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IIMMOKPATEIOX OPKOX (apyoio eAANVIKA)

‘Opvopt Atorova intpov, Kol AckAnmiov, kol Yyeiov, kol [Tavakeiay, Kai Bgodg
névtog 1€ Kol mdoag, ioTtopac moleHUEVOG, EMTEAEN TOMGEW KOTA SUVOULY Kol
Kpiowy Eunv Opkov TovoE Kal Euyypagnv THVOE.

‘HynooacOot pev tov dddEavtd pe thv téxvny tavtnv oo Yevétnoly €Uoiot, Kol
Biov kowvmcachat, kai ypedv ypnilovil petddooty momoocbal, kol yévog t0 &5
®OTEOL AOEAPOIS Toov Emkpvéely GpPPeot, kol SOAEEY TNV TEYVNV TOOTNV, TV
ypnilmot povodvewy, dvev wcbod kai Euyypagiic, mapayyeAing e Koi AKpPONG1OC
Kal Thg Aowmig amdong pabnoiog petddooty motoacHat vioict Te £Uoiot, Kol Toiol
oD €Ue O100EAVTOC, Kol pabntaiol cuyyeypappuévolst T€ Kol OPKIGUEVOLS VOLL®
NTPIKD, GAAD O€ 0VOEVI.

Arontpoct te ypricopat €n' EEAEIN KOUVOVTOV KOTA SUVOULY Kod Kpiowv Euny, €mi
dnAnoet ¢ kai adikin eip&e.

OV dwow 0& ovde @dppakov ovOevi aitndeic Bavaciylov, oVOE VENYHCOLL
EvpPovrinv tomvoe. Opoimg 0& 000 yovaiki TEcoOV POGpLOV dDGm. Ayvdg 0¢ Kol
0cimg datnpnow Plov TOV EUOV Kol TEXVNV THV EUNV.

OV Tepém 0€ 0V0E PNV AB1BVTOC, EKYOPNCM 08 EpYdTnoty dvdpdct TpNElog THodE.
‘Ec oikiog 0& O0xodcag dv €cim, €oeheboopal Em' MEEAE KAUVOVIOV, EKTOC EQV
hong adking Ekovoing kail eBoping, thc 1e¢ dAANG Kol dppodiciov Epymv €nl e
YOVOUKEI®V COUATOV Kol AvOpdmV, EAeVBEPOV TE Kol O0VAWMV.

A ' av &v Bepamein 1 10w, §j akovow, 7 Kai dvev Bepamning xatd Piov davOpodTmV,
& pun xp1 mote EkharéecOan EEm, crynoopat, PPNt yedUEVOS ival TO TOWDTO.
"‘Opkov P&v ovv ot Tovde émteléa motdovtt, Koi Uy Evyyéovrt, €in énavpocOot Ko
Blov «al Téxvng Oofalopéve mopd mAcY AVOpOTOIC €C TOV aiel ypoVov.
napopaivovtt 6¢ Kal EmopkoDVTL, TAVOVTIO TOVTEMV.
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IMIIMOKPATEIOX OPKOZX (veoeAnvikn amddoon)

Opxilopar oto 086 ATdAL®VA TOV 10TPO Kot 6T0 Bd AGKANTO Ko otnv Yyeio Kot
otV [Mavdkeo kot emkalovpevog ™ paptopios OAoV tov Bedv 6Tl Ba exteléom
KOTd T dVVOUN Kol TV KPIion LoV TOV 0pKO OVTOV KOl T GLLP®VIO, dLTH.

Noa 0ewpd 0V dSOACKAAO OV TNG WITPIKNG TEXVNG {60 LE TOVE YOVEIC LoL Kol TNV
Kotvowvo tov Biov pov. Kot 6tav yperdletar ypnuota vo popalopat pali tov to
dkd pov. Na Bempd v 01koyEVeld Tov adEAPLOL LLOV KO VO TOVE O10A0K® QT
™V €YV av BELovy va Ty ndbovv ywpic didaktpa 1 AAAN GLHP®Via.

No petadidm tovg Kavoveg NOkng, v Tpo@opikn ddackorio Kot OAES TG GAAEG
WITPIKES YVOGELS GTOLG YIOLG HOVL, GTOLG YIOLG TOV O0GKAAOL HOV KOl GTOVG
EYYEYPOAUUEVOLS LOONTEG TOVL TPAY TOV WTPIKO OPKO, OAAN GE KOVEVAY GAAO.

Oa ypnoworold 1t Oepaneio Yoo vo fondnom tovg acbeveig katd tn dOvaun Kot
Vv Kpion pov, aAld ot yia va PAdym 1 va adtkrow. Ovte Ba dive Bavotneopo
@apuoko o€ kamoov mov o pov 10 (ntNoel, ovte Ba Tov KAVE ML TETOWN
VIOOEIEN.

[Tapopoimwg, dev Bo eumoTELT® G €£YKVLO WEGO TOL TPOKOAEL EkTpwon. Oa
dltnpd ayvh ko domidn kot ) {on kot v téxvn pov. Agv B ypnNOILOTOID
VOGTEPL OVTE GE AVTOVE TOV TAGYOVV otd ABiaot, aAAd o Tapaywpd TV epyacio
QLTI GTOVG E10TKOVE TG TEXVNG.

e 6oa omitio myaive, Bo uraiveo yoo va fondfom toug acbevelc kot Oo améyw
and omoladnmote eokepuévn PAAPN ko eBopd, Kot 10img amd yeveToleg TpdEelg
ue avopeg kat yovaikeg, eAevBepovg kot doviove. Kot 6ca tuydv BAET® 1 akov®
Katd TN drdpKelo TG Oepameiog N Kol TEPOL AMO TIG EMAYYEAUATIKEG OV OGYOALES
otV kadnuepwvn pov {on, avtd mov dev mpEmel va podevtodv topassm oev Ba ta
KOLVOTOU®, BempmdvTag Ta OEpata avTd HUGTIKA.

Av mpd TOV OpKO OVTO KOl Ogv TOV TApPaP®d, 0 YoUp® TAVIOTE VITOANYEWMG
avVAUESO GTOVG avOp®TOVE Yo TN LN Kot Yo TV T€(VN Lov. AV OU®G TOV Topafd
Kol EMOPKNoW, 0 Tabw to avtifeta.
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ADIEPQXH

2rovg yoveig uov EAévy kou Ilavrein
VIO, TNV OYOTTH TOV UOD EUPDOHTOY
VIO, TH YVOOH, TNV TOIOTHTA, TH
O1EPEDVION TV KATETTHUEVOV KOl
U1, KL TV TEPITETELO.. .

To Cesar A. Santa-Maria, for

constantly encouraging me not to
give up on the pursuiz of ideals...
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EYXAPIXTIEX

Oa NBeha va evyaplotiow tov Kadnynt Abavicio Tliovga yio ) Oepun kot
oLVEYTN LTOGTNPIEN TOV Y10 TNV OAOKATPOGT QTN TNG EPYACiog, KaOMS Kot yia
@1Locopia Tov va vrooTNPilel Kot va cuVOAVAMLEL Po1TNTEG TOV £Y0VV TO TAOOC YN
mv épevva kot Yoo ™ Pedtioon g Cone acbevov oe avdykn yio KOAOTEPES
Oepaneieg. Emiong, Oa 6eha va guyapiotiom tovg kabnyntéc Nikdiao ToaPapn
kot Iodvvn Povtola yio v evBovciddn vmootipién avtig S epyosiog.
Emumiéov, o xabnyntc Steven Albela tov University of Pennsylvania pov édmoe
TNV EKAANKTIKY SuvaTtOTNTO Vo ovomtOém TN GUYKEKPWEVN  gpyacio, va
EKTTOOELTO KOl VO OITOKTO® EPEVVNTIKY] EUTTEIPIO GTO £PYASTNPLO TOV, TP OTL
apyKa oev glyo kopio GYETIKN eumelpio. Avti 1 yevvoudompn gukopio Evioyvoe
v emBopio pov va emOIOE®D £PELVNTIKY OPACTNPIOTNTO KOl KOPEPOL GTO YDPO
¢ Proroyiog Tov kapkivov kot g Oykoloyiag.
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1. MEXOOHAIQMA

1.1. Emdénmoiroyio

To kaxombeg pecobniiopo eivor €vag ombviog aAAd Bavatn@Opog TOTOC KOPKIVOL 7OV
mpocPariel mepimov 3,000 droua otic Hvopéveg IMoMreieg e Apepwng (HITA) ko mepimov
5,000 dropo etnoing otnv Evponn (1). Xtig HITA kataypdednke kopdemon g cuyvotnTog
TG TS vosou 1o 2000 Kot avapéveTon KopHemon Twv Kpovopatwv petd to 2020 oyxetilduevn
pe v mtoon tov «Aidvuwv [Mopywvy to 2001, ondte Kot anedevbepddnkav mepimov 400 tdvol
apdviov. H emimtowon tov kokonBovg pecobniiopatog otic HITA vrmoAoyiletow otig 15
nepimtooelc/1,000,000 minbvopod, omv loamwvie ot 7 meputtdoels/1,000,000, evd m
VYNAOTEPN emimTmoT €xel kataypapel otnv Avotpaiia pe 40 meputtdoeis/1,000,000 ko otnv
Evponn pe 18 meputtdoerg/1,000,000 mAnbvucpov (dwitepa oto BéAylo kot ot Meydin
Bpetavia) (2).

To 1987, xatayphonke otnv EAAada pla «emonpio» koxonfovg pesoOnAdpotog 6tovg
Katoikovg Tov Metoofov tov Iwoavvivov pe ovyvotra 300 @opég vymAdtepn amd TO
OVOUEVOIEVO. AVLTH 1 CLYVOTNTA JEV NTOV OVOUEVOLEVT AOY® TG OMOVGIOG EpYOCTOGIMV KOt
OpLYEIOV QUIAVTOL GTNV TTEPLOYTN. AVTN N TOPATHPNCT KOl 1] OATIGTMOGT] CLYVAOV TAEVPITIKOV
amotTitavaceny mepimov oto 50% tov mANBvoUoD odMyNoE otn SeEayYn HOKPOXPOVIDV
gpevvav (3, 4) mov coumépavay OtL N xpNoN EVOC VAIKOD aompicpotog («hohton) Tmv omitidv
™G TEPLOYNS T0 omoio mepieiye tveg TpeoABKoD apbvTov amoTéAese TV altiol Yoo VT TNV
«emonpuioy peconMdpatog oty meployn tov MeTGOPOV TOV OVOUAGTNKE «TVEDLOVAG TOV
MetooBou». To «hovto», mov Ppiokdtav oto yopo Kamowv Povveov g Ilivoov,
xpNnooroovviay o€ dha ta omitio T dekaetion Tov 1940-1950, ondte M ypiom tov dpyloe va
neplopiletar kot to 1985 eykatoinednke tedeiog pe oavtiotoyn pelowon g cvyvotrTog
peconhopatog ommv mepoyr. YmoAoyiletor OTL 1 cvuyxvOTNTO TOL UECOOINMOUATOS GTO
Métoopo Ba peimbei oto avapevopevo ) dexaetio o 2020-2030 (5).

1.2. TMoBoyévewn

H xdpo artioa tov koakonBovg pecobniopatog etvor m emayyeApatikn 1 weptBaAloviik
ékBeon kot eomvor| vov apdviov (mepimov 80% tov mEpmTOGE®V), ov Kol povo 5% twv
atopmV ov ektifevtan otov apiovto avorticcovy avth ) voco. H attiohoyikn avth cuoyétion
wapatnpnnke yio tpodtn eopd to 1960 oe gpydreg petarriov aptdviov otn Notio Aepikn ond
10 [lovemotquo tov Johannesburg (6). Ymapyovv o600 Pacikd &€idn wodv apdviov, ot
OEPTEVTIVEG, OM®MG O YPLGOTIANG mov Kabiotd 10 99% NG TAYKOGHOG TaPUy®YNS, Kol Ol
ap@ifoAeg, e KUPLOTEPO EKTPOGMMTO TOV KPOKIOOAOO TTOV 0moTEAEL TOV MO KAPKIVOYOVO TOTO.
Av kot 0 kivouvog avamtuéng g vooou givat 6060-££0pTMUEVOGS, deV £xel KaBOPIoTEL KATMTOTT
doom aceareiag. To 1977, o apiavtog avoayvopiomnke oG KapKivoydvog ovsia yio Tov dvOpwmo,
kol to 1980 10 Kaxombeg pecodnMopo avayvopiomke oG emOyyYEALATIKY] VOCOG. X& aVTE T
miaiota, To 2005 1 Evponaiky évoon anaydpsvuce v e£0pun, eneepyacio Kot didbeon oty
ayopd TOV OdvTOov.

Ot ewomvedpeveg tveg apdvtov evamotifevtal oty VIe(®KOTIKY KOIMOTNTA Kol TPOKOAAOVV
unyovikn PAAPN mov odnyel o ypdvia pAeypovn pe mapoywyn kvttapokvov (IL-6, TNF-a),
avéntikov mapayoviov (HFG, PDGF, EGF, TFG-B, VEGF), reactive oxygen species (ROS) kot
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evepyonoinon tov NF-kB ota peconiokd kdtrapa. EmmAéov, mpokdntel poo@mpuAinon Kot
evepyomoinon tov MAPK, ERK1/2 kot AKT/MTOR «wocodv mov mpowbodv Tov
TOAOTANGLOGHO TV peconAlakdv kuttdpov. Tavtoypova, ot iveg apidvtov mopeppfdiiovio
OTN UITOTIKN ATPOKTO KOl TOPEUTOSILOVV T PLGIOAOYIKY KLTTOPIKY O0iPEST), TPOKAAADVTAG
AVELTAOEDIOL KO YPOUOCOUIKES OVOUOAMEC.

Aryodtepo ovyvéc artieg KakonBovg pecodniiodpartog eivarl ) €ékbeon oe gplovitn, KabdS Ko M
axtivobepaneia Tov Bmpokoc oe acbeveic pe Aéppopo M Kopkivo poctov. Xmavidtepa, TO
KakonOec pecoOnMopo TpoKITTEL 6TA TAAIGIOL KANPOVOUIKAOV YEVETIKOV UETOALAEE®V. TT10avN
yevetikn mpodidbeon damiotdbnke yoo TpdT Popd ota ywpid tov Karain kot Tuzkoy tng
Koanmadoxiog oty  Tovpxia, oOmov eixe mapatnpndel vynAn ocvyvomta  koakonfovg
puecoOnlmparog mepimov oto 50% TOV KATOIK®Y 7OV YPNGIULOTOOVGOV EPLOVITN YO TNV
KaTookeL omTIOV. Ol EPELYNTEG TNG CLYKEKPIUEVNG UEAETNG TTOPATPNOAV OTL aveSopTNTOG
g €kBeong otov gprovitn, ot Bavator amo kokdénbeg pecobnAiopo mapampndnkay oto PEAN
OLYKEKPIUEVOV oKoyeveldV. Ta yeveahoyikd dévipa 6 yevedv (526 dtopa) o€ ovtd To YOPLL
g0y mbavi] OLTOCOUIKY  EMKPOTH  KANPOVOUKOTNTO, HE KPOUOCUOTO KOKONOoLG
uecobnMopatog og 41 amo to 87 moudid yovidv mov giyav dayvootel pe avtn ) voco (7).

e pio o wpdoeatn UEAETN, SOMIGTOONKAV OTEVEPYOTOMTIKEG KANPOVOUIKEG HETAALAEELS
oto yovidio BRCAL associated protein-1 (BAP1) og 600 otkoyéveleg pe duoavarloyo vynin
ouyvoTNTOo KakonBovg pecobniopatog mapdtt n €kbeon oe apiovto NTav pETPLO. ZTOVG 1010V
aclevels mopatnpnOnkay TOVTOYPOVES COUATIKEG WHETAALAEES o€ avtd TO  Yovidlo,
VTOONAMVOVTOG OVTOGMUIKY] DTOAEWOUEVT KANpovoukotnta. Tpelg acOeveic pe kokombeg
pecoOniiopa kot BAP-1 petaAAIEELS O1yVAOCTNKAY Kol LE LEAAVMUO TOV YOPLOEWOOVG YLTMOVA,
EVD OPKETA PEAN OVTOV TOV dV0 OIKOYEVELDV SYVAOOTNKAY LE KOPKIVO TOV woONK®OV, Tov
HOGTOL KOU TOL TAOK®MO0LG emniiov tov déppotog. Ot gpeuvntéc cvumepavay OTL Ot
uetalAGéelg tov yovidion BAP-1 gubBdvovtar yio to kKAnpovopkd cvvopopo BAP-1 related
cancer syndrome to omoio yopoktnpiletar oamd VYNAR  cvxvoTHTO  HECOOMMMDUATOG,
HEAQVOLLOTOG TOV YOPLOEWO0VE YITOVO, Kol AAA®V TOTTOV KOPKivov, Kot 6Tt 1 Topovsios avTig g
petdAlaéng av&dvetl v mBavoTnTo avanTuéng pecotnAdpatog pHetd and £kbeon oe apiovto
(8).

To xokdnBeg peconiiopo avonticoetor amd To pHecodniokd KOTTOPO NG LIECOKOTIKNG
KOWLOTNTOG KOl KATATAGGETOL G TPELS PAGIKOVG 16TOAOYIKOVG TOTOVG: To emifniiaxo (50-60%),
10 oapkoOUatddeg (10-20%) kot 1o ko (25-30%) kaxonbeg pecobnriopo (9). Acbeveic pe
COPKOUATMOOESG N KTO pecotniimpa £(ovv oNUAVTIKA XEPOTEPT TPOHYVOOT Kol AvOEKTIKOTNTO
oTig evoedelypéveg Depameicc o oyxéon pe Tovg acbeveic pe emBniiokd pecobniiopa (10).

1.3.  Khlvikég ekoniooegig

Ta cvopntopata speavifovrar mepimov petd and 40 ypoévia and v évapén €kbeong ctov
apiovto (11). H vococ mapatnpeitar cuvibwg o dvipeg niikiog 65-70 €tdv mov 10 endyyeAud
Toug oyetiCetar pe v €kBeon o€ apiavto, OTMG EPYATES OIKOSOUMDV, VOPOLALKOL, HopayKol,
gpyateg otnyv Kataokevn mloiwv. Ta o cuyvd copntdpota pe to oroia mopovstdletar 11 vocog
givor 1 dvomvolo oty mpoordbela kol To Bwpakikd diyog (2). H guowm mopeia g vocov
YOPAKTNPILETOL OO TNV TPOOSEVTIKY| TOTIKT] EMEKTOCT Kol O11ONGN YETOVIK®OV 0pYavmV, OTMG
T00  OOPaKIKOD  TOYDOUOTOG KOl TOV — UECOMAELPIWV  VELPWV, 1TNG KOPOWG, T®V
BpoyytovokeaAKOV ayyeimv katl Tov oappdypatoc. Emmiokés avtg g 0mOntikng enéktaong
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TEPILOUPAVOLY TN HETOTOPPUKTIKY] TVELHOVID, TO GOVOPOUO TG Gve KOIANng eAEPac, Kapdlokd
EMMOUATIGHO Ko KapdloKEg appubuieg, dvoeayia kol To chvopopo Horner.

14, Awyvoon

H vmoyio ¢ dudyvoong tibetor pe TG KAVIKEG EKONAMOELS, TN QULOIKN &E€Taom, TO
QTEIKOVIGTIKG EVPNUOTO Kot TO 16TOPIKO €kbeong o€ apiovto. Xty agovikn Ompaxog (CT)
umopovv vo topatnpndovv myvvon tov vrelwkoTa, VIECMKOTIKY GVAAOYN, Ve wKoTIK) Hdla
ko velmrotikég mAdkeg (20-30%). Av vrdpyel vroyio TEPIKAPSIOKNG GVALOYNG, GLOTHVETOL
vepnyoypaenua  kopdwds. To PET-CT ypnowomoteiton yioo vo exktyundei m mopovcio
LETAOTACEMY OTOVG AEUQOOEVES TOL pecoBwpakiov, evd m poyvntikny topoypoeio (MRI)
napéxel To akpPn ektipunon g mBaVNG EMEKTOONG TOL LEGOONAMMUATOS 6T PPOoyLOKEPUALK
ayyeio, 10 Owpakikd tolywpo, 10 pecobwpdxio kot to ddepayua. To PET-CT ko 1 MRI
cuupdriovy kaBoprotikd oto va ektiunBel av 1 vocsog etvat yeipovpynoun.

H dibyvoon tov koakonbovg pecodnlopotog tibetar pe v moboloyoovatopikn e&étaon
Boyiag tov vrelwkota. IToAd ocvyvd, m xiewot) Poyio tov vrelwkodTta Kot KLplwg 1M
KUTTOPOAOYIKN €£€T0oN VIELMKOTIKOD VYPOL Eival aVETAPKEIS S1OTL dEV TAPEYOVY APKETO VAIKO
v va tefel 1 ddyvoon kabdg Kot 1 OlPOpPIKn Jdyveon omd TO AOEVOKAPKIVOUO TOV
TVELLOVOL. XE OWTHV TV TEPInT®on Tpémel va emyelpeitol Poyia pe Ompakookdnnon (video-
assisted thoracoscopic biopsy).

15. Osgpansio

Ot mepiocoTepol acbeveic pe kakombec pecodniopo mopovcsidalovrol e voGo TpoywpnUEVoD
otadiov Kot 1 Bepaneia oToYevEL 6TN TTapdTacT TG emPimong Kot ot Pertiooon g modTNTAG
Cong pe ynueobepancio. O cvvdvacuodg cisplatin/pemetrexed Beltionoe 6TOTIOTIKOG GNUOVTIKA
™ odpeon emPioon aclevav pe kokonbeg pecodniiopo Tpoxwpnuévov otadiov amd 9.3 unqveg
ue to cisplatin og 12.1 pufiveg (p=0.02) (12), ot amotelel T0 £YKEKPIUEVO YMUEIOOEPATEVTIKO
oynuo mpatng ypopuns (National Comprehensive Cancer Center and European Society of
Medical Oncology guidelines). To cisplatin propei vo avtikataoctadei pe to carboplatin (13) pe
avAAOYN OMOTEAEGULOTIKOTNTO KOL O OVEKTY TOEIKOTNTA, Wlaitepa 68 NAMKIOUEVOVS acOeVeElS.
Mia mpocpatn perétn €dei&e O6tL n mpooBnkn bevacizumab oto oynua cisplatin/pemetrexed
Beitiowoe ™ dwdpeon emPioon amd 16.1 unqveg oe 18.8 punveg, ahdd pe coPapés mapevépyelg 6To
71% tov acBevav. Emiong, pio perétn eé€tace ynuetofepamevtikd oynuota Pacilopeva 6to
cisplatin v doxorubicin (cisplatin kot vinblastine, doxorubicin kot vincristine) pe evBappovtikd
aroteAéopata ko dtapeon emPioon 20.8 unvav oe acbeveic mov mopovsiocay GVPPIKVMOGT TOL
OYKoV, ®OTOCO 1 HEAETN ot TepEAaPe Kot acbevelg pe mepttovaikd pesodniiopa mov £yovv
YEVIKG KaAOTEPN TPOYVOON 0md Tovg acbeveig pe kakoénbeg uesodniioua tov vrelwkota (14).
Mio moAoidtepn avadpopky] peAétn amd tnv 1w opdda eixe Ogifel avaroya evBappuvtiKd
amoteAéopato pe to oynua cisplatin kou vinblastine pe didpeon emiPimon aobevov pe kakodndeg
pecobnAiopo mov mapovsiocav cuppikvoon Tov 0ykov otovg 19.3 pnveg (15). Tha tovg
TEPLOGATEPOVG 000eVElS, 1 VOGO EMOEVAOVETOL TTEPITOV UETA amd 6 unveg Oepomeiog pe to
oynua cisplatin/pemetrexed (12). H ynueobepomeio devtepng ypauung sivol to pemetrexed (av
emtedyOnke otabepdtnra ¢ vOoov yia Tave and 6 ufveg pe to cisplatin/pemetrexed) 1 1o
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vinorelbine (yio acBeveic pe voco mov emdevmbnke eviog 6 unvav omd tn Oepameio TpdT™NG
ypapung) (16).

Ol KVTTOPOUEIMTIKEG  YEPOVPYIKEG  emMEUPACEL;, OMMOC 1 TASVPEKTOUN/AmOPAOioN
(pleurectomy/decortication) xor n  eEovnelokotiky  mvevpovektoun  (extrapleural
pneumonectomy), ocvoTHVOVIOlL G€ EMAEYUEVOLG 000eveEIC pE YEPOVPYNOIUO  EmONALOKO
pecodniiopa apywod otadiov mov meplopileron oto MUBwpdKo, Kol cvvovalovtor e
ynueobepaneio  kor  aktvobepameion  (moAvmapoyovtikyy Oepomein). H  ondpaon  yw
noAvmapayovtikn Oepaneion Oo mpémer va Aapfdavetonr petd amd cOOKEYN OUAdNS OYKOAOY®V,
YEPOLPYADV KOl OKTIVODEPATEVTOV GE KEVIPO, AVAPOPAS LE EUTEIPIO OTNV OVTIUETMOTIOT TOL
KaKonOovg pecoMdUATOC Kol 6To TAGICIO KAWVIKOV UEAETOV, Kol opopd acbevels ywpic
KOPOLOKEG, OVOTVEVCTIKEG KOl VEPPOAOYIKEC TOONCELS. AkOp Kot Otav OA0 TO TOPATOVED
Kputnplo. IAnpovvtal, N péon emPiwon avtdv Tov acdevav kovuaiveton amd 16-20 unveg (17,
18). H mhevpextoun/amoproimon Kot 1 aKtvobepomeion Lropodv va EpoprocTodV Kot Yo TV
avakoOelon cvuntopdtov oe  acbevelc pe mpoywpnuévo otdolo  vocov. Emiong, n
VTOGTNPIKTIKY 0ywyn EMiong mePAapPAver T ¥p1on OMOEWDV Kol OVTIETIANTTIKOV QOPUAK®V,
N TAELPOOEST KL TNV ELPVTELGT LOVILL®OV EVOOVTECOKOTIKOV KOOETP®V.

H amoyontevtikn amoieopotikdotnro Kot 1 vynin to&ikotro avtov TV fepaneidv kabiotd
TNV OVAYKT Y10 AVEPEVCT KAVOTOU®V OEPATEIDV EMITOKTIKT).

2.'ONIATAKH OEPAIIEIA KAI KAINIKEX EOAPMOTI'EX

Ot oML VITOGYOEVES TTPOOTTIKES TNG YoVIdLaKNG Bepameiag £ywvav aviiinmtég to 1971, dtav
Gpyoav va oyedialovtol to TPOTO TEWPAUOTO e TN xpnon avacvvovacpévor DNA. H
yovidwakn Oepameio Paciletoar 6TV EVOOUATMOON GLYKEKPUEVOV YOVIOLDV, TOV OMOiMV 1|
Aertovpyia £xel amevepyomomBel AOy® KANPOVOUIK®OV 1) ETIKTNTOV YEVETIKOV HETAAMAEE®VY, GTO
YEVETIKO LMKO KLTTAPOV TOv 000evohg pe okomd TNV emava@opd g Asrtovpyiog TOL
GLYKEKPILEVOL YOVISTIOL Kot GLVETMG TNV toion TS avtioToyng Tabnong mTov TPOKLATEL Omd TNV
amovcio Asttovpyiag avtov Tov yovidiov. Me v mpdoeatn Tpdodo GTO YDOPO NG TEXVOAOYING
tov avacvvovacspEvov DNA ta tedevtaia 20 ypdvia, n yovidiakn Oepameia €xel €16€A0el 61O
YOPO NG TPOYUATIKOTNTOG LE CLYKEKPIUEVES KAWVIKES €POPULOYES Yoo T Oepameion yeveTikd
KANPOVOLOVUEVOV VOCT|LATOV.

2.1. Ewoayoyn kot facikés apyéc Tng yoviorukig Oeponeiog

H Baocum apyn g yovidrakng Oepameiog stvor n petaywyn yeveTukoh DAKOD 6€ GUYKEKPLUEVOL
KOTTOPO EVOC 0l60EVOVC e OKOTTO TNV OTOKOTAGTOCT TNG AElTovpyiog EVOG Yovidiov, n amovsia
¢ omoiog amoterel v oution maboyévelng cvykekpluévng vocov. H petaymyn yovidiakol
VMKOV Umopel Vo GTOYEVEL GE OVO TUTOVG KVLTTAPWV: (0) TO COUOTIKE, U1 OVOTOPOyYKd
kottapa, kot (B) ta Practokdtrapa (germ-line cells). T'evetwkn mopépuPacn oto frocTokvTTOPO
00NYel 6€ KANPOVOLUKES OAAAYEG TTOL EMNPPEALOVV HOVILO OAES TIG EMOUEVES YeveES. TV avtd 10
AOY0, M épEvVaL GTO YMPO TNG YOVIOLUKNG Bepameiog EMKEVTIPMOVETAL TPOG TO TOPOV GE CMOUATIKA
KOTTOPO AOY® TV NOKOV aueBoAdV Tov apopohV TNV HOVIUY KOl KANPOVOUOVUEVT] YEVETIKY|
tpononoinon Practokvttdpwv (19).

H petaywyn yovidiokod vAKov g kOTTopo pmopet va mpaypotomoindel pe ovo Poocikd €idn
popéwv DNA:
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e Ot ukot popeic, 0amd ToVg 0TOi0VG 01 TLO FLAGEIOUEVOL EIVOL OL TAPOUKATO:

a. Petpoioi, mov eivar Avoiyeveig (evoopoatdvovior oto DNA), aning éhkag RNA 1ol kot
YopaKTNPIfovTon amd LYNAN LETAYMOYIKT IKOVOTNTO Kol VYNAT EKQPACT] TOL YOVIOIOU Yo LeYAAO
YPOVIKO O14oTNU, OALL OTEVEPYOTOLOVVTOL €VKOAN OO TO GUOTNUO GULUTANPMUOTOS, KOt
UTOPEl VO TPOKAAEGOVV EVEPYOTOINGT OYKOYOVISI®MV 1) OMEVEPYOTOINOTN OYKOKATUGTAATIKAOV
yovidiov pe toyaia eveoudtowon tovg oto DNA (insertional mutagenesis).

B. Adevoiol, mov ewal Avtwkoi, owmAng éakag DNA 101, ‘Exyouv peydin yopnrikoétnta,
yopoktnpifovrol amd vYNAN EKEPact Tov YoVidiov, 0AAL LOVO Yo pikpT d1dpKeLa.

v. opPoioi, mov eivor Avotyeveig, aming élkag DNA 10l ko eEaipeTikd acQAAElS apov dev
TPoKaAoVV VOG0 otov dvBpmmo. Xapaktnpilovtal amd vYNAN Kot TUPOTETAUEVT] EKPPOCT] TOV
yovidiov.

3. Tol g evhoyidc, 6mwe o 10 TG daparitidog (vaccinia virus), wov givor Avtikoi, SumAng EMKog
DNA 10i. Elyav ypnoyomomBel yio tov epfoiacpd €vovit Tov 100 SapaAiTidng Kot TAEOV 1M
vocog éxer  eCohewpBel.  Xoapaxtnpilovior amd €OKOAN YEVETIKY TPOTOMOINGT, HEYAAN
XOPNTIKOTNTO KOl TOPATETAUEVT] EKOPOCT) TOV Yovidiov. Qo1060, 0 €UPOMAGUOC TOAAGDV
ATOU®V onpaivel 6Tt ToAAol acBeveig ExouV NON ATEVEPYOTOINTIKA OVTIGOUATO EVOVTL TOV 10V.

€. Epmmroioi, mov elvar Avtwcot, oumAng éhkag DNA 1. Xapakmmpilovror and vynin €kepaon,
HEYAAN YOPNTIKOTNTO, IKOVOTNTO TOPAYOYNG LEYAA®V UKDV OpTi®V, OAAL 1| EKPpacT YOVISimV
elval TopooIK.

e Ot un uxol @opelg eivar un avocoyevetikoi, dgv TPokaAoOV UETOAAAEES KOl Oev
amoteAoLV Ploroyikd kivouvo. QoTdOGO, 1 HETOY®YIKY TOLG KAVOTNTA €ival AyoTEPO
OOTEAECULOTIKT Kol yopaktnpilovtar and mapodiky| EKPPact Tov yovidiov:

a. [Thaopiown

B. Aurocopato

v. [oAvpepn

0. lentidw

€. Navooouatioln

‘Onmg eatvetar and ta Topamdve, KaBe popéag Exel To dikd TOL WaiTEP YOUPAKTNPICTIKE KO
umopel vo tpomomtomBel emmpdsheto OGOV aPopd TNV IKAVOTNTO GTOYELONG GLYKEKPIUEV®V
Kuttdpov, M yopntikoédmrto DNA, ™ petayoyiky wKoavomto Kot TV TPOKOUAAOVUEVT
OVOGOAOYIKT] avTidpact. AVTol Ol POPEIC TPOTOTOOVVTOL YEVETIKA DGTE VO EVOMUATMOVOLY TO
«BepamevTIKO» YOVIO0 GTO YEVETIKO VAKO TOVG KOl GT) GUVEYELN EIGEPYOVTOL GTA KVTTAPO, OOV
N amovcio g Asttovpyiog Tov yovidiov mpokaAiel v avtiotoyyn voéco. H petaywyn tov
Yovidiov ota avtioToryo KOTTOpO Uropel va Tpaypatoronbei X vivo, in vivo, 1 in situ (20). Xt
uébodo ex Vivo, ta kOTTapa a@alpovvial amd To o®UN TOV acbevolg Kol veioTOvVIOl TN
LETAY®YT] TOL YOVISIOL G€ GLVONKES KVTTAPOKOAAIEPYEIDV GTO €PYAcTNPLo. AQov emPePaiwbet
1N EMTUYNG UETAY®YN TOV YOVIBIOV, TOL KOTTOPO ETAVOYOpTyovvTan otov acbevn. Xn pébodo in
VIiVO, 0 yovidlakog opéag yopmyeitar evooprefimg amevbeiag otov acbevi] pe oKOTO TV
LETAY®YN TOL O OULYKEKPIUEVA KOTTOPA-«oTOYOVC». Xtn uébodo in Situ, o uxkdg @opéoag
xopnyeitarl angvbeiog 6Tov 1610 GTOV 0010 1 amoVGia AElToVPYiag TOL YOVidiov TPOKaAAeEl TN
ovykekpuévn vooo (m.y. Duchenne muscular dystrophy).

Tig televtaieg dVO Oekaetieg €ywve oviiAnmtd Ot 1 yovidwokr Oepameio pmopel vo Ppet
epapuoyn kot otn Oepameion Tov Kopkivov, WHTEPA HE TN YPNON OYKOAVTIK®OV 1OV ©G
yovioluK®V  @opéwv. Ot pnyavicpol oviikapkivikng opdong xotr pébodor Peltioong g
EMAEKTIKOTNTOG TOV UKOV QOPEMV Y10, TO KOPKIVIKE KOTTOPA OVOADOVIOL WE TEPICCOTEP|
Aentopépeta mapokato (4.2 ko 4.4).
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Tavtdypova pe TV TPO0S0 TNG TEXVOAOYING GE VTOV TOV TOUEN, TOAAG MO epmTAUATO OEV
&yovv amavtnel Kot £govv NON AAPel KEVTPIKO POAO Yo TNV LAOTOINGCT TEPALTEP® EPUPLOYDV
g yovidlakng Bepomeioc. 'Eva emumAéov onuoviikd €umddlo GTNV EQOPUOYN TNG YOVIOIUKNG
Oepameiog etvol 1 AVIILETOMTION TOV 0VOGOAOYIK®OV AVIIOPAGE®Y TOL EKADOVTOL EVOVTL POPE®V M
Kot Tov 1010v tov emyevolg YeEVETIKOU VAoV, Mio axopo mpoKANon mov mpEmel va
OVTILETOMIOTEL Y10 TNV OMOTEAEGUATIKY KAWVIKY €Qapproyn Tng yovidlokne Oepameiog sivor m
«oTOYELONY TOV EEMYEVOVG YEVETIKOD VAIKOV GTO KATAAANAL KOTTOPOL.

2.2. Khavikég epappoyéc tng yovidwokig Oepoaneiog

KMvikég peréteg yuoo v epapuroyn yovidlakng Bepameioc £yovv mpaypatorombetl yuo Tig
KANPOVOHKEG VOGOLS NG GOPOPNG GUVOLOGUEVIG OVOCOOVETAPKEWNS AOY® EAAEWYNG NG
anapvaong g adevooivng (severe combined immunodeficiency due to adenosine deaminase
deficiency, ADA-SCID), m¢ pvikng ovotpoeiog tomov Duchenne (Duchenne muscular
dystrophy), tng xvotiknig ivwong (cystic fibrosis) kot g apogiiag A (hemophilia A).

Eva yopoakmplotikd mopdaderypo emtuyons KAVIKNG epapproyng yovidtakng Bepaneiog stvon m
V060G ™G coPapng GLUVOLOGUEVIG OVOCOOVETAPKEWNS AOY® EAAEWYNG TNG OmMOpUVACNS NG
adevooivng (ADA-SCID). H ADA-SCID eivor pion oyetikd omdvio. KANPOVOUIK] VOGOG TOv
npooPairer 1 ota 75.000 aydpia kot o@eiletor oMV OmOLGIO £KEPACNG TNG TPMOTEIVIG
amopvaong tng odevoowvng (adenosine deaminase, ADA) mov eivar amopoitntn ywoo ™
(ULGLOAOYIKN TOPAYM®YN KOl OPOPOTOINCT TV AEUPOKVLTTAP®V. KAvikd, exkdnAdvetal tovg
TpOTOVG pnveg g Cong upe amotvyio avamtuéng, upéon wrtitda, ypovio  didppoia,
OUNYHOTOPPOIKN Oepuatitidoo 1 epvBpodepuio, emipovn PAEVVOYOVOOEPUOTIKY KOVTITIOOT,
nwvevpovia, onyopio Kot coPapéc Paktnpiotakes AOUMEELS 01 ooieg 00N yoVuV 6To BAvato Gtov
TPMOTO YPpovo TG {mng tov veoyvos. H evdederypévn Bepamneia eivor n aALOYEVIC LETALOGYELOT
uverov towv oot@v (hematopoietic stem cell transplantation), motéco moAhoi acOeveic dev Exovv
KATAAANAOVG O®PNTES Kl GUYVEA OV TANPOVV OAOL TO KPLTHPL Yo, vtV TN Bepoameia. To Mdio
tov 2016, n emtponr) European Medicines Agency evékpive ) ypfion yovidlakng Oepameiog pe
tov ukd @opéa Strimvelis ywo acOeveic pe ADA-SCID mov dgv £xovv KoTdAAnio dmpntn yio
LETAUOOYEVOT HVEAOD TV 00TMV. AT M £ykpion Paciomnke o€ pio KAMVIK peAETn €X VIVO
petoymyng tov yovidiov g ADA og apotomontikd PAAGTOKOTTOPN TOV LVEAOD TV 06TMV 18
acBevov pe ADA-SCID mov éhapav non-myeloablative ynuetofepaneia pe busulfan mpwv amd
YOPNYNON TOV OLOTOTONTIK®OV BAOGTOKVTTAP®Y oL LIEcTNoAV pUeToy®myn Tov ADA yovidiov.
Avt n Bepancio TpaypatoromOnke amd 1o 2000 péypt to 2011 ot n mapakoAovOnon twv
acOevov &ywve ywoo 7 ypoévia. H emPioon tov acbevodv ntav 100%, 75% tov acbevov oe
yperdomkay Bepaneio anokatdaotaong tov eviopov ADA ko 6Aot ot acbevelg mapovciacay
BeAtimon ¢ AelTovpyiog TOL OVOGOAOYIKOD GLGTHUATOC, UEI®ON TOV aplBuod TV Aouméemny
Kol opohomoinot tov apfuod Tov T-AepEoKLTTAp®V Y®PIG ONUAVTIKEG TOPEVEPYELEC. AVTN TN
otyun, to Strimvelis givar dwaBéoipo yia acbeveig pe ADA-SCID ywopic dopnt) poedod tov
06TV Hovo omd to vocokopeio San Raffaele Hospital oto Mikdvo Loym g e€edikevong tov
VOGOKOUEIOV 6T YoVidloKY| Beparmeias aplotonomTik®v PAAGTOKLTTAP®V, KOOMG Kot 6T TAaicoL
KAWVIKNG peAétng omd to voookoueio tov UCLA (21).

H powm Svotpoeion tomov Duchenne eivor pion oxetikd cvuyviy KANPOVOUIKT) VOGOG TOL
TPOKAAAEITOL QIO TNV EAMOTOUOTIKY EKQPOo TNG TPTEIVNG dvatpoivn. H vocog mpocPdiiet
nepinov 1 ota 3.000 aydpe. H amokatdotaon g €kepacng Tov yovidiov g dvsTpopivig
OTOVG HUG LE TN LETAY®YT TOV aVTIGTOLYOV YOVISIOL OOTEAEL TOV TTO OMOTEAEGLOTIKO KOl ILEGO
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TPOTO AVTILETMOMIONG TG VOoov. TTapoieg T1g eEanpetikég TPoKAMVIKEG LEAETEC GE TELPAUATIKA
povtéla (omv, N yovidrokr Oepameio dev €xel aKOHO KOTAOTEL KAVIKO OTOTEAECUOTIKNY Yl TN
Oepameio ¢ puikng dvotpoiag tomov Duchenne (22). Mio moAlo vrooyopevn pEOodOG
LETAY®YNG TOL YoVIdiov TN¢ dvotpo@ivng eivar 1 xpnomn tov adeno-associated virus (AAV) og
ukob Popéa Tov yovidiov (23). O 10¢ AAV &yxel NON SoKIUAOTEL 68 TOALEG KMVIKEG MEAETES KOt
&xet deryBel OTL Exel YapUnAn vocoyovikodtTnTa, IKovOTNTO TOPay®wYNS 6€ HEYAAN KA QopTio, Kot
HEYOAN HETAY®OYIKT KavOTNnTa YoVIdimv og nbg OAov Tov avOp®dTIvov cdpatog. Qot060, AOY®
TOL TOAD peyGAov peyébovg tov yovidiov g Svotpoeivig (2.2Mbs) kot T™C  HIKPNGC
yopntikoémrtag tov AAV, ypnouonoteital To PIKpOTEPO YOVidlo ¢ piKkpodvatpopivng (Mini-
dystrophin) mov givou o kotdAinio yio ) Bepameio g poikng dvotpoiag Tomov Becker. ‘Eva
emmAéov TpoPAua eivor n vy avocoyovikdétnto Tov AAV, €KADOVTOG OmEVEPYOTOMTIKN
avVOGOoVTIOPaoT] £VOVTL TOV 100 KO TOV PEPOUEVOL YOVIdioV NG dvotpoeivng. Emiong, Adym tng
napovciog Twv AAV @opémv mg EMGOUATOV GTO LUIKE KOTTOPO TTOV GTOXEVOLV, OVAUEVETOL OTL
TO YEVETIKO VAKO o0TdV TV @opémv Ba eEarelpBel Adym Tov PLGLOA0YLKOD KLTTOPUKOD KUKAOL
Tov puikov kuttapov (muscle cell turnover), pe amotéheoua va avouévetor 1M ovaykn
EMOVOYOPNYNONG TOL UKOL Qopéa. Me Bdon ta mopamdve, av kot 1 yovidiokn Oepomeio
Bewpeitor n mo vrooyouevn uéBodog Oepomeiog ¢ poikng dvotpoeiog tomov Duchenne, n
OVTILETOMON TV  mwopamdve  mpofAnudtov  &ivor  amopaitntn  yioo NV KAWIKN
OMOTEAECLOTIKOTNTA VTG TNG OEPATEVTIKNG TPOGEYYIONC.

‘Ao Topadetypato KANPOVOLOOUEV@V VOCILAT®V GTO OTToio EPELVATAL 1] KALVIKT EQUPLOYN
¢ yovidlakng Bepomeiog eivarl n KuoTikn tvoon, pe pio Tpdoeatn PPetovikn KMVIKN HEAETN
(Imperial College of London) mov ypnowonoince TOV MTOCOUOTIKO UKO  (Qopéa
PGM169/GL67A ywo 0 yovidlo NG KLOTIKNG veOoNg Kol OVOUEVETOL 1) dNHOcievorn TV
amotedeopdtov ¢ (clinicaltrials.gov, NCT01621867), kabd¢ kot 1 oipo@iic A pe v
TPOGPATN OAOKANpmoN piog Bpetavikng KAMvIKNG HeAETNG mov ypnotpomoince tov AAV wg
yoviduakd popéan Tov yovidiov tov mapdyovto VI (clinicaltrials.gov, NCT02576795).

3. ZYT'XPONA AEAOMENA I'TA TH 'ONIAIAKH GEPAIIEIA TOY KAKOHOOYX
MEXZOOHAICMATOX ME TH XPHXH IIKQN ®OPEQN

3.1. To kakon0eg pecodniiopno ®c «6T6HY(0S» YoVIoLoKN g Oepameiog

Tic televtaieg Tpelg Oekoetiec €ywve aviiAnmto Ot M yovidlokn Oepomeion pmopel vor Ppet
epapuoyn ot Bepancio Tov kapkivov, Wwaitepa pe ™V avéovopevn Katavonon g Proroyiog
Tov koBmg Ko pe T poydaic avamtuén pog mAnbopoc eopéwv DNA. To koakdémbeg
pecodniiopa amotehel €vav 10aviKd TOTO KOPKIVOL KOPKIVIKO Yo TN HUEAETN YOVIOLOKNG
Oepaneiog pe ukovg eopeic. ‘Evag Adyog eivar ott 10 pecobniopa mopapével cuvidmg
EVIOTICUEVO OTN BPOoKIK) KOAOTNTO KOl 0ev €EEMOOETOL HE UETOOTACELS OKOUO KOl OF
TPOYWPNUEVA GTASLO, GUVETADS N TOTIKN YOPNYNOT EVOS UKoV popéa Bewpntikd Bo propovce va
eléyEel avtv v enéxtaon. Eniong, o éykog eival edkolo mpooPhoipog pEcwm tov Bwpakikon
TOYOUATOS YOpic €Tol va givol amopoitntn mn Yopnynomn Tov L HECO TNG GLGTNUOTIKNG
KukAopopiog, Evd TaTdypova KabioTaTon GYETIKE EOKOAN 1| AP SEIYHOTOV TAEL PLTIKOD VYPOV
N Tov 6yKoL Yo avdAivon. EmmAéov, 1 vrelokoTikn KOIAOTNTO TOPEYEL 0L EKTETAUEVT], GUVEXT
EMPAVELNL LECOOMNAMOK®V KLTTAP®V TOV OVOUEVETOL VO, OIEVKOADVEL TNV OITOTEAEGLLOTIKY], TOYEID
Kot dugyvtn petafifoacn tov uKdv @opémv amd 1o £va kKVTTapo 610 dAlo. Téhog, 1 amovoio
OTOTEAECUATIK®OV Oepameldv Kab1oTd TNV OVAYKT) Y10 KOVOTOUEG Oepameieg emTOKTIKN.
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3.2. Zrpatnyikés yoviorwokng Oepaneiog Yo To kakon0eg peconiiopa

O tpidTeg KAVIKEG peréteg paong I yovidiakng Oepoameiog Tov pecodniiodpatog Eekivinoay oTig
apyég tov 1990 (24). Ot otpatnyikég mov pedetOnkay apykd eivar 1 péBodog «avtokToviagy pe
N HETOY®YN TOL YOoVIdiov NG OUUISIAIKNAG KIvdong Kol 1 UETOY®YN OVOGOTPOTOTOUTIKMDY
yovidiwv, 6mwg 1 IL2 kou n IFN-P.

