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1. Zoznam pouZzitych skratiek a symbolov

BNIP3 — BCL2/adenovirus E1B 19 kDa protein-interacting protein 3, ¢len BCL2/adenovirus E1B
19 kd-interagujicej proteinovej (BNIP) rodiny, proapoototicky protein

BNIP3L (NIX) BCL2/adenovirus E1B 19 kDa protein-interacting protein 3-like, funkcny
homol6g BNIP3

CD4 — glykoprotein na povrchu imunitnych buniek, ¢len imunoglobulinovej superrodin, znak Ty
lymfocytov

CD8 — transmembrdnovy glykoprotein, ko-receptor pre receptor T buniek (TCR), Specificky pre
MHCI proteiny, znak T, lymfocytov

dsRNA - dvojvlaknova ribonukleova kyselina

EGFR — epidermal growth factor receptor

elF2a — alfa podjednotka iniciaéného faktoru 2

G207 — modifikovany onkolyticky herpes simplex virus

GEF - guanin exchange factor

GLUT]1 - glucose transporter 1, ul'ahcuje transport glukézy cez plazmatickii membranu

GTP/ GDP - Guanouin-5'-trifosfat/difosfat, substrat syntézy RNA/defosforylacny produkt GTP
HIF — hypoxiou indukovany faktor

HSV — herpes simplex virus

IGF II - insulin like growth factor 2, hlavny fetdlny rastovy faktor

ISVP — intermediarna subvirusova Castica

JNK - c-Jun N-terminal kindza, patri do rodiny mitogénom aktivovanych protein kindz, odpoved’
na stres

MEFs — mySacie embryonélne fibroblasty

Met-tRNA — transferovd RNA s naviaznanym metioninom

MK16 — imortalizované bunky mysich obli¢iek

MOI — multiplicity of infection = pomer infekénych viriénov k poc¢tu napadnutych buniek

mRNA — messenger RNA

MV-Edm — Edmonston B druh osypkového virusu

NDV — Newcastle disease virus

NIH 3T3 - Standardnd mysSia fibroblastova bunkov4 linia

ONYX15 — deletovany adenovirus

pS53 — tumor supresorovy protein s molekulovou hmotnostou 53 kDa, tzv. strdZca gendému
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PFU - plaque forming units = miera poctu castic schopnych tvorit' plaky v jednotke objemu,
funk¢nd jednotka

PHD - prolyl hydroxyla¢né enzymy

PI3 kinaza - fosphatidylinozitol 3-kindza

PKR - dvojvlaknovou RNA aktivovana proteinkindza

RNA - rionukleova kyselina

SH2 doména — strukturdlne konzervovand proteinovd doména v Src onkoproteine
Src — protoonkogén, rodina ne-receptorovych tyrozin kinaz

TC-1 — imortalizované bunky mysieho pl'icneho tkaniva

TNF — tumor nekrotizujuci faktor

VEGEF - Vascular endothelial growth factor, signalny protein

VHL - von Hippel Lindau faktor

VSV - virus vezikuldrnej stomatitidy



2. Uvod

2.1 ONKOLYTICKE VIRUSY

2.1.1 VIRUSY — NOVY LIEK PROTI RAKOVINE

Pouzitie replikacne-kompetentnych virusov ako onkolytickych agens prispelo k mnohym
zaujimavym objavom v poslednych 2 desatrofiach vyskumu nddorovych ochoreni. A vyskum
zas viedol k objavu zna¢ného poctu onkolytickych virusov. Niektoré prirodzene sa vyskytujice
virusy preferencne infikuji a zabijaju transformované bunky, napriklad virus vezikularnej
stomatitidy (VSV), herpex simplex virus (HSV), Newcastle disease virus (NDV) a reovirus
(Farassati F. et al., 2001, Norman K.L. a Lee P.W., 2000,
Sinkovics J.G. a Horvath J.C., 2000, Stojdl D.F. et al., 2000).
Edmonston B druh osypkového virusu (MV-Edm) pdvodne atenuovany pre pouZzitie ako Ziva
virusova vakcina, ma potencidlne onkolytické vyuzitie (Grote D. et al., 2001).Okrem
toho, niekol’ko genetickych modifikacii adenovirusov, herpetického virusu a virusu chripky, im
dokazalo vniest selektivnhu onkolytickd aktivitu (Bergmann M. et al., 2001,
Dobbelstein M., 2004, Martuza R.L., 2000).Mnoho novych Studii demonsStruje,
7Ze tieto virusy modzu efektivne a selektivne nicit' transformované bunkové linie a taktiez
vykazovat’ protinddorové vlastnosti in vivo. Takisto sa enormne posunulo vpred poznanie
molekuldrnych zakladov virusovej onkolyzy.

Onkolytické virusy dokdzu infikovat’ nddorové bunky, replikovat’ sa v nich za vyuzitia
bunkového replika¢ného aparitu, indukovat smrt’ infikovanej nddorovej bunky, uvolnovat
virdlne Castice schopné i neschopné d’alsej replikacie. Po rozpade napadnutej bunky sa virus Siri
do okolitého tkaniva a zosiliuje tak svoj liecebny efekt. Virusy sa mnozia geometrickou radou,
¢o eventudlne vedie k maximalizicii davky v Ziadanom mieste G¢inku, kym neudplnd replikdcia
v zdravom tkanive povedie k dspeSnému odstrdneniu alebo aspon redukovaniu toxicity. Vdaka
selektivite ich replikdcie pre nddorové tkanivo mdze byt terapeuticky index takéhoto lieCiva
vyznamne zvySeny. NavySe, onkolytické virusy napomdhaju deStrukcii nadorovych buniek
viacerymi mechanizmami. Okrem priamej lyzy, vysledku virusového replikacného cyklu, virusy
taktieZ sprostredkivaju deStrukciu nadorovej bunky indukciou neSpecifickej 1 Specifickej

antitumordlnej imunity. Niektoré virusy exprimuju proteiny, ktoré su pre nddorové bunky



cytotoxické (napr. adenovirus exprimuje cytotoxické proteiny E3 a EAORF4) (Mullen J.T.

a Tanabe K.K., 2003).

2.1.2 HISTORIA

Dokazy onkolytickej aktivity pripisanej rozmnoZzujucim sa virusom boli prvykrit
popisané v kazuistikdch publikovanych uz roku 1912. Tieto sprdvy opisovali raritnd, avSak
dramatickd odpoved’ u pacientov s nddorovym ochorenim, ktori zdroven prekondvali virusovi
infekciu (Bousser J. a Zittoun R., 1965, Hansen R.M. a Libnoch J.A.,
1978, Weintraub L.R., 1969). ZaloZené na tychto pozorovaniach boli virusy s malou
patogenicitou (minimélnou toxicitou pre normdlne tkanivo) a vysokou onkolytickou kapacitou
(toxické pre rakovinové bunky) vybrané pre pociato¢ny klinicky vyskum (Asada T., 1974,
PACK G.T., 1950). Stidie v pitdesiatych rokoch minulého storo&ia s West Nile virusom
Egypt 101 odhalili jeho protinddorovi aktivitu, ktord sa prejavovala ako prechodnd nekréza
nddorov u pacientov. Buhozial’, d’alSie Stidie boli zastavené, ked’ sa u imunosuprimovanych
pacientov po lie€be tymto virusom vyvinula encefalitida (HUEBNER R.J. et al., 1956,
Russell S.J., 1994, SOUTHAM C.M. a MOORE A.E., 1952). Neskdr bol
testovany atenuovany mumps virus a jeho onkolytické ucinky boli eSte posobivejSie. Odpovede
na liecbu vSak neboli trvalé a boli limitované na miesto vpichu (Asada T., 1974,
Csatary L. a Gergely P., 1990, Csatary L.K. et al., 1993, Okuno
Y. et al., 1978, Shimizu Y. et al., 1988, Yamanishi K. et al.,
1970). Aby bolo dosiahnutého rozsiahlejSieho systémového vysledku po lokdlnom injekénom
spOsobe podania, pri§li na rad metédy stimuldcie imunitného systému pouZitim virusovych
,onkolyzatov*. Vyskumnici exponovali maligne bunky virusu ex vivo, indukovali onkolyzu a
takto poskytovali antigénny materdl, ktory mohol byt pouZity ako vakcina. Chripkové virusové
,onkolyzaty” indukovali silnejSiu protinddorovd aktivitu in vivo neZ samotny virus alebo
nemodifikované extrakty z nddorovych buniek (Boone C.W. et al., 1974,
Heicappell R. et al., 1986). Vjednej Studii s pacientkami s pokrocilymi nddormi
ovdrii podskupina pacientiek vykazovala trvald odpoved’, ktord sa zdala byt’ posilnend nédslednou
liecbou interleukinom-2 (IL-2) (Ioannides C.G. et al., 1990). Dalgie Stddie
pouzivali onkolyzéity s Newcastle disease virusom (NDV) a preukdzali signifikantné zlepSenie

prezitia u pacientov vo vcasnych Stddidch melanému porovnanych s historickymi kontrolami
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(69% desatrocné preZitie bez ochorenia versus 15% pri kontrolich) (Lin E. a
Nemunaitis J., 2004).V dneSnej dobe sa modifikovany Newcastle disease virus (73T) sa
pouziva ako vakcinaCny onkolyzat v beziacej klinickej Stadii zahffiajicej pacientov
s melanémom a pacientov s karcindmom obli¢iek. Predbezné vysledky sa zdaju byt nadejné

(Sinkovics J.G. a Horvath J.C., 2003).

2.1.3 VIRUSY A IMUNITA

Virusova infekcia buniek vyvoldva imunitnd odpoved’ organizmu, ktord pozostdva
z mozstva cytokinov (interferén a,  a y, TNF a a niektoré interleukiny) a infiltrdcie makrofagmi,
neutrofilmi a NK bunkami. PretoZe aktivécia klasickej cesty komplementu v nddorovej bunke nie
je jediny spdsob jej zabitia, vznik skriZenej rezistencie so Standardnymi chemoterapeutikami
alebo radioterapiou je vel'mi mélo pravdepodobny. Na druhej strane, Gi¢innd imunitnd odpoved’ je
schopna znicit’ replikujice sa viriény a takto limitovat’ ich priamy lyticky efekt (Smith E.R.
a Chiocca E.A., 2000).Todaetal (Toda M. et al., 1999)ukazali, Ze liecba
nddorov mysi geneticky modifikovanym onkolytickym herpes virusom G207 viedla k spusteniu
systémovej imunity aj proti d’alSim nddorom, v ktorych virus nebol detegovany, a to cytotoxickou
odpoved’ou T buniek. Imunosupresia navodend kortikosteroidmi v transplantovanom l'udskom
nddore znizovala Gc¢innost’ G207 (Todo T. et al., 1999). Na druhej strane, Hirasawa et
al. (Hirasawa K. et al., 2003) dokdzali zvySend ducinnost reovirusu na
eradikdcii mySich nddorov po pridani cyklosporinu A a anti CD4 a anti CDS8 protilatok. Stile
vSak ostdva dorieSit, ktoré mechanizmy sa a v akej miere podiel'aji na vzniku antivirusovej, pri

terapii onkolytickymi virusmi neZiaducej, a ktoré na vzniku protinddorovej imunity.

2.1.4 IDEALNY ONKOLYTICKY VIRUS

Aby sa na virus mohlo nahliadat’ ako na zdstupcu onkolytickej viroterapie, musi byt
mal replikovat v nddorovych bunkdch anicit' ich, zatial ¢o cytotoxicky efekt na okolité
nenddorové tkanivo obklopujice tumor by mal byt ¢o najmensi. V idedlnom pripade by aj virus
podany systémovo napddal vyhradne nddorové bunky. Takisto by sa optimdlny virus mnozil

rovnako rychlo tak v replikujicich sa, ako aj v nddorovych bunkich v pokojovej faze bunkového
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cyklu, ato s vysokym stupniom vytazku. Rozsiril by sa celou masou tumoru bud’ ni¢iac bunky
priamo lyzou, alebo by ich senzitivizoval na pdsobenie d’alSich terapeuticky pouZitych latok,
zatial' ¢o by ostdval neSkodny pre okolité normdlne zdravé tkanivo. Vyhodou by bolo, ak by
rodiCovsky virus spdsoboval iba jemné, velmi dobre charakterizované a zvlddnutelné
ochorenie/a. Alternativou by bolo vyuzitie dele¢nych mutantov, ktoré su sami osebe nevirulentné.
Genetickd stabilita virusu je jeho velkou prednostou z bezpecnostného i vyrobného hl'adiska.
Idedlny virus by takisto bol schopny replikdcie za pritomnosti vznikajicej, alebo uz pre-
existujicej imunitnej odpovede. Toto mdZe vyZadovat expresiu aj takych virdlnych proteinov,
ktoré su zahrnuté v supresii antivirdlnej imunitnej odpovede. PretoZze by nastolil len minimdlnu
imunologicku reakciu, bol by vel'mi dobre tolerovany pacientami. Navyse, infekcia virusom by
stimulovala efektivnu antitumoralnu imunitni odpoved’, ktord by viedla k deStrukcii metastaz
(Ring C.J., 2002). Tieto idedlne podmienky viak viésina onkolytickych virusov spiia iba

scasti.

2.1.5 ROZDELENIE ONKOLYTICKYCH VIRUSOV

Virusy svojou infekciou dramaticky menia fenotyp napadnutej bunky prave kvoli
maximalizdcii vlastnej replikdcie a tym preZitia. Zmeny v bunke indukované virusovou infekciou
su Casto mimoriadne podobné bunkovym zmendm ziskanym pocas karcinogenézy. (napr.
inaktivdcia tumor supresorového proteinu p53, inhibicia apoptézy). Preto nie je prekvapivé, ze
mnoho virusov prirodzene rastie v nddorovych bunkdch a/alebo sa daji vytvorit' virusy
s nddorovou selektivitou. Bolo popisanych pdt zdkladnych mechanizmov, ako dosiahnut
nddorovu selektivitu virusu.

Tieto zahfiaju: (a) pouZitie virusov s vrodenou selektivitou pre nddorovi bunku (napr.
virus newcastelskej choroby, virus vezikuldrnej stomatitidy, autonémne parvovirusy, niektoré
druhy virusu osypok, reovirus (Alemany R. et al., 2000, Coffey M.C. et
al., 1998, Kirn D.H., 2000, Lorence R.M. et al., 1988, Rommelaere
J. a Cornelis J.J., 1991, Stojdl D.F. et al., 2000, Wickham T.J.
et al., 1997); (b) deletovanie celych génov virusu (napr. HSV, adenovirus, virus vakcinie
(Bischoff J.R. et al., 1996, Heise C. et al., 1997, Martuza R.L.
et al., 1991, Mastrangelo M.J. et al., 2000); alebo (c) funkénych oblasti

génov (adenovirus, poliovirus (Fueyo J. et al., 2000, Gromeier M. et al.,
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2000, Heise C. et al., 2000), ktoré su dolezité pre efektivnu replikdciu a/alebo
toxicitu v normdlnych bunkdch, ktorych pritomnost’ vSak pre replikdciu a/alebo lyzu nddorovych
buniek nie je nevyhnutnd; (d) vnesenim nddorovo/tkanivovo-Specifickych prométorov do
virusov, ktoré limituju expresiu génov potrebnych na replikdciu vyhradne na nadorové bunky
(adenovirus, HSV) (Miyatake S. et al., 1997) alebo (e) modifikovanim virusového
obalu tak, aby bol virus rozpozndvany a pohlcovany iba naddorovou bunkou (napr. adenovirus,
poliovirus (Alemany R. et al., 2000, Wickham T.J. et al., 1997).Kazdy
z uvedenych postupov md samozrejme vyhody 1 nevyhody.

VSetky z tychto virusov preukdzali selektivitu pre nddorové bunky in vitro a/alebo in vivo,
pricom mnohé znich boli poddvané intratumordlne, intraperitonedlne a/alebo intravendzne.

Prehlad najdodlezitejsich onkolytickych virusov uvadza Tabul’ka 1.
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Rodina virusov | Onkolyticky virus | Specificita Geneticka modifikacia
Adenovirus ONYX-015 Bunky bez funkéného p53 E1B-55kD, E3b delécia
CV 706 Bunky prostaty E1A expresia riadend PSE,
delécia E3
CV 787 Bunky prostaty E1B expresia riadend PSE
AdS-CD/tk-rep Bunky bez funkéného p53 E1B-55kD delécia
adMycTK myc exprimujice bunky Myc-Max viazuci motiv
Herpes simplex G207 Proliferujice bunky Disrupcia  ribonucleotid
reduktizy a delécia gamma
34.5
NV1020 Proliferujice bunky Delécia gamma 34.5
1716 Proliferujice bunky Delécia gamma 34.5
Vakcinia wild type +/- GM- |nezndma wild type
CSF
Virus 73-T, PV 701, kmen | neznama wild type
newcastelskej Ulster, MTH-68/N
choroby
Autonémne H-1 Transformované bunky- | wild type
parvovirusy Tproliferécia, ldifefencidcia, ras,
p53 muticia
Reovirus Reolysin Aktivacia ras-signdlnej drdhy wild type

Tabulka 1. Prehlad onkolytickych virusov v Kklinickych testoch (modifikované

podla Kirn DH Replication-selective microbiological agents: fighting cancer with targeted

germ warfare. J Clin Invest 2000;105:837- 839)

2.1.6 ONKOLYTICKA VIRUSOVA TERAPIA

2.1.6.1 Onkolytiky herpes simplex virus-1

Replikacne-kompetentné onkolytické HSV-1 pouzité v klinickych protokoloch pre gliomy

zahinaju G207 a HSV1716. Dvojity mutant G207 herpes simplex virus nesie delécie obidvoch

kopii neurovirulentného génu y34.5 a obsahuje inzer¢nu inaktivaciu v U39 lokuse, ktory kéduje

ICP6, podjednotku virusovej ribonukloetidreduktdzy esencidlnej pre virusova replikdciu
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v postmitotickych bunkdch (Markert J.M. et al., 2000).HSVI1716 virus je podobny
G207, tiez mu chybaju obidve képie y34.5, ale nesie nezmutovany ICP6 gén (Rampling R.
et al., 2000). Popri jeho neodmyslitel'nej ulohe v patogenite HSV-1 v neurénoch,
proteinovy produkt y34.5 ICP34.5 je zahrnuty v premdhani obrany hostitel'skej bunky proti
infekcii mediovane] protein kindzou R (PKR). Pri infekcii, aktivdcia PKR zastavi transldciu
v infikovanej bunke fosforyldciou a inaktiviciou eukaryotického iniciaéného faktoru 2 (elF-2a).
ICP34.5 naviaze a pouZzije proteinovu fosfatdzu 1-o na defosforylaciu elF-2a, takZe proteosyntéza
moze pokraCovat’. Virusy bez y34.5 sa rozmnoZuji v bunkéch s defektnou PKR cestou, ako su
napriklad nddorové bunky so zvySenou expresiou ras, zatial¢o sa nemo6zu efektivne rozmnozovat
v bunkdch s funkénou PKR cestou (Farassati F. et al., 2001). NavySe, delécie v
v34.5 géne takisto odstranuju sekvencie kodujuce latentne aktivované transkipty a takto
znemoZnuju tymto virusom dostat’ sa do latentného stavu v ramci hostitel'skej bunky (Whitley
R.J. et al., 1993). Inaktivicia ICP6 doddva virusu d’alSie bezpecnostné vlastnosti, ako
napriklad schopnost’ replikdcie jedine v deliacich sa bunkdch (Goldstein D.J. a Weller
S.K., 1988) a zvySenu senzitivitu k acykloviru a gancykloviru (GCV) (Mineta T. et
al., 1994).

Otitrovanie davky virusu G207 bolo skimané v klinickej Studii fizy 1 s pacientami
s recidivujicimi malignymi gliémami (Markert J.M. et al., 2000). VSetci pacienti
boli lieCeni stereotaktickou intratumordlnou injekciou virusu v ddavke az do 3x10° PFU. U
ziadneho z pacientov sa nevyvinula herpetickd encefalitida ani sa neprejavila Ziadna ind
signifikantnd toxicita, okrem mierneho neurologického zhorSnia, takZe nemohla byt' stanovena
maximdlna tolerovate'nd ddvka. NavySe, MRI robend mesiac po liecbe ukdzala u 8 z20
pecientov zmenSenie objemu nadorov oproti stavu pred inokuldciou. U jedného z tychto
pacientov doslo k takmer tplnej regresii tumoru a d’alsi traja vykdzali relativne dlhé Casy preZitia
(Markert J.M. et al., 2000).
Bezpecnost’ a toxicita virusu HSV1716 boli prvykrit hodnotené v ddvke nastavujicej Stadii fazy
1 u deviatich pacientov s recidivujicimi gliomami vo vysokom S$tadiu, z ktorych Ziadny
neprejavil znamky encefalitidy ani po podani najvysSej davky 10° PFU (Rampling R. et
al., 2000). Ako odpoved na viroterapiu, pit’ pacientov bolo stbilizovanych, zatial' ¢o d’alsi
preogredovali. U&innost HSV1716 bolo hodnotend v nasledujicej tddii s 12 pacientami s high-
grade gliémami, ktorym 4-9 dni po intratumordlnej injekcii virusu, boli nddory chirurgicky
odstrdnené na stanovenie virusovej replikdcie (Papanastassiou V. et al., 2002).

14



Infekény virus HSV1716 bol kultivovany z exstirpovanych nddorov v dvoch pripadoch a PCR
detegovany vo Osmych d’al§ich. HSV1716 virusom inokulované nddorové tkanivo z jedného
z pacientov bolo kultivované in vitro a testované na pritomnost’ virusu s negativnymi vysledkami.
Ked’ boli bunky re-infikované in vitro, u malej frakcie z nich nastala lyza a virus sa §iril d’alej
(Harland J. et al., 2002).HSVI716 bol taktiez pouZzity ako adjuvantné terapeutikum
u pacientov s novo-diagnostikovanymi alebo recidivujicimi gliomami vysokého Stddia, priamou
injekciou do poopera¢nej dutiny v mozgu, ktord vznikla po odstrdneni nddoru (Harrow S. et
al., 2004). Podla klinického protokolu liecba pokracovala radioterapiou alebo
chemoterapiou. Je dolezité, Ze ani v tejto Stidii sa nevyskytla Ziadna toxicita spOsobend
HSV1716, ¢o potvrdzuje bezpecnost’ onkolytického HSV-1. NayySe, traja z dvandstich liecenych
pacientov vykdzali dlhodobé preZzitie bez prejavov ochorenia vratane jedného, u ktorého doslo
k zmenSeniu objemu nddoru (Harrow S. et al., 2004).

Dalsia §tidia fizy I/Il skimala doporéenti davku JS1/34.5-/47-/GM-CSF, onkolytického
HSV-1 so zakédovanym l'udskym faktorom stimulujicim granulocytdrne a makrofagové kolonie
(GM-CSF), pre d’alSie Stidie v kombindcii s chemoradioterapiou u pacientov so spinoceluldrnymi
karcindmamimy hlavy a krku (SCCHN) (Harrington K.J. et al., 2010) . Pacienti
dostali chemoradioterapiu a zvySujice sa davky JS1/34.5-/47-/GM-CSF virusu intratumorélnou
injekciou nasledovanou odstrdnenim ndadoru. Primdrne vystupy mali byt bezpefnost’ a
doporuc¢end davka/davkovanie pre d’alSie Stidie. Sekundédrne zahfiiali protinddorovi aktivitu a
takisto sa sledovalo preZitie a pocetnost’ relapsov ochorenia. 17 pacientov bolo liecenych bez
omeskania chemoradioterapie alebo davky limitujicej toxicity. 14 pacientov (82.3%) preukazalo
nadorovu odpoved’ a kompletnd patologickd remisia nastala u 93% pacientov s disekciou na krku.
HSV bol detegovany v injikovanych i okolitych neinjikovanych nddoroch v davkach vyssich ako
povodnd ddvka Co znadi uspesnu virusovi repikdciu. VSetci pacienti boli séropozitivni na konci
lie¢by. Ziadny z pacientov nevyvinul lokoregiondlny névrat ochorenia a preZitie ochorenia bolo

82.4% s medianom 29 mesiacov (Harrington K.J. et al., 2010).

