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1. SEZNAM ZKRATEK (LIST OF ABBREVIATIONS)

C57BI/6 strain of laboratory mouse

CC CC chemokine

CTL cytotoxic T lymphocyte

DNA deoxyribonucleic acid

EDC 1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide

ELISA enzyme-linked immunosorbent screening assay

ELISPOT enzyme-linked immunosorbent spot assay

GM-CSF granulocyte-macrophage colony-stimulating factor

HLA human Leucocyte Antigen

HPV Human papillomavirus

HPV16 E6 E7 oncoproteins E6, E7 encoded by HPV16

id intradermal(y)

i.n. intranasal(y)

I.p. intraperitoneal(y)

V. intravenous(y)

IFN interferon

MHC major histocompatibility complex

MIP macrophage inflammatory protein 1 alpha

MVA Modified Vaccinia virus Ankara

PCR polymerase Chain Reaction

r'VACV recombinant Vaccinia Virus

SigE7TGGGLAMP fusion protein consisting of HPV16-E7 and signal sequence of
LAMP1

TC-1 HPV16-E6, HPV16-E7 and H-ras transformed murine (C57BI/6

mice) cell line

TC-1/A9 tumor cells characterized by expression of HPV16 oncogenes and
downregulation of H-2b molecules

vCCI viral CC-chemokine inhibitor, secreted protein of 35 kDa, expressed
by most poxviruses, which binds CC-chemokines with high affinity

WT1 Wilms™ tumor 1


http://en.wikipedia.org/wiki/Histocompatibility

2. ABSTRAKT

O tspéchu nadorové vakciny rozhoduji jak faktory souvisejici s vakcinou, které urcuji
hlavni parametry G¢inné imunitni odpovédi, jako je jeji velikost a kvalita, tak faktory
souvisejici s hostitelem pifedstavované imunosupresivnimi mechanismy, které umoznuji
nadoru uniknout rozezniani imunitnim systémem nebo negativné ovlivilyji funkei
efektorovych T-bunék.

V piipadé VACV miize v soucasnosti, kdy je z dlivodi bezpe¢nosti davana prednost
oslabenym nereplikujicim se virim, nastat problém s jejich nedostate¢nou imunogennosti.
Proto jsou vyvijeny pomoci deleci neesencidlnich geni vakcinaéni vektory na bazi
oslabenych rVACV schopnych replikace, které navozuji silnou imunitni odpovéd’. Za Gcelem
eliminace vlivu imunosupresivnich mechanismi nadord jsou do vektori vnaseny geny pro
rizna imunologicka adjuvans (napi. geny pro cytokiny, ¢i kostimulaéni molekuly).

Prvni ¢ast prace popisuje naSe studium vlivu vCCI na biologické vlastnosti
rVACV odvozenych z kmene Praha. Pii testovani dele¢nich a inzerénich mutant vCCl
exprimujicich s nadorem asociovany protein HPV16 E7 jsme zjistili, Ze secernovany vCCI
atenuuje virus in vivo, coz korelovalo se snizenou hladinou odpovidajicich CC chemokind v
krvi pfi porovnani s rodicovskym virem.  Hodnoceni specifické CTL odpovédi metodou
ELISPOT IFN-y ukézalo, ze imunogennost rVACV produkujiciho sekre¢ni vCCI je podobna
jako rodi¢ovského viru nebo deleCnich mutant. Imunizace rekombinantnim virem
produkujicim sekre¢ni vCCI méla nizsi lécebny ucinek proti nadoraim TC-1. Virovy CCI
snizil E7 specifickou odpovéd’ navozenou imunizaci biobalistickou metodou ,,gene gun
DNA vakcinami pBSC-Sige7 LAMP a pBSC-vCCI.

