HOG1 kot 1 BRCA associated protein
(BAP1).

3. Khvikn copnrtopatoroyio Kapkivov Tvevpova

Ta cvotnpotikd - pn €01KA onueio Kol GUUTTOUATO ivol KO TOCO GTO.
SCLC 6060 kot ota. NSCLC, evd dtopépovv avdAoya pe Tnv vIOmion Kot To péyehog
oV Oykov. Ot kevipikol ®¢ mpog TN B€om dykor mpoKaAovv Py, €VIOTICUEVO
OLPIYUO, OUUOTTVOT OAAG KOl GUUTTORATO amoepaing tov aepaywyoy. Ta
CLUTTOWOTO KO onpeio Tpokalobvtal and Tov TpmTomadn GyKo, TIG LETACTACELS KOt
TOL TOLPOVEOTAOGLOTIKG GOVOPOLLAL.

Ta kvptoTEpO cupTTOUOTE OO TOV KOPKiVo TOL Tvedpova gival ta eENG:

*  Bryag
e Avomnvoua

*  Awdntoon
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*  Oopakikd Ghyog

*  Bpayxog ewvig

*  Ynotpomalovoeg AoUDEELG

* Tevikd ovuntdpota avopeéia, Kakovyio, OTOAEW fAPOVG
*  00TIKA GAyN

*  NevpoAoyikég EKONAMGELS

*  Avcoayio

e XHvdpopo dvo koiing eAEPag

*  X0Ovdpopo Horner

Ta mapaveomlaopatikd cuvopoua givarl o cvyvd oto SCLC ko oyetiCovton pe
TV TOPAY®YY] TOAVTERTOWK®V opuovav. Ileptypdeovtar oto mhoicie ovtd TO
2Ovopopo ampdGEopNg EKKPLONG OVTIOOVPITIKNAG opudvng, N mapaywyn Extomov
AOPEVOKOPTIKOTPOTOL OPUOVIG, VIEPUCPESTIOLLIC, VEVPOUVOTAOEIEG Kol ZVVOPOUO
Lambert —Eaton kot T€A0o¢ vtepTpo@ikn TVELLOVIKT 0GTEONPOpOoTdOELaL.

YuvBmg 1M odyvoon yivetoar ota mAOiclo TNG SlEPELYNONG KATOW®Y Omd To.
nopomave ocvuntopate. H mpdtn e&étaom mov yivetar eivar ovvnBog pio
axtvoypagio Odpakog, otnv omoio Umopel vor Gaivetal 0 KopKivog Tov mvedovaL.
Axoro00mg, mpaypatonoteitoan a&ovikn topoypapia 0dpaxog (CT) yoo tov akpipn
kaboplopd G B€ong TOL OYKOL KOl TNV EKTIUNOT TOV ASHEAOEVOV  TOL
pecobwpakiov. Xt ocvvéyela, eivor amapoitntn n AN Poyiog and tov Kopkivo i
Kol amd TUYOV VIOMTOVG AEUPAOEVES, APOV O 1OTOAOYIKOG TOMOC TOL OYKOL GOE
oLVOLOCUO e TNV EKTOOT TNG VOoOoV Ba kabopicovv to €1d0g ¢ Bepaneiag. H froyia
yivetanr cuvHOMG e BPOYYXOCKOTNGON Kol OPIGUEVEG POPES, OTOV VT deV Elval EQIKTO,
pumopel  va  yiver pe dwdeppukn  mopakévinon e palog vad  OmEKOVIGTIKN
kaBodnynon pe CT. Télog, o€ KAmOlEg TEPIMTAOGELG 1 TOVTOTOINGT TOV OYKOL UTOpPEl
va yivel pe KuTtapoloyikn e£€Taon TV TTVEA®V TOL 060evoDC. AAAEG OOYVOOTIKEG
egetdoelc mov umopet va yivouv givar: CT kotdiog Kot €yKe@Aiov, oTivONpoypaen Lo

oot®v, PET-CT, kot evoockomikd vepnyoypaenuo (EUS).

4. ITolvopa i ko Kapkivog

A

Aopn
O1 molvopa 101 etvar DNA 101 (dikAwvo DNA, ~5.000 evyn Bhocwv, KokAwoO

yovidiopa), pikpoi (40-50 nm oe SWGUETPO), £€XOVV EIKOCOEOPIKN Ooun Kot Ogv

neptPdAlovior and MmonpoTeEivViKd @drkero. Ot KOpleg puOUGTIKES TPOTEIVES TOVG
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etvar ot large tumor antigen (LT-ag) kou small tumor antigen (st-ag) (Ewova 3), evod
TOVAGLoTOV dvo dopkég pmteiveg (VP and VP2) danpiovpyodv to kayido (Eucova
4). Ov pvBuotikés mpowteiveg ekppdlovior mpoOWo Kotd T poOAlvvorn kot
CUUUETEYOVV OTNV UKN UETAYPOPN KOl TOV UKO TOAAUTAAGLOGUO, EVAD Ol OOUIKEG
npwTeiveg exppalovtal dya 6tov ukd kKokAo poivvong (30). TToAlol moivdpa ol
KOOIKOTO00V eMMAEOV pLOUICTIKEG Kot dopukég Tpwteiveg ( yia mapaderypa ALTO,
VP3, VP4, agnoprotein) (31, 32). Eivatr duvntikd oykoydvol (mpokaiodyv dniadr|
dNpovpyio OYK®V) Kol GLYVA ETUEVOVY TPOKAAMVTAG AOVOAVOLGES LOAVVGELS GTOV
Eeviot Yopig Vo TPOKOAODV EkONAN VOGO, OAAL UTOPEL VO TPOKOAEGOLV TNV
EUPAVIoN OYK®V o€ €vo EEVIoTH] SlopOpETIKOL €100VC N 6g évav Eeviot) pe éva

OVOTTOTELECUATIKO OVOGOTTOMTIKO GUGTNLLO.

Polyomavirus genome

origin of replic atio,

yrOMOter enhap, .
)y

circular =
~ 5000 base pairs
regulatory region
early unit

— large T-antigen
—small T-antigen

late unit
—VP1,2and 3

Pt
0,
'vadenylation
Signal

Poulin and DeCaprio, 2006

Ewova 3. Tovidiopo ToAvoua uov.
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VP3
Histone ko {\

Genamic DNA '

)y
-~

Ewova 4. Kayidio kot Sopkég mpoTeives.

Iotopio kon EevioTég

O mpdTog moALONA 10¢ avaKaADVEONKE o ToVTiKia e Agvyoio T dekoeTio
tov 1950 and toug Ludwik Gross, Sarah Stewart kot Bernice Eddy (33). ‘Edeiéav 61t
10 omMOnuo amd ta mEWPapatdl®o PTopovoE VO TPOKAAECEL OYKOYEVESYT OE
veoyévvnta movTiKio Kol apyotepa omodeiyOnke OTL ovtoi ot Oykol MTav oTNV
npoypaTikodTnTo 10i. ATo ekel kot mpav to 6voud tovg, [ToAvdpa (Polyoma) to omoio
AVOPEPETOL OTNV IKOVOTNTO TOV 1OV VO, SNUovPpYovy ToAlamiovg (poly-) 6ykovg (-
oma). O TpdTOC TOAVONA 106 G€ TPWTEVOV amopovodnke to 1960 (34). O 16¢ avtdc,
Simian virus 40 (SV40), eiye v wavomto vo petaoynpotilel kdtropa,
TEPILOUPAVOLEVOV KOl TOV avVOPAOTIVOV, DGTE VO Tapdyouy dyKovg o€ Hovtéia (dmv
KaOdg Kot va glvarl Tapodv oe avBpdmivoug kopkivovs. H oykoyevetikn dvvotdtmra
tov SV40 Baciletar oto LT-ag, to omoio pmopel va cuvoehet e T 0YKOKOTOGTOATIKA
yovidowa pS3 kot pRb, va mapéuPer oy emdopbwon tov DNA, v andntwon, v
KUTTOPIKY HETAYPOQN, TNV TPOTEWVIKN amodounomn, m Asurovpyio telopepdong,
OVOGOLOYIKEG KOU PAEYUOVMOELS OMAVTNOCELS, VO EXAYEL TNV OYYEWOYEVEST] Kol TNV
KUTTOPIKY petavaotevorn. To SV40 st-ag pmopel vo GuvOpdpel TO0 PETOGYNUATIOUO
HEC® NG OmEVEPYOTOINGNG TG TPWOTEWIKNG pocpations 2A (35, 36). Extdg tov
SV40 kot tov Baidooiov morvdua 100, dALol pun avBpdTvol moAvdua 10, OT®MG O
TOALOUO 10G TOV YAUCTEP, O AEUPOTPOTOC TOALOUA 10G Kot 0 simian agent 12 &yovv
QOVEL VO KOTEYOLV OYKOYEVITIKEG 1O10TNTES GE KLTTOPIKEG KOAMEPYELES 1 LOVTEAQ
Cowv (37-39). Ouwmg, 0 0yKoyeVETIKOG POLOG TV 1OV AVTAOV GTO PLGIKO TOVS EEVIOTN
TOPOUEVEL OCOPNG. XTNV TPOyUATIKOTNTO, HOVO évag molvdpo 10¢ ONAaCTIK®OV
eoaivetor va givol coedS GLOYETIOUEVOS LE Kapkivo oto @uokd Eeviot) tov. O
ToAOOUA 106 TV TpokO®V [Raccoon polyomavirus (RacPyV)] npmtoavayvmpictke

oe Oykovg peTOmoioV AoBdV Kol 0GOPNTIKOV 00V ond mpokvwveg (40). M
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TEPIMTOON AEUPOUOTOS Oomd TOAVOHO 10 OE YAUOTEP €KTOC epyootnpiov €xel
neptypoapet (41), evd dvo véol moAvdpo 1ol OnAacTiK®V €xovv amopovmbél amd
KaAon0e1g dykovg: €vag molvopa 10¢ omd wobnlopa yAdooag Bohdociov eAépavta
Kol OAOKANPO TO Yévouo €vOg GAAOL ToALOUE 100 KAwvomomdnke omd Proyio
wopotog mpoPookidag Aepwavikod eAépavta (42, 43). Ileportépo peléteg
amortovvtol yuo vo dtepevvnBel 1 mbavotnto avtd to ONractikd va givor o aAnBvog
Eeviotg kaBdg kot €6v avtol ot ToAvoua 10l givarl ot aittoloyukol AotpmEloyovor
TOPAYOVTEG OVTAOV TMOV VAEPTAACTIKOV WVAOTIKOV 10TAOV GTOLG QUGIKOVS EEVIOTEG
TOVG. Xg 0vTifeomn, Mo TOALOUA 101 TV TOLVAMMV JeV QOIVETOL VO TPOKOAOVLV
kapkivoug. [Tapdin v mopoOUolo YEVETIKY OpYAvVMON WE TOVS TOAVOUO 100G TMV
Ondaotikodv, ta LT-ag toug dev mepthapfdvouy opdOA0YES TEPLOYES LUE TIG AAAAOVYIES
OV TPOGOEVOLY TO P53 Kot dev mpocdévovtal 6Aa to. LT-ag tov moivdpa 1dv tov
nmvov v tepoy] LXCXE mov ypetaletal yio v npodcdeon oty pRB1 (44).
Méypt mpécpata, 1 owoyéveln Tov 1dv Polyomaviridae mepieiye pévo éva
vévog (Polyomavirus). IToAd mpdoeata (45) £yive avata&vounon g oKOYEVELNG Kol
nepopupdver  mAéov 3 yévn:  Orthopolyomavirus, Wukipolyomavirus ot

Avipolyomavirus (Ewova 5).

Large T antigen (T-1)
K
wWuv
BRY
e » SV40 Group
Jev
$V40

MoV

Avian
~ Polyomavirus
| Group

Hamstes Murine

- Peiyomavirus
| Group

Alican Geoon Moy
P

[acy]

Ewova 5. Owoyevelokd 6€vopo tng owoyévelag Tov [Toivopa wov pe Bdon to

Large T antigen.

IHolvopa woi kow AvOpmmoc

Ot mpdtor 6vo Polyoma 101 amopovdbnkav amd avOpmmovg to 1971 xon
ovopdomnkay omd To apykd TV achevdv amd Tovg omoiovg aviyvevnkav: o BK
Polyoma 16¢ (BKPyV) kot o JC 16 (JCPyV) (46, 47). Kot ot dvo 10t mapovsialovv
YEVOWIKT 0pyOvwon mov potdler mo moAv pe tov SV40 mopd pe tov Baidooiov

TOALOUO-100. XTOVG TPES TPAOTOVG omovcldlel 10 pecaio  T-avtiydvo mov
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Kodwomoteitar amd 10 BUAAGG10 TOVOUA-10, EVAD £XOVV £va EMITAEOV OWYIUO YOVIOL0
mov avaeépetor ®¢g agnogene (30). O 16¢ JC, o omoiog umopel va poAVVEL TO
OVOTVELOTIKO GUOTNUO, TOLG VEQPOVS, TOV €YKEPAAO (UEPIKES QOpEC umopel va
TPOKAAESEL TNV BovaTnEOPA TPOOSEVTIKT TOAVECTIOKY] AEVKOEYKEPAALOTAOELD) KoL O
10g BK o omolog mpokadel por fmor AoipnmEn tov avomveuoTikod Kot Umopel va
EMNPEACEL TOVG VEQPPOVS OVOCOKATOCTOAUEVOY acBevav pe petopocysvon. Kot ot
dVo 101 etvan ToAD dradedopévor: mepimov 10 80% tov eviAikov TAnbvopob otig HITA
&xovv avticopata yw Tovg wvg JC kor BK. Ado peténerta avokaAvedévieg 1ol
Polyoma, o 16¢ KI (Karolinska Institute) kot o 16¢ WU (Washington University),
oTeVl ovyyevikol petalld Tovg, £xovv amopovmbel amd EKKPICELS TOV AVATVELGTIKOV
ovotpatog. Tov Tavovdplo tov 2008, meprypdonke éva véo €idog Polyoma 100 twv
Kuttdpov Merkel kot yapaktnpiomke ©g 0 mo TOAvOS aTIOA0YIKOG TOPAYOVTAG TOV
Kapkivov tov kuttdpov Merkel (kapkivopo 6épuatog). Amd to 2007, cvuvolikd
évtexa véolr moAvoua 1ol Exovv Bpebet otov avBpwmo: KIPyV, WUPyYV, Merkel cell
PyV (MCPyV), HPyV6, HPyV7, Trichodysplasia spinulosa-associated PyV
(TSPyV), HPyV9, HPyV10 (ka1 ot MW ka1 MX), STLPyV, HPyV12, xoau NJPyV-
2013 (48-60). O emumoAacpdg 6TOV 0pO TOV SAPOP®V TOAVOUN 1OV GTOV AVOp®TO
Kopaiveror omd ~25% €wg ~100%, avaroya pe tov 10. O vyMAdg opo-emmOAACHOG
delyvel 6t avtol ot 101 elvar apketd ovyvol otovg eviikeg (61-63). Olot ot 101
[ToAvopa etvar Wiaitepo cuyvol 6TV TOSIKY NAKIO Kol GTOVS VEOLS eviAkeg (64-
66). Ot meplocoTEPES Omd OVTEG TIG LOADVOELG QOIVETOL VO TPOKOAOLV Alyo M Ko
kaBo6Aov ocvuntdpata. Eivor mbavov avtol ot 1ol va mapapévooy dia Blov oyeddv oe
6Aovg Toug evidkeg. Ta vooruato mov mpokaAoHvTol GTOVG AvOPOTOVG OO TOVG
100¢ Polyoma eivar mo ovyvd peto&d avosokatestalpévov atdpmy gite Adym AIDS
N yNpatog N HeTd and peTapdcyevon (67).

Evd ot oykoyevetikég 1010tteg tov BKPyV, JCPyV xai MCPyV og
KUTTOPIKEG KaAMEPYELEG Kot povtéda (owv €govv meptypagel kodd (68-71), udvo o
MCPyV ¢aivetor va oyetileton pe Kapkivo 6to guokd Eeviotr| tov. [epimov 10 80%
tov Kapkivoparog and kottapa déppatoc Mépkel (Merkel cell carcinoma - MCC)
etvan Betikd v yévopo MCPyV, 10 0moio TUmIKE EVOOUOTOVETOL Kol KOOKOTOLEL
éva kKoAoPopa tov LT-ag (72). DNA, RNA kafhg ko mpoteiveg tov BKPyV kot
JCPyV &yovv aviyvevbel og apKkeTong 16TOVG amd dykovg, ahAd cuyva avevpickovtol
KOl G HAPTVPES 16TOVG Ywpig veomhaoieg (73-75). Zuvendc, o OTIOAOYIKT oyéon
peTall TOV 1OV 0VTOV Kol TOV ovOpAOTIVOU KAPKIVOL TOPAUEVEL AUPIAEYOUEVT, OV

Kot 1 Topovsio Ttov BKPYV icmg va av&dvel tov kivduvo yia v avantuén KopKivov
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veppoL kot Tpootdrn, eved o JCPYV iowg va oyetileton pe kopkivo Tov ophov kat Tov
KEVIPIKOD VELPIKOL ovotnuotog (76-79). O oxetilOpevos pe TOvg TOAVOUN 100G
Kapkivog Tov opBod pmopei va opeiletar og GALOLG TOAVOLA 10VE TTOL LILAPYOLV GTO
Kkpéag, onwc mpotewve o Harald zur Hausen (80). IIpocateg avaivoelg derypdtmv
Boctov kpéatog aveSEEAV aPKETOVG TOALOUA 100G POEODV GUYYEVIKOUG MG TOVG
avBpaomvovg molvdpe ovg MCPyV, HPyV 6, HPyV7 11 dAlovg (wikovg moivoua
1006, CLUTEPILOUPBOVOUEVOY KOl TOV TOADOUO 1OV TNG (PPOLTOVVYTEPIdNG, TMV
TPOKLAOVOV Kot TV yiumatinowv (81, 82). Agv €yel axodua devkpvioTel qv ot 1ol
avTtoi pmopovv va aviyvevbolv oe Proyieg avBpomivov kapkivov Tov opbov. Me Bdon
TNV TOPOVCH YVAGCT, TEWTIKN amddeln Tov pOAOV TOVG GE OVTEG TIG VEOTANGIES

gKAglmeL.

IHolvopa i ko Xapoktnpietikd Tov Kapkivov

Atopo e OVGAEITOVPYIKO OVOGOTOMNTIKO GUCTNUO, €VOL TO EMIPPENN CE
v660, Aotdéelg kat (emaydpevo amd 100¢) kapkivo (83) (Ewova 6). Emmpdcbeta, ot
oykoiol UTOpPOvV VO TPOKOAEGOLV (QAEYLOVT], 1| Oomoio TPOJSBETEL TOL KOTTAPO TOL
EevioTn otV amdOKTNON KOPKIVOYOVEV HETOALAEEDY (84). ZOoppmva pe TV vmodeon
NG KOPKIVIKNG OVOGOTPOTOTOINGNG, TO KOPKIVIKO KOTTOPO EYXOLV OVAYKN Vol
EemepAoovy SLodoYIKA Kol HE EMAPKELN JOKPITEG (QPAGES YlO. VO OTOKTNGOLV
KOPKIVIKY €KONA®OT Kot ovAamTuén. Avtég ot PAcELS apopodV Ge OAANAETIOPACELS
petald TOL OVOCOTOMTIKOV KOl TOL KOPKIVIKOU KVLTTAPOL Kot TEPIAAUPAvoLY TNV
e€AAelyYM TOV TPOGPATO LETOCYNUATICUEVOV KOTTAP®V, U0 1IGOPPOTio, TNV 0ol TO
AVOGOTOMTIKO VoI TTEPLoPilel THV €KOLOTN TOV OYK®V, KOl UK amOOPUCT) GTNV
omoio. To KVTTOPO. TOL OYyKOL ¢givor oe 0éomn Vo TOPAKAUYOLV TIG (AGELS
avocoamokpiong tov Eeviotny (85-87). e va mpokaAécet évag 10¢ OYKOLG,
ypelovtal vo TapaKdpyovy TV arofoAn amd TO0 avOGOTOMTIKO GUGTNUO Kol Vo
EMAYOVV EVOAAAYEC OTO HKPOTEPPAALOV TOV OYKOV, GUUTEPIAAUPOVOLEVOL TOV
LOAVGUEVOD KUTTOPOV EMITPEMOVTOG TO UETOACYNUOTIOHEVO omd 10 KOTTOPO Vv

npoodevoet (88, 89).

24
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Ewova 6. Néor unyaviopol mov ot [ToAvdpa 101 Tpokaiovv kapkivo.

(Creative Commons Attribution license from The Role of Merkel Cell Polyomavirus
and Other Human Polyomaviruses in Emerging Hallmarks of Cancer Review)

Emdnoroyikd otoygeia deiyvouv 0Tt ot acbeveig pe dvoiertovpyio tov T
KUTTapov Ppiokoviar oe 5- €wg 50-popég avénuévo kivovvo avdamrtvéng MCC,
VTOOEIKVOOVTOG £€TGL TN ONUAGIO TOL OVOGOTOWMTIKOD GLOTHUATOS. 6TOGO,
avOGOoEMaPKT dtopa pmopovv eniong va avartvéoov MCPyV-6eticd MCC, yeyovog
OV VTOINA®VEL OTL 0 10¢ Kot HOALGUEVA pE 10 KOTTAPO Pmopel va, amo@hyovy v
amofoAn amd to avocomomtikd cvotnuo. Evog unyavicpdc pe tov oroio o MCPyV
TOPUKAUTTEL TO OLVOGOTOUTIKO GUGTILAL EIVOL VO LELWGEL TOV UNYOVIGUO TNG ELGULTNG
dpovoc. Tao MCPyV LT-ag ko st-ag peiodvovv v ékepaoct tov Toll-like Receptor 9
(TLRY), éva onpovtikd vrodoyéa g ERELTNG AULVAG TOL EEVIOTH OV avayvmpilet
oyevn dsDNA og embnAtaxd kottapo kot MCC kottapa (90).

Mo va diepevvnBodv ot pAeypovadelg pvBuiotéc oto MCC mov amattodvton
v T 6109QUYN TOV GYKOV ad TO OVOGOTOUTIKO, Kol VO GUUTEPAVOLLE (o ThovY
ocvoppory tov MCPyV omv oykoyéveor, opketég opadeg Exovv eEetdost
AVOGOKVTTAPO Kol QAEYHOVAOOELS OlopesolafnTég 100-0eTIK@V KAl 100-0pVNTIKOV
MCC. Zg ovykpion pe TOLG OYKOVG TOV 10V-0pvNTIKO, £vag UeYaADTEPOG aptBrds
dmOntkeov CD8 + T-kuttapa oe MCPyV-Betikd MCC €xet mapatnpnfet (91-93),
EVD GALOL EpELVNTEG OEV £YOVV OVIXVEVGEL LA GYECT LE TNV KOTAGTAGT TOV 100 Kot

Tov aplBud tev evidg Tov 6ykov CD8 + T-kuttdpwv (94, 95). Alheg dapopéc 6To
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pikpomeptBdAlov  Tov  10V-OeTik®V kol 1ov-apvnTikdv  MCC  mepilapfavouvv
peyoAdvtepo appd twv CD3 + T-kuttdpwv, CD20 + B kittapa, puoikd kdtropa
eoveig CD16 +, koau CD68 +, CD69 +, CD163 + pokpopdya (91, 92, 95-98).