H mpot xhvik peiétn Eexivnoe oto Queen Elizabeth Medical Center oto Perth 1ng
AVGTPOAING LLE TN APNOT TOV YEVETIKA TPOTOTOMUEVOD LE TOAAUTAAGLOLOUEVOL 100 SopoAiTIONG
(vaccinia virus) mov &&éppale 1o yovido g IL2 (vaccinia-IL2, VV-IL-2) pe otoxo ™V
avAmTLEN aVOCIaKNG ovTidpaong evavtiov Tov 0yKov. Ot apéomc endpeves HEAETES £Yvay GTO
University of Pennsylvania amdé tovg Steven Albelda kou Daniel Sterman. Apyikd
YPNOUOTOINCAV EVA YEVETIKA TPOTOTOMUEVO LN TOAAATAOGIOLOUEVO 0dEVOTd Tov e€€ppale TO
yovidto g Bvpdtkng Kivaong tov gpmntoiod (Ad.HSVLK) ce khvikég peréteg mov Eekivnoav
10 1995, evdd oe akdAovBeg pehéteg, mov Eexivnoav o 2003, ypnoworomOnke TpOTOTOMUEVOG
adgvoiog pe to yovido g IFN-B (Ad.IFN-B).

3.2.1. O¢pancia pe yovidwn «ovtokroviagy: Ad.HSVik/GCV

H Bepancio pe yovidwa «owtoktoviagy (suicide gene therapy) Pooiletor oty apyn Ot M
petafipacn evog yovidiov mov kmdtkomolel £va EvEupo Kot 1 EKepact ovtol Tov VDoV oo T
KOPKIVIKO KOTTOPO EMPEPEL ELAGONTONOINGT TOV KOAPKIVIKOV KLTTAPOV GE £vo. QAPLOKO 1|
ovoia («prodrug» N «TPoEAPLOKO») e Katd To. GAAa Kalor|On dpdor og KOTTOPQ Ta, 0010 dgV
exk@palovv avtd 10 £vlupo. Avtd 1o Evivpo petafolrilel To «TpoPaprako» 6€ TOEIKN 0VGia TOV
TPOKAAAEL KVTTOPIKO BAVATO 1 «OLTOKTOVIOY OTO KAPKIVIKG KOTTOpA OV TO ek@palovv. ‘Eva
nieovékTna g Bepameiog pe yovidio «avtoktoviag» eivor to bystander effect mov mpokdmTer
Otav 1 EVOOKVLTTOPIKA TopayOpuevn To&ikn ovcio TPOGPAALEL Kol YEITOVIKA KOPKIVIKA KOTTOPO
t0. omoio dgv €xovv vrootel petafifacm Tov yovidiov. AVTo T0 EUVOLEVO glval EPIKTO AGY® NG
TOPOVGIOG YOOUATIKGOV cVvdécemv (gap junctions) mov emtp€movy TN SKVLTTAPIKY diayvon
popimv avapesa 6€ YEITOVIKE KOTTOPOL.

‘Eva yopaxtnplotikd mopddetypo owTtng e apyns €ivar 1o yovidlo avtoktoviag 1Tng
Bupdvikng kwéaong tov epmntoiov (herpes simplex virus-1 thymidine kinase, HSVtk), mov
evacOnronolel To KLTTAPOU GTO OTOi0L EKPPALETONL GTO VOVKAEOGIOKO avAAOYO YKAVGIKAOPRipN
(gancyclovir). Zto @uowoAoyikd xdttapa M ykavowkioPipn (GCV) dev petaPolriletor won
ovvenmg omdvia £xel toikég mopevépyetee. H HSVEK poopopvlidvel v ykavoeikioBipn oe
LOVOQ®MGPOPIKY] YKaveKAoPipn 1 omola petafoAileton mepaitépm amd €VOOYEVELS KIVAGES GE
TPLPOGPOPIKN YKavekAoBipn mov avaotédlel dpactikd tnv DNA molvpepdon kabmdg Kot
QLO10A0YIKT avTtypaen Tov DNA.

Ye avtd to mhoiola, pio epyaoctnplokn MHEAETN €0e1&e OTL M TOMIKY Yopnynom evog
avooLVOLAGHEVOD  adevoiov mov @épel o yovidlo HSVtk (Ad.HSVtk/GCV) oce povtéha
avoookataotaApuéveoy  moviikiov  (Severe  combined  immunodeficiency, SCID) pue
EVOOTEPITOVOIKOVG OYKOVG HEGOOMNAMUOTOG 001YNGE GE OMUAVTIKN pelmon Tov peyéboug twv
oykaov petd t yopnynon GCV, axdpo Kol 6€ TOVTIKIO HE TPOYOPNUEVOLG OYKOvg. Agv
ToPaTNPNONKOY OVNOLYNTIKEG TAPEVEPYELES, OMMOC OMIGTOONKE Kol ard TNV OTOVGIo TOL
MRNA ukdv yovidiov pe real-time polymerase chain reaction oe d1d@opovg LG10A0YIKOVG
16T00G TOV TOVTIKIAV OV veatnoav T Oepaneio (25).
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Me Bdon avtd o TpokAviKa dedopéva, o Sterman kot cuvepydteg Eexivnoav pio cepd omd
KAMvikég perétec eaong I yuo t diepedvnon ¢ ToEIKOTNTOS, TNG OMOTEAEGUATIKOTNTOS NG
uetafifoong tov yovidiov HSViK kot v extipnon g mopoy®yng avTiukng ovosoavtiopaong
Hetd amd TN yopnynon wiog evdovmelwkotikng do6ong tov Ad.HSVtk kot evéopréfiog
yopiiynong GCV 2 @opéc v nuépa yo 2 gfdopnddeg (26, 27). T pekét ovpueteiyov 34
acBeveic mov éhaPav pio vynAn, evéovmelwrotikny d6on un moAhamiacialouevov (non-
replicative) adevoioh mov kmdwkomotel to yovidlo g Ovudvikng kwvaong (Ad.HSVtk) mov
kabopiotnke ¢ ion N peyardtepn TV 1.6x10" uxé ocopatiow. H ékppaorn tov yovidiov g
Bupdvikng kivaong Ad.HSVtK damiotdbnke oe 21 amd tovg acheveic pe avocsoictoynueio tawv
HECOOMAOKOV KOPKIVIKOV KLTTAP®V Kot 1 avaAvoT emkevimdnke oe avtoévg tov acbeveic. H
evooVTEOKOTIKNY £yYvomn TOL adeVOioh aSloA0YNONKE G GPAANG YOPIG GoPapEg mapevEPYELEg
Kol Kavévag amd Tovg acbevelg 0e ypeldotnke vo eykataAeiyel ™ peAétn. Ot mepiocdTepeg
TOpEVEPYELES NTaV TP®TOV 1 dgvtépov Pabuov kot mephdufovay Aepgomevia, ovorpio,
Tapodtkn avénon Mmatikdv eviOpmv, Topetd, Kvnopd kot Opoppoxvtidpwon. H dudpeon
emPioon Nrav nepimov 10-15 pnvec, av kot 2 and To0Vg 0cbeveis TapPOLGIOGOY TOPATETAUEN
KAMviKY| otafepomoinon tov dykov kot emPioon péypt 7-10 ypdvia. Av Kot 1 HETOY®YT TOV 100
Ad.HSVtk mapatnpndnke o€ 21 amd tov 34 acbeveic,  £kpoot Tov Yovidiov g OudAMKg
Kwvdong mopatnpndnke HOVO EMPOVEINKA KOl GTOPAOIKO amd TO HeGOONAOKE KopKIVIKA
Kottapo. Emmiéov, 1 €kppoon Tov yovidiov Tov 100 NTov YOUNAN Kot HOVo yio mepimov 48
opeg. Eniong, dwumotddnke avooiakn aviidpacn pe v evepyomoinon natural Killer cells kot
AVTICOUATOV EVavTL TOL 100 KaB®G Kol ToV HEGOIMMAK®OV KOPKIVIKOV KLTTAP®V. Ady® NG
YOUNANG LETOYWYNS TOV 100 GTO KOPKIVIKO KOTTOPO, Ol EPELVNTEG GUUTEPAVOV OTL O KVPLOG
HUNYOVIGHOG OVTIKOPKIVIKNG Opdong Tov 100 dtopecorafndnke H€cw e ovosloknG avTidpaong
oV eKAVONKE €vavTtt TOV 100 KOl TOV KOPKWVIKOV KLTTAp@V. Tawtdypova OU®g He ouTHY TNV
avTiopaon, TopaTnPNONKOY KOl OVOETEPOTOMNTIKA OVTICOUATO £vavtt ToL 100. Ot gpeuvnTég
kotéAn&ov ott av kot o Ad.HSVik 16¢ Ntov yevikd oao@aAnc, oAld M petayoynq Tov ota
KOPKIVIKG KOTTOPO TOAD YounAr. [Hapoio avtd, dwomotddnke aSloonUel®mT OVIIKOPKIVIKY|
dpdon g onoiog 1 AmoTEAESUATIKOTNTO OPEIAETAL LAAAOV GTNV £KAVGT OVOGLOKNG avTiOpaoTg
EVavTl TOV KOPKIVIKOV KLTTapov Kot Oyt otn petayoyn g Ovpdilkng kwvaong. To
CLUTEPOCULA TOVG NTAV M YPNON OOEVOIDV TOL EKPPALOVV AVOGOTPOTOTOINTIKA Yovidta Kot Ho
UTOpPOVGOV VO, EVIGYOGOVV TEPAUTEPM TNV EKALON OVTIKOPKIVIKNG OVOGLOKNG OVTIOpAo™NG, T.Y.
rkutropokiveg, IFN-B, yprilovv tepattépm €peuvag Kot KAMVIKOV LEAETOV.

3.2.2. T'ovidwokn Ogpomeio pe avocoTpomToOTOUNTIKG YOVidLa

H vrdbeon mov vmootpiler 1 yovidwokr| Oepomeion e 0vOGOTPOTOTOMTIKA YOVIdlL GTN)
Bepameio TOL Kopkivoy gival 0Tl 1| VYNAN EKEPOACT] AVOGOSIEYEPTIKMY KVTTAPOKIVODVY (). 1L-2,
TNF, GM-CSF, IFN-a kot IFN-B) evtog Tov KapKIVIKOV KVTTAPOV UTOPEL VO EVEPYOTOINGEL TO
OVOCOTOMNTIKO GUCTNUO KOl VO EVICYVOEL TNV OVIIKOPKIVIKY ovoctlokn aviidopaon. Ta
TAEOVEKTNLLATO TNG YOVIOLOKTG Bepameiog meptlapBdvouy Ty amo@vyr| TG ToEKOTNTOG TOV £)EL
wapatnpnOel pe TN CLGTNUATIKN YOPTYNOT KVTTOPOKIVAV KOl TNV TOPUTETOUEVT] EKOPOCT TWV
KUTTOPOKIVAV GTOVS KAPKIVIKODG 1GTOVG.

3.2.2.1. Vaccinia-virus VV-IL-2
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H hvue) pedét tov avacvvovacspévon 100 dapoiitidag VV-IL-2 tov n mpd) KAvIK)
HEAETN Aueons evoobmel®KOTIKNG YopNyNoNs yYovidiov Kuttopokiving oe acheveic pe kakombeg
pecoOniiopa. Avti n perétn Eekivnoe to 1990 kot ta AmoTEAECUATA TG OVOKOWV®OMKOV TO
2000 (28). Av ko1 0 10¢ daparitidag dev eiye ypnouonondel evpoine o HEAETEG YOVIOLOKNG
Oepameiog AOY® TG VYNANG OVOGOYOVIKOTNTAS TOv Tov Ba kabiotovce Ty Yopnynon
TOAMOTADV EVEGEMY TOL 100 OVGKOAN UE TNV TOPUY®YN OLOETEPOTOMTIKAOV OVIICOUATOV, Ol
EPEVLVNTEG TPOTOTTOINGOV TOV 10 YEVETIKA TomobeTtdvTag To Yovidto ¢ IL-2 evtog tov yovidiov
™me OLUdIMKNAG Kvdong tov 100, KOTOPYOVTOS THV TOAMATAOOTIKY 1Kavotntd tov (hon-
replicative virus). EréleEav t yprion tov 100 dopoitidog Ady® Tov HeYGAoD YOVISIOUATOS TOV,
EMOEYOLEVOL TpOMOTOiNoNG He upeYdAa yovidwn, kot Adym g dSwbeciuomrog evog
EPYOOTNPLOKOD TEGT TTOL UTOPOVCE VO LETPNGEL TNV TOPOLGIN OVIETEPOTOMTIKMOV AVIUK®DV
avticoudtov évavtt tov 100 (VV 1gG).

6 aobBeveig pe KokdnOeg pecodnAiopo aviektikd otig T0TE evdedetyuévec Oepameieg rafov
Sadoyikég, evdobmelokoTikég evéoelg Tov 100 VV-IL-2 (1x10 7 ukd coparidia) yoo 12
efdopddes. Agtypoto Poyiov Tov 0yKov, GlEA0V, 0VP®V Kol OiPaTog €EETACTNKAY YO TNV
éxppaon VV-IL-2 mRNA, evéd n mapovsio dmBnong tov Oykov amd T-Aeppoxdrtropa
aSoroynOnke pe avocoictoynueio. Amnon pe T-Aeppoxvrttapo domot®dnke oto 50% TV
acBevav. H ékppaon tov VV-IL-2 mMRNA ftov vyniodtepn 1-3 nuépeg petd and kébe Eveon
oV 100 Kol Topépeve petproun péxpt 3 gfdopddeg petd and kdbe éveon mopd v Tapovcio
OVOETEPOTOMTIKOV OVTICOUAT®V. Agv TopatnpRONKaY OTUAVTIKES TOPEVEPYEIEG Kol AOUMEELS
o€ ovyyeveic Tov acBevov. Qo1dG0, N KAWVIKY ATOTEAEGUATIKOTNTO VTG TG Oepaneiog MTav
OTOYONTEVTIKY KOOMG dev damoTddnke peiwon Tov dyKov kot TG dwdueong emPioons twv
acBevav. Ot gpevvnTéc cvpmépavay 6tL 1 xoprynon tov VV-IL-2 ftav acpoing Kot mpokaliet
napateTapévn  €kppacn g IL-2, vmodnidvoviag Ot o 16¢ dapoiritidag pmopesl va
ypnoporomel g amoterleopatikog popéag g IL-2 yo ) yovidwaxkn Begpomeio tov kapkivov
LLE KLTTAPOKIVEG.

3.2.2.2. Ad.IFN-p xar Ad.IFN-a

Me Bdon ta oamoteAécpata g yovidwokng Oepomeiog [Ee TOV avOGCLVOLOGUEVO OOEVOIO
Ad.HSVitk (3.2.1), kou Aapupavovtag vadyn v vynin to&kdtTa oAAG 1GYLPT OVTIKOPKIVIKT|
dpaon g IFN-B, n opddoa tov Steven Albelda oto University of Pennsylvania &exivnoe
TPOKAVIKEG UEAETEG €VOC UM TOAAATAAGIALOUEVOL OVOGVVOVACUEVOL OOEVOTOD OV PEPEL TO
yovidro g IFN-B (Ad.IFN-B) (29). Xpnoipomoudvtag Evo avocoemapkés, ophotomkd HoviéAo
TOVTIKIOV HE gvdomepltovaikd pecodniiopa (kuttapikés ospéc AB12 1 AC29), n yoprynon
piog povo d6ong tov Ad.FN-Bf  evdomepitovaikd 0OMynoe o©€ GTOTIOTIKG GNUOVIIK®OG
napatetopuévn emPioon aveo tov 90% TV TOVTIKIOV GE GUYKPION UE TO TOVTIKIO EAEYYOVL TOL
Ehafav pio 06om adevoiod mov dev kwdwkomotel To yovidlo IFN-B. Idwaitepa onpavtiky elivon n
TOPOUTAPNON OTL AVTIKAPKIVIKY dPACT] SOTICTOONKE Kot G€ ToVTiKlo Le PeyEAovg dyKovs, KoM
Kol 6€ VodOplovg Oykovg O6mov dg yopnyndnke aueca o 16¢ (abscopal effect). Ov epgvvntéc
AmEOMOOV OVTA TO EVIVIOGCLOKO OTOTEAECUOTO OTNV EKALON OVTIKOPKIVIKIG OVOGLOKNG
avtidpaong péco kuttapotosikawv CD8+ T-Aeppokvttdpmv, a@od 1 OvVIIKOPKIVIKY dpdon
avepédnke oe movtikie mov £AoPav ovdETEPOTOMTIKG ovTio®pate Evavtt tov CD8+ T-
AELOOKVTTAP®V.

Me Baon ta mapoamdve TpokAvikd dedouéva, Eekivnoe pio kKAvikn perétn odaong 1 vy va
gpevvnet 1 toiodTTa ¢ Yovidakng Oepaneiog pe Tov 10 Ad.IFN-B o acBeveic pe kaxombeg
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pecoOnAimpo kot GAlovg n’mou% Kopkivov pe petootdoelg otny vrelokotikn kotkdmta (30).
Mia 66om tov Ad.IFN-B (9x10 ! ¢wg 10x10 2 iké ocopatiol) yopnyndnke p€ow evoomAedplov
kabetpo oe 7 acBeveéic pe kaxombeg pecobnAlopo kor oe 3 acbeveieg pe kaxondelg
Ve(OKOTIKEG GLALOYEG. A&loAoyNONKaV 1 TOEIKOTNTO, 1 YOVIOLOKY HETOY®YN, N EKAVOT E01KNG
avooiag kot to péyebog tov 6ykwv. H yopnynon tov Ad.IFN-B ftav moAd kaAd avektr kot 1
ovyvotepn mopevépyela NTav N wapodikn Aepgonevia. Ta emineda IFN-B oto mievprtikd vypd
petd t yopnynon tov Ad.IFN-B mowillov onpoavtikd, gvd yovidiokn petoyoyn tg IFN-B
dwmiotobnke o 7 amd toug 10 acBeveig pe alohdynon g éxepacng IFN-f mMRNA 7
TPOTEIVNG. AVTIKOPKIVIKY 0vootakn avtidpaon dwamiotmdnke oe 7 and toug 10 acbeveic pe
popen) CD8+ xvttapotolik®y T-AepPOKVTTOP®V Kol OVTICOUATOV EWOIKOV Y10 TO OvVILYOVO
ueconAivne | to Simian virus 40 large T-antigen mov ek@paloviot YopaKINPIOTIKG Kol GLYVO
amd Toug OyKovg pecotnimpatoc. ‘Olot o1 acBevelg avénTuEoy 0VOETEPOTOMNTIK( OVTIGMUATO
évavtt tov adevoiov. 4 amd toug 10 acbeveic mapovsiocav gite otabeponoinon g vocov 1,
ueiowon tov peyébovg twv oykwv (PET-CT, CT) 60 pépeg petd amd ™ xopnynon tov Ad.IFN-p.

Me Baon avtd ta evBappuvTikd amoteléouata, 1 idta epeuvnTiky opdda Eekivinoe pio devtepn
KAMvikn| pehétn edong I oe acBeveic pe kokonbeg peconiiopa mpoywpnuévov ctadiov pe
Sapopd. 0TL yopnyRdnkay dvo docec tov Ad.IFN-B (3x10 ' éwc 3x10 * ukd copotidio)
gvdomlevpika pe dtapopd piog efdopadag (31). To okemtikd ™G YopYNoNG 600 dOGEMV TOL 100
NTOV 1 OVAUEVOUEVT] EVIOYVOT TNG AVTIKAPKIVIKNG avOoOoAOYIKNG avtidpacng (32). 10 acbeveig
pe Kakonbeg pecodnAiiopa kot 7 acbevels pe Kakonbeg vreloKOTIKEG GLAAOYES GLUUETEL OV
ot perétn. H Bepamneia dev elye coPfapéc mapevépyeleg Kot mapatnpnonke Eova avTiKopKiviky
aVOGLOKY| avtidpaot Onwg meplypaednke oty mponyoduevn peAéTn. Av kot domiot®Onkov
vynAd enimeda IFN-B petd amd ™ yoprynon g Ipdg d0omg Tov 100, 1 £y)von g devTepPNg
éveong mpokdAece eldylomn avénon tov  emmédwv  IFN-B Adyo g moapaywoyng
OVOETEPOTOMTIKAOV OVTICOUATMOV TOV TOPEUTOOICE TNV OMOTEAECUATIKY] LETAYWYN TOL YOVISiOL
IFN-B. Ovdetepomomrikd aviicopato mtapnydnoay axodpa kot dtav 1 devtepn d0oT YopNnynOnke
HOMG petd amd 7 pépeg petd omd v mpdTn d001m. 3 acbevelg mapovciacav peimon 1
otabepomoinon g vocov kot 7 acBevelc siyav emPioon peyoivtepn tov 18 punvov. Ot
gpevvntég ovumépavay Ot 1 xoprynon tov Ad.IFN-B elvar kAvikd amoteleopatiky kat ypniet
TEPALTEP® £PELVOG Yo, aoBevels pe Kakonbeg pecodniiopa, wotdco 1 devtepn 666N TOL 100
petd omd 7 pEPEg UOAAOV OEV EMPEPEL KOADTEPO, OMOTEAECUATO AOY® TNG £KAVONG OVTUKYG
OVOGLOKTG OVTIOPOONG KOl TOPOY®YNS OVOETEPOTOMTIKAOV OVTICOUATOV. Xg pio akdAovdn
KAwvikn pekétn edong I (33), ypnowomombnkav S00 SOGES OVAGVVOIVOCUEVOL 0.OEVOTOD
Ad.IFN-a évavtt tov Ad.IFN-B  (yio Adyovg ypnuatododtnong omd Tr  GLYKEKPEVN
ouvvepydlovoa QUPUOKEVTIKY €talpic) mov yopnynbnkav upe Sweopd 3 muepdV Yoo va
amopevydel M amevepyomoinon Tov UKOL QOPTIoL TNG devTEPNG SOONG OO OVOETEPOTOMTIK(
aviicopoto. 9 acBeveic pe kokdmbeg pecobnmAlopo ocvppetelyav otn peiétn. Ilpdyupartt,
dwmotdbnke tapdraocr g avénong s IFN-a kot éKAvon avticopdtov Evavtt Hesodnilokdv
avtiyovov og 7 and tovg 8 acbeveic. Ilepimov 50% tov acbevav elyav otabepomroinon N peiwon
TOV HEYEBOVG TOL OYKOL HE OYETIKA OVEKTEC TOPEVEPYELES, LITOONADVOVTAG OTL 1 YOVIOLOKN
Bepameio pe tov adevoid Ad.IFN-a ypnlel mepartépm KAMVIKNG dlepedivons o¢ OepamenTiky
OTPATNYIKN Y10 TO KaKON0eg pecobnimpia.

3.3. Mewovektipata TS yoviowukng Ogpaneiog pe pn worhorraoriolopevong 100g
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Ot gpguvnrikéc mpoomdOeteg yia T yovidlakn Bepomeio Tov Kakonbovg pecobnopatog £xovv
emkevVIpmOel ot ¥pNon UN TOALUTANGLOLOUEVOV UKDV QOPE®V, KLUPI®MG TOV 0dEVOIOD, OTMC
neptypabonke mapamave (2.2). O kbplog AOyog xpnong Un ToAAamAaclalOUEVOV 1OV glval 0Tt
Oewpovvtor mo acEaAEic. AV KOl TO KMVIKA OTOTEAECUOTO €ivol OYETIKA €VOUPPLVTIKA,
TOVTOYPOVA TOPATNPNONKAY TO €ENG LELOVEKTLOTA [UE TN YPNON KN TOAAATAAGIOULOUEVOV UKDV
eopéwv: (1) M petoy®yn TOL Yovidiov evOla@EPOVTOC TapatnpHOnKe pev, oAAd NTov pOVO
EMPOVELOKN Kot 6TTopadikt], (2) n tpocPact Tov 100 6To KOUPKIVIKGE KOTTOPO VAL TEPIOPIGEVT,
Kat (3) M €KQPacT TOV UETAYOUEVOD YOVISIOL NTOV YOUNAT KOl LIKPOD XPOVIKOD SaoTHLOTOS (2
nuépec). Avtoi eivar ot Baoctkoi Adyot mov moAd Aiyor pun moAAlamiootalopevor 101 €xovv
TPOoY®PNGEL o€ KMVIKEG perétec edong II won I11.

4. O'KOAYTIKOI 101 XTH OEPAIIEIA TOY KAPKINOY

4.1. I'evika otoyyeia

H oamdvimon oe avtd ta mpoPfAinuotikd onpeio elvar M ypfon KOV QOpPE®V  TOL
TOAOTANGIAlOVTOL KOl TOVTOYXPOVO AVOVV TO. TPOSPAALOUEVO KOPKIVIKG KOTTOPO, Mo
EPAPLLOYTN OV EVOL YVOGTH ®G 0YKOALTIKN 00epameio.

Ov meprocdtepol Kapkivol mpokaAlovvionr amd o TAn0dpa OYKOYEVETIKMOV UNYOVIGUAOV,
Om®G M EVEPYOMOINGN OYKOYOVISI®V, T OTEVEPYOTOINGT OYKOKATAGTOATIKOV Yovidimv, 1
yovidlokn aotdfela, n dmOnTiky wKovotnTa, N AvATTLEN avVoEPOPLOY UETAPOAIKDY 00MV, M
AYYEWYEVEST), Kal 1 SlopvYN omd TNV avoGloKY avayvaptlor. [a kdBe punyavicpd, propodv vo
avartuyBobv avaoTtoiels, ot omoiot Ouwg av ypnowomombodv ¢ povobepomeia, emdpovv
TOPOOIKA GTOV OYKO G EMAEKTIKN dupPvikn mieon mov odnyel oe daevyn tov Oykov. Ot
TEPLGGATEPOL OYKOL £X0VV TOAAEC UETOAAAEELS OV EMTPETOLY TN OLAPLYT TOLG OO TETOLOVG
OLYKEKPIUEVOLG avaoToAEls. [Vavtd 10 Adyo, M avdmtuén pebddwvV Tov KOTAGTEAAOLV
TOALOTAOVG  KOPKIVOYEVETIKOVG UNYOVIGHOLS eivon omapoaitnt. H oykolvtikn 100gpomeio
anoteAel pio KOVOTOHO BEPUTEVTIKT GTPATNYIKY TOV eV TAPOLGIALEL «Cross-resistancey» pe Tic
KOTEGTNUEVES aVTIKAPKIVIKEG Oepameiec kot TavTdYpova Opo HECH «UOVOTOTIOV» TOV Eival
amopaitnTol Yoo TV emMPiwon TOV KOPKWIKOV KLTTAP®V. ZVVET®S, 1  OovAmTuén
«OVOEKTIKOTNTOC» OTOLG OYKOAVLTIKOUG 100G HE TNV EMAEKTIKY] KOTOGTOAN OLTAOV TOV
«HovomaTdVy Ba 001 YoVsE G BAVOTO TOV KOPKIVIKAOV KUTTAPM®V.

4.2. M oviopoi avTIKOPKIVIKNG dpaong

Ot KOp1ot UNYovIGHol OpAGNS TOV OYKOAVTIKMV 1OV Vol Ol TOPUKATO:

A. TIpokaAlobv 0ykOALOT), EKUETAAALELOUEVOL TO TOAAATAG OYKOYEVETIKG «LOVOTATIO TMV
KOPKIVIK®OV KVTTAP®V, OTOTEADVTOG £Va £100G BLOAOYIKNAG UNYOVIG TOV AVTOOVATOPAYETOL LUE TN
Bonbewa TV d10V TOV KOPKIVIKOV KLTTAP®V.

B. TIpokoAioOv pn €81kn Kot €01KN OVOCLOKY OVTIOpaot £vavil ToOL OYKOL, KATL ToL £XEl
KataderyBel o€ TOAAG IN VIVO TEPOUATIKA LOVTELQL.

I'. Mmnopovv va dpdcovv tantdypova ®g opeig yovidiov ota miaicta yovidlokng Oepameiog,
OAAG PE OMOTEAEGHOTIKOTEPT HETOYMYN KO DYNAITEPT EKPPOCTN TOL YOVIOIOV GE MEPIGTOTEPQ
KOPKIVIKGO KOTTOPO TTOL EMTVYYAVETAL LE TOV TAYD TOALOTAACIAGUO TOV 100 KOl GUVETMG TNV
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TOYVTEPN TPOCPOAN KOPKIVIK®OV KLTTAP®V. Atakpivovtar 5 Bacikég oTpatnyikés YOVIOIUKNG
Oepaneiog Tov HTOPOVV VA EPAPLOGTOVV LE TN PO OYKOALTIKAOV 1MDV:

1) Metaywyn 0YKOKOTAGTOATIKGOV YOVIdiwV, OTwg To P53 Kot 1 TpOTEIVI PETIVOPAAGTOUATOG,
7OV VEIGTAVTOL LETAAAAEELS G TEPLGGOTEPO Ao 50% TOV KAPKIVIK®OV OYK®OV

2) Metaymyn Yovidiov «ontokTtoviae», mov givar EVOLpa Tov HETOTPETOVY £VOL TPOPAPLOKO GE
ovcia Tov givat To&kn Yo Ta KOTTOPA TOL EKPPALOVY TO GVYKEKPIUEVO EVELO, TT.Y 1) BLOIAKN
KWVAOT TOL €PTNTOTI0V, TOV HETATPEMEL T YKOVSIKAOBipT o€ To&1kn ovaia.

3) AvaooTtoAn TG £KQPOONG OYKOYOVISI®MV HE TN HETAYMYY] YOVIOI®V OV HETAYPAPOVIOL GE
SIRNA (small interfering RNAS) kot cvvendc kotoctéAlovv 1 petdepacn tov MRNA
evepyomomuévav oykoyovidiov, 6tmog 1o HER2 kot Ras.

4)Metaywyn yovidiov mov avéavouv v gvaichncio Tov dykwv otn ynuetodepaneio Kot v
axtivobepamneio, OTm®S TO Yovidlo p53.

5) Metaymyn yovidiov mov €VEPYOTMOLOLV TNV OVOCLOKY avTIOPAoT] EVOVIIOV TOL OYKOL, T.Y.
wigpAevkiveg kat 1o peilov ovpmieypa iotoovpfatotnrag (MHC class 1) yio tqv evioyvon g
TOPOVGIOCTG OYKOOVTIYOVOV.

4.3. XopoaKTNpLoTIKG YVOPIcHaTo VOGS 0TOTELEGUATIKOD 0YKOAVTIKOD 100
Ta yopakploTikd £vOg 100VIKOD 0YKOAVTIKOD (pOPEN TEPIAUUPAVOLV T TAPUKATO:

1) v emtlekTiKN TPOGPOAT KAPKIVIKOV KOl OYl PLGLOAOYIKDV KVLTTUPMV

2) v ac@aielo yo. Tov acbevi], pe TN XPNON POPEMV OV OEV TPOKOAAOVV ONUOVTIKY
VOoNPOTNTA KOl Y10, TOVG OO0V LIAPYEL OBECIHO OVTUKO QAPUOKO KOl VG UNYavIoHOg
apeong amevepyomoinong tov 100

3) 1oV tayd AvTikd KOKAO (®NG TOL 10V, £T01 MOTE 1) TPOSPOAT] TOV KAPKIVIKOV KUTTAP®V Kot
e€Amlmon Tov 100 VIO TOV OYKOL VO TPAYUATOEITOL TO dLVATOV YPNYOPOTEPO TPV OO TNV
avATTLEN OVTUKNG OVOCIOKNG avTIOPUoNG

4) Vv VYNAN LETOYOYIKT] TKOVOTNTO Y10, TO PEPOLUEVO YOVIOL0

5) v KavotTo VYNANG EKPPOOTIG TOV YOVISIO Y10, TAPUTETUUEVO OLAGTILLOL

6) ™ xounAn avocoyovikoTITo

7) v amovcio LeTOAAAELOYOVOD IKAVOTNTOGC

8) v mpocPorr] t6c0 mOAAOTAAGIALOUEV®DY OGO KOl UN TOAATAAGLOLOUEVOV KLTTAP®V,
dedoUEVIG TNG TTaPOLGTaG Kot TV 2 TOTWV TANOLGUOV g Evav OYKO.

9) ™V KavoOTNTA TOPUYOYNS 6€ VYNAOVG TITAOVG ad TN PAPUOKELTIKT Propumnyavio

4.4. My oviopol EMAEKTIKOTNTOS Y10 TO KOPKIVIKE KOTTOPO.

Ta Kapkwvikd koTTOpa €lvar £yyevmg gvemipopa otnV TPoSforn) amd 100G SLOTL TO. ATOTTMOTIKE
KO OVTUKA «LOVOTATION TOVG, TOV EMTPETOVY GTO GLUGLOAOYIKA KUTTAPO VO OVTIGTEKOVTOL GTNV
uk” TPocPodn, £xovv amevepyomombel pe otdyo TV TPO®ONOT TNG TOAALUTAAGIOGTIKNG TOVG
wKavoT TG, 26T000, 01 TEPIGGOTEPOL OYKOAVTIKOL 101 TPOGPAAALOLY Oyt LOVO T KOPKIVIKE aAAd
KOl TO. QUGLOAOYIKA KOTTOPO OTOV Yopnyovvioal evooPAeping. [avtd 1o AdYO, M YEVETIKN
Tpomonoinon eivar cuvnBmg amapaitnTn, OGTE 0 10G VO GTOXEVEL LOVO TO KOPKIVIKA KOTTApa. Ot
KOpleg néBodol oTOYEVOTG TTOL £XOVV YpnoiomomBet elvar ot eENG:
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1)Metoyoyikny 6TOXELGN, TOL OVAPEPETOL GTNV TPOTOTOINGT TOV UKOV KOYSIOV M NG
KUTTOPIKNG LEUPPAVIG OV TEPIPAALEL TOV KO PopEa. Kot Umopel va TtparyotomomOel pe

™ o0CEVEN TG EMPAVELNG TOV 10V [LE VTOCTPOUOTO VTOSOYEWMV OV eKPpAovTal E101KE o TO
KOPKIVIKO KUTTAPO, OTIMG O DITOS0YENS TOV EMOEPLUOTKOD ALENTIKOV TOpdyovTOl.

2)Metaypa@ikn] 6TOYELOT), TOV OVOPEPETOL GTNV EVOOUATOGCT €VOG promoter, mov ekepdletan
CLYKEKPLUEVO 6TO KapKIviKO kVTTapo (m.y. prostatic acid phosphatase PSA yia tov kapkivo tov
npootdrn, alpha fetoprotein antigen AFP yio tov NTotokvttopikd Kopkivo), umpootd and 1o
petafiPalopevo ukod yovidimpa.

3)H daypapr uk®V yovidiov mov &ivol amapaitnTteg Yoo TOV TOALOTAAGLOOUO TOL 100 GE
(QLGLOAOYIKE KOTTAPO OAAG OYL € KAPKIVIKG KOTTOPA.

4)Tehog, opiopévol 10i, 0nmg o VSV, mapovcstdlovv eyyevi] EMAEKTIKOTNTO Y10, TO, KOPKIVIKG
KOTTOPO KO aVTO TOpOTPETOL LE 100G TTOV givor dtaitepa gvaichnTol oty aviukn dpdomn Twv
WTEPPEPOVAV, AAUPAVOVTOC VTTOYT OTL PEYOAO TOGOGTO TV KAKONO®V OYK®V Tapovstdlovv
EMTTOUATIKE  «UOVOTATI viepepovav tOmov I, kdtt mov Ba e&nynbel pe meprocodTepn
Aemtopépetla Tapakdto (4.3).

4.5. [Topadelypato 0YKOAMTIKOV 1AV OV £(0VV ypnoipono)dei otn Oepaneio kapkivov

[Mepiocotepot amd 10 oykolvtikoi ol Ppiokoviarl o kKhvikég peréteg eaong I/ ko mévo
and 10 @appokevtikég etoupiec €yovv evepyd mpoypdupato 0yKoAvTikng tofepomeiag. O
TOPOKATO TivaKos TepAapPavel Tapadelylato KAVIKOV UEAETOV HE OYKOALTIKOVG 100G Kot
a@opovV JLAPOPOVG TOUTOLG KOPKIVOV, OTMC O KOPKIVOG KEQOANG/TPaYAOV, O KOPKIvOg
TPOGTATN, TO YAOLOPBAACTOUW, O KapKivog 0VpoddYov KUGTNG KOOMG Kol 0 KAPKIVOg TOL TToy€mc
EVIEPOL Kol ®OONKOV.

OyKoAVTIKOG 106G

Daon KMvIKG PEAETNG
Kol TOT0G KAPKivoy

I'eveTuc Tpomoinemn Tov
100

Mnyoviopog ETAEKTIKNG
npocforig TV
KOPKIVIK®OV KUTTAP®V

Onyx 015 (adenovirus) I-111, xapxivog Awypooen yovidiov E1B Amovacio EKppacng Tov
KeQOANG/TpoyAov p53
CN706 (adenovirus) I, kapkivog mpootdtn ‘Exepoon Tov yovidiov Metaypaer; Tov PSE

E1A vnd myv enidpaon Tov
promoter tov yovidiovo
prostate-specific ets (PSE)

G207 (herpesvirus-1)

I, yAolofrdotopa

AloKom £€KQPOoNG TOV
yovidiov ribonucleotide
reductase (ICP6)

IToAhamhacioldpeva
KOTTOPO

Newcastle virus 73-T

I, xapkivog ovpoddYoLv
KOOTNG

Kopia tpomomoinon

Amevepyonoinon tov
«LOVOTATLON
wWTEPPEPOVMOV TOHTTOV |

Measles virus encoding
thyroidal sodium iodide
symporter

I, xokdnOec pecobnAiiopo

‘Exppaon Tov yovidiov
thyroidal sodium iodide
symporter

7 131~
Apdon 1 3 povo ota
KOPKIVIKA KOTTOPO TOL
mpocPdilovtar omd Tov 10

32




5. 10X OYAAKIQAOYX X TOMATITIAAX (VESICULAR STOMATITIS
VIRUS, VSV)

5.1. 'evetui] opydvoon kot kKokrog {mng Tov VSV

O 16¢ Bvraxiddovg otopatitidag (vesicular stomatitis virus, VSV) eivar évag  @okelopévog
ATkog pafdoiog pnkovg 100-430nm kot StapéTpov 80NM pe YOPAKTNPIOTIKO YN0 GOAIPOC
omiov. O mopnvag tov mePPaAletor amd vovkAeokoyidlo mov eomkAeiel pio povokiwvn
apvntikn RNA alvcida mepimov 11,200 vovkieotidiomv mov @épet 5 yovidia. O 16¢ anoteleital
and 1o yevetikd vAkd (RNA olveida), v ukn vovkieokaydikn tpoteivn N (VSV-N, 47kD),
mv mapoteivi M (matrix, VSV-M, 26kD) mov ocvvdéetor e TOLE TLPMVIKOVG TOPOLS KOl
napepmodilel ™ petopopd tov kvutTaptkod MRNA ond Tov TupNve 6T0 KLTTOPOTAAGLLO TOV
nmpocPefAnuévon kutTApov, T POoeorpwteivn P mov amotelel puépog g moAvpuepdong (VSV-
P, 30kD) kot tic RNA g&aptdpeves RNA motvpepdoes (VSV-L, large, 240kD) mov eivar
OTOPOITNTEG YO TNV OVTIYPOON Kot HETAPpacn Tov ukov yovidiwpoatog (Ewéve 1). O 10g
TEPPAALETOL OO QAKEAO QPOOCEOMTIOIKNG HeUPpdvn mov KoAOTTETOL OO TPOeEoYES NG
yhkormpoteivng G (VSV-G, 56kD) péom g omoiag 0 10¢ TPOoOEVETAL Kol ELGEPYETOL OTO,
KOtTopa mov mposParier O VSV yapoktnpiletor and Evav mold yp1yopo Avtikd kbkio (ong.
[Ipocdévetor oMV KLTTOPIKY  ETPAVEIL TOV  TPOSPOAAOUEVOV  KLTTAPOV UECH  TNG

L and P proteins

G {glycoprotein) (RNA polymerase)

,,,,,,,,

Lipid bilayer

‘‘‘‘‘‘‘‘

M (matrix protein)

(=) strand RNA genorme

N (mucleocapsid protein)
B
(=) strand RNA

RANANANNANANNANANNANANNANANNANANNANANNNNE

i mRNA, synthesis

(1) RNA (+) strand mRNA
s/ my SE}N\% sER N\ -, sﬁ]\/\/\‘% sER N ., HGVAVAVAVAVAVAVE .,
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yYAvkompwteivng G mov cuvoéetar pe vmodoyelg mov Oev €xouvv aKOHO OELKPIVIOTEL, Kot
EVOOKVTTOPAOVETOL GE EVOOCOUATA KAAOPIvIG OV TN cuvéxeln ameAevdepOVOLY TOV 10 GTO
rkuttopomracua. Exel, oo RNA eEaptopeveg RNA molvpepdoeg avitypdoovv kot petappdlovv
10 UKO Yovidimua, 10 omoio lcépyetar ota veoovotndévra vovkieokayiow (VSV-N). Metd v
OAOKANP®OOT TOV GYNUOTIGHOL TOV VE®V 10V, T0 TPooPefAnuéva kouttapa Adovrol Kot

amEAEVOEPDOVOVY TOVG VEOUC 10VG.

Ewéva 1. Zynuatikh anecovion tov w0 VSV (eidva omd to cvyypopupo Principles of Virology, by Flint et al). A.
Ddotoypapia Tov 100 VSV e NAEKTPOVIKO LIKPOGKOTIO TOV OMEIKOVILEL TO YOPAKTNPLOTIKO CYNLLA COPAipAS OTAOL
TOV 100. ATEKOVIoN TV GVTATIKGV ToL 100 VSV. O 106 amoteleitat and @akero QOGEOMTIOKNS LepPpdvnge, omd
v omoia mpoéyel 1 YAvkompwteivy G, mov pecolafel v €icodo TOL 10V GTO KVTTOPO, TOV TLPNVE OV
nep1fdrdetarl amd v vovkAeokoyidtokn tpmteivn N, ta évlopa L kot P mov cuvietovv RNA nolvpepdoeg kot v
npoteiv M (Matrix) mov enevdvel v pepPpdvn, cuvdéeTal pe TOVG TLPNVIKOVG TOPOVG Kol Tapeumodilel ™
petapopd tov MRNA amd tov mupnive 6To KLTTAPOTANCHO TOV TPooPefAnuévon kuttdpov. B. Amhomompévn
amelkovion tov yovididpatog tov VSV. To yovidiopa tov VSV amoteleitar and pio apvntikn povokiovn ko
RNA mov avtiypdoetor pe tig RNA-eEaptdpeveg RNA molvpepdoeg oe Oetikny éhka, 1 omoio. 611 GLVE)ELD
kodikomotel Ta 5 yovidia Tov 100.

5.2. MaBoyévewn ka gopeig (hosts) Tov VSV

O 16¢ VSV oavikel oy komyopio tov pafooiov kot gival evonukdg oty meployn g
KEVIPIKNAG Apepikng ko otig votieg modteieg Tov HITA, evd emdnuukéc kpicelg mpokaArodvtol oe
tpomikég meployés TG Notwag Apepikng xkébe 2-3 ypovia. Dépetor amd peydAn mowiiia
apOpOTOd®V T 0Toto PETAPEPOVY TOV 10 G€ PO0ELdN, Y01POLE KOt GAOYQ, TPOKOAADVTAG TVPETO
Kot QLAOKIDOES PAVKTOUVES 6TO GTOMATIKO PAevvoyovo. Av kot elvar kKOplwg vocog tov {hmv,
umopel vo petadobel kot oe avOpmmovg petd amd emaen pe vosovvto {da (aepoyevig Hetddoon
pécm otayovidiov). Zuvnlmg elval acLUTTOUATIKY OAAG pmopel vo ekdNAmBOel pe ypmdon
oLVOpOUY|, EMTEPLKITION KOl GTOROTIKEG QAVKToveG. H vococ vmoywpel avtopate og 7-10
pépeg Kot cuvnBmg ywpic cofapéc EMMAOKECS.

5.3. Eyyeviig emlekTikOTNTA TOV VSV Y10 TO KOPKIVIKA KOTTAPO.

0O 166 VSV gwat yopaxtpiotikd voicntog oty avtuky dpdon tomov [ wieppepovov (un
€101KN avocia) oe oyéon pe dAlovg 1ovg. Me v ovvdeon g IFN-B otovg vrodoyeig tomov I
WIEPPEPOVOV TOV TPOSPEPANUEVOV KOOMG KOl TOV YEITOVIKOV KLTTAP®V EVEPYOTOEITOL M
petaypoen piog opddog yovidiov mov ovopdalovton interferon-stimulated genes (1ISGs), to omoia
EVOPYNOTPOVOLV OVIUKEG KLTTOPIKEG OPACELS, OMMG 1 OMOMT®GN, 1| OPCN TOL KLTTUPLKOV
KOKAOL Ko 1) €KALGT] KLTTOPIKNG 0VOGOAVTIOPOACTG.

Ot puciohoyikol unyavicpol dpdaong Tv tomov I wvieppepovav dev meptiapfavovv udévo v
OVTUKN TOVG EMIOPOON, OAAE KOl TNV OVOCTOATIKY TOVG €MIOPUCT] GTOV TOAALATANGLOGUO TOV
KUTTOPOV HEGH TPODONGNG EVIOADV OMOTTOONG, GPONG NG KLTTOPIKNG Olaipeonsg Kot
OVOOTOANG 1TNG oOyyeloyéveonc. Xe avtd To mAaiown, €xet mopatnpndel kot meprypopbet
OMEVEPYOTOINGT] TOV «UOVOTATIOV» TTOL Gyovv To punvopato tov tomov [ wreppepovov ce
SAPopovg TOTOVE KapKivov, it HECH AMEVEPYOTOMTIKAOV HETOAAAEE®MVY €1TE HEC® EMYEVETIKNG
«oiyaonc» (epigenetic silencing) g petaypa@ng TV KHPLOV POPEDY OLTAOV TV «LOVOTUTIOVY.

Mo tovg mopamdve Adyovs, ténke n vrobeon 0Tt 0 10¢ VSV mpocsPdidel emlekTiKA TO
KOPKIVIKG KOTTOPO TOL OTTOl0 £(0VV OMEVEPYOLNGEL TO «LOVOTTATION TOTOV | vTepPepOVOVY, EVO TO
aVTIOTO0. PUOIOAOYIKA KOTTOPO, LE (QULGLOAOYIKN OOVINTIKOTNTO OTNnV emidpacn tomov [
WIEPPEPOVOV KOATAGTEAAOVY OMOTEAEGLATIKA TOV TOAAATANGIOOUO TOV 100. H mpdTn pekétn
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oV onoia wapoatnpnOnke 0tL 0 16¢ VSV mpocsPailel EMAEKTIKA TO KOPKIVIKG KOTTOPO NTOV TO
2000 omo v oudda tov Stojdl (34), 6mov 8 KAPKIVIKEC KLTTAPIKEG GEWPEG EKTEOMKAY GTO 10
VSV pe gmaxdriovdn Avon kot peimon g PloctdTTog GTATIGTITIKA ONUOVTIKOG LEYOADTEPN
0€ OYE0M UE TO OVTIOTOL(O QUOIOAOYIKA KOTTOPO. XNV 0 pueAétn, n mpobepomeio TV
KopKvik®v kuttdpov pe IFN-B dev emppéace v OYKOALTIKY 1KOvVOTNTA TOL 100, EVO
TPOGTATEVGE OKOUO TEPLGGOTEPO TO PVCIOAOYIKA KVOTTOPO. Me BAon avtég TIg TapatnpioELs, ot
ovyypagelg mpdTEWVOY OTL TO KOPKIVIKE KOTTOPO £XOVV EALATOUATIKE «HovoTdaTioy TOmov [
WTEPPEPOVIG, YEYOVOS TOV eENYel TV emAekTIKOTNTO TOV VSV Y10 TO KOPKIVIKA KOTTAPO. AVTN
N vrobeon emPePourmdbnke oe GAAN pio pelétn amo v ide oudda (35), otnv omoia 60
avOpOTIVEC KAPKIVIKEG KVTTOPIKES GEPEG amd o PEYAAN TOKIAlL OyKwV, Om®G AELYOUiaL,
KOPKIVOG TOV TVEVHOVO, TOYEWS EVIEPOV, HEAOVOUOTOS KTA, KOONDC Kol Ol OVTIGTOLYEG
(QLGLOAOYIKEG KVTTOPIKEG OEPES, ektéONKay otov 10 VSV yio 48h kot nepiocdtepo omd 80%
aVTOV TOV celpdv 6oy gvactnoio otn Adon and tov 10, o avtibeon pe to PLGLOAOYIKA
KOttopa, eved mpobepomeio pe IFN-B oev emmppéace v oykohlvtikny oOpdon tov VSV,
VIOONADVOVTOS TIV TOPOVGIN EAATTOUOTIKOV «UOVOTOTIOV» TOToV | vteppepdvav (Ewova, 2).