2.1.6.2 Onkolytické adenovirusy

Adenovirusy nestice muticie vo v€asnych génoch E1A alebo E1B, ktoré si zodpovedné
za naviazanie a inaktivovanie niektorych proteinov zahrnutych v kontrole bunkového cyklu

a apoptdze, ako napriklad ¢lenovia rodiny pRB a p53, sa prednostne replikuju a lyzuji nddorové
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bunky. Na pripravu nddorovo-selektivnych onkolytickych virusov bol prebadany a vyuZity
obrovsky rozsah konceptov (McCormick F., 2001, Nemunaitis J. a Edelman
J., 2002). Virusy pripravované vo firme ONYX boli navrhnuté tak, aby vyuZzitim funkcii
chybajicich v nadorovych bunkdch dosiahli nadorovo-$pecifické hostitel'ské rozhranie.
Zostrojeny ONYX-015 je neschopny exprimovat EIB 55K, vcasny adenovirusovy protein
dolezity pre degraddciu p53 ateda obidenie p53 mediované zastavenie bunkového cyklu
aapoptézu (Biederer C. et al., 2002). O ONYX-015 sa preto myslelo, Ze sa
selektivne replikuje v nddorovych bunkdch s chybajicim funkénym p53, ¢im sa stiva gén E1B
55K nepotrebny. Zatial¢o sa ukdzalo, Ze indukcia p53 v niektorych nddorovych bunkdch
obmedzila ONYX-015 replikdciu, potvrdilo sa, Ze nddorové selektivita vyustila v nova funkciu
nadorovych buniek, a to schopnost’ exportovat’ z jadra neskoré virusové mRNA v nepritomnosti
EIB 55K (0'Shea C.C. et al., 2004).Dal§fm virusom vyrobenym v ONYX chyba
schopnost’ blokovat’ RB funkciu a méZu sa teda replikovat’ jedine v bunkédch bez funkéného RB
génu (Heise C. a Kirn D.H., 2000, Johnson L. et al., 2002). Pribuzny
virus, delta-24 (s doplnkovou RGD povrchovou modifikédciou) coskoro vstupi do klinickej fazy
skimania liecby glioblastomov (Fueyo J. et al., 2003).

ONYX-015, jeden zprvych upravenych adenovirusov, bol testovany na viacerych
ludskych ndadoroch v klinickych Stidiach fazy III, ktoré potvrdili jeho bezpecnost
a protinddorovd ucinnost, hlavne v kombinécii s chemo- a rddioterapiou (Barzon L. et
al., 2004, Chiocca E.A., 2002). Titrovanie davky virusu ONYX-015 v klinicke;j
Studii fazy I sa previedlo na 24 pacientoch s recidivujicimi malignymi glidmami (Chiocca
E.A. et al., 2004). Virus bol injikovany v davke 10’-10' PFU do dutiny po resekcii
nadoru. Ziadny z pacientov nevykazoval vdzne nepriaznivé prihody v spojitosti s liecbou ONYX-
015 a maximdlna tolerovand ddvka virusu nebola dosiahnutd. NaneStastie bezpecnost’ liecby
nebola doprevddzand podobnymi pozitivhymi vysledkami ¢o sa tyka ucinnosti. U vSetkych
pacientov ochorenie progredovalo, s vynimkov jedného pacienta s anaplastickym astrocytomom,
u ktorého prebiehalo ochorenie stabilizovane. Medidn ¢asu nddorovej progresie bol 46 dni
a medidn preZitia 6,2 mesiaca. Zaujimavé bolo, Ze u dvoch pacientov, u ktorych prebehla druha
resekcia 3 mesiace po injekciii ONYX-015, bola dokdzand lymfocytickd a plazmocytickd
infiltrdcia v mieste vpichu (Chiocca E.A. et al., 2004).

Dal§i modifikovany adenovirus AdS5.SSTR/TK.RGD s posilnenou infektivitou,

exprimujuci terapeuticky tymidin-kindzovy samovrazedny gén a somatostatinovy receptor
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(SSTR) bol testovany v klinickej Studii fazy I na pacientkéch s recidivujicimi gynekologickymi
niddormi (Zhang T. et al., 2011).Pacientky boli lieCené trojdiiovou intraperitonedlnou
davkou 1 x 10°az 1 x 10" virusu Ad5.SSTR/TK.RGD nasledovanou intravenéznym 14 diiovym
podanim gancykloviru. NajCastejSie pozorované toxicity spdsobené virusom boli bolestivé
symptomy, ktoré sa prejavili u pacientiek lieCenych najvySSou ddvkou. Maximdlna toelrovana
davka nebola stanovend. Piat pacientieck vykazovalo stabilizované ochorenie, u vsetkych
ostatnych ochorenie progredovalo. Jedna pacientka so stabilizovanym ochorenim vykdzala
kompletnii remisiu ochorenia a normalizdciu CA125 v d’alSom sledovani. Stidie vzoriek ascites
zozbieranych v roznych casovych intervaloch pacientiek lieCenych vySSou déavkou virsu,
preukdzali pritomnost AdS5.SSTR/TK.RGD a HSVI-tk expresiu (Zhang T. et al.,
2011).

2.1.6.3 Onkolyticky virus newcastelskej choroby

Virus newcastelskej choroby, NDV, je vta¢i paramyxovirus nepatogénny pre l'udi
v jedinej vynimke, ato raritnej prechodnej respiracnej infekcii vyskytujicej sa u chovatelov
hydiny. Niektoré atenuované kmene NDV prejavili onkolytické vlastnosti proti l'udskym
nddorom, zatial' Co nie neoplastické bunky ostali nedotknuté (Reichard K.W. et al.,
1992). Mechanizmus uc¢inku atenuovaného NDV ostdva stidle nezndmy, aj ked’ sa zdd, Ze
aktivdcia Ras signdlnej drdhy bude hypoteticky zohrdvat’ rolu ako sa predpkladad iu y34.5-
defektného HSV-1. NDV taktiez prejavuje mnohopocetné imuno-modulacné vlastnosti
(Schirrmacher V. et al., 1999) aindukuje produkciu dvojvladknovej RNA,
interferénov a chemokinov v infikovanych bunkich (Washburn B. a Schirrmacher
V., 2002).

Onkolyticky NDV PV701 bol pouZity v klinickej $tddii fazy I zahrnujicej 79 pacientov
s roznymi pokrocilymi solidnymi nddormi (Pecora A.L. et al., 2002). Vysledky tejto
Studie potvrdili, Ze optimdlna liecba bez neZiaducich uc¢inkov ma zacat' nizkymi ddvkami
s postupnym zvySovanim davok. NajcastejSie negativne tcinky boli zvySend teplota a symptomy
podobné chripke, avSak vyskytli sa aj zdvazné komplikdcie, vratane smrti spOsobenej lieCbou.
Dalsf onkolyticky NDV , MTH-68/H, bol skiimany v $tididch fizy /Il u pacientov s pokro¢ilymi
nddorovymi ochoreniami (Csatary L.K. et al., 1993, Csatary L.K. et al.,

1999) au 14 pacientov s gliomami vysokého §tddia (Csatary L.K. et al., 2004).
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Lie¢ba pozostdvala z dennej intravenéznej injekcie 2x10’ PFU MTH-68/H virusu. Davky boli
postupne dvihané aZ na 2x10° PFU denne a v pripade klinického zlepSenia udrZiavané polas
celého Zivota pacienta v dlhsich intervaloch. Ziadne negativne pozorovania pocas trvania $tidie
neboli zaznamenané. Zo 14 pacientov, 4 pacienti s glioblastoma multiforme mali Cas preZitia
medzi 5 a9 rokov vratane dvoch pacientov, ktori preukdzali takmer tplné zmneSenie nadoru
(Csatary L.K. et al., 2004).

Najnovsia Stidia fazy I/Il s NDV-HUJ onkolytikym virusom u pacientov s pokro¢ilym
recidivujicim glioblastoma multiforme priniesla priaznivé vysledky. (Freeman A.I. et
al., 2006) Postupne stupnovand davka virusu bola pacientom poddvand v intravendznej
infuzii po dobu 15 minut v rdzne pocetnych cykloch. VSetci pacienti bez progresie ochorenia boli
udrziavani dvomi diavkami po 11 biliénov jednotiek virusu i.v. tyZdenne. Toxicita bola
minimalna s vyskytom horucky stupfia I/II u piatich pacientov. Maximdlna tolerovand davka
nebola dosiahnutd. Anti-NDV hemaglutinin protildtky boli preukdzané za 5-29 dni. NDV-NUJ
bol detegovany z krvi, slin, vzoriek mocu a jednej tumor biopsie. Jeden pacient dosiahol
komletnej odpovede (Freeman A.I. et al., 2006). Zistenie dobrej tolerancie
a nadejné vysledky opravnuju k d’alSiemu testovaniu NDV-HUJ na glioblastémoch ako i na inych
druhoch nddorového ochorenia. Tieto vysledky klinickych Stidii vyzerajd vel'mi priaznivo, ale
kontrolované Studie su potrebné na kone¢né zadefinovanie bezpecnosti a onkolytickej aktivity

NDV.

2.1.7 KLINICKE TESTOVANIE ONKOLYTICKYCH VIRUSOV

Z vysledkov preklinickych modelov je evidentné, Ze onkolytické virusy maji obrovsky
potencidl stat’ sa novym doleZitym protinddorovym terapeutikom. Vysledky fdz I a II klinickych
testov intratumordlne i systémovo poddvanych virusov sa pomaly za¢inajui sumarizovat. Zda sa,
Ze sucasne pouzivané onkolytické virusy su bezpecné a v porovnani s mnohymi konvenénymi
cytostatikami maju menej zdvazné akitne neZiaduce ucinky (Markert J.M. et al.,
2000, Mulvihill S. et al., 2001). Prvy klinicky testovany onkolyticky virus je
adenovirus ONYX-015, ktory bol od roku 1996 predmetom skimania 18 klinickych Stidif fazy
Iall. Do dneSnych dni bolo viac nez 250 pacientov lieCenych ONYX-015 aviac nez 170
virusom newcastelskej choroby (Chernajovsky Y. et al., 2006). Jasné dokazy
z preklinickych i klinickych S§tidii nastol'uji predpoklad, Ze kombindcia replikacne-

18



kompetentnych virusov so Standardnou protirakovinovou liecbou ako je operacnd liecba,
chemoterapia a radioterapia modze vyustit’ v obrovsky terapeuticky prinos (Freytag S.0. et
al., 1998, Heise C. et al., 1997, Khuri F.R. et al., 2000,
Rogulski K.R. et al., 2000, Zhang Q. et al., 2004).ONYX-015 sa stal
prvym virusom, ktory vstipil do klinického testovania v kombindcii s chemoterapiou (Aghi M.
a Martuza R.L., 2005). V niektorych pripadoch terapia virusom v kombin4cii
s chemoterapiou bola natol’ko uspesnd, Ze bolo zahdjené klinické testovanie fazy IIl (Aghi M.
a Martuza R.L., 2005, Lamont J.P. et al., 2000, Nemunaitis J. et
al., 2000, Nemunaitis J. et al., 2001).

Vicsina dodnes uskuto¢nenych klinickych Stidii zahfnala intratumordlne podavanie.
Systematickd lieCba rakoviny onkolytickymi virusmi je jasnym d’al$im krokom vedicim k ich
SirSiemu uplatneniu. Neddvna intravenézna administricia PV701 a ONYX-015 pacientom
v pokro¢ilom  Stddiu  spinocelularnych  karcindbmov ~ hlavy  akrku  akarcinémov
gastrointestindlneho traktu s metastizami do pecene zahffiala Stidium maximdlnej tolerovanej
davky (Nemunaitis J. et al., 2001, Reid T. et al., 2002). Adenovirus
ONYX-015 bol poddvany pacientom s gastrointestindlnym karcindmom diseminovanym do
pecene inflizne cez hepatickd artériu (Pecora A.L. et al., 2002). Napriek tomu je
potrebné zahdjit a vylepsit viac klinickych Stidii a preskimat oboje, loko-regiondlne
i systematické poddvanie. Potrebujeme zistit, ako ddveryhodne preklinické modely urcujd
vysledok testovania na l'udskych jedincoch. Je celkom pravdepodobné, Ze na otdzky tykajice sa
virémie, odburavania virusu, humordlnej a celuldrnej imunitnej odpovede, schopnosti Sirenia
z nddoru na nddor a stability virusu v 'udskom organizme odpovie len testovanie na l'ud’och.
Jemné dolad’ovanie a optimalizdcia virusovych terapeutik sa najlepSie preveria v klinickych

Studidch fazy Il a I1L.
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2.2 REOVIRUS

2.2.1 VYSKYT A TAXONOMICKE ZARADENIE REOVIRUSU

Reovirusy, prototypni €lenovia rodiny Reoviridae, boli prvykrit izolované z trdviaceho
traktu jedincov, ktori nejavili zndmky ochorenia. Tieto virusy vykazuji vrodenu preferenciu
replikdcie v mnohych transformovanych bunkéch.

Reovirus (akronymum pre anglické respiratory enteric orphan virus — respiracnoentericky
virus sirota) je virus s vysokou prevalenciou v 'udskej populdcii, av§ak nie je asociovany so
Ziadnym zndmym ochorenim (Tyler K.L., 2001). Bol izolovany z dychacieho a
traviaceho traktu zdravych jedincov apokladd sa za virus - sirotu, pretoZe infekcii, ktoru
sposobuje, chybaji klinické priznaky (SABIN A.B., 1959). Vprirode sa vyskytuje
v odpadovych a stojatych vodach. Uz polovica deti vo veku 12 rokov nesie proti nemu protildtky
a vacSina dospelych jedincov bola pocas svojho Zivota exponovand. Ako spomenuté vysSie,
reovirus je nepatogénny, ¢o znamend, Ze pozitivhym jedincom chybaju zndmky infekcie.
Spojitost’ reovirusu so schopnostou zabijat’ rakovinové bunky bola objavend ked sa ukdzalo, Ze
reovirus je schopny reprodukcie v roznych nadorovych bunkovych linidch. Serotyp 3 Dearing sa
testuje v jeho povodnej, prirodzenej a nezmutovanej forme. Na obrdzku .1 je elektronopticky
obraz reovirusuu. Taxonomicky patri do rodiny Reoviridae. Je to rodina neobalenych virusov
s takmer gulatym, ikosahedrdlnym tvarom, velkostou v rozmedzi od 70 do 85nm. Skladaji sa
z vnutorného jadra (velkost 60-70nm) a vonkajSej proteinovej kapsidy. Ich gendém je
segmentovany a pozostava z 10-12 dvojvlaknovych RNA o celkovej velkosti 24 kb. Reovirus je

zéastupcom druhu Reoviridae, ktory infikuje I'udi (Tyler K.L., 2001).

Obrazok €. 1 Reovirus, elektronovy mikrokop.
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2.2.2 SELEKTIVNA REPLIKACIA REOVIRUSU A RAKOVINA

Rozdiely medzi virusovo alebo spontdnne transformovanymi bunkovymi liniami a
primdrnymi alebo netransformovanymi bunkami s prihliadnutim na ich citlivost voci
reovirusovej cytotoxicite boli prvykridt zaznamenané v roku 1977 (Hashiro G. et al.,
1977). Podobne, T'udské plicne fibroblasty (WI-38) vykazovali silnejSiu poddajnost
reovirusovej replikécii po trnasformdcii 40 T antigénom simianského virusu (Duncan M.R.
et al., 1978). Avsak az v devitdesiatych rokoch minulého storocia boli odhalené niektoré
zkldicovych  faktorov  molekuldrnych  zdkladov  selektivnej  replikdcie  reovirusu
v transformovanych bunkach.

Receptorova Specificita Casto diktuje tropizmus virusov (Cohen J.A. et al.,
1988, Schneider-Schaulies J., 2000, Sieczkarski S.B. a Whittaker
G.R., 2005).Ked sa zacal vyskum cinitelov urcujicich selektivnu onkolyzy reovirusu, bolo
zndme, Ze vlaknity chvost reovirdlneho pripdjacieho proteinu, 1, sa viazal na sialovu kyselinu
(Armstrong G.D. et al., 1984, Dermody T.S. et al., 1990). Ubikvitarna
povaha sialovej kyseliny vSak poukazovala na nevelké rozdiely v bunkovej odolnosti voci
reovirusu. Ked'Ze aberdcie tykajice sa tyrozinkindzovych receptorov sud casto spdjané
s transformdciou, pouZzitie tychto receptorov pre reovirusovy prienik predkladalo potencidlne
prepojenie medzi transformdciou a prienikom reovirusovej infekcie. EGFR-defektné mySacie
bunkové linie (NR6 a B82) boli relativne rezistentné voci reovirusu, kdezto transfekcia EGFR do
tychto bunkovych linii dokézala signifikantne zvysit’ reovirusovi infekciu (Strong J.E. et
al., 1993). Zistilo sa, ¢o je zaujimavé, Ze zahrnutie EGFR v reovirdlnej replikécii je zavislé
na signdlnych drdhach iniciovanych cez tyrozinkindzovy receptor skér nez na receptor viazucej
Specificite (Shmulevitz M. et al., 2005). Mutovany EGFR zbaveny signidlnych
schopnosti bol neschopny umoznit’ reovirdlnu infekciu, zatial'’ ¢o v-erbB onkoprotein, ktorému
chyba extracelularny ligand-viazuca doména ale obsahuje konStitutivne aktivnu kindzovud
doménu, bol schopny umoZznit' postacujicu reovirusovd infekciu (Aghi M. a Martuza
R.L., 2005, Strong J.E. et al., 1993, Strong J.E. a Lee P.W.,
1996) . Preto to, o zacalo ako hl'adanie sekunddrneho receptora pre reovirdlny vstup, ktory by
napomohol selektivnej replikdcii v transformovanych bunkdch, sa zmenilo na vel'mi zaujimavui

spojitost’ medzi statusom intraceluldrnej signdlnej drahy a reovirdlnym lytickym cyklom.
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2.2.2.1 Ras/RalGEF/p38 signalna draha v replikacii reovirusu

Interakcia rastovych faktorov sim pribuznymi receptormi vyustuje v spusteni kaskady
intracelularnych biochemickych udalosti, ¢o vedie k aktivdcii viacerych bunkovych funkcii.
Ktoré bunokvé funkcie moZu ovlyvnit' replikdciu reovirusu? A ktoré komponenty signdlnych
dréah su dolezit¢? EGFR signdlna kaskdda zacina oligomeriziciou receptora a ndslednou
aktivaciou tyrozinkindzovej aktivity, ¢o vyusti v autofosforyldciu Specifickych tyrozinovych
rezidui (Fantl W.J. et al., 1993, Ullrich A. a Schlessinger J.,
1990, Weiss A. a Schlessinger J., 1998), Adaptorové molekuly
s fosfotyrozinovym viazanim, src homologne domény 2 (SH2), su pribrané na aktiviciu EGFR a
ndsledne so sebou strhni skupinu proteinov Specifickych pre jednu z mnohych pokracujucich
kaskdd (Buday L., 1999, Pawson T., 1994, Pawson T. a Scott J.D.,
1997). Ras signdlna draha je hlavnd drdha nasledujuca po EGFR (Campbell S.L. et
al., 1998). Ras proteiny tvoria podrodinu malych GTP-viazucich proteinov zahrnutych
v reguldcii Sirokého spektra bunkovych funkcii ako je bunkovy rast, diferencidcia a bunkové
prezitie. Membranové Ras proteiny osciluji medzi inaktivnym GDP-viaZucim stavom a aktivnym
GTP-viaZzucim stavom. Aktivicia Ras proteinov je umoznovand guaninnukleotid vymennymi
faktormi ako je Son of Sevenless (Sos), ktoré st priberané vySSie popisanymi adaptorovymi
molekulami na aktiviciu EGFR (Overbeck A.F. et al., 1995). Stakto dolezitou
funkciou v bunkovej odpovedi na aktiviciu EGFR, sa Ras signdlna drdha stdva logickym cielom
pre mozny stvis v pdsobeni reovirusu.

Dokonala analyza ukdzala, Ze aktivovand Ras signdlna draha hrd dolezitd rolu v infekcii
reovirusu. Bolo zistené, Ze bunkové linie konstitutivne exprimujice aktivne onkogény Sos alebo
Ras podliehaji reovirusovej infekcii (Strong J.E. et al., 1998). Dodlezité bolo
zistenie, Ze ked’ je aktivovany Ras protein umiestneny za zinkom-indukovany promoter,
produktivna infekcia reovirusom sa vyskytuje jedine v pritomnosti ZnSO,.

Z viac nez 18 nizsie postavenych efektorov Ras su najlepSie charakterizované Raf kinazy,
fosfatidylinozitol 3 kindza (PI3-kindza) a guanin vymenné faktory (GEFs) z malej G protein Ral
drahy. Opisy tychto drdh su za hranicami rozsahu tejto price, ale boli popisané v mnohych
publikdcidch (Campbell P.M. a Der C.J., 2004, Repasky G.A. et al.,
2004, Reuther G.W. a Der C.J., 2000). Dalsie laboratérid skimajuice implikacie
Ras aktivicie vytvorili mnohé uZito¢né ndstroje na rozliSovanie medzi po sebe nasledujicimi

kaskddami (Khosravi-Far R. et al., 1996, Rodriguez-Viciana P. et
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al., 1997, White M.A. et al., 1995). Mutanty s konStitutivnou Ras aktiviciou
(RasV12) s aditivnymi mutdciami brdniacimi v naviazani na Specifické efektorové molekuly
PI3K, RalGEF alebo Raf ukézali, Ze reovirusovd infekcia je nezdvisld na signalizicii cez Raf
alebo PI3-kindzové kaskddy (Norman K.L. et al., 2004). NavySe aktivny mutant
RalGEF povolil u¢inné rozmnoZovanie reovirusu 1 v nepritomnosti aktivovaného Ras.
Dominnantne-negativny mutant Ral, cielovy protein RalGEF-mediovanej GDP/GTP vymeny,
spOsobil, Ze Ras-transformované bunky boli nepriepustné pre reovirus. Z tychto signifikantnych
dat teda vyplyva, Ze Ras/Ral/GEF drdha hrd rolu v selektivnej replikdcii reovirusu (Norman
K.L. et al., 2004).

Signédlne drdhy poniZe Ras st enormne komplikované vysokym stupfiom prepojenia a
zavislosti na faktoroch ako je bunkovy pdovod ¢i extraceluldrne prostredie. KedZe je replikdcia
reovirusu zdvisld na jednej alebo viacerych Castiach Ras signdlnej dréhy, toto zistenie poskytuje
zna¢ny priestor na hladanie komponentov nasledujicich za Ras. PredosSlé pozorovania, Ze
reovirdlna reprodukcia je posiliiovand v bunkdch vystavenych stresovym podmienkam ako UV,
urychlili analyzu tlohy stresom-aktivovanych protefnkinaz. Stidie ukazali, Ze p38, ale nie c-Jun-
N-termindlna kindza (JNK) participuje v nastoleni infektivity reovirusom. Inhibitor aktivicie p38
(SB203580) potlacil reovirdlnu replikdciu v bunkdch transfekovanych aktivovanym Ras a
RalGEF (Norman K.L. et al., 2004). Déata ziskané s inhibitorom p38 naznacuju, Ze
p38 je efektorom nasledujicim za RalGEF, tento vztah bol popisany uZ Ouwensom (Ouwens
D.M. et al., 2002). Alternativne, RalGEF a p38 moZu takisto slizit' ako komponenty
rozdielnych drdh spojenych pre spolo¢ny tcel. Chybajice zloZky medzi RalGEF aktivaciou, p38
aktivitou a reovirdlnou replikdciou ostdvaji byt eSte objavené. Doposial’ nie je jasné, ktoré

efektory slizia na medidciu RalGEF-p38 konexie a ktoré kaskady lezia pod RalGEF a p38.

2.2.2.2 Reovirus a Ras signalna draha

Ako spominam vysSie, reovirus sa prednostne mnozi v nddorovych bunkéch, ktoré maju
aktivované gény rodiny Ras, alebo kompletni Ras - signdlnu dradhu (Norman K.L. a Lee
P.W., 2000). Aktivovany Ras (alebo jeho signdlna kaskdda) je pritomny u 60-80% l'udskych
malignit (Coffey M.C. et al., 1998). Stidie ukdzali, e reovirus nie je schopny
produktivne infikovat’ mySacie embryondlne fibroblasty NIH-3T3, pokial’ neexprimuji aktivny

Ras (Strong J.E. et al., 1998). Dovod, preco bunky s aktivnou Ras signidlnou
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drdhou méZu byt dspesSne infikované reovirusom, tzko sivisi s inhibiciou bunkovej ochrany
proti virusovej infekcii. Po primdrnej transkripcii v netransformovanych, reovirusom
infikovanych bunkédch je aktivovand PKR (dvojvlaknovou RNA aktivovand proteinkinaza).
Fosforylaciou alfa podjednotky inicia¢ného faktora 2, elF2-a, PKR zastavi proteosyntézu. Této
fosforyldcia je vSak inhibovand ak je Ras cesta aktivna, povoliac transldciu virusovych mRNA
andsledny vstup virusu do virusového lytického cyklu. Schéma vplyvu aktivicie Ras na
replikdciu reovirusu je zndzornend na obrdzku ¢.2  V nddorovych bunkéch s aktivnhou Ras
signdlnou drahou sa reovirus moze volne replikovat, ¢im zabija hostite'ské nddorové bunky
(Strong J.E. et al., 1998). Nasledkom bunkovej smrti novovzniknuté virusové
Castice volne infikuju susediace nddorové bunky. Tento cyklus infekcie, replikdcie a bunkovej
smrti sa za idedlnych podmienok modze opakovat’ az pokial’ neostand pritomné Ziadne nddorové

bunky nestice Ras aktivaciu.