‘Evag dAAog unyovicpdc pe tov omoio umopet va emmpedoovv or HPyV 1
yovidwakn éxepoon eivor péom twv microRNA. Ta microRNAs (miRNAs) eivot
pkpd RNAs mov pmopovv vor LELMVOLV TNV TpaymyN TPOTEIVIG ite Le amodounon
TOV HETAYPAP®V 1 TNV avacToAr] TG petdepacng tov mRNA. To SV40 miRNA, to
npot) PYV miRNA mov meprypdonke, £€0e€i&e OTL pewidver 1t Adon ToV
KUTTOPOoToEIKAV T Agppokvttdapov Kot v anedevdépmon IFN-y (99), eved gaivertal
ot HPyV va epappolovv Sopopetikéc otpatnyikés yuoo vo EEQOyovv amd To
avocomomtikd cvotnpo. Ta BKPyV, JCPyV kat MCPyV miRNA dgv ftav oe 0éon
va ovaotélhovy v emayouevn ond IFN-petaypagn tov yovidiov ovaeopds tng
Aovowpepdong (100), aard ta BKPyV kot JCPyV miRNAs ovéotetlov v
uetdopaon tov mRNA ¢ UL16-binding protein 3 (ULBP3) (101). To ULBP3
avayvopiletor Kot cuvdEeTol Pe Tov vtodoyéa D g puoikng opddag dorlopovog 2
(NKG2D). O NKG2D ekopaletar amd NK kot CD8 + T-kottapo Kot GuvoedUeEvos pe
10 ULBP3 mvpodotel Bavdtwon tov kvttdpov-ctoyov (102). Katd cvvémeio, to
BKPyV- kot JCPyV polvcpévo k0ttapo Umopovv vo EEPUyovV omd TV OEUEGOL
NKG2D Bovdtmon kot mopokdpumtovy 1o ovocsomomtikd cvotuo. Ot mpoteiveg
PSME3 xot PIK3CD/p1105, ot omoleg eumAiékovtal GTnv avocoroYiKn Agttovpyia,
elyav mpoPrepbel va eivor vmoBetikoi otoyor Yoo o MCPyV miRNA (103). To
PSME3 egivat pio vropovado evog TpmTe0c®MUOTOS VIEVOVVO Yio TV TOPAYDOYN TOV
nentdiov mov eoptdvovior o€ MHC I, kau 10 PI3KCD mailel éva povadikd poro
OTN ONUOTOdOTNON VTOJoYEN OvTILyOvov e evepyomoinon T-kuttdpwv kot tov
noAlamAaclocHd TV B-kuttdpov (104-106). H éddewyn avtdv tov TpOTeivov
umopel vo amotpéyel v ekkabdpion omd 1o avocomomTikd TG Aoipwéng omd
MCPyV, gritpémovtog pe avtdv Tov Tpdmo 1 10yeVNG Aoiuwén va dtotnpnOei.

Optopévorl 101 moivopa delyvouv va ekppalovv uxkd miRNA, eved dAlot
umopel va kmotkomooHv éva vrmobetikd miRNA (107-109). ITapd to yeyovdg Ot
apketd ukd miRNAs éyovv mpotabet va mailovv éva polo otov kapkivo (110), wa
dpeon ovvémela tov HPyV miRNA otov kapkivo dev €xel Tavtomombel. Emeion ot
RacPyV ka1 MCPyV eivar o1 povor PYV mov oyetiCovran pe tov Kapkivo 610 puoiko
toug Eevioty), e€etdotnke 1 ékppoon tov miRNAs tovg oe dykovg. To RacPyV
miRNA ftav and ta wo debova miRNAs aviyvevoipua oe RacPyV mov oyetileton pe

oykovg, aAld dev mopatnpndnke oe RacPyV apvnrikovg vyieilg 16100g mpokdmva
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(109). Avto épyetan o avtifeon pe MCPyV-0etikd MCC, 6mov to uké miRNA eivon
aviyveuolo Povo 6e Ayotepo amd 10 HGO TOV OYK®V TOL €PELVNONKAY, Kol OTOV
vapyovv, ta. exinedo MCPyV miRNA nftav <0,025% tov cuvoérov tov miRNAs
omv MCPyV -Betiké MCC (111). H mopatipnon avty vrodniover 61t 1o MCPyV
miRNA dev gumiékovtar oto MCC. Ta PYV miRNA pmopodv va dtapoped®covy
Broroyikéc dpactnpldtnTeg TOV UITOPoLV Vo SLUPBAAAOVY otV KakonOsta, dmwg va
ATOPVYOVV TO OVOGOTOUWTIKO GUGTNUA, TNV OTOTTOON Kol dlatapoyn EKOPOUoNS
Kuttopikov yovidiov(112, 113). Ta MCPyV miRNA otoygbouv v mpoTeivn
AMBRALI oto k0tTopo EEVIOTN, M OTOl0L EUTAEKETOL GTNV OLTOPAYIOL KO OTOTTOON
(114). TopekkAiivovoca EkEpPaot KLTTOPIKOV Yovidimv umopel va  mpowOnoet
veomAacpatikny e£EMEN, Kot T PYV miRNAs umopovv va datapdEovv v EKkppacn
KUTTOPIK®OV YOVIdiwv Tapepfoivoviog Pe cuppoen, €Tl GTOXEVOVTAG TOPAYOVTES
HETAYPOAONS 1 TPOTEIVEC 7OV EAEYYOLV TN OPACTNPOTNTO TOV TAPUYOVIWV
LETAYPAPNS, N LE TNV EMAY®OYN Ek@paocmg TG KuTtapikdv miRNAs. loyevng Aoipwén
umopel va mpokaAécet o Lovadikn vroypagn T@v miRNAs tov kbttapov Eeviot,
10 omoio umopet va cupPdiel oty 10yev maboydva depyaciao (115).

Qo1660, £va KOO YOPAKTNPIOTIKO oL potpdlovial 6lot ot yvwotoi PYV
miRNA elvar 1 amocwonnon tov LT-ag, étor dote vo unv oavouévetal kopio
enidpaorn oty ékepacrn kvttopik®v miRNA (99, 100). And v GAAn pepid,
napepPoin pe v ékepaoct kuttapikdv miRNA givor evdoyn oe MCPyV-0etucote
oykovg emed”] or MCC ekopalovv LT-AG (116). H emidpaon tov LT-ag oy
éxppaon kuttapikdv miRNA dgv €xetl depevvnOei, aALL 01 TPOTEIVES TV OYKOTMV
HBV, EBV, KSHV «xat HCV ocvpfdriiovv ot pobuion tov smnédov tov
Kuttopik®v miRNAs, copnepthappavopévov tov oykoyéovov miRNAs (117-122). H
ovykpion Tov miRNA wpopidh e MCPyV-0etikd kot apvntikd MCC avédei&e 6t To
miR-203 frav onpoavtikd youniotepo oe MCPyV-Betikd MCC oe olOykpion pe
MCPyV-apvntikdé MCC. H vrepékppacn tov miR-203 ce MCPyV-apvntiké MCC
AVESTEILE TNV OVATTUEN TOV KLTTAPOV KOl TPOKAAEGE OLOKOTH TOL KLTTOPLKOV
KOKAov (123). O MCPyV umopei va tpokarécel ToV TOALUTAOGSIOCUO TOV KVTTAP®Y
KATOOTEAAOVTAG TNV EKQPooT) Tov MiR-203, aAAd 0 axpiig UNYOVIGHOG LE TOV 0Toi0
umopei va puBuilet MCPyV avté miRNA pévetl va dievkpiviotet.

O McPyV éyst ovoyeticbel pe vmepuebvriioon tov RASSFIA o10
LKPOKLTTOPIKO Kapkivo Tov mvevpova [MKII: small cell lung cancer (SCLC)] (124)
(Ewova 7), eved otov MMKII o McPyV éyel oyetiobei pe tov 10 tov avlporivov

Oniopdtov [Human Papilloma Virus (HPV)] oto 33% acBevav (125). Av kot
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épevva dev €xel KaTaAnEel 6€ cuVaIvEST) OYXETIKA e TNV emikpdtnon tov MCPyV oto
NSCLC, givar cagég 6Tt 1 mopovsic. ovtod TOL 100 EUTAEKETOL LE KOPKIVOYOVO

QoVOpEVA OYL LOVO GTO dEPILOL AALGL KOl GE KOKONOELEG TOL TVEDLLOVA.

Epigenetic mechanism or

Virus Viral protein regulator affected Outcome or expected outcome
Family:

Folyomaviridae

MCPyV T antigen (7) ? RASSFIA hypermethylation

(silencing)

Ewova 7. Emyevetikéc tpononomoelg mpokaiovpeveg and MCPyV og avBpomiva

kOttopa. (Epigenetic Dysregulation in Virus-Associated Neoplasms, (124))

5. Emvyevetikn otov Kapkivo tov Ilvevpova

Emyevetikn opiletor ®g M HEALT] TOV OVOSTPEYIU®V KATNPOVOUNCIU®V
aAlay®v otn Asrtovpyio TV yovidiov, mov gpeavifovral yopig kémoo aAloyn v
aAlniovyio Ttov DNA. Ot emyevetikéc emdpdoeig emnpedlovy I YovidloK EKepaon
KOl TPOEPYOVTOL A0 YNUKES Tpomomolnoelg Tov DNA, TV 16tovav 1 e EKQpaong
tov NncRNAs. Ot emyevetikéc aAlayég €xovv mALOV CLOYETIGOEL autioAOYIKE e
acBéveleg, Onm¢ avtodvooes Bupeosidondbeleg | to dobua, emdeikvdovtog OtL ot
EMIYEVETIKEG Tpomomomoelg  petafiBdlovv Suvalkég TANPOEOPIEg, OMNUOVTIKA
emnpeocpéveg and mepParloviikd epebdiopata. Ymapyovv otoyyeior 6Tt T0 KATVIGHO
TOLYAPOV, O KOLPLOG TOoPAYoVTag KIvOHVOL TV TVELHOVOTAOEIDY, TG YPOVING
AmoQPaKTIKNG TvevpovordOetag (XAIT) kot Tov kapkivov Tov Tvedpova oyetiletan pe
EMIYEVETIKES OAAAYEG TOV Ppoyykol emBniiov kol OTL TO EMIYEVETIKG LOVOTATLO
poouilovv ™ PAeyHOV] GTOVG aLEPAYYOVC.

O1 khp1ot TaPAyovTEG KIVOUVOD Y10 TNV avATTTLEN TOL KAPKIVOV TOV TVELLOVOL
neptlopupdvouy tov koamvd TOv Tolydpov, TNV TEPPAALOVTIKY] pOTAVOT, TNV
axtivoPfoAia kol tnv €kBeon oTov apiovto, OU®MG TOANATAES TEPIMTMOGELS KOPKIVOL
TVEVLOVOL AmETVYOV Vo, 0mod0B0obV 6g KAmowov and avtovg toug mapdyoviec. [laporo
TOV TOL LOPLOKG LOVOTATIOL OEV €XOVV OLEVKPIVIOTEL OKOUN, Ol EMLYEVETIKEG OAAAYES
nov oxetiCovion pe ta microRNA (miRNAs) 6a uropovcav va mailovv onpovtikd
poOro ot Yéveon KoapKivov mov meptEyovy petaArdéels. Ta microRNA, pkpd, pn
Kodwomotovpeve, pope. RNA  mepopilovv v mopayoyn TPOTEWVOV HECH

AVOGTOANG HeTappaons Tov ayyehoedpov RNA [messenger RNAs (mRNAs)], 7
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péom g omodounong tovg. To miR-21 éxsr Ppebel vmepkepacpévo oe €61
avBpdmvovg Kapkivoug, v 1 vrepékepact miR-21 amotelel Eexwplotd apvnTiKd
TPOYVAOGTIKO TOPAYOVTO Yia Tr GVVOAIKN emPimwon tov MMKIL.

AgdopéEVOL OTL | GUCCHPEVOT) TV YEVETIKMOV KOl EMYEVETIKMV YEYOVOTOV GTO
OVOTVELOTIKO €MBONAMO €lvol OmopoitnIn Yoo TNV TVELHOVIKN KOPKIVOYEVEGT, M
KOTOOTOAY OYKOKOTAUGTOATIKOV YoVIdlov pEc® peBLAM®oNg vroKvnty, Kobmg Kot
TPOTOTOINCT] TOV OVPAOV TOV IGTOVAV £XOVV EUTANKEL GTNV £PELVA TNG CUTIOAOYING
0V Kapkivov tov mvevpova (126). Emmiéov, microRNAs (miRNAs 1 Mirs) &yovv
deyBel va amopvOuilovtal cuyvd otov kapkivo tov mvevpova (127). Ta poprokd
LLOVOTIATIO. TTOL EUTAEKOVTOL OTOUEVEL VO OEVKPIVICTOVV, av Kot To microRNA mov
oyetilovtol pe emyeVETIKES AALOIDGELS UTOPEL VO OLOPALOTIGOVY CIUOVTIKO pOAO
ot yéveon TV HETOALAEEDY oV vToBdATOVY ToV OYKo. Optopéva microRNAs (epi-
microRNAs) e€ovdetepmvouov m CpG pebvriioon kot pvBuilovv ta cvotatikd TV
EMYEVETIKOV UNYOVIGULOV, OMNUOVPYDOVTAG £TGL £VO. QVGTNPA EAEYXOUEVO LUNYOVICUO
avdopaong (128). EmmAéov, ot miRNA petoforéc petd amd €kbeon oe Kamvo
TOYAPOV G€ In-vitro pHOviEAo avOpOTVeV Bpoyyik®dv emONAIOKOV KLTTAP®V
amodelyOnke 01t powdlovv MoAD pe ekeiva oto Ppoyyikd €MONAMO TOV KOTVIGTOV
(129), mapéyovtag €va véo TopAdELyol TG LECOAAPNONG TOL KOTVICUATOG GTOVG
PLOUGTIKODG UNYOVICLOVS TOV KOPKIVOD.

Ta kopkivopoto Tov TVEOHOVO VTOKPOLITOVV TOAAUTAEG METOAAAEES oF
Yovidlo, TOV EUTAEKOVTOL GTNV KLTTOPIKY OVATTUEN, TOAAATANGIOOUO 1) OTOTTOON.
Tétoteg petadrdéelg pmopel va meprhappdvovv to povomdtt Ras/Raf tov omoiov m
BAAPN €xer og amotédecpo TV oveCEAEYKTN OVATTUEN TOV KLTTAP®V HECH TNG
pvOuong MAPK / ERK, gvd to povomdrtt Tov p5S3 BpiokeTon 6T0 6TOVPOdPOLL EVOG
SIKTVOV KOTOPPOKTAOV CNUATOOOTNONG, TOL €ival amopoitnTeG Yoo T puoUIoT ™G
AVATTLENG TOV KVTTAP®V KoL TNV OTOTTMOON TOL TPOKAAEITAL OO YOVIOIOTOEIKES KoL
un - yovidotoéikég  katomovinoelg. Ot petaAldéelg tov  yovidimv  ras,
ocvoumepthappavopévovr tov  oykoyovidlo K-ras, otov kopkivo Tov mveduova
neplopiletar amoxietotikd oty NSCLC (kvpiog adevokapkivopa) (130), evd oe pia
npoocpatn perétn (131) éyer mpotabel 611 t0 petorraypévo yovidto BRAF eivar
«yeyovoo»y mov odnyel o adevokapKivopo tov mvevpova . Averdpkeia tov RKIP
avaotoAéa cvuoyetifeTon BeTikd e TNV KOPKIVOYEVEST), KAOMS Kot TV TPocsPoin Kot
LETAGTAOT) KOPKIVOUOTOG TVELLOVO TAAKM®OOVS Kuttdpov (132), evd t0 cuvoAKd
eninedo RKIP dgv €yel mpoyvootikn aia yio tnv ékPaon tov acbevovg e kapkivo

tov mvevpovo (133). Tovidotolikd oTpeg KATOANYEL OTNV  EVEPYOTMOINOCT TOL
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«KNOEUGVA TOV YOVISIOUATOS», TO YoVidlo p53. Me ) oelpd Tov, T0 pI3 PEUDVEL TN
ewoPopvAioon tov RB1 kot emdyst por otdon kutropukoh KOKAOL ETIGKELN-N-
anontwon pécw Bax / Bel-2 kot dAA®V S1001KaGU®V TOL TPOKAAOVVTOL At TO pS3
(134). To Bax &ivai éva yovidlo mov emdyel TV andnTOOT, eVvd 10 Bel-2 givan éva
aVTl- OTONTMTIKG YOVISio Kot TO €TEPO-Ouepég Bax/Bel-2 endyel pio eEovdetépmon
10V Bax kot andiela e anomtwong (135). MetdAloén tov pi3 eivor moAd cuyvn oe
Kapkivo Tov mvedpova kot epgavicetor oto 50% teov MMKIT kot 10 75% teov MKII

Kapkivo Tov mvevpova (136).
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B. EIAIKO MEPOX

I. Xkomog TG perétng

Mo a1tioAOYNoN UKNG amapyg OTOV KOPKivo Tov mvedova eivol dEAEAoTIKT,
a@oh 0 10¢ umopel vo Bewpnbel ®g 10 KOPO YeEYOVOG 1 ®G VOGS ONUOVTIKOG
ouUmapdayovTaG, 0TS Yo mapddetypo oto pecodnAiopo (Simian Virus 40 tov
TOALOUA 1OV Kot aptdvioon (137)). Zuvororoyilovtog 0Tt 1 O1KOYEVELR TWV TOALOLLO
wv éer MO ovoyetobel pe avBpomiveg kokondeleg, apykds otdyog MTav 1
depegvvnon g enintoong tov MCPyV, BKV kot JCV og deiyparo. MMKII.
Tavtdypova peretnOnke n yovidiokr ékppaon tov K-ras, BRAF, RKIP, Bax, Bcl-2,
p33 ko RBI otov 1010 mAinbvopd MMKII, og oyéon pe v dmapén T@v moAvOUa 1OV.

Meténerta okondc Ntav 1 depedivion TV Thovodv aAANAeTidpdoemv petathd
pOOong microRNA kot Aoipwéng ne MCPyV ce mvevpoveg e Kakonbeto, HEsm g
perétng éxepoong evooyevwv microRNA  mapovsio. MCPyV. Zvykexpéva,
peietOnkav to aminedo ékepaong twv microRNAs miR-21, miR-367, miR-155,
miR-146a, miR-302c, miR-145 kot miR-376¢ kabBbg Kot ToV avticTorywv yovidimv
oTOYOV Kol cuoyeTilopevev povonatiwv (Bcel-2, Braf, Akt-1, Akt-2, Bax, Hif-1a, p53,
Pten, Daxx, Pkr, Timp3, Grb2, Alk7, Mmp9, Oct-4, Sox2, Fascinl) cg d&iypato
MMKII, mapovcio aArd kat arovcio MCPyV.

31



I1. AcO¢gveig ko M£Bodor

O mAnBucopdc acbevov g pedétg tepiddpPove 110 dradoykovc acbeveic pe
un-pkpokvttapkd kapkivo tov mvevpove (MMKII), ond v Ilvevpovoloywn
Klavuap tov TMavemomuakod Nocoxopeiov Hpoxieiov Kpnimg (ITAINH). Ot
acBeveilg mov mepANEOnkay ot peAétn tavoundnkav pe Pdorn To KPLTHPLO. TOL
[Maykdopov Opyoviopod Yvyeiog (ITOY, WHO) tov 1997. H opdda e€réyyov
neplapuPave 14 deiypato 10100 0nd PHOKPOSKOTIKG LYW onueio Tvevpova, Tponide
amd toug acbeveic Tov Pacikov TANBLGHOL TG peAéTnG ot omoiol vrefAnOncav og
AoPextoun kol tovtomomOnkav 16ToAOYIKA. Anpoypoeukd otoryeion avoypdgovtol

OTOV TivaKa 2 KOl Ol IGTOAOYIKOT VITOTVTTOL GTOV TivaKa 3.

Mivaxag 2. KAvikomaBohoyikd yopaknpiotikd acOevmy.

NSCLC
Characteristics Control group  patients p value
Number 14 110
Age* 56.33+5.47 62.92+1.12 NS
Sex (male/female)** 12/2 101/9 NS
Non-smokers** 9 12 0.0011
Smokers** 2 96 0.0007
Ex-smokers** 3 2 NS
FEV1* 86.78+8.71 84.12+3.53 NS
FVC* 93.22+7.50 89.89+4.11 0.0274
FEV1/FVC* 73.33+4.29 74.46+1.80 NS
DLCO* 74.43+11.37 83.7749.15 0.00386
KCO* 83.15+10.89 91.36+14.19 NS

Téc exppbélovtar mg mean + SD (standard deviation- Tomikn} amdrKAon).
*t-test; P < 0.05 Oewpeltor 6ToTIoTIKA ONUAVTIKO.
¥y 2 test; P < 0.05 Oewpseital 6TOTIoTIKG GNUAVTIKO.

NS; pn ototiotiKd onpavTiKo.
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IMivaxag 3. Iotoloyikoi vroéTLTTOL.

Ynotonrog MMKII Ola. Avopeg TINuvaikeg
Ap1Buog detypdraov 110 101 9
Adevokapkivopo 58 52 6
[MAokdoeg 39 38 1
AdevomAaKmoeg 4 4 -
IMyavtokvttopikod

Adlagpopomointo 3 2 1
Bpoyyoxkuyelduod 3 2 1
Adlagpopomointo 2 2 -
[Myavrokvttopikd 1 1 -

Xuykatafeon

H Emitponr) HOwng tov Tavemomuokod Nocokopeiov Hpaxieiov Kpntng
EVEKPIVE TO TPMOTOKOAAO NG HeAETNG kot 6ot ot aocBevelg &dmoav Eyypoen

ovyKaTafeoT Yo T cuppEeToyn ot peAétn (Reg. No 140/4-2-2015).

Buoloywka ociypoata kon eneepyocio

Exatév Oéka  delypota xopkivov mvedpova omd UTAOK  Topa@iviig  Tov
Epyaotpiov ITabBoroyoavatopiog tov IMoavemotnuiokod Nocokopeiov HpakAeiov
Kpntng ypnowomomniay otn peré. Ola ta deiypato mponAbay amd yeipovpyikd
napaockevdopate. Meta&d tov 110 acbevov, dexaéll vrefAndnoov ce mepartépm
YEPOLPYIKN ekTOUN TNG PAAPNG, amd ToVS omoiovg TpoNABe Ppécko delypa 16Tob, TO

omoio amobnkednke otovg -80 °C péypt mepartépm enelepyacia.

DNA gayoyn ko tpotékoiro PCR

INo e&aywyn DNA, 1o deiypoto amd pmiok mopoapivng enesepydotnkay e
xprion tov QIAamp DNA FFPE Tissue Kit (Qiagen, Germany), cOuemva HE TIG
odnyiec tov katookevaoty. Eywe efayoyn yevouwkod DNA amd to dsiypota
HOPTOPOV KoL TOV OEYUATOV @PECKOL 10TOV £melta omd OLOYEVOTOINGN Kot
petémetto eneéepyocia pe mpoteivaon K, akolovbovpevn and eoywyn @ovoing Kot
KOTOKPAUVIOT, aBovOAng oOpemva pe Tig tpodtumeg dwodikacies. Ola to delypota
DNA mocotTiKomomdnkav GreEKTPOPMTOUETPIKG Kot Opolomomuéva  delypota
napnyOnoav yio ke acOevi).

Real-Time quantitave PCR avtidpdceig yuo ta mepapota tov wv BKPyV kot
JCPyV mpaypoatomomnioy ypnoipuonoimvtag epmopikd kit: yio tov BKPyV 10 BKV
Real Time Q-PCR Alert AmpliMIX kit (Cat. No. RTS175 BKYV), coppova pe tig
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odnyiec Tov mapackevoot) (Nanogen Advanced Diagnostics S.p.A., Italy), evd yw
tov JCPyV DNA 10 JCV/BKYV oligomix Alert nested PCR kit (Cat. No. BANO075)
YpNooromdnke copewva pe T 0dnyieg tov mapackevaoty (Nanogen Advanced
Diagnostics S.p.A., Italy). H mapovsioc MCPyV DNA gpguvifnke ypnoilomoidvtog
npotokolha Real Time quantitave PCR, pe tm ypriion tov MCV138 (evyopiov
EKKIVITOV, TTOL GTOYXEVOVVY TNV Tteployn tov LT-ag, ommg £xel meprypagpel molodtepa
(138). H mowotta ko akepordotnto Tov e€nypévov DNa emPefoidbnke petd amd
emTLYNUEV EVioyvon ToL Yovidiov g beta2-microglobulin ce dha ta deiypoata.
[Switepn mpocoyn d6Onke otovg yepiopovg péoa otnv PCR-hood, mpog
amoevy" empdivvong. Kabe avtidpaon PCR mepieiye dvo apvnrikovg pdptopeg. Ot
Betucol paptupeg yuoo toug BKPyV kot JCPyV wponiBav and v etoupeio Nanogen
Advanced Diagnostics S.p.A. (Cat. No. CTR075), evdd DNA oand acBevr| pe MCC
ypnowonomdnke g Betikdg pdptvpag yio MCPyV. Olec ot Real Time PCRs
de&nynkav oe ocvommuo Mx3000P Real Time PCR system, evéd 6ia too PCR
npoiévta avolvbnkav oe 2% yéAn ayapolng, Paomkav pe Bpopodyo oibidto kot
avayvooTNKoy KOTe amd tpdmelo vrepiddovg axtvoPforiag (260 nm). Avtd to
dpeca ukd mpoiovta vrefAnONcay og avaivon dupeonsg arAniodytong yi emPePaimon

TOV OPYIKAOV OTOTELECUATOV EVIoYLONC.