1. Infection of — ¢
normal cells ype | Interrerons
IFN-o/B ‘
[ ()
@ ; {
@
% @
® . (@ > e
@
\ Viral spread
g permitted, as
2. Infection of Type | Interferons tumor cells don’ t
tumor cells IFN-o/B respond to IFN

Ewéva 2. Zynpotikn anekdvion g Pacikng apyng emAektikotog tov VSV. EAAatopatikd «1Lovondtio» Tomov
[ wrepeepovov emitpénovv tov ToAlamAactoond Tov 1l VSV kat v e£animon tov evidg tov dyKov, oe avtibeon
LE TO GLGLOAOYIKA KOTTAPO.

5.4. Ava@QopEg 6TNV ATOTELEGUUTIKI AVTIKUPKIVIKY dpdon Tov VSV in vivo

H avtikopkiviky amotedespotikotnta tov 100 VSV éxel kataderyel oe pio mowkidia in vivo
TEWPAUATIKOV HOVIEA®V, TOGO EEVOLOGYELHATOV avOPOTIVOV KOPKIVIKOV GEPOV OCO Kot
OVOCOETOPKDOV GLYYEVIKOV HOVTEAMV. X& pio gpevva tng opadag tov Stodjl (35), n yoprynon
00 100 VSV &vtdg vmoddplov OyK®V UEAAVAOUOTOS GE OVOCOKATOGTOAUEVO TOVTIKIOL TTOL
d&ymrav to avtiotoro Eevopooyebpata peimoe to puOud adénong Tov OYKOV G CTATIOTIKA
onuavtikd Babud oe oyéon pe movtikio mov ogv Edafav Tov 10.

Avdoya, n oudda tov Savio W00 éxet pehetnoet ektetapéva, tn Bepamevtiky xpnon tov VSV
vy 1 Oepomeio Kopkivov TOV TOYEWS EVIEPOL KOL NTOTOKLTTOPIKOL KOPKIVOUOTOS. X £V
OVOGOETAPKEG GUYYEVIKO HOVTEAD TNG KOPKIVIKNG oelpds MCA26 mayemg EVIEPOL LE NTATIKEG
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uetaotaoelg oe movtikio BALB/C, n yopiiynon piog 66ong tov 100 VSV cg pia omd T1¢ nratikég
LETOOTACELS TOPETEIVE TNV OLOUEST] EMPIOON TOV TOVTIKIOV GE CTOTIOTIKA ONUAVTIKO Pabud
(36). Xe éva GALNO OVOGOEMOPKEC MOVTEAO KOPKIVOL TOV TOYXEMS EVIEPOL UE MTOTIKEG
uetaotdoelg oe apovpaiovg (chemically-induced rat colorectal carcinoma), n xopfiynon tov
VSV pe éyyoon péocm e NIoTikng aptnpiog 0dnynoe oty tpocfoct Tov 100 6€ TOALUTALG
NTOTIKEG UETOOTACELS L€ OTUTIOTIKMG ONUOVTIKY TopAtacn tng emPioong, evod n Heimorn Tov
OYKOV TOV LETOOTACEMV EVIGYVONKE LE TNV £YYLOT TOALATA®VY d0cemV ToL 100 (37, 38).

Me Baon 1o mapamdve, kabmg Kot ToAAEG AALeg peAéte, Exel amoderybel 0Tl 0 106 VSV &yet
VYNA] HOAVGUOTIKOTNTO KOl KUTTOPOAVTIKY IKOVOTNTO GE Hio TOIKIAO KOPKIVIKOV KUTTAP®V,
KoOMG emioNg Kol 16XVPN OVIIKAPKIVIKY OpAon o€ TOAAATANL KopKIVIKA poviéla in Vivo. Av kot
N poAvopatikdtta tov VSV ota kopkivikd kottopa in Vitro eivat vynin, n enitevén Oepaneiog
in Vivo mtpodmofétet tn yoprynorn ToALOTAGY S0GEMV TOV 100, KATL TOV VITOSNAMDVEL TV EYYEVN
TOPOVGIO. CNUAVTIKOV Tapepnodiov otn yopnynon nN/kar eEdaniwon tov 100 &vidg ToV
Kapkvik®v oykov. I[TiBava eumodio mepthopfdvouv v ovamtuén €Wdkng ovociog Kot
amevepyomomrtik®v (neutralizing) avticopdtov mov topeurodilovv v tpdcPacn Tov 1V and
TN GLGTNUOTIKN KVKAOQOpPIa TOV QiLOTOC GTOV GYKO, TNV TOPOLGIO EVOG «ITLKVOL»  KOPKIVIKOD
pikpomepBdArovtog (tumor stroma) mov ToPEUTOSILEL TNV ACUMON TOV 1OV EVTOG TOV OYKOV,
KOLL TNV TOPOVGI0 ETEPOYEVAV KAPKIVIKMV TANOLGU®V OV S0BETOVV EVEPYH «LOVOTATIO TUTOV
[ wteppepovarv cupPEAL®VTOG GTNV KOTATOAEUNGT TOV 10V.

5.5. Xapaxkmpretikd Tov VSV mov Tov KaOiotovy £vay 100viKé 0YKOAVTIKG 10

O 16g VSV mapovctalel 6 xopaKTnpioTIKG TOV TOV KOOIGTOOV 100VIKO (OPEN OYKOAVTIKNG
Oepanciog. Katapynv, o VSV dev Bewpeiton avBpdmvo maboydvo, pe omotéhespo to TOAD
YOUNAG TOGOGTE TPOVTAPYOVCAS EOIKNG avociag otov dvBpwmno. H mapovsio mpoindpyovcag
avociog Bo pumopohoe vo amoTteAEGEL ONUAVTIKO gUTOSI0 Yo T Bgpamevtikny ypnon tov VSV
Aappévovtag voyn 6tt 0 VSV mpokoriel tayeio avamtuén e0KNG avooiag He TV mopoymyn
OTEVEPYOTOMTIKMOV OVTICOUATOV KOl KLUTTOPOTOEIKAV AEUPOKLTTAPWV. EmumAéov, o kOKAOG
Comg tov 100 gwvol ToAD cuvtopog (mepimov 1-2 dpeg), kATl TOL £MTPEMEL TNV TOKElD TPOGPOAN
TOV  KOPKIWVIKOV KLUTTAPp®V 7Py omd v €vapén  €W0IKNG  OVOGLOKNG  OvVTiOpaoNg mTov
amevePYOmolet Tov 10.

‘Evag axopo mold onuavtikog mapdyovtag sivar n eyyevig emiektikdétnto tov VSV ya ta
KOPKIVIKA KOTTOPO YOPIG TV OVAYKY| YEVETIKNG TPOTOTOiNGNG (6 avtifeon e GAAOVG 100G) Kot
0 TEPLOPIGHOS TOV TOAAATAOQGLOGHOD TOV GTO PLGLOAOYIKA KOTTOPO. AVTN 1 EMAEKTIKOTNTO
Baciletar oo EAaTTOHOTIKG «povoTdTioy TOmov I vtepeepdvav mov mapatnpeitor e peydro
TOGOOTO TMOV KOPKIWVIK®OV KLTTAPWV, TO ONOI0l OCLVENMG 0dvvoTovv vo  ehéyEouvv TOV
TOAAOTAQGLOGHO TOV 10V. Extog avtod, o VSV dwabétet yaunin taboyovikdtnta otov avipwmo,
KATL TOV amodideTor otV e€apeTikn evactnoio tov VSV omyv aviukn) dpdon tov tomov |
WIEPPEPOVOV TTOV TOPAYOVTOL OO TO, PLGLOAOYIKA KOTTOPA.

"Eva emmdéov mieovéktnuo tov VSV glvar 1 peyain yopnTikn Tov 1KovOTnTo, ToL GNUaivel
ot umopet vo Tpomomoin el YeveTikd dCTE Vo LETAPEPEL YOVIOLX TOL GLUPAAAOVY GTNV EVioyLON
™G OVTIIKOPKIVIKNG OTOTELEGHATIKOTNTAS TOV 100 (7). yovidio avtoktoviag). Emmpocheta, 1
ékppaon tov yovidiov tov VSV umopel voo @Tdcel 6 moAd vynAd emimeda, evicydovtog v
ATOTEAECUOTIKY EKQpaoT] emmpocetwv yovidiov. Télog, 1o yevetikd vAkd tov VSV dev
EVOOUATMOVETOL GTO YOVISIMUO TOV KLTTApwV, Teplopiloviag Tig mBavOTTEG Yol YEVETIKEG
UETOAAAEELG KO TPOTOTONGELS TOL ol LITopovGaY Vo amooVV KapKIVOYOVEC.
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1.XKOITOX THX AIATPIBHX

Ta anoteréouata T@V KMVIKOV HEAETOV pe Tov un toAlomdactolopevo adevoio Ad.IFN-B og
acBeveig pe Kakonbeg pecotnMmpa oy ELYLYOTIKA KOL O UNYOVIGHOG OVTIKOPKIVIKNG dpdong
TOV amod0Onke TNV EKALOT E01KNG 0vooloKN G avtidopaong nécw CD8+ T-Aepgpoxvttdpov Kot
AVTICOUATOV EVOVTL TOV KAKOMOOV HeEGOONAMaK®OV KUTTAPp®V. QGTOCO, 1) AVTIKOPKIVIKY dpAacn
napatnphOnke pOvo oe OyKovg Hikpol peyéboug kot n Ekepacn tov yovidiov g IFN-B frav
YOUNAT KO TOPOSIKT.

Me 1tV VLTOGYOUEVN TPOOTTIKY] TOV OYKOAVTIKOV 1OV MG KOUVOTOUOV OepamenTIKng
oTpaTyIKNG Yo T Ogpaneior Tov kapkivov, 1 opdada tov Steven Albelda Eexivnoe epgvvnTikég
peAéteg  ywr v a&loddynom NG OVIIKOPKIVIKNG  Opdong  TOL  0VOGUVOLOAGHOVOU,
TOAOTAAGLOLOUEVOV OYKOADTIKOD 100 BuAaKi®dovg ctopatitidog mov ekppdletl To yovidto IFN-
B vy 10 pecobnAiopa, pe otdyo va PEATIOCEL T TopaTAve KAMvikd arotedécpato. H pedém
oV mopovctaletal o avtny T StpPn eixe ©¢ oTdY0 TNV AEOAOYNON NG KAVOTNTOG TOV
oykoAvtikod 100 VSV.IFN-B yio Abon kopkvikdv Kuttdpov HECOINMOUOTOS KOl TNG
KOATOAANAOTNTAS TOL Y10 KAVIKT] LETAPPOGCT).

2. HEK®PAXH THX INTEP®EPONHX- ENIXXYEI THN
AIIOTEAEXEMATIKOTHTA KAI THN AX®PAAEIA TOY OI'KOAYTIKOY
I0Y OYAAKIQAOYX XTOMATITIAAX XTH OEPAIIEIA TOY
KAKOHOOYX MEXOOHAIQMATOX

2.1. Evoayoyn

To kaxomBec pecodniiopa eivar évag emBeTikdc KapKivog NG TAELPITIKNG 1| TEPLTOVAIKNG
Kowottag mov oyetiCeton pe v ékbeon oe iveg audvrov (1). Adyw g €Mhenyng
anotelecpatTikng Oepamneiag, Alyor acOeveic emPirovovy tepiocodTEPO Omd 2 ¥pdvia amd TN CTIYUN|
mg Owyvoong (1), yéyovog mov vmoypoppiler v ovaykn  ovebpeoNg  KovoLPYlmV
amoteEAECUATIK®OV Bepamel®y. Me avtd 10 6KOTO OVOTTOCCOVTOL OYKOALTIKOL 101 TOV UmopovV
vo. TOAOTANGIALOVTOL EMAEKTIKE EVTOG TOV KOPKIVIKOV KLTTAPOV Y®PIg Vo, TPOSPAAAOVY Ta
QUGAOYIKE  KOTTOpA. OepnTikd 1 YPNON  OYKOALTIKOV 1OV HE TNV  KovotTo
nolamlaciacpov (replication-competent) amaitel yopriynomn pikpdtePOL KOO GopTiov G€ Evav
oyko yu v eEac@diion TPocsPoAnG KoTd TO SLVATOV OAMV TV KAPKIVIKOV KUTTAP®V EVTOG
T0L OYKoV (2, 3). [Tponyodueveg peréteg Exovv dei&et 0Tt 0 10G BvAakiddovg ctopatitidog (VSV)
OV TOAAATAAGIALETOL EVTOG TOL KLTTOPOTAAGLATOS Kot €lval E0PETIKA AVTIKOC, TOPOVGIAlEL
OTOTEAECUATIKOTNTO GE OAPOpPa TPOKAWVIKG HoviéAa dykav (4, 5). O 10¢ VSV mpotdbnke
apyKa oG mOaVOg 0YKOADTIKOS Tapdyovtos 10Tt 11 AoipmEn PUOIOAOYIK®OV KLTTAP®V Ao TO
VSV mpokardel v mopoyoyn tomov 1 IFN (IFNo/B) mov mopepmodilovv tov morAlomAactopnd
TOV 100 KOl GUVETMDC KOTATOAEHOVV TNV €£AMAMON NG UKNG TPOGPOANG GTA PUGLOAOYIKA
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KOTTOpA. AVTIOETMG, TOALL KOPKIVIKE KOHTTOPO TOPOVGIALoUV EALEILUATIKY KOVOTNTO OVTUKNG
«oamdvimong» pe v mopayoyn IFN tomov I (6-8), xoati mov emirpémet tov aveundo1oTo
TOAMOTAAGLOUGUO TOV 100 KoL TNV ETakOAovOn oykdAvon tovg (9-11). O VSV givar évag 1oyvpdc
0YKOAVTIKOG 160G Kol lval OpaoTIKOG o€ pio TOKIAA TOGO dyYK®V TV avOp®OTOL 0G0 Kot GYK®V
noviikiov. (5, 9-17). Emumhéov €yovpe dgilel e mponyodueves HEAETEG OTL 1 OVTIKOPKIVIKN
dpdon tov VSV ce avocoenapkn movtikia o€ facileTon LOVo o€ AUEGO TOALATANGIOGLO TOV 100
KOl 6TV €TOKOAOVON AVOT TOV KOPKIVIKOV KLTTAP®V, 0AAG emimAéov eSapTtdTon Kot omd
dpaon twv CD8 ko NK (natural killer) T-Aepgpokvttdpwv (4).

H gbkoAn mpdcPaon tov dykov pesodnodpatog Kabiotd avtdv Tov dyko 18ovikd otdyo yio
TV EQUPUOYT] OYKOAVTIKNG 100epameiag, kobmdc o 10¢ pmopel va yopnyndei tomwkd (18)
(CLOTNUOTIKY XOPNYNON OYKOAVTIKAOV 10V TPOKUAAEL TNV TOPOY®YN OVOETEPOTOUTIKADOV
OAVTICOUATOV OV HELDOVOLY TNV OYKOAVTIKY Tovg dpdom). H ypron evog oykoAvTikoD 100 01N
Oepaneio Tov HECOINMOUATOC ATOTELEL TPOEKTAGT] TPONYOVUEVAOV TPOKAVIK®OV LEAETOV LOG OE
TovTiKla, oTIS 0moEg yopnynon tov yovidiov g IFN-B evtdg dykov pecobndpatog pe
ypnon &vog un mollomiacialopevov adevoiod (non-replicative vector) omépepe onpovTikd
Bepanevticd amoteréopata(19, 20). H ékppaon tov yovidiov g IFN-B enépepe avactoin g
avantuéng kabahg kot Oepameio TOV OYK®V, TOL ATod00NKE GTNV TOAAATAT AVTIKOPKIVIKY Spdom
¢ IFN-B, cvumepihapfovopévne g evioyvong g EUUECNG OVOGLOKNG OvVTIOpAONS, TNG
OVOGTOANG TOAAATAAGLOCHOD TV Kuttapwv (21) ko ¢ «opipavongy tov T-kuttapikov
avooloKOV avtidpdoewv(19, 22, 23). Avtictolyes KMVIKEG LEAETES LAG EYOVV EMPEPEL AVAAOYOL
a1o1000&a amoteAéspata (24).

Ta mopamdve dedopéva (19, 20, 24, 25) vrootnpilovv OTL 1| EVOOUATOOT KOl £KYPOCT TOV
yovidiov g IFN-B amd tov 16 VSV (21) Ba evioyboel mepaitépm TNV OVIIKOPKIVIKY|
avocoBepanevtikn opdon tov. Emumiéov, n evoopdtmon tov yovidiov g IFN-B otov 16 VSV
OVOUEVETOL VO EVIOYDGEL TO TPOPIA ACPAAELNS OVTOV TOV 10V, GE TEPIMTMOOTN UKNG TPOGPOANG
QLOIOAOYIKAV KLTTAP®VY (21). Zuvemmg, 0e00UEVOD OTL TOL PUGIOAOYIKE KVTTOPA £YOVV TANP®G
Aertovpyikég anavtnoelg oty IFN-a/B (o€ avtiBeon pe ta mepiocdTEPO KOPKIVIKA KOTTOPA), TOV
KOTOOTEAAOVY TAPOG Tov ToAlamhaotacpud tov 10 VSV td6c0 in Vitro 6co kot in Vivo,
vroBéoape 6t N avénon g ékepaong g IFN-B pe v evoopdtwon tov avtictoryov yovidlon
otov 10 VSV avapévetar va mepropicer v mbavhy to&ikdmmra tov VSV-IFN-f yopic va
EMNPPEAGEL CNUOVTIKE TNV OVTIKOPKIVIKT TOL dpdor. Avtd gival onUavTiKO 0£00UEVOL OTL G
OPIOUEVA TTPOKAVIKA HOVTEAD TOVTIKIOV, 1 xopnynon tov VSV cg vyniég d0celg odnynoe og
Bavatneopo vevpoto&ikdTnTa (1010iTEPU GE AVOGOKATAGTOAUEVA TToVTiKia, 10, 21).

Ye autnv ™ perén, e€etdoape v IFN-B wg Bepamevticd yovido exppaldpevo amd Tov 10
VSV o¢ koawvovpyla Oepameia yio dykovg pesodniiodpatog, vrobétovtag 0Tt 0 ukdg QopEng
VSV-IFN-B 0a evioydoet v avocoBepamenTiky amoTeEAECUATIKOTNTO, TV dvENoEL €AmAmaon
TOV 100 0omd KOTTOPO o€ KLTTOPO Kot o Peltidoel To mpoeik aceoleiag tov VSV. Mg ta
napoKato mepdpoato omodeiape 0t 0 VSV-IFN-B mpokaAdlel amotelecpatikn Avon g
KOPKIVIKNG KLTTOPIKNG oepds ABI12 moviikidov kabBdg kot 0t 1 ékepaocn g IFN-B dev
emppedlel oNUOVTIKG TOV TOAAATAQGLOGHO Tov 10V. Tomikn yoprynon tov oV VSV-IFN-B
TPOKAAEGE TNV TANPN VROYOPNON TOV OYKOV HEGOOMAIDOUOTOS GE TPOKAVIKO HOVTEAW
TOVTIKI®V, TOPATPNCT TOL OmOdIOETOL TOLVAGYIOTOV ev-Uépel og evepyomoinon CD8 T-
KUTTOpoV pécw tov 10H VSV. Emmiéov emPefarwcape 6tL 1 ékppaon IFN-B kabiotd tov 16
VSV mo aceoin kol mpootdtevce avocoovemapkn movrtikia (SCID) amd Oavammedpo
veupoToEkOTTa. AVTA To. dedopévo vrootpilovv v ypron tov VSV-IFN-B ¢ véag
BepamenTiKng Tpocéyylong o€ acheveic pe KokonOeg pecobnAiopa.
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2.2. Y ka kor M£0ooor

Kotrapikés eeipes. Ayopaotnke n avOpomrvn kottopikn oeypd MSTO-21 1H and to American
Tissue Type Collection. O Dr. Bruce Robinson (Univesity of Western Australia, Perth, Australia)
napelye Vv KLTTaPIKY oepd moviikidov ABL12. Ta kdtrapa Bl6ova, pio kvttapikr ceipd
HEAQVOLOTOG TOVTIKIOV, TPOEKLYE OO TN UETOYM®YN TNG OVTIGTOWYNG KVTTAPIKNG CEPAS e
cDNA 7ov kmdikomotei To yovidlo chicken ovalbumin.

Iika strains. Toa uka strains VSV.mIFEN-B kot VSV.hINF-B meptypdebnkav apywkd amnd tov
Obuchi et al. (2003). To strain VSV.GFP mopnydnke onmg £xel neptypagbei oand tovg Diaz RM
et al (2007). Ta uxd strains mapackevdaotnkav oto Core Viral Facility tg Mayo Clinic
(Rochester, MN).

MTT uébodog. H pébodog MTT epappootnke pe to ukd strains VSV.mIFN-B kot VSV.GFP. Ta
KOTTOpO TomoBeTHONKOV KOl KOAMEPYNONKAV €1G TETPATAOVY G TTAaKISL pe 96 vrodoyeig (96-
well) kot poAdvvinkoav pe d1apopeg cLYKeEVIpmGELS uKk®dV dodlvpdtev (multiplicities of infection
MOIs). H Brocudtmra tov npocefinuévov kuttdpmv aElohoyHinke o€ S10POPETIKE YPOVIKA
onueio katd t1g 0dMyieg ToL KoTtaokevaot g neBddov (Promega).

Avdaiven ELISPOT yia v éxkpion tns IFN-p. O ondnvag 1 ot Aeppadéveg mov mopoyETevay
avtiotoryovg OyKovg eMedncav amd movtikio o cuykekpuéva ypovikd onueio. o v
epappoyn g pebodov ELISPOT, 10.000 kottapa tomofetnOnkav €1 TpimtAovv o€ mhakiowo e
96 vmodoyeic ko ektédnkav oe memtidww yio 48 ®peg otovg 370C (6o ta mEmTdOW OF
ovykévipwon Spg/ml). Knivdec Oetikég yioo IFN-y mov mpoxkAnbnkav amd to memtidw
aloloynOnkav katd Tic odnyieg oL Kataokevaotn TG pebodov (Mabtech, Inc.) ko
petpiOnkav pe m Ponbeia ancikoviotikov software. Ta akdilovbo TENTISIO KATAGTELAGTKAV
oto Mayo Clinic Core Facility: EGSRNQDWL, gp100 movtwkiov, SIINFEKL, chicken OVA,
TRP-2 movtikiou, RGYVYQGL, VSV-N.

Hepduara pe movrixie (in vivo studies). ‘Ola ta mewpdpota eykpibnkav omo to Mayo
Foundation 1 v Emitpon Xpnong Zowv tov University of Pennsylvania pe Baon tov Odnyo
vt @povtida kot Xpnom Epyacmplakdv Zowv. ['a v avdntuén vtodopiov oykov, £ytvay
voddpiec evéoelc pe 5x10° Bléova wottapo, 1x10° AB12 kbhtrapa 1§ 1x10° MSTO-211H
kotrapa o 100ul PBS ot ylovtwio ydpa moviukiov C57BI/6, BALB/C 1 oe movtikwo pe
YoPapny Zvvévacuévn Avocoaverdpkelo (SCID), avtiotoiymg. Otav ot oykol €@rocav To
uégs@og tov 200mm3, Tpaypotonomnkay eVEGEIS EVTOG TV OYK®V LE HECO EAEYYOL 1 e 5 X
10° pfu ukob strain C57BI/6) 1 6.6 x 10% pfu oe 100uL kGfe wcod strain (VSV.mIFN-B 4
VSV.hIFN-B) pio popd v £Bdopada yia dvo (C57BI/6, SCID) 1 tpeg (BALB/C) cuveydueveg
eBooudoes. To péyeBoc twv OyKmv peTproOTaV 000 QOpEG TNV €POONAON KOl TO TOVTIKIO
vrokewtav og evbavacio edv mapovclalodtav ToEikdTTa 1 T0 PEYEBOg TOLV OYKOL ésnsgvof)csa 0
1500mm3. T evdomepirovaikovg dykovg, £yvav evéomepttovaikes evécelg pe 3.5x10° kbtrapa.
Tnv téroptn pépa, n avantuén evdomeptrovaik®v dykov emPefotmvitay kot yivovtay eVEGELG
He péco ehéyyov 1 pe 6.6x108 pfu wcov strain se 100uL péoov (VSV.MIFN-B 1 VSV.hIFN-pB)
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Elaieryn CD8+ T-xvtrapwv o¢ movrikia. BALB/C movtikio éhafav evoomepitovaikéc eVEGELG
200ug avti-CD8 povokAwvikod avtiodpatog mov mopdydnke ano anti-CD8 vBpidwpo 53.6.7
(American Type Culture Collection). Ot evéceig yopnyndnkav 3 nuépeg kot 1 nuépa mpv omd
v evdomeprrovaikn £yyvon AB12 kuttdpmv. AkolovBwg, 0CELS d1OTPNONS TOV AVIIGHOUOTOG
XOpNYoUVTIOV €vOOTEPITOVAiKG KAOE 7 MuéEPEg KOTA TN O1dpKell OAOV TOV TEPAUOTOS Yo TN
dtpnon g eEdienyng g Asttovpyiag v CD8 T-kuttdpwv. H eEdheryn CD8+ T-kuttapwv
emPefordbnke pe KLTTOPOUETPiO. PONG CTANVIKOV KVLTTOPIKAOV SWOALUATOV TNV MUEPO TNG
&yyvong AB12 xvttdpov kabmng kot efdopadiaio. Tnv nuépa 11 kar 18 tov mepduotog, to
novtikie éhapov 6.6x10% pfu VSV.MIFN-B 1 péoo eréyxov (PBS). To péyeboc tov dykav
petpotay  0vo @opéc v efdouddo ko To movtikie vmokewtav o€ gvbavacio edv
napovctalotav To&ikdtnTa 1 10 péyebog tov dykov Eemepvovoe ta 1500mma3.

Kotrapouerpia pons kar evookvrrapixy uéfodos staining yie IFN-y. T tv avdivon tov
PovdTLTOL TOV KLTThpov, 1x10° Kittapa «mhodnkavy pe PBS kat 0.1% bone serum albumin
(wash buffer), eravadiodlvdnkay ce kKuttapiko ddAvpe S0uL tov wash buffer, kot ektébnkav og
ovlevypéva avticopata ywoo 30 Aemtd otovg 40C. To OVA-iTagOH-ZKb-SIINFEKL-PE
ovlevyuévo tetpopepés ypnoomomdnke katd Tic odnyieg tov katootevaotn (Beckman
Coulter). Ta kdtrapa «aAdvONKovy kot eravadorlvOnkov og 500ul PBS pe 4% @opuardsihong,
avoADONKOV pe KOTTOPOUETPiO. PONG Kot T amoteAéopato avorlvdnkay pe to FlowJo software.
I To evdokvtTapkd staining, kvttapikd dedvpata (single-cell) Tpogtopdotnrkay and dykovg
oV EMEONGOV GE GUYKEKPIUEVESG YPOVIKEG OTIYHES (3 TovTikia avd opdda). H mapaymyn IFN-y
netd omod €kbeon og memtidwn (Spg/ml) petpndnke pe v mapovsio Golgi Plug yio 4 dpeg. Ta
KOTTapa vréotnoay staining, otabepomoinomn (fixation) kot didtpnon yia evéokvttapikd staining
ypnowonmowwvtog to Cytofix/Cytoperm kit (BD Biosciences) «katd Tig odnyieg Tov
KOTOGKELOOTY).

2ratietiky ovdiven. o m oOykpion Ow@opdv petald V0 OUAO®V YPNGLOTO|CAUE
unpaired student t-tests. I'o cvykpicelg TePIOGOTEPOV OO TPIOV OUAS®V, YPNOLLOTOW|COLE
analysis of variance with post hoc tesing. Ot kaumdleg emnifioong oyxedidonkov pe Pdon ™
uébodo Kaplain-Meier, kot ot otatiotikég S10popég HETOED TOV  SOPOPETIKOV OUAdmV
ovykpinkav ypnoomroidvrag to log-rank test.

2.3. Antoteléoparto

O VSV-mIFN-p givar 16vpa kotrapotolikos évavtt kottdpwy uecolniliouatos in vitro

Toéco o VSV (Ewk. 1A) 660 ka1 o VSV-m-IFN-B (Ewk. 1B) mpokdiecay tayd Kol EKTETAUEVO
KUTTOPWKO Bdvato Ady®m ovveyovg molhamAociocuod Tov wH ota kOttopa AB12 og
OVLYKEVIPOOELS KOV @optiov mov kvuaivoviov oamdé MOI 0.01 éog 10 (Ewk. 1C kar D).
[Mopatmpnoape pio PETpLor aAAG GNUAVTIKY HEIMOT) TNG TOYVTNTOS TOAAATANGLOGHOD Tov VSV-
M-IFN-B og oOykpion pe tov VSV o pkpdtepn MOI cuykévipmon ukov goptiov (Ewk. 1C
kou D), mov avtioToryo avTIKOTOMTPIOTNKE GE €val GYETIKA UIKPOTEPO PaOUO KLTTAPIKOD
Bavatov (Ewk 1A ko B), vrodniaovovtag 0t Ta kKottopa AB12 pmopei va dtotnpovv éva pikpd
Babud evepyodmnrog tov oviukol «povormatiovy g IFN-B mov kat’eméktaom pmopel va
avaoTéArel o pikpd Pabuod kot Tov ToAdamiactopnd tov VSV ce avtd to kottapa. Qo1000, GTIG
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72 ®peg PETA TV UK TPOGPROAT, meplocoTepo amd 99% twv kvttapwv ABI2 giyav vmootel
KLTTOPKo Odvoro kot and To dvo ukd strains (Ewk 1A kot B).
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Ewova 1. O VSV-m-IFN-B givar 1oyvpd xutTopoto&ikdc yio to kKuTTapa pecodniidpatog in vitro. Kottapa AB12
tomoBeTnOnKay kot kaAlepynOnkay oe mhoxidi 96 vrodoysmv kat eKTEONKAV oe dlbpopeg cvykevipmdoelg MOIg
gite e (A) VSV 1 pe (B) VSV-mIFN-B. Ze ovykekpiéva ypovikd onueia, epapudéotnke n uébodoc MTT kotd Tig
001yieg TOL KaTOCKEVAGTH. TO ATOTEAEGUATO AMEIKOVIOTNKAY MG KAGoHaTo Hovadag oe oyéon pe v emntfioon
TV KUTTAPOV eAEyov pe otobepd amdxiiong. Kottapa ABI12 exktébnkav otov 10 VSV (C ) 1 otov VSV-mIFN-B
(D) yw. 1 dpa otovg 37 oC o8 GUYKEKPEVESG CLYKEVTIMOELS KOV Poptiov MOIS. Metd and exkOAoy, T0 KOTTOPA,
«mAOON KAV, Kol 0TA CLYKEKPLULEVE YpoviKd onpeio, eAeOnKay delypota yuo T HETPTON TOV UKOD POPTiov UE TN
péBodo maxmv.

O VSV-mIEN-p éyer avrikaprivikyg opaon évavrti 6ykwy uecolnliouatog

Ye avtiotoyia pe o in Vitro anoteAéopara g Ew. 1, dpeon yopnynon (éveon) tov VSV-m-
IFN-B  evtoc vmodopuwv Oykov ABI2 oe avocoemapkn TOVTIKI TPOKAAECE OMNUOVTIKN
avVTIKOPKIVIKT dpdon évavtt tov AB12 dykov og oyéon pe tovg oykovg eréyyov (P<0.01 v
nuépa 32 ; Ewk. 2A). Avty 1 peioon oto puOud avdmtuéng tov 0yKov UHETOPPACTNKE CE
onuovtiky avénorn g emPioong tov moviikiov mov Eaafav evéoelg VSV-m-IFN-B, evo
Té60€p0. amd 10, oYT® TovTiKi OgpamedTnKav teheing and tovg Oykovg tovg (Ewk. 2A), og
oLYKPLON HE KOovEVA Omd To. OXT® TOVTiKio TG opdadag eAEyyov. EmmAéov, apyodtepa, OAa to
movtikia Tov emePimwoav yo peydAo ypovikd Odotnuo améppuyav pio doKpacio VToddpPLoG
gykataotoong (ovtavav kKuttdpov AB12. Yrofétovpe 6Tt n avTIKapKIVIKY 0VOGLOKT 0VTIOpaoT)
nov mopatnpnOnke ommv Ew. 2A egivor cvykekpuévn €vavit tov kuttdpov AB12, av kot ogv
elyape emopkn opOpd movTiKIOV mov emefimcav yio PEYIAO YPOVIKO SICTNUHO Yo Vo To
exBécovpe og pio O10POPETIKN GEPA KAPIKIVIKMOV KVTTAPOV.

O VSV-m-IFN-B ftav eniong amotedecpatikdg ot Bepaneio evoomepttovaikav 0ykov AB12
HE TOTIKY| evoomepltovaikn yoprynon tov 100 (Ew. 2A). Xe avtiBeon Opwg pe to poviéAo
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VTOdOpLY OYykwv, dev emtevydnke mANPNG Oepameio Kot pokpd emiPioon TOV TOVIIKUDV.
Qo1000, N eniPfioon v ToviKioy wov Ehofav to srain VSV-m-IFN-B  (uéon emBioon 54
Nuépeg) avénonke onuovtikd oe oyxéon pe to movtikia eAEyyov (péom emPimon, 26 Muépes ;
P<0.01).

2uvolkd avtd ta dedopéva vrootnpifovv 6t 0 VSV-m-IFN-B elvar évag amotedespoticog
napdyovtag Evavtt dykmv pecodniiopatoc AB12 t6co in vitro 6co kat in VIVO pe vrodopia ko
EVOOTEPLTOVOAIKT] YOPNYNOT).

H aroteleouatikotyta s IN VIVO Ogparncios eaptdral amd Ty floloyiky dpacTyploTyto.
s IFN-#

Boao1{opevol 6g mponyovueveg HEAETEC TOV Eyvav UE TN XPNON €VOG U TOALATANGIOLOUEVOD
adevoiov mov e&éppale v IFN-B (19, 20, 24, 25), n vrtobeon pog Nrav 0Tt 1 TPocshnKn Tov
yovidiov g IFN-B otov moAhamiacialdpevo 10 VSV Ba evioyve akdpo mepiocdTEpo TtV
OVOGOJIEYEPTIKT EMIOPAOT) TNG KLTTAPIKNG ADONG KOPKIVIKGOV KVTTAP®V HEG® TOv 100. [ va
gfetdoovpe avtnv v vrdbeon, katackevdoape évo ukd strain VSV mov ekepdlet v
avOpomvn IFN-B, n onoia eivan avevepyn oe movtikia. Xoven®g, e avtd TO0 GKENTIKO, 1| OpACT
00 VSV-m-IFN-B kot tov VSV-h-IFN-B g avocoemapkn movtikia moapéyel pioa omotn
oLYKPION TNG OVTIKAPKIVIKNG Opdong mov dlapecorofeitar pécm e OEYEPONG OVOGLOKNG
avtidpacng omd To ko Strain kot ovtg mov dtopecorafeitar PEcw ™G AVTIKNG dpAcng Tov.
EmBepardoape 6tt ta ukd strain VSV-m-IFN-B kaw VSV-h-IFN-B £yovv mapdpolo mpogit
TOALOTAOGLOGUOD KOl KVTTAPOTOEIKOTNTOG EVOVTL TV Kuttdpwv ABI12 in vitro (dedopéva mov
de odetlyvovian). Omwg deifape mponyovpévmg, n dueon yopnynon tov VSV-m-IFN-B evtog
vrodopiov Oykmv AB12 enépepe onuavTiky] ovTikapkiviky dpdor 6€ GOYKPIoT LLE TOVS OYKOVG
eréyyov mov éhofav PBS (Ewk. 2A; P<0.01). Avtifétmg, m xopnynon tov VSV-h-IFN-B evtdc
TOV OYK®V 0V EMEPEPE OTATICTIKO ONUAVTIKO OepoamenTikd amotélecpua o€ GUYKPIoN HE TN
yopiynon PBS (Ewk. 2A; P=0.27), kdtt mov vmodnidver OTL évol ONUOVTIKO HEPOG NG
avtikapkvikng opaong tov VSV-IFN-B in vivo doapecorafeitor péow g avootokng dpaong
g Tomikng ékepaong e IFN-B kot Arydtepo pesm g oykoAvTikng dpdong tov 100.

Eniong mapamnpricape po téon peyordtepng amotedecpatikomrag tov VSV-m-IFN-B og
oxéon pe tov VSV-h-IFN-B oto gvdomeprtovaikd HOVTELO YOpfyNoTSg TOL 100, av Kol GVt M
dapopd dev frav ototiotikd onuavtiky (P=0.54; Ew. 2B). Qotdco, t6c0 o VSV-h-IFN-B 660
kat 0 VSV-m-IFN-B ftav onwodnnote mo amotehecpotikol otn Oepaneioo 6€ cOYKPION UE TN
yoprynon PBS (P<0.01 kaw P<0.0001, avtiotoiywc).

47



2,000+ _
1,500+ b ¢ -O- PBS

&= V/SV-mIFN-f
1,000+ ~- VSV-hIFN-f

;

S

Average tumor volume (mm?) >

L} L] L) L) L) L) ) L)
0 5 10 15 20 25 30 35 40
Days after AB12 injection
100+
-0~ PBS
80+~ - \/SV-mIFN-f
-~ VSV-hIFN-f

604

40+

% Survival

20+

I

!

1

1

oI
0 5

L] L) L) L L L] Al

0 10 20 30 40 50 60 70 80 90
Days after AB12 injection

Ewova 2. H in vivo Oepaneio e€aptdtar amd ™ Proroywkn dpactikdtro g IFN-B. Ouddeg (n=8) moviikidv
BALB/C pe vroddprovg (A) 1 evdoneprrovaikovg dykovg (B) AB12 éhafav opd, VSV-m-IFN-B 11 VSV-h-IFN-f c¢
doom 6.6 x 10 8 pfu, pia popd tv efdopdda yio 3 gpdouddec. H yopriynon VSV-m-IFN-B 0dfynce oe onpavtikny
voy®pno” Twv Vrodopiwv oykwv (P<0.01) o ohykpion pe to group eréyyov, evéd o VSV-h-IFN-B dev enépepe
onuovtikn Oepomevtikny dpdor. Qotdco, 1660 0 VSV-m-IFN-B 660 xar o VSV-h-IFN-B avénoav onuavtikd tmv
enPioon oto gvdomepltovaikd Hoviélo 6e oOYKpLomn e To group eléyyov (P<0.0001 kon P<0.01, avtictorywc).

H érxppacn s IFN-f uéow tov VSV éevieyber tqv avrikepkvikiy opden tov uécw tHg
oiéyepons CD8 T-kovrrapwv

IMa va dtevkprvicovpe TEPAITEP® TOVG AVOGOAOYIKOVG UNYAVIGHOVG He Tovg onoiovg 1 IFN-B
evioyvel ™ Oepameia mov emeépel N ok xoprynon tov VSV evidc tov dyKov, To TEPAUATo.
¢ Ew. 2 enavainednkav og movtikia SCID. H yopiynon VSV-IFN-B evioc tov 0ykov peimoe
ONUOVTIKA TO puOud avimtuéne tov oykwv oe movtikia SCID oe cOykpion pe ta movtikio
eréyyov (P<0.001, Ew.3A). Qot6c0, ot 6ykor AB12 avamtbocovior pe toyvtepo pubud oe
novtikia SCID og ovykpion pe avoocoemopkn movtikiao BALB/C. Etol, petpdviog to mocootod
OVOGTOANG TNG OVATTUENG TV OYK®V HETOED TOV TOVIIKIOV EAEYYOL KOl TOV TOVIIKIOV TOV
énafav VSV-IFN-B, mapatnprioope 0Tt vTapyel oNUOVTIK S10popd GTNV OTOTELECUATIKOTNTO
00 VSV-IFN-f peta&d avocoenapk®my Kot avocsoKataoTOAUEVOV TovTikidv (P<0.0001 yio oieg
Tig Nuépes ; Ew. 3B). Eto, v nuépa 14 petd amod ) yopnynon tov VSV-m-IFN-B eviog tov
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oykav, av kot ota wovtikio SCID 10 m06006T0 avasToANng TG ovamTLéNG TV 0yKmv nTav 35%,
T0 AVTIGTOLYO TOCOGTO GTe AVOcOoENAPKY] movtikia Ntav 60%. Zvvendc, n arovsia T 1/xot B-
KuTtdpov ota moviikie SCID ftav vrevbuvn Yo TV anoAela tepimov 50% TG aVTIKOPKIVIKNAG
anotereopatikONTag Tov VSV-IFN-B 670 poviého vmoddpiwv oykov AB12 14 nuépeg petd omd
TNV OPYIKT YOPTYNOT TOL 10V.

Y& avtiototyio pe ta anoteAéopata g Ewk. 3A kot B, 6ykotl mov avantdynkav oe movtikio
xopic dpactikd CD8 T-kidttapa kot vaéomoav OBepaneia pe yoprynon tov VSV-IFN-B evtog
TOV OYK®V, TOPOVGIOGAV OVAGTOAN TG AVATTLENG TOVS KOTA 25% G€ GUYKPLON e TOVG OYKOVG
eréyyov 14 nuépeg petd v évapén yopnynong tov VSV-IFN-B, oe cvykpion pe to mocootd
avootoAng 60% oe avocoemapkr] BALB/c movtikio (P<0.0001 ; Ew. 3C kou D). Avtd ta
AMOTEAEGLOTO. VTTOONADVOLVY 0Tl mepimov 50% NG AVTIKOPKIVIKNG OTOTEAEGUATIKOTNTOS TNG
yoprymong tov VSV-IFN-B evidc vmoddpiov oykov peconiopatoc AB12 o avocoemapkn
novtikio eEaptator omd T dpdon twv CD8 T-kuttdpwv.
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Ewéva 3. H éxppaon g IFN-B and tov 16 VSV evioydel v avtikapkivikr Bepaneio tov VSV-IFN-f péow g
emaywyng CD8 T-kuttdpov. Oudadeg (n=8) moviikuvv BALB/C, SCID (A) 1 movtikwa pe anevepyomompévo CD8
mnOvopd xuttdpov (CD8 depleted) (C) pe vmodopiovg dykovg AB12 kvttdpov pecodnibpatog Edafav 6po M
VSV-mIFEN-B (6.6 x 10 8 pfu), wo gopd v efdopdda yuo 2 cvveydueveg efdopddes. B ko D, eneidn ot dykot
ABI12 avantbocoviar ypnyopotepo oto SCID war CD-8 depleted movtikio cg olykpion pe To GVOGOETOPKN
nmovtikie BALB/C, vroloyiotnke éva m0c006Td avacToAng avamtuéng Hetald Tmv OYK®OV EAEYYOV KOl TOV OYK®V
nov éhafov VSV-IFN-B og e&€ng: V control- V VSVmIFN-B/ V control x 100.

H éxppoaocny 1 |FN-f dev emayer aviyvevowues avriopdeers T- kvtrdpov Evavti
XOPOKTHPICTIKDY OVTIYOVOY TOY KOPKIVIKOV KTTApv ABI2 pecoOniiouarog

Agdopévnc avtng g e&aptnong g avikapkvikng opdong tov VSV-IFN-B and to CDS T-
KOTTOPO, Be@PNoOE EVOLPEPOV VO SIEPEVVIIGOVUE TTEPOLTEP® OLTNV TNV OVOGLOKTY OVTIOPOOT|
nov dwopecorafeitor and v IFN-B. Eneidn n cepd AB12 3¢ ¢épel ouykekpyéva yvootd
KOPKIVIKGL avTlyOvo, OLEKTEPUIDCOUE EMTAEOV UNYOVIOTIKEG UEAETEG YPNOLOTOIDOVTAG TNV
KuTTopkn oepd Bloéova, n omoio €xel €va mAnpéctepa YvooTd 0vVOGOAOYIKO TPOPIA Kot
emmAéov ekepaletl o veo-avtiyovo chicken ovalbumin mov pog enétpeye va ypnoyomomoovue
CD8 T-xvttdpa évavtt tov ovykekpiuévov avtiyovov (tetpapepn). Eyxovpe dedyst
TPONYOVUEVEG UEAETEG TOV OVOGOAOYIKOV avTidpdoewv pe t Oepaneion wild-type VSV oto
ovykekpipévo povtédo Bloova (4). Apywd osiape 6Tt 10 povtédo vodoplwvy dykwov Bloova e
novtikia C57Bl/6 «omdvinoe» ot Ogpomeion ue VSV-mIFN-B pe tov 1610 1tpdmo mov
«omavmoavy ot oykot ABI12 oe movtikia BALB/C (Ew.4A). AxoloObwmg, omopovodcope
ominvokovttapo amd movtikie C57Bl/6 ota omoia yopnynnkav VSV- 71 VSV-mIFN- kot
eetdoape To péyeBog Kol TV EWOIKOTNTO TOV 0VOGOAOYIKMOV T-KUTTOPIK®OV avTOPAcE®DY EVavTl
UK®OV 1 KOPKIVIKOV avTryovev. o v mopakolovdnon tov avoGoAoYIK®V avTIOpAGE®MY EVAVTL
TOV KOPKIVIKOV OVTLYOVOV, EKUETOAAELTAKANE TO YeYovog 0Tt movtikia C57Bl/6 mov @épovv
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oykovg Bl6ova avtidpovv pe v mapoywyn €W0KOV T-KOTTapikdV avTidpacemy EVOVTL TOL
emromov SIINFEKL tov mpdtumov kapkivikod avtiydvov OVA.