Druha ¢ast prace popisuje nase studium vlivu GM-CSF na imunizaci mySi vysoce
imunogennimi DNA vakcinami pfi jeho lokalni produkci virem MVA injikovanym do nadort
se snizenou expresi molekul MHC 1. Dvé davky DNA vakciny v kombinaci s nejméné dvéma
po sobé jdoucimi i.t. davkami MVA-GM-CSF byly schopné signifikantné inhibovat rist
nadort. Pfi analyze buné¢né imunitni odpovédi viaéi proteinu HPV16 E7 metodou ELISPOT
IFN-y, jsme zjistili, ze in situ exprese genu GM-CSF nezvysila systémovou E7 specifickou T
bunécnou odpoveéd. Déle jsme zjistili, Ze lokalni injekce MVA-GM-CSF zplisobily zvySeni
poctu intratumoralnich CD3 + T bunc¢k a ze DNA vakcinace vedla ke zvyseni exprese
molekul MHC typu I na nadorovych bunkach in vivo.

Zaverecna Cast prace obsahuje popis pfipravy linie modelovych nadorovych bunék

vhodnych pro testovani riznych metod imunoterapie nadorti exprimujicich WT1I.



3. UVOD

Pfes vyznamné pokroky v terapii jsou maligni onemocnéni stdle pfednim
celosvétovym zdravotnim problémem, ktery vyzaduje, pro ziskani optimalnich vysledkd,
zavedeni novych 1é¢ebnych postupti (Vergati et al., 2010). V souc¢asnosti je proto vénovana
velka pozornost imunoterapii, kterd by, v ptipad¢ u€innosti, byla schopna aktivovat imunitni
systém pacienta a vyuzit jeho obranné schopnosti k eliminaci nadoru.

Vyznamnou podskupinou této 1écby je aktivni imunoterapie nadord, reprezentovana
nadorovymi vakcinami, jejichz cilem je navozeni specifické imunitni odpovédi proti tumor
specifickym antigenim (TSA) a antigenim asociovanym s nadory (TAA) (Vergati et al.,
2010). VACV ma pro uziti v podobé terapeutické nadorové vakciny mnohé piiznivé
vlastnosti. Diky tspésné aplikaci a vyznamné charakterizaci béhem celosvétového programu
eradikace pravych nestovic (Fenner, 1989) spole¢né s rozvojem strategii pro vytvaieni
rekombinantnich virt, které efektivné exprimuji cizi proteiny, se z VACV stal velice slibny
vakcinac¢ni vektor (Paoletti, 1996). Nevyhodou kmenti pouzivanych k vymyceni nestovic byl
bohuzel vzacny vyskyt zavaznych komplikaci po o¢kovani (Lane et al., 1969).

Cinnost oddéleni Experimentalni virologie UHKT je dlouhodob& zaméfena na
imunoterapii transplantovanych nadort exprimujicich onkoproteiny HPV16 E6 a E7 pomoci
r'VACV. Nasi snahou je ziskat bezpecny, oslabeny virus navozujici u¢innou protinddorovou
imunitni reakci, ktery by byl soucasné schopny  pisobit proti imunosupresivnimu
mikroprostfedi uvnitt nadoru. V rdmci vytyCeného cile jsou studovany rlizné neesencialni
geny ovliviujici virulenci viru, jako napf. geny pro imunomodulatory interferujici s imunitni
odpovédi hostitele nebo tzv. geny hostitelského spektra, ¢i geny pro rizné cytokiny a rstové
faktory. Ne¢které z produkti téchto gent jsou pro své pozitivni pasobeni v ramci
protinadorovych vakcin nazyvany imunologickd adjuvans. Mezi né muZzeme fadit také
cytokin GM-CSF a solubilni inhibitor CC chemokint (vCCI). Vzhledem k velkému vlivu CC
chemokinl na indukci imunity navozené virem a na formovani imunosupresivniho prostredi
nadoru jsme vytvofili rekombinantni viry s riznymi formami genu vCCI.

Tato prace popisuje konstrukci vektori na bazi rVACV a DNA vakcin obsahujicich
imunologicka adjuvans GM-CSF a vCCI a nasledné testovani jejich biologickych vlastnosti,
pfedevsim imunizacnich schopnosti a protinddorovych ucinkli. Soucasti prace je dale popis
ptipravy linie modelovych nadorovych bunék vhodnych pro testovani riznych metod

imunoterapie nadord exprimujicich WTI.