Toviowexn 'Ex@paon

Agkaéél delypata @péokov 10tob and acBeveig pe MMKII ko dexatécoepa
delypata paptopov eneEepydomkay pe to mpotokodro TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) yw olikn amopdévowon RNA, cOupova pe tic odnyieg tov
kataokevaot. To amopovouévo RNA petémerta emeepydotnke pe DNase yia
amopuyn empodivvong pe DNA. H ovykévipoon kot n koBopdtmrta tov RNA
petpnonke pe omekTpoP®TOUETPO. Aponmpéva detypata RNA amobnkedtmrav otovg
-80 °C péypt m ypnon. cDNA oand kébe delypo mopnydn pe aviiotpoen petaypaen 1
pug odkov RNA, ypnowomoidvtog to SuperScript® First-Strand Synthesis System
(Invitrogen) ko mowkida e€apepn. [a v apaipeon tov apyikod RNA wpotdnov 1o
cDNA enwdomke pe E. coli RNaseH (Invitrogen) kot amoBnkévtnke otovg -20°C
HExpL ™ Xprion.

Ta enineda tov petaypdeov tov K-ras, BRAF, RKIP, Bax, Bcl-2, p53 ko1 RBI
npoodopiotnrayv pe to cvatnua Mx3000P Real-Time PCR system (Stratagene) o
SYBR-Green I Master Mix (Stratagene, La Jolla, CA, USA) coppwva pe tic odnyieg

TOV KOTOOKEVAOTY, OMm¢ £xel meptypapel 6to mapeAdov (139). O exkivntéc elyav
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oxedlootel pe PNAKOG TOVAGYIOTOV €va  vIpdVo, TPOG OTOPLYN  EVIOYLONG
emporvcpévov yevouikov DNA. To yovidio GAPDH ypnoylonomdnke wg yoviolo
avagopds Yoo  opoiomoinomn tov  amoteAecpdtov. [a  emPefoioon TtV
arotedecpdtov to. PCR mpoidvta avoidbnkav ce 2% yéAn ayapolng, Pdomkav pe
Bpopodyo abidio kol avayvootrkay K4to and tpanelo vIEPIOIOVS aKTIVOBOAiNG

(260 nm). Ot aAAnAovyieg TOV EKKIVITAOV aVOPEPOVTOL GTOV TTivaKa 4.

MMivaxag 4. AAAnAovyiec EKKIVIITOV YOVISI®V.

Ogppokpacio

Ioviowo  Primer pair aAiniovyia (5°-3°) .
avamTTNOoNg
FOR: GGAAGGTGAAGGTCGGAGTCA o
GAPDH REV :GTCATTGATGGCAACAATATCCACT 60°C

BRAF FOR: AGAAAGCACTGATGATGAGAGG 58 °C
REV: GGAAATATCAGTGTCCCAACCA

RKIP FOR: AGACCCACCAGCATTTCGTG 53 °C
REV: GCTGATGTCATTGCCCTTCA-3

53 FOR: GTGAGCGCTTCGAGATGTTC 60 °C
P REV: ATGGCGGGAGGTAGACTGAC

o FOR:ACTGAATATAAACTTGTGGTAGTTGGACCT (o
as REV: TCAAAGAATGGTCCTGGACC

Bel2 FOR: GAAACCCCTAGTGCCATCAA 55 0C
¢ REV: GGGACGTCAGGTCACTGAAT

2 FOR: TTCTGACGGCAACTTCAACTGG 61°C
ax REV: TTGGTGCACAGGGCCTGTAATC

RBI FOR: CTTGCATGGCTCTCAGATTCAC 60°C
REV: AGAGGACAAGCAGATTCAAGGTG

[0 v avdlvon tev emmédov ékepacng tov mictoRNA, oAtkd RNA apaiddnke
oe TeMkn ovykévipwon 3ng/pul kot 10ng ypnowomomOnkav Yo oavtictpoen
petaypagy kot ovidphoelc Real-Time qPCR pe mig Soxpooieg TagMan™
microRNA assays (Life Technologies) kot to cbotmua 7500 Fast Real-Time PCR
(Applied Biosystems. AAANAovYiEG OVIXVELTAOV KOl EKKIVITMOV avVOypaOOVIOL GTOV
nivako 5. Ta eninedo éxepaong tov miR-191 ypnowonombnkav yww v
opoAomoinon TV emmEdwV Ekepacng Tov microRNA og 6ha ta deiypata, OTmg £xel

neprypoaet maraidtepa (140).
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MMivaxag 5. Aviyveutég kot ekkivntég Tov microRNAs.

microRNA microRNA Assay ID Annealing Temperature
Has-miR--191 002299 60 °C
Has-miR--21 000397 60 °C
Has-miR--145 000467 60 °C
Has-miR--146a 000468 60 °C
Has-miR--155 002623 60 °C
hsa-miR--302¢c-3p 000533 60 °C
Has-miR--367 000555 60 °C
Has-miR--376¢ 002122 60 °C

Mo mv avdivon yovidiov otoyov tov microRNAs ypnopomombnke oikd
RNA, petqypaga emPefoaropévov ond tn Pdaon dedopévov MiR-tarbase yoviown
otoyol tov miR-21 (Pten, Bcl-2, Daxx, Pkr, Timp3), tov miR-376c (Grb2, Alk7,
Mmp9) ko Tov miR-145 (Oct4, Sox2, Fascinl) ovolodnkav. Emiong, avoivdnkov
yovidwa cuoyeTICOUEVA e T YOVIOD GTOYOVG KOl ATOTTOTIKG (ovomdTio. Tov miR-21
(p53(141), Braf(142), Akt-1, Akt-2(143), Baxx(144), Hifla(143)). Eninedo Gapdh
YpPNooTomOnKav yo oparomoinon tov emmédwv €kppacns mRNA o Ol ta
detypata. AAANAoVYiEg OVIYVELTAOV KOl EKKIVIITOV avaypdeovTol otov Tivaka 6. [a
emPefaioon twv amoteleocudtov Tt PCR mpowdvia avaidbnkov oe 2% vyéin
ayopolne, Paommrav pe Ppopodyo aiBidio Kot avayvootnkov kdto amd tpdmelo

VIEPLOOOVS akTvoPoliiag (260 nm).
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IMivaxkag 6. Aviyveutéc Kot EKKIVITEG YOVIOIOV GTOY®OV KOl GYETILOUEV® LLOVOTATUDY

TV pedetovpeveov microRNAs.

Gene Primer pair sequence (5’-3’) Annealing Temperature

FOR: AGCCACATCGCTCAGACAC .
GAPDH REV : GCCCAATACGACCAAATCC >4°C

Braf FOR: AGAAAGCACTGATGATGAGAGG 53 °C
e REV: GGAAATATCAGTGTCCCAACCA

5ol FOR: GAAACCCCTAGTGCCATCAA 55 oC
e REV: GGGACGTCAGGTCACTGAAT

53 FOR: GTGAGCGCTTCGAGATGTTC 60 °C
i REV: ATGGCGGGAGGTAGACTGAC

Akt-1 FOR: GCAGCACGTGTACGAGAAGA 5400
REV: GGTGTCAGTCTCCGACGTG

Akt-2 FOR: CTCACACAGTCACCGAGAGC 56 °C
REV: TGGGTCTGGAAGGCATACTT

B FOR: TTCTGACGGCAACTTCAACTGG 61 °C
ax REV: TTGGTGCACAGGGCCTGTAATC

b FOR: CATGCGAGGTTCTGAGAATTG 400
axx REV:GAGGAAGTGGTGGGGATTTC

» FOR:CGGCAGCATCAAATGTTTCAG ssoC
en REV:CGGCAGCATCAAATGTTTCAG

Pk FOR: CCATGGGGAATTACATAGGC 52 oC
4 REV: CTTTCTGTCCCATTTTGCATT

. FOR: CTTGCATGGCTCTCAGATTCAC 50°C
Jia REV: AGAGGACAAGCAGATTCAAGGTG

i3 FOR: GGCGGCAGCAGCGGCAATGAC 50°C
imp REV: TACCAGCTTCTTCCCCACCACCTT

Grb2 FOR: CCATCGCCAAATATGACTTCAAA 62 °C
" REV: CTTCGTTCAAAACCTTGAGGATGT

Alk7 FOR: ATGACCCGGGCGCTCTGCTCA 53°C
REV: ATACTGTCAGCATCGCAGCTA

oo FOR: ACTTTGACAGCGACAAGAGGTGG 64°C
mp REV: CCGGCACTGAGGAATGATCTAA

Octd FOR:AGGGAAGGAGATTATGGAGGAGGG 60 °C
¢ REV:AGCTTTGGGCTCTGGAAGGC

<ox2 FOR:AGGATAAGTACACGCTGCCC 57 oC
ox REV:TAACTGTCCATGCGCTGGTT

Fascin] FOR:CGCTCCAGCTATGACGTCTTCC 60 °C
asem REV:CAGGAGAACCTGCCTTTGATGTT

Eayoyn npoTteivov kot Avocostintmon Kotd Western

Agtypata and @péoko 10td opoyevomomOnkav pe RIPA lysis buffer (Tris
buffered saline pH 7.4, NP-40Na-deoxycholate, NaCl, EDTA, PMSF, Protease
Inhibitor Cocktail, Phosphatase inhibitors, Na-Vanadat, NaF) mpoc e£aymyn oAikng
npwteivng. Ot mpoteiveg mocotikomomdnkay pe to mpwtdékoiro Bradford Protein
Quantitation. Xg yéAn 12% SDS—-PAGE 40 mg oMkng mpoteivng poptdbnkay og
KdOe Tyadt ko d1eENyxOn N nhektpoedpnon dwywpicpov. Ot tpmteiveg amd tn YEAN
petapépnkav oe pepPpdvn PVDF pe nuioteyvn petapopd. H pepppdvn PVDF
eneepydomke pe TBST (10 mM Tris—HCI, pH 7.5, 150 mM NacCl, and 0.1% Tween-

20) didAvpa Tov mepieixe 5% soamofovtvpwpévo yaha o Beppokpacio dopatiov yio
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pio ®pa, mpog décuevon un ewIk®v Bécemv. Edikd avticopato otig KoTAAANAES
apowwoels (phosphor-BRAF (Ser445), BRAF and Bcel-2 1/1,000; beta-actin 1/2,000)
npootéOnkay kot Sie€nydn odoviktio endaomn otovg 4°C. Ola ta €181k ovTic®uaTo
nponABav and ) Cell Signaling Technology, MA, USA. Meténetta, npootédnke
HRP-conjugated goat anti-rabbit [gG molvkilwvikd avticopa (apaioon 1:2,000) kot
emmAoTtnKov ot pepPpdveg oe Oeppokpacio dopotiov yw pio dpa. Metd amd
Emwpa pe TBST, pe ™ ypion ™G eviyopévne ynmueopwtavyelag (ECL)
TPOYUATOTOWNONKOY — OKTIVOYPOQIKO AL aiypoAotiler v avtidpaon. Ta

amoteAécpaTo avaAvOnKoy pe to Aoyiopikd QuantityOne.

X10TI0TIKY) AvéAvon

[No v avédivon g Vmapéng KOVIVIKNG KOTOVOUNG YPNolpomombnke to
Kolmogorov-Smirnov test. H ékgppaon tov mRNA 6Awv tov yovidiov cuvekpin
petall TV opadmv TafoAoYIK®OV Kot VYOV dEIYUATOV, KOOMOG Kot Hetald dopdpwv
IGTOAOYIKAOV VIOTVTMV, YPNCLOTOIDOVTOS ToPAUETPIKES doKipaoieg (Student’s t-test
kot One way Anova). I'poappikr cvoyétion peta&d microRNAs kot yovidiov otoéymv
avaAvOnike pe 1o Linear (Pearson) correlation test.

Tipég mbavottog (P-values) <0.05 Bewprnkov otatiotikd onpoviés. OAeg ot

oTOTIOTIKEG doKipaoieg Eyvav pe Aoyiopikd SPSS 11.5 (SPSS, Chicago, IL, USA).
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ITII. AITIOTEAEXMATA

Aviyvevon Ilohvopa Lov
H opdda acOevov pe MMKIT nepilapfave 101 dvopeg kot 9 yovaikes.
Anpoypagikd kot AEITOLPYIKES doKlpacieg mvevudvov @aivovtal otov [livaka 2.
Amoteléopata froyidv kot i1otoloyikol vrdtunotr eaivovtor otov Ilivaxa 3. H péon
nlkio Tov acBevov NTav 62.92+1.12 €, kot TASOYNEIKE gvepyol KOMVIGTEG
(87.3%).

Ot otikég Proyieg and tovg acbeveic pe MMKIT aArd Ko amd v opddo
eréyyov amedeiydn apvnrtikn ya v vYmapén DNA BKPyV kot JCPyV.

MCPyV DNA aviyvevOnke oe 10 and ta 110 (9.1%) deiypota Kopkivikoh
1610V, eved Yévopo MCPyV dev aviyvehbnke oe kavéva omd ta detypoto pLoptopmv
(Ewova 8). H peydin mietoynoio tov MCPyV-Betikov derypdtov mponibav amd
dvopeg (9/10), evdd m péon mhkio Mrav 63.78+11.25 years (ITivakag 7). Ou
16TOAOYIKOL TOTOL NTAV KUPIMG OOEVOKAPKIVOUOTO KOl TAAK®ON KopKvopata. Ot
dvo kupiapyot otoroyikoi vrotumor oe MCPyV-Oetikd detypota giyov mapodpoteg

nikieg acBevav.
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MMivaxkag 7. KhvikoraBoroyikd yopaktmpiotikd Merkel Cell Polyomavirus-6stikmv
acBevaov ne MMKIL.

Lung cancer tissue group

Koanvietik
. Hlkia Iotoloyukdg 1 ovvijfgla o
Ap. @b o iy NO (pack FEVI(%) FVC(%)  FEVUFVC
years)
Undifferentiated
27 M 47 large cell lung N (65) 91.8 113.2 64.77
carcinoma
44 M 66 Adenocarcinoma N (40) 100.8 121 65.9
57 M 73 Adenocarcinoma g%c)onv 92.1 95.5 63.97
62 M 67 Squamous cell 872 83.8 76.61
carcinoma
63 M 73 Adenocarcinoma N (80) 88.5 80 85.25
67 M 65 Bronchoalveolar 55y 439 89.3 61.14
carcinoma
71 M 74 Adenocarcinoma N (43) 101.6 83.7 96.03
78 M 85 Squamous cell 7 (85) 63.6 89.3 51.83
carcinoma
80 M 54 Squamous cell NGy 903 91.8 73.56
carcinoma
88 F 55 Adenocarcinoma N (25) 79.1 91.9 72.67
Méon 63.78+1 51429 86.39+12.4 93.95+13.1 71.17+£12.6
Twn 1.25 7 6 9

Tiég exppalovtal mg mean + SD (standard deviation- Tumiky| amdkAion).

FEV1: forced expiratory volume in one second, FVC: forced vital capacity
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a Amplification Plot

MCPyV +ve ———>

Sample1 ——ri——>
0.01 Sample2 —F——r=—>
Sample3 ——0—m8 ———>

Sampled ——mMm —— >
- 0.001 P

-ve control

0.0001 S5

0.00001

0.000001

<« MCPyV
138bp

Ewova 8. Avtmpooconevtikd detypota MCPyV 6mwg aviyvevbnke pe Real
Time PCR kot o yéAn ayapolng. +ve Betikdg pdprtopag, -ve apyntikdc paptopog, M
50bp DNA ladder.

Meto&d tov MCPyV-Oetikdv detypdtov, puoévo évag acbevig oev elye
KOMVIOTIKY] oLviBeld Kal, evd €vog acBevig Mtav TpodNV KOTVIGTNG, 1 HEoN
KAmvVioTIk ocvvifelo oe makéta-étn (pack year -p.y.) frav 51 ém. Zmmv MCPyV
BeTikn opdda, ot acbeveic pe adevokapkivopa Kot pe TAOKOOEG elyav mepitov 39py
KOMVIGTIKY GLVIOEW, av Kol 6TV Opdda Tov TAAK®OOVS £vag acbevng dev eiye
KaBOAOV 16TOPIKO KAMVIGTIKNG cvvibelog. Kapio dtapopd dev aviyvedbnke otig
KMvikég mapapétpoug peta&h MCPyV-0etikov kor MCPyV-apvntikov acevov otig

VTOOUAOES TV AOEVOKAPKIVOUATMOV KOl TOV TAUKDOMV KOPKIVOUATOV.

Tovidwexn ék@paon

Metdypaga tov K-ras, BRAF, RKIP, oA\ kot tov p53 kot RBI dev diépepav
onuovtikd peta&y derypdtov MMKIT kot opddog poaptopov (Ilivaxag 8). Avtifeta, 1
ékppaon Tov Bcl-2 Mrav onuovtikd vroekepacuévn ota  oetypota MMKIT
OLYKPITIKA pe Toug paptupes (mean+SD 1.19+1.39 and 1.23+1.49, avtictotya, Adyog

péoov tav 0.97, p=0.047). Emiong, onuovtikd yopniotepa eminedo Bax
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aviyvevnkav ota deiypato. MMKIT ocvykpitikd pe tovg pdptopeg (meantSD
1.15+0.23 and 9.91+0.16, avtictoyya, Adyoc pécwv tudv 0.12, p=0.038). O Adyog
Bax/Bcl2 qtoav 0.97 v v opddo MMKIT ko 8.06 yia tovg péptopeg.

IMivaxag 8. [IpoéTumo Ekepaong KLTTOPIK®Y Yovidiov € delylato KopKivoy TOV TVELLOVOL

Kol pdptopeg o€ oxéon pe v tapovacia 1| anovcioo MCPyV.

McPyV-  Aéyoc#

Adyog* McPyV- apPVNTIK TOV
MEAN+SD MMKII Yywmgiwotég Tovpécov plvalue  Oetikd P 2 PI. p2 value
TILOV osiypara , pece
dgiypotoe  TYHOV
K-ras 1.21+0.20 1.08+0.16 1.12 NS 1.24+0.39 1.21+0.21 1.03 NS
BRAF 1.16+0.20 1.08+0.23 1.07 NS 1.29+0.10  1.12+0.21 1.15 p=0.0411
RKIP 1.11£0.19 1.04£0.19 1.07 NS 1.1740.18  1.09£0.19 107 NS
p5S3 1.21+£0.22 1.13+£0.15 1.07 NS 1.29+0.23  1.21+0.23 1.07 NS
RB1 1.37+£0.31 1.34+0.12 1.02 NS 1.29+0.54  1.42+0.32 091 NS
Bcl-2 1.19+1.39 1.23+1.49 0.97 p=0.047 1.12+0.14  1.26+0.12 0.89 p=0.050
Bax 1.15+0.23 9.91+0.16 0.12 p=0.038 124025 1.110.21 112 NS

*AOYOG LECOV TILDV KOPKIVOL/VY100G 16TOV

# Aoyog péocov twomv kopkivoo MCPyV-Betikodv detypdtowv/MCPyV-apvntikov
detypdrov

pl : p value MMKII cuykprtikd pe vym 1o10,

p2: p value MCPyV- fetikov detypdtov ovykpitikd pe MCPyV-apvntikov
detypdrov

>t ovvéyela, depevvinOnke edv n Aolpwén pe MCPyV enmnpéace ta emnineda
ékppaong tov mpoavapepféviov yovidiov. 'EEt MCPyV Betika kot 10 MCPyV
apvnTIkd delypato ypnolwomomdnkav yw tn yovidlokn avdivon. Metald tov
detypdtwv MMKII, to Braf vrepekppdotnke oto MCPyV-0etikd deiyparta 16to0 og
oyxéon pe o MCPyV apvntucd (mean+=SD 1.2940.10 ko 1.12+0.21 avrtictotrya, Adyog
péowv tuav 0.97, p=0.0411) (ITivaxog 5). Avtifeta pe to Braf, to Bcl-2 yovidio ntav
onuovtikd vroekppacuévo ota MCPyV Betikd detypoata (meantSD 1.12+0.14 ko
1.26+0.12, avtictotya, Adyog TV pécwv Tinmv 0.89, p=0.050).
Ot mpoavapepbeices dPopEC mOL  TopaATNPHONKOY OTN  YOVIOIOKY  EKQPOOT
avapopikd pe v Katdotaon tov MCPyV gfetdotnioy Kot 6€ TpOTEIVIKO EMIMEDO.
Avocootonwon kotd Western emBefaimoe v avénuévn €kgpacn tov Braf oto
MCPyV polvcpéva deiypato kabdg Kot vroékepaoctn tov Bel-2 ota un poAvouéva
detypata (Ewova 9). EmmpocsOétmc, aviyvedOnke n kaTdoTOoN £VEPYOTOINGNS TOL

Braf cg éva mocootd twv derypdtov. o 10 6komd avTd, YpnolpLonombnke Eva
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ovykekpipévo pmogo-Braf avticopa (Serd45) mov aviyvevet evdoyevn emineda Braf
otav givar pooeopvAmpévn 1 serine 445. InUeldVETOL OTL 1] POGPOPLAIWMGT TOL
Braf 610 cvykekpiévo apvolikd katdiouro nrov watépmg avénuévn ota MCPyV-
pHoAvopéva delypata o GYECN HE TIS TWEG OVOQOPAS TNG POGPOPLAIMCNS TV
MCPyV un poivopévov dstypdtov (Ewova 9%).

Kopio otatiotikd onuoviky cvoyETion HETOED KAWVIKOV TOPOUETP®V Kol

TPOTOTMOV EKOPACNG OEV TAPUTNPNONKE.

A 1 2 3 4 5 6

- e W s DBRAF (Serd45)
SN S e BRAF

_...-—’—_-i-——-actin

——MCPyV -ve —— MCPyV +ve
B
1 2 3 4 5 6
— — — o e oo Bel-2

actin

MCPyV +ve

Ewova 9. Avocootonwon Western g @wo@o-Braf (Serd45), Braf kot Bel-2 oe

MCPyV poAivopéva kot pun poivopéva detypoto MMKII.

"Ex¢@paon microRNA

21 ocuvéyela, éyve oOykpion g ékepoong Tov microRNAs miR-21, miR-145,
miR-146a, miR-155, miR-302¢, miR-367 xor miR-376c ce¢ MCPyV Oetkd o
apvntikd Oetypota MMKIL. To miR-367, péhog pog opddoag yovidiov mov
emovampoypapatilel vopraoteg o molvdvvapa Practokvttapa (145), kot To miR-
145, éva vrotiBépevo oykokaTaoTaATIKO Yovidwo (146), &xovv Ppebel cvoyetildpeva
ne Kok tpoyvoon o€ apopepévo MMKIT (147), eved 1o miR-145 kot to miR-146a,
évag dwopecorafnmge eieypovig (148), éxovv mpotabel wg dayvootikol Prodeikteg
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opov otov MMKII (149). To miR-155, éva molvAertovpyikd microRNA
EUMAEKOUEVO E TN OlLPOPOTOINCY] OUOTOMTIKAOV GEPAV, 0VOcio Kol UKEG
Aoudéele, pAeypovn, kapkivo kol Kapdtayyslokég tabnoelg (150), &xer vrotedel 6Tt
emdyel v avantuén tov MMKIT og acBeveig and Acia kot Apepikn (151). To mir-
376¢ mpowbel v emPimon Tov Kopkivov woBNKOV pe Vv avactoin tov ALK-7
activin receptor-like kinase 7 kot gvoyomotgiton yio ynuetoovtiotaon (152). To miR-
302¢ éyer mpotabel Ot amotpémel Tov emaydpevo amd to Ras ynpacud, péom g
avactoAng tov p21(153), eved to miR-21, to wAéov vrepexppacuévo microRNA og
ocvumayeig 0ykovg, £xel Ppedel oyxetilopevo pe koakn npodyvoon oto MMKII (154),
TpoPAémel ™V emdvodoo kot avEnuévn Bvntoétmra oto MMKIT (155) «or v
evatoOnoio oe axtivobepaneio (156). H oporomoinon €ywve pe to miR-191 enedn
Ntav to TAéov otabepd exppaldpevo microRNA ota delypota amd Pmhok mopaeivng,
omwg éxel mpotabel oto mapeov (147).