Xopnynon tov VSV evtog tov 0ykmv Bloova gaivetar 6Tt endyet peydro apbpd T-kottdpaov
OV AV YVOPILovV TOV 0lVOGOAOYIKA EMKPATESTEPO EMITOMO TNG UKNG TPOTEIVNG N, 68 GUYKpIoN
LLE TOVG OYKOVG TOVTIKI®MV 10V EAafav evEselg pe adpavoromuévo pe 0éppovon VSV (Ewk. 4B,
oA 2 Kou oA 7), av Kot 08V TOPOVCIACTNKE OTUTIOTIKA onuovtiky avénon tov T-
KUTTOPIKOV OTOVINGEDV £VOVTL TOL KOV ovTtyovov N 6g GOYKPIoT UE TO TOVTIKIO EAEYYOV TOV
ektédnkov og dpaotikd 10 VSV (Ewk. 4B, othin 6 kot otiin 7). Exppoon g IFN-B amd tov 10
VSV yevikd evioyvoe tn cvyvomra enoywyns T- kuttdpov vavtt g ukng N npmteivng oe
obykplon pe to movtikie mov éAaPav to strain VSV (Ewk. 4B, otiin 12). Qotdoo,
TOPOATNPACAUE ETIGNG OTL TOL GTANVOKVTTOPA Otd TovTiKia wov Elafav eite to Strain VSV egite
10 VSV-mIFN-B mopovciocov pio yeEVIKEDUEVN, OVILYOVIKO UN-E01KN EVEPYOTMOINGY, OE
avtiotoyio pe v avénuévn ovyvotnto IFN-y-producing spots mov mapdystor pévo pe v
ékfeon ota ukd strain tov VSV kot yopic nepattépm gvepyomoinon pe v ékbeon oe 181K0
aviiyovo (Ewk. 4B, otk 11). Xe ovykplon pe ™ ovyvotnto oviyovika pn swdwov T-
KUTTOPIKOV amovincewv (yoplc ékBeon o€ oLYKEKPWEVO TEMTION), OEV TAPOTNPNCOLUE
OTOTIOTIKA GNUOVTIKY avénon g cvuyvottag Tov T-kuttdpav évavtt Tov enitomov SIINFEKL-
OVA octo omAnvokittapa 1 6tovg Agpeadéves movtikiov mov éaafav VSV-IFN-B (Ew. 4B,
otmin 13). Eniong, n cuyvétra tov T-kuttdpov Evavtt tov OVA ota movtikia mov éAafav to
strain VSV-IFN-B dev ntav vyniotepn 6€ oToTIoTIKG onpovtikd Babud oe ohykpion pe to
novtikia wov éhofav to strain VSV, av ko petald tov mepapdtov mapatnpndnke téon
VyNAOTEPNS cuyvoTNTOg ota movtikia mov EAafav VSV-IFN-B (Ewk. 4B, otiin 8 kou otiin
13).

g avTioToly i e TO TOPATAVE® amoTEAECUATA, oV Kot 1] yopnynom tov VSV eviog tov dyKov
evioyvoe onuavtikd to péyebog g avtidpaong T- kuttdpwv Evavtt ukav aviryovov (Ewk. 4C,
o)A 6 Ko oTAn 7), dev mapatnpnONKe GTATIOTIKE SNUOVTIKY avENoT TV T- kutdpov Evavtt
TOV EWIKOV KopKvik®v avttyovov OVA, TRP-2 1 tov gpl00 (Ewk. 4C, 6tiAn 6 Kot 6TijAeg 8-
10). Exepaon g IFN-B and tov 10 dev avénoe v avtukn T- kuttapikn andvinon (o€ oyéon
ue v €kbeon otov VSV) i v T-kuttapikn amdvrnon Evavit tov avtrydovov OVA gvidc tov
oykov (Ewk. 4C, ot 8 kot otiin 13). Avdroya, av Kol Topotnpiooue pion TGon TPog
avénuévo apBpd T-kuttdpov Evavit Tov avitydovov OVA eviog Tov 0YK®OV oV eKTEONKAY GTO
VSV ¢ oVykpilon e Ta TovTiKio EAEYYOVL, 0VTH 1 TAoT 0gv NTav oTaTIoTIKA onuavtiky (Euk.
4D). Avardywg, m ékeppacn IFN-B amd 10 VSV dev m ovyvémra tov T-kuttopikov
OTOVTCE®V EVOVTL EWIKAOV KOPKIVIKAOV avTIyOVOV €it€ 0TOLg OYKOLG €IT€ GTO GTMANVA TV
TOVTIKIOV, GE GVYKPLOT UE TO TTOVTiKLO EAEYYOV 1 To Tovtikio Tov Aafav VSV (Ewk. 4D ko E).

YVVOMKA, To TopATave omoteAéspata detyovv Ot 1 yopnynon tov VSV evidg tov dykwov
peconMmpatog erayet avtukég T- KOTTaPIKES AmOVINGELS, TOV EVIGYDOVTOL KO TEPICCOTEPO
pe v ékppaon IFN-B and tov 16. Emumiéov, n xopnynon tov VSV evtog tov dykov oyetiletan
HE TNV €may®Yn ovtiyovikd un €wikng T-kuttapikng evepyomoinong. Teieudvovtog, oev
Kataépape va deifovpe emaymyn T- KLUTTOPIKOV OTAVINCEOV EVOVTL TOV EOKAOV KOPKIVIKOV
avtryovov TRP-2, gp100 kot tov teyvntov avtiydvov OVA cg enimeda vynAotepa amd avtd TV
TOVTIKI®V EAEYYOV.
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H |FN-p mapéyer evicyvuévy npocracio Evavl T VEUPOTOSIKOTHTAS TOV TPOKAILEITAL ATTO
Tov VSV

Evoc Baocikog Adyoc ¢ eveopdtoong tov yovidiov g IFN-B otov 10 VSV ftav n avénon
™G AGPAAELAG TOL OTNV TEPITTMON UKNG TPOSPBOANG PUGIOAOYIKAOV KVTTAP®V-GTNV TEPITTMON)
avtn N ékepacn ™¢ IFN-B avapévetor va evioyboel v aviukny andvinoen ToV QUGIOAOYIKOV
KUTTOP®V, OTOTPENTOVIONG TOV TOALUTAOCIOUO TOV 100 KOl GUVETMG TOV KLTTOPKO Odvato. H
to&wotnta tov VSV, mov mepthapPavel Kat T VELPOTOEIKOTNTA, EIVOL TEPICCOTEPO EUPOVIG OE
avocoKaTaoTAAUEVE TovTiKia. [ avtdv 10 AdY0, VTTOJOPLOL GYKOL TN AVOPAOTIVIG KUTTOPIKNG
oepds MSTO-211H avantiydnkav oe SCID movtikia, otovg omoiovg akoAoHOwe yopnynonKav
VSV-h-IFN-B (n avOpodnivn IFN-B dev empépel Tpootacio TV 1GTOV TOV TOVIIKIOD amd UKN
nmpocPorn) 1 VSV-m-IFN-B (n IFN-B tov movtikioh Tpocstatevel Tovg 16To0E TOV TOVTIKION 0md
mv ukn mpocPfoirn). Ot dykol tewv moviikidy wov éhafav to strain VSV-h-INF-B eppavicay
onuovtikn peimorn tov peyéBovg tovg oe cvykplon pe to movrtikia eAéyyov (Ewk. 5), aAld
TAVTOYPOVE.  EUPAVIGOV KOl ONUOVTIKY VveELpoTtoSikotnTa tnv nuépa 40 petd amd v
EYKOTAGTOOT TOV OYK®V, 7OV KOTEGTNGE Omapoitntn T1 OlKOT TOL TEWPANATOS GTO
ovykekpIévo group. Avtbétmg, yopnynon tov VSV-m-IFN-f odfynce otov ido Pabud
OVOGTOANG TOL TNG AVATTLENS TV OYK®V TNV Nuépa 40 PLETA TNV EUEVTELCOT TOV KLTTAPOYV,
OAAG yopig epgovn TtoSikdTNTa. ALt 1 EAAEWYN TOSIKOTNTOG EMETPEYE TN GLVEXICT TOL
TEWPAATOG, TOV 0ONYNOE GINV LIOYMPNON OYK®V KOl GTNV EUPAVICT] TOVIIKIOV UE HOKPA
emPioon (Ewk. 5). Avtd to amotedécpota emPBePatdvouy 4Tt | EVOOUATMOT TOV YOVISIOL TNG
IFN-B otov 10 VSV mpochHéter 10 onuoviikd TAEOVEKTNUO TNG TPOCTAGIAG Omd TN
veupoToEkOTTa. oL pmopel va mpokaAécer o VSV kol emitpémel v €KOMA®ON NG
amotelecpatikdtTog Tov VSV mpootatehoviag To QUGIOAOYIKE KOTTOpo amd Tig mhovEg
T0&1IKEG Opacel; Tov VSV.

52



A ~ - FES
im =T - YSV-miNE-
s 2000 >0
3 10 Faaet |
s );2
s 1000 .l
s 1l
-t - o
| SS SN sl S
< > s " a k] aw» s »
Days after B1€ova irgection
B HIVSV VsV VSV-mFN-S
0 2 3 4 s s 7 8 ° 0 ] 11 122 13 14 s
504 e
H
40
g
S 204 . % -
= -
2 . | .
3 ; i
® o — T ‘I‘
S A o N O
clopeo9m 258 cee Fo ‘I: 3 i~ -g_ - - L - -
2 I 2 2 & § = 2 Z &8 3 3 2 2 %
i ¢ E B a3 3 B ER B OFOEEE G
§ = g Zx g =
C HIVSV vsv VSV-mEN-S
¥ 5 1 2 3 - S s 7 8 9 0 " 12 ” 4 5
.
F Y
’
g o -
3 :
: . % 3 +
* T - 3 =
e N cee age o & £C m % 3. %‘ - %
" — — — - - ~— — — — - - - - - -
$ = 2 2 8 8% % g 2 % 8 = g 7 8
£ ¢ § B 3 8 2 E B 3 3 8 3 8B 3
H < E . ) -
D o %4 E 34
3 12 - g 2
+~ 10 - 10 2
# H e
«E" e T E o8 |
s o5 3 05 -
B os = — §°" —T—
o o2 | o 02 = 1
* oo - ® op 3 -
$ = 3 z
= i = [
g g

Ewova 4. H éxppaon g IFN-B dev emdyer avigvevolpes edikég T-KOTTAPIKES OMAVTNGEIS EVOVTL KOPKIVIKOV
avtyovav. A, opddec (n=8) C57BI/6 moviikidv e vrodopiovg oykovg Bl6ova élafav opod 1 VSV-m-IFN-B (5 x10
8 pfu) tigc nuépeg 8 xan 12 petd and gugdtevon tov vroddpiwv oykov. H yopiynon VSV-mIFN-B odnynoce oe
onuovTIKn vroy®pnor oykov (P<0.05) oe ohykpion pe v opdda edéyyov. B- E, opddeg C57BI/6 movtikidv (n=4)
pe vwoddprovg dykovg Bl16ova élafav 000 @opéc evtdg v dykmv amevepyomotmuévo pe 0éppavon 16 VSV, VSV 1
VSV-m-IFN-B og cuykévipmon 5x10 8 pfu. Ta movrikia Bvcidotnkay 7 nuépeg petd amd v tehevtaio Eveon Kot
T Opyavd Tovg amoondotTnKay Tpog eneEepyacio. B, ot Aeppadéveg ektébnkav og opd ywpic menTido N ekTéOnKavy
ota aviyova ova, VSV-N, TRP-2 11 gp100 kot akolo0Bmg avaidbnke 1 mapovsio kuttdpmv mov mapdyovv IFN-y
pe ) pébodo ELISpot. Or redéieg oto didypappa avtiotoryyodv oto péco 6po 2 1 3 a&idv amd 1o 1610 movTikt ;
otileg, otabepd amdxhong. C, kapkivikd kOTTapo ekkoAdednkav v 4 dpeg pe v mapovoio Golgi plug pe 1
XOPIG TO. OVAPEPOUEVO TEMTIOW KO OVOAVONKOV [LE KVTTOPOUETPIOL PONG Yo TV Tapovasio evdokvttdplog IFN-y.
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Emumiéov, kapkivikd kottapa (D) kot oninvokittapa (E) avaidbnkav pe kvttapoperpio pong yo Ty mopovcio
H2-Kb-SIINFEKL-tetramer-positive CD8 kbttapo.
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Ewévo 5. H IFN-B empépet evioyopuévn ac@dreto Evavtl g vevpoto&ikOTnTog mTov TpokaAdeital ano to VSV.
Ouadeg (n=8) movtkuwv SCID pe vroddprovg dykovg MSTO-211H érafav opd, VSV-m-IFN-B 7 VSV-h-IFN- og
pio d6om 6.6x 10 8 pfu, wo popd v fdopndda yuo 2 cuvexopeves efdopdades. H yoprynon kot tov 800 ukmv
strains od1ynoe og onuavtikn peimon tov peyéBovg Tv Oykwv g cuYKplon pe v opddo eléyyov (P<0.0001 xat
v T1¢ 800 opddec). Qotdco ta movrikia Tov Elafav VSV-hIFN-B exdniocav vevpotoikdtnta kot Bucidotnray
mv nuépa 40 petd v epueHTELOT TOV OYK®V.

2.4. Xvopnepdopato

Bacwlopevor omv vmoébeon oO6tt m ékepaocn g IFN-B pmopel va  avéncst v
avocobepanentikn amoteleouatikdmra tov VSV, evd tantdypova cuuBdilel oty peimon g
GLGTNUOTIKNG TOEKOTNTAG TOV, £EETACAUE TNV OMOTEAEGLATIKOTNTO TOV TOAAUTANGLOLOUEVOL
oykoAvuTikob ukov strain tov VSV mov ekepdler to yovidto ¢ IFN-B oe éva poviédo
pHecoONAM®UATOG 6€ TOVTiK. X& ovTh TN peAétn ociape 0Tl ta KuTtapo ABI12 elvar moiv
gvaicOnta 1060 otov VSV 660 ka1 610 mapdynyd tov VSV-IFN-B og in vitro mepdpota
(Ew.1). H evaicOnoio oto uko strain VSV-m-IFN-B emiBefoidOnke kot o€ in Vivo meipapoto pe
YOPNYNON TOL 100 €VTOG TV OYK®OV KaBd¢ kot gvdoomeprtovaikd (Ewk. 2). Xe ocvotoryia pe to
apyIKn pHoG vIofeomn, SNUAVTIKO UEPOC TNG OVTIKAPKIVIKAG Opdong tov VSV-IFN-B in vivo
e€aptdror amd avosoroykoHg unyaviopovg mov emdyovion ond v IFN-B, o0nmg xatadeiytnke
0€ TPOKAVIKO HOVTEAO TOVTIIKI®V HE TNV IN VIVO cvykpion tov VSV-m-IFN-B pe 1o ukd strain
VSV-h-IFN-B, oto onoio n avBpodmv IFN-B dev eivon Broloyikd evepyn oto novtikt (Ewk. 2). H
e€apmon ¢ avtkopkvikng dpdong tov VSV-IFN-B and v avocoroyikég tov emdpicelg
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NTOV TTO EUPOVIG GTO TPOKAIVIKO LOVTEAO VTTOJOPLOV GYK®OV GE avTIOEST e TO EVOOTEPLTOVAIKS
povtédo (Ew. 3A kot B). Avti 1 d109opd Totedovpe 0Tl 0QEIAETOL GTO YEYOVOG OTL 01 OYKOL
TOV AVOTTOCCOVTOL GTOV LITOSOPLO 16TO Popel va S1aPEPOVY OGOV aPOPa TN d1EicdLGN TOLG Kot
TNV EVEPYOTOINGT] AVOGOAOYIKMV SIOUECOAUPNTIKOV KVTTAP®V, OTMG TO LOKPOPAYQL, To KOTTOPO
NK (4), xou 6nwg eaivetor kou otv Ewc.3, ta xdtropa CD8, ce avtiBeon pe Oykovg g
EVOOTEPITOVAIKNG KOLOTNTAG. 20TOCO TEPUTEP® UEAETEG OMOLTOOVTOL YloL TNV €moAnfevon
aVTAG NG VITOBEOTG.

Y& mponyovueveg peAétec oeiape 0Tl 1 evooudtmoon tov yovidiov g IFN-B oe évav un-
TOAAOTAAGLOLOUEVO 0OEVOTO AmEPEPE CNUAVTIKE OEpamELTIKA AMOTEAEGUOTO LE TN YOPNYNON
TOV 10V EVTIOC TOV OYKOV HECH TNG EMOYMYNG OVOCOAOYIKNG OVTIKAPKIVIKNG avtidopaong (19, 20,
24, 25). Xvvenmg, vmobécape 0Tt n TposOnkn tov yovidiov g IFN-B umopet va odnynoet og
avaAoyn evioyvon TG avocoBePOTEVTIKNG ATOTEAECUATIKOTNTAG TOV 0YKOALTIKOV 100 VSV. T'a
VO EVTOTIGOVUE EWOIKEG  OVTLYOVIKEG OVOGOAOYIKEG OVTIOPACELS £€VOVIL  GLYKEKPLUEVOV
KOPKIVIK®OV OVTLYOVMV, YPNOYLOTOMoUUE TNV GEpd peravopatog Bléova, yw v omoia
VILAPYoVV NOM SBEGIIEG aVOGOLOYIKEG TeYVIKEG HEDOOOL TPOGOIOPIoUOD TOGO TOL TPATLTTOV
UNn-evooyevols, TeXVNTA eVoOUATOUEVOL avtiydvov OVA, 660 Kol HEPIKAV EVOOYEVAOV
aVTIYOVOV TNG GLYKEKPUEVNG OEPAS HeAovdpoToc. T vo S1KooAoyGovpe TG OHOOTNTEG
petalld g oepdg pecodniudpatog Kot e oepds peravopatog, deiEape 6t o VSV-m-IFN-
Tapéxel amoTeEAEoUATIKN Oepaneio Evavtl Tov 0ykov B160ova, kot 61t 1 tpocsbnkn tov yovidiov
m¢ IFN-B otov 10 VSV gyei mopopola anoteléopata 0nmg oto poviého AB12 (Ewk. 4A).
Qo1660, T0. ATOTEAECUATA OGS LITOdEIKVOOLY OTL M TpocHnkn tov yovidiov g IFN-B otov
oykoAvTikO VSV 0dev evioyvoe v emaymynq €WOIKNG OVOGOAOYIKNG ovTidopaons Evavti
KopKvik®v ovityovov (Ew. 4). Av kot 1 yopriynon tov VSV evidc tov dykov mtpokdiecs TV
EMAYWYT EWOIKNG AVOGOAOYIKNG OVTIOPOOTG EVOVTL GUYKEKPIUEVOV avTUKDV avtiyovov (Eik. 4),
OEV KOTOAPEPAUE VO AVIXVEDGOVUE EWIKEC OVOCOAOYIKES OVTIOPAGELS EVOVTL TOV KOPKIVIKOV
avtyovov OVA, tov evéoyevoig TRP-2 1 tov gpl00.

[Tovtikia ot omoia yopnynonke VSV eviog tov vmodopiov OyKmv Toug avETTuEay avénpéva
emineda  opactnpotTog TV T-KLTTApOV TOLG, OV KOl OLT 1 OpacTNPOTNTO NTOV
ovYKeKPIEVN uovo mpog ukd aviyova (Ew.4d B-E xor aAAd dedopéva mov e dgiyvovtar).
Qo16060, peréteg otig onoieg To CD8 kdtTapa anevepyomomOnkay £3€1&av OTL TOL GLYKEKPIUEVA
KOTTOPO E€WVOL ONUOVTIKA Yoo TNV avTikapkiviky opacn tov VSV-IFN-B. Avtd umopsi va
opeidetal 6To OTL M UN €VIKT AVOGOAOYIKY evepyomoion mov endyet é1te o VSV gite n IFN-B mov
exepaleTar amd Tov 10 cuvioTatal amd £vo GUVOAD CYETIKA ACHEVMOV TOAVKAMVIKOV AVILYOVIKOV
OVOGOLOYIKMV OVTIOPAGE®MV £VAVTL KAPKIVIK®OV avTIYOV®V, 01 omoies 0g dvvavtat va aviyvevfoldv
moapd povo petd amd kdamolo €18og evioyvong tovg (amplification). Avtq n mapatipnon
Bpioketor og avtiotoyio pe mponyovueveg LEAETES pag oL £dei&av OTL 1| enaymyn T-kuttdpwv
évavtt Tov avtryovov OVA oto poviélo B160va givat 100vikd omoTteAeGHOTIKN OTAV TO avTIIYOVO
exopaletat and tov 10 VSV (4). Evallaxtikd, etvar mBovo 41t o1 1ovpEg avIukég avosoAloyIkég
AVTIOPAGELS KLPLOPYOVV Kot EMOKIAL0VV TIC T-KLTTOPIKEG OVTIOPACELS EVOVTL TOV KOPKIVIKDV
avTIyOVOV €vtOg TOL OYKOVL, KOl 1) £APTNOT TNG AVTIKAPKIVIKNG dpdong Ttov VSV and ta CD8
KOtTOpo umopel vao. oyetileton pe TNV TOPATNPOVUEVY] YEVIKELUEVT gvepyomoinon tov T-
KLTTApoV omd pio 1oyxvpd aviryovikn ovoio (potently immunogenic adjuvant), mapd pe v
napovcio WKV T-kuttdpov mov avayvopilovy ocvykekpiluéva KopKvikd avityova. To
dedopévo mov vroatnpilel ™MV PO VIdOeon (Yevikevpuévn evepyomoinon T-kuttdpwv) eivar 1
andppym vTodOPL®Y dykwv AB12 dtav kittapa AB12 yopnyndnkav eravelinuuéva vwodopimg
oe movtikia To omoia elyav MO Bepamevtel amd vrodoplovg Oykovg ABI2 pe 1t yoprynon
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evéoewv VSV-IFN-B. Zuvendg, eivar onuovtikd va diepgovnbet av avt n andppiym opeiretal
0€ UM E01KN OVTIKOPKIVIKY] 0VOCOAOYIKN avTidopaot (28)- éa copPoatn pe mmv emoymyn
YEVIKELUEVNG evepyomoinomg TV T-kuttdpov and tov VSV- 1 6 evepyonoinon pikpov aptBpov
E0KOV T- KOTTAPOV EVOVTL KOPKIVIKOV AVILYOV®V.

H éxeppaon g IFN-B and tov 16 VSV 0a ovopevotav va PEIDCEL TNV OVIIKOPKIVIKNY
arotereopotikotnta tov  VSV-IFN-B, oe olOykpion pe tov VSV, avactélioviog Tov
TOAAOTAQGLOGHO TOV 100 €VTOC TOV KOPKIVIK®OV KUTTAP®VY, GTNV TEPITTMON TOL TO. TEAEVTAIN
dwtnpovcay gvaichncio otn opaon twv Tomov I IFN. Qotdc0o ta dedopéva pag, Kabog kot Ta
AmOTEAECUATO GAA®V HEAETOV (5), LTOONAMVOLV OTL Ol QUECES OVOGOAOYIKES OVTIOPAGCELS
(immune effectors) eivon kvping vrevbvvee Yo v avtikapkiviky opdon tov VSV-IFN-B og
OVOGOETOPKT) TOVTIKIOL. LVVETMG Ol 0voG0odlEYePTIKEG emdpacels g IFN-B mov exppdleton amo
10 uk6 strain VSV-IFN-B umopei va oviiotabuiler v apvntikny emidpacn tov mhovadg
HELOUEVOL UKoV TOAAOTAAGLOGHOV o610 Bepamevtikd amotédeopa. Ilepoutépm perérec tov
pey€0oug Tov UKoV TOAAATAAGLUGHOD EVTOG TOV OYK®OV GE OLOPOPETIKA YPoviKa ornueio gival
amapoitnteg Yo vo emPeParwbei avt n vwoddeo.

& CUVETEWNL LLE TOL TOPOTAVE®, O1 LEAETEG Hag Oelyvouy Evay Kuplapyo pOAO TNG OVOGOAOYIKNG
enidpaong tov VSV-IFN-B omv aviikapkivikny Oepaneioa tov 0ykov AB12 g avocoemopk
novtikwo, (Ewk. 2). Qo10060, 610 TpokAvikd poviého MSTO tov movtikidv SCID (Ewk. 5), 0
Oepaneio TV OyKk®V 0modddnke TNV 0YKOAVTIKY dpdon Tov 1ov VSV-IFN-B, 61611 1660 0 VSV-
m-1FN-B 660 ka1 o VSV-h-IFN-B giyav avdioyn aviikapkiviky omoTEAEGUOTIKOTNTA. AVTA T
AmOTEAECUOTO. CLUVAOOLY pe TNV LEdOeon OTL M AVIIKAPKIVIKY Opaon TNG OYKOAVTIKNG
Bepoaneiog amotelel pio 16oppomio HETAED NG EMAYMYNG AVOGOAOYIK®V avTOpAce®mV (£vavtt
UKOV KoL KOPKIVIKOV ovTIYOVOV) Kol GUECTG KATAGTPOPNG TOV KAPKIVIKOV KLTTAP®V UECH
TOAAOTAQGLOGLOD TOV 100 Kol GUVETAKOAOLONG 0YKOAVONG. ZE TANPMOS OVOGOETOPKY TOVTIKLAL,
01 OVOGOAOYIKEG AVTIOPAGELS KLPLOPYOVV KOl TPOAYOLV TOCGO TNV «EKKAOEPIoT» TOL 100 0G0 Kot
0V 0YKOL. Avtifétmc, og avocokataotaipéva SCID movtikia, o polog TG Gueong oykOALGNG
elvarl mBavov va ivart To Kupiapyog Kot ERQavVG.

EmBeparwcape emiong 6tt n evoopdtwon tov yovidiov ¢ IFN-B eviog tov VSV mpog
emmpOGOeT ACPAAEID. TPOGTATEVEL TO (QLGLOAOYIKE KOTTOPO, KOl TOVG 10TOVG Omd TOV
noAomhocloaopud kot v emakdAovdn to&wodmra and tov VSV (Ewk. 5). Tuvvendg, m
eveoudtoon tov froroykd avevepyol avBpamivov yovidiov g IFN-B oto VSV mpokdiece
ONUAVTIKY vevpoto&ikotnta petd and yopnynon tov VSV-h-IFN-B e avocokataotoluévor
SCID movrixuo, oto omoia 1 To&ikdmTa Tov VSV glvar epeoavig ypnyopdtepa 6e GUYKPLOT| LE TO
aVOCOEMOPKT TovTikie. AvtiBétmg, n avtikatdotaon tov yovidiov g avOpomivng IFN-B pe to
yovidoro g IFN-B movikiod avénoe 10 Oepamevtikd Oeiktn oac@aleiog yOPIS EUEOVT|
TOEKOTNTO, KATL TOV EMETPEYE TNV EMITEVEN TANPOLS BEPATELAS LE TN YOPNYNON EVECEMV TOL
100 eVTOG TOV OYKOV. AVTA Ta dedopéva eitvarl cOUPOVA e TIC TOEIKOMOYIKEG oG LEAETEC TTOL
otoxevovv oty évapén ypnion tov VSV-IFN-B ce khvikég peréteg pe acbeveic.. Xe avtd ta
mAoiclo EYovpE TOPATNPNOEL OTL 1| EVOOUAT®ON evOg Plroroyikd evepyol yovidiov IFN-B otov
VSV av&dver onpovtikd v p€ylotn avekt 0061 Tov Kotd mePocOTEPO 0md 2 AoYapOKég
HOVAdES OTOV YOopNYEITOL GE LOVTELD TPOKTIKMV.

Yvvontikd, oei&ape 6Tt 0o VSV-IFN-B amoteAel Evav vrooyduevo mopdyovta yia tn Oepaneio
OYK®V HeEGOOMMOUOTOG, TOGO GE VTTOOOPLN, OGO KOl GE EVOOTEPITOVOIKA TPOKAIVIKG LOVTELQ
novtikiov. H mpocstnkn tov yovidiov g IFN-B mpoceépel 1660 evioyvpévn avTikopKivikn
Opdon HEC® OVOGOAOYIKOV HUNYOVICUDV 7oL TEPAapPavouv v egvepyomoinon CD8 T-
KUTTAPOV, KOODS Kol EVIGYVUEVT] AGPAAELL LLE TNV TOPEUTOIIGT] TOV TOALATANGIAGHOV TOV 100
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0 UN-KOPKIVIKOVS, (LGIOA0YIKOVS 1otovc. H apykn pog vmdbeon frov O6tL 1 ypnom evog
moAlamAactalopevoy 1Koy @oped mov ekepdler v IFN-B 6o Mrav Oepamevtikd mo
amoteAecUaTIKOG  amd  €vav  un-moAlamioctolopevo  adevold  otn  Ogpameia  dykwv
peconiopatog. Avtd Paciotnke otnv vobeon 61t o molamiacialopevog VSV-IFN-B 10
umopel va tpocsPAAdel TEPICCOTEPO KOPKIVIKG KOTTAPO GTO 1010 YPOVIKO S1AGTNIO, KOl GUVETMG,
exepalel vyniotepa enineda g IFN-B, Tpokarldviag €101 TO EKTETAUEVO KLTTOPIKO BAvato
KOODG KO EVIGYVUEVES AVOCOAOYIKEG AVTIOPAGELS EVOVTL TOL OYKOL HECH TNG dpdong g IFN-B.
Ta mepdpatd pog dsiyvouvv 6TL avtn 1 apyikn voBeon TOAVAOS va. unv eivol omapaitnTo GOoT.
Etot, mapatnpodue moAd meplopiopévo molhanrooctacpd tov VSV in Vivo, kdtt mov oyeddov
olyovpo OQPEIAETAL TNV EYYEVMG LOYVPTN AVILYOVIKOTNTO TOL GLYKEKPIUEVOL 10V (5). EmmAéov,
QLT 1 WOYLPN AVTLYOVIKOTNTO 001YNGE 6TV enaymyn T-Kuttdpwv évavtt Tov 100 Tov eaiveTol
ott emokidler oe pé€yeBoc v aviictoyn emaywyn T-kuttdpomv £vovil GUYKEKPIUEVOV
KOPKIVIK®OV OVTIYOVOV. Z€ BAOT TO TOPOTAVE® ATOTEAEGIATO, TO EPYACTNPLO LG E£XEL ApYIioEL VO
de&ayer perétec ovykpiong Tov ukdv eopéwv VSV-1FN-B kot Ad.IFN-p.
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Abstract

Our preclinical and clinical trials using a replication-defective
adenoviral vector expressing IFN3 have shown promising
results for the treatment of malignant mesothelioma. Based
on the hypotheses that a replication-competent vesicular
stomatiths viras (VSV) oncolytic vector would transduce more
tumor cells in vivo, that coexpression of the immunostimula-
luvy mv 3 gene would enhance the immune-based effector
mech iated both with regression of mesothelio-
mas and with VSV-mediated virotherapy, and that virns-
derived IENG would add further safety 1o the VS\ platform,
we tested the use of IFN-A as o therapeutic transgene
expressed from VSV as a novel treatment for mesothelioma,
VSV-EENS showed significant therapy against AB12 murine
mesothellomas in the context of both local and locoregional
viral delivery, Blologically active 1IFN-3 expressed from VSV
added significantly to therapy compared with VSV alone,
dependent in part on host (DS’ T-cell responses. Immune
monitoring suggested that these antitumor T-cell responses
may be due to a generalized T-cell activation rather than the
priming of tumor antigen-specific T-cell responses. Finally,
1IN also added considerable extra safety to the virus by
providing protection from off-larget viral replication in
nontumor tissues and protected severe combined Immunode-
ficient mice from developing lethal neuarotoxicity. The
enhanced therapeutic index provided by the addition of
IEN-( to VSV therefore provides a powerful Justification
for the development of this virus for future clinical trials
[Cancer Res 200969 19)7713-20]

Introduction

Malignant mesothelloma fs an aggressive neoplasm of the pleurs
or peritoneum assoctated with ashestos exposure (1), Due to a lack
of effective therapy, few patients survive beyond 2 years from onset
(1), highlighting the need for new therapentic approaches. In this
respect. oncolytic viruses are being developed to replicate
selectively in tumor cells leading to tumor cell lysis while sparing
nommal cells. In theory, use of a replication-competent ancolytic
virus would require only low levels of seeding in a tumor to inituate
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spreading Infections to cover the tumor comprehensively (2, 3). We
have previously shown that vesicular stomatitis vires (VSV), which
replicates in the cytoplasm and is highly lytic, is an effective
oncolytic virus in various tumor models (4, 5). The potential of VSV
us an oncolytic agent was suggested because VSV infection of
normal cells induces type-l IFN responses (IFN-a/ 3}, blocking viral
replication and extinguishing infection. However, many tumor cells
have defects in their IFN response (6-8), allowing free-ranging
infection and lysis (9111 VSV is indeed a potent oncolytic agent
against a vierety of both human and murine tumors (5, 9-17). In
uddition, we hnve shown that the efficacy of VSV-mediated
viroth in i I mice is not solely attributable
to direct nrnl replication and tumor cell lysis but ix also dependent
on host-derived CDS" and naturnel killer (NK) cells (41

The accessibility of malignant pleural mesothelioma maokes it a
wood candidate for ancolytic viral therapy with the noed for only
locoregional delivery of the virus (I8) Use of an oncolytic virus
extends our previous work in which Incdlusion of the IFN-fi gene
Into a replication-defective adenoviral vector led to significant
therapy following Intratumoral (L) injections (19, 20}, Expression
of IEN-3 generated tumor regressions and cures, dependent on its
pleiotropic antitumor effects nduding enhancement of innate
Immune responses, s antiproliferative activities (21), and the
priming of T-cell ruponm ll‘l. 22, 23), and our resulting clinical
trials have ge Jts (24)

Taken togethev. these data (I9 20, 24, 25) suggest that expression
of TEN-4 (21) will further enhance the antitumor immunothera-
peutic effects of the replication-competent oncolytic VSV, More-
over, Inclusion of IFN-|* within the VSV vector should also Increase
the safety of VSV In the event that it were to Infect normal cells
(21). Thus, becouse normal cells huve intact responses to IFN-o/
(unfike many tumor cells), which shut down VSV replication
rapidly both i vitro and in wive, by adding further levels of
expression of TFN-4 from the vims, we predicted that the toxicity of
VSV-IFN-§8 would be further diminished without major offect on
the efficacy aguinst tumor. This i an important issue given the
findings that ot high doses, VSV infection can lead to lethal
neurotoxicity In some mouse models (especially immunodeficient
mice; refs, 10, 21),

Here, we tested [FN-]) as a therapeutic transgene expressed from
VSV as a novel treatment for mesothelioma based on the potential
of VSVIEN-{) to incresse immunotherapeutic efficacy, enhance
tumor cell tmnsduction, and increase the safety of previous
approaches using VSV alone, We show that VSV-IFN-{ efficiently
lyses the murine mesotheloma ABI2 cell Bne, and that added
expression of IFN-p does not significantly Interfere with VSV
replication. Locoregional delivery of VSV-IFN-|i genersted tumor
regressions, dependent. at least in part. on virus-indoced activation
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1. VSVHFN- @ potently cytotoxic 10 mesotheloma calls i vivo. AB12 cells plated n 95-well plates weve infected at vanous MOIS with esther (A) VSV

or (8) VEV-mIFN-j\ At spochic ime points, an MTT assay
sampies were tnken for a plagque-forming unit assay:

of CD8" T cells Finally, we confirmed that TFN-j5 expressed
from VSV added considerable extra safety to the virus and
protected severe combined immunodeficient (SCID) mice from
lethal neurotoxicity. These data support the development of
the VSVAIFN-} vector for use in pationts with malignant
mesothelioma.

Materials and Methods

Cell lines, The human mesotbelionna line MSTO-ZITH was purchased
from the American Tisme Type Collection. The marine mesothelioma coll
line ABI2Z was provided by Dr. Bruce Robinson (University of Western
Australio, Perth, Australi rel 260 Blbova cells, 0 murine melanoma celdl
lite, were dertved from the parental cell by transduction of cINA encoding
chicken ovalbumin gene (27),

Viral strains. The VSV.mIFN-\ and VSV-RIFN- 5 vectoos were originally
deseribed by Obuchi and colleagnes (210 VSVegreen fluorescent protein
|GFP) was generated as previcusly described (40 Vind stocks were
manufactured by the Core Vieal Facility of Mayo Clinde. VSVAGFP & reformed
to as VSV,

MITT assays. MTT assavs were done with VSVemIFN-f and VSV-GFP,
Cells wore plated In quadruplicate on 96-wdll plates und infected with
different multiplicaties of infection (MOI), Cell viabiity was assessed at the
Indicated time points per manidacturer’s instruction (Promega).

FLiSpot analysis for 1FN-y secretion, Spleons or tumor-dralning
lymph oodes were hanvested from mice of the indicated Gimes For
ELISpot assays, 1 = 10" colls were plated in triplicate on o %-well
plate and restimulated for 48 h at 37°C under different conditions
(all peptides were ut 5 pg/mL) Peptide-speciic. IFN-y-positive spots
were d i per facturer’s protocol (Mabtech Ine. ) and quantified
by a 5 isted imoge analyzer,

was done per manutactuner's instructions. Data aro plottad as a fraction of control ool survival with SD. AB12
oolls ware infected wan VSV (C) or VSV-mEN-) (D) for 1 h at 37°C at the indicated MOls. Aftor

cols wore and. at the

d mes pors,

The following synthetlc peptides were synthesized al the Mayo
Foundation Core Facility: EGSENQDWL, mouse gpl(: SIINFEKL, chicken
OVA; SVYDFFVWL, mowse TRE-2: and RGYVYQGL. VSV-N protein

In vive studies, All procodures were approved by the Mayo Foundation
ar the L y of Pennsyhunia Animal Care and Use Committee in
compliance with the Guide for the Care und Use of Laboratory Animals. To
establish we. tumaors. 5 % 10° Blbove cells, 1 < 10" ABI2 vells, or | < 10°
MSTO211H cells in 100 ub. of PBS wem Injoctod into the fank of C3THUG
BALS/c, or SCID mice, respectively. Once s.¢. tumors reachod ~ 200 mm” in
sz, |4 dnjections were done with saline 5 310° plague-forming moits (phi:
C5TBI/6) or 66 < 107 phe in 100 ul ol each vector (VSVeml FN-f and
VSVEWIEN-§4), once weekly for 2 (SCID, CS7BU6) or 3 consecutive weeks
(BALB/c) Tumors were meastred twice a week, and mice were euthanized
# toxiaty wis evident or tumor burd, fed 1500 mm”, To establish
b tumors, 35 % W7 cells were injected Lp, On day 4 growth of the
ip. tumors was confirmed, sd injections were dooe with saline or 66 *
w* plu in 10 pL of each vires (VSV.miFN-|4 and VSVCRIFN-4).

In vive depletion of CDS™ T cells, BALB/c mice recetved Lp. injections
of 200 pg of purified monoclonul antibodies purified from the unti-CDS”
ybodoma 5367 (American Type Culture Collection). Injections ware
admmistered 3 d and 1| d before moculation with ABL2 cells. Thereafter, a
maintenunce dose of antibody was injected Lp. every 7 d throughout the
enlire experunentad perlod o ensune depletion. CDE™ T-cell depletion
wis confirmed by flow cytometry of splenic suspensions at the tme of
tumor Injecthon and weekly afterward. On days 11 and 18, mice recelved
&6 % 10" pha VSV-mIFN- [ or PRS, Tumors were measured twice a week
and mice were euthanized I toxicity was evident or tumor burden
excoeded 1300 mm’,

Flow cytometey and 1FNy intracellular staining assay, For anulysis
of phenotype, 1 % 10° cells were wished in PBS containing 0.1% bovine
serien albumin (wash buffer) resuspended in 50 pl of wash buffer,
and exposed] 1o conjugsted primary antibodies for 30 min at 4°C. The
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OVA-ITig-H-2KY-SINFEKL-PE conjugsted tetramer wis tsed per mani-
facturer’s protocol (Beckman Coulter) Cells were washed and resuspended
in 500 pl. PES containing 4% formaldebyde and analyzed by Bow oytometry,
il data wern analyzed uning Flowdo soltware, For iotrucelbilae stslning,
singlo-cell suspensions were prepared from tumors harvested (three mice
per group) at the Indicated times. 1FN-y prodisction in response (o antigen
win wl by incub with peplides (5 pg/mlL) in the presence of
Galg Plug for 4 b Cells were stained, fised. and permeabilized for
intracelludar staining wsing o Cytofix/Cytoperm kit (BD Blosclences) per
manaifpoturer’s instouctions

Statistical analyses, For comparison of two individual data points,
two-sided Student’s ¢ tist was applied W determine statistical significance.
ANOVA with post hoc testing was usesd for groups of tiree or more, Survival
curves were plotted according to the Kaplans-Meier method, and statistical
significance i the different treatment groups was compared using the
Jog-mnk lest.

Results

VSV-mlEN-S Is potently estotoxie to mesothelioma cells
in vitro. Both VSV (Fig. 14) and VSV-mIFN-|A (Fig. 1#) induced
rapid and extensive coll killing following infoction of ABI2 cells at
MOIs ranging from 001 to 10, associated with ongoing replication
of the viruses (Fig. 1C and 7). We observed a moderate but
significant reduction in the rate of viral replication of VSV-mIFN-{
compared with VSV at the lowest MOI of infection (Fig, 1€ and D),
additionally reflected in a slightly slower rate of tumor cell killing
(Fig. 1A and B), suggesting that ABI2 cells may retain a slight
degree of responsiveness to [FN-P-mediated inhibition of viral

Average tumor volume (mm?) 3>
g

-0~ PBS
= VSV-mIFN-§
== VSV-hIFN-f1

Figure 2. In vvo therapy & depandant on biological actvity of IFN-i. Groups
(= 8) of BALB/C mice bearing either s.c. (A) or ip. (B) AB12 tumos were
voatod wih sakne, VSV-mIFN-{\, or VSV-hIFN{\ at a dosa of 6.6 » 10* phu, ance
a weok for 3 wic Adminstration of VSV-mIFN-{) led to significant tumor
regressions in the s.c. model (P < 0.01) in comparison with the safine group,
whereas VSV-hiFN-is does not show any sigrificant therapy. However, both
VSV-meFN-& and VSV-HIFN-(\ signdficantly prolong sundval in he §.p. moded over
saling (P < 0.0001 and £ < D.01, respectively),

replication. By 72 hours after infection, however, more than 99% of
AB12 cells had been eradicated by both viruses (Fig 14 and 8).

VSVAIEN-G has antitumor activity against established
tumors, Consistent with the in vitro results of Fig 1, direct
Injection of VSV-mIFN-|¢ into established se. ABI2 tumoes in
immunocompetent mice also generated  significant  antitumor
uctivity compared with controls (2 < 001 at day 3% Fig 24). This
reduction in the rate of tumor growth trundated into significantly
increased survival in VSV-mIFN-[\~treated mice, with four of
eight mice cured of their tumors (Fig, 24), compared with zero of
cight in the PBS-treated group. In ddition, all of these long-term
survivors rojected a later challenge of live ABI2 tumor cells. We
predict that the antitumor mmunity observed in Fig 24 1s specific
against ABI2 cells, although we did not have sufficient numbers of
survivors to rechallenge these tumor-cared animals with a
different. nonmesothelioma tumor cell lne.

VSVemlIEN-S was also thempeutically effective in a model of
locoregional virus delivery to treat Lp. seeded ABI2Z tumors
(Fig. 28). Unlike the se. model, there were no longderm cures.
However, survival of tumor-bearing mice treated with VSVAIFN-j
(median survival, 54 days) was extended significantly over control-
treated animals (median survival, 26 days: 2 < 0.01).

Taken together, these data show that VSV-mIFN- 3 is an effective
agent against AB12 mesothelioma tumors both ér viore and in vivo
in the contexts of both local and locoregional delivery.

In vive therapy Is dependent on blological activity of IEN-JA
Based on our previous studies using a replication-defective
adenovirus expressing [IFN-3 (19, 20, 24, 25), our hypothesis was
that sddition of the /EV-fi gene to the replication-competent VSV
would further enhance the immunostimulatory activity of virus-
mediated tumor cell killing, To test this hypothesis, we constructed
u VSV expressing the human JEN-ff gene, which I8 not active in the
mouse, Therefore, the efficacy of VSV-mIFN-p and VSV-hIFN-} in
immunocompetent mice would provide a dosely matched
comparison between immune-based components of antitumor
therapy and the effects of direct VSVmediated oncolysis. We
confirmed that both the VSV-mIFN-{ and the VSV-hIFN-§ viruses
have very similar profiles of replication In, and cytotoxicity to, AB12
colls in vitro (not shown). As before, direct it. injection of VSV-
mIFN-p into sc. ABI2 tumors significantly improved antitumor
therupy compared with PBS alone (Fig. 24; P < 0.01). In contrast,
it injection of VSV-hIFN-{\ gave no significant thempy over PBS
(Fig, 24; P = 027), suggesting that a major component of the
therapy in vivo sssociated with VSVEIFN-|S is contrbuted by
immune reactivity of local TEN-}) expression, as opposed to direct
oncolysis by the virus.

We also observed a trend toward increased efficacy of VSV-
mIFN-|4 compared with VSV-RIEN-% in the model of locoregional
delivery of virus to Lp. tumors, although this difference did not
reach statistical significance (P = (.54; Fig. 28). Both VSV-hIFN-A
and VSV-mIFN-f\ were, however, significantly more therapeuti
thun PRS (P < (001 and P < 0,0001, respectively),

VSVomediated expression of 1ENA3 enhances therapy
through CDS' T cells, To further define the immune-medated
mechanisms by which IFN-5 enhances the therapy sssociated
with it. VSV injection, the experiments of Fig 2 were repeated in
SCID mice. Intratumoral injection of VSV-IFN-f4 significantly
reduced the rate of tumor growth in SCHD mice compared with
control injoctions (P < 000 Fig 34) However, ABI2 tumors
develop at a faster rate In SCID mice than in BALB/c mice.
Therofore. by measuring the percentage of growth inhibition
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Figure 3. VSV-medialed expresson of IFN-5 enhances tecapy Mrough the acswly of CD8* Teells. Groups (n = 8) of BALB/c, SCID (A) or COB* T-cell-cepleted (5)
mice bearing 5.¢. umors were bodted with ssiine or VSV-miIFN-1 (8.6 » 10" plu), cnce a week for 2 wk. C and D, because AB12 fumors dovelop at a (aster rate in the
SCID and CD8-depletad myce Ihan n e BALB/C mice, 8 perceniage of growth nhibition betwaen control- and VSV-IFN-|\-Ireated groups was cakculated as

[{ Voo =~ Vimvairng) Vo] * 100%.

between control- and VSVAFN-p-treated groups, we observed
that there was a significant difference in the potency of VSVAIFN-{3
between immunocompetent and immunodeficient strains (P <
0.0001 for all days; Fig. 38). Thus, on day 14 after ABI2 injection,
whereas SCID mice showed a growth inhibition of ~35% of tumor
growth, immunocompetent BALB/¢ mice had a growth inhibition
of 60% of tumor growth, Therefore, the absence of T and/or B cells
in SCID mice was responsible for a loss of = 50% of the therapy
associated with Lt injection of VSV-IFNA in the AB12 model from
14 days onward.

Consistent with the results of Fig, 34 and B, tumors grown in
mice depleted of CD8' T cells and treated with VSV-IFN-{} were
= 25% smaller than controbtreated tumors at day 14, compared
with a 60% growth inhibition of tumors treated identically in
immunocompetent mice (£ < 00001 Fig 3C and D). These data
suggest that about hadf of the therspy induced by LL injection of
VSVAIFN-A is dependent on an intact CD8" T-cell compartment.