Adenoviral " .
VA-RNA K:} G
o N

Protein Shut-off of
synthesis protein synthesis

Obrazok ¢. 2 Vplyv aktivneho Ras proteinu a aktivacie PKR na replikaciu reovirusu.
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2.2.2.3 Replikacny cyklus reovirusu

Lyticky cyklus reovirusu zafina jeho naviazanim na zvySok Kkyseliny sialovej
v povrchovom receptore hostitel'a. NaviaZe sa nail cez triméricky c1 napdjaci protein (attachment
protein), ktory precnieva z 12 vrcholov ikosahedrdlnej kapsidy (Lee P.W. et al.,
1981) . Po naviazani sa vytvoria klatrinom potiahnuté jamky (clathrin-coated pits) a virus vstipi
do bunky receptorom sprostredkovanou endocyt6zou. Vo vzniknutom endozéme/lyzozéme
zacina na kyslom prostredi zavisld proteolyza kapsidovych proteinov 63 a pul/plc, ¢im vznika
intermedidrna subvirdlna castica (ISVP). Neskor sa degraduje 63 protein, ¢o teoreticky spristupni
protein pl/plc, ktory umozni penetraciu ISVP cez lyzozomdlnu membranu. Bolo dokdzané, Ze
ul/ulc je schopny naruSovat’ membranové dvojvrstvy in vitro (Lucia-Jandris P. et
al., 1993). pl/ulc je myristoylovany, €o taktiez napomdha fizii ISVP s membranou
(Nibert M.L. et al., 1991).

Po tomto kroku nasleduje primérna transkripcia 10 ¢iapockovanych transkriptov po celej
ich diZke, mediovand virdlnou na dvoj-vldknovej RNA- zdvislou RNA polymerdzou (dsRNA
dependent RNA polymerase). Primarne transkripty su prekladané pomocou hostitel'ského
replikacného apardtu. Ndasledne asociuji s produktami primdrnej transldcie a vytvdraji RNA
zmesné komplexy (RNA assortment complexes). Findlna syntéza minusového vldkna genémove;]
RNA sa odohréva v tychto vznikajicich komplexoch. Po nej modZe zacat’ sekundarna transkripcia
neskorych virusovych mRNA. Syntéza virusovej mRNA v rdamci virusovej sub-Castice je
charakteristickym znakom reovirusovej replikacie. Syntéza neskorych virusovych proteinov zo
sekundarnych transkriptov Casto koreluje so zniZzenou syntézou proteinov hostitel'skej bunky
(Zweerink H.J. a Joklik W.K., 1970).Zaverecné poskladanie proteinovej kapsidy
ddva vznik novym reovirusovym casticiam, ¢o vedie k ndslednej lyze hostitel'skej bunky a jej
smrti. Schematicky na obrazku ¢.3.

V infikovanej bunkovej kultire je maximdlny virusovy vytazok dosiahnuty 15-18 hodin
post-infekcne, s 200-2000 plaky tvoriacich jednotiek na bunku (PFU, plaque forming units).
Pomerne typickym znakom pre kultivovani populdciu virusu je vysoky pomer infekénych
a existujucich castic (1: 100 az 1:1000). Toto sa deje pravdepodobne kvoli predominantnej
pritomnosti nezrelych, defektnych Castic vznikajucich pocas virusovej replikdcie. Reovirusy su
pomerne dlho stabilné asd rezistentné voc¢i expozicii vysokym iénovym sildm, relativne

vysokym teplotdm (prekracujicich 50°C) a extrémnym zmendm v pH.
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Obrazok ¢. 3. Replikacia reovirusu.

Stadid Zivotného cyklu reovirusu:

(1) naviazanie na bunku pomocou interakcie 61so zvySkom kyseliny sialovej a/alebo JAM
receptorov na cielovych bunkach

(2) receptorom sprostredkovand endocyt6za indukuje uvol'nenie 61 a 63

(3) endocytickymi protedzami odStiepeny 1c rozvolni endozém

(4) objavuje sa primdrna transkripcia vnutri reovirusovych jadier a ¢iapockované mRNA su
uvol'nené

(5) primédrna translécia v§etkych mRNA pomocou host'ovského aparatu

(6) akumulécia virdlnych proteinov vo ,,virusovych tovariach* tvorenych virusovymi
neStrukturdlnymi proteinmi

(7) vytvorenie novych jadier

(8) syntéza minusovej RNA

(9) sekunddrna transcripcia vntri novych virusvovych jadier

(10) mnoZenie virusovych proteinov pomocou sekundarnej translacie

(11) kompletné zostavenie vonkajSej kapsidy

(12) uvol'nenie nasledované lyzou bunky

(A) intestindlne protedzy produkuju intermedidrne subvirdlne Castice (ISVPs);

(B) ISVPs prenikaju priamo cez membranu bunky. PKR a zrejme d’alSie
neidentifikované transla¢né kontrolné elementy blokuju primérnu a/alebo sekundarnu
reovirdlnu preteinovu transliciu.Ras aktivacia uvolniuje transla¢ny blok
v transformovanych bunkéach.
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2.2.2.4 Reoviralna translacia je blokovana v netransformovanych bunkach

Selektivna replikdcia reovirusu v Ras-transformovanych bunkdch je evidentnd po
preskumani stupfia expresie reovirusovych proteinov a formacie novovzniknutych reovirdlnych
partikuli. Co ale ostdva byt odhalené je presny mechanizmus, ktorym Ras signdlna driha
ovplyviiuje reovirdlny Zivotny cyklus.

Reovirus prekondva rovnaké naviazanie, vstup a primdrnu transkripciu v oboch,
transformovanych inormdlnych bunkich (Norman K.L. et al., 2004, Strong
J.E. et al., 1998). Naopak, proteinovd expresia monitorovand > S-metioninovym
znacenim a imunofluorescenénou mikroskopickou detekciou so Specifickymi reovirusovymi
protilitkami ukdzala, Ze expresia reovirdlnych proteinov je vysoko nedostacujica
v netransformovanych ~ bunkdch. ZvySend expresia reovirdlnych proteinov v Ras-
transformovanych bunkich koreluje so zvySenym virdlnym titrom. Sucasné analyzy teda
naznaCuju, Ze blok v reovirdlnej replikdcii leZi medzi primarnou transkripciou a expresiou
proteinov. Z virologickej inddorovej perspektivy bude zaujimavé poznat presné procesy

blokovania reovirélnej replikdcie v nepritomnosti Ras aktivacie.

2.2.2.5 Vplyv aktivacie PKR na reoviralnu translaciu

Hlavny mechamizmus zastavenia inicidcie transldcie v odpovedi na virusové infekcie
a environmentdlny stres zahfila fosforyldaciu alfa podjednotky eukaryotického inicia¢ného
faktoru-2 (elF2-a) na na dvojvldknovej-RNA-zdvislej protein kinzdze (PKR) (Brostrom
C.0. a Brostrom M.A., 1998, de H.C. et al., 1996, Wek R.C.,
1994). Napriek tomu, Ze v bunke je vZdy pritomnd nizka hladina PKR, jej expresia sa zvySuje
ako odpoved’ na IFN uvolneny virusmi infikovanymi bunkami. Naviazanie na dvojvlaknovui
RNA vytsti v dimeriziciu PKR, jej autofosforyldciu a aktiviciu. Fosforyldcia elF2-a
aktivovanou PKR zabrani formacii GTP-naviazaného elF2-a a tym predide pripojeniu Met-tRNA
a formécii 43Siniciacného komplexu (Mohr I., 2004).

Mozna ucast PKR v reovirdlnej replikdcii bola naznatend dvomi pozorovaniami: S1
mRNA segment reovirusu sa ukdzal byt potentnym aktivitorom PKR (Bischoff J.R. a
Samuel C.E., 1989) a transldcia reovirdlnej mRNA bola v netransformovanych bunkach

naruSend oproti bunkdm s aktivovanym Ras. PouZitim Standardnej in vitro kindzovej eseje na

27



detekciu aktivovanej PKR Strong et al. (Strong J.E. et al., 1998) zistili, Ze PKR
bola fosforylovand v netransformovanych NIH 3T3 bunkéch v odpovedi na replikédciu reovirusu.
Nedostatok fosforyldicie PKR v reovirusom infikovanych Ras-transformovanych bunkdch
naznacuje, Ze reovirdlna transldcia chyba v transformovanych bunkdch, pretoze PKR nie je
aktivovand. Tieto Studie nestanovuju, ¢i aktivdcia PKR je pri€ina alebo dosledok bunkovych
zmien prospeSnych pre infekciu reovirusom. Relativne Specificky inhibitor fosforyldcie PKR
obnovil transldciu reovirusu v netransformovanych bunkdch, ¢im podal dokaz priamej udlohy
PKR v nastolovani rezistencie reovirdlnej replikdcie. Expresia reovirdlnych proteinov bola
nedostatoénd v normdlnych (PKR**) mySich embryonalnych fibroblastoch (MEFs) ale v PKR”
MEFs bola postacujica. Spojitost medzi PKR inaktiviciou a Ras signalizdciou uZ bola
spomenutd a modze byt potvrdend zisteniami o selektivite reovirdlnej replikdcie (Mundschau
L.J. a Faller D.V., 1994). V sucasnosti sa pozorovania prikldiaji k ndzoru, Ze
aktivacia PKR hrd rolu v urovani rezistencie voci infekcii reovirusom.

Mnohé otazky tykajice sa vztahu PKR a replikdcie reovirusu ostdvaji na zodpovedanie.
Aky je mechanizmus zvySenej aktivity PKR v normdlnych bunkdch: zvySend expresia PKR,
zvySend PKR fosforyldcia, a/alebo zniZzend aktivita fosfatdz, ktoré posobia na PKR a jej
substraty? Aku ulohu, ak vobec, hraji IFNs a aktivicia dsRNA v rozliSovani vysledkov
reovirdlnej infekcie v transformovanych anezmenenych bunkdch? Aké je molekuldrne
prepojenie medzi Ras/RAIGEF/p38 signdlnou drdhou a PKR aktiviaciou? Je PKR jedina
podmienka tuspesSnej replikdcie reovirusu? Aké d’alsie efektory mdzu hrat’ rolu v upravovani

uspeSnosti v transldcii reovirdlnej mRNA?
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Obrazok ¢. 4. Signalne drahy a efektory zahrnuté v priebehu reoviralnej infekcie.
Proteiny, ktoré sa podiel'ajui na reovirdlnej infektivite si zndzornené ¢ervenou, zatial’ ¢o
tie, ktoré nie si nevyhnutné pre jeho replikaciu su zIté. ZvySend expresia IFNf a PKR je
v obrizku zndzornend viacerymi képiami. Uloha IFN, IEN recepetoru a Grb2 (sivé)

v reovirdlnej onkolyze nebola testovana. Ciarkovanou &iarou st zndzornené drahy, ktoré

su prepojené doteraz nezndmymi intermedidrnymi komponentami.

2.2.3 KLINICKE VYUZITIE REOVIRUSU

V roku 1998 bola v Calgary, Alberta, Kanada, zaloZzend spolo¢nost’, ktord sa zaobera
skiimanim onkolytickych schopnosti reovirusu a jeho vyuZitim a vyrobou ako nového
potencidlneho protinddorového terapeutika. Vyvinula technoldgie umoziiujice pripravu reovirusu
sérotypu III kmen Dearing schvdleného na klinické pouZitie- Reolysin-u. Téato firma momentélne
s Reolysin-om vedie dvandst’ klinickych Studii fazy Ia Il v Spojenom Kralovstve, Spojenych
Statoch Americkych a Kanade a dvanést’ ich tspe$ne ukonéila. Prebiehajici klinicky program

s Reolysin-om zahfia viaceré 'udské nadorové ochorenia a pouziva rdzne spOsoby poddvania,

29



nevynimajuc

lokalnu

aplikdciu,

systematicki  administrciu

a poddvanie

v kombinacii

s rddioterapiou a chemoterapiou. V mdji 2010 spolo¢nost’ zacala zédpis do prvej klinickej Stidie

fazy III, REO 018, skumajicej intravenéznu administraciu REOLYSIN®-u v kombindcii s

paklitaxelom a karboplatinou u pacientov s na platinu odolnymi nddormi hlavy a krku. Zhrnutie

t.C. prebiehajucich a ukoncenych klinickych Studii vedenych firmou Oncolytics Biotech je v

Tabul’ke €. 2. (www.oncolyticsbiotech.com).

Cislo studie Faza Nazov Stadie Miesto Status
IND 213 Intravenous Administration of REOLYSIN®
(NCIC CTG| Fazall in Combination with Paclitaxel for Patients Kanada Ohlasena
Trial) with Advanced or Metastatic Breast Cancer
Intravenous Administration of REOLYSIN®
IND 211 in Combination with Docetaxel or Pemetrexed
(NCIC CTG| Fazall for Patients with Previously-Treated Kanada Ohlasena
Trial) Advanced or Metastatic Non-Small Cell Lung
Cancer
Intravenous Administration of REOLYSIN®
IND 210 in Combination with FOLFOX-6 Plus
(NCIC CTG| Fazall |Bevacizumab (Avastin®) Versus FOLFOX-6| Kanada Ohlasena
Trial) Plus Bevacizumab Alone in Patients with
Advanced or Metastatic Colorectal Cancer
Intravenous Administration of REOLYSIN®
IND 209 . L. . .
(NCIC CTG| Fizall in Cpmbmahon with Doceta)?el for Pat‘lents Kanada Ohldsend
Trial) with Recur'rent or Metastatic Castration
Resistant Prostate Cancer
OSU-11148 . Intravenous Administration of REOLYSIN® .
(NCI Trial) Fazal for Patients with Relapsed Multiple Myeloma USA Prebicha
Intravenous Administration of REOLYSIN®
OSU-10045 . in Combination with Paclitaxel and .
(NCITrial) | ozl Carboplatin for Patients with Metastatic USA Prebicha
Pancreatic Cancer
COG- Intravenous Administration of REOLYSIN®
ADVLI1014 . in Combination with Cyclophosphamide for .
(NCI/ COG Fazal Pediatric Patients with Relapsed or Refractory USA Prebicha
Trial) Solid Tumors
GOG-0186H Iptrévengps Admiqis;r;ti()lp of IIQEOLI;YSIN®
(NCI/GOG| Fizan | '™ <ombination with Paclitaxel for Patients | yga | prepieha
Trial) w1‘Fh Persistent or Recurrer}t Ovarian,
Fallopian Tube or Primary Peritoneal Cancer
Intravenous Administration of REOLYSIN®
REO 022 Fazal in Combination with FOLFIRI for Patients USA Prebieha

with Colorectal Cancer
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Cislo 3tadie

Faza

Nazov Stadie

Miesto

Status

REO 021

Faza Il

Intravenous Administration of REOLYSIN®
in Combination with Paclitaxel and
Carboplatin for Patients with Squamous Cell
Carcinoma Lung Cancer

USA

Prebieha

REO 020

Faza Il

Intravenous Administration of REOLYSIN®
in Combination with Paclitaxel and
Carboplatin for Patients with Metastatic
Melanoma

USA

Prebieha

REO 018

Faza III

Intravenous Administration of REOLY SIN®
in Combination with Paclitaxel and
Carboplatin for Patients with Platinum-
Refractory Head and Neck Cancers

Medzi-
narodna

Prebieha

REO 017

Faza Il

Intravenous Administration of REOLYSIN®
in Combination with Gemcitabine for Patients
with Advanced Pancreatic Cancer

USA

Prebicha

REO 016

Faza Il

Intravenous Administration of REOLYSIN®
in Combination with Paclitaxel and
Carboplatin for Patients with Non-Small Cell
Lung Cancer

USA

Prebieha

REO 015

Faza Il

Intravenous Administration of REOLYSIN®
in Combination with Paclitaxel and
Carboplatin for Patients with Advanced Head
and Neck Cancers

USA

Prebieha

REO 014

Faza Il

Intravenous Administration of REOLYSIN®
for Patients with Metastatic
SarcomasIntravenous Administration of
REOLYSIN® for Patients with Metastatic
Sarcomas

USA

Ukoncena

REO 013

Transla¢na
Stadia

Intravenous Administration of REOLYSIN®
for Patients with Metastatic Colorectal
Cancerlntravenous Administration of
REOLYSIN® for Patients with Metastatic
Colorectal Cancer

VB

Prebieha

MAYO-
MC0672
(NCI Trial)

Faza Il

Intravenous Administration of REOLYSIN®
for Patients with Metastatic Melanoma

USA

Ukoncena

0OSU-07022
(NCI Trial)

Faza /Il

Systemic and Intraperitoneal Administration
of REOLYSIN® for Patients with Metastatic
Ovarian, Peritoneal and Fallopian Tube
CancersSystemic and Intraperitoneal
Administration of REOLYSIN® for Patients
with Metastatic Ovarian, Peritoneal and
Fallopian Tube Cancers

USA

Prebicha

REO 012

Fazal

Intravenous Administration of REOLYSIN®
in Combination with Cyclophosphamide for
Patients with Advanced Malignancies

VB

Prebieha
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Cislo 3tadie

Faza

Nazov Stadie

Miesto

Status

REO 011

Faza /Il

Intravenous Administration of REOLYSIN®
in Combination with Paclitaxel and
Carboplatin for Patients with Advanced Head
and Neck Cancers

VB

Ukoncena

REO 010

Fazal

Intravenous Administration of REOLYSIN®
in Combination with Docetaxel for Patients
with Advanced Malignancies

VB

Ukoncena

REO 009

Fazal

Intravenous Administration of REOLYSIN®
in Combination with Gemcitabine for Patients
with Advanced Malignancies

VB

Ukoncena

REO 008

Faza Il

Intratumoral Administration of REOLYSIN®
in Combination with Low-Dose Radiation for
Patients with Advanced Malignancies

VB

Ukoncena

REO 007

Faza I/II

Infusion Monotherapy of REOLYSIN® for
Patients with Recurrent Malignant Gliomas

USA

Ukoncena

REO 006

Fazal

Local Administration of REOLYSIN® in
Combination with Radiation for Patients with
Advanced Cancers

VB

Ukoncena

REO 005

Fazal

Systemic Administration of REOLYSIN® for
Patients with Various Metastatic Tumors

VB

Ukoncena

REO 004

Fazal

Systemic Administration of REOLYSIN® for
Patients with Various Metastatic Tumors

USA

Ukoncena

REO 001

Fazal

Local Monotherapy of REOLYSIN® for
Patients with Subcutaneous Tumors

Kanada

Ukoncena

REO 003

Faza /Il

Local Monotherapy of REOLYSIN® for
Patients with Recurrent Malignant Gliomas

Kanada

Ukoncena

REO 002

Transla¢na
Stadia

Local Monotherapy of REOLYSIN® for
Patients with T2 Prostate Cancer

Kanada

Ukoncena

Tabul’ka ¢. 2. PrehPad klinickych $tadii vedenych firmou Oncolytics Biotech® Inc. s
REOLYSIN®-om. Stav v septembri 2012. Upravené podl'a Oncolytics Biotech® Inc.,
Copyright Oncolytics Biotech® Inc.
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2.3 HYPOXIA

2.3.1 HYPOXIA A NADOR

Hypoxia je jav, ktory nastdva v znacnom pocte I'udskych ochoreni zahfiajicich ischémiu
myokardu, kritickd ischémiu koncatin, mozgovi mftvicu a nddorové ochorenia. (Semenza
G.L. et al., 2000)U pacientov s kritickou ischémiou koncatin hypoxia as fiou
asociované poskodenie tkaniva mozu vyustit v amputiciu (Niinikoski J., 2003).
Rozl'ahld hypoxia u pacientov po mozgovej mrtvici moZe sposobit’ bunkovd smrt’ i za hranicami
inicidlneho poSkodenia (Zauner A. et al., 2002). Je vyskyt vnddorovych
ochoreniach je Casto prognostickym faktorom slabSieho preZivania pacientov a pokladad sa za
selektivny u vysoko agresivnych nddorov (Brown J.M., 1999, Wouters B.G. et
al., 2002). NavySe, hypoxia sa prednostne vyskytuje v bunkdch s mutovanym p53 av
bunkidch s defektmi v apoptéze (Graeber T.G. et al., 1996) ataktiez podporuje
angiogenézu potrebni pre kontinudlny rast nddorovych buniek v malignych podmienkach
(Brown J.M. a Giaccia A.J., 1998, Wouters B.G. et al., 2003).
Normélne tkanivo md parcidlny tlak kyslika 50-60 mm Hg, zatial’ ¢o vicSina solidnych nddorov
ho mad 10 mm Hg amenej (Brown J.M. a Wilson W.R., 2004, Hockel M. a
Vaupel P., 2001b). Hypoxické prostredie indukuje adaptivhe zmeny v metabolizme
niddorovych buniek, ¢o modze tplne zmenit lokdlne mikroprostredie. Tieto zmeny st klinicky
dolezité, kedZe hypoxia zosilfiuje rezistenciu k chemoterapii a rddioterapii (Hockel M. a
Vaupel P., 2001b), zvySuje schopnost’ buniek metastdzovat’ a zvySuje nestabilitu genému
(Hockel M. a Vaupel P., 2001a) Prave preto je hypoxia ddlezitou sucastou vyskumu
v tychto ochoreniach a ispesny, na virusoch podloZeny pristup, by v budicnosti mohol prispiet’ k

zlepSeniu liecebnych vysledkov.

2.3.2 MOLEKULARNY MECHANIZMUS ADAPTACIE NA HYPOXIU

Transkripéné faktory, ¢leny rodiny hypoxiou indukovaného faktoru (HIF), si kI'i¢ovymi
reguldtormi adaptivnej bunkovej odpovede na hypoxiu. Jednym z hlavnych moduldtorov
odpovede nddorovej bunky na hypoxiu je HIF-1 (vid’ obrdzok 5). HIF-1 existuje ako heterodimér
HIF-1a a HIF-1B (taktieZ zndmy ako aryl hydrokarbon receptor jadrovy translokdtor, ARNT).
Zatial'¢o HIF-1B je konstitutivne exprimovany, hladina HIF-1a je za normdlnych okolnosti
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udrziavand nizka pomocou proteozomdlnej degraddcie. Nadmernd expresia HIF-la je
charakteristickd pre mnoho rozli¢nych nadorov a jeho konStitutivna aktivicia je ¢asto pozorovana
v nddoroch s agresivnym fenotypom (Bardos J.I. a Ashcroft M., 2004). HIF-la
je degradovany na proteazome zdvislou cestou mediovanou ubikvitiniciou v normoxickych
podmienkach (Jaakkola P. et al., 2001) Na kysliku zdvisld premena HIF-la je
regulovana prolyl HIF hydroxylaénymi (PHD) enzymami, ktoré hydroxyluji dva konzervované
prolinové zvySky umiestnené v na kysliku zdvisle] degradacnej doméne HIF-la. V normoxii,
hydroxylacia HIF-1a pomocou enzymov PHD dovoli jeho naviazanie na von Hippel Lindau
(VHL) protein, rozpoznavaci komponent E3 ubikvitin ligdzového komplexu. Této interakcia
podnieti ubikvitindciu HIF-1a, ktord je mediovand komplexom, ktory pozostdva z VHL, elongin-
B, elongin-C, Cullin 2 a Rbx1 anésledne vedie k degradicii HIF-la. (Maxwell P.H. et
al., 1999, Tanimoto K. et al., 2000). NavySe, na kysliku zavisla hydroxylacia
HIF-1a enzymovym faktorom inhibujuicim HIF-1 blokuje interakciu HIF-1a s transkripénym
koaktivitorom p300/CBP, apreto inhibuje HIF-1 mediovani génovd transkripciu
v normoxickych podmienkach (Jeong J.W. et al., 2002). V hypoxickych
podmienkach sa rychlost’ hydroxyldcie asparaginu a prolinu zniZuje, VHL sa nemdze viac
naviazat' na HIF-1a ¢o vedie k stabilizdcii proteinu. Stabilizovany HIF-1a translokuje do jadra
kde interaguje s transkripénymi koaktivatormi HIF-1p a p300/CBP (Jaakkola P. et al.,
2001) a tym transaktivuje radu cielovych génov vid tabulka ¢.3 (Mahon P.C. et al.,

2001, Semenza G.L., 2000, Semenza G.L. et al., 2000).

34



VHL function

Normoxia Hypoxia (or mutated VHL)

VHL
VHL HIF1x complex
com ple @
|
&
O

Proteosome l

Hth@HlFur

Mucleus

I—b

& -

Obrazok ¢. 5. VHL a HIF-1 drahy.