Ta miR-21 kot miR-376¢ Ntav onuavtikd vrepekppacpuéva ota deiypato
MMKII oe oyéon pe t0vg paptupeg Emiong, kot to d0Vo Mrav onuaviikd
vrepekppacpéva oto. MCPyV Betikd delypato MMKII oe oyéon pe ta MCPyV
apvntikd (Ilivokag 9, Ewédva 10).  Avtifétog, 10 miR-1450t0v  onpovtikd
vroekppacpévo ota MCPyV Oetikd deiypato MMKII oe oyéon pe to MCPyV

apvnTikd kot toug paptupesg (Ewova 10).

Hivaxkoeg 9. [Ipotoma éxepacng tov microRNAs ce deiypota mvevpovo and MMKIIT kot pdptopeg,

o€ oyéomn pe mapovsia 1 arovcio MCPyV.

MEAN+SD MCPyV +ve MCPyV +ve MCPyV -ve  MCPyV -ve  P-value

RAPTLPES MMKII papTopeg MMKII
miR-21 0.43+0.24 1.13+0.08 0.49+0.60 0.88+0.05 0.013
miR-376¢ 2.75+0.26 6.53+0.38 2.85+1.47 5.29+2.51 0.048
miR-145 1.71£0.23 1.35+0.21 1.284+0.43 6.994+3.99 0.0002

Twéc exppdlovior ¢ mean = SD (standard deviation- tomikn amdxkiion). NS; un otoTioTIKG

onpavtikd. P < 0.05 Bewpeiton oTaTioTikd oNpavTiKo.
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Ewova 10. Tlpdtomo éxepaong twv microRNAs oe dsiyporo MMKII
(MCPyV+ve N=8, MCPyV-ve N=16) kot paptopeg (MCPyV+ve N=5, MCPyV-ve
N=5) oe oyéon pe mv vmapén MCPyV DNA. One-way Anova kot confirmatory
student’s t test.

* p<0.05, ** p<0.005, *** p<0.0005

Kopio ovoyétion oev aviyvevOnke peta&d nikiog, @OAOL, KOTVIGTIKNG
ocvvnBelog 1 1oToAoyiKov vrotvmov. H emPiwon kot otig 600 opddec de diépepe

OTNUOVTIKA.

"Ex@paocn yovidiov 6Ttéynv

Ta yoviduw otdéyor 00 mMiR-21 xomyopomomOnkav pe Pdon o
YOPOKTNPIOTIKA TOV KapKivov (86), pia poda TOavadv Yovidiov Tov GToXevoVToL amd
10 MiR-21 og éva oykoydévo mepifdidov, koBmg kot mBavd HOVOTATL
onpatoddtnong mov ennpedlovior and 1o miR-21. Ta yovidww Pten wou Braf,
oxetilldpeva pe TN OThipnon TS ONUATOdOTNONG TOAANTANGLOGHOV, NTOV
OTUOVTIKA VTOEKPPUCUEVE KOl VIEPEKPPAGHEVA, avTioToryo Yoo T MCPyV Betikd
Kot apvntikd oetypota MMKIT  oe oVykpion pHe TOVG OVTIGTOWOVLS HAPTLPES
(ITivaxag 10, Ewova 11). Ta Bel-2 ko Bax, Gvil- Kol TPO-OMOTTOTIKA Yovidla
avtiotoryo, oyetiCovior pe TNV avtiotoon o6Tov Kuttopkd Bdvato kot PBpédnkav
vroekppacpéva ota MCPyV Betikd cuykpitikd pe tor apvntikd detypoto MMKIT
aALG KO GUYKPITIKG pHe Tovg pdptupes. Tovidwa mov gumiékovtor otn pHOon g
yvevokng otabepottog, p33 ko Akt2, frav vroekppacpuéva oto. MCPyV Betucd
OLYKPITIKA pE pbptopeg Kor opvntikd Ostypota MMKIL, eved 10 Akt ntov
vroekppoacpévo ot MCPyV  Betikd  ovykprtikd pe Toug  UAPTLPES  OAAG

VIEPEKPPACIEVO cuYKpLTikd pe to MCPyV apvnrikd delypoto MMKIL.
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Hivaxoeg 10. IIpdtuna Exkepoons tov yovidiov otoyov tov microRNAs ce delypato nvedpova amod

MMKIIT ka1 péptopeg o€ oxéomn Le v mapovsio kot anovsio tov MCPyV.

HpéToma EkQpaong TOV YoVIdimV

MCPyV +ve MCPyV -ve MCPyV -ve

MEAN+SD MCPyV +ve
papTUPES MMKII

papTUPES MMKIT
miR--21 otoY01
Apecotl otoy0l

0.98+0.32 0.10+0.00

Pten 8.10+0.8 1.4+0.02
Bcl-2 38.30+£5.8 13.40+2.10 12.32+9.87 40.90+6.10
Daxx 10.08+1.23 16.79+8.10 8.69+3.63 7.10+0.81
Pkr 357.1£56.04 64.71+11.37 41.97+6.54 46.71423.71
Timp3 6.10+1.31 1.4+0.02 0.03+0.00 0.30+0.00
YyenlOpeva Lovomatiol
Braf 0.534+0.02 1.60+0.40 1.03+0.94 0.10£0.00
Bax 9.50+1.20 2.4+0.31 13.69+4.12 39.14+3.72
p53 7.60+2.10 1.90+0.51 1.56+0.65 3.6+0.89
Akt-1 14.50+1.63 5.30+0.85 0.03+0.00 0.4+0.09
Akt-2 18.10+£3.12 3.10+£1.56 26.45+13.58 76.5+9.54
Hifla 11.71+£0.98 78.80+6.57 6.91+2.23 3.90+0.09
miR--376¢ 6Tdy101
Alk7 1.13+0.76 0.224+0.32 0.58+1.21 0.62+0.06
Mmp9 357.1£56.04 64.71+£11.37  123.89+55.63 166.71+15.71
Grb2 12.31+0.32 1.98+0.02 5.32+1.29 6.32+0.34
miR--145 ot6yY01
Oct4 0.87+0.02 1.10+0.41 0.49+0.02 0.54+0.26
Sox2 0.924+0.38 5.214+2.78 2.65+0.03 1.214+0.72
Fascinl - 53.16+12.28 - 28.04+6.89

Twéc exppdlovior ¢ mean = SD (standard deviation- tomikn amdxkiion). NS; un otoTioTIKG

onpavtikd. P < 0.05 Bewpeitor oTaTioTikd OMpavTiKo.
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Ewova 11. IIpotumo ékppacng tov yovidiov otdymv tov mictoRNA 21: Pten, Braf,
Bcl-2, Bax, p53, Akt-1, Akt-2 oe deiyporo MMKIT (MCPyV+ve N=8, MCPyV-ve
N=16) kou paptopeg (MCPyV+ve N=5, MCPyV-ve N=5) oe oyéon pe v dmapén
MCPyV DNA. One-way Anova kot confirmatory student’s t test.

p<0.05, ** p<0.005, *** p<0.0005
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Yrepékppoon mopatnpndnke yw tov emayopevo omd v vmoio Kot TV
éuoutn avooia petaypoekd mopdyovta Hifla oto MCPyV Betkd deiypoto MMKIT
oLYKPITIKA pe Toug pdaptopeg kor too MCPyV apvnrikd (Ewova 12), evo to
QAEYHOVAOES YOVIO0 Tov emdyel OyKovg Daxx Mtav vrepekppacuévo ota MCPyV
Betucd delypata MMKIT cvykprtikd pe tovg pdptopeg kot 1o MCPyV apvntikd. O
amopvOoTig ™G ayysoyéveong Timp3 ntav vrepekppacpuévog oto. MCPyV Betikd
detypata MMKIT cuykpttikd pe Toug HAPTLUPEG ALY VITOEKPPOAGUEVOG GUYKPLTIKA e
1o MCPyV apvntkd. Télog, o Pkr évag oviiukog StopecsorafnTtig e EROLING
avociog mov TPowbel VEOTAUGIKOVG PAEYLOVMOELS UNYoVIGHOUS Ppébnie onpovtikd
vrepekepacpévog oto. MCPyV Betikd ostypota MMKIT ocvykpitikd pe tao MCPyV
APVNTIKA. ZNUEIOVETOL OTL O Pkr NTaV OMUOVTIKA VTOEKPPUCUEVO GTOVS KOKONOELS
1GTOVG TNG HEAETNC.

OMlot ot dupecotr otoyor tov miR-21 mapovsiocav onuavtiky opvnTiKn
ovoyétion pe v ékepacn tov miR-21 ota MCPyV Bgtikd detypoto MMKII, extog
and 10 Daxx mov £dei&e Oetikn ovoyétion (Ilivaxag 11). Ta Pten, Bcl-2 xou Pkr
yovidia €015V HETPLOL APVNTIKT CLGYETION HE TNV EKPpaon Tov miR-21 ota MCPyV
Betcd delypoata MMKII, eved to Daxx ko o Timp3 mopovcioacov pHo TToyoTepn

ovoy£TIon pe TV €kppacn Tov miR-21 otov MCPyV Betiké MMKII.
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Mivakag 11. Tvoyetioeg peta&d microRNAs kat yovidiov otoyev oe deiypata MMKII, cg oyéon

ue v vropén MCPyV DNA.

Correlations

r/r/p value MCPyV +ve MCPyV +ve MCPyV -ve MCPyV -ve

controls samples controls samples
Correlation of target genes with miR--21
= -0.6205, =-0.4027,
Pten NS 1=0.3850, NS ’=0.1621,
p=0.0009 p=0.0460
= +0.5603, = -0.5044,
Bcel-2 ’=0.3139, 1=0.2544, NS NS
p=0.0036 p=0.0101
=+0.4309, = -0.2398,
Daxx NS =0.1857, NS 1’=0.2598,
p=0.0315 p=0.0047
= -0.4293, = -0.8293, r=-0.1493,
Timp3 NS =0.1843, 1=0.5845, 1=0.3649,
p=0.0322 p=0.0432 p=0.0212
= -0.4946, = -0.9746,
Pkr NS 1=0.2446, NS 1=0.6597,
p=0.0266 p=0.0023
Correlation of target genes with miR--376¢
=-0.6951,
Alk7 NS =0.5912, NS NS
p=0.0251
=+0.4351, = -0.3416, =+0.6941,
Mmp9 =0.1964, ’=0.4108, NS 1’=0.4679,
p=0.0387 p=0.0023 p=0.0039
=+0.6398, = -0.7589,
Grb2 1’=0.2415, =0.6341, NS NS
p=0.0289 p=0.0049
Correlation of target genes with miR--145
=+0.2341, =+0.1956, = -0.6832,
Oct4 NS ’=0.3019, 1=0.2098, =0.5912,
p=0.0056 p=0.0042 p=0.0183
=+0.3965, =-0.9230,
Sox2 NS 1=0.4170, NS =0.7154,
p=0.0038 p=0.0058
=+0.6231, = -0.2206,
Fascinl - 1=0.5439, - =0.1905,
p=0.0008 p=0.0029

NS: non significant, r=Pearson’s r coefficient, r’=coefficient of determination.
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Ewova 12. Tlpdtono ékepaocng tov yovidiov otoywv tov microRNA 21: Hifla,
Timp3, Daxx, Pkr og detypota MMKIT (MCPyV+ve N=8, MCPyV-ve N=16) kot
uaptopeg (MCPyV+ve N=5, MCPyV-ve N=5) c¢ oyéon pe v dmapén MCPyV
DNA. One-way Anova kot confirmatory student’s t test.

p<0.05, ** p<0.005, *** p<0.0005

Ta petdypaga tov yovidiov otdywv tov miR-376¢, ta Alk-7, Mmp9 ka1 Grb2
nrav onuovtikd Ayotepo ot MCPyV Betcd detypata MMKIT cuykpitikd pe tovg
paptopeg ko oo MCPyV apvnrikd (Ewédva 13). Ta Alk7 ko Grb2 cvoyetiotnkov
apvNTIKG o onpovTikd Paduod pe 1o miR-367¢ ota MCPyV Bgtikd deiyporo MMKII,
eved 10 Mmp9 avédelle ol kpOTEPN OPVNTIKT CLGYETION UE TNV EKEPaoT] TOL miR-

376¢ ota MCPyV Betikd detyporo MMKII.
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Ewova 13. Tlpdtumo ékgpacns tov yovidiov otéymv tov microRNA 376¢: Alk7,
Mmp9, Grb2 oe delypota MMKIT (MCPyV+ve N=8, MCPyV-ve N=16) ko
puaptopeg (MCPyV+ve N=5, MCPyV-ve N=5) c¢ oyéon pe v dmapén MCPyV
DNA. One-way Anova kot confirmatory student’s t test.

p<0.05, ** p<0.005, *** p<0.0005

To miR-145, 10 omoio ctoyevet ta yovidiwa Oct4, Sox2 ko Fascinl Ppébnke
vrepek@pacpévo ota MCPyV Betikd detypota MMKIT cuykpttikd pe Toug HapTupeg
kot T MCPyV opvnrikd (Ewova 14). Ta Oct4, Sox2 xou Fascinl cvoyetiotnkav
apvntikd pe 1o miR-145 ota MCPyV Betcd dstypota MMKII, ta Oct4 kou Sox?2
avédelgav évo mToyd amoTéAecUa GLGYETIONG, eVvA To Fascinl avédelle évo PETPLO

£mG dLVATO GVVTEAEGTN] GLGYETIONG,.
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Ewova 14. TIpotumo ékepaong Tov yovidiov otoywv tov microRNA 376¢: Oct4,
Sox2, Fascinl oe deltypato. MMKIT (MCPyV+ve N=8, MCPyV-ve N=16) ot
uaptopeg (MCPyV+ve N=5, MCPyV-ve N=5) c¢ oyéon pe v dmapén MCPyV
DNA. One-way Anova kot confirmatory student’s t test.

p<0.05, ** p<0.005, *** p<0.0005
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Ta enineda petaypdeov tov Akt-1 CLUGYETIGTNKOV ONUOVTIKG HE TNV
KamvioTikny ovvnbela poévo ota MCPyV apvnrikd dstypota MMKIL. Kopio GAAn
ONUOVTIKY] GLGYETION UETOEL  yovidld otdyovg Ttwv microRNA kot kAvikov

TapopETpoV o€ Ppeonke.
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IV.XYZHTHXH

O kapkivog Tov mvedpova givar 1 kKOpa aitio BvnoyodTTog ToL oYeTilETON pUE
Tov Kapkivo otig Hvopéveg IloMteleg, pe kat 'ektipnon 224.390 véeg mepmtdoels Kot
158.080 6avator avapévovtar to 2016 (ACS 2016). Khaowd, amopdoelg Bepaneiog
Ntav eumelpIkéc kot pe Paon v otohoyiky €€taon tov dykov. Xnuewobepameio
Baciopévn 6to AeukOYPLGO TAPAUEVEL O aKpoyviaiog ABog g Bepaneioc. QQotod00,
0. mOoc0oTd emiPimong mapapévouv younid. Néeg Oepameiec kol oTPATNYIKES
Bepamneiog sivor amoapaitnTes.

YnoAoyiletar Ott plo ot MEVIE TMEPMTOCES KOPKIVOL TAYKOGHIMG
npoKoAeital amd poOALVON, pe TNV TAEIOYNEI0 Vo TPOKAAEITOL OO TOVG 0YKO-100G
(157, 158). Ot mepiocdtepotl amd T0VG 1006 givar kavol va ekppdlovv ukd yoviola,
TPOKOADVTOG UETOPOAEC OTNV  KLTTOPIKN OovATTUEY, TOAAUTAOGIOOUO KOU TNV
ATOMTOON TOV HOAVoUEVOV Kuttdpov. H mopovca peAiétn elye og¢ otdxo va
dnpovpynoet pia oyéon petald mg avBpomivng Aoipméng polyomavirus kot MMKII.
Emumiéov, peretOnke n €kppaocn TV 0yYKOyovidimV, 0YKOKOTAGTOATIK®OV Yovidiov,
YOVISI®V amOTTOONG OALY KOl EMLYEVETIKOV UNXAVICUOV Tov oyetilovtal pe MCPyV
oe poivopéva detypata MMKII, og o mpoomdBela va agoloynBodv ot mbavoi
UNYOVIGHOT 0YKOYEVESNG GE AT TNV OUdda acOeVdV.

Inuovtikd gupnua givor n enintoon 9,1% tov MCPyV oty opddo MMKII.
Emumhiéov, aviyvehbnke po avénuévn éxepaon tov mRNA tov Braf kol peiwpévo
eminedo petaypaeng Bel-2 ota MCPyV-0etikd detypoata MMKII. Avtd ta svpripota
vrodniovovv v eumiokn tov Merkel Cell Polyoma Virus oe avtév tov tomo
KOPKIVOL TOV TVEVHOVO, LEG® OmOoPPUOUONW TMV TOPATAVED YOVISI®V.

Ta MCPyV-Betikd detypota koping eAednoav and dvopeg KOTVIGTEG, Kot
nepleddpfoavay  kupimg adevokapkivopate  (50%) mov  axolovBovvior  amd
KOPKIVOUATO €K TAOKOO®V KuTTpmv (30%). Ta gupiuata avtd sivor a&toonueiota
J€d0UEVOL OTL piaL CNUAVTIKT AHENCT GTN GLYVOTNTO ERPAVIONG AOEVOKAPKIVAUOTOG
TOV TTVELHOVO £XEL TopatnPNOEl, EEMEPVMOVTAS VTN TOV TAAKMOOVS KapKvdpotos. H
aAnAenidpacn "yovidlo-mepifdiiov" mov vmotifetor OTL gvBAvvVETOL Yoo TNV
npodbnon avtng ¢ aAlayng (159) pmopel va givar €vag gvpémg S1adedopévog
LOALGUATIKOG TTopayovTag, tkavog va aAANAETOPA Le TIC TEPIPAALOVTIKEG TPOGPOAES

TPOKOADVTOG EMIOEKTIKOTNTO GE YEVETIKT LETAAAAEN KoL TEMKE 0YKOYEVEDT).
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H aviyvevopevn ovyvomto tov MCPyV-6etikov dsiypotov (9,1%) ot
MMKII eivar péca ota miaicld EMNTOONG TOV TPOGOIOPICUEVOV TTOGOCTMV
emkpatnong dvo mponyovpevov peretov: pioo MCPyV kot HPV cuv-perétn (160)
Kol po wpdoeatn peiétn g mapovcsioc MCPyV DNA oce MMKII and ) Xuwq
(161). H HPV xou MCPyV cuv-pedétn mpoteivel v napovsio MCPyV oto 16,7%
tov 30 acBevov pe MMKII, kuping TAAK®OOVE KOPKIVOUOTOG Kamviotdv. Efval
EVOLAPEPOV OTL, TO, ELPNUATO CVTA TPOEPYOVIAV TOCO Ao KAKONOELS mEPLOYEG OGO
Kol omo mopokeipevo kaAonOn 1otd. Epgvuvntég aviyvevcav emiong 600 kolonon
MCPyV Betikd detypota aAld dev toug avtiototyovv Kakonorn. H mapovoa perétn
eétace 110 acBeveic pe MMKII, copnepilopfovopévng pog opadog eAEYXoL Tov
amodelyOnke ot eivan apynrikny yio MCPyV DNA. H acvpgpovia petadd tov Tpiov
AUTAOV UEAETOV UmOopel va glval amOTEAEGUO TOV JOPOPOV GTOV TANOLGUO TV
acBevdv mov peAetnOnke, koOMG Kol M SEOPA OTNV OHAdO EAEYYOL TOL
doxpaletar. A&iCer va onuewwbel 6t, €yovpe emiong oeilel o Betikn Tdon oo
Kamviopa, oedopévon 6tL 1 mAstoyneia twv MCPyV-Betikdv derypdtov eiqednoay
amd kamviotés. Ot Sopopég LETOED TV TPIOV OVTOV HEAETOV Umopel emiong va
arodobel oe dtakvpavoelg detypatoAnmrikéc. H pedém amd t X mepieiye povo
AOEVOKOPKIVOUOTO KOl TAAK®MON KopKivodpata o avaroyio 1: 1, eved n mapovca
peAétn cvumeptédafe OAa ta €ion 1otoroyik®v Tommv MMKII kat ) avaroyio peta&d
TOVG AEIKOVILEL TNV TAOT TOVS GE p0 OLOPOPETIKY| YEWYPAPIKN TTeptoyn. EmmAéov, ot
ovyypageig and v Xy MAwcav 4Tt 10 TTOXd TOGOGTO TOVG MOUVMG OPeileTon
oN YoUNAN TototnTa Tov delypatog. A&ilel va onuelmbel 0Tl 6€ HoL TOGOTIKY| HEAETN
(162), éxel amoderyBetl 6TL M cvyvoTNTA EPPAviong Twv MCPyV DNA otov 1616 10V
KopKivov Tov Tvevpova gival 500 QOpPES IO GLYVY A TOV VYL TVEVUOVIKO 16TO, oV
Kol o1V Tapohoo PEAETN OTO (UOLOA0YIKO 1616 O Ppébnke mapovsioc MCPyV.
Inuewwveton 6Tt  amovsioc MCPyV oty opdda eA&yyov tng mapovcas HEAETNG
umopet va givot amotédeopa Tov pPiKpov pey€Boug tov delypatog eAEyyov.

Eivat yvoot6 611 1 mapovsio DNA 100 dev elvar pio eTapkng cuvonkn yuo myv
VTOGTNPIEN TG CLUUETOYNG TOL oTNV 0yKoYéveon. Apketoli DNA 1ol pmopel va pnv
elvar 1oyvpol TPoay®Yol TOL VEOTANGTIKOD UETACYNUOTIGHOV. AVT 'ovtod 1
LLOKPOTTPODES LU TAPOLGIN ALTAOV TOV 1OV KOl 01 TPMOTEIVEG TOL GYETILOVTOAL PLE OV TOVG
0T0 KVOTTapOo pmopel va cupPdiovy oe €va TepBAAAOV TOV €ival ELEPYETIKO Yl TOV
10, Kot T0 yeyovog avtd umopet va mailel kpioyo poAo ot petdfocn and Tpoddpopo
veomAacpatiky PAAPN mpog waxondeio. Etcl, m mopovoa pedétn diepegvvnoe

TEPALTEPM T YOVISIOUATIKY £KOPOCT LG TOIKIAMOG YOVISIOV OV EUTAEKOVTOL GE
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Baocikég KuTTapPIKEG AetTovpyieg, TPoKeWEVOD va dlepevvnBel 1 evdeyduevn cvvoeon
peta&d tov 100 kot TG oykoyéveons. To KOplo gvpNUA TG TOPOVOAG HEAETNG HTOV M
KATOoTOA Tov yovidiov Bcl-2 oe MMKIIL. EmmAéov, n avénuévn €kepoacn Tov
yovidiov Braf mapotmpndnke ota MCPyV-0etikd detypata MMKIIL. "Epevveg €yovv
deiel 0TL M katdAvon tov Braf dev gixe onuavtikny enidpacn oty avamtuén Tov
MMKII (163). EmutAéov, petadrdéelg Braf vmoPaAlovior ©€ TPOGEKTIKN
TapoTNPNoN, KOOGS moteveTal OtL givor e€oupetikoil Bepamevtikol otoYol, pe T
petdAraén tov Braf eEdviov 15 og acBeveic pe NSCLC yopig dAheg petodhdcelc Tov
Yovidiov va eivol apKeTn Yo Vo, EVIOTICEL VITOYNPLOLS Yo Bepameia, o AvOpeg
acBeveig pe MMKII kot oe acbeveig o1 omoiot givan Papeig komviotég (164). M
ouyvomta tov 3% tov Braf PeTOAMAEE®V GE  OOEVOKOPKIVOUOTO TVEDLOVO
aviyvevdnke, vrodeikvoovtag 0Tt 6Aotl ot acbBeveic pe petaiialn BRAF fitav vov 1
nponv korviotég (131). Ou pvBuioctikég npwteiveg tov HPyV mapepfaivovov oty
KOVOVIKY] dpdon TV puOHGTIKOV TPOTEIVAOV TOV KLTTOPIKOD KUKAOV, OT®G pS3,
pRb, cyclins, cyclin-dependent kinases (CDK) kot CDK avactolels, endyovtog ™
dpdon g tehopepdong, aotabsior DNA, dwatapayn omodounong mTpoTeivdy Kot
TpoOAYN ¢ amomtwons (165). Abvo oamd Tig KVpleg 0000G oNUATOdHTNONG TOL
deyeipovrar and to Middle T antigen (MT) towv polyoma wdv givor ot mitogen-
activated protein kinase (MAPK) péow tov Ras/ raf povomartiov (166) xor ot
Q®SPATOVAVOc1TOAN 3-kKvaon (PI3K) katappdktes. Braf avEoppvBuion mov odnyet
og Katdvtn vrepékepaon tov povoratiod MAPK / ERK «kat, tehkd, o aveéreykto
TOALOTAQGLOGUO TOV KVTTAPp®V, pmopel va givol éva QUECO OMOTEAEGLO TOALOLLO
TPOTEIVIG TOAVMOUATOG OV peTaoynpatilel To kOTTOPO, cLUPdAloviog £Tol otV
KOPKIVOYEVEDT).