Expression of IFN-3 does not prime detectable tumor
antigen-specific T-cell responses, Given this T-cell dependence,
it was of intorest to further study this IFN-fi-induced immune
response. Because the ABLZ cell line has no known specific tumor
antigens, we conducted further mechanistic studies using a more
well-immunologically charcterized cell line (Bloova) that addi-
tionally expressed a neo-antigen (chicken ovalbumin) that allowed
the use of tetramers. We have previously analyzed the immune
responses of this model to wild-type VSV treatment (1), We first
showed that Bléova tumors responded to VSV-mIFNG in a similar
fashion as ABI2 cells (Fig. 44). Next, we assayed splenocytes of

VSV- or VSV-IFN-['~treated mice for the magnitude and specificity
of responses against viral or tumor-associated antigens. To track
antigen responses, we took advantage of the fact that C57Bl/6
mice bearing Bl6ova tumors generate T-cell-specific responses
aguinst the well-characterized SHNFEKL epitope of the model OVA
tumor-associated antigen, which can readily be monitored.
Intratumoral injection of VSV into Bl6ova tumors seemed to
prime increased numbers of T cells specific for the Immunodo-
minant epitope of the viral N protein, compared with mice in which
tumons were imjected with control heat-inpctivated VSV (Fig, 48
column 2 versus cofumn 7), although there is no statistically
significant increase in the N-specific T-cell response compared with
the control in mice injected with VSV (Fig. 48 colwnn 6 versus
column 7). Coexpression of IFN-)4 from the injected VSV generally
enhanced the frequencies of T cells specific for the viral N protein
compared with mice treated with VSV alone (Fig. 48, colummn 12).
However, we also consistently observed that splenocytes from mice
treated with either VSV or VSV-mIFN-§3 exhibited & generalized,
non-antigen-specific activation. as evidenced by the elevated
frequencies of IFN-y-producing spots genemated in response to
stimulation with no added peptide (Fig, 48 codumn 11). Refative
to the frequencies of antigen nonspecific T-cell responses (no
stimulating peptide), we did not observe a significant increase
in the frequency of OVA-(STINFEKL)-specific T cells in the spleens
or lymph nodes of mice treated with VSV-IEN-|§ (Fig. 48 column 13).
Moreover, frequencies of OVA-specific T cells were not signifi-
cantly different in mice whose tumors were treated with VSV-IFN-
P compared with those treated with VSV although between
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experiments there was a trend toward Increased levels of

SHINFEKL-spedific T colls (Fig, 48 colurm § versus column 13).
Consistent with these data, although it injection of VSV

significantly enhanced the magnitude of the antiviral T-cell

Figure 4. Expreszon of IFN+\ does not
ble lumoe Ll

prime Qan-ap
T-col resporses. A groupe (n = B) of
C57BUG mice bearnng 5.C. lMorns wees
treated with saline or VSV-miFN-p (5 «
10° ptu) on days 8 and 12 after lumor
noculaton, Adminsteation of VSV-mIFN-|
led 10 sgnif tumor fegr in the
s.c. model {P < 0.05) n comparison
with the saine group 8 o E, groups of
CS7BUE mice (n « 4) bearing s.¢. B1Bova
umors ware L trealed twice with
heat-inactvated VSV, VSY, o VSV-mIFN-;
at 5 » 10° ptu. Moo wure sachficed 7 ¢
aler the tnal injection and organs wem
harvested. B, lymph nodes were pulsed
with no poptide or with ova, VSVN,
TRP-2. or gp100 peptides and assayed for
IFN-y-producing cells by ELISpot
Pownts, averago of duplicates or ipicales
Trom each indvidusl mouse; bars, SD.
C, umor oells were incubated for 4 hin Ihe
presence of Goigi Plug with or wihout
the nmumwmzmw
flaw cytometry for intraceiiular IFN -y
Acdionally, tlumor cells (D) ang
’ ytes (E) were yzed by tow
cytometry for H2.K"-restnctod SINFEKL
{etramer—postive CO8* T celis.

response seen within tumors (Fig. 4C, column 6 versus column 7).
there was no significant increase in the T-cell response to either the
nonsell OVA-specific or the sell TRP-2- or gplOG-specific tumaor-
associated antigens (Fig 4G column 6 versus colwmns 8-10)
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Figure 5, IFN-)\ provides ennanced safely VEVanduced neurotaxcity.

Gmups (1 = B) of SCID mice baaring 5.c. MSTO-211H tumams were (L, troated
wih 8alne, VSVmIFN-{1, or VSV-NFN-1 at a dose of 5.6 » 10" plu, once weekly

for 2 wk. Adminstation of both vruses reduced tumor growth in
the mice comparad with control (P < 0.0001 for both). However, mico traated weth
VEV-HIFN-; displayed neusotoxicly and were sacnficed around day 40.

Coexpression of IFN-f3 from the virus did not enhance either
the antiviral T-cell response {relative to treatment with VSV) or
the anti-OVA nsponse within the tumor (Fig, 4C, column § versus
columer 13). Similarly, although we observed a trend toward
increased number of tetramer-positive OVA-specific T celis
infiltrating tumors treated with VSV compared with control-
treated animals, this was not significant (Fig. 40). Addition of
IFN-} expression from the vimes did not increase the frequency of
tumor antigen-associated T-cell responses in either the tumor or
the sph of tr i mice d with control- or VSV-treated
mice (Fig. 40 and E),

Token together, these data indicate VSV it injection primes
viral-specific T-cell responses, which can be enhanced in their
frequency by the coexp of IEN-} from the virus. In addition,
VSV Lt injection Is associated with enhanced levels of T-cell
activation but through a non-antigen-specific mechanism, Finally,
we could not show the priming of T-cell responses specifically
cither against the endogenows TRP-2 or gpl00 tumor antigens or
against the artificial nonself OVA tumor antigen ot kevels higher
than controls,

IEN-B provides enhanced safety against VSV-indoced
neurotoxicity. A principal mationale for the inclusion of the
IFN-fi gene within the VSV platform was to increase the safety of
this virus shoukd It become disseminated within a patient and
infect normal cdk-m which case, the expression of IFN-8 would
enk the anti resp of normal cells and extinguish
extraneous viral replication. The potential toxicities of VSV,
Induding neurovirulence, ure most potent when the virus i
administered to immunodeficient mice. For this reason, human
MSTO-21TH mesotheioma tumors were grown in SCID  mice,
which were then treated either with VSV-hIFN-{ (in which the
human IFN-{ confers no protection against viral replication in a
mouse) or with VSVemIFN-| (in which the IFN-§3 will be active in
the host mouse at protecting normal tissues from viral replication).
Significantly, all tumor-bearing mice treated with VSV-hIFN-{4
showvd significant tumor regressions compared with mice with
¢ treated (Fig. 5), but these mice also exhibited
unacceptable neurotoxicity by day 40, necessitating termination of
the experiment in that group. In contrast, treatment of tumors with
VSV-mIFN-f4 led to similar levels of tumor growth inhibition by day
40 after tumor seeding (Fig. 5) but was not associated with any

overt yviml-associated toxicities. This lack of toxicity enabled the
experiment to be continued, under which circumstances tumor
regressions continued and long-term survivors were generated
(Fig. 5). These results conflrm that inclusion of a biologically active
IFN+S in the VSV platform adds a significant safety benefit of
protection against VSV-assoclated neurologic toxicity and allows
for increased efficacy to be manifested by protecting the host from
adverse side effects

Discussion

Based on the hypothesis that exp Of IFN-% would enhance
the immunotherapeutic efficacy of VSV while decreasing its
systemic toxicity, we tested a replication-competent oncolytic
VSV expressing IFN-j in & murine model of mesothelioma We
show here that ABI2 cells are highly sensitive to both VSV and its
IFN-p\-expressing derivative in vitre (Fig. 1). This sensitivity to
VSV-mIFN-f4 &s also reproduced in wivo after both Lt and loco-
regional delivery (Fig. 2). Consistent with our original rationale, a
significant proportion of the in vive therupy is contributed by IFN-
{i-dependent immune-based mechanisms as shown by comparing
VSV-mIFN-» with a closely matched VSV-hIFN-{ virus in which
the IFN-3 is not biologcally active in the murine host (Fig 2). This
mmune component was most marked in the s.c. model as opposed
to the i.p. model of tumor growth (Fig 34 and B), We believe that
this is probably because tumors growing in the sc. and Lp. sites
may differ significantly in the access and activation of the immune
effectors that we believe are critical to these antitumor mecha-
nisms, such as macrophages, NK (4) cells, and, as shown in Fig. 3,
CD8 T celis. However, further studies will be required to confirm
this hypothesis.

We previously showed that inclusion of the [FN-§ gene into a
replication-defective adenoviral vector led to significant therapy
following it. injections through prming of immunemediated
antitumor responses (19, 20, 24, 25). Therefore, we hypothesized
that addition of IFN-f\ may lead to similar enhancements in the
immunotherapeutic effects of oncolytic VSV, To monitor or track
potentind tumor antigen-specific responses, we used the Bl6ova
model in which immunologie assays are avallable for both the
model nonself OVA antigen and several endogenous self-melano-
ma-associated antigens. To justify the simiarities between the
mesothelioma and melanoma models, we have shown that VSV-
mIFN-[\ provides cffective therapy against Bléova, and that
addition of IFN-f8 to VSV has similar effects as seen In the AB12
model (Fig. 44), Significantly, however, our results indicate that
addition of IFN-f4 to oncolytie VSV did not enhance priming of
tumor antigen-specific T-cefl responses (Fig. 4). Whereas VSV
mjection into tumoes primed specific antiviral T-cell responses
(Fig. 4), we wore unable to detect antigen-specific responses against
cither OVA or the endogenous TRP-2 or gplO0 tumor antigens,
Mice injected it with VSV developed generally elevated levels of
T-cell activity, although these were not specific for any stimulating
peptide other than virally derived epitopes (Fig, 48-F and data not
shown). Nonetheless, depletion studies showed that these appar-
ently antigen nonspecific CD8' T-cell responses are important for
therapy. This may be due to the fact that the nonspecific immune
activation induced by either virus or IFN- induces a series of
refatively infrequent, but polyclonal, antigen responses against

or-wssoctated antigens but that these responses are nol strong
enough to be detected without some sort of amplification. This is
consistent with our previous reports that effective anti-OVA T-cell
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responses can be primed optimally in the Bl6ova model when the
tumor antigen (OVA) s expressed from the VSV itself (4).
Altematively, it may be possible that the strong vird responses
predominate and overshadow T-cell responses against antigens
expressed within the tumor, and dependence of the therpy on
CDS" Teells may be associated more with the observed generalized
T-vell hypersctivity induced by a potently immunogenie adjuvant
rather than by antigen-specific T-cell effectors recognizing
tumor-associated antigens. Favoring the first possibility is that
BALB/c mice cured of established AB12 tumaors following it VSV-
IFN-|4 therapy rejected a subsequent challenge with tumor.
Therefore, it will be important to elucidate whether these rejection
responses are assoclated with the concept of nonspecific
concomitant tumor immunity (28)—compatible with the VSV-
induced generalized T-cell reactivity—or with low-frequency,
genuinely tumor antigen-specific T-cell responses.

Viral-directed expression of IFN-fi would be expected to
counteract antitumor efficacy. compared with VSV alone, by
inhibiting viral replication if the tumor cells retain any levels
of sensitivity to typed TFN signaling, Howover, our data, as well
as those of other studics,” suggest that immune effectors are
the predominant mechanism of antitumor therapy in the
immunocompetent model, Therefore, the immune-activating
benefits of addition of IFN-1 to VSV may outweigh the negative
therapeutic effect of any reduced viral replication. Furthor studies
on the levels of viral replication In tumors with time will be
required to confirm this,

Consistent with this, our data clearly show o predominantly
immune-based component of antitumor therapy with VSV-IFN-f3
in the i petent ABI2 lel (Fig 2). However, in the
human MSTO/SCID model (Fig, 5), therapy was principally as-
sociated with oncolyss because both VSV-hIFN-f3 and VSV-mIFN-jA
viruses gave cquivalent antitumor therapy. These results are
consistent with the hypothesis that the antitumor mechanisms
of oncolytic virotherapy represent a balance between immune
effectors and direct tumor cell destruction by viml replication and
oncolysis. In the fully immunocompetent setting, we believe that
immune effectors predominate (n both viral clearance and
antitumor efficacy. In contrast, in the context of SCID mice, the
rale of direct oncolysis fs likely to be both more dominant and

maore apparent,
We also confirmed that inclusion of IFN-)} inta VSV as an
additional safety feature protects ] cells or tissues from VSV-

induced rephication and eytotoxicity (Fig 3). Thus, inclusion of the
biologically mactive human /FN-f gene into VSV unmasked very
significant neurotoxicity of L.t injected VSV in the context of SCID

" F. Galive ot al, submitted for puldication.
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mice, in which toxicity of VSV is more readily apparent, compared
with the immunocompetent counterpart hosts. In contrast,
replacing the human JFN-fi gene with the murine FN-fi geoe led
to a more prolonged therapeutic window of opportunity without
any apparent toxeity, during which LL Injections of virus were able
to achieve significunt tumor cures. These data are consistent with
our ongoing toxicology studies to support implementation of
clinical trials of the VSVEIFN-2 virus in patients. In this respect,
we have observed that incorporation of a biologically active IFN-f
gene Into VSV significantly increases the maximum tolerated dose
in excess of 2 ordens of magnitude when administered in rodent
models,

In summary, we have shown that VSV-IFN-f has significant
therapeutic potential against mesothelioma tumors in the context
of both local and locoregional viral delivery, Addition of TFN-2
provides both added efficacy through immune-mediated mecha-
nisms, which indude activation of CD8' T<ell responses, and
added safety by providing protection from off-target viral
replication in noatumor tissues. Our onginal hypothesis was that
the use of a replication-competent viral vector exprossing [FN-[
woukd be thermpeutically more effective than a replication-defective
adenoviral vector against establishod mesothelioma tumors. This
was based on the assumption that the replication-competent VSV-
IFN-3 virus would transduce more tumor cells and, correspond-
ingly, express higher levels of TFN-|, leading to higher levels of
direct tumor cell killing as well as improved IFN-f'~-mediated
antitumor immunity, Our studies bere suggest that this initial
hypothesis may not necessarily prove to be correct. Thus, we
observe only very limited replication of the VSV vector in vivo,
which is almost certainly sssociated with the potent innate
immunogenicity of this virus.” Morcover, this immunogenicity also
resulted in an effect in which adaptive T-cell resp to the virus
seem to dominate over those to tumor-associated antigens. In the
light of our current results, therefore, u direct head-to-head
comparison between the two vector platforms (VSVIFN-f and
Ad-TFN-f) is warranted, and these studies are now under way in
our laboratory.
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4. AZEIOAOTHXH TOY I'ENETIKA TPOIIOIIOIHMENOY 10Y
OYAAKIQAOYX XTOMATITIAAX IOY EK®PAZEI TO I'ONIAIO THX
INTEP®EPONHX-B XTH OEPAIIEIA TOY KAKOHOOYX
MEXOOHAIQCMATOX: H ETEPOI'ENEIA THX EYAIXOHXIAX XTH
APAXH THX INTEP®EPONHZX- KAOOPIZEI THN
AIIOTEAEEMATIKOTHTA APAXHX TOY

4.1. Eweayoyn

H oykohvtikn 100gpaneio amotelel pio avadvouevn Oepameio katd tov Kopkivov (1). Mia
KOTNYOpio UKPOGKOTIKAV, YEVETIKA un tpomomomuévov RNA 1ov, copmeptiopfavopévou tov
100 Bvrokiddovg ctopatitidas (VSV), mapovctdlet pia eyyevn emAEKTIKOTNTO Y1 TV TPOGPOAY|
KOPKIVIKOV KLTTOP®OV, TTOL @oivetor OTL oQeidetor, €v UEPEL, € EAAEIUPATIKOVG €YYEVEIQ
OVTUKOUG UNYOVIGLOVS ALLVOS TOV KAPKIVIK®V KuTtdpmv. Avtol ot RNA 10 givar puclohoyikd
oxetik@ un maboydvolr Ady®w NG VYNnANg evaicncioag tovg omv  aviukn Opdon TV
wtepepepovav tomov I (IFNS). H wreppepovn B (IFN-B), mov mapdyetonr amd @uoioloyikd
KOTTOPO HETA OO UKT) TPOGPOAT TOVG, EVIGYVEL TNV EKOPUGCT] OVTUKADV YOVIOIOV eEAPTOUEVOV
and ™ Opaomn ¢ wrepeepovng (IFN-stimulated antiviral genes 1SGs), omwg n mpoteivn A
avtiotaong tov po&oiov (Myxovirus resistance A, MxA), n 2’-5’-oAyo-adevuro-cuvOetdon
(2’,5’-oligo-adenylate-synthetase, 2°,5’-0AS), n dumc-éMkac-RNA-eEaptdpevn
npwteivokvaon (double-stranded-RNA-dependent protein kinase, PKR) kot kot’enéktacn g
wtepeepovng o IFN-a and ta yerrovikd wottapa. Avtég ov mpwrteiveg avacTEALOLV TOV
TOALOTAOGLOGUO TOV UKOD YOVISUDUATOS KOl GUVETMG TPOCTUTEVOLV TA YEITOVIKA KVTTAPO OTd
mv ukn mpocPorr). Meléteg €yxovv deifer 0Tl KopKviKG KOTTOPO TOAADV  SLOPOPETIKMV
VEOTTAOGI®DV TOPOLGLALOVV GYETIKY| OVTIGTACT GTNV TPOGTOTEVTIKY OVTUKY| Opdon TV Tomov [
WIEPPEPOVOV AOY® EMKTNTOV UETOALAEEOV OTO  «UOVOTATIO» TV  WIEPPEPOVAOV  TOL
EMTPEMOVY TAYVTEPO TOAMATAAUGIAGUO TOV KAPKIVIKGOV KuTTtapwv. (1, 2-7).

0O VSV givan évag tayémg moramiacialopevog RNA 16¢ pe pio apvntikn, povip RNA alvcida
YOVIOLOUOTOG TTOV GVIKEL 0TV 0KoYEveln TV Pafdoidv kot glval oyetikd un maboyovog yio
toug avlponovg (1, 8-10). O VSV morhoamractdletor To OmOTEAEGHOTIKE £VTOG KOPKIVIKMV
KUTTAP®V GE GYECT HE (PLGLOAOYIKO KOTTOPA. AVTO 0modideTonl o€ €AAEINOTA TNG EYYEVOUG
OVOGLOKTG OVTIOPOONG TOV KOPKIVIKAOV KLTTAPOV HEG® TOL GULGTHUOTOS TMOV WWIEPPEPOVAV,
eMeippata otn pvOuon g petappaonsg tov RNA kot og mafoloyikd «HovomdTioy EVIOADV
(signaling pathways) evtog TV KapKIVIKGV KOTTAP®Y TOL EVIGKVOVY TOV UKO TOAAUTANGIOCIO
(11-13). Merétec £xovv 110M Ogifet 6TL 0 106 VSV £xEl ONUOVTIKY OVTIKAPKIVIKT OpAoT 6€ TOALA
TPOKAIVIKA HOVTEAD KOKONOWOV YKV, OTMG 6TO UEAGVOLO, GTOV TAOK®MON KOpKivo, Kapkivo
TOV 00OINKOV, TaxEMe eviEPOV, TPOOTATN, HOCTOV, pafdocdeic Oykovg, Aevyouio, GTOV
NTOTOKVTTAPIKO KAPKIvo Kot 6To YAoloPAdotopa (7, 14-22).

Eyet amodeyBel 011 mOAAEG avOpOTIVEG KOl KLTTOPIKEG CEPEC TOVTIKIOV TOPOVSIALovV
OMUOVTIKY €YYeVN avtiotacn ot Aoipmén amd tov 10 VSV in vitro, av kot vynioi tithot Tov 100
UImopovV Vo TPOKOAAEGOLY Bavatnedpo Aoipmén in vivo, pe kopuo artic Bavdtov Tig
vevporoyikég emmlokés (9, 13). Zvvenmg, yuo T xprnom Tov 1 ot Yovidlokn Bepamneio, £xovv
KkataPAnbel mpoomdbelec katackevic ukdv Strains pe peyaddepo dgiktn aoceoreiog Kot
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TOVTOYPOVO LUKPT| OTAOAELD TG EMAEKTIKOTNTOG KOl amotelecatikdttag dpdong toug (7, 9, 10,
13). Y6 0wtd 10 OKENTIKO, EMOIDYONKOV YEVETIKEG OTPATNYIKES Yo T dnuovpyion VSV strains
oV GLUPEALOLY otV avénon g tapaymyns IFN arnd ta poivouéva pe 16 kbtropa. Mia tétola
otpotnyikn €ivor n ewoayoyn tov yovidiov g IFN-B oto yovidiopo tov 100 mov, pe tov
TOAOTAQGLOGHO TOV 100 VSV, cuvteddel oty ékppacn ToA vyniov emmédwv IFN-B and ta
npooPefinuéva kopkvikd kottopa (9).

To kaxonBeg peconiiopa £xet yevikd Kok TpoOyvOoT Kot Topovctdlel aviiotaon 060 o1t
ynuEBepamélr 000 Kol oTNV aKTIVOBEPATEIN;GTOCO, TO YEYOVOG OTL TOPAUEVEL EVIOTICUEVO
OTNV TAELPITIKN KOWOTNTO OKOHO Kol GE TPOY®PNUEVO oTddle, kabotd TO KOKONOEG
pecotnAiopa duvntikd TOAD KOAO OTOYO YEVETIKNG M OYKOALTIKNG 100epameiog, Omwg £xel
KaTaQovel omd T TPOKAVIKES Kot KAMvikéG pedétec pog (23, 24). H gpevvntikn pog opddo tov
gpyaotnpiov €pgvuvag Oykwv tov Bmpaxog (Thoracic Oncology Research Laboratory at the
University of Pennsylvania) éyet die&ayel mpokAvikée kot KAWVIKEG HEAETEC GE OYKOLG
pecoOniodpatog pe évav un moAlomAactalopevo adevold mob exepalelt 1o yovidlo 1ng
avOponivng INF-B (25, 26). 'Eyovpe mopatnpfioel 1oYvupn  OVIIKOPKIVIKY) OpdoT Tov
pecorafeitanr Kuplowg pEc®m QAEYHOVNG évavTil TOV 100 G GLVOVLAGCUO HE TNV TOPOYOYN Kot
éxkpton g IFN-B and ta poivopéva pe 10 KapKivikd KOTtapa, mov 0dnyet 1060 Ge €yyeveic 0G0
KOl Of EMKTNTEG OVOGOMOYIKEG — OVTIKOPKIVIKY — aviwpdoels. H - depedhvnon  evig
nolamlaclalopevor ukov @opéa-ekepacty tov yovidiov ¢ IFN-B (my. VSV.hIFN-B)
napovciole CLVETMDS WITEPO EVOLOPEPOV Y1l TV EPEVVITIKT] OULAON [LOGC.

YmoBéoape 0t1 évag morlomilacialopevog ukodg gopéac-ekepoothg e IFN-B 0o empépet
eMmPOGHETN OVTIKOPKIVIKY dpdon pécm evioyvuévng ékepacng g IFN-B (amplified transgene
expression) ko apeong oykolvong amd tov 10. Aedopévng g avadvong tov VSV og duvntikd
VIOGYOUEVOD OVTIKAPKIVIKOD TapdyovTo Kot g dobeoyuotrag tov ukov strain VSV-human
IFN-B, de&dyape avtv ™ perlém yuo va digpgvvioovpe (1) v wavotnta tov VSV va et
KOTTOpO avOpdTIVOL pesotnimdpatog kot (2) v katodniotnta tov VSV.hIFN-B yia khvikn

LETAQPOOT.
4.2. Yhkad kot M£0ooor
Kotrapixés ceipés

AvOpomiveg KuTTOpPIKES OoEpés pecodndpatoc. O avOpomiveg oepég OK1, OK2, OKS,
OK6 kot OK7 yopnynonkov omd v Dr. Claire Verschaegen (University of New Mexico). Ot
oepég H2052, 1-45 ka1 MSTO ayopdomnkav omd to American Tissue Type Collection
(Manassas, VA). Ot celpég Pt108, REN, LRK xa1 M30 tponibav amd acbeveig pe pecobniiopo
oto University of Pennsylvania. Ot ceipég OK1, OK2, OK5, OK6,0K7, M30,REN, LRK, H2052
kot MSTO koddiepyndnkav pe 1o péco karlépyeiog Roswell Park Memorial Institute (RPMI)
ue 10% mhdopotog euppoov Podc (fetal bovine serum), 2mM L-ylovtopivng xor 2mM
nevikilAivng/otpentopvkiving. Ta kottapa 1-45 kodiiepyndnkav pe 1o 1010 HEGo KOAAEPYELNG LE
mv mpocbnkn 0.1M un amapaitntov (nonessential) auwvo&éwv (Invitrogen, Carlsbad, CA). Ta
kOttapa Pt 108 datnpndnkav oe E-medium, mov anoteleitor omo to péco karlépyelog RPMI
1640 kot 10pug/ml wweovrivng, 10mg/ml tpavepeppivng, 10uM abovorapivng, 10ng/ml cernvio,
2mM yAiovtapivng, 10mM 4-(2-vdpo&vaibvro)-1-mmepalivo-abavo-covipoviko oo (HEPES) ,
0.5mM mupoctapuiikd vatpro, 0.1mMM un-Bacwkd apvo&éa (nonessential aminoacids),
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nevikKildivy/otpentopokivn,  Ing/ml emdepuidikdog avéntikdg  mapdyovrag,  18ng/mi
vopoxopTLovNG Ko 0.1nM T3 opuodvng.

AvVOpOTIVEG KUTTUPIKES GEIPES QPUOLOLOYIKAV pEGoONMoK®OV KuTtTdpmv. Ot cepég LPY,
HM1 ko HM3 yopnynbnkov and tov Dr. James Rheinwald (Dana Farber Cancer Institute);
AVTEG 01 KLTTOPIKEG GEWPEG KAAMeEPYNONKOY GE €101KO HECO KOAMEPYELNG e VOPOKOPTILOVT
(1000pg ava 500ml) kot emdepuikd avéntikd mapdyovia ondg Exel meprypapdei (27, 28). Ta
kottapo PF1IM mpoékuyav amd v kaAAEpysio un Kakonbovg TAELPLTiKov vYpoL 6To 1010 HEGO
KOAMEPYELOC.

Tika strains

Ta uka strains VSV.MIFN-B kot VSV.hINF-B weprypdodnkov apywé and tov Obuchi et al.
(2003). To strain VSV.GFP mapfiybnke omdg éxel meprypapbei amd tovg Diaz RM et al (2007).
Toa uka strains mopackevdomkav oto Core Viral Facility tmg Mayo Clinic (Rochester, MN).
O\a ta strains exkoAdeOnkav ce Baby Hamster Kidney (BHK) kbttapo kot tithomomOnkay pe
NV TPOTVTOTTOM UEVN HEBOSO TAaKOV TV KutTapwv BHK.

MTT uébodog

INo mv epapuoyn g pebddov 3-(4,5-01puebvrobialoro-2-)-2,5-dwparvorotetpaloroppouidiov
(MTT), ta xotTopa TomofetnOnkay Kot KoAMepynOnkav €1g teTpamAody e mAakidw pe 96
vrodoyeig (96-well) (5000 kdtrapa /vmodoyéo oe RPMI 1y Dulbecco’s modified Eagle’s medium
[DMEM] péco kalhépyetog pe 10% FBS) kot poAdvOnkay pe d10popeg GUYKEVIPOOELS UKDV
dwAvpdatov (multiplicities of infection MOIs) (10,1,0.1, 0.01 ot 0) Twv ukov strains
VSV.mIFN-B, VSV.hIFN-B koaw VSV.GFP. H Buwocwémro tov nposPefAnuévov kottdpov
a&loloynOnke oe daopetikd ypovikd onueio (24, 48 kot 72h) avamtuén g avtidpaong g
uebo6dov MTT katd T 0dnyieg Tov Katackevaot) ¢ uebodov (Promega, Madison, WI). H
omTik] mukvotnTa petpndnke ota 570nm kot oopBddnke pe Pdon pio tiun eA€yyov tov
YPNOLOTOLOVUEVOL LEGOV KOAMEPYELLS.

MéBodog miakwy

Mo va a&lohoyfoovpe v kavotnto tov ukov strain VSV.hIFN-B vo mollomiactaleton og
KOtTopa pesodnimparog, kottapa LP9, REN kot LRK extédnkav oe pia cvykévipmon MOI 1
uko¥ @oprtiov. Ta vrepreipeva doAdppaTO GLAAEYOINKAY 24 dpeg apydTEPO Kot TITAOTOM O KOV
LLE TNV TPOTLTOTOMUEVT TEXVIKT TV TAakdV o€ kKuTtapo BHK. Emumiéov, kottapa PF1IM, REN
kot LRK exténkav oe avOpodmivn IFN-B yia 24 dpeg o€ ovykévipoon 1 kot 10000U/ml, o
axoAoVwg extédniav 6to ukd strain VSV.GFP. Ta vrepkeipeva SIoADUUOTO Kot T KUTTOPIKA
«lysates» cvlAéxOnkav 6,24 kot 48 dpec petd amd v apyikn ékbeon otov 10 Kol peTpidnke o
uk6g TiTtAog.

Ilpocroyuacio MRNA tng IFN-f kot Tv yovidiowv wov erndayovrar armé tyv |IFN-B (MXA, 2°5°-
OAS ka1 PKR)
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"o vo cvAAExBeit MRNA petd amd €kbeomn oto strain VSV.GFP 1 oe IFN-B ywo ene€epyacio pe
™ pébodo real-time PCR, T25 mhaotikd Aaokia pe kottapa REN, LRK kot LP9 (1.3 x 10 6
KOTTOpa/erackio) ypnotponoindnkav g control, ektébnikov oto uxd strain VSV.GFP og
ovykévipoon MOI 10 1} og 2.5ml draddppatog avbpodmivne IFN-B 10U/ml oe péco kaAlépyetog
RPMI/10% FBS 1 DMEM/10% FBS. Metd ond 1 dpa ékOeong, 1o vrepkeipevo SaAvupo e
TOV 10 avoppoPrinke, To kKuTTopo «TAvOnKav» ue PBS 600 @opéc kot xopnyndnkav 2.5ml pécov
kaAlMépyetog RPMI og kdBe prhackio yuo 5 opeg. Metd and 6 dpeg amd v otryun €kbeong otov
10 1 oV IFN-B, 10 péco kaAMEpyelag avappoPnOnke Kot To. KOTTOPO VIEGTNOOV ADON HE
TRIzol Reagent (Invitrogen) ypnowomoiwvrag 300ul oe kdbe @lookio. o kabe meipopa
ypnowonomdnkov 3 eAackio, ta omoio. cuvévdotnkay oe évo TeAkO StdAvppo Iml. Ta
detypata yiydOnkav otovg -80 oC.

OMx6 RNA omopovobnke ypnolomoidvTog TO TPOTOKOAAO TOV  KOTOOKELOOTH Kol
akorovOnoe OSwywpiopdg tov DNA pe emeepyocio ue DNAase | (Roche Molecular
Biochemicals, Indianapolis, IN). H amopudvoon vyming mowdtntag RNA emPefoiddnke pe
avaivon wKpng mtocotntog kabe detypotog oe gel poppordevonc/ayapolng/EtBr.

Real-time RT-PCR

[Mocotiky avdivon g €kepacng tov MRNA  mpaypoatomombnke pe RT-PCR. Tpia
pkpoypappdpia olkov RNA vréotmoav avdotpoen petaypaer oe couminpopoatikd CDNA,
ypnowonowwvtag  Oligo(dT)15  primer(Promega) «or  SuperScript Il avdotpoen
uetaypaeacn(Invitrogen), akoiovbmdviag t0 TP®TOKOAALO TOL Katackevaoth. To CDNA
Kavovikomombnke pe Pdon to emimda g P-oxtivng, TG YALKEPUASEDONES-3-PMGPOPO-
devopoyevaong (GAPDH) 11 tov 18S rRNA kot akoAobOnce mocotikonoinon v emmnédmv
MRNA tov oykov, 6mwng éxet teptypagbei (29). [IpcodiopictnKoy To GYETIKA EMITESD EKQPAOTG
KaBevOC amd Ta cuyKekpléva yoviola (avaroyio EKkepacns petald kuttdpov ektehpupéveov 6to
VSV.GFP 1 omv IFN-B kot xvttdpwv ehéyyov). H moootikomomon éywve 4 @opéc oe kabe
detypa ko To meipapo emavaiednke tovidyiotov 1 popd pe to Smart Cycler System (Cepheid,
Sunnyvale, CA). Ta primers oyedidotnkov pe pdon tig aAiniovyieg CONA kot yevopukod DNA
mov givon Swbéoipeg ot GenBank.

Ileipauara npoéxbeons otnyv |IFN-£

Kottapa tomoBemmbnkov oe mioxidiw pe 96 vmodoyeig (5000kvTTOpo/vTOdoNEd) Kot
KaAAepynOnkov kato tn ddpkew piog voytoc. Tnv emdpevn nuépa, 10 KOAMEPYNTIKO HEGO
avappoerOnke Kot Tpoctédnkav doddppata ovOpomivng IFN-B oe kahlepyntikd péco RPMI 1
DMEM ka1 oe d1Gpopec ovykevipwoeg (1, 10, 100, 500, 1000 xar 10000U/ml). H
dpactnpomnta g IFN-B ftav Spg/unit. Metd 24 dpeg exkorayng pe IFN-B, o dtodvppota
IFN-B avappoendnkov kot to kbtrapo ektédnkav oto uko strain VSV.GFP og cvykévipoon
MOI 0.05. Xe téc0epig vrodoyeig KarlepynOnkav kvtTapo Tov ektédnkav oto strain VSV.GFP
Yopig mpoékBeon oty IFN-B kot t€ooepig axopo vwodoyelg KaAlepynOnkay koTTOpO LE HEGO
KoaAMépyelng g control, ydpig éxbeon oto uxd strain | omv IFN-B. Ilpoypatomomdnke n
uébodoc MTT petd 24 dpeg ékbeong oto strain VSV.GFP.

IFN-g ELISA
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Kvttopo REN, LRK kat LP9 (1 x 10 6 ) tomofethnkav o€ mAakida 6 vrodoyémv €1¢ TpumAodv
Kol KoAMepynOnkav pe péco kaalépyelag RPMI 1 DMEM xatd ) dibpketa piog voyrag. Tnv
emopuevn nuépa to. kOTTapa ektédnkav oto ukd strain VSV.GFP kot VSV.hIFNN-B oe
ovykevipmoelg MOI 1 pe olkd dyko ukov dtoAvppatog 100ul. Metd 1 dpa, to vrepkeipevo
ukd odAvppa avappoernnke, to eAackio «tAvONkav» pe PBS dvo @opéc kot ta kbTTOopa
kaAveOnkav pe 400uL pésov kaalépyeiag RPMI v DMEM. 24 Gpeg petd v €ékbeom ota ukd
strain, 1o vmepkeipevo Sdlvppa cvAAEXONKe, @uyokevipnOnke ywoo 10 Aemtd otic 13000
OTPOPEC/AENTO YO VO amOpaKpLVOOLV T vekpd KOTTOopa Ko amodnkedtnke otovg -80 oC. Ta
AV LLATO, VTH XPTCLUOTOMONKOV Y10 TOV TOGOTIKO TTpocdlopiopnd e avOpamivng IFN-B e
™ uébodo ELISA cOupmva pe tig 0dnyieg tov napackevaocth (PBL IntereronSource).

Biouébooog mocotikov nposoropicuotv tns IFN-#

AvOpomvo pecobnhakd kdttapa Ko KOTTOPO pecobnModpatog exktédnkav oto uko strain
VSV.GFP cg ovykévipwon MOI 10 ko ta vrepkeipevo StoAdppoto, cuAAEXONKaY HeETd 24 dpeg
ékBeonc. To ukd optio TV dedvppdtov adpavorombnke pe Bépuavon otovg 56 oC yu 30
Aentd. Kottapa REN tomobetiniov oe mhakidwo pe 96 vmodoyeic (5000 kottapa/vmodoyéa)
Kol EKKOAAQONKOV pe To adpavorompéva e BEppavon vrepkeipevo dtodvppato yo 24 dpec.
Ta dwwAdpupata avappoendnkayv kot to KOTTapo ektédnkav oto ukod strain VSV.GFP og
ovykévipoon MOI 10 yo 48 ®peg. Axorovbwc mpaypatomomdnke pébodog MTT y va
npoodoplotel 1 Proootta tov kuttdpov REN petd amo mpoékbeon ota vmepkeipeva
daAvppote kot akolovbwg éxbBeon oto VSV.GFP. Ta eninedo avOpomwvng h.IFN-B ota
VIEPKEILEV SOAVUOTA TPOCIOPIoTKAY GLYKpIvovTag Ta amoteAéspota TG pebddov MTT
ue pio wpotvmomomuévn KopmdAn mov Paciotnke oe yvootéc ovykevipooels h.IFN-B. T
dnuovpyio avthg g KoumvAng, kuttapa REN kaAlepynOnkav ce mlokidww 96 vmodoyswv
(5000 xvtrapa/vmodoyén), ekkoldpdnkay pe didpopeg ocvykevipmoelg h.IFN-B aro 0.01U péypt
10U/ml og péoco kalMépyerag RPMI kon akolovbwg ektébniav oto ukd strain VSV.GFP og
ovykévipmon MOI 10 ya 48 dpes. H gvacbnoio avtg g pebodov rav 0.01U/ml h.IFN-B.

Hepduaza pe wovrixia

Ayopdotnkav movtikia pe Zofopn Zvvovacuévn Avocoavendpkelo (SCID) omo to Wistar
Institute (Philadelphia, PA). Xg tpeic opddeg movikiov SCID (n=6-8 ava oudda) &ywav
Vodopleg evéoelg pe 1 X 10 6 (REN 1 MSTO) kottopa otn ylovtiaio ydpa. Otov ot dykot
éptacav 1o péyebog twv 200mm3, mpaypatomomOnkov evEcel €vidg TV OYK®V HE HEGO
eréyyov N pe 6.6 X 10 8 pfu ukoo strain og 100pL PBS (VSV.mIFN-B 1 VSV.hIFN-B) pio gopd
v £Rdopdda yua Tpelg ovveyopevesg efdopnades. To péyebog tov Oykmv petpidtay dVo PopES TV
efdopddn pe puOGHEVOLS KOVOVES Kol TO, TOVTIKIOL TOpOoKOAOLBOOVTOV Yoo TNV avamTuén
mhovng to&ikottag. Ta movtikia vokewtay og evbavacio edv TapovsialoTav ToSikdtTa 1 TO
uéyebog tov dykov Eemepvovoe ta 1500mm3. H Emitpory Xpnong Zowv tov University of
Pennsylvania gvékpive Olo ta. mpmtokoAla pe Pdon tov Odnyd yia ™ Ppovrida kot Xpron
Epyacmplakov Zowv.

Blocks kvtrapwv uecoOnliduaros aro tievpitikés 6viroyés aclevay
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Mo va avadvcovpe detypota and acbeveic, mapoardafape deiypoto TAELPITIKOV GLALOYDV 0T
acBeveic pe peconiiopa mov cvppeteiyav ot Paon I g KAMVIKNG HEAETNG EVOOTAELPIKNG
Yopiynong evog adeovoiov mov ekpaletl o yovidio g IFN-B (Ad. IFN-B) (26). ZoAréyOnkay
detypoto mpv ko 24 dpeg uetd ™ yoprynon tov Ad.IFN-B, otav to enineda IFN-B evtoc tov
TAELPIKOL VYPOL Mtav e&oupetikd vynid. o vo a&lodoynBodv ta kdTTOPO, TO VYPO TOL
delypotog amd kdbe mAevprtikny ovAdoyn euyokevipnOnke otig 1500 otpopéc/Aento Kot TO
kaBilnuo Tov kuttdpov dtodvdnke o ayopdln 1% kot PBS. Ta dtodvppata otabepomorOnkav
pe 1% goppoiivng Katd ™ ddpkela piog voytag kot apyotepa otobeponombnkay oe mapagivn
Y10 VOGOToTOYXNUIKO Staining.

Avocoictoynuscia

Block kxuttapwv, otabeporomuévov pe gopuaAivn Kot wapa@ivn, Kot Lo 6elpé SEYHOTOV 0o
dykovg pecodnmpotog (amd To Mesothelioma Research Bank[CDC NIOSH 1-U19-OHO009077
Mesothelioma Virtual Bank for Translational Research, Pittsburgh, PA]) wkpotundnkov ce
TO0g TopdV 5 pum kot torofetOnkoav oe slides pukpookomiov. H cuykekpipévn celpd dykov
necoOnimparog meptdpuPove 48 detypoto To omoia TUHOMKOV €1 TPITAOVV.

Ta block wvttdpov kot ot Topéc 1wtV  amomapagvoromdnkay pe  EvAévio  kai
emaevudatadnkav pe fodicpo o dtoddppata pe avéavopevn ocvykévipoon aikooinc. Ta slides
tomofetnOnkav og doxeio coplin pe 10mM xitpikod vatpiov (PH 6) pe okomd v amokdivym
avtiyovikov 0écemv kal tomobetnOnkav oe microwave ywo 5 Aemtd péxpt va emtevydet
Beppokpacia Bpoopod. Ta slides ektébnkov oe katdAinro opd yio 30 Aemtd mpwv omd TNV
ékBeomn 610 KOpro avticopa. Ta kipla aviicdpato Tov Ypnooromdnkay nrav to anti-p48 (sc-
496; Santa Cruz Biotechnology, Santa Cruz, CA), anti-STAT1 (sc-592; Santa Cruz
Biotechnology), anti-IFNAR1 (ab45172; Abcam, Cambridge, MA), anti-PKR (sc-100378, Santa
Cruz Biotechnology) kot to anti-OAS1 (sc-100639; Santa Cruz Biotechnology). Metd omo
eKKOAOYT HE TO KVOplo. avticopata otovg 4 oC katd tn odpkela piog voytag, ta slides
«AOONKavy dvo @opég pe PBS kot akohovOnoe ékbeom oe ddAvppa 3% vmepo&eldiov tov
OpoYSVOL Yo 30 AemTd TPOG ALOPAVOTOINGT| TNG EVOOYEVOVG OpaGTNPLOTNTOS LITEPOEEWATNS. Ot
TOpEG eKTEOMKAY 6T KatdAANAa Protivodopéva devtepoyevn avticopato (1:200 didivon) yu
30 Aentd o€ Oeppokpacio dopatiov. Ta slides «mAbOnKav» Eovd kot axolovBwe extédnkav ce
vrepoéeldaon ywo 30 Aemtd (Victor Elite, Burlingame, CA). Metd o6 éva telentaio «tAdoiuo»
oe PBS, 1o block xuttdpmv kot ot Topéc 1otdv extédnkav oe vrdotpoua 3,3’ dapvoPeviidion
(DAB) (0.02% DAB, 0.005% vmepo&etdiov tov vOpoydvov) yiow 1-5 Aemtd yio Ty avamtuén
YPOUATOUETPIKNG avTidpaons, Pubiotnrov oe arpatofuAiivny ko akoAobOwg kaAdeOnkav pe
yodlwa Aentd @OAL Tov emkoAAnOnkav pe Aqua-poly. O avocoavtidpactikog Boabudc/score
yo. kGOe Toun vroloyiotnke e Paon to tpomomomuévo cvotnua Remmele.

Tporomomuévo fabuoioyiko cvetnua Remmele

Xpnotpomomdnke ontikd pkpookono oe peyéduvon X20 yia v a&lohdynon tov slides amnd
dvo mapatnpntéc. H a&oddynon £ytve «tuo@Ad» mG TPOG T YVOPIGLATE TOV SEIYUATOV Kot TV
npoékbeon oto uk6 strain Ad.IFN-B. To avocoavtidpoaotikd SCOre  vmToloyioTnke
noAlhamiacialovtag to Babud tov TocosTov pe 1o Pabud Evtaong tov staining (30). O Babuodg
TOCOGTOV VIOONAMVEL TO TMOGOO0TO TOV KLTThpwv pe Oetikd staining og e€ng : 76-100%
Kuttapov, Pabuog 4 ; 50-75% wvttdpov, Babuog 3 ; 26-50%, Babuog 2 ; 0-25%, Pabudg 1.
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Hapderypa Tov Bubpod g évtaong staining eaivetar oty Ewova 4%, pe pio dwfaduon omnd
0 (undevikd staining) émg 3+ (oyvpd Betikd staining). Avocoavtidpactikd score 0-2
VTOONAMVEL OTTOVGia 1} TOAD YOUNAT EKEPOCT) TNG GVYKEKPIUEVNG TTPOTEIVIC.

2ratioTiky avdivon

I"a ™ ovykpion dtpopdv petald opddmv tov mepapdtov pe RT-PCR kot tov peyébouvg dykmv
yhovtiaiog ympag ypnowomomoaype unpaired student t-tests. I'o ta mepduata pe dyKovg g
yhovtiaiog ydpag 6mov cuykpivape TeplocodTepeg amd 600 ouddeg, ypnoomomoape analysis of
variance with appropriate post hoc tesing. Inuavtikég Oswpfnkav dwapopéc pe p<0.05. Ta
dedoUEVOL EKPPAGTNKOY OC 0 HEGOG OpoG+- oTafepd amdKAIONG TOV HEGOV OPOV.

4.3 AToTELEGNUATO. TG NEAETNG

Oykolvtikiy dpden tov uxkav strains rov VSV in Vitro e¢ kvtrapa pecodniiouaros

Aokdotnke in Vitro m evaiobnoioa ot Avon un eodlaypévov GeEPOV  avOpOTIVOV
HEGOOMALOKOV KUTTAP®V Kol avOpOTIVOV GEP®Y pecodnAduatog amd ta ukd strain tov VSV.
Qg strain egAéyyov, ypnowomomoape €va ukd Strain wov ekppalel v avocoebopilovoa
npwteivn green fluorescent protein (VSV.GFP) 1 tv murine IFN-B (VSV.mIFN-B). To strain
VSV.MIFN-B oamoteAel dovikd strain edéyyov yio to VSV.hIFN-B, 81011 o1 wteppepdveg
enupaviCouv evepydmta povo oto KOTTOPO TOL €00VC OmO TO OMOI0 TPOEPYOVTOL YWPIG
daotavpovpevn dpdomn. To ukod strain mov dokydoape e&éppale avOpomvn IFN-B (VSV.hIFN-
P).

MeleOnkav téocepig un eEarraypéveg oelpés avBpdmivav pecodnitokadv Kuttdpmv, PF1IM,
MH3, HM1 xot LP9 (Ewk. 1A). H ceipd PF1M mopdybnke 610 £pyaotiplo HOC. ZopovTooyTo
(48) wpeg petd v ukn TpooPorn (oe ukn cvykéviwon MOI 0.1), ta strains VSV.mIFN-f kot
VSV.GFP (6gdopéva mov dev mapovstalovtal) Tpokdiesay Kuttapikd 0dvato mepinov oto 50%
TOV QLGLOAOYIK®OV TPOTOYEVOV avOpdTvev pecodniokodv kvttdpov (PFIM), aAld povo
TEPLOPICUEVO KLTTOPIKO BAvaTo 0TIg vITOAOTES TPES UN eEOAMAYUEVES KLTTOPIKEG GEPEG. OleCg
aVTEG Ol KUTTAPIKESG GELPES EUPAVIoaY amOAVTN avTioTaon ot Avon arnd o strain VSV.hIFN-f.