4. CILE PRACE

1) Stanoveni vlivu vCCI na biologické vlastnosti rVACV
- Vytvoreni a in vitro a in vivo charakterizace rekombinantnich virt
- Testovani imunogennosti a protinadorového ucinku vektort s riznymi formami
vCClI
2) Studium vlivu riznych rekombinant viru vakcinie exprimujicich GM-CSF podanych
riznou cestou na protinadorovy efekt navozeny DNA vakcinaci
- Testovani vlivu lokalné exprimovaného GM-CSF po intratumoralni aplikaci
MVA-GM-CSF na imunoterapii DNA vakcinou

3) Priprava transgenni leukemické nadorové linie stabiln¢ exprimujici WT1 antigen

5. MATERIAL A METODIKA

Plazmid pD357 urceny k deleci vCCI gent z viru vakcinie jsme ziskali od Dr. Patela
z MRC Virology Unit, University of Glasgow. Rekombinacni plazmidy pD357-Rev. s genem
pro vVCCI a pD357-Rev+Sig., s genem pro sekrecni formu vCCI a expresni plazmid
pBSC-Sig VCCI, ktery obsahoval stejny gen, jsme piipravili pomoci zakladnich metod prace
s DNA podle manualu ,, Molecular Cloning: A laboratory manual “ (Sambrook et al., 1989) a
Current Protocols in Molecular Biology “ (Ausbel et al., 1995). Spravnost vytvofenych
konstruktl jsme ovéftili sekvenovanim.

Pti ptipravé rVACV zalozenych na klonu P13 oslabeného vakcina¢niho kmene Praha,
které exprimovaly rtzné formy vCCI a upraveny nadorové specificky antigen E7GGG
odvozeny od HPV16 pod kontrolou casné-pozdniho HS promotoru, jsme provadeéli
rekombinaci a selekci podle standardnich postupti (Mackett et al. 1984, Paoletti et al., 1984,
Perkus et al., 1986). Spravné rekombinanty jsme identifikovali metodou PCR. Produkci vCCI
pfipravenymi rVACV jsme detekovali western blotem a jeho schopnost vazat chemokin
MIP-1a. pomoci pokusu se sitovacim &inidlem EDC a MIP-1o znadenym radioaktivnim **I.

Hladiny chemokinti a hladiny protilatek proti VACV v séru mysi infikovanych VACV
jsme analyzovali metodou ELISA. Mnozeni vird jsme testovali po intraperitonealni inokulaci
N'VACV stanovenim mmnozstvi virové DNA v ovériich metodou real time PCR. Analyzu
vlivu sekre¢ni formy vCCI produkované virem P13-Sig-vCCI-E7GGG na imunitni bunky
jsme provadeli barvenim bunék izolovanych ze slezin imunizovanych mysi monoklonalnimi

protilatkami a naslednou detekci povrchovych markert definujicich rizné subpopulace



splenocyti priitokovou cytometrii.

Abychom zjistili vliv vCCI na navozeni E7 specifické CTL odpovédi v neptitomnosti
virové infekce imunizovali jsme mysi proti E7 antigenu DNA vakcinami pBSC-SigE7LAMP
a pBSC-vCClI ¢i kontrolni pBSC , které byly podany biobalistickou metodou ,,gene gun‘ .

Cytotoxickd odpoved’ T lymfocyti (CTL) byla detekovana metodou ELISPOT IFN-y.
Protinadorovy efekt imunizace rVACV i1 DNA vakcinami proti TC-1 nadorim byl testovan
pfi terapeutickém a preventivnim uspotadani.