VHL komplex (zloZeny z von Hippel-Lindau proteinu, elonginu B, elonginu C, Cul2, a Rbx1)
pdsobi na reguldciu hladiny hypoxiou-indukovatel'ného faktora HIF-1a. Po¢as normoxie je HIF-
la hydroxylovany na dvoch prolinovych zvyskoch na kysliku zavislym enzymatickym
mechanizmom. VHL komplex sa naviaze k hydroxylovanému HIF-1a ¢o vedie k proteozémom
sprostredkovanej degradacii HIF-1a. Pocas hypoxie nie je HIF-1a hydroxylovany, a preto nemdze
naviazat VHL komplex. HIF-1o akumuluje a viaze sa na HIF-1B ¢im vytvoria HIF-1 komplex,
ktory nésledne translokuje do bunkového jadra, kde sa viaZe s hypoxia-responsive element (HRE)
v génovych promotoroch a umoziluje expresiu hypoxiou-indukovanych génov. Podobne, strata

funkénych mutacii VHL zabrafiuje ubiquitin-mediovanej degradacii HIF-1a , ¢im sa zvys$i

expresia hypoxiou-indukovanych génov.
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Funkcia Gén

Erytropoéza/ metabolizmus Erytropoietin (EPO)
Zeleza Transferrin (Tf)
Transferrin receptro (Tfr)
Ceruloplazmin

Angiogenéza Vascular endotelial growth factor (VEGF)
Endocrine-gland-derived VEGF(EG-VEGF)
Leptin (LEP)

Transforming growth factor B3 (TGF-3)

Cievny tonus Nitric oxide synthase (NOS2)
Heme oxygenase 1
Endothelin 1 (ET1)
Adrenomedulin (ADM)

A Adrenergic receptor

Metabolizmus v matrix Matrix metalloproteinases (MMPs)
Plasminogen activator receptors and inhibitors (PAISs)
Collagen prolyl hydroxylase

Gluké6zovy metabolizmus Adenylate kinase-3

Aldolase A, C (ALDA, C)

Carbonic anhydrase-9

Enolase-1 (ENO1)

Glucose transporter 1, 3 (GLUT 1, 3)
Glyceraldehyde phosphate dehydrogenase (GAPDH)
Hexokinase 1,2 (HK,2)

Lactate dehydrogenase-A (LDHA)

Pyruvate kinase M (PKM)

Phosphofructokinase (PFKL)

Phosphoglycerate kinase 1 (PGK 1)
6-phosphofructo-2-kinase/fructose-2,6-biphosphate-3
(PFKFB-3)

Bunkova proliferdcia/ prezivanie | Insuline like growth factor-2 (IGF II)
Transforming growth factor-a (TGFa)
Adrenomodullin (ADM)

Apoptoza Bcl-2 /adenovirus E1B19kDa-interacting protein 3 (BNIP3)
BNIP 3 like protein X (NIX)

Tabul’ka ¢.3 NajdolezitejSie cielové gény HIF-1a proteinu. Spracované podla Lee JW,
Bae SH, Jeong JW, Kim SH, Kim KW Hypoxia-inducible factor (HIF-1)alpha: its protein stability
and biological functions. Exp Mol Med. 2004;36(1):1-12, Otrock ZK, Hatoum HA, Awada AH,
Ishak RS, Shamseddine Al.Hypoxia-inducible factor in cancer angiogenesis: structure, regulation
and clinical perspectives. Crit Rev Oncol Hematol. 2009;70(2):93-102 a Patiar S, Harris AL.Role
of hypoxia-inducible factor-1alpha as a cancer therapy target. Endocr Relat Cancer. 2006;13
Suppl 1:561-75.
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HIF-1 teda hra ddleziti ulohu v ochrane solidnych nddorov proti hypoxii podnecovanim
angiogenézy, indukovanim expresie rastovych faktorov, prevenciou apoptézy alebo zvySovanim
anaer6bneho metabolizmu. ZvySend expresia HIF-la bola spozorovand v mnohych Tl'udskych
nddoroch a koreluje so zlou prgnézou a rezistenciou k rddio- a chemoterapii (Jaakkola P.

et al., 2001, Semenza G.L. et al., 2000, Zhong H. et al., 1999).

2.3.3 HIF-1A APOPTOZA

Napriek tomu, Ze HIF-1a zvycCajne participuje v adaptinych odpovediach v hypoxii na
podnecovani nddorového prezitia, urcita rola HIF-1a v regulécii apoptdzy tieZ nie je nepodstatnd.
HIF-1a podporuje bunkovi smrt’ zvySovanim p53 alebo d’alSich proapoptotickych proteinov ako
napriklad Bcl-2/E1B 19kDa interagujticeho proteinu 3 (BNIP3) alebo BNIP3L (NIX) (Bruick
R.K., 2000, Carmeliet P. et al., 1998, Guo K. et al., 2001,
Sowter H.M. et al., 2001). V najcastejSom pripade vSak HIF-1a podporuje preZzitie
nddorovych alebo endotelidlnych buniek v hypoxickych podmienkach a takisto chrdni pred
apoptézou indukovanou depriviaciou séra alebo sposobenou protinddorovymi latkami
(Alvarez-Tejado M. et al., 2001, Kim J.Y. et al., 2004, Piret
J.P. et al., 2004, Sasabe E. et al., 2005, Zhang Q. et al.,
2004). HIF-lo uplatiuje svoju protiapoptoticki funkciu transkripnou aktiviciou
antiapoptotickych proteinov, napriklad z rodiny Bcl-2 alebo inhibitorov apoptézy IAP, alebo
alterniciou v bunkovom energetickom metabolizme zniZenim glukézovej absorpcie a glykolyzy
(Blum R. et al., 2005, Dong Z. et al., 2003, Jaakkola P. et al.,
2001, Mathupala S.P. et al., 2001, Park S.Y. et al., 2002, Zhang

Q. et al., 2004).

2.3.4 HYPOXIA A VIRUSOVA INFEKCIA

Biologické vlastnosti onkolytickych virusov, hlavne ich schopnost replikdcie vnutri
nddorovej bunky a neskorSie $irenie z bunky na bunku, su pre nddorovi terapiu vysoko Ziaduce
charakteristiky. Ked’Ze hypoxia je dolezitou vlastnostou solidnych nddorov, prave schopnost’
virusov replikovat’ sa v hypoxickom prostredi mdze byt jednym z kritickych determinantov

v uspechu alebo v zlyhani virusovej terapie. Vypnutie transldcie proteinov je zdkladnym
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procesom v bunkovej adapticii na mnoho druhov stresu, virusovi infekciu a hypoxiu
nevynimajic. Ako sa Specificky virus dokdZe vyrovnat sbunkovymi mechanizmami, ktoré
reguluji transldciu v bunke v stave stresu, mdZe byt kritické pre dspech virusovej terapie.

Hypoxia predstavuje hlavnd prekdzku, ktorej sa musi nddorova bunka prisposobit’, aby si
zabezpecila preZitie (Harris A.L., 2002). Hypoxia sposobuje blok bunkového cyklu v G;-
faze bunkového cyklu v netransformovanych bunkich (Gardner L.B. et al., 2001,
Gardner L.B. et al., 2003, Goda N. et al., 2003), zatial ¢o mnohé virusy
potrebuji mat’ bunku v S- faze alebo indukuji S-fiazu k odblokovaniu svojej replikicie. Aj ked’
G-blok je pozorovany v normélnych bunkdch v hypoxickych podmienkach, bunky s naruSenou
HIF-1a signdlnou drdhou a niektoré nddorové bunky v hypoxii prechddzaji volne bunkovym
cyklom alebo je u nich ndjdend zvySend S fiza (Goda N. et al., 2003, Pipiya T.
et al., 2005). G;-blok nddorovych buniek v hypoxickych podmienkach preto zrejme
nebude rozhodujici v limitovani virusovej replikdcie. DNA replikdcia mdze byt v hypoxii
blokovan4, ale len pri anoxii <0,1% kyslika.

Virusova infekcia je takisto vel'mi Skodlivd pre bunku a v normélnej bunke sa okamZite
zapinaju obranné mechanizmy na predchddzanie virusovej infekcie po vniknuti virusu do bunky.
Eventudlny dspech alebo zlyhanie virusovej replikdcie v nddorovej bunke moze byt’ preto zavislé
na vzdjomnej sihre medzi adaptivnymi procesmi, ktoré umoznuji bunke prezit' v hypoxickych
podmienkach a bunkovych obrannych odpovediach, ktoré brania virusovej replikdcii. Hlavna
bunkova odpoved’ na stresové podnety, ku ktorym patri hypoxia i virusova infekcia, je vypnutie
proteosyntézy. Ked’Ze transldcia virdlnych proteinov je zdvisld na prvkoch translacnej masinérie
hostitel’a, schopnost’ transldcie bunkovych i virdlnych proteinov pocas transformdcie, infekcie a
hypoxie mdze byt rozhodujica pre tspech i zlyhanie viroterapie.

VSeobecne sa vie vel'mi médlo o replikdcii virusov v hypoxickych podmienkach. Napriek
tomu sa ndjde par novsich ¢lankov popisujicich dopad hypoxie na replikdciu niektorych virusov

a niektoré z nich sa dokonca zaoberali onkolytickymi virusmi.

2.3.4.1 Adenovirusy

Najviac klinickych Stddii s replikujicimi sa virusmi bolo vedenych prave s adenovirusmi,
ale napriek biologickej vyhode cielenej replikicie boli vysledky klinickych Stidii sklamanim

(Hawkins L.K. et al., 2002, Heise C. a Kirn D.H., 2000). Navyse, wild-
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type adenovirus je v pokusoch na zvieracich modeloch malokedy schopny eradikovat’ nador po
podani jednordzovej intratumordlnej ddvky (Doronin K. et al., 2000, Harrison
D. et al., 2001). Napriek zlyhaniu elimindcie naddorovych xenoimplantitov, vysoké
virusové titre boli nerovnomerne distribuované v nddoroch este niekolko tyzdiov po jedinej
virusovej injekcii (Harrison D. et al., 2001, Sauthoff H. et al., 2003).
Pozorovania tejto nddorovej perzistencie, napriek vysokym davkam virusu pritomného v nadore,
naznacuju limitacie v rozSirovanie virusu v nddoroch a to moze obmedzovat’ terapeuticky efekt
replikujucich sa adenovirusov.

Mnohé fyzikdlne bariéry v organizdcii nddoru modZu potencidlne blokovat’ rozsirenie
adenovirusu. Extraceluldrna matrix je jedna z moZnosti. Adenovirdlna infekcia je primarne
mediovand interakciou virusu s coxackie-adenovirusovym receptorom (CAR) a integrinovym
receptorom na povrchu bunky (Roelvink P.W. et al., 1998). KedZe expresia CAR
je vysoko variabilnd v r6znych nddoroch (Kim M. et al., 2002), prdve zniZena expresia
tohto receptoru v nddore mdZze predstavovat’ potencidlnu bariéru v replikdcii a Sireni adenovirusu.

Takisto existuju dokazy, Ze prave hypoxia redukuje replikdciu adenovirusov.
V xenoimplantidtoch nddorov boli bunky infikované adenovirusom topograficky asociované
s krvnymi cievami (Sauthoff H. et al., 2003). Tento objav, spolu s pozorovanim, Ze
povrchové epitélie, ktoré sd prirodzene osidlené adenovirusmi, epitélium dychacich ciest a
spojovky, sd vystavené okolitym a preto normoxickym hladindm, poukazuje na inklindciu
adenovirusu k tkanivdm s vyS$§im parcidlnym tlakom kyslika (Pipiya T. et al., 2005).

Dve stidie popisali podstatny pokles v produkcii virusu v niekol’kych nddorovych linidch
v hypoxickych podmienkach (Pipiya T. et al., 2005, Shen B.H. a
Hermiston T.W., 2005). PouZitd hladina hypoxie (cca 1% O,, 7,5mmHg) bola podobna
hladine nameranej v nddore. Hypoxia nemala efekt na expresiu hladiny CAR ani integrinovych
proteinov, na ktoré sa virus viaZe, ani efekt na up-take virusu (Shen B.H. a Hermiston
T.W., 2005)ani vplyv na transkripciu virusovych génov (Pipiya T. et al., 2005,
Shen B.H. a Hermiston T.W., 2005). Napriek tomu bola transldcia virusovych
proteinov markantne znizend (Pipiya T. et al., 2005).

ZniZenie transldcie virdlnych proteinov v hypoxickych podmienkach vzbudzuje velky
zaujem, pretoZe adenovirus adaptoval vela mechanizmov na obidenie vypnutia transldcie ako
bunkovej odpovede na virusovi infekciu. Adenovirusy, expresiou VA RNA moZzu obist’ PKR-

mediovany translacny blok, ktory je stimulovany IFN a dsRNA a mediovany fosforyldciou elF2a
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(Schneider R.J. a Mohr I., 2003). NavySe, adenovirus si sim vypina transldciu
hostitel'skych preotinov v neskorej faze jeho infekéného cyklu defosforyldciou eIF4E ciapocku-
viazucim proteinom. Neskoré virdlne proteiny moZu byt stdle prekladané, pretoze neskoré virdlne
mRNA obsahuju trojdielnu prednu cast’, ktord vyuziva modifikovany ¢iapocku-viazuci komplex
obsahujuci virusovy 100kDa protein (Cuesta R. et al., 2004). Dréha, ktorou hypoxia
limituje transldciu ostdva nezndma, ale mdze zahfnatt mTOR drdhu alebo prvky nasledujice po

elF2a.

2.3.4.2 Virus vezikularnej stomatitidy

Virus vezikuldrnej stomatitidy je nddejnym vektorom pre génovu terapiu, pretoZe jeho
replikdcia sa zd4 byt prirodzene namierend na nddorové bunky. Normalne mysSacie embryondlne
fibroblasty st obycCajne rezistentné voci infekcii VSV, Co je sCasti sposobené dsRNA-
mediovanou aktiviciou PKR po vstupe virusu a vypnuti translacie. AvSak po transformdcii
fibroblastov sa tieto stdvaju vysoko citlivé na VSV infekciu. (Balachandran S. a
Barber G.N., 2004). Tento ucinok sa zdd byt ndsledkom oslabenych antivirdlnych
ucinkov inteferénu v transformovanych bunkdch. Prekvapivo, aktivdcia PKR a fosforylacia elF2a
je v normdle. AvSak, e[F2B-mediovand guanin-nukloetidovd vymennd aktivita v drdhe leZiace]
pod elF2 je Casto aberantnd v transformovanych bunkdch, preméhajica ucinky fosforylacie elF2a
a povolujica translaciu VSV mRNA.

VSV mRNA expresia je zvySend v hypoxickych podmienkach a inicidlna supresia
transldcie vo vCasnych fdzach je potlacend a nastdva abundantnd syntéza virdlnych proteinov

napriek fosforylécii elF2a a defosforyldcii eIFAE (Connor J.H. et al., 2004).

2.3.4.3 Herpes simplex virus

HSV ma vela Zelanych vlastnosti vhodnych na pripravu replikaéného vektoru génovej
terapie. Zatial' nie su jasné data o ucinkoch hypoxie na replikdciu HSV. Je zndma iba jedna
Studia, ktord pouZzila hypoxiu na nabudenie expresie ribonukleotid reduktizového génu a
dokdzala, Ze HSV schybajicim ribonukleotid reduktdzovym génom je schopny replikdcie

v hypoxickych podmienkach (Pin R.H. et al., 2004).
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2.3.4.4 Reovirus

O schopnosti replikdcie reovirusu v hypoxickych podmienkach doteraz pojednédva jedind
Stidia. Autori zistili, Ze reovirdlna infekcia v hypoxii potli¢a HIF-la na proteinovej trovni
v bunkdch nddoru kolonu HCT116. Reovirdlna infekcia bola schopnd redukovat’ hladiny HIF-1a
v oboch von Hippel Lindau (VHL) -/- A498 bunkéch (rendlny karciném) 1 v pS3 -/-HCT116
bunkéch, z ¢oho vyplyva, Ze znizenie HIF-1o spdsobené reovirusom nepotrebuje VHL ani p53
preotein. V d’alSich pokusoch zistili, Ze toto indukované zniZenie HIF-1a proteinu je zdvislé na
aktivite proteozoOmu a bunky s konStitutivnou expresiou HIF-1a boli relativne rezistentné voci

apoptéze indukovanej reovirusom (Cho I.R. et al., 2010).
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3. Ciele

V nasSej praci sme sa zamerali na Stadium biologickych aspektov ucinku reovirusu na
nadorové bunky v systémoch in vitro i in vivo. Sledovali sme schopnost’ reovirusu infikovat’ a
zabijat nadorové i1 nenddorové bunky. Posudzovali sme schopnost’ reovirusu indukovat
protinddorovi imunitu za pouzitia modelu in vivo. Zistovali sme protinddorovi ucinnost
reovirusu v hypoxii a takisto mechanizmy bunkovej smrti, ktory virus vo svojom hostitelovi
vyvoldva. Takmer vSetky vysledky a ich diskusie si podrobne spracované v Styroch publikdciach,
ktoré su prilozené. V predloZenej praci uvddzam prehlad hlavnych vysledkov a ich stru¢nu

diskusiu.
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4. Vysledky

Na bunkovych linidch TC-1 a MK16/III/ABC (MK16), ktoré boli podrobne popisané inde
(Sobotkova E. et al., 2008) sme skiimali nielen priamy onkolyticky efekt reovirusu,
ale takisto jeho schopnost’ vyvolat’ protinddorovi imunitnd odpoved’ proti solidnym nddorom na
modeli mySacieho transplantitu a taktieZ patogenicitu reovirusom-infikovanych buniek. Obidve
linie su vysoko citlivé voci reovirusu a produkovali znaéné mnoZstvo infekénych partikuli in
vitro. Napriek tomu sa tieto linie v ucinnosti liSili. TC-1 bunky produkovali o nie€o mene;j
infekéného virusu, ale, paradoxne, boli viac u¢inné v produkcii 61 reovirdlneho antigénu a ako
dosledok virusovej infekcie umierali skor a radikédlnejSie ako simultdnne infikované MKI16

bunky. Ako pozitivnu kontrolu sme pouzivali normélne 'udské fibroblasty, v ktorych sa reovirus

nereplikuje, a ktoré preto nezabija.

Obrazok 6. Utinok reovirusu na bunky. Hore bunkovi linia fibroblastov, dolu bunkova
linia TC-1. VTlavo neinfikovana kontrola, vpravo 96 hod po infekcii reovirusom

(MOI=10), zvicsenie 200x.
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Malé rozdiely medzi liniami boli pozorované 1 v percentudlnom zastipeni buniek
zastavenych v G2/M faze bunkového cyklu a v niektorych apoptotickych markeroch. Graf ¢. 1 a

2 ndzorne zobrazuje namerané vysledky.
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Graf ¢. 1 G2/M faza bunkového cyklu skiimanych linii po infikovani a bez infekcie

reovirusom.
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Graf ¢. 2 Namerané percento apoptozy v skimanych bunkovych liniach po a bez

infekcie reovirusom.
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Vplyv reovirusu na Zivotnost oboch linii sa manifestoval zniZenou onkogénnou
schopnostou linii v my$asom modeli. Ked” sme naockovali vysoké davky (5x10°) reovirusom
infikovanych buniek (MOI 10 PFU/bunku) do imunologicky kompatibilnych zvierat, ich
onkogénna aktivita bola silne suprimovand, takmer uplne v pripade MK 16 buniek a o nieco

menej v pripade viac onkogénnych TC-1 buniek. Vysledky zobrazuje graf ¢.3.

Rast nadorov
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04
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days
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—&—TC-1(5.10% + REO  4/6
=0 MK16 (5.10°) 3/3

~-®- VK16 (5.10% + REO  0/6

Graf ¢.3 Rast nadorov reovirusom infikovanych a neinfikovanych TC-1 a MK16

buniek a vyskyt nadorov/ pocet experimentalnych zvierat.
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NajdolezitejSim cielom tejto Stidie bolo zistit, ¢i pouZité onkogénne bunkové linie po
infekcii reovirusom budd predstavovat’ silnej$i imunogén neZz samotné neinfikované oZiarené
bunky. V imuniza¢nych experimentoch boli pouZzit¢ TC-1 bunky a obidve linie MK 16 a TC-1
slizili ako Gelenz. Imunizadné experimenty, v ktorych neonkogénna divka (10°) reovirusom
infikovanych TC-1 buniek bola poddvand paralelne srovnakymi ddvkami oZiarenych buniek
priniesli neocakdvané vysledky. Ked boli imunizované zvieratd celenzované TC-1 bunkami,
oziarené bunky boli dokdzatel'ne lepSim imunogénom nez infikované bunky. Navyse, pri MK 16
bunkdch opak bol pravdou: imunita indukovand infikovanymi TC-1 bunkami sa zd4 byt’ silnejSia

nez ta spdsobend oziarenymi bunkami. Vysledky zobrazuje graf ¢.4A a 4B.
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Graf ¢.4A. Rast nadorov v imunizovanych a neimunizovanych mySiach po ¢elenzi
TC-1 bunkami.

2x TC-1 inf. REO vs. neimunizované (TC-1) p<0.02

2x TC-1 irrad. vs. neimunizované (TC-1) p<0.001

2x TC-1 inf. REO vs. 2x TC-1 oZiarené p<0.001

Graf ¢.4B. Rast nadorov vimunizovanych a neimunizovanych mySiach po ¢elenzi
MK 16 bunkami.

2x TC-1 inf. REO vs. neimunizované p<0.0001

2x TC-1 irrad. vs. neimunizované p<0.02

2xTC-1+ REO vs 2x TC-1 oZiarené p<0.01

Do6vody tychto rozdielov dodnes nepozndme, predpokldddme vSak, Ze st vysledkom

rozdielnosti skimanych bunkovych linii. Vysledky sme publikovali v povodnom ¢lanku

v Casopise Neoplasma roku 2010.
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V dalSej sérii experimentov sme skimali schopnost’ reovirusu replikovat’ sa a vyvoldvat’
onkolyticky ucinok v bunkich v normoxickych 1 v hypoxickych podmienkach. V naSich
experimenoch sme pouzivali meduloblastémovi bunkovi liniu a liniu I'udského glioblastému,
Daoy a U373, vporovnani s kontrolnou netransformovanou liniou ludskych fibroblastov.
Hypoxiu sme indukovali kultiviaciou buniek v hypoxickej komorke (Billups-Rothenberg, Inc.,
Del Mar, CA, USA) v atmosfére presne namieSanej zmesi plynov s obsahom 1% kyslika, 5%
oxidu uhli¢itého a 94% dusiku. Dokdzali sme, Ze reovirus je nielen schopny replikicie i
v hypoxickom nddorovom mikroprostredi, ale taktieZ je schopny spdsobit’ bunkovi smrt” svojho
hostitela. Umrtnost’ buniek sme merali MTT testom, ktory je zaloZeny na dokaze zmien viability
merane] na zdklade mitochondridlneho oxidacného mechanizmu Zivych buniek. Vysledky
priemerov nasich merani zobrazuju grafy jednotlivych linii ¢.5 6, z ktorych vidiet’, Ze schopnost’

reovirusu zabijat’ nddorové bunky v hypoxii je oproti normoxii neoslabena.
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Graf ¢.5 Percento prezitia U373 buniek po infekcii reovirusom v normoxii

a v hypoxii.
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Graf ¢.6 Percento prezitia Daoy buniek po infekcii reovirusom v normoxii

a v hypoxii.
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Po zisteni, Ze reovirus je schopny zabijat’ nddorové bunky i v hypoxii sme zist'ovali aké je
percento apoptotickych buniek v tychto vzorkéch. Zistili sme, Ze nepomerne viac buniek umiera

apoptézou v normoxii. Graf ¢.7A a 7B.
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Graf ¢.7A Viabilita Daoy buniek po infekcii reovirusom 24 hodin postinfek¢ne.

Viabilné su bunky, které neviazu AnexinV ani do nich nevstupuje propidium jodid.

Apoptoéza Daoy buniek
0,3 -
0,25 -
0,2 -
l kontrola
0,15 1 O reovirus
0,1 -
0 - -
Normoxia Hypoxia

Graf ¢.7B. Apoptéza Daoy buniek po infekcii reovirusom 24 hodin postinfekéne.

Apoptotické st bunky viaZuce anexin V.
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Na overenie naSich zisteni, sme urobili sériu pokusov s pan-kaspadzovym inhibitorom,
ZVAD-fmk. Tieto preukdzali, Ze po pridani inhibitora pred podanim reovirusu, sa hladiny
apoptézy v normoxii a hypoxii dramaticky menia. ZVAD-fmk zablokoval hladinu apoptdzy
v normoxickych bunkdch uplne, zatial¢o v hypoxickych nie. Ztoho vyplyva, Ze v hypoxii

prebieha apoptéza nezdvisld na kaspazach. Graf €. 8

Apoptoza 24 hod

0,6
0,5 1
0,4 1
0.3 ENORMOXIA
’ OHYPOXIA
0,2 1
0,1

- b -

kontrola staurosporin reovirus ZVAD+
reovirus

Graf ¢. 8. Apoptéza u Daoy buniek po zablokovani kaspaz inhibitorom ZVAD-fmk.

Induktor apoptdzy staurosporin bol pouzity ako pozitivna kontrola.
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Na potvrdenie naSich merani o aktivovanych kaspédzach, sme urobili kaspazovu ese;j.
Zistili sme, Ze hladina indukovanej kaspdzy-3 sa signifikantne neliSila v jendotlivych hladinach
kyslika s vynimkou pdsobenia reovirusu v normoxii po dobu 48 hodin, kde se aktivita kaspazy 3

zvysila vid’ Graf ¢.9

CASP 3
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R R CDDP R R CDDP
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Graf ¢.9 Vysledky kaspazovej eseje s Daoy bunkami po infekcii reovirusom

v normoxii a hypoxii. Cisplatina bola pouzitd ako pozitivna kontrola.