MeletOnkav dddeKa KVTTOPIKES oEPES avOpdmvov pecodnimpartog. Ot celpéc Pt108, M30,
REN kot LRK givar mpwtoyeveig kuttopikés oepéc mov mopynkay 610 £pyastipld Hog Kot
ypnoomomOnkay poévo HeETA amd UIKPO oplBpd KLTTOPIKAOV KOKAW®V TOAAOTANGLOGLOV.
[Mapatnpndnkav tpeig tHmol avtidpdoemv otV TPocPorr amd to ukd Strains. Tpeg and TIg
oepég (Opada 1: Pt 108, OK1 kot OK2) guodvicav onpoavtikni avtioToon GTovV KLTTOPLKO
Odvaro eite and to strain VSV.mIFN-B eite and 10 VSV.hIFN-B ka1 cuvendg npocopotdlovv pe
TNV avTiOpaon TOV QLGLOAOYIKGOV pecodniakdv kuttdpwv. [Tévte oepég pecodnaopotog
(Oudda 2: OK4, OK6, OK7, M30, REN) mapovoiacav gvordueon gvoaicOnoid (50-75%) otov
Kuttopikd Bavoto amd to VSV.MIFN-B, oAAd oamdivtn avtictaon oto Odavoato amd To
VSV.hIFN-B. Téooepig cepég pecobniodpotog (Oudda 3: H2052, LRK, 145 kar MSTO)
Tapovciocay VYNAN evatctncia otov KutTapkd Bdvato t6co amd to VSV.MIFN-B, 6co kat and
10 VSV.hIFN-B. Emumiéov dedopéva yio dStapopetikéc ukég ovykevipmoelg MOIS kot yo
SLLPOPETIKA YPOVIKA OlOCTHHOTA UKNG ekBeong Tapovstdloviol GtV ZVUTANPOUATIKY KOV
Fig. S1 (Swabéoun online oto www.liebertonline/hum).
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Ta dedopéva avtd kotadewkvoovv 6Tt 1 IFN-B mpootatedel ta puololoyikd pecobnAtoxd
KOTTOpa amd v Abon pécm tov VSV, odrd eniong mpootatedel dve tov 50% TV KLTTOpIK®OV
CEPOV HECOOIMMMDOTOC TOV peAeTHONKAV.

Ixavotnyra tov VSV va wolloamlacildletal oc avOpamiva KOTTAPA HEGOONIIDUATOS

AOY® TG SPOPETIKNG EVAGONGING TMV KLTTUPIKOV GEPOV HecoONAMdUATOC oTa tkd Strains
tov VSV, peketoape Aemtouepéotepa v tkavotnta tov VSV.hIFN-B vo toAlordactaleton og
plo pn egoaAlaypévn oepd pecobniokdv kuvttdpov (LP9), pio oepd pecodniodpatog
avOektikny ot Avon and tov VSV.hIFN-B (REN) kot pio ogipd gvaicbntm ot Adon and tov
VSV.hIFN-B (LRK). Avtég ot wkvttapikéc oepéc ektédnkav otov 10 VSV.hIFN-B oe
ovykévipmon MOI 1, kot ta vrepKeipeva SIOADIOTO TOV KOAMEPYELDY GLAAEYONKOV LETA Omd
24 ®peg pe okomd TN PETPNOMN TOL UKoV optiov pe T YpNom ™S pebdoov mAokwv. To
VIEPKEIIEVO ddAvpa TG KaAMEPYELag Tov kuttdpwv LP9 tepiye 1x10 4 pfu/ml/1 ekatoppopio
KOttapa, eved 1o Swlvpa twv REN mepmye 1.35 x10 6 pfu/ml/1 ekatoppdpio xovtropa,
amoteAéopaTO  oLPPatd  pE  MEPLOPIGUEVO  TOAAATAAGLOGHO TOL  100. Avifétwg o
nolaniaciacpudg tov VSV.NIFN-B ota kottapa LRK Atav onuavtikd evtovotepog (1.55 x 10 8
pfu/ml/1 exatoppdpilo kdTTOPA) KO peyaAdTepog katd 2 Aoyapifuovg oe ovykpion pe ta REN
ka1 4 AoyapiBuovg og ovykpion pe ta LP9 kottapa.

A&loAoynon TS LEITOVPYIKOTNTAS TV AVTUKOY TPOCTATEVTIKOV KOTTOPIKOV (UOVOTOTIOV)
s IFN-p

Ta mopamdve dedopéva cuvnyopoldv pe v vobeon Ot n mopaymyn ™mg IFN-f and tov
VSV.hIFN-B avactéliel tov Tolhamlaclocpud Kol Kot €méKTOon TNV 0YKOAUGY OPIoUEV®V
KOPKIVIK®OV KLTTAP®V, btoonuaivovtag pio pepikn evaicincio Toug 6TV IpOCSTATEVTIK OVTILKN
opbon ™ IFN. Xvvenng a&orloynoape v aviukn dpdon ™¢ IFN-B oe aviummpocwmevtiKég
oelpég pecobnhdpatog exBétoviag T oepég avtég ot opdon ¢ IFN-B yio 24h xon
axoloV0w¢ eléyyovtag TV kavdtta Tov 100 VSV.GFP va modlamlacidletot kot va mpokaAlel
AOOT OVTOV TOV KVTTUPIKDOV GEPDV.

Ot un e&ahhaypéveg KutTapikeég oelpés avipomvov pesobniokodv kuttdpov (LP9 kot HM1)
napovciocay aviekTikdtNTa 0TN 0YKOALVSN amd To VSV.GFP pe 1 yopig mponyoduevn ékbeon
otV avOpamivn INF-B (Ew. 1B). AvtiBétwg, mponyovuevn ékbeon otnv IFN-B og cuykévipmon
1U kou 500U/ml yuo 24mdpec ovvéBare oe oyeddv mANPN TPOOTAGIO TMV KUTTOPIKMDY GEPDOV
uecodnAopartoc e Opadog 2 OK6 kot REN amd v oykoivon péow tov VSV (Ewk. 1B kau
C). H IFN-B ¢@dvnke 011 mpootatevetl emiong v oepd M30; ®otoco 1N Procpdmro tov
KUTTApoV peiddnke pe v ékbeon otic vyniég ovykevipwoelg tov S00U/ml g IFN-p.
AvtiBétwg, mpo-ékbeon oty IFN-B dev mpootdteye t1g oepéc H2052 ko LRK g Opdoag 3
amd v oykoAvTikr dpdomn tov v VSV.GFP. (Ewk. 1B kot C). Mdloto owtég o1 GEIPEC
véotnoav Kuttapikd 0avato amd tov VSV.GFP akoua kot pe mpo-éxbeon og 10.000U/ml g
IFN-B (Zvpuminpopoatiky Ewova Fig. S2, dwwbéowun online oto www.liebertonline.com/hum).
E&aipeon anotérece n mpootacia tov kuttdpwv MSTO, aAld pdévo e VYNAES GUYKEVIPMOGELS
avo tov 1000U/ml po-ékBeonc o avOpadmivny IFN-B (Zvpuminpopotikn Ewkova Fig. S2).

Mo va emPefardcovpe 6t  avtukn npootacia péow g IFN-B opsidetan o peiwon tov
TOALATAOGLOGHOD TOL 100 €VTIOE TOV KLTTAP®V, HETPNOAUE TO UKO (opTio (KOG TITAOG) OTIG
KaAMEPYELEG TV KuTTdpwv pecodniopatog (REN kot LRK) kot tov pesodniokdv kottdpov
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(PF1M) petd omd ukn mpooPoin tovg pe tov VSV.GFP (IMivekag 1). Xt oepd pesodniiokdv
kuttdpov PFIM (ITivakag 1A), o apyikdg ukog tithog 1 dpa petd v ukn npocPforn frav 2.8
x10 3 pfu/ml/10 6 kdtrapa. O ukdc TOAUTAAGIAGHOS KOPLE®ONKE 0TS 48 MPES, e TITAO TOV
éptace to 2.5 X 10 5 pfu/ml/10 6 wdtropo (odénon katd 2 Aoyopibpovg). O ukdc
TOAAATAQGIOGHOG avESTOAN onuovtikd pe tpo-ékbeon oe 1U IFN-B (150 @opéc) 1 o 10000U
IFN-B (340 @opéc). Ztn uepikmg gvaicOntn oepd REN (ITivakag 1B), o apyikog ukde tithog 1
opa petd v ukn wpocsPoin frav 1.3 x10 4 pfu/ml/10 6 kdttapa. O ukdg TOALATAAGIOGUOC
Kopueminke vopitepa otic 24 mdpeg, pe Titho mov £etace to 1.25x 10 6 pfu/ml/10 6 kdttapa
(avénom katd 2 AoyapiBupovg). Xe avtiv v mepintwon, n mpo-ékbeon oe 1U IFN-B eiye
UNOEVIKY| €MOPOOT] GTOV TOAAATANCIOCUO TOL 100; ®GTOc0 Tpo-ékbeon oe 10000U IFN-B
OVESTEIAE ONUOVTIKA TOV KO TOAAATAAGLOGHO (1000 popég). Ztmv vynAng avOekTikdTNTOS O
dpaon g IFN-B kuttapikn oepd LRK (IMivakag 1C), 0 apyikodg ukdg tithog 1 dpa petd tnv
ukn mpooPoin Nrav 9 x 10 2 pfu/ml/10 6 kottopa. Qotdc0, 0 UKOG TOAAATAAGIAGIOG TOV
eEaPETIKG TaYVG, IE KOPLOMGN OTIG 6 MOPES, OTOV 0 UKOG TitAog £pTace ta 8.5 X 10 4 pfu/ml/10
6 kOtTopa (avénon katd 2 AoyopiBuovg). e avtd to onueio, tpo-ékbeon oty IFN-B dev eiye
Kapia enidopacn otov ukd moAldmrlactacid; Maicto o ukog Tithog petprdnke vYNAOTEPOS GTaL
1 x 10 5 pfu/ml/10 6 kOtropa. Axopa Kot oTig ToAD VYNAEG ovuykevipmoelg tov 10000U IFN-B,
0 uKOG TOAAATANGIACUOG OVEGTOAT KATA AYOTEPO AmO 3 QOPEC.

AvTd T dedopéva KOTASEIKVDOLY OTL OPIOUEVES KUTTAPIKEG GEPEG LECOOMALDOUATOG £YoVV pia
LEPIKAOG N TANPWOS EVEPYN AEITOLPYIKOTNTA TOV OVTUK®OV «povomatidv» G IFN-B mov 1o
TPOGTATEVEL OO TNV UKN OYKOALGY|, OVOCTEAAOVIOG TOV UKO TOAAOTAOCIOGUO EVTIOS TOV
KOPKIVIKOD KLTTAPOV.

Oykolvtiky dpden tov VSV in vivo

AxoloObwg efetdoape T OBepamevtikn amotelecpotikémTa  tov VSV in vivo
YPNOWLOTOIDVTAS TIG 2 KVTTAPIKES GEPEG TOL UTOPOVGAV Vo avartuyBodv wg Eevopooyebota
oe avocokatactoipéva SCID movrtikia. O VSV.mMIFN-B npokdiece xuttapikd Odvarto kot oTig
dvo oepég in vitro, av kot n oepd MSTO mapovcioce peyoddtepn gvoucHnocio. Qot660, 0
VSV.hINF-B npoxdrece Odvato povo ot cepd MSTO in vitro, eved n oepd REN napovoioce
avtiotaon oto 1610 strain in vitro. Otav ot yAovtiaiot 6ykot éptacav ta 200mm3 ce puéyeboc,
TPOYLOTOTOMONKAY EVECELS €VIOE TOV OYKOV HE QULOIOAOYIKO opd 1 ukd Strains og
ovykévipoon 6.6 X 10 8 pfu oe efdopadinio dwcthpata. Ot 6ykor MSTO mov vréotnoav
evéoelg eite pe VSV.MIFN-B 1 VSV.hIFN-B mopovociacav ototiotikd onuoviikr (p<0.05)
avaGTOAN NG avantuéng Toug (mepimov katd 75%) o€ cvyKplon pe Toug dykoug eaéyyov. (Euk.
2A). H avactodr] avamtuéng tov Oykmv MTav ToocOoTIKG Topouoto Kot yio ta. dvo strains
(VSV.MIFN-B kor VSV.hIFN-B). Ot 6ykot REN mov vnéomnoav evécewg pe VSV.mIFN-(
Tapovciacay oTatioTikd onuovtiky (p<0.01) avactoAn g avintuéng toug (nepimov katd 80%)
og ovyKplom pe Tovg Oykovg ehéyyov (Ewk. 2B). Qotdécso ot REN dykotl mov vréotnoav evécelg
ue tov VSV.hIFN-B dev fjtav otatiotikd onuoviikd pikpotepot o péyeboc (p=0.2) o oyéon ue
TOVG GYKOVG EAEYYOL Kot NTOV oTOTIOTIKA peyoAdvtepol (P<0.05) oe oyéon pe 1oug GyKovg mov
vréotnoay evécelg pe tov VSV.mIFN-p.
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Ewéva 1. (A) EvawoOnoio tov avBpodrvov kuttdpov pecobniodpatog o strain tov Vesicular Stomatitis Virus
(VSV) in vitro. Ta xbttapo tomobetinkav kot kaAliepynOnkav ce mAokidio pe 96 vmodoyeig (5000 kvtrapa
/omodoyéa) kot ekkoAdeOnkav pe VSV mov e&éppale v IFN-B movtikiov 1 avBpomov ( VSV.MIFN-B [yxpt
umdpec] 1 VSV.hIFN-B [uodpeg umdpec]) oe pio ovykévipoon MOI 0.1. Egopudotnke n pébodog 3-(4,5-
Suebvrobialoro-2-)-2,5-dipavvroteTpalorofpoudiov (MTT) petd and 48 dpeg €xkbeong otov 10 kal
TPOcdOPIoTNKE TO T0C00TO TV PLOCIU®V KVTTdpwv. Ta dedopéva Tov oynuatog ekepdlovior ®g o pécog 6poct-
otafepd andxiong tov pécov dpov. (B kan C) Extiunon g wavotrog g IFN-B va avactédder thn oykdivon
ov mpokaAdeitar amd tov VSV. Ta kidttapa mpo-ektédnkay og avBponvn IFN-B oe cvykevipdosig 1 kot 500

OK6 M30 REN H2052 LRK MSTO

Figure 1
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Units/ml yio 24 dpeg ko petd extédnkav oto strain VSV.GFP og cuykévipoon MOI 0.05 ywa 48 dpec. H pébodog
MTT epappdotKe yio 1o TPocdoPIcHd Tev Pocipev kuttdpov. Kabe neipapo emavoainednke ig tetpaniovv. Ta
dedopéva ToL oYNUATOS EKPPAlovTaLl MG 0 HEGOG OpoGt- otafepd AmOKAIONG TOL LEGOV OPOV.

IIwokec 1 A, B, C

Mivakog 1A. Tikdg Tithog 6e kKarlépyera PFIM @uoioroyik@dv pecodniokav Kottapov
mov npoektéONKav o€ IFN-f ko akorov0m¢ 610 UKo strain Vesicular Stomatitis Virus mov
Koodwkomorel Ty avosopBopilovsa mpmreivy Green Fluorescent Protein.

lwog TiThog
Interferon-g (U/ml) 1 opa” 48 dpec”
0 2800 250.000
1 AM 1.700
10.000 AM 730

IMivaxag 1B. Itkog Tithog 68 KAAMEPYELX TG KVTTAPIKIG 681pdg pecodniiopatos REN mov
npoektédnke oc IFN-f kou axolovOmg oto ukoé strain Vesicular Stomatitis Virus mov
Kmdwkomorei Tnv avocsopBopilovea mpmteivny Green Fluorescent Protein.

lucég Tithog
Interferon-g (U/ml) 1 opa” 24 hpeg” 48 dpeg”
0 13.000 1.250.000 220.000
1 AM 1.100.000 2.300
10.000 AM 950 2.050

IMivaxkag 1C. Iikég Tithog 08 KOAMEPYELN TNG KVTTUPIKIS 6EPAS pecodndpatos LRK wov
npoektédnke oc IFN-B kou axolovOmg oto ukoé strain Vesicular Stomatitis Virus mov
Kmdwomorei Tnv avocsopBopilovea apmteivy Green Fluorescent Protein.

luég Tithog
Interferon-g (U/ml) 1opa® 60peg” 24 opec” 48 ®peg”
0 900 85.000 80.000 3.200
1 AM 107.500 59.500 1.900
10.000 AM 29.000 11.000 2.050

H povada pétpnong tov ukov goptiov givar pfu/ml/exatoppidpro kotrapa
Yvvtopoypopiec: AM, de petpnOnke
a. Xpovog petd amod v évapén €kbeong otov 10
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Figure 2

Ewova 2. Enidpoon tov ukedv strain tov VSV oty oavantuén ovBpdmvev aAAOHOGYEVUATOV  OYKOV
pecodniidpatoc. Oykot g yhovtiaiog ydpog Snuovpynnkay e vwodopio EVECT] KUTTAP®V LECOOMMDLOTOG TOV
oelpwv MSTO (A) 11 REN (B) og novtikia pe cofapn cvvdvacpévn avocoaverdpkeio SCID. Otav 1o péyebog tov
oykov éptace to, 200mm3,dieEfydnkay evécelg pe opd (Aevkég pmdpeg) N pue 6.6x108 pfu twv VSV.mIFN-B (yxpt
umdpec) kot VSV.hIFN-B (pavpeg umdpec) o 100ul PBS efdopadiaia yia 3 cvveydueveg epdouddes. Amsucoviletal
10 péyebog tov Oykwv pio efdopdda peTd amd v televtain £veon. O aoTEPIoKOG VTOONANDVEL TIG GTATIOTIKE
ONUOVTIKEG OAAAYEG 6TO HEYEDOG TV OYK®V LETOED TV OYK®OV EAEYXOV (0pOCg) Kol TV dyKV Tov EAafov @opTio
VSV.
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MunyovieTikés ueiéteg

o vo katovooovpe TNV SPOPETIKOTNTO  TNG  AVOEKTIKOTNTAG TOV  KLTTAP®V
peconhopatog oty 1k mpocPfoin pe tov 10 VSV.IFEN-B, emkevipooope T mepattépw
HEAETEG O TPELG OVOPOTIVEG GEWPEC TOL POIVETOL VO OVIITPOSMNTELOLY KAOe KaTnyopia
avtiopoong oto ukd strains VSV.mIFN-B kot VSV.hIFN-B: (1) LP9, un g&olhoayuévn ocepd
pecodnAlokdv KuTTapoV mov &ivol avbektikn kow oto dvo strains; (2) REN, pio oceipd
uecodniopatoc evaictntm otov VSV.MIFN-B, aAld ovBextikny otov VSV.hIFN-B; ot (3)
LRK, pio cepd pecodniidpatog evaicOntm kot ota 600 strains.

IxavotnTo TOV avlpomvov pecodniokdv kvttdpov ve mapdyovv IFN-B mRNA ko
APOTEIVI] O ATAVTNON 6TNV UKN Tpocfoir] pe tov VSV

[TpocsBdrape ta mopamdve kottopa pe VSV kot a&loAoynoope Ty Kavotnto Tov 100 vo
npokoArel v mapayoyn IFN-B mRNA. Avt) n andvinon amotelel évav Pacikd aviukd
TPOCTOTEVTIKO UNYovicpd mov dwopecorafeitor péow tov IRF3 «povomatiov» (10, 31). Ipwv
amod v ukn mpocPoin dev vanpye aviyvevowo IFN-B mMRNA ce xopio amd Tig KutTOpKég
oepés. Onmwg gaivetar otov Iivaka 2, o VSV avénce v ékepaomn tov IFN-B mMRNA otig
oelpég LP9 ka1 REN og avédroyo Babud. AviiBétwg, ta kuttapa LRK dev mopovciacav kapio
emayoyn g IFN-P.

Metd v ukn mpocoPorny amd tov VSV, 10 MRNA g IFN-B petapépetor oto
KUTTOPOTAOGCHO, UETOQPALETOL OE TPOTEIVN Kol €KKPIVETOL atd TO KVTTAPO Yoo Vo dpdoet
endyovtag v ékepaon tov ISGs (10, 31). O VSV éyet avomtd&er unyaviopovg (6nmg 1 M
TPOTEIVN) Y10 VO OVOGTEALEL LTIV TN LETAPPOGCT, OV KOl QOIVETAL OTL TOL PLGIOAOYIKA KVTTAPO
UTOPOVV TOVAGYIGTOV UEPIKADOS VO VIEPPOVV QVTAV TNV OvVAGTOAY. Agdopévov OTL 1660 TO
kottapa LP9 660 xou ta REN mapdyovv mapdpowa peydrec mocdtnteg tov IFN-f MRNA petd
amod mpocsPoAn tov VSV kot 0Tt Ko ot dvo celpéc mapovstdlovv gvaicOncio otn dpdon tng
eEwyevovg IFN-B, mpoonabnoope va oamotocovpe €bv ta eminedo g IFN-B mpwteivng
av&avovtal petd amd tposfoin pe tov 16 VSV. TIpog avtd t0 6Komo, LETPNCOLE TO EMIMESD TG
IFN-B mpwteivng ota vaepkeipeva dwoidpato tov kuttdpov LP9, REN kot LRK petd and
npocPoin tovg pue VSV.GFP pe pio mpotvmomomuévn pébodo ELISA. Ta emineda IFN-B og
OAeG aVTEG TIG GEWPEG MTOV LITO TO OVIXVELGIUO OPlo NG GLYKEKPIUEVNG HeBOOoVL (0VAOG
aviyvevong 25pg/ml v 2.5U/ml). Etor ypnowomomoape pion Pro-pébodo (bioassay) o
OLYKPIVOUE TNV KAVOTNTA TOV VIEPKEIPUEVOV SOAVUATOV (LETE OO OMEVEPYOTOU|GT] TOV 10V
evtog avt®v) va mpootatevovv kuttapa REN amd npocsBoin pe tov VSV.GFP g cOykpion pe
TOAD HIKPEG TpoTuToTompEveS ovykevipmoelg IFN-B. Awomiotdoape 6Tt ovt 1 péBodog pmopet
Vo oV VELGEL TTOAD yopnAd emimeda Ekppaong, uéxpt ko 0.01U/ml g IFN-B. Onog eaivetot
otov Iliveka 2, ta kottopa LPY, petd and ukn npocsPoin pe tov VSV.GFP cg ouykévipmon
MOI 10 ya 24 opeg, mapnyayav 0.22U/ml g IFN-B avé 1 exatoppvpro kdtrapa, eved To
kottapa REN mopiyayav povo 0.01U/ml ava 1 exatopdppio kdtrapa. AvtiBétoc o kdTTopa
LRK dgv mapnyayav kapio aviyvevoiun tocotnta IFN-B.

Tehkd, cvykpivape to yaunAd erinedo Exppoaonc IFN-B petd ond npocsfoin pe tov VSV.GFP
ue to emimeda Ekepaong petd amd mpoosPforn pe tov VSV.hIFN-B. Ta eninedoa IFN-B petd omd
24 wpeg ékbeong otov VSV.hIFN-B aviyvévnkav mold evkolo oTo, vIepkeipevo, SIHADLOTO TV
npooPefInpévov Kuttdpov; QoTOG0 Ta eMITEdN EKEPACNS TOPOVCINCHY CNUOVTIKY ££APTNO)
amd TV KavoTTo TOL 10V Vo ToAAaTAactaleTol oto avtiotolya kottapo. Ta gvaicOnto ot
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Mon kottapa LRK mopiyayov mepiocdtepo and 353U/mI/10 6 kottopa otig 24 dpeg ékbeong
otov 10 VSV.hIFN-B oe ovykévipoon MOI 1. Ta wxdttapa LP9 kot REN mapfyoyav
aviyvedoueg aAAG oD pkpotepeg tocdtteg IFN-B, 5 kot 7.2U/MI/10 6 kottopa avtiotoiymg.

Mivoxkog 2. Avénon tov MRNA kov g mpoteivig ™g IFN-B 6g avOpodmveg kvtTapikég
pREGOMMAOPOTOS PETA 06 £KOEGT 6T0 UKO Strain VSV.GFP ot cvykévipoen MOI 10 yua 6 dpeg pe
™ ypiion real time RT-PCR 1 ywo 24 dpseg pe Ty ypion s Propedodov e IFN—B.

Enineéa mRNA (Fold Change) Ernineda npwreivys |IFN-B

(Uml/ekaropuvpro kvrrapwv)

Kvuttapwkéc oepéc Eleyyog ExOcon VSV.GFP “  Eleyyog ExOeon VSV.GFP
LP9 wo 7325 +/- 6% P wao 0.225

REN wa 11428 +/- 12.5% wo 0.007 +0.003
LRK wa wa wo wo

Yvvropoypagies : LP9, gucioloyd pecobniioxkd xottapa; wlo , pun avigvevowa ; VSV.GFP, vesicular
stomatitis virus expression green fluorescent protein.

o. Ta enineda tov MRNA ekppalovtotl og avbaipeteg pLovadeg.

B. Ta eminedo ékppacng mapovoldaloviol ¢ PEceg TWEG TPV afldv pe +/- T0 GVUVTEAESTN SLOKVLOVOTG
(SEM/mean).

y. p value<0.05 compared to LP9.

IxavotnTo TOV avOpOTIVOV KUTTAP®V pecodndpatog va erdyovy v ékepacny MRNA
tov ISGs petd omé e&myeviy £ék0eon o€ avOpdmvy IFN-B (hIFN-pB)

Axorovbng emdnéape va Kabopicovpe g avtidpd kdbe pio kuttapikn cepd oty Ekbeon
oe IFN-B mpocdiopilovtag v kavOTTo UTOV TOV KLTTEPMV VO, ETAYOVV Kol Vo GLVOETOVY TO
MRNAS tp1dv ISGS mov £xovv yapaktnpiotel moAd kaid, MxA, 2°5°-OAS ka1 PKR, mov sivan
YVOGTO 0Tl avaosTEAAOLY TOV ToAAaTAaclacd Tov VSV ota guctoloywkd kottapa (10, 11, 24,
32). Exbéoape t1g kuttapikég oepég o avOpomvn hIFN-B oe cvykévipwon 10U/ml (nepinov
50pg/ml) yio 6 dpeg kat petd cLAAEEQLLE TOL KOTTOPO, [LE GKOTIO VO, TOGOTIKOTOcovuE To. MRNA
enineda, kéOe yovidrod pe t uébodo real-time RT-PCR (IMivakog 3A).

[Tpwv amd v ékBeon omv IFN-B, 6Aeg o1 Kuttapikég oepéc e&éppalov mOAD YouUnAd 1 un
aviyvevotpa erinedo MRNA tov yovidiov MXA kat 2°5’-OAS. TTapatnpnOnke moikiin Ekppaon
tov yovidiov PKR (IMivaxag 3A). Qotdco petd and v ékbeon oty IFN-B, ta kdttapa LPI
kol REN mopovsiocav onuoavtiky eraywyn tov MRNA 6Awv tov enayopevov ornd v IFN-B
npoteivov. H enayoyn ftav mo dSpopatikn ot oepd LPY, pe pio otatiotikd pukpdtepn
anavinon (P<0.05) ot oepd REN. H gmoaywynq 6Adv avtdv twov MRNAS ftav undevikn ot
oelpd LRK.
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IxavotnTo TOV avOpOTIVOV KUVTTAP®V pecodn@patog va erdyovv v ékepacn MRNA
1oV ISGS peta ané uki tposfoin pe tov 16 VSV.GFP

AxoloObwg e€etdoape v kavotnta tov VSV va endyel v ékppacn tov 1SGSs (Iivakoeg
3B) mpocfarovtag tig oepég LP9, REN kot LRK pe tov 16 VSV.GFP pe ovykévipoon ukov
eoptiov MOI 10. E& opeg petd v uknq mpocPoir, o VSV.GFP mpokdiece emoywyn G
gxppaong kot Tov tpov ISG mMRNAS otic oepég LP9 xor REN; wotéco o Babuodg emoywyng
nrav pikpotepog katd 30-50% oy ocepd REN oe obykpion pe ) oepd LP9 (p<0.05). Ze
ovvénelo pe v EAlewyn avtidpaong g oepdc LRK omv IFN-B, dev mapatnpnbnke emaymyn
tov ISGS petd and nposfoin pe tov VSV. Ilpénel va mopatnpnbel 6t 6e cOyKpion Ue Tov
IMivaxka 3A kot o€ cuvénela pe ta yopnAd eninedo IFN-B petd and ukn npoosfoin pe tov VSV,
ta eminedn emayoyng tov ISG MRNAS petd and ukn mpocsPforn eivor moiv yauniotepo o€
ovyKplon Ue Ta eminedo emaywyng petd amd €kbeorn oe 10U IFN-M.

Mivakog 3. AvEnon tov pvOmlopevav ano v IFNB aviukav yovisiov MxA, 2°5°0OAS kat PKR
pe ™ ypnon real time RT-PCR og avOpdmive pecodniokd koTTOpoe Kou 6€ KOTTOPO,
pecodndpotog petd ano ekkoroyn pe 10 U/ml hIFNB 1 petd £ék0gon oto uko strain VSV.GFP o¢
ovykévipoon MOI 10.

3A. Exkorayn pe 10povades/ml hIFNP ywa 6 dpeg

Kvutropikéc MxA mRNA * 2’5°0AS mRNA PKR mRNA

cepéc Baseline 10U/ml Baseline 10U/ml Baseline 10U/ml

LP9 Wa 13,255+/-3.4% * Wa 14,463 +/-6.6% 615+/-9.1% 13,616 +/-3%
REN 13+/-12.2% 5,780 +/16% " Wa 3,392 +/-11.4% " 45+/-9.7% 2,609 +/-17.7%"
LRK wo wa ¥ wo wo 7 wo wo *

3B. ExOgon oto uko strain VSV.GFP og ovykévrpoon MOI 10 yw 6 dpeg

Kvtropiwkég oeipéc MxA mRNA* 2°5°0AS mRNA PKR mRNA

Eleyyoc ExOzon VVSV.GFP  Eigyoc ExOzon VVSV.GFP Elgyyoc ExOszon VVSV.GFP

LP9 wo 82+/-2.2%" wo 105+/-1.7% 615+/-9.1% 958+/-1.7%
REN 13+/-12.2% 30+/-5.9% wao 23+/-6.3% " 45+/-9.7% Wo
LRK wa woa wa wa wa Wa

Svvropoypapies: MxA, nvéoiog avtiotaong A; 2°,5°-0OAS, 2°-5’-olkyo-adevoro-cuvbetdon ; PKR, dutAng-éAkog-
RNA-e£aptduevn npoteivokvaon ; VSV.GFP, vesicular stomatitis virus expressing green fluorescent protein.
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a. Ta emineda tov MRNA ekppalovtat g avbaipeteg Lovades.

B. Toa emimeda éxepaons mapovcldloviol oG KECEG TWES TPLOV 0EdV pe +/- TO GUVTEAESTH OlOKOLLOVONG
(SEM/mean).

y. p value<0.05 compared to LP9.

Boowa enimedo éxkgppaong MRNA o1e@ipov 6v6TaTIKOV TOV «povortatiov» Tis IFN og
olaQopeg avlpamIveg oElpég pecodnitopatog

H etepoyévern g evansnoiog twv 010popwv celpdv pecodnopotog ot opacn g IFN Oa
umopovoe vo eEnyndet pe v anoAeln fACIKOV «OYYEALAPOP®V» CLGTATIKOV TOV «UOVOTATION)
¢ IFN ota mlaicio g dadikaciog g oykoyéveong (1-6) N pe v mapadoyn TG mTopovsiog
AELTOVPYIKAOV EAEWUPATOV OTNV omavTNTIKOTNTA ToVug 6T Opdon ¢ IFN petd amd KatdAinin
éxbeon. Me otdyo ™V avedpeon PaciKOV eAAEPUITOV EKEpoconc mov Oa pmopovcav v
ypnoworomBodv oty Khvikn wpaén (w.y. pe mpocdopiopnd pe PCR 1 avacoictoynueio) g
Broroywkol deikteg gvancOnciog/amovinTiKOTNTAG GTNV OYKOALTIKY OpdoT 1OV, EENYOUE OAIKO
RNA am6 10 avBpodmiveg oelpég pecobniiopotog kot tpaypoatoromoape tocotikny r-PCR yu
va ocvykpivoope 1t Pacikn Ekepocn Seopov PACIKOV «oyYEAMOEOPOVY» GUGTATIKOV TOV
«povoratovy g IFN peta&d tov guoloroyikmv kuttapov pecodniwpatog (PFIM) kot tov
oelpov pecodnopotoc (Ew. 3). H éppaon avtov tov MRNAS mapatnprnke 61t ftav mord
vynAn oy Oudda 1 tov oepdv pecobnopatog, evd ommv Oudda 2 1 €kppacn MTov
TOPOUOD. LE TNV EKEPOCT] TOL TAPOUTNPNONKE GTA PLGLOAOYIKA KOTTOPA HECOOINADUATOC.
Evoagpépov éupnua nrav 6t ta IFNARL, IFNAR2, Tyk2, STATL, p48 kot PKRMRNA enineda
Nrav onuovtikd vroekppalopeva (downregulated) 1 un avigvevoya e tpeic pun gvaictnteg
omv IFN xvttapikég oepéc pecodnhopatog (H2052, 145 wor LRK) oe olOykpion pe ta
euooAoykd pecsodniokd kottapa. H oeipd MSTO , pia oepd mov aviket oty Opdda 3 ywpig
evaocOncio ot dpdon g IFN, tapovciace aviyvevopa enineda twv IFNRAL, IFNRA2,JAKL,
STATL, STAT2 kot PKR, aAld pn aviyvévoua eninedo tov p48. ZvumepacpotiKd, oavtd To
OATOTEAECLATO GLVIYOPOVV GTO OTL eAAeippoTa ot Pactky Ekepocn PACIKOV GLGTATIKOV TOL
«povomatiovy ¢ tomov | IFN og opiopéveg Kuttapikég oelpég LecotnMdUATOG UITopohv va
eEnynoovv v éAdeyn evaicOnociog ot dpdomn g IFN kot kot enéktaon v gvoicOnocio
AVTAOV TOV GEPOV 6TV 0YKOALTIKN dpdon Tov VSV.hIFN-p.

Katavopny Tov ovoToTIKOV TPOTEIVOV TOL «povomatiov» 1Tns IFN og dykovg
pecodniopatog

Mo va S1omIeT®CoVUE TV AVTIOTOLYio TOV Tapamdve N VItro omoTelecpdtov e KAVIKA
delypata dykov pecoOMdNHoTOS, SeEdyape 0vOGOIGTOYNUEID LE OVTICOUOTO £VOVTIL TOV
IFNRAL, p48 ka1 PKR oe mesothelioma tissue array 48 Broyidv amd 60ykovg pesodniduatog.
‘Onog meptypaednke ota «YAKa kot MéBodow, yia kébe Proyia, Pabuoroynoape v éviaon
tov staining (Ew. 4* yw 1o p48 avticopo) kot Tpocdlopicape 10 T0606TO TV KLTIAP®Y TOV
nrov Oetikd yio to staining kot cuvévdcape aVToHS TOLG dVO TaPAYOVTEG G Evav TEMKO Poduod
avocoavtiopacTikotTntoc. H xiipoko avosoaviidpactikdtntog kopavotoyv amd 0-12 Babupovg;
ot PBaBuoi 0-2 avrctoyyiotnKov o UNOeVIKN 1 TOAD younAn éxepacn g e&etalopevng
mpoteivng. H ewdva 5 delyvel v kotovopn TV ovocoovTopacTtik®v PBabuodv yio kdbe
avticopa. [Hopatmpndnke 611 26%, 31% kot 24% TV dyKkoV HecoOMMOUOTOS glyav UNOEVIKN 1)
oAy yoaunAn éxepaon tov IFNAR1L, p48 kat PKR avtictoiywg (Ewk. 5 A-C). Tlepimov 50% twv
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OKywV pecoMOUOTOC mopovsiocay Undevikn Pactkny €K@Pact TOVAXXIGTOV €vOC amd To
Booikd cvototikd tov «povoratiovy g IFN (Ewk. 5D).
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Ewéva 3. Baowr éxppacn oo MRNA tov yovidiov erayopevov ard v IFN petald d1opopov KuTtopikdv
oelpav pecodnldpatog. Olikd RNA e&nynke omd v KuTTopiks Gepd GUGIOAOYIKOV HECOOMAOKDV KOTTAP®YV,
PF1M, kabmhg kot amd 10 avBpdTIveg KUTTAPIKEG GEIPEG LECOOMMMUOTOG KOl ¥pNOLLOTOmONKe Yo T cvvheon
couminpouatikod CONA. Xpnolpormomdnkav cuykekpiuéva primer sets yia to yovidio, wov endyovrar amd v IFN:
(A) IFNAR1, IFNAR2, (B) JAK1, Tyk2, (C) STAT1, STAT2, (D) p48 xor PKR. Kdbe deiypo eEetdotnke €ig
TETPATAODV Kol 1] TOGOTNTA TOL TPOcapUOcTNKE pe Paor tnv ékepaon B-aktiviig | GAPDH. H ékgpaocr tov kabe
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yovidiov kavovikomomOnke pe Paon v ékepoon Tovg ot oepd PFIM kot 1o oyfua deiyvel to “fold change” +/-
otafepd andKALONG .

Amavtnon Tov Kekon0mv Kuttdpov pesodnodpatog oty Ocpansio pe IFN-B in vivo

['a va dwumotdoovpe TV Vmapén cvoyEtions Hetalh TG PACIKNG EKPPAONG TOV TPOTEIVOV
0V «povoratiovy ¢ IFN kot g wovotnTag Tov KakoMmBovug KuTTépov HEGOONAM®UATOG Va
«omavta» otny ékbeon oe IFN-B in vivo, ypnouonomoape KAMviKd deiypato TAELPITIKOD VYPO
amod pio mpomyoOuevr KAMVIKY HEAETN YeveTikng Oepameiog mov mpoypatomodnke o©To
University of Pennsylvania, otmv omoia évac adevoioc mov e&éppale avBpomvny IFN-B
xopnyovviav o€ acbevelg pe pecoOniiopa evdomievpitikd (26). Mrmopéoape vo PBpodue 3
acBeveic pe delypato TAELPITIKOD VYPOV TOL TEP)AV KOTTOPA pHecoOnAdpatog mpv kot 1
Nuépa HEeTd ™ YopNynon tov adevoiov (xpovog katd tov omoio ta emimeda IFN-B ftav mol
VYNAQ).

Kévape staining kéfe deiypartoc yio v mpoteivn p48, mov anédwoe 10 mo kabapd staining
Kot @évnke OtL fTav 0 Mo KATAAANAOG TpoPAentikdg delktng evoicOnciog otn dpdon g IFN
OTIS KUTTOPIKEG oepés, kabmg kot ywoo v mpwteivip OAS1 g deiktn evepydTTag TOL
povorotov ¢ IFN. To staining amokdlvye 6Tt Tpv omd ™V £kBgom oTov adeVoid-Qopéa TOV
yovidiov g IFN-B, ta xopkivikd xOTtapo kol Tov Tpudv aclevav spedvicov kabopd
avyvevowun ékppacn tov p48 (Ewdva 4B ko Zvuminpouatiky Ewova S3, dwwbéoun online
oto website www.liebertonline.com/hum) kot moAd yaunAd enineda ékepacng tov OASL. 24
opeg petd v yovidwokn petagopd g IFN-B, n ékppaon tov OAST avénonke (Ew. 4B kot
Svuminpopatiky Ew. S3). Avotoydg dev kotagépape vo Ppodpe €va detypo pe pndevikn
Ekppaom Tov p48; woTdc0o aVTd To amoteAéSaTA TPOTEIVOVY OTL €ivarl duvatd va TpofAéyoupe
™V evacincio TOV OYKOV HeGoONAM®UATOS, TPOGdopilovTag Ta EMImEdD PUAGIKTG EKQPACNS TOV
p48.
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Ewéva 4. Avocoiotoynueio 6ykov pecobndpatog and acbeveic. (A) Ipaypoatomomcape avocoictoynueio o
delypota Oykov pecodnimpotog and 48 acbeveig pe éva avticopa évavtt g npmteivng p48. TlopatiBevion
nmapadeiypata tov ovotiuatog Pabuordynong g évtacng tov Staining ce topég amd 4 acbeveic (Babupog 0,
undevikd staining, Babudc 3, oyvpd staining) oe ueyébvvon x20. (B) Kotrapa amd tnv mhgvpitiki cviloyn 3
acOevdv mov cvpueteiyov oty Khviky pekétn tov Ad.IFN-B edong | culdéydnkav mpwv kot 24 dpeg petd and v
éxbeon otov ukd gopéa. Ipayuatorombnke staining tov KuTtdpwv Yo TV TpmTeiv P48 (avdTepec mTOYpaPics)
Koy TNV TpoTeiv) olyo-adevulo-cuvBetdon-1 (OAS-1) mpw (uecaisg potoypapicg) kot 24 dpeg Hetd amd v
éxbeon otov Ad.IFN-B (xatdtepeg potoypagieg) yia tnv ektipng g evatstnoiog otnv IFN 6mwc Oa propovoe va
a&loroynBel amd v avénon g OAZ-1. Ta kdttapo aneikoviCovratl o peyébuvon X100. Ta peydro koTTopa eival
KOTTOPA pHecoOMMMUOTOG Kot Ta pukpoTepa eivor pakpopdya. Kat ot 3 acBeveic eiyav gpoovn facikn Ekepacn g
mpoteivng P48 kot eppavi avénon g ékepacng g OAS-1 petd ond ékBeon oty IFN-f.
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Ewova 5. TlpaypotomomOnke staining pe avticopota Evovit tov tpotevov IFNARL (A), p48 (B) kot PKR (C) ot
pio celpd pikpotopdv amd 48 floyieg OyKmV LEGOINMOUATOG KOl TPOGIIOPIOTIKE £Va 0VOGOAVTIOPACTIKOG Bablog
(BMéme tpunpo MéBodor kar Yhkd) yio kabe 6yko. (A-C) H katavopn tov avocoavtidpactikod Babuod yio kabe
avticopo. AvocoovtidpacTikos Pabuds Hikpotepog TOv 2 dNAMVEL UNdEVIKN N TOAD YOUNAN €KQPAcN NG
ovykekpipévns mpmteivig. (D) Zxedidypappa Tov aplfpol Tov EMEIUUATOV TOV TOPUTIVE TPOTEWVAOV 0vé 0YKO.
45% tov dykov dev eiyav kovéva EMewpa, 30% eiyav eddepatikd staining ywo pio npoteivn ko 25% eiyov
eMelupoTio staining yio 2 1 3 mpwrteivec.
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4.4, Yopnepdopata

H onévio amotedecpatikdOmta 1@V cvyypovev Bepameidv tov Kakondovg pesobnAidpoatog
KaO16TA amoapaitnTn TV avedpeon vEOV BepamenTIK@V oTpatnyIKOV. Ot TPOKAVIKES HEAETES TNG
opdoag pog £xovv 0eigel 0TL N yopNynon wrepeepovmv Tomov I pe ) ypnon evog adevoiod Mg
YOVIOLOKOO POPEN TPOKAAAEL 1GYLPT AVTIKAPKIVIKT 0VOGOAOYIKY| avTidpaon kot eivar eEapeTikd
OOTEAEGLOTIKT OTNV KOTOTOAEUNOT OYK®V HEGOONAMDUOTOG 68 HOVTELN TOVTIKIOV (25, 32, 33).
Avt 1 avTikapkvikn dpdor eaivetot OTL LGPYEL Kot o aobevelg e kakombeg pesodniimpa.
Evdomievpitikn yopnynon evoc un-roAlamAacialopevou adevoiod mov exk@pdlet To yovioro IFN-
B oe acbeveic pe pecobniopa M kakondn TAEVPITIK GLALOYY TPOKAAEGE TNV TAPUYWOYN
YOUIKNG Kol KVTTOPIKNG OVTIIKOPKIVIKNG OVOGOAOYIKNG OVTIOPAoNG Kol 6€ 0EIOA0YT KALVIKY
amotedespotikoTTa (31). Agdopévav tov mhavdv TpokANce®V (ToEKOTNTO) GYeTILOUEVDV UE
mv evéoPAEPia yopnynon oYKoATIK®OV v, 0nmg o VSV (19) kot g mbovig mpdkAnomng
TOPAYOYNG OLOETEPOTOMTIKMV OVTICOUATOV £vavtl Tov ukol @opéa (34), n dvvotdmTa
0CQOAOVG KOl OMOTEAEGUATIKNG TOMIKNG YOPNYNONS UKDV QOpEé®V Yovidlakng Bepameiog oe
acBevelc pe OYKOLG NG TAELPITIKNG KOWOTNTOG KabloTtd T0 pecoOniiopa évav Aploto
Bepamevticd otdyo pe T xpnon yovidwakng Bepaneiog (19). Xe pia mpoécPaTa OAOKANp®UEVN
epyaoia (35), amodeiape TNV AMOTEAEGUOTIKOTNTO Kot TNV AGQAAELR VOGS UKoV gopéa VSV mov
e&éppale 10 yovidwo g IFN movtikiov oe éva poviého peconidpartog moviikiov. [Toiv
ONUOVTIKO onpeio elval 0Tt M KLTTOPIKY GEWPE oL YpnotpomomOnke Nrav avOeKTK otV
dpdon g IFN movtikiov kot enopéveos 0 TOALUTAAGIAGUOC TOV KOV POPEN KOTEGTY] dSLVATOG.
Abdy® avtoh TOL TAEOVEKTNUOTOS TOV GUYKEKPIUEVOL UKOV POpEa GE VO TPOKAIVIKO HOVTEAO
TOVTIKIOD, OKOMOC OLTAG TG  HeAéTNG Mtav  va  aflohoyNoel TNV OVTIIKOPKIVIKN
amoTEAEGLOTIKOTNTA TOV 1koV gopéa VSV .hIFN-B mov ekpdlet To yovidio g avOpmmvng IFN-
B, og pia peydin cepd avBpOTIVOV KUTTOPIKAOV GEPOV Kakon00vg LeGoONAMOUATOG.

Aappavovtag voyn v avdroyn tov gidovg opaon g IFN-B otov avtiotoryo xvttapiko
vrodoyéa, mpoodopicape TNV gvocncio evdg cLVOAOL AVOPAOTIVEOV KLTTUPIKAOV GEPOV
KakonBovg pecobnidpotog oty oykoivtiky dpdorn tov VSV.hIFN-B (mov emidpd udévo ctov
avBpamvo vrodoyéa tomov I IFN), kabdg kot tov VSV.MIFN-B (mov emdd povo otov vrodoyca
tomov | IFN tov movtikio). Evwid and 11g dmdeka avOpdmives KuTTOPIKEG GEPES VTEGTNOAY
KLTTOPIKT AV amd Tov ukd @opéa eAéyyov VSV.MIFN-B (kabdg kot amd éva devutepo popéa
eréyyov, tov VSV.GFP), evd ot té60ep1g Un-eEaAAayléveg KOTTAPIKES GEPEG LEGOOMAMOKDV
KLTTOPOV Topovsiocay Hkpotepo Badud Avong kot to&ikdtntog and toug idovg popeis. (Ew.
1%). Avté ta omoteléopato cupPadilovy LE EVPTLATO TPOTYOVUEVOV HELETAV TOV £XOVV deifet
OTL TO. KAPKIVIKA KOTTAPO, GE GOYKPIOT LLE TO PLGLOAOYIKG KOTTOPA OO TO, OTOi0 TPOEPYOVTAL,
glvo TEPLocOTEPO EMPPETN G€ KLTTOPIKN AVon and Tov 10 VSV (11, 13). Avtd vmodnimvel 6t n
TAELOYN QL0 TOV KLTTOPIKOV GEPDOV LEGOINMDUATOG £XOVV KATOL0 EAAEILIOTO GTO «LOVOTATL)
tov IFN. EmumAéov, n kuttopikn Aon and tov VSV avaotdrdnke teléiwg otic un-eEailayéves
KUTTOPIKEG GEPES LEGOIMAMAK®OV KLTTAP®VY dTav 0 ukdg opéag mov ypnoipomoonke e&éppale
10 yovidlo g avOpomvng IFN-B, evpnua mov vrootpilel v 10€a TG EVEOUATOONS TOV
yovidiov ¢ IFN pe oxomd g evioyvon TG avIUKNG KVTTAPIKTG TPOCTAGIOS.