Tpitm onuoviikny mopatipnom, m  LVrOoEkepacn Tov yovidiov Bcl-2 oto
MCPyV Betikd octypota Kopkivov tov mvebpova, 1 omoia €xel cvoyetiofel oe
TPONYOVUEVEG UEAETEG e o To emBeTikn ovumepipopd tov NSCLC (167). To
debTEPO KVPLO povomaTL onuatoddTnong mov deyeipetor and to Middle T antigen
(MT) eivor o Koatappdkng ™G ooEatidvAvoottodn 3-kwvaong (PI3K), n omoia
odnyel, péow Akt, omn pocspopvrioon tov Bel-2-associated death agonist (BAD), mov
LE TN GEPA TOL EMAVAPEPEL TO AVTI-OUTONTOTIKG oamoteAécpata g BAD-binding
protein BCL-X; (166). ITapd 1o yeyovdg 6Tl 0 KOPLOG GTOYOG TG TAPOVGAS HEAETNG
dev Ntav va diepgvvnoet to povomdtt PI3K / Akt, epgvvioape tv amoppiduion g
AmOMTOONG amd TNV EKEPOCT TOV VO Yovidiwv mov Ppickovtol KATdvtn Tov

katappaktn PI3K: Bax kot Bcel-2. Mia avaioyio <1 tov Bax / Bcel-2 deiyvet
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vepékepactn Tov Bel-2 ko v anoAieia g Bax, oe olykpion pe TO KOVOVIKO
Bpoyywd emOA0 kot €xet  oamodeyBel OtL avédver T cofapdtmra TV
TPOVEOTAACTIKOV PAofdv, amd yoauniov Pobpod o€ vyning mowdtnrog. Xtnv
Tapohoo HEAETN, Uio OTATIOTIKG ONUOVTIKY LTOEKPpacn Tov Bax oe delypota
KopKivou TOL mvebHOVE, TOL Omoiov O POAOG GLVICTOTOL OTNV  EMTAYVVON
TPOYPOUUATIGHEVOD KLTTOPWKOD Bavatov pe ohvoeon TPog, Kol avTayOVIoUd, TV
Kataotorléa amomtwong Bel-2. To ocbvolo TV deypdtov 16100 KOpKivov TOov
nvevpova glye avoroyio Bax / Bel-2 <1, cOhupova pe 11g peAéteg mov gumiékovv
tétoleg avoroyieg pe veomhaoieg (135). Eivor evoapépov 6tt 1o MCPyV-Betikd
delypata giyav ntoyotepa Bel 2 enineda og ouykpion pe MCPyV-apvntikd delypota,
oV 0dNYel TPOG UK OTADOAELD TG OPACTIKOTNTOG KOTAGTOAEN ATOTTOONGS, 1| OOl
umopei va. cupuPdAel otov avdpaAo ToAAATAAGIOGHS. YToBETovpe OTL 1 evaucOncia
¢ Bcl-2 amoppObong pmopel va givor évog mapdyoviag mov cuuPdAier ot
uoéivvon amd6 MCPyV. Muw mpoéceatn perétn €deiée ott m Bcel-2 oyetilopevo
aBavatoromtikd yovidlo, Bag3 €yet v wkavotta vo aAiniemdpd pe to Large T
antigen tov JCPyV «xot vo kotactédler v ékeppaocn LTA oe mpwtdyovoug
VEVPOEKTOOEPIKOVS OYKOLS, vTodnAmvovTag 0Tt Bag3 emnpedlel v €kppaocn tov
LTA ot0 peta-petaypagikd eninedo, mbavotato ond v amoctabepomoinorn g
npoteivng (168). Evpnuota pog mpoéceotng peiétng vmodnidvovv ott Bel-2
BeTicoTTOL dElyvel KAALTEPO KAWVIKO OTAO0 KATd TO YPpOVO NG Odyvmong pe
MyOTEPES UETACTOOELS KOl HOKpUTEPN TOG00TH emPimong oe acbevelg pe MCC
(169). Ztmv mapovca perétn, 6aa too MCPyV-0Oetikd detypota Bpébnkav Betikd yio
v ékepaoct Bcel-2, kot evd ta dedopéva omd ta T0c0ooTd eMPimons eV UTOPOvV va
GULGYETIGTOVV VTN TN OTyUn pe v ékepaot Bel-2, uropovpe va vrobécovpe 0T 1
uéivvon MCPyV cg kapkivikd KOTTOpO, TOV TVEDHOVE UTOPEL VO TPOTOTOGEL TO
TPOTLTO EKPPOONG OAAG Oev KaTaoTEAAEL TNV ékppaoct) TG Bel-2. Tlepartépm peléteg
UITOPOVV VO TOPEYOLY TANPOPOPIES GYETIKA LE TO TOGOOTA EMPIMONG TOV KOPKIVOL
TOV TveLLOVA G oxéon Ue TV Ekppacn Bel-2.

To LT-ag tov MCPyV mepiéyet éva vmotifépevo ympo dEGevong tov pS3 mov
pumopel va yabet O6tav 0 10¢ veiototon MPETOAAAEN Tepikomng otov 16t0 (170).
[Ipdopara, delydnke ot acbeveig pe MCC pe vynAdtepo ukd amdbepo étetvav va
ovvdéovtal pe yapnAotepn Ekppaocn pS3 kot pokputepn enPioon (171), eved o pia
AN perét n €kppaon pS3 otov MCC dyko cuvdédnke pe dvopevn emiPioon (172).
Emumiéov, o mpdopotn pelétn pe otoyo 1t Pertioon g evasnociog aviyvevong

tov MCPyV 610 MCC, anokdAivye 61t evd 0Aa tao MCC pmopei va mepiéyet MCPyV
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DNA, ot 6&ykot pmopodv vo emtheyobhv Yoo TNV  TOPOLGIO  UETOAALEE®V
angvepyomomoemg pS3 dtav dev exppalovtor ta ukd avtiyéova T. Emmdéov, oty
nepintwon mov ot MCPyV Betikoi MCC 6ykot datapd&ovv tn pS3 onuotoddtnon,
TOTE M TOPOTAVE EMAOYN EMTLYXAVETAL PE £VOV SLOPOPETIKO UNYOVIGUO TOV OV
eumiékel 1o C tépua LT-ag (173). Zmmv mapodoa perétn, ov Kot Topatnprinke o
taon Yo pS3 avéoppubuion ota MCPyV-0etikd deiypata, 1o pS3 dev enmnpedotnke
onuovtikd and v moapovoic MCPyV ota detypato MMKII mov vrodnimdver 0Tt
petald 1oV Spopwv avipormiveav Ooykwv, o MCPyV pumopel vo mpokaAécet
JLUPOPETIKEG OYKOYEVETIKEG 000VG,.

Oocov apopd v ékepacn tov RBI, Pprxope 611 1 mapovcioc MCPyV dev
ovoyetileton pe apbovia tov petaypdewv RB1ce deiypoato MMKII. Avtd 1o ehpnua
elvatl o ocvopeovio Pe TNV AvTioToyn £KEPOCT KoL QOGPOPLAIMGCT TNG TPWOTEIVIG
Retinoblastoma o MCPyV-0etikd kot -apvntikd Merkel Cell Cacrinoma cells (174).

[Ipdopateg peréteg €xovv deigel 6t av koau o MCPyV eivar mBavag €vog
0YKOYOVOG oAV 10¢ 6€ avOPOTOVS Kot duvNTIKA oyeTileTanl OITIOAOYIKA HE TNV
avdntuén tov MCC, dev givar mpog to pop@oroyikd mapdpoto SCLC(175). Meléteg
&xovv dgiéel 0TL M mapovsio Tov MCPyV DNA eival vynAotepn og avamveELSTIKA
delypata omd acLUTTOUATIKOVS acleveic petd omd peTapdoyevon TvedUOVL GE
ovykpion pe toug KIPyV kot WUPYV (176), evd oe pia pedétn y v o&ela
Aolp®én TOL AVOTVELGTIKOD GLGTHUOTOG TEPIGGOTEPOL EVIMKEG AO O NTAY
Betcol Yo 10 avanvevotikd MCPyV oe avtiBeon pe toug KIPyV xor WUPYV(177).
®aiverar mBavo 6t mapovsio tov MCPyV oto mvevpovikd moapéyyopo mtailel Evav
Kpioyo poro oty e£EMEN TG TVELHOVIK®Y VOG®MV 0€ EVIIAIKEG, Kol OEGOUEVOL OTL T
QAeypovn €xel vrotebel OTL givol oNUAVTIKY GTNV TVELHOVIKY| Kapkivoyéveon (178),
o1 107eveig AotudEelg pmopet va amotelohv €va Pacikd koppdtt g dodikaciog. Agv
vmp&e kapia aviyvevon tov 100 JCPyV 11 BKPyV DNA oc¢ omotodfmote amd to
detypata. MMKII, ocOppova pe v €EAAElyYN OmMOOEIKTIKAOV OTOEIMV TPOg Evav
ALTIOTOOOAOYIKO POLO QLTMOV TOV TOALOUA 1OV KOl TOV KOPKIVOUATH TOV TVEDLOVAL.
[Mopd t0 yeYOVOg 6Tl 01 avBpdTIVvol ToAvOUe 101 £Y0oVV TAYKOCUI TOPOLGIO Ko
VYNA 0poBeTIKOTNTA 68 OAO TOV KOGOUO, Kovéva omd To detypata tov TAnbvouon
HopTOpeV omd tov EAeyy0 pog dev amedeiybet Betikd yio DNA MCPyV, BKPyV 7
JCPyV.

Ot meptocsoTEPOL amd TOLG 10VG gival kavol va ekepalovy ukd yovidwa M
akopo Kot microRNAs, mpokoAdvtag HETOPOAEG OV KLTTOPIKY]  OvATTVLED,

TOAALOTAQGLOGUO KOl TNV OTOTTOCT TV LOAVGUEVOV KVTTapwv. H Tapovoa perét,
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AoV, GTOYEVCE GTN GLVEXELD OT OMpoVPYio. cLVOEONC HeTAED TG LOAVVOTG TOV
avBpomov pe moAvopa 16 McPyV otov kot emyevetikéc petaforég otnv Ekepaon
1660 T®V MicroRNA 660 Kot TV yovidiov otoywv toug. Meta&d dAlmv microRNAS
mov a&oroynOnkav, ta miR-21, miR-376¢c kot miR-145 éoei€av p coPapn
amopvOon g Ekepaong mopovsioc MCPyV DNA og deiypato MMKIIL. To miR-21
&xel epeuvn el ektevag, kot Bewpeitar Eva TLTIKO «OYKo-miRy, dpdVTAG OVOCTOATIKA
oV £KQPUCT] POGPATOCOV, 01 0Toieg TEPLOPilovy TN AEITOVPYiD LOVOTATIOV OTMG
tov AKT ka1t MAPK(179). Epevvntéc éxouvv eniong dwotvndoet 1) dmwoyn 61t To miR-
21 pumopet va TpoPAréyel emaveppdvion kot dvopev tpdyvoon ce MMKIT (155).

EmBsukotnto koxonbsiog

H moapovoa perétn ocvumepiédafe yoviowa otoéyovg tov miR-21 kot twv
CLVOPAOV LOVOTOTIAOV, TOV EUTAEKOVTIOL GTNV TAEWOYNPIN TOV YOPUKTNPIOTIKOV TOV
kapkivov (86). Ta Pten xou Braf - yovidwaw mov eumAékovior otn Olotnpnon
onpatoddTnong moAlamiaciacuoy - Bpédnkav amopvbucuéve oto MCPyV-0etikd
detypata MMKIIL. Yynid miR-21 / yaunAd Pten eminedo ékepaomg, OT®G Kol 6T
TOPOVTO  OMOTEAEGUOTO, VITOOEIKVOOVV ol Oty ovaotodny Tyrosine Kinase
Inhibitor (TKI) pe kaxn kAwvikr avtamdkpion kot Bpaydtepn emPioon(180), eved n
KataoToAn Tov miR-21 pumopet va avaoteilel Ty avantvén Tov 0yKov pécw g Pten
vrepékepaong (181). EmmAéov, 10 Braf €xel pehetnfel extevdg yuoo onUOVTIKEG
petaAraéelg oe acbeveic pe MMKII (182). Ocov agopd ta yovidia mov gumiékovial
oTNV avtioToon oTov KVTTaptkd Bdvarto, epguvhicape v woppomnio Bax / Bel-2. To
Bax, gupéwc yvmotodg mpo-omontmTikdg mapdyovtoc, kKot Bel-2, eknpdcomog tov
AVTL-OTOTTOTIKOV TPOTEIVAV, Ppénkav vo vroekepalovtar oce MCPyV-0etikod
MMKII, apvnrikd cvoyetilopevo pe to miR-21. e wo wpdoearn peré (183)
TPOTEWVAY OTL 1| VIIEPEKPPaAcT] Tov MiR-21 Ba propovice va odnynoel o peimon Tov
emmédv MRNA aALd kot TpoTeivg TOV Bel-2 6 MAAKMOEG KOPKIVOLL TVEDLOVAL.
Amo ta omoteAéopoto pog Oglyvouv o onUAvVTIK emippon Tov miR-21 oty
ékppaon tov Bcel-2 povo oe MCPyV-Betikd detyparta, ko @aivetar €dhoyo OtL 0
MCPyV emnpedler to miR-21, wpowbaviag €va mo emBeTIKO VEOTAUGUOTIKO
QOVOTLTO, dEOOUEVOL OTL T0cooTd <1 tov Bax / Bcel- 2, 6mwg mapatnprnke oty
TapoHoo LEAETY, LTOJEIKVOEL TNV VIIEPEKPPacT] ToL Bel-2 ko v andAelo g Bax,
o€ CLYKPLON HE KOVOVIKO PBpoyyikd emOnio kot £xel amoderybel 1t av&dvel pe
cofapdmra TV TPOVEOTANCTIKOV PAafodv, amd youniod Pabuod £mg vymiov

Babuoc (184). Eivar evdwapépov 6t o0 MCPyV-Betikd deiypato elyav onpovtikd
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xopunAotepo Bel-2, kaBd¢ kot ta enimeda Bax, oe oOykpion pe o MCPyV-apvntikd
delypata, tovifovtag v mbovi andAel pOOUIGNG TOV KOTOGTOAEN OTOTTMONG.
Agdopévov 0Tl TO 0YKOKOTAGTOATIKO Bax dgv eivar Guecog otdyxog tov miR-21,
umopei va mpotabei 6T 1 woppomia Bel-2 / Bax emnpedletal and v mapovsio Tov
DNA MCPyV péom dapopmv 0ddv, av kot to miR-21 gival éva ovslootikd pépog
avtg ¢ amoppvbuiong . H yevopkn otabepodomta oyetiCetar pe to yovidw pS3,
Akt-1 ko Akt-2, mov Ntav 6ha vroekppacpuéva oe MCPyV-Betikd detypoto MMKIIT
oe ovykpion pe MCPyV Betikotc vyteic mvevpoves. [podceata otoryeia deiyvouv 0Tt
N avaotoAr] Tov miR-21 Ba glval eTOEEANG oE eMOy®YN OMOMTOONG GE KOAPKIVIKEG
Oepamneieg mov KatevBuvovtar évovil pS3-avemapkdv Ooykwv (185), exktd¢ and Ta
dedopEVO TOL VTOINAMVOLY OTL 1 VIOEKPPact Tov MiRNA-21 Oa pmopovoe va
evatoOntonotel padoavBektikd xvttopa MMKIIL, pe avacToA] TOL KLTTOPIKOV
TOALOTAQGLOGLOD KOl EVIGYLON TNG OTOTTOONG LECH TNG avaoToAng Tov PI3K / Akt
povoratiov (121) onuotoddotnong. To omoteAéopotd pog mpooHBétovv pio véa
TPOOTTIKY GE AVTES TIG LTOOESEIS: 1) AoIHmEN ammd TOAVOUA 10 PaiveETOL VO GUUPAALEL
apVNTIKG otV amopviuion avtodv TV yovidiov péowm tov miR-21. Ermiong, €xet
npotabel OTL M amOAEW TOL Oyyewoyovov amopvBuiot, Timp3, mpowbel TNV
Kakon el kot Ty emakdAovdn vrotpony e Kokn mpoyvorn oe acbeveic pe HPV-
LOAVGUEVO UN-HUIKPOKLTTOPIKO KOpKivo Tov vedpova (186). Xtnv moapovca HeEAET,
10 MCPyV-polvopéva kottapa MMKIT édeiéav onuavtiky] vroékgpaon Timp3 oe
oLYKplon pe Tovg paptupes. Epsvvopeva poli, avtd ta amoteléouato Umopel va
vrowvicoovtal pia Teyotepn £kfaocn tapovsioc MCPyV DNA ce MMKII acBeveis.
To miR-376c, onuovikd vrepekppdotnke oe MCPyV-Oetikd deiyparto
MMKII, kot cvoyetiletor opynTikd pe OAa ta yovidla-otdyovs tov, Alk7, Mmp9 xoi
Grb2, pe xobéva amd avtd va vroekepaletar ce MCPyV-Betkd delypoto MMKII.
To miR-376¢ €yel mpotadei va avacstéAlel TV Ekepaoct Tov Alk7 Kot Tov KLTTOpKo
TOALOTAQGLOGHUO KOOMG KoL TNV OTOTTMOY G€ KLTTOPIKEG GEPEG KOPKIvVOL modnK®mv
(152), xor va odnyn oe kaxkn omdkpion oty ynuewodbepaneio(187). EmumAéov,
npoceoTo  otowyeion vmodnAdvovuv O0tt to Grb2-associated binder 2 (Gab2)
VIepeKEPAlETOl 68 KOKONOES 16TOVE TOV TVELHOVO, KOl UTOpel vo dieyeipel v
avdmtuén Tov koapkivov tov mvevpova (188). e ocvvdvaoud, avtd To dedopéva
vrodnAdvovy 6tL N vepékPpacn Tov miR-376¢c 6 MCPyV Betikovg acbeveic pe
MMKII, odnyel otv amopvbuion tov yovidiov otdywv tov, kol Oa pmopodoe va
ovvendystot o xepotepn TPOHYVMOSN OGOV ApOPA TNV LETOVACTELGT Kot TV EIGPOAN

TOV KAPKIVIKOV KUTTAP®V TOL TVELLOVA.
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Téhog, t0 miR-145 omotehel mpotewvduevo oykokatactortikd (189). H
evepyomoinon EGFR éyet mpotabel 6t gpumiéketanr oty apvntikny puduion tov mikR-
145 og kOtropa kapkivov Tov mvedpova (146). X perém pag, o miR-145 pérpa
vroekppdomke oe MCPyV-Oetkég meputtdvoelg MMKIT oe  ovykpion e
avTIoTOLOVG UAPTLPES, EVAD TPOEKLYE L0 TEVTOTAACLY VIOEKEpacT ot MCPyV-
Betcd detypota og oyxéon pe MCPyV-apvntikd. To miR-145 yovidwa otdyot, Oct4 /
Sox2 / Fascinl 6lo. cvoyetiomkay onuaviikd pe to miR-145. @a pumopovce va
vrotebel 611 T0 miR-145 oto MCPyV-0etiké MMKII eivan og Béom va ennpedost ta
YOVIOL-GTOYOVG TOV, OTt®G Paivetal omd T BTk cvoyétion petald miR-145 won
Oct4 / Sox2 / Fascinlin avti 1 opdda. Eivar evolapépov OTL, vadpyet o dtokpitn
dvopubuion tov miR-145 mapovsioc MCPyV, n onoia dev paiverar va ennpedlet Ta
YOVIOL-6TOYOVG. ATO TNV GAAN TAELPE, OL SVVATOTNTEG OYKOKATOGTOANG TOL miR-
145 o@aivetor va givor @Bt oto. MCPyV-apvntkd deiypato MMKII, 6mov n
apvnTikn ovoyétion petad miR-145 kot yovidiov-otoxwv tov ameikoviletal pe
capnvela. Avtd ta dedopéva vrodniovovy 6t otovg MCPyV Betikoig acBeveig pe
MMKII, n miR-145 vnoékgppaon umopel va 0ONYNGEL OTNV OMOAEW TOV
TPOCTUTEVTIKAOV AglToLpyldv Tov miR-145 o€ avtovg tovg aocbevelg péow

JPOPETIKMY YOVISI®V GTOHY®V.

Dvoikn Avooia kKol 10YevIC TOPOVTIO,

2V Topovca HEAETN, T Yovidla 6TOYol Tov miR-21 Kot To GVVAPT HLOVOTATIO
ONUOTOOOTNONG OV EUTAEKOVTOL GTNV UK OTOKPIGT, EXAYMOYIULO Omd TNV TOTOVL |
wtepeepovn yovidw Daxx, Pkr, kabng kou Hifla, ntov aropvbucpuéva oe MCPyV-
Oetucd detyparo MMKII. H ovppetoyn g Daxx oe vreppebvriioon tov DNA ko
arontwon (190) eppaviomke mpoéceata, eved M Hifla vrepékepaot, Onwg oTo
MCPyV-0etikd ociypora MMKII, éxer oxetiotel (191) pe tov oynuatiopd tov
BAactokuTTdpwV MOV pOLAOVV HE KOPKIVIKG, 7OV VLOICTOVTOL Mo SldtKacio
EVOOOMALKNC-IECEYYVUATIKNG HETAPAONG, T omoio ovaoTéEAAOvVTaL amd to miR-21.
2V napodoo pHeAET, N Ekppacn Daxx kot Hifla cvoyetiCetat Betucd pe ) miR-21
éxppaong oe MCPyV-Betikdé NSCLC, yeyovog mov vmodnidver poe miR-21-
avegapmn £kepacn TV yovidiov avt®v o MCPyV-0etiké MMKIIL. H Pkr, | omoia
ovoyetiletor apvntikd pe miR-21 vrepékppaon ce MCPyV Betikd deiyporo MMKII,
&xel mpotabel va etvan gpumAéketon coPapd oty avimtvén tov MMKIT kou pmopet va
YPNOEVGEL MG TOAVOC TPOYVOOTIKOS deikTng Yoo acBevelg e avtnv v Boavaoiun

acBéveln (192). H Pkr vmepekppdleton povo oe MCPyV-Oetikovg pn-kokoneig
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1610VG Ko 0l 6 MCPyV-0etiko0¢ 10100 MMKII. Avtd pmopet va Vtodeikviet pia
mBavn avacstol TG Pkr 6 KapKIviKG KOTTOPO TOV 0o avoGTEAAEL TN OOKOTT TOV
KLTTOPKOD KOKAOVL, KOl 0T cuvEXELd B 00NYNGEL Kot 10 KOl KOPKIVIKO KOTTOPO GE
avOEKTIKOTNTA £VAVTL EVOG IGYVPOV EVOOYEVOLS UNYOVIGHOD KVTTOPIKNG GLLVOC.