Aby sme zistili akymi r6znymi mechanizmami reovirus vyvoldva typ bunkovej smrti
v hypoxii i normoxii, zmerali sme western blotom hladiny premeny proteinu LC-3 z LC-3 I na
LC-3 II, ¢o semikvantitativne reprezentuje hladinu autofdgie. Hladina Stiepeného LC-3 1II bola
rovnakd nielen v hypoxickych anormoxickych vzorkach, ale ivo vzorkdch infikovanych
a neinfikovanych virusom vid’ obrdzok . Autofdgia teda nie je typ smrti, ktory reovirus vyvoldva
v hypoxii., obrazok €. 6.

V naSich pokusoch sme teda prvykrat ukézali, Ze typ bunkovej smrti vyvolane]
reovirusom nastdva mechanizmom nezdvislom na kaspdzach. A taktieZ, bunkovd smrt

indukovand reovirusom nie je spdsobena autofagiou.
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Obrazok ¢.7. Dokaz autofagie konverziou LC3I na LC3II. Bunky Daoy boli
kultivované v normoxii i v hypoxii s reovirusom i bez neho. Ako pozitivna kontrola boli

pouzité bunky inkubované s chloroquinom.

Na hypoxiu je nahliadané ako na negativny prognosticky faktor malignych nadorov,
pretoze okrem inych vplyvov spdsobuje aj rezistenciu voci rddio- i chemoterapii (Shannon
A.M. et al., 2003, Um J.H. et al., 2004). Preto si agens, ktoré posobia
v normoxii ako i v hypoxii intezivne hl'adané. Hypoxia indukuje rezistenciu oboma, na HIF-1
zavislymi a HIF-1 nezdvislymi mechanizmami (Rohwer N. a Cramer T., 2011).
Aktudlny podiel rdoznych transkripénych faktorov na hypoxiou-indukovanu rezistenciu voci
apoptéze zavisi na viacerych faktoroch (napr. typ buniek, stupei a dizka hypoxie, typ
proapoptotického stimulu). Na naSom pracovisku sme ukdzali doleziti dlohu HIF-loa v
neuroblastomovych bunkovych linidch v experimentoch s inhibiciou HIF-1lo (H.Marikova:
Significance of HIF-1a expression in neuroblastoma cell lines. Diploma thesis. Institute of
chemical technology, Prague, 2011). V aktudlnej praci sme ukdzali, Ze reovirus dokdze oboje,
replikovat’ sa v hypoxickom nddorovom mikroprostredi a taktiezZ spdsobit’ cytopaticky efekt s
ndsledne vyvolanou bunkovou smrtou. Zistili sme, Ze vel’ka ¢ast’ buniek v hypoxii podlieha smrti
na kaspazach nezavislymi mechanizmami. Uloha HIF-lo. ako anti- alebo proapoptotického
transkriptného faktoru je stdle diskutovand (Piret J.P. et al., 2002) a bolo
publikované, Ze konstitutivna expresia HIF-1a obmedzuje replikdciu reovirusu v bunkich
karcinému obliciek a kolorekta (Cho I.R. et al., 2010). My sme vSak nezaznamenali
zniZzend hladinu HIF-1a spdsobenu pritomnostou reovirusu v bunkovych linidch odvodenych z
nddorov mozgu ako bolo popisané v karcindmovych bunkiach spominanych vys§ie (Cho I.R.
et al., 2010). MozZzné vysvetlenie tohoto rozdielu spociva zrejme v rozdielnej bioldgii
skimanych buniek alebo v pouziti iného percenta hypoxie v nastavenom systéme, Cho et al.

pouzivali 2% O, zatial¢o my obvyklejSie 1%.
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Preklinické Studie potvrdili, Ze reovirus sa mnoZi jedine v bunkéch s aktivovanym génom
rodiny Ras alebo jeho drdhy, ¢o sa nachddza v 60-80% l'udskych malignancii. Oncolytics Biotech
Inc. momentdlne vedie klinické Studie s reovirusom pod komerénym nazvom Reolysin®.
Dokoncené Studie, ktoré zahfnali stovky pacientov, ukdzali, Ze intratumordlne, vritane
intrakranidlneho a intravenézneho podania Reolysin®-u, je pacientami vel'mi dobre zn4Sané, tak
ako spominam v samostatnej Casti v praci vysSie. Takisto bola testovand kombinacia Reolysin®-
u s chemo a/alebo radioterapiou, pozri priloZenu literatdru a tabulku ¢. 2. VSetky tieto Stidie
potvrdili potencidlny ucéinok reovirusu ako protinddorového lieciva. My sme ukdzali jeho
aditivnu vyhodu, a to jeho schonost’ mnozit’ sa v hypoxickom nddorovom mikroprostredi. Jeho
schopnost’ mnoZzit’ sa a sposobovat’ cytopaticky efekt v hypoxii nemizne, naopak, napriek pan-
kaspazovému bloku je stdle schopny navodit’ apoptézu. Z toho vyplyva, Ze reovirus je schopny
indukovat’” bunkovi smrt’ i nezdvisle na kaspazach. Ukézali sme, Ze to nie je autofigia, o
reovirus vyvoldva v hypoxii. Napriek tomu, Ze stdle nevieme presne, aky typ bunkovej smrti
nastdva, tato informdcia je dolezitym ndstrojom v d’alSej prici s reovirusom v liecbe hypoxickych
neopldzii. Ak sa ndm podari podporit’ jeho schopnost’ indukovat’ bunkovi smrt’ v hypoxickych
podmienkach Specifickym spdsobom, mdme novy, uéinny protinddorovy postup. Vysledky tejto
prace sme spisali do publikdcie, ktord je momentalne posudzovana pre publikaciu v Journal of

applied biomedicine.

54



5. Prilozené publikacie
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Oncolytic viruses infect, replicate in, and eventually lyse tumor cells but spare normal ones. In addition to direct lysis,
aresult of viral replicative cycle, viruses also mediate tumor cell destruction by inducing nonspecific and specific antitumor
immunity. Some viruses express proteins that are cytotoxic to tumor cells. Viruses recognized as oncolytic agents can there-
fore be divided into three categories: 1/ naturally occurring viruses (e.g. Newcastle disease virus, vesicular stomatitis virus,
autonomous parvoviruses, some measles virus strains, reovirus) that selectively replicate in tumor cells, in some instances
owing to their relative resistance to interferon action; 2/ virus mutants in which some genes essential for replication in nor-
mal cells but evitable in cancer cells have been deleted (e.g.adenovirus ONYX 015 that replicates only in cells with defected
p53 or herpes virus G207 which exacts the presence of ribonucleotide reductase); 3/ virus mutants modified by the introduc-
tion of tissue-specific transcriptional elements that drive viral genes (e.g.adenovirus CV706 that has PSA restricted expres-
sion E1A and E1B and adenovirus adMycTK that binds selectively on myc protein).

Reovirus is prevalent in the human population but not associated with any known human disease. Studies have shown that
Reovirus multiplicate preferentially in tumor cells with activated gene of ras family or ras-signaling pathway while sparing
normal cells. Activated ras or its pathway could be found in as many as 60—-80% of human malignancies. In our studies we
used cell lines that demonstrably express activated ras. We showed the cytopathic effect of reovirus (serotype 3 strain
Dearing) on medulloblastoma cell lines and compared it with its acting on normal human fibroblasts. Oncolytics Biotech
Inc. is currently guiding three Phase I or Phase I/II Reolysin studies, and has completed two clinical studies and concluded

enrolment in a third one.

Key words: oncolytic viruses, reovirus, clinical trials

Malignant tumors remain one of the main causes of death
in all developed countries and their incidence is still rising.
Fortunately, progress has been made in the overall survival of
cancer patients after introduction of improved imaging and
diagnostic techniques; elucidation of the molecular processes
that cause cancer, and further comprehension of treatment us-
ing combined chemo- and radiotherapy. However, survival
has not improved substantially with current chemotherapy
and radiotherapy in patients diagnosed with metastatic dis-
ease and certain high-incidence tumors such as brain tumors,
pancreatic, colorectal, and liver carcinomas. Surgery and ra-
diation therapy afford only local control, therefore are not ef-
fective in metastatic diseases and chemotherapy is limited by

“Supported by grants GA CR No. 301/05/2240 and MSMT 0021620813.
“Corresponding author

toxicity and by primary or secondary chemoresistance to the
drugs in use. This incepts usually due to tumor cells develop-
ing different mechanisms that override cell death caused by
chemotherapy and radiotherapy. As a result, resistance to
treatment through clonal expansion of genetically resistant
tumor cells occurs. Much effort has been directed toward
finding alternate pathways that would complement therapeu-
tic induction of apoptosis, overcome multidrug resistance,
and ultimately improve overall cure rates. In view of this,
several new classes of anticancer agents are being promoted
as potential supplements to current anticancer therapy. They
include monoclonal antibodies, biological response modifi-
ers, angiogenesis inhibitors, modulators of signal trans-
duction, gene therapy including antisense oligonucletides,
telomerase and kinase inhibitors. An additional group of
agents includes viruses that infect, replicate in, and eventu-
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ally lyse tumor cells but spare normal ones. The possibility of
using viruses as oncolytic agents was originally recognized
in cases of unintentional exposure. The virus-induced remis-
sions occurring either naturally [1] or induced by vaccination
[2] stimulated research on the oncolytic activity of a variety
of viruses.

Oncolytic viruses

Revolutionary advances in molecular biology and genetics
have led to a fundamental understanding of the replication
and pathogenicity of viruses and the carcinogenesis. These
advances have allowed novel agents to be engineered to en-
hance the antitumoral potency as well as safety of oncolytic
viruses. Oncolytic viruses were evolved to infect cells, repli-
cate inside the host, induce cell death, release the viral parti-
cles, and finally to spread in human tissues. Replicating vi-
ruses “self-amplify” that potentially leads to maximized
dosing at the desired site of action, while a lack of replication
in normal tissues can result in efficient clearance and reduced
toxicity. Selective replication within tumor tissue can theo-
retically increase the therapeutic index of these agents enor-
mously. Furthermore, oncolytic viruses can mediate the de-
struction of tumor cells by several mechanisms. In addition to
direct lysis, a result of viral replicative cycle, viruses also me-
diate tumor cell destruction by inducing nonspecific and spe-
cific antitumor immunity. Some viruses express proteins that
are cytotoxic to tumor cells (adenoviruses express cytotoxic
proteins E3 and E4AORF4) [3]. Viral infection of cells elicits
an immune response that consists of cytokine generation
(interferons a, 3 and y, TNFa, and several interleukins) and
infiltration of macrophages, neutrophils, and NK cells.
Therefore, since activation of classical apoptotic pathways in
the cancer cell is not the exclusive mode of killing, cross-re-
sistance with standard chemotherapeutics or radiotherapy is
much less likely to occur. On the other hand, the effect of im-
mune response is also likely to destroy replicating virions and
so limit the direct lytic effect [4]. TODA et al [5] showed that
treatment of tumors in mice with genetically modified
oncolytic herpes virus G207 also elicited systemic immunity
against other tumors in which virus was not detected through
a cytotoxic T cell response. Immunosuppresion by cortico-
steroids decreased efficiency of G207 in transplanted human
tumor [6]. On the other hand HIRASAWA et al [7] found in-
creased efficiency of reovirus in mice tumor after co-admin-
istration of cyclosporine A and anti CD4 and anti CD8 anti-
bodies. It remains to be determined which mechanisms are
involved in antiviral immunity and which in anticancer im-
munity.

As with any anticancer therapy, the cytotoxic effects of the
treatment upon the normal tissue surrounding the tumor
should be minimized. The ideal oncolytic virus would ex-
press such high specificity for tumor cells even when deliv-
ered systemically; it would localize to act directly on cancer
cells. Additionally, the virus would replicate quickly in divid-

ing as well as quiescent cancer cells to high titers. Further
would disseminate throughout the tumor mass, destroying
cells directly or sensitizing them to the action of other thera-
peutic agents, but would still remain non-dangerous to sur-
rounding normal tissue. The ideal virus must also be able to
replicate efficiently in the context of a developing, or even a
pre-existing antiviral immune response. This may require ex-
pression of viral proteins that are involved in suppression of
the antiviral immune response. Virus would therefore cause
minimal immunological reaction, and would be well toler-
ated by patients. Furthermore, infection with the virus should
stimulate an effective antitumor immune response that would
lead to the destruction of metastases [8]. Much work over the
last three decades has been performed with the aim of pro-
ducing such an ideal virus.

Oncolytic viruses, which have been tested as cancer thera-
peutics, have either been naturally selected or have been ge-
netically engineered to grow specifically in and kill tumor
cells. Viruses recognized as oncolytic agents can therefore be
divided into three categories: 1/ naturally occurring viruses
(such as Newcastle disease virus, vesicular stomatitis virus,
autonomous parvoviruses, some measles virus strains,
reovirus [9]) that selectively replicate in tumor cells, in some
instances owing to their relative resistance to interferon ac-
tion [8]; 2/ virus mutants in which some genes essential for
replication in normal cells but evitable in cancer cells have
been deleted (e.g.adenovirus ONYX 015 that replicates only
in cells with defected p53 or herpes virus G207 which exacts
the presence of ribonucleotide reductase) [4]; 3/ virus mu-
tants modified by the introduction of tissue-specific trans-
criptional elements that drive viral genes (e.g. adenovirus
CV706 that has PSA restricted expression E1A and E1B and
adenovirus adMycTK that binds selectively on myc protein)
[10]. Each of these agents has shown tumor selectivity in vi-
tro and/or in vivo, with many of these agents following
intratumoral, intraperitoneal and/or intravenous routes of ad-
ministration. Overview of the most crucial oncololytic vi-
ruses shows Table 1.

There is now clear evidence in pre-clinical models that
oncolytic viruses have great potential to become important
new therapeutics. Results from Phase I and II intratumoral
trials are beginning to supervene and it seems that the current
oncolytic viruses are safe and have reduced acute side effects
when compared with many other conventional cancer thera-
peutics [11, 12]. The first virus studied in clinical trials is the
adenovirus ONYX-015, which has been the subject of 18
phase I and II clinical trials with published results, starting in
1996. To date, more than 250 and 170 patients have been
treated with ONY X-015 and Newcastle disease virus respec-
tively [13]. Indeed evidence from both pre-clinical and clini-
cal studies suggests that combining replication-competent
viruses with standard anticancer treatments such as chemo-
therapy and radiotherapy may result in greater therapeutic
benefit[14—-17]. ONYX-015 became the first virus combined
with chemotherapy to undergo clinical trials [18].



REOVIRUS - POSSIBLE THERAPY OF CANCER

459

Table 1. Overview of oncolytic viruses in clinical trials (modified according Kirn DH Replication-selective microbiological agents: fighting cancer

with targeted germ warfare. J Clin Invest 2000; 105: 837-839)

Virus family Oncolytic virus

Specificity

Genetic alterations

ONYX-015 cells lacing p53 function E1B-55kD, E3b deletion
CV 706 prostate cells E1A expression driven by PSA element,
. deletion E3

Adenovirus CV 787 prostate cells E1B expression driven by PSA element

AdS5-CD/tk-rep cells lacing p53 function E1B-55kD deletion

adMycTK myc expressing cells Myc-Max binding motif

. . ribonucleotide reductase disruption and
. G207 proliferating cells deletion of gamma 34.5

Herpes simplex NV1020 proliferating cells deletion of gamma 34.5

1716 proliferating cells deletion of gamma 34.5
Vaccinia wild type +/— GM-CSF unknown wild type
Newcastle disease v. 73-T, PV 701, Ulster strain, MTH-68/N unknown wild type
Autonomous transformed cells-1 proliferation, :
parvoviruses H-1 | differentiation, ras, p53 mutation wild type
Reovirus Reolysin ras-pathway activation wild type
Table 2. Clinical trials with Reovirus (modified according www.oncolyticsbiotech.com)
Clinical Study/Trial Application Objective Results Cancer type Therapy
Phase I Study intratumoral safety, maximum tolerated dose =~ no serious adverse events ~ progressing solid momotherapy

related to the virus tumors
T2 Prostate Cancer intratumoral safety, histopathology evidence of apoptosis prostatic cancer monotherapy
Trial Phase I tumor cell in 4 of 6
patients, no safety concerns

Phase I/I Recurrent intratumoral safety well tolerated recurrent malignant monotherapy
Mglllgnant Glioma safety not finished glioma with chemotherapeutics
Tria and radiation therapy
Phase I Systemic intravenous  safety not finished advanced primary or  monotherapy

Administration Trial tumor and immune response

not finished metastatic solid tumors

advanced cancer with radiation

Phase I Combination intratumoral feasibility, safety and not finished
Reolysin/Radiation anti-tumor effects
Therapy Trial evidence of any anti-tumor activity

Phase I Systemic intravenous maximum tolerated dose, dose not finished advanced or metastatic monotherapy
Delivery Trial limiting toxicity, tumors

viral replication, immune not finished

response, any evidence

of antitumor activity
Phase I/II Recurrent infusion maximum tolerated dose, dose not finished malignant gliomas monotherapy

Malignant Gliomas limiting toxicity, safety

Trial viral replication, immune

response, antitumor activity

not finished

In some cases virus therapy in combination with chemo-
therapeutics has provided enough evidence of efficacy to
warrant proceeding to phase III trials [18-21]. The majority
of clinical studies to date involve intratumoral treatments.
Systemic treatment of cancer using oncolytic viruses is
clearly the next key step for broader applicability. Recently,
intravenous treatment of advanced cancer patients using
oncolytic viruses has included results of studies with PV701
for maximum tolerated dose determination [23] and of trial
with ONYX-015 [21]. Adenovirus ONYX-015 was also ad-
ministered by hepatic artery infusion in patients with gastro-
intestinal carcinoma metastatic dissemination to the liver
[22]. However more studies with humans need to be initiated

or more fully developed for both locoregional and systemic
treatment approaches. We need to know how reliable preclin-
ical models predict outcomes in humans. It is likely that ques-
tions concerning viremia, virus clearance, humoral and cellu-
lar immune responses, tumor to tumor spread, and virus
stability can only be answered by testing in humans. Fine tun-
ing and optimization of viral therapeutics will best be done in
a Phase I setting.

Knowledge of mechanisms affecting efficiency of onco-
lytic viruses and of potentiation of their efficiency by
cytostatics and/or radiotherapy is important for their use in
therapeutic protocols. Therefore we started preclinical exper-
iments with reovirus. We intend to study immunological
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mechanisms which may potentiate its efficiency; however,
antibodies may neutralize the virus.

Reovirus

Reovirus (an acronym for respiratory enteric orphan) is
highly prevalent in the human population but not associated
with any known human disease [24]. It has been isolated
from the respiratory and gastrointestinal tract and is consid-
ered an orphan virus, because it lacks clinical symptoms [25].
It is found naturally in sewage and water supplies. By the age
of 12 years, half of all children show evidence of reovirus ex-
posure and by adulthood, most people have been exposed. As
mentioned above, reovirus is non-pathogenic, meaning there
are typically no symptoms from infections. The link to its
cancer-killing ability was established after the reovirus was
discovered to reproduce well in various cancer cell lines.
Serotype 3 Dearing strain is under clinical investigation in its
natural, non-mutated form.

Taxonomically, it is a member of the Reoviridae family.
These are non-enveloped viruses with icosahedron shape and
size ranging from 70 to 85 nm. In addition to the inner core
(size 60—70 nm), they posses an outer capsid structure. Their
genome is segmented and contains 10-12 pieces of dou-
ble-stranded RNA and its size is 24 kb. Reovirus represents
one of the Reoviridae genera that infect human beings [24].

The reovirus lytic cycle begins with attachment of a virion
to sialic acid residues on the cell surface via the trimeric 01
cell attachment protein, which protrudes from the 12 vertices
of the icosahedral capsid [26]. Following attachment, clath-
rin-coated pits form and the virus enters by receptor-medi-
ated endocytosis. Within the resulting endosome/lysosomes,
acid-dependent proteolysis of viral outer capsid proteins 03
and pl1/plc begins, generating an intermediate subviral parti-
cle (ISVP). Later on, degradation of 3 occurs, which theoreti-
cally exposes pl/ulc, allowing for penetration of the ISVP
across the lysosomal membrane. p1/plc has been shown to
be capable of disrupting membrane bilayers in vitro [27].
pul/ulc is also myristoylated which may aid in ISVP/mem-
brane fusion [28]. Following this step, primary transcription
of 10 capped, full-length transcripts takes place, mediated by
the viruses’ double-stranded RNA-dependent RNA polymer-
ase. Primary transcripts are translated using host machinery
and subsequently associate with primary translation products
to form RNA assortment complexes.

Final synthesis of minus strand genomic RNA occurs
within these nascent particles and secondary transcription of
late viral mRNAs begins. The synthesis of viral mRNA
within the virus particle is the characteristic feature of
reoviruses’ replication. Late viral protein synthesis from sec-
ondary transcripts often coincides with a decrease in host
protein synthesis [29]. Final assembly of the outer capsid
yields progeny reovirus particles, leading to cell lysis and
death. In the infected culture the maximal virus yield is
achieved 15-18 hrs post infection, with 200-2000 plaque

forming units per cell. Quite typical for the harvested virus
population is a high ratio between physical and infectious
particles (1:100 to 1:1000). This occurs most probably due to
the predominant presence of incomplete, defective particles
arising in the course of virus replication. Reoviruses are sta-
ble over a long period of time and are resistant to exposure to
high ionic strength, relatively high temperature (exceeding
50 °C) and extreme pH values.

Recent studies have shown that Reovirus propagates pref-
erentially in tumor cells with activated gene of ras family or
ras-signaling pathway while sparing normal cells [30]. Acti-
vated ras or its pathway could be found in as many as
60-80% of human malignancies [31]. Studies have shown
that reovirus fails to productively infect NIH-3T3 cells unless
they express activated ras [31, 32]. The reason why cells with
activated ras pathway can be productively infected by
reovirus is associated with the disruption of the cell defense
against viral infection. In non-transformed, reovirus infected
cells, after primary transcription, the double-stranded
RNA-dependent protein kinase (denoted PKR) is activated.
By phosphorylating the initiation factor elF2-a, PKR shuts
off viral protein synthesis. This phosphorylation is inhibited
when the ras signaling pathway is activated, resulting in viral
translation and subsequent entrance into the viral lytic cycle.
In tumor cells with an activated ras pathway, reovirus is able
to freely replicate and eventually kill host tumor cells. As cell
death occurs, progeny virus particles are free to infect sur-
rounding cancer cells. This cycle of infection, replication and
cell death is believed to be repeated until there are no longer
any tumor cells carrying an activated ras pathway available.
The activation of the ras pathway can be mimicked in normal
cells by treating these cells with 2-aminopurine (2-AP) which
prevents the activation of PKR [32].

In our studies we used cell lines that demonstrably express
activated ras. We showed the cytopathic effect of reovirus
(serotype 3 strain Dearing) on medulloblastoma derived cell
lines and compared it with its acting on normal human
fibroblasts that are believed to have their ras cascade inacti-
vated. The cytopathic effect on medulloblastoma occurred
within four days, while fibroblasts remained untouched
(Fig. 1). Reovirus significantly potentiates effect of cisplatin
on medulloblastoma and glioblastoma derived cell lines [33].
Reovirus we used is identical with REOLY SIN® produced by
Oncolytics Biotech Inc.

This company is currently guiding three Phase I or Phase
I/IT Reolysin studies in the United Kingdom and the United
States, and has completed two clinical studies and concluded
enrolment in a third study in Canada. The recent clinical
program for Reolysin addresses various human cancers and
uses various modes of administration including local deliv-
ery, systemic delivery and delivery in combination with radi-
ation therapy. Phase I/II recurrent malignant glioma study in
the United States is in current state of preparation
(www.oncolyticsbiotech.com).

It has been the failure of conventional anticancer treatment
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Figure 1. Effect of reovirus on medulloblastoma derived cell line ATCC HTB 186 (Daoy) (right) 96 hours after infection and on normal human
fibroblasts (left). Control without virus (bottom) medulloblastoma derived cell line ATCC HTB 186 (Daoy) (right) and normal human fibroblasts
(left). Magnitude 40x.

that has inspired researchers all over the world to look for
new drugs which could efficiently kill even the chemore-
sistant tumor cells. From all different groups of current
agents discovered, replication competent viruses seem prom-
ising for cancer treatment mainly because of their ability to
amplify themselves and spread throughout the tumor mass.
Additionally, they can possibly express foreign proteins that
fortify their own innate cytolytic potential. Significant prog-
ress has been made in targeting viruses to particular cell
types, but a real tumor-specific virus is yet to be constructed.
However it still seems a little ironic, that viruses might be
used to combat neoplasms, since approximately 15% of the
incidence of human cancer is attributable to virus infection
[34]. It is probable that in the future an extent group of vi-
ruses that are able to target different cells will suit for use as
anticancer agents. As many viruses lyse the cells in which
they replicate, the suggestion that viruses might potentially

be used to destroy specific cell populations is not altogether
surprising.