Qot6c0 mapatnprnke 01t TeEPL6G0TEPO Ao T0 50% TOV KLTTAPIKAOV GEPDOV LeGOINADUOTOG
VIEGTNOOV UEPIKY] TTPOCTOGio. amd TNV KuttapdAvon pécm tov VSV pe mv mapovoio tov
yovidiov g avOpomivng IFN-B, ebpnua Tov VTOIMADVEL GNUAVTIKY] ETEPOYEVELD TNG ATTAVTINONG
TOV KAPKIVIKOV KLTTAPpOV pecodniidpotoc ot dpdon g IFN-B. Alamotdoape v mopovcio
3 TOTOV KLTTOPIKAOV GEPOV HeGoONAIdHOTOG e Bdon v ardvinon Toug otn dpdon g IFN-B.
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H opdda 1 kuttdpov pecobniopatog (3 and 12 cepég) mapovsiace avtiotaon ot AVorn 1060
amd tovg ukovg eopeic VSV ehéyyov, 660 kot oto gpopéa. VSV .hIFN-B, tpocopotdlovtag otig
un-eEaAlaypéveg GEPEC QUOIOAOYIKAOV pecoOnAlak®v kuttdpov. H opdda 2 kuttdpov
peconopatog (5 and 12 cepéc) véotnoay Avon amd Tovg ukovs opeig VSV edéyyov, aAld
nopovsiocay avtiotacn ot Avon omd tov eopéa VSV.hIFN-B. Aviibétmg, n opdado 3
KUTTOPIKOV GepdV (4 and 12 cepéc) eaivetol 6Tl TapoLCiNcE TANPN OVTICTACT] GTNV OVTIKY
npootacio g IFN-B kot cuvendg Ta KOTTAPO VTESTNGAV AVGT TOCO Ad TOVG POPEIS EAEYYOVL,
660 kot and 1o popéa VSV.hIFN-B. Avtd ta in Vitro eupfLoTo GCUUTITTOVY UE TO OTOTEAEGLOTOL
TPOKAIVIKOV UEAETMOV HE OYKOLG HECOOMAIDOUATOG TG YAOLTIOHNG YMDPOG TOVTIKIOV Ue cofapn
ocvvdvacuévn avocoavendpkela (SCID). Xpnowonowwvtag m oepd MSTO mov yoapaxtnpileton
a6 avtiotaon ot opaon g IFN-B, n adénon tov Oykwv g YAouTiodog yOpog aveSTOAN
onuovtikd toéco pe t ypnion tov VSV.hIFN-B, 6co kot pue 10 popéa VSV.MIFN-B (Ewk. 2A).
Avtibétag, ypnopomowwvtog T oepd REN, mov yapaxtmpileton and pepikn gvaichncio ot
avtuky] TpootatevTikn opdomn g IFN-B, oto 1610 poviého, n adénon tov peyébouvg twv dykwv
AVEGTAOAN OMUOVTIKG pe TN xoprynon tov eopéa VSV.MIFN-B, evéd n yoprynon tov VSV.hIFN-
B 0ev mpokdAese OTATIOTIKG OMUAVTIKY Sopopd oto péyehog TV OyK®V Ge OYEON WLE TOVG
oykovg eléyyov (Ew. 2B).

H etepoyéveln oty gvaioOnoia otig dpdoeic tov IFN tomov I mov mapoatnpndnke otig
TOPOUTAVD KVTTOPIKES OEPES peconldpatog Exel mapatnpnbel oe pio wowAio KapKvikov
KUTTOPIKOV GEPDOV, OTMOS KLTTOPIKEG GEWPES pelavopotos (2, 4), Aepoopotog (5), Kapkivov
ovpoddyov kvotg (6), kapkivov Tov veEpolh (2) kar kopkivov mpootatn (14). Avt)y n
noponpnon peretninke and v opdado tov Stodjl et al. (2000), 0 omoiog avéivoe éva chvoro
60 Kopkvik®v Kuttapik®v ospmv ord To National Cancer Institute (NCI). Bprikav 611 81% tmv
VIO €EETAON KLTTOPIKOV GEPOV Mtav «ovlekTikée» ot opdon ¢ IFN-o i IFN-B, 6mov
«ovOEKTIKOTNTOY OPIGTNKE MG 1 OVOTOTEAEGHATIKOTNTO TG Tpoékbeong oe 5 povadeg e IFN
va ovénoel T amotelespatikn ovykévipmon EC50 tov 100 VSV (wild-type) mov amatteiton yio
vo emeEpel kKuTTapkod Bavato petd amd 48wpec £kBeong otov 10. Qotdco, ot dwPaduicelg
evocOnciog otn dpdon g IFN (pepkn 1 oAkn) dev avarvdnkayv pe Wwaitepn Aettopépeta. Xe
OUYKPION UE VTN TN HEAETN, TO OMOTEAECUATA LOG VTOoTNPilovy TNV VIOPEN HEYOADTEPOL
TOGOGTOV KLTTAP®V HeconAdpatog mov eivar vaicOnrta otn dpdon tov IFN.

H ottiodoyio avtig g etepoyévelng oOlepevvidnke mePIGGOTEPO GLYKPIvOvTOG TN UN-
eCaAlaypévn KuTTapiky 6epd pecsodniokav kuttdpov LPI9, ™ pepikdg evaicOntm ot opdon
¢ IFN-B oepd REN (Opdda 2) kot v oepd LRK (Opdoa 3) mov givor avBektikn otn opdon
¢ IFN-B. H ogpd LRK mapovcioce molhamhd eileippata. Xe avtifeon pe 1o QLGIOAOYIKA
kottapa LP9, to mMRNA ¢ IFN-B, onwc ko n wpoteivn g IFN-B dev avénbnkav petd amnd
ékbeon otov 10 VSV (IMivexeg 2). Opoing ta emineda tov MRNA tov ISG (Interferon-
Sensitive-Genes) dgv avéndnkav petd ond éxbeon oe IFN-B (Mlivekag 3A) 7 otov 10 VSV
(Mivexag 3B). X¢ avtibeon pe ™ oepd LRK, n pepikdg evaicOnt ot dpdon g IFN-B cepd
REN nopovciace evddpeosc anaviioelg oty £kbeon IFN-B 1 otov 10 VSV. Av kou ta kOTTOpO
REN mapryoyav vynia erninedo IFN-f mMRNA petd ond ékbeon otov 10 VSV (IMivekag 2), n
wKavOTNTa ToVg Vo awEdvouy ta emtineda MRNA avTiuk®v TpoTevaOv mov e£opTdvIoL amd TV
éxppaon g npoteivng IFN-B petd and éxbeon oty IFN- (Ilivekag 3A) kot otov 10 VSV
(Mivekag 3B) Ntav onpavtikd xapnAotepo. amd o, avtioTolyo eninedo Tov HeTpONKay ot un-
eCarhaypévn oepd LP9. Avtd ta svpipato mopovctdlovv opotdTnTeG LE avTiGTOLY0. EVPILATOL
uiog epyaciog mov dekntepau®ONKE e Vol GOVOLO KLTTAPIK®OV GEP®V YAolofAactdpatog (30).
Xg ouTnV TV €PYOCia, PLGIOAOYIKA OVOPOTIVA AGTPOKVTTAPO TAPOLGINGAYV AVOEKTIKOTNTO GE
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ékbeon otov 10 VSV, evdd 4 amd Tig 5 KLTTOPIKEG GEPEG YAOLOPAACTMUATOS TOPOLGIOGOV
peyaAn evootnoio otnv Avtikn dpdon tov 100 VSV, akdpa kot Hetd amd mpo-ékbeon oty IFN-
a. OAég ot oelpég mov VIESTNGAV KLTTOPIK AVvon omd tov VSV mapovciocav eAAEpotiKyg
KAVOTNTO AOENOTNE TOV OVTUKADV TPOTEWVOV, OTtmg 1 MXA, mov pvBuilovion and v IFN, kot o
50% TV KLTTOPIKOV GEPOV YoV EAAEUROTIKY tKavOoTnTo Tapaywmyns tov MRNA g IFN-B
petd anod éxbeon otov 16 VSV.

H attiodoyia g etepoyévelag e evaisinciog Tov KuTtdpov pecodniidpatog oty dpdon g
IFN diepeuvnbnke mepiocdtepo pe moocotikn real-time PCR avdivon tov MRNA tov
TPOTEWVAOV-0YYEAMOPOPOV TOV GUUUETEYOVY G6TO «povordtyy Tov IFN tomov I pe okomd tov
TPOGOOPICUO TOOVAOV EALEYUUATOV TOV TIG dLdpopes oepés pecodnopotog (Ewkéva 3). Ta
KOtTapa pesondpatog ™me Opadog 1 (avBextikd oe Ao ta strain tov VSV) mapovciocay
eEapetikd vynia enimedoa MRNA yovidimv mov evepyomolovv to «uovomdty twv tomov [ IFN
o€ oOYKPLoN HE T PLGLOAOYIKG peconAtaxd kottopa (Ewkova 3). Ta kdttapo g Ouddag 2
(evaicOnto ot Avon pe ta strain gléyyov tov VSV, oAld avbektikd ot Adon omd 1o
VSV.hIFN-B) giyav mapdpola emineda MRNA yovidiov mov evepyomolovy T0 «UOVOTATLY TMV
tonmov I IFN og cOykpion pe ta pustoroyikd pecodniokd kouttapa (Ewk. 3). Ta xottapa g
Ouadoc 3 (evaicOnta ot Avon amd ta strain eléyyov VSV kot and 1o VSV.hIFN-B) eiyov mold
xopnAd 1 un aviyvedoo enineda MRNA oyeddv tov tepiocdtep@V YoVIdIwV TOV EVEPYOTOLOVV
10 «povomaty Tov tomov I IFN. Avtd ta amotedéopata (pe v e€aipeon g ospdac MSTO)
VITOONAD®VOLV OTL LPIGTOVTOL EAAEIUUOTA TOAAATADY GUGTATIKOV TPOTEWVOV TOV «ULOVOTATIOV»
tov IFN, mov pmopel va e€nynoet yiati ta kbtropa pesodniopatog g Opdadag 3 dev givat
gvaiocOnta oV avtukn dpdon g IFN.

[Ipooradnoape va ocvoyeticovpe ovTd TO €VpNUOTO Kol o€ aobevelc pe  dykovg
pecoOniodpatog. Xpnotlomomoope avocoictoynueic o topég detypudtov amd 48 OdyKovg
peconlopatog ywoo va mpocolopicovpe to Pacikd emimeda EKQpacng TPV PACIKOV
GLGTATIKOV TPAOTEIVOV TOV «HovoraTiovy twv Tomov I IFN mov mapovsiocay yapunin £kepacn
o115 kuttapkég oepéc (IFNARL, p48 kar PKR), kot dtomictocape 6t mepinmov 50% tov dykwov
dev mapovciacav kavéva EAlelupa ot ovykekpyéveg mpoteives (Ewk. 5D), vmodnidvovrag
mhoavn evasnoia avtdv TV dykwv otig opacels twv tomov I IFN. Eivor evdiapépov 6t 1
npwteivn p48 (mov moapovciale cuoTNUATIKA YaunAn Ekppocn o€ Oleg Tic avlektikés otnv IFN
KUTTOPIKEG GEPES) KOIKOTOIEITOL 0O €va YOVidlo mov evtomileTon 6To Ypopocopn 149. Mia
TPOGEUTN UHEAETN «amdAews gTepolvymTikdotnTtacy ond tovg Rienzo et al. (36) édeée ot
nepinov 43% tov Oykov pecodnlidpatog mapovctdlovy anmieles aAAnAiov mov Bpickovton
010 Ypopocopa 14q, kdtt mov mbavadg propel va eEnynoet o mapandve 0pnua.

Xpnoponowmvtag detypoto amd pio Tpdcseatn KAvikn peAétn (26) evoomAevpikng yopnynong
adevoiov mov Kmdikomolel To yoviolo g IFN-B (Ad.IFN-B) oe acOeveic pe pecoOniiopa,
TPOooTAONGALE VO TPOGOOPICOVE av 1 EKQpacn TG TpwTeivng P48 umopel va mpoPfAéyetl v
napovcio svarcnoiog otic dpdoeig g IFN. Xe tpia detypota pe emapkn mocodHTNTO KLTTAP®V,
TOPATNPNCALE TNV TOPOVGin Pacikng Ekppacng TG P48 TpmTEivG Ywpic TV emidpacn ukng
TPOGPOANG, M Omoio. GLOYETIOTNKE HE oNUOVTIKN avénorm g e&optopevng amd v IFN
npwteiviig OAS petd oamd éxbeon otov ukd @opéa Ad.IFN-B (Ewk. 4 Kol GOUTANPOUOTIKY
Ewova S3). Av ko givor amoapaitnteg mepiocdtepeg peréteg (m.y. o€ Ostypoto pe pndgvikn
Bacwn ékepaon ¢ TpoTeivig P48), avutd Ta eupHuaTe VTOSTNPILOVY TOV TPOGOOPICUO TNG
Bactkng Ekepoong TPMTEIVAOV OT®G 1) P48 e T ¥pNoN avocoicToynpelag og delypato OyK®V Mg
delkn amovTNTIKOTNTAG KOl EVoeOnciag otn ALTIKn dpAcT UK®OV POPEMV TOV KOOIKOTOLOVY TO
yoviowo g IFN.
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Mia khvikr pedétn mov mpoteivel ) ypnon tov VSV.hIFN-B e acbeveig pe nratoxvttopikd
Kapkivo €yel oM voPAndei oto “DNA Recombinant Advisory Council” kot givon mboavo 61t Oa
akolovOnoovv kot GAdec mopduoleg mpotdoelg . To amoteAéopato OLTAG NG HEAETNG
vrootnpilovy TV 0pYAvV®OT KAVIKGOV HEAETMV oL Bal EETAGOVY TN YpNon UKDV popiéwv VSV
oe acbeveic pe pecoiiopa; wotdéco sivar mhovod OtL ot dykor pecodnidpoatog Oo
Tapovcldlovy TepoyEVELD EVAICONGIOG GTN AVTIKT OPAGT TOL GLYKEKPIUEVOL UKOV QOPEN, KOTL
oV ThavOV vo KaOoTd yproun v avevpeot Ploymuikav deikt®v mov Oa mpofAémovy v
gvatonoio kabe dykov pecobnidpatoc otn Adon and cvykekpéva ukd strains tov VSV
(«e€atopukevpévn aTpikn»). Avtd pmopetl va meptiapfavel mv e&€taon dSerypdtomv dykov yio
TOV TPOGOIOPIGUO THG IKOVOTNTAS TOVG va emttpémovy tov ToAllamiactooud tov VSV (37, 38);
®wotdc0 Qaivetar ott M ypron avocoictoynueiog 1 PCR avélvong oe Ployieg dykov yo tnv
avebPEDT) EALEUUATOV POCIKOV GLGTATIKGOV TOL «Uovomotiov» Tev IFN, 6mtmg ot mpmteiveg
IFNARs, Tyk2 1 p48 (4), paivetar vo givor ToAD o mpaktikny Avor. Ta gupipote ovthig g
peAétng €deiEav 01t M e&étaon g evaicOnoiog aclevov pe dykovg pecodnAdpatog otnv
avtukn opaon g IFN mpv and v évapén Bepamneiog eivar gpikt. Avti 1 avdivon g
evooOnoiog omv IFN  eivor mBoavov va elvar ypiown xor oty wpdPreyn g
QMOTEAEGLOTIKOTN TS AAAMV OYKOADTIK®OV 10V (.. 10¢ Adpag, 10¢ Newcastle Disease i peoiog),
TOV OMOI®WV 1 OMOTEAECUOTIKOTNTO TG ALTIKNG Opdong efaptdtor omd TV mapovcio
eMeppdtov tov «povomatiov» Tov IFN ota kapkivikd kuttapa. Extog amd ™ ypnotpdtto e
omv odkpion acBevav pe pecodniiopo pe ™ mBavotepn PEATIOTN AmAVINGT OTN AVLTIKY
dpdon tov VSV, 1 yvdon g TAnNpoOTNTOC 1} Un ToL «povortatiovyn Tv IFN evdg dykov umopet
Vo emMEEPEL TEPALTEP® TPAKTIKES OepamevTikes epappoyéc. H mpdopartn pedétn mov £de1Ee Ot
XPNOTN OVAGTOAE®V TOV OTOOKETVAMTAOV TOV IGTOVAV avOcTEALEL TO «uovordtyy Tov IFN (38)
VRTOONA®VEL évav OOV POLO TOVG MG GLUTOPAYOVI®V GE acBeveic pe dyKovg mov €xovv pia
vroAewmopevn evotcinoia ot dpdon tov IFN.

4.5. Moapomopnéc

1.Parato, KA, Senger, D, Forsyth, PA, Bell, JC. (2005). Recent progress in the battle between
oncolytic viruses and tumours. Nat. Rev. Canc. 5: 965-976.

2. Linge, C, Gewert, D, Rossmann, C, Bishop, JA, Crowe, JS. (1995) Interferon system defects
in human malignant melanoma. Cancer Res. 55: 4099-4104.

3.Pfeffer LM, Wang C, Constantinescu SN, Croze E, Blatt LM, Albino AP, Nanus DM. (1996).
Human renal cancers resistant to IFN's antiproliferative action exhibit sensitivity to IFN's gene-
inducing and antiviral actions. J Urol. 156: 1867-1871.

4.Wong LH, Krauer KG, Hatzinisiriou I, et al. (1997). Interferon-resistant human melanoma
cells are deficient in ISGF3 components, STAT1, STAT2, and p48-ISGF3gamma. J Biol Chem
272 :28779-28785.

5.Sun WH, Pabon C, Alsayed Y, Huang PP, Jandeska S, Uddin S, Platanias LC, Rosen ST.

(1998) Interfeon-alpha resistance in a cutaneous T-cell lymphoma cell line is associated with
lack of STAT1 expression. Blood 91: 570-576.

92


http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Parato%20KA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Senger%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Forsyth%20PA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bell%20JC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Linge%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gewert%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rossmann%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bishop%20JA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Crowe%20JS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pfeffer%20LM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wang%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Constantinescu%20SN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Croze%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Blatt%20LM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Albino%20AP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nanus%20DM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sun%20WH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pabon%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Alsayed%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Huang%20PP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jandeska%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Uddin%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Platanias%20LC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rosen%20ST%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

6. Matin SF, Rackley RR, Sadhukhan PC, Kim MS, Novick AC, Bandyopadhyay SK. (2001).
Impaired alpha-interferon signaling in transitional cell carcinoma: lack of p48 expression in 5637
cells. Cancer Res 61: 2261-2266.

7. Stojdl, DF, Lichty, BD, TenOever, BR, et al. (2003). VSV strains with defects in their ability
to shutdown innate immunity are potent systemic anti-cancer agents. Cancer Cell. 4: 263-275.

8. Russell, SJ. (2002) RNA viruses as virotherapy agents. Cancer Gene Ther. 9: 961-966.

9.0buchi M, Fernandez M, Barber GN. (2003). Development of recombinant vesicular stomatitis
viruses that exploit defects in host defense to augment specific oncolytic activity. J Virol 77:
8843-8856.

10. Lichty BD, Power AT, Stojdl DF, Bell JC. (2004). Vesicular stomatitis virus: re-inventing
the bullet. Trends Mol Med 10: 210-216.

11. Balachandran S, Barber GN. (2000). Vesicular stomatitis virus (VSV) therapy of tumors.
IUBMB Life 50: 135-138.

12. Balachandran S, Porosnicu M, Barber GN. (2001). Oncolytic activity of vesicular stomatitis
virus is effective against tumors exhibiting aberrant p53, Ras, or myc function and involves the
induction of apoptosis. J Virol 75: 3474-3479.

13.Stojdl DF, Lichty B, Knowles S, et al. (2000). Exploiting tumor-specific defects in the
interferon pathway with a previously unknown oncolytic virus. Nat Med 6: 821-825.

14. Ahmed M, Cramer SD, Lyles DS. (2004). Sensitivity of prostate tumors to wild type and M
protein mutant vesicular stomatitis viruses. Virology 330: 34-49.

15. Ebert O, Harbaran S, Shinozaki K, Woo SL. (2005). Systemic therapy of experimental breast
cancer metastases by mutant vesicular stomatitis virus in immune-competent mice. Cancer Gene
Ther 12: 350-358.

16. Ebert O, Shinozaki K, Huang TG, Savontaus MJ, Garcia-Sastre A, Woo SL. (2003).
Oncolytic vesicular stomatitis virus for treatment of orthotopic hepatocellular carcinoma in
immune-competent rats. Cancer Res 63: 3605-3611.

17. Huang TG, Ebert O, Shinozaki K, Garcia-Sastre A, Woo SL. (2003). Oncolysis of hepatic
metastasis of colorectal cancer by recombinant vesicular stomatitis virus in immune-competent
mice. Mol Ther 8: 434-440.

18.Shinozaki K, Ebert O, Kournioti C, Tai YS, Woo SL. (2004). Oncolysis of multifocal
hepatocellular canrcinoma in the rat liver by hepatic artery infusion of vesicular stomatitis virus.
Mol Ther 9: 368-376.

93


http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shinozaki%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ebert%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kournioti%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tai%20YS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Woo%20SL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

19. Lun X, Senger DL, Alain T, et al. (2006). Effects of intravenously administered recombinant
vesicular stomatitis virus (VSV(deltaM51)) on multifocal and invasive gliomas. J Natl Cancer
Inst 98: 1546-1557.

20.Bergman |, Griffin JA, Gao Y, Whitaker-Dowling P. (2007). Treatment of implanted
mammary tumors with recombinant vesicular stomatitis virus targeted to Her2/neu. Inter. J.
Canc. 121: 425-430.

21. Wu Y, Lun X, Zhou H, et al. (2008). Oncolytic efficacy of recombinant vesicular stomatitis
virus and myxoma virus in experimental models of rhabdoid tumors. Clin Cancer Res 14: 1218-
1227.

22.Sung CK, Choi B, Wanna G, Genden EM, Woo SL, Shin EJ. (2008). Combined VSV
oncolytic virus and chemotherapy for squamous cell carcinoma. Laryngoscope 118: 237-242.

23. Sterman DH, Albelda SM. (2005). Advances in the diagnosis, evaluation, and management
of malignant pleural mesothelioma. Respirology 10: 266-283.

24.Sterman DH, Gillespie CT, Carroll RG, Coughlin CM, Lord EM, Sun J, Haas A, Recio A,
Kaiser LR, Coukos G, June CH, Albelda SM, Vonderheide RH. (2006). Interferon beta
adenoviral gene therapy in a patient with ovarian cancer. Nat Clin Pract Oncol 3: 633-639.

25.0daka M, Wiewrodt R, DeLong P, Tanaka T, Zhang Y, Kaiser L, Albelda S. (2002). Analysis
of the immunologic response generated by Ad.IFN-beta during successful intraperitoneal tumor
gene therapy. Mol Ther. 6: 210-218.

26.Sterman DH, Recio A, Carroll RG, et al. (2007). A phase | clinical trial of single-dose
intrapleural IFN-beta gene transfer for malignant pleural mesothelioma and metastatic pleural
effusions: high rate of antitumor immune responses. Clin Cancer Res 13: 4456-4466.

27.Connell ND, Rheinwald JG. (1983). Regulation of the cytoskeleton in mesothelial cells:
reversible loss of keratin and increase in vimentin during rapid growth in culture. Cell 34: 245-
253.

28.Murphy JE, Rheinwald JG. (1997). Intraperitoneal injection of genetically modified, human
mesothelial cells for systemic gene therapy. Hum Gene Ther 8: 1867-1879.

29.Jassar, A., Suzuki, E., Kapoor, V., et al. (2005) Activated Tumor-Associated Macrophages
and CD8" T-cells are the Key Mediators of Anti-tumor Effects of the Vascular Disrupting Agent
5,6 Di-methylxanthenone-4-acetic Acid (DMXAA) in Murine Models of Lung Cancer and
Mesothelioma. Cancer Res., 65: 11752-11761.

30.Remmele, W., and Stegner, H.E. (1987). Recommendations for a uniform definition of an

immunoreactive score (IRS) for immunohistochemical estrogen receptor detection (ER-ICA) in
breast cancer tissue. Pathology 8, 138-140.

94


http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bergman%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Griffin%20JA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gao%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Whitaker-Dowling%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sung%20CK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Choi%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wanna%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Genden%20EM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Woo%20SL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shin%20EJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sterman%20DH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Albelda%20SM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sterman%20DH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gillespie%20CT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Carroll%20RG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Coughlin%20CM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lord%20EM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sun%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Haas%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Recio%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kaiser%20LR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Coukos%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22June%20CH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Albelda%20SM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vonderheide%20RH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Odaka%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wiewrodt%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22DeLong%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tanaka%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhang%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kaiser%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://proxy.library.upenn.edu:5567/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Albelda%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

31. Decker T, Stockinger S, Karaghiosoff M, Muller M, Kovarik P. (2002). IFNs and STATSs in
innate immunity to microorganisms. J Clin Invest 109: 1271-1277.

32. Brin E, Atencio I, Helmich BK, Maneval D, Laface D. (2006) Adenovirus delivery provides
extended interferon-alpha exposure and augments treatment of metastatic carcinoma. Cancer
Gene Ther. 13: 664-75.

33.Ahmed, C.M.I., D.E. Johnson, G.W. Demers, H. Engler, J.A. Howe, K.N.,Wills, S.F.
Wen, J. Shinoda, J. Beltran, M. Nodelman, T. Machemer, D.C., Maneval, T.L. Nagabhushan,
B.J. Sugarman. (2001). Interferon alpha2b gene delivery using adenoviral vector causes
inhibition of tumor growth in xenograft models from a variety of cancers. Cancer Gene Ther 8:
788-795.

34.Power AT, Wang J, Falls TJ, et al. (2007). Carrier cell-based delivery of an oncolytic virus
circumvents antiviral immunity. Mol Ther 15: 123-130.

35.Willmon, C.L., Saloura, V., Fridlender, Z.G., Wongthida, P., Diaz, R.M., Thompson, J.,
Kottke, T., Federspiel, M., Barber, G., Albelda, S.M., and Live, R.G. (2009). Expressino of IFN-
B enhances both efficacy and safety of oncolytic vesicular stomatitis virus (VSV) for therapy of
mesothelioma. Cancer Res. 69, 7713-7720.

36.De Rienzo, A, Jhanwar SC, and Testa JR. (2000) Loss of Heterozygosity Analysis of 13qg and
14q in human malignant mesothelioma. Genes, Chromosomes and Cancer, 28:337-341.

37. Wollmann G, Robek MD, van den Pol AN. (2007). Variable deficiencies in the interferon
response enhance susceptibility to vesicular stomatitis virus oncolytic actions in glioblastoma
cells but not in normal human glial cells. J Virol 81: 1479-1491.

38. Nguyen T, Abdelbary H, Arguello M, et al. (2008). Chemical targeting of the innate antiviral
response by histone deacetylase inhibitors renders refractory cancers sensitive to viral oncolysis.
Proc. Natl Acad Sci, USA, 105: 14981-14986.

95



5. MPQTOTYIIH AHMOZXZIEYXH THX TAPAITANQ MEAETHZX (4)

96



HUMAN GENE THERAPY 21:1-14 (January 2010)
@ Mary Ann Liebert, Inc.
DOI: 10.1089/hum.2009.088

Research Article

Evaluation of an Attenuated Vesicular Stomatitis
Virus Vector Expressing Interferon-f; for Use in Malignant
Pleural Mesothelioma: Heterogeneity in Interferon
Responsiveness Defines Potential Efficacy

Vassiliki Saloura,"" Liang-Chuan S. Wang"* Zvi G. Fridlender! Jing Sun! Guanjun Cheng,
Veena Kapoor, Daniel H. Sterman! Ronald N. Harty,” Atsushi Okumura? Glen N. Barber;?
Richard G. Vile," Mark J. Federspiel,* Stephen J. Russell/ Leslie Litzky® and Steven M. Albelda’

Abstract

Vesicular stomatitis virus (VSV) has shown promise as an oncolytic agent, although unmodified VSV can be
neurotoxic. To avoid toxicity, a vector was created by introducing the interferon-f (IFN-f) gene (VSV.IFN-f). We
conducted this study to determine the ability of VSV.IFN-f to lyse human cancer (mesothelioma) cells and to
evaluate the potential of this recombinant virus for dinical translation. Four normal human mesothelial and 12
mesothelioma cell lines were tested for their susceptibility to VSV vectors in vifro. VSV.hIFN-f did not cause
cytotoxicity in any normal lines. Only 4 of 12 lines were effectively lysed by VSV.hIFN-f. In the eight resistant
lines, pretreatment with IFN-fi prevented lysis of cells by VSV.GFP, and VSV infection or addition of IFN-f
protein resulted in the upregulation of double-stranded RNA-dependent protein kinase (PKR), myxovirus re-
sistance A (MxA), and 2',5"-oligo-adenylate-synthetase (2'5-OAS) mRNA. In the susceptible lines, there was no
protection by pretreatment with IFN-f protein and no IFN- or VSV-induced changes in PKR, MxA, and 2'5"-OAS
mRNA. This complete lack of IFN responsiveness could be explained by marked downregulation of interferon
alpha receptors (IFNARs), p48, and PKR in both the mesothelioma cell lines and primary tumor biopsies
screened. Presence of p48 in three tumor samples predicted responsiveness to IFN. Our data indicate that many
mesothelioma tumors have partially intact IFN pathways that may affect the efficacy of oncolytic virotherapy.
However, it may be feasible to prescreen individual susceptibility to VSV.IFN-f by immunostaining for the
presence of p48 protein.

Introduction

ONCOLYTIC VIROTHERAPY i an emerging platform in
cancer therapeutics (Parato ef al., 2005). A group of small
unmodified RNA viruses, induding vesicular stomatitis virus
(VSV), demonstrate inherent specificity for tumor cells which
appears to be due, in part, to defective innate antiviral host
defense mechanisms in tumor cells (Russell, 2002). These RNA
viruses are normally relatively nonpathogenic because of their
high sensitivity to the antiviral actions of type I interferons
(IFNs). IFN-f, produced by normal cells as a result of viral

infection, upregulates the expression of IFN-stimulated anti-
viral genes (ISGs), such as myxovirus resistance A (MxA), 2’5"~
oligo-adenylate-synthetase (2’5-OAS), and double-stranded
RNA-dependent protein kinase (PKR), and subsequently IFN-x
in adjacent cells (Wathelet et al., 1998; Stojdl et al., 2003). These
proteins potently inhibit replication of the viral genome and
thus protect adjacent normal cells from the viral attack. Tumor
cells of many tumor types have been reported to be relatively
resistant to the antiviral protective effect of type I IFNs because
of aoquired mutations in the IFN pathways that presumably
allow them to gain proliferative potential (Linge et al., 1995;
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Pfeffer etal., 1996; Wong et al., 1997; Sun et al., 1998; Matin et al.,
2001; Stojdl et al., 2003; Parato et al., 2005).

VSV is a rapidly replicating, negative single-stranded
RNA virus that belongs to the Rhabdoviridae family and is
relatively nonpathogenic to humans (Russell, 2002; Obuchi
et al., 2003; Lichty ef al., 2004; Parato et al., 2005). VSV rep-
licates more efficiently in tumor cells compared with normal
“nontransformed” cells, which i attributable to flaws in
cancer cells’ innate immune responses involving the IFN
system, tumor-related defects in translational regulation, and
abnormal signaling pathways in cancer cells that support
viral replication (Balachandran and Barber, 2000; Stojdl et al.,
2000; Balachandran et al., 2001). VSV has shown significant
promise in a variety of preclinical tumor models, such as
melanoma, squamous cell cancer, ovarian cancer, colorectal
carcinoma, prostate cancer, breast cancer, rhabdoid tumors,
leukemia, hepatocellular carcinoma, and glioblastoma (Ebert
et al., 2003, 2005; Huang et al., 2003; Stojd1 et al., 2003; Ahmed
etal., 2004; Shinozakiet al.,, 2004; Lun et al., 2006; Bergman et al.,
2007; Diaz et al., 2007; Sung et al., 2008; Wu et al., 2008).

Many primary human and murine cells have been shown
to exhibit significant resistance to VSV infection in vifro, yet
high titers of VSV can still lead to lethal infection in vwe with
death primarily due to neurologic complications (Stojdl et al.,
2000; Obuchi et al., 2003). For use in human gene therapy,
therefore, efforts have been made to develop approaches that
will allow enhanced safety, with minimal loss of selectivity
and efficacy (Stojdl et al., 2000, 2003; Obuchi et al., 2003;
Lichty et al., 2004). Genetic approaches aimed at creating
strains of VSV that enhance IFN production in infected cells
have thus been pursued. One of strategies has been to di-
rectly introduce the IFN-f gene into the viral genome, gen-
erating very high levels of IFN-f protein as the virus
replicates (Obuchi et al., 2003).

Malignant pleural mesothelioma has a dismal prognosis
and is resistant to chemotherapy and radiation therapy;
however, its localized nature makes it potentially amenable to
gene or oncolytic viral therapy and our preclinical and clinical
studies in this regard have been promising (Sterman and Al-
belda, 2005). Our group has been conducting predinical and
clinical trials for mesothelioma tumors with a nonreplicating
adenoviral vector expressing human IFN-§ (Odaka et al,, 2002;
Sterman et al., 2007). We have seen strong antitumor effects
that are mediated primarily through virus-induced inflam-
mation in combination with tumor cell secretion of IFN-f that
leads to both innate and acquired immune-mediated antitu-
mor responses. A replicating vector that also expresses [FN-fi
(i.e., VSV hIFN-$) was thus of particular interest to us.

We postulated that a replicating vector that delivered IFN-
p might provide added antitumor effects through both
amplified transgene expression and direct virus-mediated
tumor cell lysis. Given the promise of VSV as an oncolytic
agent and the availability of a VSV-human IFN-f vector, we
conducted this study to (1) study the ability of VSV to lyse
human mesothelioma cells and (2) evaluate the potential of
the VSV.IFN-§ for clinical translation.

Materials and Methods

Cell lines

Human mesocthelioma lines. The human OK1, OK2,
OK5, OK6, and OK7 cell lines were provided by Dr. Claire
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Verschaegen (University of New Mexico). H2052, I-45, and
MSTO lines were purchased from the American Tissue Type
Collection (Manassas, VA). The human Pt108, REN, LRK,
and M30) lines were derived from patient samples at the
University of Pennsylvania. OK1, OK2, OK5, OK6, OK7,
M30, REN, LRK, H2052, and MSTO were grown in Roswell
Park Memorial Institute (RPMI) culture medium supple-
mented with 10% fetal bovine serum (FBS), 2 mM r-glutamine,
and 2mM penicillin/streptomycin. [-45 cells were also grown
in the same supplemented RPMI medium with addition of
0.1 M nonessential amino acids (Invitrogen, Carlsbad, CA).
Pt108 cells were maintained in E-medium, which consists of
RPMI 1640 culture medium plus 10 ug/ml insulin, 10 pg/ml
transferrin, 10 M ethanolamine, 10ng/ml selenium, 2mM
glutamine, 10mM 4-(2-hydroxyethyl)-1-piperazine-ethane
sulfonic acid (HEPES), 05mM sodium pyruvate, 0.1 mM
nonessential amino acid, penicillin/streptomycin, 1ng/ml
epidermal growth factor, 18ng/ml hydrocortisone, and
0.1nM T3 hormone.

Human mesothelial cell lines. LP9, HM1, and HM3 cell
lines were kindly provided by Dr. James Rheinwald (Dana
Farber Cancer Institute); these cell lines were grown in the
spedal culture mediun supplemented with hydrocortisone
(1000 ug per 500 ml) and epidermal growth factor as previously
described (Connell and Rheinwald, 1983; Murphy and Rhein-
wald, 1997). PFIM cells were obtained by growing cells from
nonmalignant pleural fluid in the same culture medium.

Viral strains

The VSV.mIFN-$ and VSV hIFN-f vectors were originally
described by Obuchi et al. (2003). VSV.GFP was generated as
previously described (Diaz ef al., 2007). Viral stocks were
manufactured by the Core Viral Facility of Mayo Clinic
(Rochester, MN). All vectors were amplified in Baby Ham-
ster Kidney (BHK) cells and were titered by standard plaque
assay of BHK cells.

MTT assay

To perform the 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl
tetrazolium bromide (MTT) assay, cells were plated in qua-
druplicate on 96-well plates (5000 cells/well in RPMI or
Dulbecco’s modified Eagle’s medium [DMEM] medium with
10% FBS) and were infected with different multiplicities of
infection (MOIs) (10, 1, 0.1, 0.01, and 0) of the VSV.mIFN-f,
VSV hIFN-f, and VSV.GFP viruses. Viability was assessed at
successive time points (24, 48, or 72hr) by developing the
reaction assay per manufacturer’s instruction (Promega,
Madison, WI). Optical density was read at 570nm and cor-
rected using a background control value.

Plaque assays

To evaluate the ability of VSV.hIFN-f to replicate in me-
sothelioma cells, LP9, REN, and LRK cells were infected at an
MOI of 1. The supematants were collected 24 hr later and
titered by standard plaque assay of BHK cells. In addition,
PFIM, REN, and LRK cells were pretreated with human
IFN-f for 24 hr at 1 and 10,000 U/ml, followed by infecting
the cells with VSV.GFP. The supematants and cell lysates
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were collected at 6, 24, and 48 hr postinfection to measure the
virus titers.

Preparation of IFN-f and IFN-inducible gene
(MxA, 2'5'-OAS, and PKR) mRNA

To collect mRNA for reverse transcriptase-polymerase
chain reaction (RT-PCR) after VSV.GFP infection or IFN-f§
exposure, T25 flasks of REN, LRK, and LP9 cells (1.3x10°
cells) were left as controls, infected with VSV.GFP at an MOI
of 10, or exposed to 2.5ml of 10U /ml hIFN-f in RPMI1/10%
FBS or DMEM/10% FBS. After 1hr, the viral inoculum was
aspirated in the infected flasks, cells were washed with PBS
twice, and 2.5ml of supplemented RPMI medium was ap-
plied in each of the flasks for 5 hr. After 6 hr from the time of
infection or application of IFN-f, the medium was aspirated
and cells were placed in TRIzol Reagent (Invitrogen) using
300yl in each flask, which were combined to 1ml for each
condition. Samples were frozen at —80°C.

Total RNA were isolated using the protocol provided by
the manufacturer, followed by removal of contaminating
genomic DNA by DNase I treatment (Roche Molecular Bio-
chemicals, Indianapolis, IN). High-quality RNA was con-
firmed by running an aliquot of each sample on a denaturing
formaldehyde/agarose/EtBr gel.

Real-time RT-PCR

Quantitative analysis of mRNA expression was performed
using real time RT-PCR. Three micrograms of total RNA were
reverse transcribed to ¢cDNA, using Oligo(dT);s primer (Pro-
mega) and SuperSaript [1I reverse transcriptase (Invitrogen),
following the protocol provided by the manufacturer. Syn-
thesized ¢cDNA was normalized to fractin, glyceraldehyde
3-phosphate dehydrogenase (GAPDH), or 185 rRNA levels
and quantification of tumor mRNA levels was performed as
previously described (Jassar ef al, 2005). Relative levels of
expression of each of the selected genes (fold change in
VSV.GFP-infected or IFNf-treated vs. control) were deter-
mined. Each sample was run in quadruplicate and the ex-
periment was repeated at least once using the Smart Cycler
System (Cepheid, Sunnyvale, CA). The primers were designed
based on ¢cDNA and genomic DNA sequence available in
GenBank (primer sequences available upon request).

Pretreatment assays with hIFN-

Cells were plated on 96-well plates (5000 cells/well) and
were incubated overnight. On the next day the medium was
discarded and hIFN-f (PBL InterferonSource, Piscatway, NJ)
was added at various dilutions made with RPMI- or DMEM-
supplemented medium (1, 10, 100, 500, 1000, and 10,000U/
ml). The activity of hIFN-f was 5pg/unit. After 24 hr of in-
cubation with IFN-f, the medium was discarded and cells
were infected with VSV.GFP at an MOI of 0.05. Four wells
were used for infection with VSV.GFP alone and four wells
as controls with medium only. MTT assay was performed
48 hr after infection.

IFN-f ELISA

REN, LRK, and LP9 cells (1x10°) were plated in six-well
plates in triplicate and were incubated in 1ml of supple-
mented RPMI or DMEM medium overnight. On the next day,
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the cells were infected with VSV.GFP and VSV.hIFN-p at an
MOI of 1 in a total volume of 100 yl. After 1 hr, the inoculum
was aspirated, flasks were washed with PBS twice, and 400 pl
of RPMI or DMEM culture medium was applied. Twenty-four
hours after the time of infection, the medium was collected,
spun for 10 min at 13,000 rpm to remove dead cells, and re-
tained at —80°C to quantify human IFN-f by ELISA according
to manufacturer’s instructions (PBL InterferonSource).

INF-§ bioassay

Human mesothelial cells and human mesothelioma cells
were infected with VSV.GFP at an MOI of 10 and superna-
tants were harvested at 24hr. The supemnatants were in-
activated for viral activity by heating at 56°C for 30 min. REN
cells were plated at a density of 5000 cells/well and then
incubated with the heat-inactivated supernatants for 24 hr.
The supematants were discarded and VSV.GFP at an MOI of
10 was added for 48hr. The MTT assay was performed to
assess the viability of REN cells after incubation with the
supematants. The hIFN-f levels in the supematants were
determined by comparing the survival results from the MTT
assay to a standard curve performed with known concen-
trations of hIFN-f. For our standard curve, REN cells were
plated at a density of 5000 cells/well and incubated with
hIFN-f concentrations ranging from 0.01 to 10U/ml pre-
pared in supplemented RPMI medium. The sensitivity of the
assay was .01 U/ml of hIFN-f.

Animal studies

SCID mice were purchased from the Wistar Institute
(Philadelphia, PA). Three groups of SCID mice (n=6-8 per
group) were injected with 1x10° cells (REN or MSTO) on the
hind flank. Once tumor size reached approximately
200 mm?”, intratumoral injections were performed with con-
trol medium or 6.6x10° pfu of vector in 100 ul. of PBS
(VSV.mIFN-$ and VSV.hIFN-f) once weekly for 3 consecu-
tive weeks. Tumors were measured twice per week with
calipers and mice were monitored for toxicity. Mice were
euthanized if toxicity was evident or tumor burden exceeded
1500 mm®. The Animal Use Committee of the University of
Pennsylvania approved all protocols in compliance with the
Guide for the Care and Use of Laboratory Animals.

Cytology blocks of primary tumor cells
in pleural effusions

To analyze actual patient samples, we obtained pleural
effusion samples from mesothelioma patients who were part
of a phase I trial of intrapleural administration of an ade-
novirus expressing IFN-f (Ad.IFN-f) (Sterman ef al., 2007).
Samples were collected before and 24 hr after receiving the
vector, at a time when pleural fluid IFN-§ levels were
markedly increased. To evaluate the cells, pleural effusion
fluids were spun down at 1500 rpm and the cell pellet was
resuspended with molten 1% agarose in PBS. The samples
were fixed with 1% formalin overnight and later embedded
with paraffin for immunohistochemical staining.

Immunohistochemical staining

Formalin-fixed, paraffin-embedded cytology blocks and
a human mesothelioma tissue array (obtained from the
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Mesothelioma Research Bank [CDC NIOSH 1-U19-OH009077
Mesothelioma Virtual Bank for Translational Research,
Pittsburgh, PA]) were sectioned at 5um and placed on pre-
cleaned glass microscope slides. The array contains samples
for 48 mesothelioma tumors that were arrayed in triplicate.

The cytology and tissue sections were deparaffinized in
xylene and rehydrated through graded alcohol solutions. The
slides were placed in a coplin jar filled with 10mM sodium
citrate (pH 6), as the antigen retrieval agent, and boiled in a
microwave for 5min. The slides were blocked with appropriate
serum for 30min before addition of the primary antibodies.
The primary anti-human antibodies used were anti-p48 (sc-
496; Santa Cruz Biotechnology, Santa Cruz, CA), anti-STAT1
(sc-592; Santa Cruz Biotechnology), anti-IFNAR1 (ab45172;
Abcam, Cambridge, MA), anti-PKR (sc-100378; Santa Cruz
Biotechnology), and anti-OAS1 (sc-100639; Santa Cruz Bio-
technology). After ovemnight incubation with the primary an-
tibodies at 4°C, the slides were washed with PBS twice,
followed by incubating in a 3% hydrogen peroxide solution for
30min to quench any endogenous peroxidase activity. The
appropriate biotinylated secondary antibodies (1:200 dilution)
was added to the sections and incubated for 3) min at room
temperature. The slides were washed again and incubated with
ABC-peroxidase for 30min (Vector Elite, Burlingame, CA).
After a final rinse in PBS, the cytology and tissue sections were
incubated with 3,3' diaminobenzidine (DAB) substrate (0.02%
DAB, 0.005% hydrogen peroxide) for 1-5min to develop the
colorimetric reaction, counterstained with hematoxylin, and
then mounted with glass coverslips with Aqua-poly. The im-
munoreactivescore for each tissue section was calculated using
our modified Remmele’s scoring system (see below).

Modified Remmele’s scoring system

The 20 objective was used to evaluate the whole section
by two observers who were blinded with respect to the
sample identities and treatment assignment. The immuno-
reactive score for each sample was calculated by multiplying
the percent score with the intensity score (Remmele and
Stegner, 1987). The percent score indicates the percentage of
cells positive: 76-100% tumor cells, score 4; 51-75% tumor
cells, score 3; 26-50%, score 2; 1-25%, score 1. An example of
the intensity score is shown in Fig. 4A, with a scale of 0
(absent) to 3+ (strongly positive). An immunoreactive score
of (-2 indicates absence or extremely low expression of that
particular protein.

Statistical analyses

For the RT-PCR and flank tumor studies comparing dif-
ferences between two groups, we used unpaired Student #-
tests. For flank tumor studies comparing more than two
groups, we used analysis of variance with appropriate post hoc
testing. Differences were considered significant when p< 0.05.
Data are presented as mean + standard error of the mean.

Results

Oncolytic activities of VSV vectors in vitro
in mesothelioma cells

Nontransformed human mesothelial lines and human
mesothelioma lines were tested for their in vitro susceptibility
to the VSV vectors. As control vectors, we used a VSV ex-
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pressing either green fluorescent protein (VSV.GFP) or mu-
rine [FN-f§ (VSV.mIFN-f). VSV.mIFN-f serves as an ideal
control for the VSV.hIFN-f, because IFN proteins are strictly
species specific with no cross reactivity. Our test vector was a
VSV expressing human [FN-f (VSV hIFN-§).

Four nontransformed human mesothelial lines, PFIM,
HM3, HM1, and LP9, were studied (Fig. 1A). PFIM was a
primary cell line derived in our laboratory. Forty-eight hours
after infection (at an MOI of (.1), VSV.mIFN-p and VSV.GFP
(data not shown) induced about 50% cell death in the normal
primary human mesothelial cells (PFIM), but only minimal
cell death in the three immortalized human mesothelial cell
lines. All four of the nontransformed human mesothelial
lines were completely resistant to VSV hIFN-$.

Twelve human mesothelioma lines were tested. Lines Pt
108, M30, REN, and LRK were primary cell lines derived in
our laboratory, used in early passage. Three types of re-
sponses were seen. Three of the mesothelioma lines (Group
1: Pt108, OK1, and OK2) seemed quite resistant to cell death
induced by either VSV.mIFN-f or VSV.hIFN-§ and thus re-
sembled the normal mesothelial lines. Five mesothelioma
lines (Group 2: OK6, M30, REN, OK4, and OK7) were
moderately sensitive to killing (50-75% cell death) by
VSV.mIFN-f, but were completely resistant to killing by
VSVhIEN-fA. Four mesothelioma lines (Group 3: H2052,
LRK, 145, and MSTO) were efficiently killed by both
VSV.mIFN-f and VSV.hIFN-§. Additional data for a range of
MOIs at different time points are shown in Supplemental Fig.
S1 (available online at www liebertonline.com /hum).