Pti studiu vlivu riznych rVACV exprimujicich GM-CSF podanych rtiznou cestou na
protinadorovy efekt navozeny DNA vakcinaci jsme mySi C57BL/6 s nadory TC-1/A9, které
jsou charakterizovany expresi HPV16 onkogenti a snizenou expresi molekul H-2b (Smahel et
al., 2003) imunizovali vysoce imunogenni DNA vakcinou E7TGGG.GUS exprimujici fuzni
gen modifikovaného HPV16 E7 (E7GGG) s B-glukuronidazou E. coli (GUS) (Smabhel et al.,
2004) DNA vakciny jsme také podali metodou “gene gun” 7. a 14. den po S.C. injekci
nadorovych bungk. Mysim byly podano i.p., i.m. nebo i.t. injekei 10° PFU P13-GM-CSF nebo
10° PFU MVA-GM-CSF v dobg prvni (event. i druhé) imunizace DNA vakcinou.
Nejucinngjsi intratumoralni aplikaci jsme pouzili k zjistovani vlivu tohoto zpisobu podani
MVA-GM-CSF na imunoterapii chirurgicky vytvofené minimalni rezidualni nemoci TC-1/A9
nadort, na specifickou E7 T buné¢nou odpovéd, kterou jsme detekovali metodou ELISPOT
IFN-y a na mikroprostfedi nadoru, které jsme zkoumali analyzou bunécéné skladby nadoru
pomoci imunohistochemického barveni histologickych fezii a pomoci priitokové cytometrie.

V prabéhu piipravy transgenni leukemické nadorové linie stabilné exprimujici WTI
antigen jsme pii konstrukci plazmidu BK-CMV/WT1-321, ktery kodoval zkraceny a na C
konci upraveny WT1 pouzili zdkladni metody prace s DNA jako pii praci s VCCI. Findlni
plazmid byl piekontrolovan sekvenaci. Dale byla zjistovana schopnost tohoto plazmidu
navodit expresi zkonstruovaného proteinu. Plazmidem pBK-CMV/WT1-321 byly metodou
kalcium fosfatové precipitace transfekovany bunky 293T. Jimi produkované proteiny byly
analyzovany metodou western blot. Stejnym plazmidem (jak v cirkularni, tak linearizované
form¢ po nastépeni enzymem Alw44L/Apa LI ) byly poté metodou -elektroporace
transfekovany nadorové buiiky C1498. Ziskané klony byly nakonec testovany na piitomnost

zkrdceného WT1 metodami PCR a western blot.



6. VYSLEDKY A DISKUZE

Abychom mohli studovat vliv vCCI na biologické vlastnosti VACYV, pfipravili jsme
z viru P13-E7GGG dvojnasobnou dele¢ni mutantu viru (P13-AvCCI-E7GGG ), kde byl gen
pro VCCI v obou lokusech C23L/B29R nahrazen genem pro B-galaktosidasu. K rekombinaci
jsme pouzili plazmid pD357. Aby bylo nasledné mozné vytvofit revertantu tohoto viru
RevP13-AvCCI-E7GGG, zkonstruovali jsme plazmid pD357-Rev. Pii pfipravé plazmidu
pD357-Rev jsme provedli sekvenovani genu pro vCCI. Srovnani N koncového useku vCCI
viru Praha 13 s aminokyselinovou sekvenci stejné oblasti vCCI dalsich poxvirt prokazalo, ze
tento gen pro vCCI nekdduje 8 aminokyselin nezbytnych pro funkci signalni sekvence. Proto
jsme zkonstruovali plazmid pD357-Rev+Sig., pomoci néhoz  jsme piipravili virus
P13-Sig-vCCI-E7GGG obsahujici gen vCCI viru P13 s kompletni signalni sekvenci vlozeny
do obou lokust C23L/B29R, ktery tak exprimoval sekrecni formu vCCI