Conclusion

Oncolytic viruses represent a rapidly expanding novel
therapeutic platform for cancer. Hundreds of viruses are now
being tested preclinically, and approval has been sought
and/or testing in humans has been initiated in at least ten
ones. Only a few therapeutic areas within biotechnology
have ever expanded so quickly.
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Abstract

Oncolytic viruses infect, replicate in and lyse tumor
cells while sparing normal cells. In addition to direct
lysis, viruses induce antitumor immunity and some
viruses express cytotoxic proteins. Oncolytic viruses
can be divided into three categories: 1) naturally
occurring viruses that selectively replicate in tumor
cells; 2) virus mutants in which some genes essential
for replication in normal cells but unnecessary in can-
cer cells have been deleted; and 3) virus mutants
modified by the introduction of tissue-specific tran-
scriptional elements that drive viral genes. Preclinical
studies have shown that reovirus proliferates only in
tumor cells with activated genes of the RAS family or
its pathway. Activated RAS or its pathway can be
found in 60-80% of human malignancies. Oncolytics
Biotech is currently conducting clinical studies with the
human reovirus-based cancer therapy Reolysin®. Four
completed studies in cancer patients demonstrated
that intratumoral (including intracranial and intra-
venous) application of Reolysin® is well tolerated.

Background

Despite the advances in cancer screening, diagnos-
tics and treatment that have decreased mortality in
patients, cancer remains one of the main causes of death
in all developed countries, and its incidence is on the rise.
Current efforts to improve commonly applied cancer ther-
apies are aimed at enhancing drug efficacy while main-
taining acceptable levels of toxicity. In order to succeed,
innovative therapeutics have been designed to target
tumor-specific attributes to permit higher doses with less
side effects. One such approach utilizes oncolytic viruses
(OVs) that infect, replicate in and lyse tumor cells while
sparing normal cells. The possibility of using viruses as
oncolytic agents was originally recognized in cases of
unintentional exposure. Virus-induced remissions occur-
ring either naturally (1) or induced by vaccination (2) stim-
ulated research on the oncolytic activity of a variety of
viruses.

OVs were developed to infect tumor cells, reproduce
inside their host, induce cell death, release offspring viral
particles and spread across human tumors. Replication-
competent viruses “self-amplify”, which potentially leads
to maximized dose at the desired site of action, while the
absence of replication in normal tissues can result in
reduced side effects. Selective replication within tumor
tissue can increase their therapeutic index. However,
physical barriers such as necrotic areas, stromal cells,
extracellular matrix or basal membrane may further limit
the distribution of the virus. The significance of diffused
virus application was clearly demonstrated in mathemati-
cal models of viral replication (3).

The ideal OV should be confined exclusively and
specifically to tumor cells, even when delivered systemi-
cally, in order to act directly on target cancer cells. The
ideal virus should replicate quickly in both dividing and
quiescent cancer cells. Furthermore, it should dissemi-
nate throughout the tumor mass, destroying its host, and
at the same time not be harmful to normal tissues. The
perfect virus must also be able to replicate efficiently in
the context of innate antiviral immune responses. This
may require expression of viral proteins that are involved
in the suppression of antiviral immunity. The virus should
cause a minimal immune reaction and should be well tol-
erated by patients. Furthermore, infection with the virus
should stimulate an effective antitumor immune response
that would lead to the destruction of metastases (4).

Much work over the last three decades has been per-
formed with the aim of producing such a virus. OVs that
have been tested as anticancer drugs have either been
naturally selected or have been genetically engineered to
grow specifically in and kill cancer cells. OVs can be
divided into three categories: 1) naturally occurring virus-
es (e.g., Newcastle disease virus, vesicular stomatitis
virus, autonomous parvoviruses, some measles virus
strains, reovirus [5]) that selectively replicate in tumor
cells; 2) virus mutants in which some genes essential for
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replication in normal cells but unnecessary in cancer cells
have been deleted (e.g., the adenovirus ONYX-015,
which replicates only in cells with mutant p53, or the her-
pesvirus G207, which requires the presence of ribonu-
cleotide reductase [/CP gene]) (6); and 3) virus mutants
with tissue-specific transcriptional elements that drive
viral genes (e.g., the adenovirus CV706, which has
prostate-specific antigen [PSA]-restricted expression of
E1A and E1B, and the adenovirus adMycTK, which
selectively binds myc protein) (7). All of these viruses are
tumor-selective in vitro and/or in vivo. Many of these
agents have already been clinically tested using intratu-
moral, intraperitoneal (i.p.) and/or intravenous (i.v.) routes
of administration.

OVs can mediate the destruction of tumor cells by
mechanisms other than direct lysis. OVs may effectively
induce adaptive antitumor immunity that comprises both
antibody and T cell responses targeting tumor-associated
antigens (TAAs) (8-10). Some viruses express proteins
that are cytotoxic to cancer cells (e.g., adenoviruses
express cytotoxic proteins E3 and E4ORF4) (10), and
importantly, Schulz et al. showed that cells infected with
virusues were more effective at delivering nonviral anti-
gens for cross-priming of antigen-presenting cells (APCs)
in vivo (11).

Viral infection of cells induces an immune response
that consists of cytokine production (interferons o, § and
Y, tumor necrosis factor o [TNF-o] and several inter-
leukins) and infiltration of cytotoxic cells, such as
macrophages, neutrophils and natural killer (NK) cells.
Since activation of apoptotic pathways in cancer cells is
not the main mode of the destruction induced by OVs,
cross-resistance with standard chemotherapeutics or
radiotherapy is not frequent. However, an immune
response is also likely to destroy replicating virions, thus
limiting their effects (5). Although neutralizing antibodies
and the complement system do not limit therapeutic effi-
cacy in the case of intratumoral injection of OVs, they
may significantly restrict systemic therapy (6). Immuno-
suppression by corticosteroids decreased the efficiency
of G207 (double mutant of the herpes simplex virus type
1 [HSV-1] with deletions at both y 34.5 (RL1) loci and a
lacZ gene insertion inactivating the /ICP6 gene) in trans-
planted human tumors (8). On the other hand, Hirasawa
et al. (9) found increased efficiency of a reovirus in mouse
tumors after the application of ciclosporin and anti-CD4
and anti-CD8 antibodies. It remains to be determined
which mechanisms are involved in antiviral immunity and
which contribute to the anticancer effect.

Reovirus (an acronym for Respiratory Enteric Orphan
viruses) is one of the replication-competent, naturally
occurring viruses that preferentially kill tumor cells (12).
Research into the mechanism of the tumor cell selectivity
of reovirus revealed that it replicates favorably in the
presence of activated Ras signaling, which is common in
cancer cells (13).

Reovirus replicates in the cytoplasm and comprises
two concentric icosahedral protein capsids with trimeric
o1 proteins that protrude from vertices. The capsid sur-

Reolysin®

rounds the genome consisting of 10 segments (large L1,
L2 and L3, medium M1, M2 and M3, and small S1, S2, S3
and S4) of double-stranded (ds) RNA (14). Each dsRNA
segment encodes a single protein, except for the S1 gene
segment, which is bicistronic. Proteins are denoted A, u
and o according to the RNA segment from which they are
transcribed. Reovirus encodes its own polymerases
essential for replication of the viral genome and therefore
is not dependent on the S phase of the host as some
DNA viruses are (4).

Reoviruses are ubiquitous viruses that have been iso-
lated from a wide variety of mammalian species, including
humans. In humans, reoviruses are commonly isolated
from the respiratory and gastrointestinal tract, but they
are not associated with any known disease and are there-
fore considered to be nonpathogenic (15). Thus, they
were classified as orphan viruses (a virus which is not
associated with any known disease). According to their
hemagglutination activity, three serotypes of reovirus
have been described. Laboratory strains of each serotype
were isolated and designated serotype 1 Lang, serotype
2 Jones, serotype 3 Abney and serotype 3 Dearing (T3D).
All three serotypes of reovirus are found ubiquitously in
the environment, particularly in still water or sewage
water. As many as 50% of adults aged 20-30 years have
already been exposed to reovirus and carry antibodies
against the virus, and seropositivity has been detected in
70-100% of older individuals (16, 17).

The lytic cycle of reovirus is complex and consists of
many steps. It begins with the attachment of the virion to
the receptor of the host cell via o1 protein and the virus
enters the cell by receptor-mediated endocytosis. The o1
protein is a fibrous trimer composed of an elongated tail
domain inserted into the virion and a globular head
domain that sticks out from the virion surface (18). The
head and tail regions of T3D ol contain receptor-binding
domains. The domain in the tail binds a-linked sialic acid
(19, 20), whereas the domain in the head binds junction-
al adhesion molecule 1 (JAM-1) (21). o1 protein of T3D
can be dissociated by intestinal proteases such as trypsin
or chymotrypsin (22). Reovirus attaches to cells via an
adhesion-strengthening mechanism by which initial low-
affinity binding to sialic acid facilitates secondary higher
affinity binding to JAM-1. The capacity of T3D reovirus to
bind sialic acid influences infection of cultured cells (23).
However, although ligation of sialic acid and JAM-1 is
necessary for reovirus-induced cell death, viral attach-
ment to the cell surface alone is not enough. Inhibitors of
acid-dependent viral disassembly block apoptosis activat-
ed by reovirus, which indicates the requirement for post-
attachment entry steps (24). Within the endosome, prote-
olysis of viral outer capsid proteins gives rise to an
intermediate subviral particle (ISVP). Receptor binding
and disassembly must occur within the same cellular
compartment to elicit an apoptotic response. A critical
component of the signaling cascade that leads to apopto-
sis of reovirus-infected cells is the transcription factor
NF-xB (25). Reovirus also activates c-Jun N-terminal
kinase (JNK) and extracellular signal-regulated kinase
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(ERK) (26), but the involvement of these signaling mole-
cules in NF-kB activation and apoptosis induction is not
understood. Triggered ISVPs penetrate through the
endosomal membrane. Subsequently, the transcription of
10 RNA segments mediated by viral dsSRNA-dependent
RNA polymerase proceeds. Later, the synthesis of RNA
minus-strand occurs and secondary transcription of late
viral mMRNAs begins. Final composition of the outer cap-
sid yields viral particles that induce cell lysis (27).
Moreover, viral transcription is not indispensable, as
inhibitors of viral RNA synthesis do not diminish the
capacity of reovirus to induce apoptosis (24, 28).

Reovirus does not replicate in normal mouse fibro-
blasts, but fibroblasts transfected with activated Ras, epi-
dermal growth factor receptor (EGFR, ErbB-1) or V-erbB
are lysed by uninhibited reovirus replication (12). The
mechanism of preferential reoviral tropism in RAS-trans-
formed cells has not been fully defined, but a defective
cellular antiviral response triggered in these cells is obvi-
ous. In normal cells, reoviral dsRNAs activate PKR (pro-
tein kinase RNA-activated), which in turn phosphorylates
the o subunit of initiation factor 2 (elF-2-a). This phos-
phorylation shuts off any further protein translation and
thus inhibits the initiation of translation of viral transcripts.
In contrast, in cells with constitutive Ras activation, the
phosphorylation of elF-2-a is inhibited, resulting in viral
translation and subsequent entry into the viral lytic cycle
(13). Furthermore, recent evidence suggests that Ras
transformation enhances viral uncoating, infectivity and
virion release (29), and makes cells more sensitive to
virus-induced apoptosis (30). Since activating mutations
of the proto-oncogene RAS occur in about 60-80% of all
human tumors, e.g., pancreatic (90%), sporadic colorec-
tal (50%) and lung (40%) carcinomas and myeloid
leukemia (30%) (31), reovirus appears to be a good tool
for inhibiting such cell populations.

Generally speaking, reovirus induces cell cycle arrest
at G1 and G2/M and apoptosis, and selectively activates
mitogen-activated protein kinase (MAPK) cascades.
Reovirus-induced apoptosis involves members of the
TNF-related apoptosis-inducing ligand (TRAIL) family and
is associated with the activation of both death receptor-
and mitochondrial-associated caspases (32). However, it
is still not known what gene product(s) of reovirus are
responsible for these properties.

In addition, reovirus may also activate the host
immune system to enhance antitumor activity. Errington
et al. showed that reovirus induced phenotypic dendritic
cell (DC) maturation and the production of inflammatory
cytokines, and that infected DCs could in turn elicit NK
and T cell-mediated innate antitumor activity (33). In other
experiments, they showed that the inflammatory
response generated by reovirus-infected melanoma cells
caused bystander toxicity against reovirus-resistant
tumor cells and activated human myeloid dendritic cells in
vitro (34).

Since reovirus, a dsRNA virus, is an efficient inducer
of interferon o and p, it is believed that a host interferon
response may play an important role in oncolysis (35). On

the contrary, resistance to reovirus was demonstrated. In
an in vitro study using a human fibrosarcoma-derived cell
line that carried RAS mutation resistance to reovirus
associated with persistent reovirus infection, elevated
PKR phosphorylation and decreased cathepsin B activity
were documented (36).

Preclinical Pharmacology

In an in vitro study, all primary glioma cultures from
patients and 20 of 24 established glioma cell lines treated
with reovirus were destroyed, whereas all meningioma
primary cultures were spared. In in vivo experiments,
reovirus therapy prolonged survival in two orthotopic
intracerebral mouse glioma models and caused signifi-
cant cytoreduction and tumor regression in two subcuta-
neous immunodeficient mouse models of malignant
glioma (37, 38). Direct intracerebral injection of reovirus
appeared to be safe in mice, rats and cynomolgus mon-
keys. Survival of nude mice with medulloblastoma cell
lines implanted orthotopically was prolonged after intratu-
moral injection of live reovirus compared to injection of an
inactivated reovirus (39). In an orthotopic medulloblas-
toma model in nude mice, multiple intratumoral reovirus
injections were given. As expected, all control animals
treated with inactivated virus developed spinal cord or
leptomeningeal metastases, whereas none of the animals
treated with live virus had detectable metastases (40).
The investigators suggested that metastatic tumor cells
were selected for high Ras activity and thus presented a
favorable target for reovirus. This study also suggested
that reovirus therapy might prevent both local invasion
and metastatic tumor spread.

In another study, human breast cancer xenografts
were inoculated in both the left and right hind flanks and
reovirus was injected into one flank tumor only. Reovirus
replication and tumor regression were observed at both
injected and noninjected contralateral sites. In addition,
reovirus could replicate not only in breast cancer cell
lines, but also in surgical specimens from breast cancer
patients (41). Furthermore, the ability of reovirus to treat
breast tumors established in the brain was evaluated.
Intracranial reovirus administration prolonged survival in
nude mice, as did intrathecal reovirus administration in
immunocompetent rat models. Both types of administra-
tion prevented local tumor invasion of breast cancer and
metastases. Reovirus did not cause mortality when
administered intracranially at doses up to 1 x 108 plaque-
forming units (pfu) in nu/nu mice (42).

Reovirus also demonstrated activity against mouse
Lewis lung cancer metastasis following i.v. administra-
tion, 65-80% of the tested mice showing regression of
their tumors (43).

Reovirus was able to infect all five human pancreatic
cancer cell lines tested in vitro. Elevated Ras activity was
confirmed in these cell lines. Using two pancreatic cancer
cell lines in a unilateral tumor xenograft model in nude
mice, tumor growth was suppressed by intratumoral injec-
tion of reovirus. In addition, local injection of reovirus had



systemic antitumor effects in a bilateral xenograft model,
with regression of both injected and uninjected xenografts
being observed (44).

Reovirus exhibited significant antitumor activity
against all four pediatric sarcoma (Ewing’s sarcoma and
rhabdomyosarcoma) xenografts tested (45). Reovirus
also killed both human melanoma cell lines and freshly
resected tumors, and intratumoral administration caused
regression of melanoma in a xenograft model in vivo (34).

Reoviral irrigation, both immediate and delayed, of
squamous cancer-contaminated wounds in SCID mice
resulted in a significant reduction in tumor recurrence.
Squamous cancer is susceptible to reovirus in vitro, and
therefore this seems to be a suitable model of local adju-
vant therapy after surgically induced complete remission
(46).

Reovirus is not inactivated by clinically relevant doses
of irradiation and radiation facilitates its cytotoxicity in
tumor cell lines (head and neck, colorectal and breast can-
cer) in vitro and in syngeneic tumor xenografts (34, 47,
48). Clinical studies with reovirus in combination with
radiotherapy have started based on these experiments.
Treatment of human colon cancer cell lines with reovirus
and gemcitabine resulted in in vitro and in vivo synergy
(tumor was injected into the flanks of nude mice) (49).
Intratumoral inoculation of reovirus in subcutaneous
tumors induced in mice by human papillomavirus type 16
(HPV-16)-transformed TC-1 cells resulted in only a small
decrease in tumor growth, but never in complete cure.
When using cyclophosphamide in combination with viral
treatment, a synergistic effect resulting in tumor suppres-
sion was observed. The best results were obtained when
repeated cyclophosphamide administration was followed
by reovirus treatment. A synergistic effect for reovirus and
cyclophosphamide (coadministered with an S9 fraction,
which is necessary for cyclophosphamide activation) was
also found in vitro (manuscript submitted for publication).
Similar effects of reovirus combined with cyclophos-
phamide were described in different in vivo models (50).
Combined reovirus and radiotherapy led to statistically sig-
nificant increases in cytotoxicity both in vitro and in vivo,
particularly in those cell lines with moderate susceptibility
to reovirus alone. The enhanced cytotoxicity of the combi-
nation occurred independently of treatment schedule (48).

Immunodeficient mice with tumors derived from the
Burkitt's lymphoma Raji cell line were cured by i.v.
reovirus, while inactivated reovirus was ineffective (51).
Primary lymphoma samples collected from patients were
tested in vitro and 100% of chronic B cell lymphoid
leukemias and 100% of diffuse large B cell lymphomas
were sensitive to reovirus, but the majority of follicular
lymphomas were resistant (51, 52). Reovirus did not
affect CD34* stem cells or their clonogenic potential. Ex
vivo use of oncolytic virus seems to be promising for
purging autologous hematopoietic stem cell harvests, as
shown in in vitro studies with experimentally contaminat-
ed peripheral blood apheresis products (52). Mice with
L1210 leukemia were treated with BCNU and subse-
quently with reovirus. Complete remission of tumor was

Reolysin®

observed in 80% of mice, and cured animals were resis-
tant to challenge with L1210 leukemia, although they
remained susceptible to challenge with heterologous
tumor (53). One may speculate that reovirus potentiates
the immune response to tumor antigens.

Clinical Studies

The positive preclinical findings led to the develop-
ment of Reolysin® (reovirus serotype 3 strain Dearing),
which is now being used in clinical trials as a powerful
anticancer agent against tumors with an activated RAS
oncogene or Ras pathway. Oncolytics Biotech has been
issued patents that cover the pharmaceutical use of
reovirus in the treatment of RAS-mediated cancers and
the manufacture of reovirus in animal component-free
media (54). A survey of clinical trials with Reolysin® is
presented in Table I.

Intratumoral reovirus administration in a phase | study
in patients with recurrent subcutaneous tumors demon-
strated that dose escalation up to 10%° pfu did not cause
any serious adverse events and no dose-limiting toxicities
were found. The only adverse events were headache and
transient flu-like symptoms. As a secondary endpoint in
the study, tumor responses were also evaluated. Eleven
of 18 patients (61%) demonstrated some response to
viral therapy, with 32-100% tumor regression, and partial
regression was documented in noninjected tumors in
some patients (55).

Preliminary results of a clinical study showed that the
combination of intratumoral Reolysin® administration and
radiation was well tolerated. Three of 8 patients
(esophageal, squamous skin and colorectal carcinoma)
had significant partial responses. In addition, a patient
with metastatic esophageal cancer also had tumor reduc-
tion in nonirradiated mediastinal disease (47, 56).

In another study, a total of 33 patients were treated i.v.
with Reolysin®. PSA decreased by 50% in a patient with
metastatic prostate cancer, with evidence of tumor necro-
sis on CT scan. Two patients with metastatic colorectal
cancer had carcinoembryonic antigen (CEA) reductions
of 60% and 27%. One patient with metastatic bladder
cancer had a minor response. Reolysin® was well tolerat-
ed, with minimal toxicity, and the maximum tolerated dose
was not reached (57, 58).

Twelve patients with recurrent malignant gliomas
were treated with intratumoral Reolysin®. There were no
grade 3 or 4 adverse events related to the administration
of reovirus. One patient has stable disease and 11
patients had progressive disease (59, 60).

A prostate cancer trial was designed to evaluate the
safety and efficacy of intratumoral administration of
Reolysin® for the treatment of cancer restricted to stage
T2. Patients received an intratumoral injection of Reolysin®
and thereafter were monitored for 3 weeks, and at that
time the prostate was removed. The primary efficacy end-
point was the response rate, as measured by pathological
examination of the tumor. The pathological data showed
evidence of apoptosis in 4 of 6 patients. Results of the
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Table I: Clinical trials with Reolysin® (adapted from www.oncolyticsbiotech.com).

Cancer

Trial program

Status

Advanced pancreatic, lung, ovarian
Metastatic melanoma

Ovarian

Sarcomas metastasized to lung
Advanced pancreatic, lung, ovarian

Advanced bladder, prostate, lung,
upper gastrointestinal

Advanced melanoma, lung, ovarian

Metastatic cancers including head and neck

Various metastatic cancers

Recurrent malignant glioma
Various metastatic cancers
Various metastatic cancers
T2 prostate cancer

Various subcutaneous tumors

l.v. administration with cyclophosphamide
l.v. administration as monotherapy

l.v. and i.p. administration

l.v. administration as monotherapy

l.v. administration with gemcitabine

l.v. administration with docetaxel

l.v. administration with paclitaxel
and carboplatin

Local therapy in combination with radiation

Local therapy in combination with radiation

Intratumoral infusion as monotherapy
l.v. administration as monotherapy
l.v. administration as monotherapy
Local administration

Local administration

I
|
|
|
|

Approved
Protocol field
Pending
Ongoing
Ongoing
Ongoing

Ongoing

Ongoing

Phase la complete;
phase Ib ongoing

Ongoing
Complete*
Complete**
Complete***

Complete#

*Of the 18 patients treated, 8 demonstrated stable disease, including a patient with progressive breast cancer who experienced a 28.5%
shrinkage in tumor volume. **Reolysin® was well tolerated by patients, with several notable changes in stabilization of disease, as well
as some minor tumor regressions in patients who had failed all previous treatments. ***Evidence of apoptotic tumor cell death in 4 of 6
patients, with no safety concerns; 1 patient experienced a PSA drop of 53% and prostate gland shrinkage of 67%. #None of 18 patients
receiving Reolysin® experienced any serious adverse events related to the virus, nor were there any dose-limiting toxicities; evidence of
viral activity was detected in 11 of 18 patients, with the tumour regression ranging from 32% to 100%.

phase | Systemic Administration Trial showed that
Reolysin® delivered systemically was well tolerated and
active in patients with colorectal, bladder, prostate, pan-
creatic, endometrial and non-small cell lung (NSCLC) can-
cers. A phase |l trial to evaluate i.v. Reolysin® in patients
with various sarcomas that had metastasized to the lung
demonstrated that at least 1 patient of the first 38 patients
treated experienced a response and stable disease for
longer than 6 months (54).

During a phase | trial of i.v. Reolysin® pretreatment of
patients with advanced cancers, a detailed analysis of the
immune effects was conducted by collecting samples for
analysis of peripheral blood lymphocytes. CD3*CD4*
cells (helper T lymphocytes) were reduced in most
patients, but after reovirus therapy their numbers
increased in 47.6% of patients. Most patients had high
baseline CD3*CD8* cell (cytotoxic/suppressor T lympho-
cyte) levels, with 33% showing incremental increases
after therapy. Most patients had high numbers of circulat-
ing CD3-CD56* cells (NK cells) before therapy and in
28.6% this increased with treatment. CD3*CD4*CD25*
(regulatory T cells that suppress antitumor immunity)
were largely unaffected by the therapy. These data con-
firm that even heavily pretreated patients are capable of
mounting dynamic immune responses during treatment
with Reolysin® (61).

Several clinical trials, which included over a hundred
patients, demonstrated that intratumoral (including

intracranial and intravenous) administration of Reolysin®
was well tolerated (47, 54-60).

Future directions

The study of the interactions of reovirus with chemo-
and/or radiotherapy will be a necessary step in its thera-
peutic development. In addition to the drug combination
used, the timing of drug and virus aplication also appears
to be important. Our unpublished results showed that
reovirus applied after cyclophosphamide is much more
effective than reovirus injected before cyclophosphamide
in syngeneic tumor models. Additionally, it will be very
interesting to ascertain whether combination therapy with
multiple OVs will improve therapeutic efficiency. Since
OVs act through different cellular targets, it is probable
that tumors resistant to one virus may be sensitive to oth-
ers. Also, antiviral immunity inhibiting one type of OV
could be overcome by using another type of virus (27).
The production of neutralizing antibodies could be sup-
pressed by administration of anti-CD20 antibodies (ritux-
imab) prior to the oncolytic virotherapy, or they may be
eliminated by plasmapheresis (6). Complement could be
transiently neutralized by administration of cobra venom
factor or cyclophosphamide (62).