These data demonstrate that [FN-f transgene protects
normal mesothelial cells from VSV-mediated cell lysis, but
also protects more than half of mesothelioma lines tested.

Ability of VSV to replicate in human mesothelioma cells

Because of different susceptibilities of mesothelioma lines
to VSV.IEN-f strains, the ability of VSV.hIFN-§ to replicate
in a nontransformed mesothelial cell line (LP9), a mesothe-
lioma line resistant to VSV.hIFN- (REN), and a mesotheli-
oma line sensitive to VSV.hIFN-f (LRK) was investigated in
more detail. These cell lines were infected with VSV.hIFN-§
at an MOI of 1, and the culture supernatants were collected
at 24 hr later to measure the virus titer using plaque assay.
The supernatant of LP9 culture contained 1x10* pfu/ml/1
million cells, and the supernatant of REN culture contained
1.35x10° pfu/ml/1 million cells, showing only minimal rep-
lication. In contrast, VSV.hIFN-f was able to replicate sub-
stantially better in LRK cells (1.55x10® pfu/ml/1 million
cells), an amount that was 2 logs higher than in REN cells
and 4 logs higher than in LP9 cells.

Assessment of functional antiviral IFN-f} responses

The data above suggest the hypothesis that in some of the
tumor cells, IFN (of the appropriate species specificity) pro-
duced by the transgene in the VSV vector inhibited replication
and subsequent oncolysis, implying some partial sensitivity to
the antiviral effects of IFN. We therefore directly evaluated the
antiviral activity of IFN-f on representative cell lines by pre-
treating them with IFN-f for 24 hr and then testing the ability
of VSV.GFP to replicate and lyse these pretreated cells.

The nontransformed human mesothelial cell lines (HM1
and LP9) were resistant to VSV.GFP-mediated oncolysis with
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FIG. 1. (A) Susceptibility of human mesothelioma cells to vesicular stomatitis virus (VSV) vectors in vitro. Cell lines were
plated at a density of 5000 cells/well in 96-well plates and incubated with VSV expressing murine interferon-ff or human
interferon-fi (VSV.mIFN-f [gray bars] or VSV.WIFN-§ [black bars]) at an MOI of 0.1. An 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) assay was performed at 48-hr postinfection and the percentage of viable cells were
determined. Data shown are the mean + standard error of the mean. (B and C) Assessment of the ability of IFN-f to inhibit
VSV-induced oncolysis. Cells were pretreated with human IFN-f at 1 and 500 U /ml for 24 hr and then exposed to VSV.GFP at
an MOI 0.05 for 48 hr. An MTT assay was performed at this time to determine the percentage of viable cells. Each sample was
run in quadruplicate. Data shown are the mean =+ standard error of the mean.
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or without human IFN-f pretreatment (Fig. 1B). On the other
hand, pretreatment with 1 and 500 U /ml of human IFN-§ for
24 hr almost completely protected the Group 2 OKé6 and REN
mesothelioma lines from VSV-mediated oncolysis (Fig. 1B
and C). The M30 mesothelioma line was also protected by
IEN-f; however, the cell viability decreased when M30 cells
were pretreated with 500 U/ml of IFN-f. In contrast, the
Group 3 H2052 and LRK cell lines were not protected from
VSV-induced oncolysis after pretreatment (Fig. 1B and C). In
fact, these cells were killed by VSV.GFP when pretreated
with hIFN-p at doses as high as 10,000 U/ml (Supplemental
Fig. S2, available online at www liebertonline.com /hum).
MSTO cells were only protected at doses greater than
1000 U/ml of hIFN-£ (Supplemental Fig. S2).

To confirm thatthe IFN-f-mediated viral protection is due to
a decrease in virus replication in cells, the viral titers in the
cultures of mesothelioma cell lines (REN and LRK) and pri-
mary mesothelial cells (PF1M) after infecting with VSV.GFP
were investigated (Table 1). In the PFIM primary mesothelial
cellline (Table 1A), the initial viral titer at 1 hr postinfection was
2.8x10° pfu/ml/10° cells. Viral replication peaked at 48hr,
when the titer reached 2.5x10° pfu/ml/10° cells (a 2-log in-
crease). Viral replication was markedly inhibited by either 1
unit (150-fold) or 10,000 units (340-fold) of IFN-4. In the par-
tially sensitive REN line (Table 1B), the initial viral titer at 1 hr
postinfection was 1.3x10" pfu/ml/10° cells. Viral replication
peaked earlier at 24hr, when the titer reached 1.25x1(°
pfu/ml/10° cells (a 2-log increase). In this case, 1 unit of IFN-§
had virtually no effect on viral replication; however, 10,000
units of [FN-ff markedly inhibited viral production (1000-fold).
In the highly IFN-resistant LRK line (Table 1C), the initial viral
titer at 1 hr postinfection was lower at 9x10% pfu/ml/10° cell.
However, viral replication was very rapid, peaking at 6hr,
when the titer reached 8.5x 10" pfu/ml/10° cells (again, a 2-log
increase). At this time point, pretreatment with [FN-f had no
effect; titers were actually higher at 1x10° pfu/mi/10° celks.
Even at the extremely high dose of 10,000 units of IEN-f, rep-
lication was only inhbited by less than threefold.

These data demonstrate that some mesothelioma cell lines
have a partial or fully intact IFN response that protects them
from VSV-mediated cell lysis by inhibiting virus replication.

Oncolytic activities of VSV in vivo

We next examined the effect of VSV treatment in vive
using the two human cell lines that were able to grow as
xenografts in SCID mice. Both lines were killed in vitro by
VSV.mIFN-f, although MSTO was more sensitive. However,
only one line (MSTO) was killed by VSV.hIFN-§ in witro,
whereas the other line (REN) was resistant to VSV.hIFN-f
in vifro. When flank tumors reached approximately 200 mm?®
in size, they were injected three times with saline or 6.6x10°
pfu of vector intratumorally at weekly intervals. MSTO flank
tumors treated with either VSVhIFN-fi or VSV.mIFN-$
showed statistically significant (p < 0.05) tumor growth in-
hibition (approximately 75%) compared with the control
tumors (Fig. 2A). The growth inhibition induced by
VSV.hIFN-§ was equivalent to that of VSV.mIFN-f. REN
flank tumors treated with VSV.mIFN-f showed statistically
significant (p <0.01) tumor growth inhibition (approxima-
tely 80%) compared to control (Fig. 2B). However, tumors
treated with VSV.hIFN-fi were not statistically significantly
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TasLe 1A, Virus TiTers N THE CULTURE OF PF1IM PRIMARY
MESOTHELTAL CELLS RECEIVING INTERFERON-f§
PRETREATMENT PRIOR TO INFECTION WITH VESICULAR
StomaTiTis VIRUS EXPRESSING GREEN
FLUORESCENT PROTEIN

Virus titer
Interferon-f (U/ml) 1h” 48 hr*
0 2800 250,000
1 NM 1700
10,000 NM 730

Tasre 1B. Virus TiTers 1N THE CULTURE OF REN
MEesoTHELIOMA CELL-LINE RECEIVING INTERFERON-f§
PRETREATMENT PRIOR TO INFECTION WITH VESICULAR

StoMmATITIS VIRUS EXPRESSING GREEN
FLUORESCENT PROTEIN

Virus titer
Interferon-p (U/ml) 1hr* 24 hr* 48 hr*
0 13,000 1,250,000 220,000
1 NM 1,100,000 2300
10,000 NM 950 2050

TasrLe 1C. Virus TiTers N THE CULTURE OF LRK
MEesoTHELIOMA CELL-LINE RECEIVING INTERFERON-f§
PRETREATMENT PRIOR TO INFECTION WITH VESICULAR

StomaTiTis VIRUS EXPRESSING GREEN
FLUORESCENT PROTEIN

Virus titer
Interferon-f (U/ml) 1" 6 hr* 4 48h”
0 900 85000 80,000 3200
1 NM 107500 59500 1900
10,000 NM 29,000 11,000 2050

The unit for the virus titers is pfu/ml/million cells.
Abbreviation: NM, not measured.
*Time after infection (hr).

smaller (p=02) than control tumors and were statistically
larger (p <0.05) than the tumors treated with VSV.mIFN-f.

Mechanistic studies

To understand the basis for this variable resistance of
mesothelioma cells to infection with VSV.IFN-§, we focused
additional studies on three human cell lines that appeared to
be representative of each type of response to VSV.mIFN-§
and VSV.hIEN-§: (1) LPY, a nontransformed mesothelial cell
line that was resistant to both vectors; (2) REN, a mesothe-
lioma cell line that was sensitive to VSV.mIFN-§, but resis-
tant to VSV.hIFN-f; and (3) LRK, a mesothelioma cell line
that was sensitive to both vectors.

Ability of human mesothelioma cells to produce IFN-f
message and protein in response to VSV

We infected the aforementioned cells and evaluated the
ability of VSV to stimulate the production of IFN-f# message.
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FIG. 2. Effect of VSV vectors on the growth of human
mesothelioma xenografts. Flank tumors were generated by
the injection of MSTO mesothelioma cells (A) or REN me-
sothelioma cells (B) into SCID mice. When the tumors
reached approximately 200 mm?® in size, they were injected
with saline (white bars) or 6.6x10° pfu of either VSV.mIFN-p
(gray bars) and VSV.hIFN-f (black bars) suspended in 100 ul
of PBS once weekly for 3 weeks. The tumor volume mea-
sured a week after the last injection is shown. The asterisk
denotes a significant change in tumor volume between the
untreated tumors and VSV-infected tumors (p < 0.05).

This response is a key initial antiviral cellular defense
mechanism mediated through the IRF3 pathway (Decker
et al, 2002; Lichty et al., 2004). At baseline, there was no
detectable mRNA for IFN-$ in any cell line. As shown in
Table 2, VSV infection upregulated the expression levels of

7

IFN-f message in the LP9 and REN cell lines to a similar
degree. In contrast, the LRK cells showed no induction of
IEN-f.

After VSV infection, the mRNA of IFN-f must be effec-
tively transported to the cytoplasm, translated into protein,
and secreted to exert its effects on ISGs (Decker et al., 2002;
Lichty et al., 2004). VSV has evolved mechanisms (such as the
M protein) to block this translation, although it appears that
normal cells can at least partially overcome this block. Given
that both LP9 and REN cells produced similar (and high)
levels of IFN-ff mRNA after VSV infection and that both cell
lines were able to respond to exogenous IFN-f, we need to
find out whether the protein levels of IFN-f would be up-
regulated after VSV infection. We thus evaluated the su-
pemnatant fluid from LP9, REN, and LRK cells that had been
infected with VSV.GFP and measured IFN-f levels by a
standard ELISA. The IFN-# levels from all three cell lines
were below the level of detection (threshold of 25 pg/ml or
2.5U/ml). We therefore used a bioassay comparing the
ability of supernatants (after inactivation of virus) to protect
REN cells from VSV.GFP compared with very low amounts
of [FN-f. We found that this assay was sensitive to levels of
IFN-f as low as 0.01 U/ml. As shown in Table 2, LPY cells
infected with VSV.GFP at an MOI of 10 for 24 hr produced
0.22 U/ml of IFN-$ per 1 million cells infected, whereas REN
cells produced only 0.01 U/ml per 1 million cells. In contrast,
LRK cells produced no detectable amounts of IFN-f.

Finally, we compared the low levels of IFN-§ produced
after VSV.GFP infection with the levels of IFN-§ after infec-
tion with VSV.WIFN-f. IFN-f production after 24 hr of in-
fection was easily detected in the supernatants of cells
infected with VSV.hIFN-f; however, levels were markedly
affected by the ability of the vector to replicate. The sus-
ceptible LRK cells produced more than 353 U/ml/10° cells at
24 hr after infection with VSV.hIFN-£ at an MOI of 1. LP9
and REN cells made clearly detectable but much lower
amounts, 5 and 7.2U/ml/10° cells, respectively.

Ability of human mesothelioma cells to upregulate
the mRNA expressions of ISGs after extemal
hIFN-f exposure

We next sought to determine how well each cell line could
respond to external IFN-f stimulation by measuring the
ability of these cells to upregulate and synthesize the mRN As
for three well-described 1SGs, MxA, 2'5-0OAS, and PKR,

TaBiE 2. UPREGULATION OF INTERFERON-f MRNA aND ProTEIN IN HUmaN MEsoTHELIOMA CELLS AFTER INFECTION
WITH VESICULAR STOMATITIS VIRUS EXPRESSING GREEN FLUORESCENT PROTEIN AT AN MOI oF 10 FOR 6 HR, MEASURED
UsING REAL-TIME REVERSE TRANSCRIPTASE-POLYMERASE CHAIN REACTION, OR 24 HR, USING INTERFERON-f} Broassay

mRNA levels (fold change)

Interferon-f protein levels (U/ml/million cells)

Cell lines Control VSV.GFP infected* Control VSV.GFP mfected
LP9 u/d 7325% + 6%° u/d 0.225

REN u/d 11,428% +12.5% u/d 0.007 +0.003
LRK u/d u/d° u/d u/d

Abbreviations: LP9, normal mesothelial cells; u/d, undetectable; VSV.GFP, vesicular stomatitis virus expressing green fluorescent protein.

“Levels of mRNA are expressed in arbitrary units.

“Expression levels are presented as means of triplicates with + the coefficient of variation (standard error of the mean/mean).

“p-Value is < 0.05 compared with LP9.
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which are known to inhibit the replication of VSV in normal
host cells (Balachandran and Barber, 2000; Lichty et al., 2004;
Brin et al., 2006; Sterman et al., 2006). We therefore incubated
each cell line with 10U /ml hIEN-f (approximately 50 pg/ml)
for 6hr and then harvested the cells for quantification of
the mRNA levels of each gene using real-time RT-PCR
(Table 3A).

At baseline, all three cell lines had very low or undetect-
able levels of message for MxA or 2'5-OAS. There was
variable baseline expression of PKR (Table 3A). However,
after exposure to IFN-f, the LP9 and REN cells showed
marked upregulation of the mRNA levels of all three IFN-
inducible proteins. The response was most robust in the LPY
line, with a statistically (p < 0.05) lesser degree of induction
in the REN cell line. There was no stimulation of any of these
mRNAs in the LRK cell line.

Ability of human mesothelioma cells to upregulate
the mRNA expressions of ISGs after VSV.GFP infection

We next examined the ability of VSV to upregulate the
expression of ISGs (Table 3B) by infecting LP9, REN, and
LRK cell lines with VSV.GFP at an MOI of 10. Six hours
postinfection, VSV.GFP was able to upregulate the expres-
sion all three ISG mRNAs in the LP9 and REN cell lines;
however, the level of upregulation was reduced by 30-50%
in the REN cell line compared with the LP9 cell line
(p < 0.05). Consistent with the lack of the LRK cell line to
respond to IFN-f, we saw no upregulation of ISGs after VSV
infection. It should be noted that in comparison to Table 3A,
consistent with the low levels of IFN-f§ made after VSV in-
fection, the levels of upregulation of the ISGs mRNAs after
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viral infection are much lower than those seen after exposure
to 10U of IFN-4.

Baseline mRNA expression levels of various
components on IFN signaling pathway within
different human mesothelioma lines

The heterogeneity in [FN responsiveness among meso-
thelioma lines could potentially be explained by losses of key
components on the IFN signaling pathway as a result of
oncogenesis (Linge et al., 1995; Pfeffer ef al., 1996; Wong et al.,
1997; Sun et al., 1998; Matin et al., 2001; Parato ef al., 2005) or
by functional defects in their [FN responses after stimulation.
With a goal toward finding baseline deficits that could be
used clinically (ie., by PCR or immunohistochemistry) to
predict responses to oncolytic viruses, we extracted total
RNA from 10 human mesothelioma lines and performed
quantitative real-time PCR to compare the baseline expres-
sion levels of various components on the [FN signaling
pathway between the primary mesothelial cells (PFIM) and
the established and primary mesothelioma cell lines (Fig. 3).
Expression of these mRNAs was very high in the Group 1
cell line and similar to the levels seen in the normal meso-
thelial cell line in the Group 2 cells. Interestingly, IFNAR1,
IFNAR2, TyK2, STATI, p48, and PKR mRNA levels were
highly downregulated or undetectable in three IFN-
nonresponsive Group 3 lines (H2052, 45, and LRK) com-
pared with the primary mesothelial cells. MSTO, a Group 3
cell line not responsive to IFN, had detectable levels of
IFNARI and 2, JAK1, STATI, STAT2, and PKR, but virtually
undetectable levels of p48. Together, these results indicate
that baseline deficiencies in key molecules of the type I [FN

TasLE 3. UPREGULATION OF INTERFERON-f-INDUCIBLE ANTIVIRAL GENES MxA, 2'5-0OAS anp PKR Using Rear-TiME
REVERSE TRANSCRIPTASE-POLYMERASE CHAIN REACTION IN HUMAN MESOTHELIAL AND MESOTHELIOMA CELLS AFTER
IncusaTioN wiTH 10U /ml HuMAN INTERFERON-f} OR INFECTION WITH VESICULAR STOMATITIS VIRUS EXPRESSING GREEN
FLUORESCENT PROTEIN AT AN MOI oF 10.

Tasre 3A. INcuBaTioN wiTH 10U /ml HUMAN INTERFERON-f FOR 6 hr

MxA mRNA* 2'5'-0AS mRNA PKR mRNA
Cell lines Baseline 10U/ml Baseline iou/mi Baseline 10U/ml
LPY u/d 13,255+ 3.4%" u/d 14,463 +6.6% 615+9.1% 13,616 +3%
REN 13+122% 5780+ 16%"° u/d 3392 +11.4%° 45+9.7% 2609 +17.7%"°
LRK u/d u/d* u/d u/d* u/d u/d*

TasrLE 3B. INCUBATION WITH VESICULAR STOMATITIS VIRUS EXPRESSING GREEN FLUORESCENT PROTEIN
AT AN MOI oF 10 For 6 hr

MxA mRNA* 2'5-0OAS mRNA PKR mRNA
Cell lines Control VSV.GFP infected Control VSV.GFP infected Control VSV.GFP infected
LP9 u/d 82% +2.2%" u/d 105%+1.7% 615% +9.1% 958% +1.7%
REN 13% +12.2% 30% +5.9%" u/d 23% =+ 6.3%"° 45% +9.7% u/d
LRK u/d u/d u/d u/d u/d u/d

Abbreviations: MxA, myxovirus resistance A; 2’5-OAS, 2',5'-oligo-adenylate-synthetase; PKR, double-stranded RNA-dependent protein
kinase; VSV.GFP, vesicular stomatitis virus expressing green fluorescent protein.
“Levels of mRNA are expressed in arbitrary units based on a standard curve.
pression levels are presented as means of triplicates with + the coefficient of variation (standard error of the mean/mean).

“p-Value is <0.05 compared with LP9.
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FIG. 3. Baseline mRNA expression of IFN pathway-

associated genes among human mesothelioma lines. Total
RNA was extracted from the primary mesothelial cell line,
PF1M, and 10 human mesothelioma lines and used to syn-
thesize ¢cDNA. Specific primer sets were made to amplify
eight [FN pathway-associated genes: (A) [FNAR1, IFNAR2,
(B) JAK1, TyK2, (C) STATI, STAT2, (D) p48, and double-
stranded RNA-dependent protein kinase (PKR). Each sample
was run in quadruplicate and the sample loading was ad-
justed in relation to their f-actin or GAPDH expression. The
expression of each gene is normalized to the expression in the
PFIM line and the fold change + standard deviation is shown.
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signaling pathway within a subset of mesothelioma lines
likely explains why these cells fail to respond to IFN and are
thus killed by VSV.hIFN-.

Distribution of IFN-response pathway proteins
at baseline in mesothelioma tumors

To see if these changes in cell lines were reflected in actual
clinical samples, we performed immunostaining with anti-
bodies to I[FNAR1, p48, and PKR on a mesothelioma tissue
array consisting of 48 tumor biopsies. As detailed in the
Materials and Methods, for each biopsy, we graded the in-
tensity of staining (Fig. 4A for examples using the p48 anti-
body) and the percentage of cells positive and combined
these factors into a immunoreactive score. The score ranged
from 0 to 12, with an immunoreactive score of (-2 indicating
absence or extremely low expression of a particular protein.
Figure 5 shows the distribution of scores for each antibody.
There were 26%, 31%, and 24% of mesothelioma tumors that
had absence or low expression of [FNAR1, p48, and PKR,
respectively (Fig. 5A-C). Approximately 50% of mesotheli-
oma tumors had at least one component of the IFN pathway
missing at baseline (Fig. 5D).

Response of mesothelioma tumor cells
to IFN-f treatment in vivo

To determine if the baseline expression of IFN response
proteins might correlate with the ability of the tumor cell to
respond to [FN-f in vivo, we were able to take advantage of
unique specimens stored from a previous gene therapy
clinical trial conducted at our institution in which an ade-
novirus expressing hIFN-f was instilled intrapleurally
(Sterman ef al., 2007). We were able to find three patients in
whom pleural fluid samples containing clearly identifiable
mesothelioma cells were available before treatment and 1
day after vector instillation (a time when pleural [FN-f levels
were very high).

We stained each sample for p48, which gave the most clear
staining and seemed to be our best predictor of response in
the cell lines, and the [FN-response protein OAS1 as a mar-
ker of IFN responsiveness. The staining revealed that before
treatment, the tumor cells from all three of these patients had
clearly detectable basal p48 expression (Fig. 4B and Sup-
plemental Fig. S3, available online at www.liebertonline
.com/hum) and very low levels of OAS] expression. Twenty-
four hours after gene transfer, OASI expression clearly in-
creased (Fig. 4B and Supplemental Fig. S3). Unfortunately,
we did not have a patient with p48 absent among these three
examples; however, these results suggest that it would be
feasibile to prescreen patients for their responsiveness to
IFNs by looking at baseline p48 levels.

Discussion

Rare therapeutic success with current therapies for ma-
lignant pleural mesothelioma indicates a need for new
therapeutic modalities. OQur group and others have shown in
preclinical studies that delivery of type I IFNs using an ad-
enoviral vector induces strong antitumor immune responses
and has been highly effective in eliminating tumors in mice
(Ahmed ef al., 2001; Odaka et al., 2002; Brin ¢t al., 2006). This
antitumor activity appears to be present in patients also.
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FIG. 4. Immunostaining of mesothelioma tumors from patients. (A) Mesothelioma tumor samples from 48 patients were
stained with an antibody against p48. Sections from four patients showing examples of our grading system (Grade 0, no
staining; Grade 3, strongly positive) are shown at 20 xmagnification. (B) Pleural effusion cells of three patients from our
Ad.IFN-f Phase | trial were collected prior to and 24 hr after receiving the vector. Cells were immunostained for p48 (upper
panels) and the IFN-response protein oligo-adenylate-synthetase 1 (OAS1) before vector (middle panels) and 24 hr after
vector (lower panels) to evaluate their IFN responsiveness as assessed by upregulation of OAS1. Cells are shown at a
100x magnification (see Supplemental Fig. S3 for a low-power, wide-field view). The large cells are mesothelioma cells, and
the smaller cells are macrophages. All three patients showed baseline p48 staining and an clear upregulation of OAS1 after

exposure to IFN.

Intrapleural administration of a replication-incompetent ad-
enoviral vector expressing IFN-f to patients with mesothe-
lioma and malignant pleural effusions resulted in humoral
and cellular antitumor immune responses and some signifi-
cant clinical responses (Sterman et al., 2006, 2007). Given the
potential challenges of giving intravenous injections of on-
colytic vectors such as VSV (Lun et al., 2006) and the po-

tential induction of neutralizing antibodies (Power et al,
2007), the ability to safely and effectively deliver local gene
therapy vectors to patients with tumors of the pleural space
make mesothelioma an excellent disease target (Sterman et al.,
2007). In recently completed work (Willmon et al., 2009), we
have shown the efficacy of a VSV vector expressing murine
IFN in a mouse model of mesothelioma with increased safety
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FIG. 5. A mesothelioma tissue array, which consists of 48 primary tumor biopsies, was stained with antibodies against
IFNAR1 (A), p48 (B), and PKR (C) and an immunoreactive staining score (see Materials and Methods section) was deter-
mined for each tumor. (A-C) The distribution of the immunoreactive score for each antibody. An immunoreactive score of 2
or less indicates an absence or low expression of that particular protein. (D) The number of defects per tumor is plotted.
Forty-five percent of tumors had no defects, approximately 30% of tumors had lost staining in one protein, and 25% had lost

staining in two or three of the proteins.

features. Importantly, this cell line was resistant to effects of
murine IFN-f, thus supporting replication. Given this po-
tential advantage of a replicating vector expressing mouse
IFN-f in our preclinical models, the purpose of this study
was to evaluate the potential antitumor efficacy of a repli-

cating oncolytic virus expressing human [FN-#, VSV.hIFN-§,
in a large panel of human mesothelioma cell lines.

Taking the advantages of species-specific binding for IFN-
B and its receptor, a panel of human mesothelioma cells were
screened for their susceptibility to VSV vectors expressing
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either human IFN-$ (which is species specific and only in-
teracts with the human IFN type I receptor) or mouse [FN-#
(which only interacts with the mouse IFN type I receptor).
Nine of 12 human mesothelioma lines (including a number
of primarily isolated lines) were rapidly lysed by our control
vector, VSV.mIFN-f (or by another control vector,
VSV.GFP), whereas the four nontransformed mesothelial
lines showed more limited toxicity with this vector (Fig. 1A).
These data are consistent with previous findings showing
that tumor cells, compared with their normal counterparts,
are more susceptible to the lytic effects of VSV (Balachandran
and Barber, 2000; Stojdl ef al, 2000), a result that suggests
that majority of mesothelioma lines have some defects in the
IFN pathway. In addition, the VSV-mediated cell lysis was
completely abolished in our nontransformed mesothelial
lines when the vector expressed human IFN-, a finding that
supports the initiative for inserting this antiviral cytokine
gene to improve safety (Obuchi ef al., 2003).

However, we observed that more than half of the meso-
thelioma cell lines were protected from VSV-induced lysis in
the presence of the hIFN-f transgene, revealing substantial
tumor heterogeneity in their IFN responsiveness. We noted
three classes of tumor cells with respect to their responses to
IFN. Group 1 cells (3 of 12 lines) appeared to be resistant to
both control VSV vectors and to VSV.hIFN-# and thus re-
sembled the nontransformed mesothelial lines. Group 2 cells
(5 of 12 lines) were lysed by control VSV vectors, but were
resistant to lysis by the VSV.hIFN-§ vector. In contrast,
Group 3 cells (4 of 12 lines) appeared to be completely re-
sistant to the antiviral effect of IFN-f§ and were thus lysed by
both control and VSV.hIFN-f. These in vitro findings were
consistent with animal studies conducted with flank meso-
thelioma tumors in SCID mice. Using the IFN nonresponsive
MSTO line, flank tumor growth was significantly inhibited
and showed similar sensitivity to VSV.hIFN-f and
VSV.mIFN-§ (Fig. 2A). In the IFN-responsive REN flank
model in SCID mice, significant tumor inhibition was seen
with the VSV.mIFN-f, whereas the VSV hIFN-§ vector did
not induce a statistically significant difference in tumor size
compared with the control group (Fig. 2B).

The heterogeneity in response to type I IFNs seen in our
mesothelioma cell lines has been reported in other tumor cell
lines in the literature, including cells derived from melano-
mas (Linge et al., 1995; Wong et al, 1997), lymphomas (Sun
et al., 1998), bladder cancers (Matin et al., 2001), renal cancers
(Pfeffer etal., 1996), and prostate cancers (Ahmed et al., 2004).
This issue was addressed comprehensively by Stojdl et al.
(2000) using the NCI 60 tumor cell panel. They found that
81% of lines tested were “nonresponsive” to either IFN-x or
IFN-f pretreatment, defined as 5 units of IFN being unable to
significantly affect (<10-fold) the effective concentration re-
quired to induce 50% effect (EC50) of cells infected with
wild-type VSV for 48hr. The degree of IFN responsiveness
(partial vs. total) was not explored in detail, however. Qur
data in mesothelioma lines, however, show a higher per-
centage of [FN-sensitive tumor cells.

The mechanism of this heterogeneity was explored in
more detail by comparing the LP9 nontransformed line, the
partially sensitive REN tumor line (Group 2), and the com-
pletely resistant LRK tumor line (Group 3). The resistant line
(LRK) had multiple defects. Unlike the normal LP9 cells, no
IFN-# mRNA and protein were upregulated in LRK cells
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following VSV infection (Table 2), and ISG mRNA levels
were also unchanged in this cell line after treatment with
IFN-f (Table 3A) or after infection with VSV (Table 3B). In
contrast, the partially sensitive REN line appeared to be in-
termediate in these responses. Although the REN cells pro-
duced high amounts of IFN-$ message after VSV infection
(Table 2), their ability to upregulate the message levels of IFN-
dependent antiviral proteins after treatment with [FN-£ (Table
3A) and after VSV infection (Table 3B) was significantly less
than that seen with the nontransformed LP9 cell line. These
findings are similar to those described in a panel of glioblas-
toma cells (Wollmann et al., 2007). In that study, normal hu-
man astrocytes were resistant to VSV infection, whereas four
of five lines tested were highly susceptible to VSV infection,
even in the presence of [FN-x. All of the susceptible cell lines
showed defects in their ability to upregulate [FN-regulated
proteins, such as MxA, and half had defects in their ability to
produce IFN-f message after VSV infection.

To further investigate the mechanisms of heterogeneity in
IFN response, quantitative real-time PCR analyses were
performed to define possible defects in the type-I IFN sig-
naling pathway among the mesothelioma lines (Fig. 3).
Group 1 tumor cells (resistant to all types of VSV) appeared
to have highly elevated levels of mRNA for Type I IFN ac-
tivation pathway genes compared with primary mesothelial
cells (Fig. 3). Group 2 tumor cells (sensitive to control VSV
but resistant to lysis by VSVh.IFN-f) tended to have similar
levels of mRNA for Type I IFN activation pathway genes as
the primary mesothelial cells (Fig. 3). Group 3 tumor cells
(sensitive to control and VSV.hIFN-f) had markedly reduced
or undetectable levels of mRNA of most of the Type 1 IFN
activation pathway genes. The results (with the exception of
the MSTO line) indicate that there are losses of multiple
components of the IFN pathway which explains why these
cells do not respond to [FN.

We also extended these observations to mesothelioma
tumors from patients. When we used immunohistochemistry
to screen a tissue array of 48 primary tumors for their basal
levels of three key components of [FN pathway that were
downregulated in cell lines (IFNAR1, p48, and PKR), we
found that about half of the primary tumors tested had no
defects in any of these components (Fig. 5D), suggesting they
would be responsive to [FN. It is interesting to note that p48
(which was uniformly markedly downregulated in our IFN-
nonresponsive cell lines) is encoded by a gene on chromo-
some 14q. A recent “loss of heterozygosity” analysis done by
De Rienzo et al. (2000) showed that approximately 43% of
mesotheliomas displayed allelic losses from chromosome
14q, perhaps explaining these findings.

Using specimens from a recently conducted clinical trial
(Sterman ef al., 2007) of intrapleural delivery of Ad.IFN-f in
mesothelioma patients, we were also able to directly deter-
mine if p48 status might predict response to IFN. In the three
cases with sufficient cells, we observed clear p48 expression
at baseline and this was associated with strong upregulation
of the IFN-dependent protein OAS after AdIFN-f gene
transfer (Fig. 4 and Supplemental Fig. S3). Although more
studies are needed (e.g., in specimens with p48 absent), these
data suggest that screening tissue samples using immuno-
histochemistry for basal expression of proteins such as p48
might be useful for predicting whether viral replication of an
INF-containing vector will be likely.
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A clinical trial proposing the use of VSV.hIFN-f in pa-
tients with liver tumors has already been submitted to the
DNA Recombinant Advisory Council and others will likely
soon follow. Qur data support studies to examine the use of
VSV mutant vectors in patients with mesothelioma; how-
ever, it is likely that there would be heterogeneity in sus-
ceptibility to tumor lysis by this vector and suggests that
tests to evaluate the sensitivity of a given tumor to a specific
VSV vector might be useful (“personalized medicine”). This
could include testing tumor samples for their ability to
support VSV replication (Wollmann ef al., 2007; Nguyen et al.,
2008); however, it would be much more practical to use
immunohistochemistry or PCR analysis on tumor biopsies to
search for loss of key components of the IFN pathway, such
as IFNARs, TyK2, or p48 (Wong et al., 1997). Our data have
demonstrated that it is feasible to prescreen patients’ re-
sponsiveness to [FN prior to treatment. This sort of suscep-
tibility analysis may also be important in predicting the
efficacy of other oncolytic viruses (i.e., measles, Newcastle
Disease Virus, or Reovirus) that depend on defects in tumor
IFN responses for efficacy. In addition to predicting patients
who might have optimal response, knowing the IFN status
of a tumor might also have practical therapeutic applications.
The recent report that histone deacetylase inhibitors blunt
the IFN pathway in tumor cells (Nguyen et al., 2008) suggests
that these agents might be useful adjuncts in patients who
have tumors with some residual IFN sensitivity.
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6. IMNEPIAHYH THX EKIIONHOEIXAY EPEYNAX, IIPOOIITIKEX
KAINIKQN MEAETQN KAI TIPOKAHXEIX

Ta ocvumepdopata ¢ mopomdve €pegvvag eival 0Tt 0 oykoAvTikog 106 VSV.IFN-B €deiée
EVIVTIOGLOKY]  OVTIKOPKIVIKY  dpdon  €vavil HecOONAMOK®OV  KOPKIVIKOV KLTTAPOV UECH
KLTTAPOAVONG TOVG G€ IN VILro melpapotikd poviéda, kabmg kot og ophoTomiKd Kot ETEPOTOMIKA
LOVTEAQ LEGOOMMMOUATOG GE OVOGOEMAPKT TOVTIKIO, OTOV 1) OVTIKOPKIVIKY dpdon amododnke
Oyl LOVO 01N ADOT TOV KAPKIVIKOV KUTTAP®V, 0ALL KOL GTNV £KAVCT] OVTIKOPKIVIKNG OVOGIOKTG
avtidpaong péow CD8+ T-Aeppokvttdpov. Emmiéov, mapatnpnOnke avooiokn «Uviun» Evavtt
TOV HECOOINMOK®OV KVTTAP®V, KOOOTL N €MavEKDEST) VOGOETUPKOV TOVTIKIOV 7OV &lyav MOM
Oepanevtel pe ) yoprymon tov VSV.MIFN-B o vmoddpia éveon pe pecobniiokd kottapo
TOVTIKIOV KOTEANEE GE amoOppIYN TG ELPVTELGNG TOV KVTTAP®V (dev avomthydnkav 6ykot). Ta
amoteAéopato avtd vrootnpilovy v Tepattépm peAétn tov 100 VSV.IFN-B ot Bepancia Tov
Kako00vg HecoONMMDLATOG He avaroyeg KAMVIKEG PeAéTes o€ acBeveic.

Qot660, M amoteEAECUATIKOTNTA TOV OYKOAVLTIKOD 100 VSV.IFN-B efaptdtor omd 1
AELTOVPYIKOTNTO TOV «LOVOTATUDVY TMV WIEPPEPOVOV TOTOL I, KATL TOL NTOV AVOUEVOUEVO OV
MeBel vdym N VYA evacOncio Tov 1O VSV oty avtukn dpdorn Twv wtepeepovmy Tvmov 1.
Av kol To TEPLGGOTEPO KOPKIVIKG KOTTOPO €YOVV  OTEVEPYOMOGEL TO  «ULOVOTATION
WTEPPEPOVOV TUTOV [ AOY® TNG OMOTTOTIKYG TOVS PTG TOV OVTIKELTAL GTOV TOAAATANCIACUO
TOV KOPKIVIKOV KLUTTAP®V, DOICTATOL ETEPOYEVELD TOV KVTTAPIK®V TANOLGU®OV Tov TPOoPAaiiet
EVaV €YYEVI UNYXOVIGUO LEPTKNG AVTIGTOGNC TIV OYKOAVTIKT OVTIKOPKIVIKY dpAom autod TOL 100.
Xe autd ta Thaicla givorl amapaitnTn N avanTLEn EEATOUKEVUEVOV BEPATEVTIKMOV GTPATNYIK®V,
OmWG T.y. M ovocoicToynueia Yo TV Ekepact eVEOL®V-BLOYMUIKOV SEIKTOV TOL VTOONADVOLY
AELTOVPYIKOTNTO TOV «UOVOTOTIOVY» VIEPPEPOVAOV TUTOL [, BGTE Vo PTOpPovV Vo ETAEYOVV Ol
acBeveig mov &xovv vyNAOTEPEC TOAVOTNTEG EVOGONGING GTNV 0YKOAVTIKY dpdon Tov VSV.

Evag Bacucog Aoyog ¢ evoopdtwong tov yovidiov g IFN-B otov 10 VSV glvar n avénon
NG AGQPAAELAG TOL GTNV TEPIMTOON UKNG TPOSPOANG PUGLOAOYIKDOV KLTTAP®V; GTNV TEPITTMON
avt N ékeppaon ¢ IFN-B avapévetor va evioyboet v avTuky amdvinomn TovV QUGLOAOYIKOV
KUTTAP®V, OTOTPEMOVTAG TOV TOAAATAACIOUO TOV 100 KOl CUVETMG TOV KLTTOPKO Odvato. Av
kot o 10 VSV.MIFN-B dev mpoxdlece mopevépysleg Kot MToV TOAD KOAL OVEKTOC OTIC
Oepamevtikég 06GE1g TOV YOPNYNONKAV GE AVOGOETOPKT TOVTIKLA, TOPoTPNONKOY VEVLPOTOEIKES
EMITAOKEG GTO OVOGOUVETOPKT TOVTIKIO TV TOPOTAV® peret®dv pe ™ ypnon tov VSV.hIFN-B
kot VSV.GFP. ‘Aleg pehéteg xovv emiong kotadeifel tnv vevpoto&ikotnta tov wild-type VSV
o€ TovTiKie. AVTA T dEOOUEVA £XOVV TPOKAAECEL AUPIBOMES Yo TNV AGPAAT YOPTYNON TOV 100
oe aobBeveig pe kaxonfec peconMopo mov pmopel vo VTOGTOOV GVOGOKOTOGTOAN HE TN
XopNyNoN YNUEWOEPATELDY. ZVVETMDC, Yo T OEPATEVTIKY YOPNYNOT ALTOV TOL 100 TPEMEL VL
YPNOUOTOIOVVTOL Tpomonompuéva, un toéikd ukd strain tov VSV (attenuated strains) 1 va
akoAovbovvtal tomikég péBodor yoprynong (m.y. tomikd) mov mEPLOPilovv TN GLGTNUATIKN
KuKAOQPOpio TOL 10V.

‘Eva akdpo onpovtikd eumodo yio m Oepamevtikny epappoyn tov VSV kabdg kot dAlmv
OYKOAVTIK®V 10V €lval 1M Topoymyr] OVIETEPOTOUTIKMOV AVIICOUATOV TOV OTEVEPYOTOLOVY TOV
10, 1010iTEPAL LETA OO GLOTNLOTIKY TOV YopnyNon (evoopAePimg). TTpaTnyKég TOL UITOPOVV VL
EQOPUOCTOVV Y10 TN WEIMOTN TNG AVOGOYOVIKOTNTOG TOV 1V TEPAAUPEvoVY TV TpoToToinon
TOV avTyOVOV/EMTONOV TOL 100, 1 KAADYN TOV 1OV LE TOADUEPT] TOL «KPLPOLVY TO UKA
avTydva, Kol 1 0vOGOKOTOGTOAN. 20TOG0, 1 EPAPLOYT OVOGOKATOGTOANG Y10 TN YOPNYNoN TOL
VSV av&dver tov kivduvo TOEIKDV TOPEVEPYELDV TOV 100 HE TPOGPOAN] TOV (QUCLOAOYIKAOV
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KUTTOP®V, EVD TOVTOYPOVO, OVOUEVETOL VO LEIMGEL TNV AVTIKOPKIVIKY OTOTEAEGUOTIKOTITO TOL
100 dgdopévov 0Tt 0 VSV de opa HOVO TPOKOAADVTOG OYKOALGT, OAAG KOl ETAYOVTOS EL01KN
OVTIKOPKIVIKT 0VOGLOKY| OVTIOpOoT).

‘EmmAéov, n ovotnuatikn, evooeAEPia yopriynon tov VSV odnyet oty kdpla mpdsAnymn tov
amo To NIoTKd KOTTOpa, meplopilovtag Ty TPOGRUCT TOV GTN GLGTNUOTIKY KUKAOQPOPio Kot
CUVETMG OTO WKPOTEPPAAAOV TOV OYKOVL. XvveEn®C, péBodol PBedtimong g mpocPaong tov
VSV oto pukponeptBaALov Tov GyYKOv LE TNV EMOY®YN TOTIKNAG GAEYHOVIG GTOV OYKO OTOTEAOVYV
nedio Epevvag Yo TN PeATimon ¢ amoTEAEGUATIKOTNTOS TG OYKOALTIKNG 00epaneiag. TENog, n
EVOOUATOON TNG OYKOALTIKNG tofepameiog pe Tig LIOAOWEG €VOEOEIYUEVES OVTIKOPKIVIKEG
Oepamneiec Yo 10 pecobnAiopa, Kabhg Kol GAA®V TOHTOV KopKkivov, ypniel TEPUITEP® TPOGOYNG
Kot €pEVVOC, KoOMG 1 TonTOYpovn 1 S1000YIKN EQOPUOYN OVTOV TV Oepameidv pmopel va
OploEl CLUVEPYIOTIKA HE KOADTEPU OmMOTEAEGHOTO Omd O,TL M €QUPUOYT] KAOe OepamevTikng
oTPOTNYIKNG EexmploTd.

[Mopd 11 Tapoamdve SveKoAlEg TOV aWYOPOVV YeVIKE Ta TEPIOTOTEPQ €101 OYKOALTIKAOV 1DV, N
oykoAvTikn wbepaneio etvor pio kKavotdpog Bepamevtiky] otpatnykn mov Ppicketor Vo Eviovn
épeuva. YTapyovv TovAdylotov 15 fon 0yKOALTIKOV 1V (YEVETIKG TPOTOTOIUEVOL 0OEVOTOL,
gpmnroioi, 10t dopaAitidag, peoioi, 10i Coxsackie, 10i thopdc) mov Ppickovor Ho KAVIKY perét
YL 014popovs THTOVG KaPKivov, OTwg T0 YAOOPALCTONN, O KOPKIVOG TayKpEATOS, TVELLLOVO,
VEQPP®V, KEPOANG Kol TpaynAov, moyéws eviépov. [Ma 10 kokdnbec pecobniiopa, £xet oM
Eexvnoel pio KMvikn pehétn @dong I mov ypnoponotei tov oykolvtikd 10 thopdg (measles
virus, MV) mov ekppalet o yovidio tov vodoyéa wwdiov (sodium iodide symporter, MV.NIS),
evd 0 avaroya tpomomopévos 10g VSV .hIFN-B.NIS Bpicketor vmo khvikn perétn oe aobeveig
pue mollomAd pvélopo, ofeior Aeppoyevny Aevyarpio, T-cell Aépoopa, ot kopkivo Tov
evdountpiov (NCT03017820).

7. SUMMARY OF THE AFOREMENTIONED RESEARCH PROJECTS,
PROSPECTS FOR CLINICAL TRIALS AND FUTURE CHALLENGES

The results of the described research projects support that the oncolytic virus VSV.IFN-B
manifests remarkable anticancer effects against mesothelioma cancer cells and this is mediated
not only through direct lysis of cancer cells, but also through the induction of CD8+ T-cell
mediated anticancer immunity. Furthermore, immunocompetent mice that were cured and
remained cancer free for more than 6 months after treatment of heterotopic subcutaneous mouse
mesothelioma flank tumors with VSV.mIFN-B did not develop new flank tumors after
reexposure to subcutaneous injections with the same mouse mesothelioma cells, indicating the
development of anticancer “immune memory”. These results support the translation of
VSV.IEN-B in clinical trials as a novel therapeutic approach for patients with malignant pleural
mesothelioma.

However, the efficacy of VSV.IFN-B depends on the functionality of the type I IFN pathways,
an observation which was expected if one considers the exquisite sensitivity of VSV to the
antiviral functions of type | IFNs. Although a large percentage of cancer cells have
evolutionarily favored the deactivation of type | IFN pathways due to their antiproliferative
effects in cancer growth, the presence of some cancer cells with “active” type I IFN pathways
pose an inherent mechanism of resistance to the oncolytic effects of VSV. With this in mind, it is
necessary to develop personalized therapeutic strategies, i.e. immunohistochemistry for
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biomarkers indicative of “active” or “inactive” type I IFN pathways, in order to select patients
who have higher chances of responding to the oncolytic effects of VSV.

One of the main reasons for the genetic engineering of VSV to express IFN-f is the improved
safety of it in case of infection of normal cells by tes virus; in this case, the expression of IFN-f
would be expected to enhance the antiviral response of normal cells to the virus, preventing the
replication of the virus and thus cell death. Although VSV.mIFN-B did not induce significant
side effects and was very well tolerated at the treatment doses administered to immunocompetent
mice, neurotoxic complications were observed in the immunodeficient mice treated with
VSV.hIFN-B and VSV.GFP. Other studies have also demonstrated neurotoxicity of wild-type
VSV in mice. These observations have raised doubts about the safety of the administration of
this virus in patients with malignant pleural mesothelioma who could become
immunosuppressed in the context of their malignancy or their treatment with chemotherapy.
Hence, for the therapeutic administration of this virus the use of modified, nontoxic, attenuated
viral strains is necessary or one should consider the local rather than systemic administration of
this virus.

Another very important obstacle in the clinical application of VSV, as well as of other
oncolytic viruses, is the induction of neutralizing antibodies that inactivate the virus, especially
after its systemic administration. Strategies that could be applied to reduce the immunogenicity
of this virus include the modification of its immunogenic viral epitopes, the coating of the virus
with polymers that “hide” these epitopes and prevent their recognition by the immune system,
and systemic immunosuppression. However, the latter approach could increase the risk of side
effects by rendering normal cells more succeptible to viral attack, while VSV’s anticancer effect
could be significantly hampered, as this is not only mediated by oncolysis of cancer cells, but
also through induction of adaptive anticacer immune response.

Furthermore, the intravenous administration of VSV is followed by its uptake by hepatocytes,
limiting its access to the systemic circulation and thus to the tumor’s microenvironment. Thus,
strategies to improve the access of systemically administered VSV to the tumor
microenvironment are also important for the improvement of the efficacy of oncolytic
virotherapy; one such approach is the induction of local tumor inflammation which is currently
under investigation. Finally, the incorporation of oncolytic virotherapy with other clinically
approved therapeutic strategies for malignant pleural mesothelioma, as well as other cancer
types, is of major importance and merits further investigation, as the concurrent or successive
application of such therapeutic approaches may have a synergistic effect with better results
compared to the application of each therapeutic approach separately.

Despite these difficulties that generally concern most types of oncolytic viruses, oncolytic
virotherapy is a groundbreaking, novel therapeutic strategy which is being actively investigated
in clinical trials. There are at least 15 different types of oncolytic viruses (genetically modified
adenoviruses, herpesviruses, retroviruses, vaccinia, Coxsackie and measles viruses) under
clinical trials for various cancer types, such as glioblastoma multiforme, pancreatic, lung, colon,
renal cell and head and neck cancer. For malignant pleural mesothelioma, a phase I clinical trial
is currently investigating a viral strain of the oncolytic measles virus expressing the sodium
iodide symporter (MV.NIS), while VSV.hIFN-B.NIS is currently being investigated in patients
with multiple myeloma, acute lymphoblastic leukemia, T-cell lymphoma and endometrial cancer
(NCT03017820).
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