Eivar evowapépov 011 t0 debtepo dvopubuiopévo microRNA ota MCPyV-
Beticd MMKII, to miR-376¢c, £xel Ppebel OtL elvan onuaviikd avénuévo otov opod
acBevav pe 10 ypinng Acwotikng mpoéievong A (H7N9) (193), vrmodeikvdovtog €11
pio mBavy ukn andkpion microRNA. H moapovoia tov DNA tov 100 dev amotelet
KOV GLUVONKN Yo VoL VTOGTNPIEEL T GLUUETOYN TNG OTNV OYKOYEVEST. AVTIOETMS, M
LLOKPOTTPOBES LT TAPOLGIN AVTAOV TOV 1OV AL Kot 01 TPOTEIVEG TOV oyeTilovton padi
TOVG GTO KUTTOPO Umopel vo. cuUPAAEL o€ Eva TTePIBAAAOV OV €ivOl ELEPYETIKO Yia
TOV 10, UE AMOTEAEGUO, TV UETAPOCT 0O VEOTAAGLOTIKY TPOSPOLO TPOS KoKONOELL.
Amo mpocpateg peréteg Exovv deiel OTL ukd ovTlydvo 6€ HLOAVGUEVOVG TVEDLOVES
emdyovv tayéwg pio eEdvtinon ota Ta-Aepeokdrtropa, mov yopaktnpiletor amd
TPOOOEVTIKT AelTovpYIKn PAAPN Ko aw&oppubuion Twv TOAVAPIOUOV AVAGTOATIKMOV
vrodoxémv (194) wor 61t HBsAg-Oetikny katdotoon eivor évag aveEdptntog
TPOYVAOGTIKOG TOPAYOVTOS Yot T CLVOAKT emPimwon oe acBeveic pe mpoywpnuévo
MMKII (195), mopapéver mBovod 0Tt uxkn evousHnromoinon Tov  AvOpOTIVOL

TVEDLOVOL UTTOPEL VO ETNPEAGEL TNV ATOTTMOGT] KOl TVEVUOVIKT] OYKOYEVEGT).
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V. EYMIIEPAYXMATA

H obvdeon peta&h 10v Kopkivov TOL TVELHOVO, KOU HOALGUOTIKMV
TapayovVTOV 6mwg ot 101 pumopel va 0dNyNoeL 6€ KOADTEPY KATAvONGT TG EMMTOONG
™G vooov og un-kamviotés. [lapd 1o yeyovdg OTL T0 KOTVIGUO EUTAEKETOL OTNV
TAELOYN IO TOV TEPUITAOCEDY KOPKIVOL TOV TVELHLOVO, TO YEYOVOS OTL UOVO pid
HEYNOio TOV KATVIOTAOV OVOTTOGCOVYV KOPKIVO TOL TVEDLHOVE GTN OEPKELD TNG
Cong tovug KAvel avt) TV acBéveln onuavtikd HOovtéAo Yo TV a&loAdynon twv
aAnAemidpdoemv yovidiov-nepidilovtog. H mapovca perétn cvopPdirer oto medio
™G moBOYEVESNC TNG KOPKIVOYEVECTG TOL TVEDLOVO LE TNV TOPOYN OTOEI®V TTOV
eumiékovv poivvon MCPyV oeg éva a&loonpeimto 10% tov acbevov pe MMKII,
evo mapéyel ototyeia 6TL | amoppvbon twv Braf kot Bel-2 o MCPyV poivopéva
KOTTOPO KopKivov tov mvedpova pmopel va eivar €va amnd ta kpioyo Pruoto mov
EUMAEKOVTOL GTN GLUPOAT TOV 100 GTNV KOPKIVOYEVEST], LEGM UETOCYNUATICUOD TOV
Kuttdpowv MCPyV.

Mo mpocpatn perétn Oeiyver 6Tt mapolo MCPyV elvar mBavag €vog
0YKOYOVOG 10G TOAVDUOTOS 6€ avOPADOTOVG Kot SLVNTIKG aUTIOAOYIKG oyeTileTon pe TV
avdmntuén tov MCC, dev €xet oyéon pe v popeoroyikd mapopoto SCLC (196), evod
o GAAn perétn mpoteivel 6t to DNAtov LT-ag tov MCPyV givan mapodoa og o
vroopdda acBevov pe MMKII, n omoia cuoyetioTnke oNUOVTIKA PE LETAAAAEELS TOV
EGFR (197). H mapoboo perétn oOlepebhvnoe TIC €MIYEVETIKEG UETAPOAEC ot
KOPKIVIKA KOTTOPA TOV TVELUOVOV TTov Tpokaieitar amd napovsioo MCPyV DNA oe
acBeveig pe MMKIIL. Ta mpopid ékgpacong tov microRNAs kot yovidiov-otdymv
TOVG G€ OVTH TN HEAETN 0dnyel oty vdBeon OTL 1 Tapovsia Tov ToAvOUa 100 Merkel
umopel va odnynoet o€ éva mo enBetikdé MMKII, kabdg kot mtoydtepn Tpdyvmon.
‘Eva ko pé6vo miRNA pmopei va avaotéAlel Emg Kot apketég exotovtddeg mRNAS,
dpo M mapekkiivovoo Ekepacn mMiRNA pmopel va kotaocteilet po minbopoa
HETEYPAP®V KOl Vo etnpedoel Pabid ta povomdrtio. onpatoddtnong mov oyetifovron
Le ToV KapKivo. Mg autd 10 OKETTIKO, QT TOL ATOTEAEGILOTA TTPETEL VAL EPUNVEDOVTOL
pue mpocoyn. Ilepatépw £€pevva, Wiaitepa yioo Bepamevtikés mapepuPdoelc sivor
ATOPOLTNTN Y10 TN OKIOYPAPNON EMYEVETIKOV UNYOVIGUMV TOV EUTAEKOVTOL GE QVTNV

v Bavacyn acbéveo.
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The presence of Merkel cell polyomavirus is associated with
deregulated expression of BRAF and Bcl-2 genes in non-small
cell lung cancer

L Lasithlotakl’, K.M. Antenlou’, SP. Derdas®, E. Sarchlanakl, EK. Symwvoulakis™, A Psarakl®, DA Spandldes®,
EN. Sathopoules®, N.M. Slafakas® and G Sourvinos®
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Polyomaviruses such as BK wirus [BKV), |C virus OV and Merkel cell polyomavins (MOPyW) are typically nononcogenic,
although they have been detected in a variety of human neoplasms. The aim of our Study was to delermine the frequency of
the most common polyomaviruses MOPYW, BKV and JOV as well a5 the gene expression profile of genes involved in oncogene-
sis including K-ras, BRAF, REIF, Bax, Bel-2, p53 and RB1 ina cohort of nonsmall cell lung cancer (NSCLC) pati ents. Real-time
and nested polymerase chain reaction [POR) were used Lo assess the presence of polyomaviruses DNA in lissue biopsies fom
110 patients with primary NSCLC and 14 lissue specimens from mamoscopically healthy sites of their lung. Real-time POR
was also used Lo determine the mRNA expression of K-ras, BRAF, RKIF, Bax, Bel-2, p53 and RB1 in selected samples, Resulis
showed Uhal ten NSCOLC specimens were positive for the presence of MCOPyV DNA (20110, 9.1%), whereas no control sample
wias tested positive lor e virus, The MOPYV-pos itive samples were predominantly oblained from male smokers (9100 BKV
and IOV DNA were nol detected either in lung lissues biopsies of the control specimens. Inlefestingly, gene expression analy-
sig revesled increased mRNA and protein expression of BRAF gene in association with BRAF phosphorylation in Uhe MOPyW-
s itive samples, whereas Bel-2 gene expression was downregulated in the same type of samples. The detected MOPYV preva-
lence in NSCLC in combination with the deregulated expression of BRAF and Bel-2 genes sugpesis thal these events are likely
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Lo contribute to the pathogenesis of NSCLL.

I 2011, hmgam.u' wiinrldwide comstituted 13% of all ma]g_
nant tumaors and accounted for 18% of cancer deatha' The
main risk factors that have been implicated thus far inchede
cigarete sneking envirmnmental polluton, rdistion and ex-
posire o advestis,’ although numermes lung cancer cales
hawe fmiled to be atirbuted (o these faciors I has been
postulated that the gene-envimnment interaction is als
mvolved in -L:ln:im}ﬂmi:, where envimamental fEotors camse
genomic instabdity either directly or via an inflammatery
'pm-uﬂ:.’

Human polyomavinses (HPyWs) are double-stranded
DA virses encapsubited in an jcosabedral capad, with so
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lipoprotein envelope. JC (JCV), BE (BEV), Kamlingka Insti-
tute (KIV), Washington Univemity (WUV), Merkel cell
[MCPyV) vineses and the newly discoversd _ﬂ-i.h'l-irl.l'ﬁ:l.h'lg
HPyVa, HPyW7T and trichodysplasa spincloa-asecaed pol-
vomaving have been detected in humans® Similr studies
with the newly discoversd HPYW are bcking A number of
cases in which HPyV exhibited 2 higher prevalence compared
1o the corresponding pormal tise have reently been identi-
fied® However, a direct caustive mile of HPYV in cancer
remaing controve sl

Merkel cell polyomavires (MCPyV) was first discovered
in Merkel cell carcinoma (MOC) of the skin, a2 highly
aggresmive tumor from neumendocrine cella® Since the dis-
covery of MCPYV a8 a2 major etiopathological factor of
MOC, additional associdiond have been ﬂuﬂn between
MCPyV and other human rluﬂ'p]a.!':l. irlr..'hliirlg ]ung carci
momas. In small cell hmgcmrl’ﬁ’lﬂ_ﬂ].ﬂih virws has been
comehted with hypermethylation of the tumor suppressor
gene RASSF1A” wheress in non-small cell ]Ll.rlg CATCEr
[MSCLC) MOPW has been detected either alone” or in
amociztion with human papillomavires (HPV) in 33% of
the patients?

MCPYY expresses the lrge T antigen (LTA) that may be
truncsted in cancer cells, msulting in elimination of the virl
helicase function and replication, while the ability of the
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An estimated one in five cancer cases worldwide are caused by infection, with the majority being caused by tumor vinses.
The present study aimed to establish an association between human polyomavirus infection and non-small cell lung cancer
(NSCLC). The data implicate Merkel cell polyomavirus (MCPyV) in 9.1% of the cases in a cohort of 110 NSCLC patients. The
expression profile of genes imwolved in oncogenesis also point to the deregulation of BRAF and Bol-2 in MCPyV- positive NSCLC
cells. These findings suggest the imvohement of MCPyW in non-small cell lung cancer through deregulation of BRAF and Bol-2.

truncated LTA to bind critical cell cycle-regulating proteins
may be preserved leading to cell proliferation and enhanced
tmnsformation potential "’ LTA expression by MOPyV is
crucial for inhibiting important responses to UVR-induced
DMA damage, suggesting that progressive MCV-mediated
abrogation of genomic stability may be involved in Merkel
cell carcinogenesis.'" Furthermore, the LTA may target and
interact with cellular proteins such as the retinoblastoma pro-
tein, as an intact retinoblastoma protein-binding dte in
MCPyV LTA is required for promoting growth of MCC
cells

Lung carcinomas harbor multiple mutations in genes
involved in cell growth, proliferation or apoptosis. Such
mutations may incdude the Ras/raf pathway whose defect
results in uncontrolled cell growth vie MAPE/ERE regula-
tion, while the p53 pathway is simated at the crossmads of a
network of signaling cascades, essential for cell growth regu-
lation and apoptosis induced by genotoxic and nongenotoxic
stresses, Mutations of the ras genes, induding the K-ras
onoogene, in hing cancer are entirely limited to NSCLC (pre-
dominantly adenocarcinoma),” whereas in a recent sudy' it
has been suggested that the mutant BRAF iz a driving “event”
in lung adenocarcinoma. Deficiency of the inhibitor RETF is
positively correlated with carcinogeness as well as invasion
and metastasis of lung squamous cell carcinoma,'® while the
total level of RKIP has no predictive value for lung cancer
patient outcome.'® Genotoxic stress resubts in the activation
of the “guardian of the genome” gene p53. In turn, p53
reduces REl phosphorylation and induces a repair-or-apo-
prosie cell cyde stop through Baw/Bo-2 and other ps3-
induced gene regulation processes.” Bax is an apoptosis-
inducing gene, whereas Bel-2 & an antiapoptotic gene and
the hetemodimer Bax/Bel-2 induces a neutralization of Bax
and a loss of apoptosis.'® Mutation of p53 is very frequent in
lung cancer and ocours in 50% of NSCLC: and 75% of
SCLCs '

A viral etiology of lung tumors is attractive becanse the vi-
rus can be regarded as a main onoogenic event or as an im-
portant cofactor as in human mesotheliomas [Simian Virus
40 of the polyoma family phis ashestosis). In this view and
considering the fact that the polyoma family has already been
linked with human malignancies, we aimed to examine the
MCPyV, BEV and JCV frequency as well as the expression
patterns of K-ras, BRAF, RKIF, Bax, Bcl-2, p53 and REI!
genes in the mme series of NSCLC specimens.

Int. . Cancer: 133, 604—612 (2013) © 2013 UKCC

Material and Methods

Fatients

The ling tisme group of patients comprised of 110 consecu-
tive patients with NSCLC from the Department of Thoracic
Medicine, University Hospital of Heraklion, Crete, Greece
The patients included in our study were dasified acconding
to the criteria of WHC (1997). The tissue control group con-
sisted of 14 samples from macroscopically healthy sites of the
hing derived from WSCLC patients ongoing lobectomy and
were verified histologically.

Ethics statement

The Ethics Committee of the University Hospital of Hera-
Kion, Crete approved the protocol and all patients and con-
trol subjects provided informed consent in written form.

Biological samples and processing

One hundred and ten lung cancer tisue specimens were
ohtained from paraffin-embedded blodks from the Labormto-
ries of Pathology, University Hospital of Heraklion, Crete. All
the samples were obtained from surgical resections. Among
the 110 patients, 16 underwent further surgical resection of
the lesion, from which fresh lung tisaie specimens were
ohtained and stored at —80°C until further processing.

DMA extraction and PCR amplification

To extract DMA, lung cancer tissue biopsy samples from par-
affin-embedded blocks were processed wsing the (QlAamp
DMNA FFPE Tissue Kit (CQiagen, Germany), according to the
manufacturer’s instructions. Genomic DNA from the lung
cancer tissue samples from controk and fresh lung cancer tis-
sue hiopsies was extracted after homogenization and subse-
quent treatment wing proteinase E, followed by phenal
extraction and ethanol precipitation according to the sand-
ard procedures. All the DNA mmples were quantified spec-
trophotometrically and normalized aliquots were pmoduced
for each mmple.

Real-time quantitative polymerase chain meaction [PCR)
reactions for the BEV and JCV asays were performed using
commercial kits. For the detection of BEV DNA, the BEV
real-time -PCR Alert AmpliMIX kit (Cat. Noo ETS175
BEV) was applied according to the mamifacturer's insruc-
tions [Manogen Advanced Diagnosics 5.p.A., Italy), whereas
for the detection of JCV DNA the JCV/BEV oligomix Alert
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nested PCR kit (Cat. No. BANOTS) was used, according to
the mamnufacturer’s instructions (Manogen Advanced Diagnos-
tics 5.p.A). The presence of MCPyY DNA was tested using
real-time guantitative PCR protocok, using the MCV138 st
of primers that targets the LTA region, as previoush
described ™ The integrity and quality of the extracted DNA
were confirmed after the successul amplification of the
beta2-microglobulin gene in all samples.

Farticular care was taken and all manipulations were per-
formed inside a PCR hood to avoid potential contamination.
Each PCR reaction comtained two negative controls. The pos-
itive controls for the BEKY and JCV reactions were obtained
from MNanogen Advanced Diagnostics Sp.A. (Cat Mo,
CTRO75), while DA from a MCC patient served as the pos-
itive control All realtime PCRs weme carried out in an
Mx3000F real-time PCR system while additionally, PCR end
products were analyzed on 2% agarose gel, stained with ethi-
dium bromide and the bands were visualized under a UV
transilluminator (260 nm). These viral PCR products were
then subjected to direct sequencing analysis to verify the ini-
tial amplification results.

Gene expression

Sixteen fresh tismue specimens from MSCLC patients and 14
controls were processed using the TRIzol reagent (Invitrogen,
Carlshad, CA) protocol for total FNA extraction according to
the manufacturer’s instructions. The edracted RNA was aib-
sequently treated with DNase to avoid DNA contamination.
RMA concentration and purity were evaluated by a spectro-
photometer. Aliquots of RNA were stored at —80°C umtil
use. cOMA from each mmple was derived by reverse tran-
scription of 1 pg of total BNA wing the the SuperScript®
First-5trand Synthesis System (Invitrogen) and random he-
amers. To remove the RNA template, cDNA was incubated
with Escherichia coli FNaseH (Invitrogen) and stored at
—20°C until use.

Transcript levels of K-ras, BRAF, RETFP, Bax, Bol-2, p53 and
RE! were determined usng the Mx3000F real-time PCR sys-
tem (Stratagene, La Jolla, CA) and SYBR-Green 1 Master Mix
(Stratagene) according to the mamfacturer's ingructions, as
previously described ™' The primers were designed to span at
least one intron in order to avoid amplification of contaminat-
ing genomic DA, GAPDH was used as an imernal control to
normalize mENA epression levels To verify the reailts of the
melt-curve analysis PCR products were analyzed by electro-
phoresis on 2% agamse gels, stained with ethidinm bromide
and visualized under a UV light transilluminator. Primer
sequences and annealing temperatures for all the genes ana-
Iyzed as well as for GAPDH are shown in Table 1.

Protein extraction and Westem blotting

Fresh tissne samples were homogenized in RIFA lyds buffer
(Tris-buffered zaline pH 74, NP-40Na-deoxycholate, NalCl,
EDTA, PMSF, Pmtease Inhibitor Cocktail Phosphatase
inhibitors, Ma-Vanadat and NaF) to extract the total protein.

Polyomavirus in non-small cell lung cancer

Table 1. Primer sequences wsed for guantitative eal-ime RT-PCR

Annealing
temperature
Gene  Primer pair sequence (537 o
GAPDH FOR: GGAAGGTGAAGGTOGLAGTCA &0
REV: GTCATT GATGGCAACARTATCCACT
BRAF FOiR: AGAAAGLA CTEA TEAT GAGAGD 58
REV: GGARTATCAGTG TCCCAACCA
REIP FOR: AGACCCACCAGCATTTOGTG 58
REV: GCTGATGTCATIGOCCTTCA-3
P33 FOR: GTGAGLGCTTOGAGATGTTC &0
REV: ATGGCGOGAGETAGACTGAC
K-ras FOR: ACTGAATATAAACTTGTRGTAGTTGGEACCT &0
REV: TCAAAGAATGGTCE TRGACE
Bek-2 FOiR: GAAACCCCTAGTEOCATOAR 55
REV: GGGACGTCAGGTCACTGAAT
Buas FOR: TTCTGACGEECAALTTCAALTGD &1
REV: TTGGTGCACAGGGCCTGTAATE
RB1 FOR: CTTGCATGECTCTCAGATT CAL &0
REV: AGAGGACAAGCAGATTCAAGGTG

Froteins were quantified using the Bradford Protein Quanti-
tation protocol. After a 12% SDE-PAGE gel was cast, 40 mg
of total protein was loaded into each lane, and the elecro-
phoresis separation was performed. Proteins in the gel were
then transterred to a FVIDF membrane in a semidry blotting
system. The PVDF membrane was blocked with TBST (10
mM Tris-HCl, pH 7.5, 150 mM NaCl and 0.1% Tween-20)
solution containing 5% skimmed milk at room temperature
for 1 hr. Primary antibodies were then added at the appro-
priate dilution [phosphor-BRAF (Serdd5), BRAF and Bcl-2 1Y
1,000; beta-actin 1/2,000) with overnight incubation at 4°C.
All primary antibodies were purchased from Cell Signaling
Technology, MA. Subsequently, the HRP-conjugated goat
anti-rabbit Igl: polydonal antibodies (12,000 dilution) were
added, with incubation at room temperature for 1 hr. After
TEST washing, awmoradiography was conducted with
enhanced chemiluminescence reagents. The results were ana-
byzed with the Quantity(rne softwane.

Statistical analysis
The Kolmogorov-Smimov test was used to  determine
whether the expression data obtained followed a normal dis-
tribution pattern. The mRMNA expression of all the genes was
compared between the groups of normal and pathological
samples, as well as between groups with different histological
features, using parametric procedures (Smdent's t-test and
one-way ANCWVA]

Frobability values (p-vahies) <0.05 were considered statis-
tically significant. Statistical calmbtions weme performed
using SPSS 11.5 software (SPSS, Chicago, IL).

Int. |. Cancer: 133, 604-612 (2013) € 2013 UICC
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Table 2. The clinicopathological characteristics of the subjects
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Table 3. Histological types of blopsies of NSCLC patients

Characteristics Control group  NSCLC patients  p value
Humber 14 110

Ape 56.33£5.47 612031 +1.132 NS

Sex (malefemalel  12/2 1019 NS
Nensmokers” o 12 00011
Smokers’ 2 56 0.0007
Ex-s mokers” 3 2 NS
FEV1® BETELET1  B&12E3153 NS
Pvct 93.32£7.50 BO.E9:4.11 00374
FEVL/PVC* 7133£4.39  74.46+1.80 NS
pLCo® F443£1137 BLIT£9.15 0.00IBE
Kco! EI15£1080 01361410 NS

Values are exprested ai means = SEM (standard error of the mean).
'rtest; P 0005 is considemd statistically significant.

¢ st Po (05 s considersd statisfically significant
Abbmeviations: Dlo: diffusing capadty for cation monaxide; FEV1:
Torced expiratory wolume in 1 Sec; WO forced vital capacity; KOD:
DLCD per unit lung wolume; NS: not Significant

Results

Polyomavirus detection

The NSCLC tissue study sample induded 101 male and nine
female patients with NSCLC. Demographics and pulmonary
function tests of patients are shown in Table 2. Biopsy results
and malignant subtypes of NSCLC of all patients are shown
in Tahle 3. Briefly, the mean age of patients was 6292 =1.12
years, while the majority of the NSCLC group consisted of
active amokers (87 3%).

The lung tissue hiopsies from the NSCLC patients and the
control population tested negative for the presence of BEV
and JOV DNA.

MCPyV DNA was detected in ten of 110 (9.1%) sped-
mens from the lung cancer group, whereas MCPyV
genomes were not detected in any of the control samples
(Fig. 1). The vast majority of the MCPyV-paositive samples
were obtained from male patients (9/10), while the mean
age was 6378+ 11.25 years (Table 4). The histological
types consisted mainly of adenocardnomas and squamous
cell cardinomas. The two predominant histological MCPyV-
positive types showed similarities in mean age of the
patients.

Among the MCPyV -positive samples only one had a no
smoking history, and although one patient was an ex-
smoker, the mean pack year (p.y.) smoking history was 51
py. In both the adenocarcinoma and squamous cell card-
noma MOPYV-positive group, we observed a smoking his-
tory of -39 pack years, although in the squamous cell
cardinoma  MOCPyV-positive group one patient had no
smoking higory. Mo difference was identified in dinical pa-
rameters hetween virns-positive and virusnegative patients
in adenocarcinoma or squamous cell carcinoma histological
MSCLC subtypes.

Int. . Cancer: 133, 604—6132 (2013) © 2013 UKCC
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Figure 1. Representative examples of MOPyW as detected by (g)
real-time PCR and (B) on agamse gel. +ve: posithve control; —we:
negative control; M: 50-bp DNA ladder. [Color figure can be viewed
in the online issue, which is available at wileyonlineli brary. com.]

Gene expression

Transcript levels of K-ras, BRAF, RKIP, as well as of p53 and
RE! were not satistically significantly altered between
MSCLC specimens and the control population (Table 5). In
contrast, Bel-2 expresdon was significantly downregulated in
the lung cancer samples compared to the controls
(mean =50k 119+ 139 and 1.33 * 149, mespectively, matio
of the means 097, p=0.047). Of note, considerably lower
levels of Bax expression were also found in the NSCLC speci-
mens compared to the controls (mean = 50: 1.15 £ 023 and
991 £ 0.16, respectively, ratio of the means 0.12, p= 0.038).
The BaxBel2 ratio was 097 for the ling cancer group and
£06 for the controls.

We subsequently determined whether the MCPyV infection
affected the expression levels of the abovementioned cellular
genes. Six MCPyV-positive samples and ten MOCPyV-negative
specimens were used in the gene expression analysis. Among
MSCLC specimens, BRAF was upregulated in MCPyV -positive
tissue  samples compared to MOCPyV-negative samples

77

3
®
:
J
:
L




608 Polyomavirus in non-small cell lung cancer

Table &. Clinicopathological characteristics of Merkel cell polpom avins-posithe NSCLC patients

Lung cancer tissue group
Smoking status YN

Patientno. Sex  Age [years) Histolog cal type (pack-years) FEV1 (%) PVC (&) FEV1 fFvC

rr M 47 Undifferentlated large ¥ (65) o1E 1132 6477
cell lung carcinoma

A M 6 Adenocarcinoma i (50) 100E 1H 65.9

57 M 73 Adenocarcinoma Ex-smoker (100 91 5.5 61.97

(¥ M &7 Squamous cell N B> B3E TE61
carcinoma

63 M 73 Adengcarcinoma ¥ (B0 BBS BOD B5.25

&7 M 65 Bronchoakeolar ¥ (55) 34 Bo3 61.14
carcinoma

71l M T4 Adengcarcinoma ¥ (43) 1016 B3iT7 0603

7B M BS Squamous cell ¥ (E5) 616 Bo3 51.E3
carcinoma

BD M S Squamous cell ¥ (300 o3 o1E 731.56
carcinoma

EE F 55 Adenocarcinoma ¥ (25) ¥o1 ole FLE&T

Mean 63.7E +11.25 51+ B6.3I9 21247 03085 +13.16 T1AT 13269

Values are expreiied a5 means = SEM [standard error of the mean).