In conclusion, reovirus appears to be a safe and
promising anticancer therapy in tumors with activated
RAS and may become a part of combination therapy.
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Oncolytic viruses are examined to serve as anticancer therapeutics. It is expected that in addition to direct oncolytic effect
their action will also help eliciting a solid antitumor immunity. In presented series of experiments we have employed two
HPV16-transformed mouse (strain C57/B6) cell lines, TC-1 and MK16/I1I/ABC (MK16), and reovirus type 3, strain Dear-
ing (RV). Both cell lines are highly susceptible to RV and produce large amounts of infectious virus in vitro while normal
human are not susceptible to RV. Still, some differences were encountered. TC-1 cells produced moderately lesser amounts
of infectious virus, but, paradoxically, were more efficient producers of §1 antigen of RV and as a consequence of virus infec-
tion died more rapidly than simultaneously infected MK16 cells. Minor differences between the cell lines were observed in
the percentage of cells arrested in theG2/M phase of the cell cycle and in some markers of apoptosis. When inoculating high
doses (5x10°) of infected cells (MOI 10 PFU/cell) into syngeneic animals their oncogenic activity was strongly suppressed,
nearly completely in the case of MK16 cells and somewhat less efficiently in the case of more oncogenic TC-1 cells. Immuniz-
ing experiments in which non-oncogenic doses (10°) of RV infected TC-1 cells were tested in parallel with the same doses
of irradiated cells brought surprising results. When immunized animals were challenged with TC-1 cells, the irradiated cells
proved to be a much better immunogen that the infected cells. However, when challenged with MK16 cells the opposite was
true. It is believed that this difference was associated with the different biological properties of the cell lines tested.

Key words: reovirus type 3, HPV16-transformed mouse cell lines, apoptosis, cell cycle, immunization/challenge experi-

ments.

Despite the advances in clinical oncology that help to
decrease patients mortality, cancer remains one of the main
causes of death in developed countries. Current efforts to
improve cancer therapy are aimed at enhancing drug efficacy
while maintaining acceptable degree of toxicity. In order to
succeed, innovatory therapeutic modes have been designed.
One of these is represented by oncolytic viruses that infect,
replicate in, and lyse tumor cells, but do not grow at all, or at
a limited extent, in non-tumor cells [1-3].

Oncolytic viruses can cause the destruction of tumor cells
not only by direct lysis resulting from virus replication. They
may also effectively induce antitumor immunity that comprises
both the antibody and T cell responses targeting tumor-associ-
ated antigens [4-6]. Schulz et al. showed that cells infected with
viruses were more effective at delivering non-viral antigens
for cross-priming of dendritic cells in vivo [7]. Furthermore,
viral infection may induce cytokine production which support
infiltration of tumor microenvironment by cytotoxic cells such

as macrophages, neutrophils, and NK cells. Experiments with
melanoma cell lines showed that reovirus infection of tumor
cells induces lymphocyte expansion, IFN-y production,
specific anti-tumor cytotoxicity, and activates CD8+ T cells
specific against the tumor [8-11].

However, immune reactions are likely to influence the effi-
ciency of oncolytic virus therapy in various ways and, apparently,
at various levels [12, 13]. For example, immunosuppresion
decreased efficiency of oncolytic herpesvirus G207 in trans-
planted tumors [14]. On the other hand, Hirasawa et al. [15]
found an increased efficiency of reoviral therapy after applica-
tion of cyclosporine A or anti-CD4 and anti-CD8 antibodies
in immunocompetent-mice model. However, it still remains to
be determined which of the different immune mechanisms are
involved in suppression of viral growth and which contribute
to the establishment of anti-cancer immunity.

Reoviruses (acronym for Respiratory Enteric Orphan virus-
es) are viruses that, thanks to their natural properties, selectively
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replicate in a wide spectrum of tumor cells [16]. Research into
the mechanism of reovirus tumor selectivity has revealed that
they replicate well in cells with activated ras signaling pathway,
which is an attribute shared by many cancer cells [17]. In vitro
studies, animal experiments and, subsequently, clinical studies
suggested that reovirus type 3, strain Dearing /RV/, may be an
efficient and safe anticancer agent [for review see 2, 3, 18].

Based on the results of experimental studies, the immuno-
therapy of HPV-associated tumors seems to be an effective, highly
perspective therapeutic modality for treatment of these cancers
and animal models remain of particular importance in this respect
[19-24]. The only HPV proteins expressed in cervical carcinomas
are the non-structural proteins E6 and E7. Therefore they are
considered targets for immune reactions. In addition to the papil-
lomaviral oncoproteins, other viral antigens generated by RV in
infected cells might enhance anticancer immune reactions.

In the previous paper we reported on the efficacy of RV inoc-
ulation into tumors induced by HPV16 and H-ras- transformed
cells [24]. The aim of this study was to compare the effects of RV
on two HPV16 and H-ras-transformed cell lines and to deter-
mine whether RV potentiates the efficiency of tumor vaccines
expressing HPV16 E6 and E7 in syngeneic mouse model.

Materials and methods

Cell lines. TC-1 and MK16/IIII/ABC (MK16) cells were
described in previous papers [24]. In brief, MK16 cells were
established in our laboratory by transformation of C57/B6
primary kidney cells by co-transfection with E6/E7 genes of
HPV16 and activated H-ras oncogene [21]. They have an epith-
eloid morphology and downregulated MHC class I expression.
However, MHC class I molecules are formed after exposure to
interferon y in vitro [25] and in the course of tumor growth in
vivo, apparently due to endogenous interferon y production
[26]. These cells do not express B7.1 molecules at their surfaces
but synthesize relatively large amounts of IL-1a [27]. One TID, |
corresponds to approximately 5x10* MK16 cells. Subcutaneous
tumors induced by MK16 cells do metastasize to lymph nodes
and lungs. TC-1 cells were derived by co-transfection of the C57/
B6 mouse lung cells with E6/E7 genes of HPV16 and activated
H-ras oncogene [28]. They are of fibroblastoid morphology and
express MHC class I molecules at their surfaces. Furthermore,
they express co-stimulatory B7.1 molecule at surfaces [29] but
do not produce appreciable amounts of IL-1a [27]. One TID,
corresponds to approximately 5x10° TC-1 cells. Subcutaneous
tumors induced by these cells do not metastasize. Vero cells and
normal human fibroblasts (NHF) were kindly provided by J.
Cinatl Jr (J.W. Goethe University, Frankfurt/M, Germany). All
cells were cultivated in IMDM medium or RPMI-1640 medium
(both Sigma Aldrich Corp., St.Louis,Mo) supplemented with
10% fetal calf serum, 1% L-glutamine and antibiotics (all PAA
Labs., Linz, Austria), at 37°C either in plastic culture flasks or in
Petri dishes kept in humidified atmosphere with 5%CO,.

Reovirus. Reovirus type 3, strain Dearing, was kindly
provided by J. Cinatl Jr.. The virus was propagated in Vero

cells. Virus stocks were kept frozen at -80°C. Their titres were
determined by a standard plaque assay using agar overlay. RV
growth curves in Vero, MK16 and TC-1 cells were constructed
after infecting the cultures at a MOI of 5 PFU/ cell. Samples
were taken at 0 h (i.e. at the time of withdrawing the unattached
virus, washing the cultures with PBS and adding media) and
then at 6, 20, 26 and 48 hours post infection. After repeated
freezing and thawing, the suspensions were spun down and the
supernatants were titrated in Vero cells grown in 96-well plates.
The final titres were determined 7 days after inoculation.

MTT test. The cytotoxicity of RV was determined using MTT
test. For constructing the dose-response curves, the cultures of
Vero, TC-1, MK16 and NHF cells were infected with different
doses of stock RV diluted in the growth medium. Briefly, 10*cells
in 0.1 ml of cultivation medium harvested in their exponential
growth phase were seeded into a 96-well plates. Twenty-four
hrs later, equal volumes of decreasing dilutions (102 to 102)
of RV were added. After 4 day incubation, the MTT solution
was added. After additional 4 hr incubation, 50% N,N-dimeth-
ylformamide containing 20% SDS was added to disolve blue
formazan crystals formed in functional mitochondria. The
absorbance of emerged violet solution was measured at 570
nm for every single well by ELISA reader Versamax (Molecular
Devices, CA, USA). The mean absorbance of wells containing
only medium was subtracted from each measurement. The mean
absorbance of control wells (containing cells and medium but
not RV) was considered as 100% viability and the values deter-
mined for the infected cells were calculated as the proportion
of this control. Each value represented the mean of 8 wells with
corresponding standard deviation (SD).

DNA analysis. NHF, TC-1 and MK16 cells were incubated
as described above for 24 hrs. Then RV was added at the MOI
of 5 PFU/cell. Cell cycle was monitored in infected and control
non-infected cultures by measuring the DNA contents at 24,
48 and 72 hrs after infection. Cells were stained by DNA Prep
Reagent Kit (Beckmann Coulter, Fullerton, CA, USA) accord-
ing to manufacturer s instructions. The fluorescence intensity
0f 30,000 cells was measured by FACS Calibur (BD, San Jose,
CA, USA) flow cytometer and list mode data were analyzed
by ModFitLT software (Verity Software House, Topsham, ME,
USA). The tests were repeated four times.

Apoptosis detection. For detection of apoptosis 24, 48 and 72
hrs after infection at the MOI 5 PFU /cell, we used cytometric
detection of cells with subdiploid DNA content after extrac-
tion of low molecular weigh DNA [30]. Cells were harvested
by trypsinization, washed and fixed in 70 % ethanol overnight
at 4°C and washed again. The cell pellets were resuspended in
phosphate-citrate buffer (pH 7.8) and incubated for 30 min at
room temperature. After one more centrifugation, the cell pel-
lets were resuspended in PBS and stained for DNA content by
propidium iodide with RNAse (DNA Prep Stain solution from
DNA Prep Reagents Kit, Beckmann Coulter). Cells were tested
using FACSCalibur flow cytometer. The analysis of cellular
DNA content revealed apoptotic cells as the cells represented by
a ,sub-G1 peak” on DNA content frequency histogram.
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Detection of reovirus antigen in infected cells. We determined
RV antigen producing cells by indirect immunofluorescence
measured by flow cytometry after permeabilisation of the cells
using Fix & Perm kit (An der Grub, Kaumberg, Austria) ac-
cording to manufacturer s protocol. As the primary antibody
we used MAB994 monoclonal antibody reactive with RV type
3 ol hemaglutinin (Millipore, Billerica, MA, USA) and as the
secondary antibody the FITC-Conjugated Goat Anti-mouse
Immunoglobulin Polyclonal Antibody (BD, San Jose, CA,
USA). Non-infected cells cultivated under the same conditions
were used as a negative control.

Animals and oncogenicity tests. C57BL/6 female mice, 7-8
week old, were obtained from Charles River, Germany. All work
with animals was done according to the Guidelines for Animal
Experimentation valid in the Czech Republic. In different ex-
periments the mice were inoculated subcutaneously (s.c.) with
either 5x10°RV-infected MK16 cells, or 10°, 5x10°, 10° or 5x10° of
RV-infected TC-1 cells suspended in 0.2 ml PBS. In all instances
the MOI was 10 PFU/cell. Groups of mice were simultaneously
inoculated with non-infected cells. Animals were inspected
twice a week for up to 113 days. Tumor size was expressed as
the area index (AI), as described previously [24].

Cell vaccines TC-1 cells grown in culture flasks were infected
at the MOI of 5 PFU/cell. After 3 hr incubation at 37°C, the
unattached virus was removed by three washes with PBS.
Cells were trypsinized, washed two times with PBS and 10°
cells were administrered s.c. to mice. The second dose was
administered two weeks later. In parallel, groups of mice
were inoculated with the same doses of irradiated (100 Gy)
TC-1 cells. Two weeks after the second dose the animals were
challenged with either 5x10° MK16 cells or 5x10* TC-1 cells
administered at a site different from the immunization sites.
Thus, approximately 10 TID, of the cells were used in both
instances. Non-immunized mice served as controls.

Statistics Numerical data were presented as mean and SD
and analysed using Student t-test. Tumor formation was ana-
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Fig.1. Growth curves of reovirus in Vero, TC-1 and MK16 cells

lysed in 2x2 contingency tables by two-tailed Fisher’s exact test.
Analysis of tumor growth curves was performed by two-way
analysis of variance. Calculations were done using GraphPad
Prism version 3 (GraphPad Software, San Diego, CA, USA).
A difference was considered significant if p<0.05.

Results

Growth of reovirus in Vero, TC-1 and MKI6 cells. Fig
1 presents the growth curves of RV in Vero, MK-16 and TC-1
cells. It can be seen that they were nearly identical in all three
celllines, but the production of infectious virus was somewhat
diminished in TC-1 cells. The results of MTT are shown in Fig
2. They suggest that infected TC-1 were dying more rapidly
than MK16 cells infected at the same MOL. As expected, RV
did not disturbe the viability of NHF cells.

neg. control -9 -8 -7

Fig.2. Results of MTT tests.
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Fig.3. Percentage of cells in G2/M phase detected by flow cytometry DNA analysis: TC-1 and MK-16 cells infected (+) or not (-) with RV. (NHF not
shown because percentage of G2/M phase was < 1% in all NHF samples)

Influence of reovirus on cells. As could be expected, TC-
1 and MKI16 cells but not NHF cells infected with RV had
significantly increased proportion of cells in G2/M phase
compared to noninfected cells 48 and 72 hrs (p< 0.01) after
infection. The increase of percentage of cells in G2/M phase
was higher in TC-1 cells than in MK16 at 24 as well as at 48
hrs after infection, however 72 hrs after infection, the contrary
was observed (Fig 3).

As indicated in Fig. 4 we detected increased percentage of
apoptotic cells 48 and 72 hrs after infection of TC-1 and 72
hrs after infection of MK16 (p<0.01). Percentage of apoptotic
NHF in infected culture was only slightly increased.
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Interesting results were obtained when the production
of RV antigens in the infected cells was followed. Results
expressed as means of three experiments shows Fig. 5. There
were marked differences between TC-1 and MK16 infected
cells. On the first day more than 75% of TC-1 cells and on
the second and the third day more than 90 % cells produced
detectable amounts of RV antigen. On the other hand, only
15 %, 26.6 % and 44.5 % of MK16 cells were positive on the
first, second and third day, respectively. As expected, there
was no marked increase of RV positive cells with time in the
cultures of nonpermissive NHF cells (16.5% on the first; 11.5%
on the second and 20.2% on the third day, respectively). This
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Fig.4. Percentage of apoptotic cells detected by flow cytometry as subdiploid peak: NHF, TC-1, MK16 without and with RV (- and + respectively) .
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Fig.5. The production of reovirus antigens in the infected cells. Indirect immunofluorescence measured by flow cytometry - primary antibody MAB994

monoclonal antibody anti reovirus type 3 61 hemaglutinin.

implies that an abortive virus infection occurred in a fraction
of the NHF cell population

. Pathogenicity of reovirus-infected cells. The oncogenicity
of 5x10°TC-1 and MK16 cells which were either infected with
RV (at the input MOI of 5 PFU/cell) or remained non-infected
is shown in Fig 6. It can be seen that all animals inoculated
with non-infected cells developed tumors. In agreement with
previous experiments, in these mice the tumors were detected
earlier in the TC-1-inoculated mice than in those inoculated
with MK16 cells. Five of 6 animals to which RV-infected TC-1
cells had been administered developed tumors. However, these
tumors appeared significantly later than in mice inoculated
with non-infected cells, and one of these regressed. The other
tumors grew progressively. In the case of MK16 cells the tumor
suppressive effect of infection with RV was nearly complete. Al-
though tumors developed in four animals around day 50 after
inoculation, they were of small size (1 - 2 mm?®) and regressed
completely in the course of subsequent weeks and all animals
remained tumor-free until the end of the observation period.
In the subsequent experiment lower doses, 10°, 5x 10° and 10°
of RV-infected TC-1 cells were tested. In this experiment all
animals remained tumor-free till the end of the observation
period (results not shown).

Immunogenicity of reovirus-infected cells. To find out
whether the RV-infected HPV16-tranformed cells were ca-
pable of inducing immunity in the inoculated animals, mice
were immunized with either RV-infected or irradiated TC-1
cells and challenged with 10 TID, of either TC-1 or MK16
cells. The results of the challenge experiment shows Fig 7. It
can be seen that both the infected and irradiated cells induced
significant protection against TC-1 cells. However, this was
much more pronounced when irradiated cells were used. Four
out of six animals immunized with irradiated cells remained
tumor-free. On the other hand, all animals immunized with

the RV-infected cells developed tumors, though at a slower
rate. The difference between these two groups was highly
significant (p<0.001) (see Fig 7A).

The results of the challenge with MK-16 cells were dif-
ferent (see Fig 7B). In this case half of the mice immunized
with the infected cells developed tumors while nearly all the
animals immunized with the irradiated cells did so, although
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Fig.6. Tumor growth of reovirus infected and non-infected TC-1 and
MKI16 cells.

TC-1 + REO vs. TC-1 (p<0.0001)

MK16 + REO vs. MK16 (p<0.0001)
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Fig.7A. Tumor growth in immunized and nonimmunized mice after chal-
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2x TC-1 inf. REO vs. nonimmunized (TC-1) p<0.02
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Fig.7B. Tumor growth in immunized and nonimmunized mice after chal-
lenge with MK16 cells.

2x TC-1 inf. REO vs. nonimmunized p<0.0001

2x TC-1 irrad. vs. nonimmunized p<0.02

2xTC-1+ REO vs 2x TC-1 irrad. p<0.01

the tumors in these animals grew more slowly than in the
non-immunized controls. The difference between the controls
and immunized animals was more significant with the virus
infected than with the irradiated cells (p<0.0001 vs. p<0.02)
.The difference between animals immunized with the infected

cells and those immunized with irradiated cells was significant
(p<0.01).

Discussion

In the present study we demonstrated that RV grew well in
both HP16- and H-ras- transformed mouse cell lines (TC-1
and MK16 cells), but not in the control NHF cells. However,
some differences between the two HPV16-transformed cell
lines were apparent. Although TC-1 cells appeared to be
somewhat less efficient producers of infectious RV, they were
more susceptible to the killing effects of the virus and produced
RVo1 antigen in a higher percentage of cells than the MK16
cells . In accordance with the observations made in mouse
1929 cells and other cell lines susceptible to RV [31, 32], the
virus induced apoptosis and cell cycle arrest in G2/M phase
in both TC-1 cells and MK16 cells. Although some differences
between the two cell lines were encountered in repeated tests,
they were not very marked. Still, they indicated that the onset
of G2/M arrest and apoptosis was fairly quicker in TC-1 cells.
This seems to be in consent with the findings mentioned above.
Such difference was observed in all repeated tests.

The influence of RV on the viability of both the MK16 and
TC-1 cells was manifested by a decreased oncogenic ability
in syngeneic mice. When using high dose (5x10°) of cells
infected at the MOI 10 PFU/cell, 4 out of 6 mice inoculated
with the infected TC-1 cells developed progressively growing
tumors while all animals inoculated with similarly infected
MK16 cells were tumor-free still at the end of the observation
period. This definitely does not mean that TC-1 cells were less
susceptible to the killing effects of RV than the MK16 cells.
Such a conclusion would be in disagreement with the results
of the in vitro tests. Two other factors might be involved. First,
TC-1 cells are more oncogenic than the MK16 cells. Thus, the
dose inoculated corresponded to approximately 5x10° TID,
in the case of TC-1 cells but only to 5x10* TID, in the case of
MK16 cells. Should the same fraction of the cells survive in
both the TC-1 and MK16 cells, one would expect a residual
oncogenic activity in the former rather than in the latter cells.
This is what actually happened. Second, the incubation period
between cell inoculation and tumor development is longer in
the latter than in the former cells. Thus, in the case of MK16
cells there was more time for establishing immunity elicited
by the infected cells present in the inoculum.

The most important aim of our study was to find out whether
the presently used tumor cells when infected with RV would
represent a more potent immunogen than the non-infected
irradiated cells. In the immunization experiment TC-1 cells
were used and both the TC-1 cells and MK16 cells were used
for the challenge. The results were rather surprising. When the
homologous TC-1 cells were used, then the irradiated cells were
clearly a better immunogen than the virus-infected cells. How-
ever, the situation was opposite, when the immunized animals
were challenged with MK16 cells: the immunity induced by the
infected TC-1 cells appeared to be much more solid than that
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induced by the irradiated cells. The reasons for this difference
are not clear at this moment. One can only speculate that it
reflects the differences in the biological properties of the two
cell lines as described above and, possibly, some other not yet
known. Although both cells share HPV16 E6 and E7 antigen, it
is likely that the two cell lines differ in their antigenic make-up
[33] which may, in addition, be influenced by the virus infection.
Experiments are under way to clarify the mechanisms involved.
Without respect to their nature, it seems clear from the present
data that the assumed potentiation of the immunogenicity of
the tumor virus-infected cells may indeed come into force in
some (MK16) but not in the other systems (TC-1).
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Summary

Oncolytic viruses infect, replicate in, and lyse tumor cells but spare normal ones. One
type of oncolytic virus is a naturally occurring replication competent Reovirus /RV/, which
preferentially kills tumor cells with activated Ras signaling pathways. The aim of this study
was to survey effects of RV on brain tumor derived cells in vitro under hypoxic conditions

since hypoxia causes resistance to radio- and chemotherapy.

This study demonstrates that RV replicates preferentially in tumor cells and that the
virus is able to overcome cellular adaptation to hypoxia and infect and kill hypoxic tumor
cells. RV can both replicate in a hypoxic tumor microenvironment and can cause cytophatic
effect and subsequently induce cell death. We found that a large proportion of cells are in
hypoxia (1% O,) killed by caspase independent mechanisms. Furthermore, we learned that

cell death induced by RV in hypoxic conditions is not caused by autophagy.
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Introduction

Despite advances in modern medicine, cancer remains one of the main causes of death
in all developed countries. Current efforts to improve cancer therapy are attempting to
enhance drug efficacy, while maintaining acceptable toxicity levels. In order to succeed in
reducing the number of cancer related deaths, novel therapeutics have been designed to target
tumor- specific attributes in order to permit higher doses with fewer side effects. One such

example is oncolytic viruses.

Oncolytic viruses /OV/ infects, replicate in, and lyse tumor cells but spare normal
ones. Most OV are prepared by genetic engineering for tumor selectivity, though there are a
few naturally occurring ones e.g. reovirus. Replication of OV in tumor cells can increase their
effect. However, physical barriers such as necrotic areas, stromal cells, extracellular matrix or
basal membrane, may limit the spreading of the virus. OV can mediate the destruction of
tumor cells using more mechanisms than by merely direct lysis caused by viral replication;
they may induce antitumor immunity and some viruses express cytotoxic proteins (Ring
2002). On the other hand, OV induces an anticancer immune response that limits their effect
(Smith and Chiocca 2000). Clinical studies were performed with OV, including reovirus

(Reolysin) (Eckschlager and Figova 2008)

Reovirus /RV/ (Respiratory Enteric Orphan virus) is a replication-competent, naturally
occurring virus that preferentially kills tumor cells (Coffey et al. 1998). RV replicates in the
presence of an active Ras signaling pathway, which is common in cancer cells (Strong et al.
1998a). In humans, RV is isolated from the respiratory and gastrointestinal tract but they are
not associated with any disease - orphan viruses, a type of virus that is not associated with

disease. (Tyler et al. 2001).

The RV lytic cycle consists of several steps. It begins with the attachment of virion to
the receptor of the host cell, followed thereafter by receptor-mediated endocytosis. Within the
endosome, proteolysis of viral outer capside proteins gives rise to an intermediate subviral
particle (ISVP). Receptor binding and disassembly must occur within the same cellular
compartment to elicit an apoptotic response. A critical component of the signaling cascade
that leads to apoptosis of RV-infected cells is the transcription factor NF-xB (O'Donnell et al.
2006). RV also activates c-Jun N-terminal kinase and extracellular signal-related kinase
(Clarke et al. 2001), but their involvement in apoptosis induction is not understood. Triggered

ISVPs then penetrate through endosomal membrane. Afterwards, transcription of 10 RNA



segments mediated by viral ds RNA-dependent RNA polymerase proceeds. Later, synthesis
of minus RNA strands occurs and secondary transcription of late viral mRNAs begins. Final
composition of the outer capsid yields virus particles (Norman K.L. and Lee P.W.K. 2001)
However, viral transcription is not indispensable, as inhibitors of viral RNA synthesis do not

diminish the capacity of RV to induce apoptosis (Connolly and Dermody 2002).

The mechanism of RV tropism in transformed cells is a defective cellular anti-viral
response in Ras-pathway transformed cells. In normal cells, present reoviral dsSRNAs activate
PKR, which in turn phosphorylates alpha subunit of initation factor 2, eIF-2a. The
phosphorylation shuts off any further protein translation and thus inhibits the initiation of
translation of viral transcripts. In cells with an activated Ras pathway, the phosphorylation of
elF-2a is inhibited, resulting in viral translation and subsequent entrance into the viral lytic
cycle (Strong et al. 1998b). RV compels cell cycle arrest at G1 and G2/M, induces apoptosis
and activates MAPK cascades. RV-induced apoptosis involves members of TRAIL and is
associated with the activation of both death receptor and mitochondrial-associated caspases

(Smakman et al. 2005).

Hypoxic areas are frequent in solid tumors, as a consequence of pathological
microcirculation within the tumor and by the poor quality of the tumor vessels (Vaupel et al.
1989). Notably, hypoxia-induced resistance is not limited only to conventional chemotherapy
but it can also decrease the efficiency of targeted therapy, as documented with imatinib in
cases of chronic myeloid leukemia (Giuntoli et al. 2006). Additionally, hypoxia induces
genomic instability that leads to progressive transformation of cancer cells into more
malignant phenotypes (Huang et al. 2007). The presence of hypoxic regions correlates with
more aggressive phenotypes, lower response rates and a decline in overall disease survival
(Hockel et al. 1999).