Abbreviations: FEV1: forced expiratory wolume in 1 Sec; PWC: forced vital capacity; NSCLC: non-Small cell lung cancer, S0LC: small cell lung canaer

g

5 Table 5. Expression profile of cellular genes in lung tissue samples of NSCLC patients and controls in relation to the presence
or absence of MCOPyW

L Lung Healthy lung  Ratio® of McPy-positive  McPyv-negative  Ratio™ of

S Mean+=50  cancer tissue  tissue means 1 value 5 amples samples means £2 value
K-ras 1.1 =020 1.OEx0.16 1.12 N& 1.24 =039 121011 103 NS

I:j BRAF 1.16 0. 20 1.0B=0.23 1.07 NS 1.79=0.10 112021 115 p=0.0411

E RKIP 111019 1042019 1.07 N& 117018 109019 107 NS

‘ﬁ p53 L2032 11320015 1.07 ] L2073 1312033 107 NS

‘E RB1 1.37+0.31 1.34 0,12 1.02 N& 1.70 = 0.54 143032 0e1 NS

= Bel-2 119139 1.23 = 1.49 0ey p=0.047 112014 126012 0ED p=0.050
Bax 1.15x0.23 0ol =016 012 p=0.038 1.24 £ 0.25 111021 112 N

pl: p ke lung cancer tissue . healthy lung fissue; pl: p value MOPYV-positive samples vi. MIOPyV-negative samples.

“Ratio of the means lung cancer fissuefhealthy lung tissue,
TRatia of the means MOPYV-pasitive sam ples/ MOPV-negative samples.

(mean +S0: 139+ 0.10 and 1.12 = 0.21, respectively, ratio of
the means 097, p= 0.0411) (Tahle 5). Unlike BRAF, Bcl-2 gene
was markedly downregnlated in the MOPyV-positive speci-
mens (mean *50: 112 +0.14 and 1.26 £ QL12, respectively,
ratio of the means 089, p = 0.050).

The atorementioned differences observed in the gene
expression depending on the MCPyV status were additionally
examined at the protein level Western blot analysis con-
firmed the increased expression of BRAF in the MCPyV-
infected zamples as well as the downmegulation of Bo-2 in the
uninfected specimens (Fig. 2). Moreover, we investigated the
activation status of BRAF in a proportion of the samples. Far
that purpose, a specfic phospho-BRAF (Serd45) antibody

that detects endogenous levels of B-RAF when phosphoryl-
ated at serine 445 was used. Of note, the phosphorylation of
BRAF at this particular residue was significantly increased in
the MCPyV-infected samples compared to the basal lewels
of phosphorylation in the MCPyV noninfected specimens
(Fig. 2a).

Mo statistically significant association was observed between
the expression patterns and any of the clinical parameters.
Discussion
An estimated one in five cancer cases worldwide are caused

by infection, with the majority being caused by tumor
virnses, ™** Most of the viruses are capable of expressing viral

Int. J. Cancer: 133, 604—-612 (2013) © 2013 UKKC

78



Lasithiotaki et al.

a 1 2 3 4 5 5
T —
- “-)ﬂ"uamw

o WCPW e NEPYWY e

Flgure 2. Western blot analysis of phospho-BRAF (Serd45), BRAF
and Bck2 in MCPyW-infected and noninfected NSCLE specimens,
[a) Compared to MCPyW noninfected cells (lanes 1-3), both actha-
tlon of BRAF at Sers45 and overspression of BRAF protein wene
evident in MCPyW-infected tissues (lanes 4—6). (B) Bck-2 protein
levels were significantly decreased in MOPYW-posithe samples
(lanes 4—&) compared o noninfected tlesue specimens. Actin was
used as a stable endogenous contrl. —wve: negathve sam ples;
+we: posithve samples.

genes, inducing alterations in cell growth, proliferation and
apoptosis of the infected cells. Our study aimed to establish
an asodation between HPYY infection and WSCLC. More-
over, we investigated the expression of oncogenes, tumor
suppressor genes and apoptosis-related genes in MOCPyV-
infected NSCLC zamples, in an effort to evaluate possible
mechanisms of oncogenesis in this group of patients. Our
major finding is the 1% prevalence of MCPyV in the
WSCLC group. Moreover, we found an increased mRMA
expression of BRAF and decreased Bel-2 transcription level in
the MCPyV-positive NSCLC samples. These findings suggest
the imvolvement of MCPYV in this type of lung cancer
through deregulation of the above genes.

The MCPyV-positive samples were predominanthy
obtained from male smokers, and inclided mainly adenocar-
cinomas (50%) followed by squamous cell carcinomas (30%).
These findings are noteworthy because a marked increase in
the incidence of ing adenocarcinoma has been ohserved sur-
passing that of squamous cell carcinoma The “gene-environ-
ment” interaction that is hypotheszed to promote this
change™ may be a widely spread infectious agent, capable of
interacting with environmental insults cansing a susceptibility
to genetic mutation and utimately oncogenesis.

The detected frequency of MOCPYV-positive samples
(9.1%) in NSCLC is identified in the prevalence rates of two
previous studies’ identified prevalence mtes; a MCPyV and
HPV costudy” and a recent study of MCPyV DNA presence
in MSCLC from Chile® The HPYV and MCPyV costudy sug-
gested the presence of MCPyV in 167% of 30 NSCLC
patients, mainly from squamous cell cardnomas of amoker
patients. Interestingly, these findings came from both malig-

Int. . Cancer: 133, 604—612 (2013) € 2013 UICC
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nant and adjacent benign tissue. Researchers also detected
two benign MCPyV-positive samples bt not their oorre-
sponding malignant ones. Our study screened 110 NSCLC
patients, inchiding a control group that proved to be negative
for MCPyV DMA. The discordance among these three stud-
ies may be a reslt of differences in the population of
patients studied as well as the difference in the control group
tested. Notably, we have also shown a paositive trend in
smoking status, because the majority of MCPyV-positive
samples were obtained from smaokers. The differences among
these three studies may also be attributed to sample composi-
tion variations. The study from Chile used only adenocarci-
nomas and squamous cell carcinomas at a 1:1 mtio, whemas
our study included all NSCLC histological types and the ratio
between them reflects their trend in a different geographical
area Moreover, the authors from Chile have stated that their
poor percentage is potentially attributed to low sample qual-
ity. It is of note that a quantitative study™ has proven that
the incidence of MCPyV DNA in lung cancer tissue is twice
as common as in normal lung tisue, although in our sdy
no normal tissue was found to be MOPyV-positive. It is
noted that the absence of MCPYV in the control group of
our study may be a result of the small control sample size.

It is known that the presence of DNA in this virus is not
a suffident condition to support its involvement in tumori-
genesis. Several DNA viruses may not be strong promoters of
neoplastic transtormation. Insead, the long-term presence of
these viruses and their associated proteins in the cell may
contribute to an environment that is beneficial to the virus,
playing a critical role in the transition from neoplastic pre-
curzor toward malignancy. Thus, owr study further exploned
the gene expression of a variety of genes imvolved in funda-
mental celular processes to investigate a possible association
between the virus and oncogenesis. The major finding in our
study was the downregulation of the Bol-2 gene in NSCLC.
Momeover, an increased expression of the BRAF gene was
ohserved in the MCPyV-positive cases. Research has shown
that ablation of BRAF had no significant impact on NSCLC
tumor d:'velupr:tutm Moreover, BRAF mutations undergo
careful ohsrvation as they are thought to be excellent thera-
peutic targets, with BRAF exon 15 mutation in NSCLC
patients without other gene mutations being sufficient to
idertify candidates for treatment, in NSCLC male and
patients who are heavy smokers® An incidence of 3% of
BRAF mutations in hing adenocarcinomas was detected, indi-
cating that all patients with a BRAF mutation were current
or former smaokers." The regubitory proteins of HPYV inter-
fere with the normal activity of cell cyde regulatory proteins
such as p53, pRb, cydins, cydin-dependent kinases (CDE)
and CDK inhibitors, inducing telomerase activity, DNA
instahility, perturbed protein degradation and preventing ap-
optosis™® Two of the principal signaling pathways that are
stimulated by the polyoma middle T antigen (MT) are the
mitogen-activated protein kinase (MAPE) via the Ras/raf
pathway™ and the phosphatidylinesitol 3-kinase (PI3K)
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cascades. BRAF upregulation that leads to a downstream up-
regulation of the MAFE/ERK pathway and ultimately to
uncontrolled cell proliferation may be a direct result of poly-
oma protein transformation of the cell, thus contributing to
carcinogeness.,

Cur third major finding, the downregulation of the Bel-2
gene in the MOPyV-positive lung cancer specimens, has been
correlated in previous sudies with a more aggressive behav-
ior of MSCLC* The second principal signaling pathway that
iz stimulated by the polyoma MT is the phosphatiddinositol
3-kinase (PI3K) cascade, which results, wiag Akt, in the phos-
pharylation of the Bol-Z-associated death agonist [(BAD),
which in turn resores the amipoptotic effects of the BAD-
binding protein BL-x. 2 Although the main aim of our
study was not to explore the PI3R/Akt pathway, we investi-
gated the deregulation of apoptosis by the expression of two
genes situated downstream the PI3K cascade Bax and Bol-2,
A ratio <1 of Bax/Bol-2 indicates hyperexpression of Bol-2
and loss of Bax when compared to normal bronchial epithe-
lium and has been shown to increase with the severity of the
preneoplastic lesions, from low grade to high grade.'® In our
study, we have shown a satistically significant downregula-
tion of Bax expression in lung cancer samples, whose role
consists of acoelerating programmed cell death by binding to,
and antagonizing, the apoptosis repressor Bol-2. The total of
the lng cancer tissue samples had a BawBcl-2 ratio< 1, in
accordance with the studies implicating such ratios with neo-
plasias® Interestingly, the MCPyV-positive samples had
lower Bel-2 levels compared to MCPyV-negative samples,
leading toward a loss of apoptosis-repressor activity, which
may contribute to aberrant proliferation. We hypothesize that
the susceptibility of Bd-2 deregulation may be a contributing
factor to MOCPyY infection. A recent study has shown that
the Bcl-2-associated athanogene, Bag3 has the ahility to
interact with the JCV LTA and dowmregulate the level of
LTA expression in primitive neuroectodermal tumor cells,
suggesting that Bag? affects the expression of LTA at the
post-trmnscriptional level, most likely by destabilizing the pro-
tein.*' The findings of a recent study suggest that Bel2 posi-
tivity indicates a better dlinical stage at the time of diagnoss
with less metastasis and a longer survival rate in MCC.™ In
our study, all the MCPyV-positive samples tested positive for
Bel-2 expression, and while data from survival mtes cannot
be correlated at this time with Bol-2 expression, we may
hypothesize that MCPyV infection in lung cancer cells may
alter the expresion pattern but not repress the Bol-2 expres-
sion. Further studies may provide information on lung cancer
survival rates in correlation with Bel-2 expression.

LTA of MCPYV contains a supposed p53-binding site that
may be lost when the virus undergoes a truncating mutation
in tissue."" Recently, it was shown in MCCs that higher viral
abundance tended to be associated with lower p53 expression
and longer survval? whereas in another study p53 expres-
sion in tumor was associated with unfavorable MOC-specific

Polyomavirus in non-small cell lung cancer

survival. ® In addition, a recent study aiming to improve the
sensitivity of detection of MCPyV in MOC revealed that
although all MCC may contain MCPyV viral DNA, tumors
may he selected for the presence of inactivating p53 muta-
tions when the viral T antigens are not expressed. Further-
more, in the case that MCPyVpositive MCC tumors disrupt
p53 signaling, then the above selection is accomplished by a
different mechanism that does not involve the C terminus of
the LTA® In our study, although a trend for p53 upregula-
tion in the MCPyV-podtive sample was observed, p53 was
not significantly affected by the MCPyV in the NSCLC sam-
ples, suggesting that among different human tumors, MCPyV
may induce different oncogenic pathways.

Regarding the RE1 expression, we found that the presence
of MCPyV did not correlate with the abundance in the RBEI
transcripts in NSCLC samples. This finding is in agreement
with the comparable expression and phosphorylation of the
retinoblistoma  potein in MCPyV-positive and -negative
MCLC cells™

Recent studies have shown that although MOCPyV is possi-
hly an oncogenic polyomavirus in humans and is potentially
causally related to the development of MCC, it & not to the
morphological smilar to SCLC

Studies have shown that presence of MCPYV DNA s
higher in respiratory specimens from asymptomatic patients
following lung transplantation compared to EIV and
WUV, * whereas in a study on acute respimtory tract infec-
tion more adults than children were positive for respiratory
MCPyV in contrast to KIV and WUV It seems likely that
presence of MCPYV in the lung parenchyma may play a crit-
ical role in the progression of pulmonary diseases in adults,
and becanse inflammation has been postulated to be impor-
tant in ling carcnogenesis* viral infections may be a key
component of the process.

There was no detection of BEV or JOV DNA in any of
the MSCLC samples, in accordance with the lack of evidence
toward an etiopathological role of these polyomaviruses and
hing carcinomas. Although HPyVs hawe a global presence
and high seropositivity worldwide, none of our control popu-
lation samples was tested positive for MCPYV, BEV or JOV
DNA.

The connection between lung cancer and infections agents
such as virmses may lead to a better understanding of the
ncidence of the dizease in nonsmokers. Although smoking
accounts for the majority of lung cancer cases, the fact that
only a minority of smokers develop hung cancer in their life-
times makes this disease an important model for assessing
gene—environment interactions, Our study contributes to the
field of the pathogenesis of lung carcinogenesis by providing
data implicating MCPyV infection in a notable 10% of
MWSCLC patients, while suggesting that the deregulation of
BRAF and Bcl-2 in MCPyV-infected lung cancer cells may
be one aof the critical steps involved in the contribution to
cardnogenesis via MCPyV cell transtormation
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ABSTRACT

Merkel Cell Polyoma Virus (MCPyV) infection has been associated with non-small
cell lung cancer (NSCLC). Viruses can manipulate cellular miRNAs or have a profound
impact on cellular miRNA expression to control host regulatory pathways. In this
study, we evaluated the expression profiles of cancer-associated and virally affected
host microRNAs miR-21, miR-145, miR-146a, miR-155, miR-302c, miR-367 and
miR-376¢ in a series of NSCLC tissue samples as well as in samples from “healthy”
sites, distant from the tumour region that were either positive or negative for MCPyV
DNA. miR-21 and miR-376c were significantly upregulated whereas miR-145 was
significantly downregulated in the MCPyV+ve samples compared to the MCPyV-ve
tumour samples. Overall, miR-21 and miR-376c expression was higher in tumour
compared to healthy tissue samples. No association was observed between the
miR-155, miR-146a, miR-302c and miR-367 levels and the presence of MCPyV. The
expression of miR-21 target genes (Pten, Bcl-2, Daxx, Pkr, Timp3), miR-376c (Grb2,
Alk7, Mmp9) and miR-145 (Oct-4, Sox2, Fascinl) and their associated pathways (Braf,
Akt-1, Akt-2, Bax, Hifla, p53) was altered between MCPyV+ve tumor samples and
their corresponding controls. These results show a novel association between miR-21,
miR-376c and miR-145 and their host target genes with the presence of MCPyV,
suggesting a mechanism of virus-specific microRNA signature in NSCLC.

of genetic susceptibility, drive disease initiation and
progression [2].

The accumulation of genetic and epigenetic
events in the respiratory epithelium is essential for lung
carcinogenesis [3]. In particular, microRNAs (miRNAs)
have been shown to be commonly dysregulated in
lung cancer [4]. MicroRNAs, short, non-coding RNA

INTRODUCTION

Lung cancer remains the leading cause in
cancer-related mortality in both males and females.
Approximately 85% of lung tumors are non-small cell
lung cancer (NSCLC), including adenocarcinoma,
squamous cell carcinoma and large cell carcinoma

[1]. Although the majority of lung cancer patients are
smokers, only a minority among smokers will develop this
disease, strongly suggesting that addifional environmental
determinants including virus infections, in a background

molecules, are key regulators of transcription regulation
and it is currently appreciated that they participate in
tumorigenesis by regulating the expression of oncogenes
and tumor suppressors or by acting as oncogenes and
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tumeor suppressors themselves [5]. Furthermore, certain
miR-NAs (epi-miR-NAs) counteract CpG methylation
and regulate the components of epigenetic machinery,
thus creating a tightly controlled feedback mechanism
[5]- MiRNA signatures have been identified in NSCLC,
not only demonstrating their biological role but also
suggesting them as potential non-invasive diagnostic
and therapeutic biomarkers in this type of lung
malignancy [6].

Merkel cell polyoma virus (MCPyV) is a double
stranded DNA virus that belongs to the family of human
polyoma viruses. Several members of the human polyoma
viruses have demonstrated oncogenic properties in cell
culture and animal models however to date MCPyV is
the only member associated with cancer in humans [7].
The prevalence of MCPyV in Merkel cell carcinomas
(MCC) of the skin reaches 80%][7] while we and others
have previously demonstrated the presence of MCPyV
in patients with non-small cell lung cancer (NSCLC)
[8]. We have shown that the deregulation of Braf and
Bel-2 is associated with the presence of MCPyV DNA
in NSCLC patients, implicating apoptotic pathways
with polyoma virus infection in human lung cancer [9].
Although additional studies are needed for the accurate
determination of the prevalence of MCPyV in NSCLC, it
appears that the presence of this virus may be implicated
with carcinogenic phenomena not only in the skin but also
in malignancies of the lung [10].

Viruses are known to alter the expression of several
host miRNAs in order to highjack cellular machinery
for their propagation or to evade antiviral responses
while several miRNAs associated with cancer, are also
affected by viruses that cause tumours in humans [11].
Information regarding the effect of MCPyV infection
on host miRNA expression is extremely limited [12].

Interestingly, MCPyV appears to suppress the expression
of miR-203 though yet unknown mechanisms in MCPyV-
positive MCC and this was directly linked to increased cell
proliferation and evasion of cell cycle arrest [12].
Considering the emerging inferactions between
microRNA regulation and MCPyV infection in MCC, we
hypothesised that the expression of NSCLC-associated
microRNAs may be influenced by the presence of MCPyV
in cancerous lung tissues. Thus, in this study, we investigated
the expression profiles of the microRNAs previously
associated with NSCLC such as miR-21, miR-367, miR-
155, miR-146a, miR-302c, miR-145 and miR-376¢ and
their corresponding target genes and associated pathways
in samples from primary NSCLC that were positive or
negative for MCPyV DNA. Our results demonstrated
aberrant expression patterns of a miR-21, miR-376¢ and
miR-145 which correlated with the deregulated expression
of several target genes, providing novel evidence of a
MCPyV induced epigenetic mechanism in NSCLC.

RESULTS

Polyomavirus detection

Initially we tested the NSCLC tissue samples for
the presence of MCPyV DNA. Eight (N=8) NSCLC
samples and five of the non-malignant corresponding
controls (N=5) tested positive for MCPyV DNA. Sixteen
(N=16) NSCLC samples and five of the non-malignant
corresponding controls (N=5) tested negative for MCPyV
genomes. From our original cohort [8] we were able to
obtain non-malignant appropriate control tissues from 5
NSCLC patients positive for MCPyV and from 5 NSCLC
patients negative for MCPyV. Demographics, biopsy
results and malignant subtypes of NSCLC of patients are

Table 1: The clinicopathological characteristics and histological NSCLC types of all patients

Characteristics MCPyV-positive MCPyV-negative P-value
Number 8 16

Age* 68.00+8.21 62.82£11.63 NS
Sex (male/female)** 71 14/2 NS
Non-smokers** 1 1 NS
Smokers** 6 8 NS
Ex-smokers** 1 7 NS
Adenocarcinoma 5 10

Squamous 2 5

Large Cell Undifferentiated 1 1

‘Values are expressed as means + SD (standard deviation).
*t-test; P < 0.05 is considered statistically significant.
*Eytegt; P < 0.05 is considered statistically significant.
NS: not significant.
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shown in Table 1. The two groups of MCPyV-positive and
—negative NSCLC samples were matched for age, gender,
smoking history and NSCLC subtypes since no significant
differences were observed between the two groups.

The histological types consisted mainly of
adenocarcinomas and squamous cell carcinomas. The two
predominant histological MCPyV-positive types showed
similarities in mean age of the patients.

microRNA expression

Next, we compared the expression of the
microRNAs miR-21, miR-145, miR-146a, miR-155,
miR-302¢c, miR-367 and miR-376¢ in the MCPyV+ve
and MCPyV-ve NSCLC samples and their corresponding
control samples. MiR-367, member of a cluster that
reprograms fibroblasts to induced pluripotent stem cells
[13], and miR-145, a hypothesized tumor suppressor [14],
have been shown to be associated with an unfavourable
prognosis in resected NSCLC [15], while miR-145 and
miR-146a, a mediator of inflammation [16], have been
proposed as serum diagnostic biomarkers in NSCLC
[17]. MiR-155, a multifunctional microRNA involved
in haematopoietic lineage differentiation, immunity and
viral infections, inflammation, cancer, and cardiovascular
diseases [18]. has been hypothesized to induce the
development of NSCLC in patients from Asia and
America [19]. Mir-376¢ suppresses non-small-cell lung
cancer cell growth and invasion by targeting LRH-1-
mediated Wnt signaling pathway [20]. MiR-302c has
been proposed to prevent Ras-induced senescence by
inhibiting p21 [21], while miR-21, the most upregulated
microRNA in solid tumours, has been shown to be
associated with NSCLC prognosis [22], predict recurence
and unfavourable survival in NSCLC [23] and sensitivity
to ionizing radiation [24]. Normalisation was performed
using miR-191 as it was found to be the most stably
expressed microRNA in FFPE hing samples, as previously
suggested [15].

MiR-21 and miR-376c were significantly
overexpressed in the NSCLC samples compared to the
controls (Table 2, Figure 1). MiR-21 and miR-376¢c were
also significantly higher in MCPyV-positive NSCLC

samples as compared to MCPyV-negative samples (Table
2, Figure 1). Alternatively, miR-145 was significantly
overexpressed in MCPyV-negative NSCLC samples
compared to MCPyV-positive NSCLC samples and the
control non-malignant tissue samples (Figure 1). The
expression of miR-367, miR-155, miR-146a and miR-
302c showed no difference either between the MCPyV-
positive and the MCPyV-negative NSCLC samples or
NSCLC and control samples.

No significant associations were found between
gene expression and age, gender, smoking history or
NSCLC subtype. The survival curve of both groups did
not differ significantly.

Gene expression

We further sought to investigate the expression
profiles of genes targeted by the dysregulated microRNAs
in this cohort.

MiR-21 target genes were categorised, mainly based
on the hallmarks of cancer [25], a wheel of potential
genes targeted by miR-21 in a tumorous environment
as well as the potential pathways influenced by miR-21.
The Pten and Braf genes, involved in the sustenance of
proliferative signalling, were significantly underexpressed
and overexpressed, respectively in the MCPyV-positive
NSCLC samples compared to their corresponding
controls (Table 3, Figure 2A). Bcl-2 and Bax, anti- and
pro-apoptotic genes, respectively, implicated in resistance
to cell death, were underexpressed in the MCPyV-positive
NSCLC samples compared to the MCPyV-negative
NSCLC samples as well as to the controls (Figure 2B).
Genes implicated in the deregulation of genomic stability,
p33 and Akt2, were underexpressed in the MCPyV-positive
NSCLC samples compared to controls and the MCPyV-
negative NSCLC samples (Figure 2C), while 4kf] was
underexpressed in the MCPyV-positive NSCLC samples
compared to the controls but overexpressed compared to
the MCPyV-negative NSCLC samples.

Overexpression was detected for the hypoxia-
associated and innate immune response-inducible
transcription factor HifZa in the MCPyV-positive NSCLC
samples compared to the controls and the MCPyV-

Table 2: Expression profiles of microRNAs in lung tissue samples of NSCLC patients and controls in relation to the

presence or absence of MCPyV

MEAN+SD MCPyYV +ve MCPYV +ve MCPYV -ve MCPYYV -ve P-value
confrols samples controls samples

miR-21 0.43+0.24 1.13+0.08 0.49+0.60 0.88+0.05 0.013

miR-376¢ 2.75+0.26 6.53+0.38 2.85+1.47 5.29+2.51 0.048

miR-145 1.71+0.23 1.35+0.21 1.28+0.43 6.99+3.99 0.0002

Values are expressed as means + SD (standard deviation).
P <0.05 is considered statistically significant.
NS; not significant.
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negative NSCLC samples (Figure 3A), while the tumor-
promoting inflammatory gene Daxx was overexpressed
in the MCPyV-positive NSCLC samples compared to
the controls as well as the MCPyV-negative NSCLC
samples (Figure 3B). Angiogenic deregulator Timp3 was
underexpressed in the MCPyV-positive NSCLC samples
compared to the controls but overexpressed compared
to the MCPyV-negative NSCLC samples (Table 3,
Figure 3A). Lastly, Pkr, an antiviral innate immune
response-inducible gene also involved in tumor-promoting
inflammatory pathways, was expressed at significantly
higher levels in the MCPyV-positive tissue samples
compared to the MCPyV-negative tissues (Table 3, Figure
3B). Interestingly, the expression of Pkr was significantly
suppressed in the malignant tissues.

All miR-21 direct target genes showed a significant
negative correlation with miR-21 expression in the
MCPyV-positive NSCLC group, apart from Daxx which
showed a positive correlation (Table 4). Pten, Bel-2 and
Pkr showed moderate negative correlation with miR-
21 expression in MCPyV-positive NSCLC, while Daxx
and Timp3 showed a weaker correlation with miR-21
expression in MCPyV positive NSCLC.

The transcript levels of genes targeted by miR-376¢,
Alk-7, Mmp9 and Grb2 were significantly decreased in
the MCPyV-positive NSCLC samples compared to the
controls and MCPyV-negative samples (Table 3, Figure 4).
Alk7 and Grb2 strongly negatively correlated with miR-
367c in the MCPyV-positive NSCLC group (Table 4),
while Minp9 showed a weak negative correlation with
miR-376c expression in MCPyV-positive NSCLC.

MiR-145 targets genes Octd, Sox2? and Fascinl were
overexpressed in the MCPyV-positive NSCLC samples
compared to the confrols and the MCPyV-negative
samples (Table 3, Figure 5). Oct4, Sox2? and Fascinl

negatively correlated with miR-145 in the MCPyV-
positive NSCLC group (Table 4), Oct4 and Sox2 had a
weak correlation result, while Fascin! showed a moderate
to strong correlation coefficient.

The Akt-1 transcript levels correlated significantly
with the smoking status only in the MCPyV-negative
group. No other significant correlation between microRNA
target gene expression and clinical parameters arose.

DISCUSSION

The present study aimed to investigate the potential
association between human polyomavirus infection
and epigenetic alterations involving the expression of
microRNAs in NSCLC. Among the evaluated microRNAs,
miR-21 and miR-376¢c showed a modest but significant
increased expression in MCPyV-positive NSCLC
samples relative to the MCPyV-negative tumour samples.
Conversely, miR-145 was strongly downregulated in the
MCPyV-positive NSCLC samples relative to the MCPyV-
negative tumour samples.

Tumour aggressiveness

Several miR-21 target genes and associated
pathways are implicated in the majority of the hallmarks
of cancer [25]. In both MCPyV-positive and MCPyV-
negative NSCLC samples, we found high miR-21 levels
that were correlated with low PTEN mRNA levels. This
inverse association was stronger in the MCPyV-positive
tumour samples and may indicate a poor Tyrosine Kinase
Inhibitor (TKI) resistance clinical response and a shorter
survival [26]. This should be taken into consideration, in
combination with data suggesting that the downregulation
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Figure 1: Expression profile of microRNAs in lung tissue samples of NSCLC patients (MCPyV+ve N=8, MCPyV-ve
N=16) and controls (MCPyV+ve N=5, MCPyV-ve N=5) in relation to the presence or absence of MCPyV, Samples showed
normal distribution, One-way Anova and confirmatory student’s t test were used for the analysis. * p<0.05, ** p<0.005, *¥* p<0.0005.
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Table 3: Expression profiles of microRNAs’ target genes in lung tissue samples of NSCLC patients and controls in

relation to the presence or absence of MCPyYV

Gene expression profiles

MEAN+SD MCPyV +ve MCPyYV +ve NSCLC MCPyV —ve MCPyYV -ve NSCLC
controls samples controls samples
miR--21 targets
Direct target genes
Pten 8.10+0.8 1.4+0.02 0.98+0.32 0.10+0.00
Bcl-2 38.30+5.8 13.40+2.10 12.32+9.87 40.90+6.10
Daxx 10.08+£1.23 16.79£8.10 8.69+£3.63 7.10+0.81
Pkr 357.1+56.04 64.71+11.37 41.97+6.54 46.71+23.71
Timp3 6.10+1.31 1.4+0.02 0.03+0.00 0.30+0.00
Associated pathways® genes
Braf 0.53+£0.02 1.60+0.40 1.03£0.94 0.10+0.00
Bax 9.50+1.20 2.4+0.31 13.69+4.12 39.1+3.72
pi3 7.60%2.10 1.90+0.51 1.56+0.65 3.6+0.89
Akt-1 14.50+1.63 5.30+0.85 0.03+0.00 0.4+0.09
Akt-2 18.10+3.12 3.10£1.56 26.45+13.58 76.549.54
Hifla 11.71£0.98 78.80+6.57 6.91+2.23 3.90+0.09
miR--376¢ targets
Alk7 1.13+£0.76 0.22+0.32 0.58+1.21 0.62+0.06
Mmp9 357.1456.04 64.71+11.37 123.89+55.63 166.71+15.71
Grb2 12.31+0.32 1.98+0.02 5.32+1.29 6.32+0.34
miR--145 targets
Oct4 0.87x£0.02 1.10+0.41 0.49+0.02 0.5440.26
Sox2 0.92+0.38 5.21+£2.78 2.65+0.03 1.21+40.72
Fascinl - 53.16+12.28 - 28.04+6.89

Values are expressed as means + SD (standard deviation).
NS: non significant.

of miRNA-21 could sensitize radioresistant NSCLC cells
by inhibiting cell proliferation and enhancing apoptosis
through the inhibition of the PI3K/Akt signalling pathway
[24]. Braf gene involved in sustaining pro-proliferative
signalling was found strongly upregulated in the MCPyV-
positive NSCLC samples relative to the MCPyV-negative
tumour samples as previously shown [8]. The combination
of low Pfen levels with high Braf expression provides
evidence for increased tumour aggressiveness associated
with MCPyV in NSCLC.

We also investigated the Bax/Bcl-2 equilibrium,
which is related to apoptosis resistance in association
with miR-21 expression, following up on our previous
study [8]. Bax, widely described as a pro-apoptotic factor,
and Bel-2, representative of anti-apoptotic proteins, were
found underexpressed in MCPyV-positive NSCLC cases,

both negatively correlating with miR-21. A ratio of Bax/
Bel-2 lower than 1, as was observed in the MCPyV-
positive samples, indicates hyperexpression of Bel-2 and
loss of Bax and has been shown to positively correlate
with the severity of the preneoplastic lesions, from low-
grade to high-grade [27].

Importantly MCPyV-positive NSCLC samples
showed decreased p53 expression relative to the MCPyV-
negative tumour samples. Inhibition of p53 activity is a
characteristic of polyoma viruses including MCPyV [28].
Recent data suggest that the inhibition of miR-21 would be
beneficial in apoptosis-inducing cancer therapies directed
against p53-deficient tumours [29].

It has been suggested that loss of angiogenic
deregulator, promotes tumor malignancy and subsequent
relapse and poor survival in patients with HPV-infected
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non-small cell lung cancer [30]. In the present study,
MCPyV-infected NSCLC cells showed a significant
underexpression of 7imp3 compared to the controls. Taken
together, these results may hint at a poorer outcome in the
presence of MCPyV DNA in NSCLC patients.
MiR-376c, was significantly overexpressed in
MCPyV-positive NSCLC samples, and negatively
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correlated with its target genes, Alk7, Mmp9 and Grb2,
in MCPyV-positive NSCLC samples. MiR-376¢ has been
suggested to inhibit 4/k7 expression, cell proliferation
and apoptosis only in ovarian cancer cell lines [31], and
lead to poor chemotherapy response. Mmp9, known to
promote lung tumour metastasis [32]. has been suggested
to be inhibited by miR-129 [33] and has been proposed as
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Figure 2: Expression profile of miR-21 target genes and associated pathways’ genes Pfen, Braf, Bcl-2, Bax, p53, Akt-1,
Akt-2 in lung tissue samples of NSCLC patients (MCPyV+ve N=8, MCPyV-ve N=16) and controls (MCPyV+ve N=§,
MCPyV-ve N=5) in relation to the presence or absence of MCPyV. Samples showed normal distribution, One-way Anova and
confirmatory student’s t test were used for the analysis. * p<0.05, ** p<0.005, *** p<0.0005.
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a possible therapeutic target [33]. In addition, cytosolic
adaptor protein GRB2, a critical mediator of oncogenic
EGFR signaling through activation of RAS [34], is
required for survival of cells with mutant EGFR [35]. To
the best of our knowledge, this is the first report of Mmp9
miR-376¢ mediated inhibition in human NSCLC, as well
as miR-376¢c mediated Grb2 downregulation in MCPyV-
positive tumour samples.

Importantly, miR-145, a suggested tumor-suppressor
[36] was strongly downregulated in MCPyV-positive
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NSCLC compared to MCPyV-negative NSCLC, while
it was significantly higher in MCPyV-negative NSCLC
relative to the non-malignant controls. This striking
difference was also reflected in the miR-145 target genes,
Oct4/Sox2/Fascin] which were all upregulated in the
MCPyV-positive tumour samples. It has been shown that
miR-145 expression is negatively correlated with the
levels of Oct4/Sox2/Fascinl in lung adenocarcinoma and
an Oct4(high)/Sox2(high)/Fascinl (high)/miR 145(low)
phenotype, as in the present study, predicted poor
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Figure 3: Expression profile of miR-21 target genes and associated pathways’ genes Hifla, Timp3, Daxx, Pkr in lung
tissue samples of NSCLC patients (MCPyV+ve N=8, MCPyV-ve N=16) and controls (MCPyV+ve N=5, MCPyV-ve
N=5) in relation to the presence or absence of MICPyV. Samples showed normal distribution, One-way Anova and confirmatory
student’s t test were used for the analysis. * p<0.05, ** p<0.005, *** p<0.0005.
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Table 4: Correlations between microRNAs and their target genes in lung tissue samples of NSCLC patients and
confrols in relation to the presence or absence of MCPyV

Correlations
r/r?/p value MCPyV +ve controls MCPyV +ve NSCLC  MCPyV -ve controls MCPyV -ve NSCLC
samples samples

Correlation of target genes with miR--21

Pten NS
r=+0.5603, r’=0.3139,

Bel-2 p=0.0036

Daxx NS

Timp3 NS

Pkr NS

Correlation of target genes with miR--376¢

Alk7 NS
r=-+0.4351, r’=0.1964,
Mimp9 p=0.0387
r=+0.6398, 12=0.2415
Grb2 y ’
! p=0.0289

Correlation of target genes with miR--145

r=-0.6205, 17=0.3850,

NS
p=10.0009
'=-0.5044, 12=0.2544, NS
p=0.0101
=+0. , 12=0,
r=+0.4309, °=0.1857, NS
p=0.0315
r=-0.4293, 1’=0.1843, r=-0.8293, 1°=0.5845,
p=0.0322 p=0.0432
'=-0.4946, 17=0.2446, NS
p=0.0266
r=-0.6951, 12=0.5912, NS
p=0.0251
r=-0.3416, 17=0.4108, NS
p=10.0023
r=-0.7589, 12=0.6341, NS
p=0.0049

r=+0.2341, r’= 0.3019, r=10.1956, r=0.2098,

r=-0.4027, r’'=0.1621,
p=0.0460

NS
r=-0.2398, = 0.2598,
p=0.0047

r=-0.1493, = 0.3649,
p=0.0212

-0.0746, 1= 0.6597,
p=0.0023

NS

r=-+0.6941, r’=0.4679,
p=10.0039

NS

r=-0.6832, r’=0.5912,

Octd NS p=10.0056 p=0.0042 p=0.0183
r=1+0.3965, r’= 0.4170 r=-0.9230, *=0.7154
Sox2 NS ’ ’ NS : ’
> p=0.0038 p=0.0058
Fascind i r=+0.6231, 1’= 0.5439, ) r=-0.2206, 2= 0.1905,
' p=10.0008 p=10.0029
NS: non significant, r=Pearson’s r coefficient, r’=coefficient of determination.
* p<0.05
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Figure 4: Expression profile of miR-376¢ target genes 4k7, Mmp9, Grb2 in lung tissue samples of NSCLC patients
(MCPyV+ve N=8, MCPyV-ve N=16) and controls (MICPyV-+ve N=5, MCPyV-ve N=5) in relation to the presence or
absence of MCPyV. Samples showed normal distribution, One-way Anova and confirmatory student’s t test were used for the analysis.

# p<0.05, ** p<0.005, *** p<0.0005.
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Figure 5: Expression profile of miR-145 target genes Oct4, Sox2, Fascinl in lung tissue samples of NSCLC patients
(MCPyV+ve N=8, MCPyV-ve N=16) and controls (MCPyV+ve N=5, MCPyV-ve N=5) in relation to the presence or
absence of MCPyV. Samples showed normal distribution, One-way Anova and confirmatory student’s t test were used for the analysis.

# p<0.05, ** p<0.005, *** p<0.0005.

prognosis [37]. Moreover, it was also revealed that the
repressive effect of miR-145 on tumour metastasis was
mediated by inhibiting the epithelial-mesenchymal
transdifferentiation (EMT) and metastastic ability,
partially by regulating Oct4/Sox2/Fascinl [37].

Innate anti-virus response

In the present study, miR-21 target genes and
associated pathways involved in anti-viral response,
type I interferon-inducible genes Daxx, Pkr, as well as
Hifla, were analysed in NSCLC cases. Daxx and Hifla
expression increased in MCPyV positive NSCLC while it
correlated positively with miR-21 expression, suggesting
that Daxx expression was not directly regulated by miR-
21 in MCPyV positive NSCLC. Pkr was upregulated in
MCPyV positive non-malignant tissues and not in MCPyV
positive NSCLC tissues where it negatively correlated
with miR-21 expression. Implication of Daxx and Hifla
in DNA hypermethylation and apoptosis [38] has recently
emerged, while Hifla overexpression, as in MCPyV-
positive NSCLC samples, has been associated [39] with
the formation of cancer-stem-like-like cells undergoing
a process of endothelial-mesenchymal transition, both of
which are inhibited by miR-21. In the present study, Daxx
and Hifla expression correlated positively with miR-21
expression in NSCLC, suggesting a miR-21-independent
expression in NSCLC. Pkr, which negatively correlated
with miR-21 overexpression in MCPyV-positive NSCLC
specimens, has been suggested to be markedly involved in
the development of NSCLC and may serve as a potential
prognostic marker for patients with this deadly disease
[40]. Pkr was upregulated only in non-malignant tissues
and not in NSCLC tissues. This may suggest a possible

Pkr inhibition in fumour cells which would inhibit the
arrest in cellular translation processes and subsequently
result in both virus and tumour cell resistance to a potent
intrinsic cellular defence mechanism.

In conclusion, the present study explored the
epigenetic alterations in lung tumor cells caused by
the presence of MCPyV DNA in NSCLC patients. The
expression profiles of microRNAs and their target genes
in this study leads to the hypothesis that the presence of
Merkel Cell Polyoma virus may lead to a more aggressive
NSCLC as well as poorer outcomes in NSCLC prognosis.
As a single miRNA may inhibit up to several hundred
mRNAs, aberrant miRNA expression may suppress a
multitude of transcripts and profoundly influence cancer-
related signalling pathways: thus, these results must be
interpreted with caution. Further research, particularly
on therapeutic interventions is essential in delineating
epigenetic mechanisms implicated in this deadly disease.

MATERIALS AND METHODS

Patients

The lung tissue patient group comprised of 24
consecufive patients with non-small cell lung cancer
(NSCLC) from the Department of Thoracic Medicine,
University Hospital of Heraklion, Crete, Greece. The
patients included in this study were classified according
to the criteria of WHO (1997). The tissue control
group consisted of 10 samples from macroscopically
healthy sites of the lung derived from NSCLC patients
included in this cohort and were histologically verified.
Demographics and lung carcinoma subtypes of all patients
are summarized in Table 1.

www.impactjournals.com/oncotarget

Oncotarget

90



Ethics statement

The Ethics Committee of the University Hospital of
Heraklion, Crete approved the protocol (Reg. No 140/4-
2-2015) and all patients and control subjects provided
informed consent in written form.

Biological samples and processing

Twenty-four lung cancer tissue specimens and 10
non-malignant specimens from corresponding patients
were obtained from paraffin-embedded blocks from
the Laboratory of Pathology, University Hospital of
Heraklion, Crete. All the samples were obtained from
surgical resections.

MCPyV detection, MicroRNA and mRNA
expression

Twenty four paraffin-embedded tissue specimens
from NSCLC patients and ten corresponding controls
(from macroscopically and histologically verified healthy
sites of respective appropriate controls from 5 NSCLC
patients positive for MCPyV and from 5 NSCLC patients
negative for MCPyV in this cohort) were processed
using RecoverAll™ Total nucleic acid isolation from
Ambion, for the isolation of total RNA as recommended
by the manufacturer. RNA concentration and purity were
evaluated by a spectrophotometer (Nanodrop).

The presence of MCPyV DNA was tested using Real-
Time quantitative PCR protocols, using the MCV138 set of
primers, which targets the Large T antigen (LTA) region,

as previously described [8]. The integrity and quality of
the extracted DNA were confirmed after the successful
amplification of the beta2-microglobulin gene in all samples.

Particular care was taken and all manipulations
were performed inside a PCR-hood to avoid potential
contamination. Each PCR reaction contained two negative
controls. DNA from a Merkel cell carcinoma patient served
as the positive control. All Real-Time PCR reactions were
carried out in an Mx3000P Real Time PCR system while
additionally, PCR end-products were analyzed on a 2%
agarose gel, stained with ethidium bromide and the bands
were visualized under a UV transilluminator (260 nm).
These viral PCR products were then subjected to direct
sequencing analysis to verify the specific amplification of
the MCPyV LTA region.

For the analysis of microRNA expression levels,
10ng total RNA were used in reverse transcriptase and
Real-Time qPCR reactions using the TagMan™ microRNA
assays (Life Technologies) and 7500 Fast Real-Time PCR.
system (Applied Biosystems). Reverse transcription was
performed at 16°C for 15 min, 42°C for 30 min, 85°C for
5 min and 2fold diluted cDNA samples were analysed by
Real-Time PCR (95°C for 10 min, followed by 40 cycles
of 95°C for 15 sec, 60°C for 1 min). Probe and primer
sequences are summarized in Table 5. miR-191 was used
as endogenous control for the normalization of microRNA
expression levels in all samples, due to its high stability and
consistency, as previously described [14, 41].

For gene expression analyses, 500ng of total RNA
were first treated with DNAfree (Ambion) in order to
remove genomic DNA contamination, followed by 1+
strand cDNA synthesis using Maxima RT ™ (Fermentas)

Table 5: Primer sequences used for quantitative Real-Time RT-PCR

Gene Primer pair sequence (5°-3%) Annealing
temperature
FOR: AGCCACATCGCTCAGACAC o
GAFDH REV : GCCCAATACGACCAAATCC 34°C
Braf FOR: AGAAAGCACTGATGATGAGAGG 58 °C
REV: GGAAATATCAGTGTCCCAACCA
Bel-2 FOR: GAAACCCCTAGTGCCATCAA 55 °C
REV: GGGACGTCAGGTCACTGAAT
53 FOR: GTGAGCGCTTCGAGATGTTC 60 °C
p REV: ATGGCGGGAGGTAGACTGAC
ki1 FOR: GCAGCACGTGTACGAGAAGA s54.°C
] REV: GGTGTCAGTCTCCGACGTG
Aki-2 FOR: CTCACACAGTCACCGAGAGC 56 °C
] REV: TGGGTCTGGAAGGCATACTT
B FOR: TTCTGACGGCAACTTCAACTG 61 °C
@ REV: TTGGTGCACAGGGCCTGTAATC
Daxx FOR: CATGCGAGGTTCTGAGAATTG 5490
REV:GAGGAAGTGGTGGGGATTTC
Pien FOR:CGGCAGCATCAAATGTTTCAG 55 5C

REV:CGGCAGCATCAAATGTTTCAG
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Table 5: Primer sequences used for quantitative Real-Time RT-PCR

Gene Primer pair sequence (5°-3%) Annealing
temperature
Pl FOR: CCATGGGGAATTACATAGGC 52°C
REV: CTTTCTGTCCCATTTTGCATT
Hifla FOR: CTTGCATGGCTCTCAGATTCAC 60 °C
’ REV: AGAGGACAAGCAGATTCAAGGTG
Timp3 FOR: GGCGGCAGCAGCGGCAATGAC 60 °C
P REV: TACCAGCTTCTTCCCCACCACCTT
Grbo FOR: CCATCGCCAAATATGACTTCAAA 62 °C
REV: CTTCGTTCAAAACCTTGAGGATGT
All7 FOR: ATGACCCGGGCGCTCTGCTCA 58 °C
) REV: ATACTGTCAGCATCGCAGCTA
M9 FOR: ACTTTGACAGCGACAAGAGGTG 64 °C
P REV: CCGGCACTGAGGAATGATCTAA
Oct4 FOR: AGGGAAGGAGATTATGGAGGAGG 60 °C
REV: AGCTTTGGGCTCTGGAAGGC
Sox2 FOR: AGGATAAGTACACGCTGCCC 57°C
: REV: TAACTGTCCATGCGCTGGTT
. FOR: CGCTCCAGCTATGACGTCTTCC
Fascinl . 60 °C
REV: CAGGAGAACCTGCCTTTGATGTT
microRNA microRNA Assay ID
Has-miR--191 002299 60 °C
Has-miR--21 000397 60 °C
Has-miR--145 000467 60 °C
Has-miR--146a 000468 60 °C
Has-miR--155 002623 60 °C
hsa-miR--302c- 000533 60 °C
3p
Has-miR--367 000555 60 °C
Has-miR--376¢ 002122 60 °C

and Real-Time qPCR analysis using Maxima SYBR-
Green qPCRmix (Fermentas) on a Mx3005P qPCR system
(Agilent Technologies). RT reaction was performed at 25°C
for 10 min, 50°C for 20 min, 65°C for 10 min and 85°C
for 5 min. 6fold diluted cDNA samples were analysed by
Real-Time PCR (95°C for 10 min, followed by 40 cycles of
95¢°C for 15 sec, primer pair specific annealing temperature
(Table 5)°C for 30sec, 72°C for 30sec, followed by 72°C for
10min). Transcript levels of validated miR-21 target genes
(Pten, Bel-2, Daxx, Pkr, Timp3, validated miR-376c¢ target
genes (Grb2, Alk7, Mmp9) and validated miR-145 target
genes (Oct4, Sox2, Fascinl) obtained from TarBase.v7 were
evaluated. We also evaluated the following genes associated
with target genes and apoptotic pathways of miR-21 p53
[42], Braf [43], Akt-1, Akt-2 [44], BaxX [45], Hifla [46].
GAPDH levels were used as endogenous control for the
normalization of mRNA expression levels in all samples.

Primers sequences and annealing temperatures are shown
in Table 5.

Statistical analysis

The Kolmogorov-SmiRnov test was used to
determine whether the expression data obtained followed
a normal distribution pattern. The mRNA expression
of all the genes was compared between the groups of
normal and pathological samples, as well as between
groups with different histological features, using
parametric procedures (Student’s t-test and One way
Anova), as all sample groups followed Gaussian (normal)
distribution. Linear regression between microRNAs
and their target genes were analysed with the Linear
(Pearson) correlation test. Probability values (P-values)
<0.05 were considered statistically significant. Statistical
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calculations were performed using SPSS 11.5 software
(SPSS, Chicago, IL, USA).
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