The aim of this study was to survey effects of RV on brain tumor derived cells in vitro

in hypoxic conditions.



Materials and Methods

Cell lines and virus

Human glioblastoma cell line U373, medulloblastoma cell line Daoy as well as non-
transformed human fibroblasts. Mouse L.929 cell line was used for virus cultivation and
titration. Cells were cultivated in IMDM supplemented with 10% foetal bovine serum, 1%
glutamine, streptomycin and penicillin (PAA Laboratories, Pasching, Austria). The cells were
cultured at 37°C in 5% CO, under normoxia (21% O,). Hypoxia (1% O,) was generated in a
closed system - hypoxic chamber (Billups-Rothenberg, Inc., Del Mar, CA, USA) with a
defined gas mixture containing 1% O, 5% CO, and 94% N,.

RV serotype 3 Dearing was purchased from ATCC (LGC Standards Sp. z.0.0.,
Lomianki, Poland) Reovirus serotype 3 was purified according to the protocol of Smith et al.
(Smith et al. 1969)with the exception that 2-mercaptoethanol was ommited from the
extraction buffer.

L.929 cells grown in 6-well plates to 80% confluency were infected with RV at an
MOI of 20. After 72 hours of incubation, the cells and supernatants were subjected to three
freeze-thaw cycles and centrifuged to omit cell debris. Viral titre was determined by plaque
assays using the 1.929 cells. The homogenous virus was aliquoted and stored at —80 °C. A
new aliquote was always used for each experiment.

Immunoblotting

Cells were washed with PBS, trypsinised with 0.05% trypsin and counted. 2,5 million
cells containig pellets, washed two times with PBS, were stored at —80 °C. Thawn pellets
were used for preparation of whole cell extracts. Protein levels in cell lysates incubated on ice
were measured using the DC protein assay (Bio-Rad Laboratories, Hercules, CA, USA) with
serum albumin as a standard. Equal amounts of protein were electrophoresed on a 11%, 16%
(for LC3 protein) and 6% (for HIF-1a protein) polyacrylamide gel. Proteins were transferred
by wet electroblotting to a nitrocellulose membrane (Bio-Rad Laboratories). Non-specific
binding was blocked in 5% non-fat milk in PBS with 0.1% Tween-20 or TBS with 0,1%
Tween-20 and 1% BSA for LC3-II. The membranes were then exposed to rabbit polyclonal
antibody to HIF-1a (Upstate Biotechnology, Lake Placid, NY) dilution of 1:3000, the mouse
monoclonal antibody to B-actin (Abcam, Cambridge, MA) at a dilution of 1:3000 or the
polyclonal anti-reovirus antibody that was prepared for us by immunization of rabbits (Seva-

Imuno Prague, Czech Republic) was used at a dilution of 1:200 000. The appropriate HRP-



conjugated secondary anti-mouse or anti-rabbit antibody (Bio-Rad) was used at a dilution of
1:2000. Antibody binding was visualised by enhanced chemiluminescence following
manufacturer’s instructions.

Flow cytometry analysis

Cell cycle analysis. Cell cycle distribution of cells exposed to ambient or hypoxic
conditions was evaluated. U373 and Daoy cells were either infected with RV at an MOI of 10
or left uninfected and exposed to either ambient oxygen concentration or 1% oxygen for 12,
24, 48, 72 and 96 hours. Cells were washed with PBS, trypsinized and the washed cell pellet
was resuspended in PBS containing 10° cells/ml. Cells were stained by propidium iodide
using the DNA Prep Reagent kit (Coulter Immunology, Hialeah, FL) according to the
manufacturer’s protocol; the samples were measured with FACSCalibur cytometer (Beckton
Dickinson, San Jose, CA), and the data were analyzed by software ModFit LT (Verity
Software House Inc., Topsham, ME).

Apoptosis quantification. At various time points, cells cultivated in the presence or
absence of RV in ambient or hypoxic conditions were harvested. Apoptosis was determined
using an Annexin V-FITC Apoptosis Detection kit according to manufacturer instructions
(Biovision, Mountain View, CA, USA). Cells were washed in PBS and resuspended in a
binding buffer, incubated with Annexin V and propidium iodide for 10 min at room
temperature and then analyzed using flow cytometry (FACSC alibur, BD, San Jose, CA,
USA). Data obtained from flow cytometry were evaluated using the technique described by
Bossy-Wetzel ((Bossy-Wetzel and Green 2000)).

RV antigen producing cells. These cells were detected by indirect
immunofluorescence measured by flow cytometry after permeabilisation of the cells using Fix
& Perm kit (An der Grub, Kaumberg, Austria) according to the manufacturer’s protocol. As
the primary antibody, we used MAB994 monoclonal antibody that reacts with RV type 3 1
hemaglutinin (Millipore, Billerica, MA, USA); as the secondary antibody we used the FITC-
Conjugated Goat Anti-mouse Immunoglobulin Polyclonal Antibody (BD, San Jose, CA,
USA). As a negative control we used non-infected cells cultivated under the same conditions.

Cell viability MTT test

After the desired period of time to permit the cells to grow in different concentrations
of RV in microtiter plate, the MTT solution (Sigma-Aldrich, Prague, CZE) (2 mg/ml PBS)
was added, the plates were incubated for 4 hours and cells lysed in 50% N,N-
dimethylformamide (Sigma-Aldrich) containing 20% of SDS (LifeTechnologies, Prague,



CZE) pH 4.5. The absorbance at 570 nm was measured for each well by the multiwell ELISA
reader Versamax (Molecular Devices, CA, USA). The mean absorbance of medium controls
was the background and was subtracted. The absorbance of control cells was taken as 100%
viability and the values of treated cells were calculated as a percentage of the control cells.
Each value is the mean of 8 wells with a standard deviation. The IC50 values were calculated
from the linear regression of the dose-log response curves by SOFTmaxPro.

Caspase-3 assay

Using Biovision Caspase-3/CPP32 Colorimetric Assay Kit (BioVision, Milpitas, CA,
USA) level of Caspase-3 was detected according to manufacturer’s instructions. Cells were
lysed in a cell lysis buffer and placed in microplate together with caspase-3 substrate. After
incubation for 2 h at 37°C, the absorbance was measured, the background reading from cell
lysates and buffers was substracted, and fold-increase in Caspase-3 activity was determined
by comparing these results with the level of the uninduced control.

Statistics

All experiments were performed at least in triplicates. All numerical data were
presented as mean + standard deviation and were analyzed statistically using Student’s t-test.
P values of less than 0.05 were considered significant. Software SPSS version 10.1 was used

for statistical calculations.

Results

In Vitro Reovirus Infection.

To determine the susceptibility of human glioblastoma and medulloblastoma cell lines
to RV compared to its effect on healthy human fibroblasts, we infected these cells with RV at
an MOI of 10. As shown in Fig. 1C no morphological changes were detected in the normal
human fibroblasts cell line, even at 96 h after infection. In contrast, all of the tumor cell lines
infected with RV exhibited meaningful cytopathic effects i.e.,rounding and clumping of cells.
(Fig. 1 A, B) At 96 h postinfection, nearly 85% of all cancer cell lines examined were
destroyed, as examined by optical microscopy.

Hypoxia induces expression of HIF-1a

The HIF-1a expression was evaluated to verify whether there was hypoxic phenotype
established in cell lines subjected to hypoxia. HIF-1a is a transcription factor that mediates
adaptive responses to changes in tissue oxygenation that is degraded in the presence of
oxygen while in hypoxic conditions is stabilised. (Metzen and Ratcliffe 2004, Semenza 2010).

In all cancer cell lines used in this study, HIF-1a protein expression was increased in hypoxic



condition (1% O,) compared to ambient conditions (21% O;). The results indicate that
hypoxic conditions used in all experiments incited physiological response and did not reduce
cell viability. It also suggests that in cell lines used in this experiment RV decreases the
degradation of HIF-1a and the effect of RV and of hypoxia is cumulative see Fig. 2

Hypoxia does not reduce reoviral oncolysis in hypoxic cells

Since RV naturally colonizes gastrointestinal and respiratory tracts, it is exposed to
certain level of oxygen pressure. However, the conditions within a tumor mass differ with
oxygen concentrations approximating 10 mm Hg or lower. (Hockel and Vaupel 2001). It has
been stated that this decline in oxygen concentration negatively affects adenoviral (Pipiya et
al. 2005) and VSV replication (Hwang et al. 2006). The aim of those experiments was to
determine whether hypoxia does not affect the replication of wild type RV and thus reduces
its oncolysis.

We evaluated the progression of RV infection using immunofluorescence microscopy
and flow cytometry to compare the numbers of efficiently infected (producing RV proteins)
cancer cells under ambient and hypoxic (1% O,) conditions. There was no significant
difference between hypoxic and ambient samples infected with RV during the entire
experiment, and the number of positively stained cells augmented with time (data not shown).
We then determined by immunoblotting whether there was a difference in viral protein
accumulation in normoxic and hypoxic cells. Levels of u-viral protein appeared to be similar
in normoxic and hypoxic infected cells Fig. 3 A

The cytopathic effects of RV under ambient or hypoxic conditions were compared,
also using MTT test. The percentage of surviving cells at various time points (12, 24, 48, 72,
96hours) after RV infection did not differ significantly between hypoxic and ambient

samples. Fig. 3 B, C.

Mode of tumor cell death following RV infection differs in hypoxic and normoxic
conditions

After we learned that RV is capable of killing cells in hypoxic as well as in normoxic
conditions, we measured the proportion of apoptotic cell death in these samples. Using
cytometric detection of AnexinV and propidium iodide binding we detected that significantly
more infected cells died of apoptosis in normoxia than in hypoxia.

To test our findings, prior to RV infection we treated cells with pan-caspase inhibitor

ZNV AD-fmk to block apoptosis. ZVAD-fmk (carbobenzoxy-valyl-alanyl-aspartyl-[O-methyl]-



fluoromethylketone) is a pan caspase inhibitor that irreversibly binds to the catalytic site of
caspase proteases and inhibits induction of apoptosis (Slee et al. 1996) We proved that the
concentrations of ZVAD-fmk we used were harmless for the cells in previous experiments
(data not shown). At various time points post RV infection, we measured cell viability using
flow cytometry. As a positive control for apoptosis, we used cells incubated with
staurosporine, a non-selective protein kinase inhibitor that blocks many kinases through the
prevention of ATP binding to them and thus initiate apoptosis (Chae et al. 2000) We found
that although the viability is the same in hypoxia and normoxia during the whole experiment,
the levels of apoptosis significantly differ. Fig 4 E, F. There was a higher rate of early
apoptosis (AnexinV+ propidium iodide- cells) after RV infection in normoxia compared to
corresponding hypoxic samples. However, after adding ZVAD-fmk to samples prior to RV,
the level of apoptosis changed dramatically. ZVAD-fmk blocked apoptosis in normoxic
samples completely while in hypoxic samples it did not. There still remained some level of
apoptosis in hypoxia which seemed to be caspases independent.

Caspase-3 assay

To confirm our findings about activated caspase cascade, we performed a caspase-3
assay. As a positive control we used cells incubated with CDDP (10uM), which is a well-
known inducer of apoptosis via sequential activation of caspases. We found out that the levels
of induced caspase-3 did not differ significantly in hypoxia and normoxia. After adding RV to
the cells, there was an increased activation of caspase-3 in normoxic but not in hypoxic
conditions see Fig. §

Is autophagy the type of death reovirus induces in hypoxia?

To find out the different mode of RV induced cell death, we measured the levels of LC
3-II in the samples to detect autophagy in our experimental systems. During autophagosome
formation, LC3-I covalently links to phosphatidylethanolamine and is incorporated into
autophagosome membranes where it recruits cargo. This lipidation process converts cytosolic
LC3-I into the active, autophagosome membrane-bound form, LC3-II. Therefore, detection of
conversion of soluble LC3-I to lipid bound LC3-1II depicts autophagy. As a positive control,
we used the sample where cells were incubated with chloroquine that arrests autophagy and
induces accumulation of autophagic vacuoles (Geng et al. 2010)

We found no significant difference in normoxic and hypoxic samples nor in the
samples infected with RV compared to non-infected ones see Fig 6; similar results were in
U373 cells. This means that the low level of autophagy induced by RV after 48 hours in

hypoxia is similar to that in the normoxic non-infected sample, while cells incubated with



chloroquine showed massively increased level of converted LC 3-II. Autophagy is, therefore,

not the type of death that RV induces in hypoxia.

Discussion

We have shown that RV replicates preferentially in tumor cells. This is due to fact that
many cancer cells have a defect in the Ras transcriptional pathway, which makes them
susceptible to RV (Marcato et al. 2007; Smakman et al., 2005) . Normal cells, however, by
not giving a virus chance to replicate effectively, are able to suppress viral infection even after
RV has entered the cell. The differences between cancer and normal cells create a wide
potential of therapeutic uses of RV as anticancer agent.

We have shown that RV is able to overcome cellular adaptation to hypoxia and infect
and kill tumor cells. It can not only replicate in a hypoxic tumor microenvironment but it can
also cause cytophatic effect and subsequently induce cell death. A large proportion of cells in
hypoxia are killed by caspase independent mechanisms. Furthermore, we found out that cell
death induced by RV in hypoxic conditions is not caused by autophagy.

Hypoxia is regarded as a negative prognostic factor for malignant tumors because it
causes resistance to radio- and chemotherapy (Shannon et al. 2003, Um et al. 2004).
Therefore are intensively searched agents that are efficient both in normoxia and hypoxia.
Hypoxia induces resistance by both HIF-1-dependent and -independent mechanisms (Rohwer
and Cramer 2011). The actual contribution of different transcription factors to hypoxia-
induced apoptosis resistance depends on several factors (e.g. cell type, severity and length of
hypoxia, type of proapoptotic stimuli). We have shown important role of HIF-1a in NBL cell
lines in experiments with HIF-1a inhibition (H.Marikova: Significance of HIF-1a expression
in neuroblastoma cell lines. Diploma thesis. Institute of chemical technology, Prague, 2011) .
The role of HIF-1a as an anti- or pro-apoptotic transcription factor is still discussed (Piret et
al. 2002) and constitutive expression of HIF-1 a has been shown to restrict RV replication
(Cho et al. 2010). We did not detect a decrease of HIF-1a caused by RV in brain tumors
derived cell lines as it was described in different carcinoma cells (Cho et al. 2010). A possible
explanation of this disparity may be explained by the different biology of tested cells or use of
concentration of oxygen- Cho et al. used 2% of O, whereas we used 1%.

Preclinical studies have shown that RV proliferates only in tumor cells with activated
gene of Ras family or its pathway that could be found in 60-80% of human malignancies.

Oncolytics Biotech Inc. is currently guiding clinical studies with RV- Reolysin®. Completed



studies, which included more than a hundred patients, demonstrated that intratumoral,
including intracranial and intravenous application of Reolysin®, is being well tolerated by
patients. Also tested was a combination of Reolysin® with chemotherapy and/or radiotherapy
(Figova et al. 2006) All of these studies have demonstrated the potential value of RV as an
anticancer agent. We have shown an additional advantage of the oncolytic RV, namely its
ability to replicate in an hypoxic tumor microenvironment. Its ability to replicate and cause
cytopathic effect in hypoxia not diminished at all; on the contrary, even after pan-caspase
block it is still able to cause apoptosis. Thus, RV is able to induce cell death independently of
caspases. We have shown that it is not autophagy that RV evolves in hypoxia. Though we still
do not know which type of cell death it is, this information is, however, a useful tool in work
with RV in treating hypoxic neoplasms. If we are able to support its ability to induce cell
death in hypoxic conditions in a special manner, we have a new, powerful tool to defeat

cancer.
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Figure legends

Figure 1. In Vitro RV Infection. Human fibroblasts, Daoy and U373 cells were treated with
reovirus (MOI = 10) and after 96 hours observed for cell viability and cytopathic effect under

light microscopy.

Figure 2. Hypoxia induces expression of HIF-1a. The cells were infected with reovirus and
placed in hypoxic chamber or incubated in normoxia. The control samples were left
uninfected in normoxia. After different times post infection the cells were harvested and the

expression of HIF-1a was examined by immunoblotting using anti-HIF-1a antibody.

Figure 3. Hypoxia does not reduce reoviral oncolysis in hypoxic cells. A Daoy cells were
infected with reovirus (MOI = 10) for 96 hours and harvested for immunoblotting to detect
reovirus replication using rabbit polyclonal anti-reovirus antibodies which recognizes reovirus
proteins A, p and 6. B Daoy and C U373 cells were incubated with different concentrations of

reovirus for 96 hours and percentage of surviving cells was detected using MTT test.

Figure 4. Mode of tumor cell death following RV infection in hypoxic and normoxic
conditions. A, B Graph of Daoy and U373 cells viability (percentage of AnexinV and
propidium iodide negative cells) 48 hours post infection. C, D Early apoptosis (percentage of
AnexinV positive and propidium iodide negative cells) 48 hours post infection. E, F Prior to
reovirus infection cells were treated with ZVAD-fmk inhibitor and staurosporine treated cells

were used as positive control. Percentage of surviving and early apoptotic cells.

Figure 5. Caspase-3 assay. Cells were treated with RV (MOI = 10) and placed in hypoxia
and normoxia. After 48 hours post infection cells were harvested to perform caspase-3 assay.

Cells trated with CDDP (10uM) were used as positive control.

Figure 6. Is autophagy the type of RV induced death in hypoxia? Cells were treated with
reovirus (MOI=10) and placed in normoxia or hypoxia. After 48 hours cells were harvested
and the expression of LC 3-II as an indicator of autophagy was examined by immunoblotting

using anti-LC 3-II antibody.



Figure 1. In Vitro RV Infection. Human fibroblasts (at the top), Daoy (in the middle) and
U373 (at the bottom) cells were treated with reovirus (MOI = 10) and after 96 hours observed

for cell viability and cytopathic effect under light microscopy.
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Figure 2. Hypoxia induces expression of HIF-1a.
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6. Zaver a diskusia

Intenzivny vyskum v priebehu uplynulych 30 rokov od objavenia onkolytického ucinku
reovirusu a jeho schopnosti mnoZit’ sa v bunkdch s aktivovanou Ras signdlnou drdhou priniesol
mnoho poznatkov o molekuldrnom mechanizme ucinku tohto virusu v transformovanych
bunkdch a jeho schopnosti §irit’ sa nddorovym tkanivom. Niektoré kl'icové otdzky vSak ostdvaji
nezodpovedané. Je reovirus schopny navodit’ antitumordlnu imunitnd odpoved’ organizmu? Je
jeho protinddorovy uc¢inok trvaly? Posobi rovnako intenzivne v hypoxickom nddorovom tkanive
ako v normoxickom systéme nastavenom in vitro? Ako zvysit jeho u¢innost’? K zodpovedaniu
niektorych tychto otdzok sme sa pokusili prispiet’ naSou pracou.

NaSa imunizacnd in vivo Stidia sreovirusom infikovanymi bunkami priniesla
neoCakdvané vysledky. Pri Celenzi viac agresivnym typom buniek TC-1, sa ukdzali oZiarené
bunky ako lepSi imunogén, avSak pri linii MKI16, ktord je menej agresivna, reovirusom
infikované TC-1 bunky prakticky tplne pozastavili rast nddorov. Dovody tychto rozdielov
nepozndme, avsak predpokladdme, Ze je to podmienené vlastnostami porovndavanych buniek TC-
1, ktoré si podstatne onkogeénejSie a rasti rychlejSie. Zaujimavé by bolo preskimat’ ich
molekukdrnu podstatu, pretoZe lepSie poznanie imunizacnej schopnosti reovirusu mozZe hrat
dolezitd dlohu v jeho d’alSom pouZiti ako protinddorového terapeutika.

Vin vitro §tidii sme potvrdili schonost’ reovirusu vyvolat smrt’" nddorovych buniek
v hypoxii i v normoxii. Toto poznanie otvdra cestu d’alSim experimentom v hypoxii bez nutnosti
pouzitia inhibitorov HIF-la, pretoZe je zndme, Ze HIF-la Casto brani v replikdcii virusov
(Pipiya T. et al., 2005). Dalej sme sa pokisili objasnit' akymi mechanizmami
spdsobuje reovirus lyzu a nésledni smrt’ svojho hostitel'a, ktorym je pre nds vysoko Ziaduca
cielova nddorova bunka. Zistili sme, Ze spdsob bunkovej smrti nim vyvolanej sa li§i v normoxii a
hypoxii. Nepodarilo sa ndm objasnit’ presné mechanizmy bunkovej smrti, ktorymi reovirus bojuje
v normoxii a hypoxii, avSak aj zistenie, Ze to nie je autofdgia, ktorou bunky usmrcuje v hypoxii,
je prinosom v skiimani spdsobenej onkolyzy. Podporenie jeho vrodenych schopnosti spésobovat’
bunkovi smrt’ svojho hostitel'a inymi pro-apoptotickymi terapeutikami urCite prinesie nové
uspechy v jeho pouziti na réznych druhoch hypoxickych nadorovych buniek.

Ako dalsi logicky krok vo vyskume onkolytickych virusov vrdtane reovirusu sa vel'mi
dolezitym javi skumanie prepojenia ich ucinku a aberantnych pochodov v nddorovej bunke.
Pochopenie urcujucich C¢initel'ov transformdcie dovoluje idedntifikdciu a/alebo zostrojenie
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novych ucinnejSich onkolytickych virusov. A naopak, vyskum mechanizmov selektivnej
virusovej onkolyzy pomdha vylustit komplexné bunkové drahy zahrnuté v bunkovej
transformadcii, identifikovat’ nové ciele protinddorovej terapie a navrhuje, ktoré nadorové pozadie
je kompatibilné s virdlnymi onkolytickymi stratégiami. Vysledok virdlnej infekcie tplne zavisi
od bunkovych procesov. Preto virusy s vrodenou alebo metddami genetického inZinierstva
vlozZenou preferenciou k podmienkam nastavenym v niddorovej bunke poskytuju silny nastroj pre
selektivny boj s nddormi. Nespocetné bunkové zmeny su potrebné pre vznik tumorigenézy. KI'a¢
pre vyvoj a pouZzitie virusov ako onkolytickych agens je preto porozumenie unikédtnych
podmienok v transformovanych bunkdch, ktoré su pre replikdciu virusov vyhodné. Rozsiahly
pokrok bol urobeny na poli skimania mechanizmov selektivnej virdlnej onkolyzy. Diverzita
bunkovych a virusovych faktorov, ktoré dopomadhaji podmienkam virusovej replikdcie
v transformovanych bunkdch je vel'mi putava.

ZatialCo status p53 drdhy a jadrovy export virusovej mRNA bol asociovany
s postacujicou replikdciou EIB-55K deletovaného adenovirusu (ONYX-015), dalSie
rekombinantné adenovirusy obsahujice delécie v EIA ukdzali preferenciu k replikaci
v nddorovych bunkdch s aberanciami v Rb proteine (Heise C. et al., 2000,
McCormick F., 2000, O'Shea C.C. et al., 2004). Selektivna replikicia
onkolytického virusu osypok bola neddvno asociovand so zvySenou hustotou receptoru CD46 na
nddorovych bunkidch (Anderson B.D. et al., 2004). Zaroven, aktivované Ras
signdlne kaskddy a/alebo dysregulované drdhy transldcie si zahrnuté v selektivnej onkolyze
viacerych virusov spomenutych v ivode, z ¢oho zrejme vyplyva ddlezitd tloha tychto procesov
vo virdlnej replikdcii a bunkovej transformdcii. Preco je dysregulovand transliacia spolo¢nou
perspektivnou témou vo virdlnej onkolyze? Kontrola proteosyntézy je hlavny bunkovy proces,
ktory je transformdciou zmeneny. Zmeny vV reguldcii transldcie nie si jedine ddsledkom
transformadcie, ale mozu takisto sposobit’ tumorigenézu. Preto nie je prekvapivé, Ze antivirusové
nechanizmy vedd kblokovaniu virusovej proteosyntézy v normdlnej bunke, a Ze
v transformovanej bunke dysregulovana transldcia a kompromitované antivirdlne mechanizmy sa
spolupodielaji na uspes$nej virdlnej replikdcii (Shmulevitz M. et al., 2005).
Najbliz§i vyskum nalrtne Specifické mechanizmy, ktorymi reovirus vyuziva zlyhdvajice
bunkové procesy na ucinnd replikdciu. Skimanie reovirdlnej onkolyzy mdZe takisto odhalit

d’alSie spolo¢né znyky s ostatnymi onkolytickymi virusmi.
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Zaverom mozno zhrndt, Ze sme potvrdili schponost reovirusu infikovat a lyzovat
nddorové ale 1 nenddorové bunky a to 1 v hypoxii. V exerimentoch in vivo sme preukazali
schopnost’ indukovat’ protinddorovid imunitu. Tieto poznatky moZu prispiet v d'alSom
teoretickom vyskume tohoto virusu a takisto by mali byt zohl'adnené pri jeho zavddzani do

klinickej praxe.
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