Protoze se nam nepodatilo vCCI detekovat metodou western blot pomoci specifickych
krali¢ich antisér, ktera nam laskavé poskytl Dr.Patel, rozhodli jsme se pfipravit vlastni
specifické mysi antisérum proti vCCI pomoci DNA imunizace. Za tim ucelem jsme piipravili
expresni plasmid pBSC-Sig vCCI exprimujici gen pro vCCI VACV kmenu Lister. Analyza
produkce vCCI rVACV western blotem ukazala, ze CV1 builky infikované virem
P13-Sig-vCCI-E7GGG produkovaly vCCI stejné velikosti jako virus LIVP. Pfi testovani
schopnosti vCCI vazat chemokin MIP-1la pokusem se sitovacim c¢inidlem vykazovaly
chemokin  vazebnou aktivitu pouze supernatanty bunék infikovanych  virem
P13-Sig-vCCI- E7GGG. Tyto vysledky ukazuji, ze prodlouzeni signalni sekvence vCCI
vedlo k produkci sekre¢niho vCCI. Pfi stanoveni biologické aktivity sekre¢ni formy vCCI
produkované in vivo analyzou hladiny chemokint v krvi mysi infikovanych P13-Sig-vCCI-
E7GGG metodou ELISA jsme zjistili, pfi porovnani se skupinou mysi infikovanych virem
P13-E7GGG, snizeni hladiny chemokini RANTES, Eotaxin, TARC a MDC. Testovani
virulence rVACV urenim mnoZzeni virl v ovdariich mysi po i.p. inokulaci viru pomoci
stanoveni mnozstvi virové DNA metodou real time PCR ukéazalo, ze virus Rev P13 AvCCI-
E7GGG se v mysich ovariich mnozi méné, nez ostatni rVACV, coz znamena, ze produkce
sekre¢ni formy vCCI vedla katenuaci P13 VACV in vivo. Toto zmenSené mnozeni
P13-Sig-vCCI-E7TGGG korelovalo s tvorbou nizsiho titru protilatek proti VACV u tohoto
viru v porovnani rodi¢ovskym virem P13-E7GGG pii testovani 35. den po imunizaci.

Dale jsme se snazili zjistit, jestli imunita zaméiena proti vCCI mize ovlivnit mnozeni



viru P13-Sig-vCCIl- E7GGG in vivo. Mysi jsme nejdiive imunizovali pomoci
biobalistické metody ,,gene gun“ plazmidem pBSC-Sig-vCCI a ¢trnact dni po posledni davce
jsme jim i.p. podali virus P13-Sig-vCCI-E7GGG. Tieti a ¢tvrty den po infekci jsme jim
odebrali ovéaria, ve kterych jsme metodou real time PCR stanovili mnozstvi virové DNA.
Analyzou vysledki nebyly zjiStény statisticky signifikantni rozdily mezi porovnadvanymi
skupinami, z ¢ehoz vyplyva, ze replikace rVACV in vivo nebyla ovlivnéna specifickou
imunitni odpovédi proti vCCI. Uginnost DNA vakcinace plazmidem pBSC-Sig-vCClI jsme
potvrdili detekci specifickych protilatek proti vCCI western blotem v sérech jednotlivych
imunizovanych mysi. Pti detekci E7 specifické CTL odpovédi metodou ELISPOT IFN-y po
infekci mysi rVACV exprimujicimi modifikovany HPV16 E7 protein a rizné formy vCCI
jsme zjistili, Ze produkce sekre¢ni formy vCCI nezvySovala navozenou imunitni odpovéd.
Analyzou vlivu sekre¢ni formy vCCI na imunitni buniky detekci subpopulaci splenocyti mysi
imunizovanych virem P13-Sig-vCCIl- E7GGG nebyly pii porovnani s rodicovskym virem
P13-E7GGG zjistény signifikantni rozdily. Pfi detekci E7 specifické CTL odpoveédi metodou
ELISPOT IFN-y po imunizaci vakcinou pBSC-SigE7LAMP a lug nebo 2ug plazmidu
pBSC-vCClI ¢i kontrolniho plazmidu pBSC , které byly podany metodou ,,gene gun® jsme
zjistili, ze produkce sekre¢ni formy vCCI plazmidem pBSC- VCCI nevedla, pfi porovnani s
plazmidem pBSC, ke zvySeni , ale ke snizeni specifické E7 specifické CTL odpovédi. Rozdil
byl statisticky signifikantni pfi podani 2 pg plazmidu pBSC- vCCI. Snizeni bylo zavislé na
davce, protoze ptidani 2pg plazmidu pBSC-VCCI snizilo CTL odpovéd’ vice nez ptidani 1pg
téhoz plazmidu. Pii testovani vlivu produkce sekre¢ni formy vCCI na protinddorovy efekt
imunizace proti TC-1 nadorim vykazoval virus P13-Sig-vCCl- E7GGG pii porovnani
s rodicovskym virem P13-E7GGG horsi vysledky jak pfi preventivnim, tak pii terapeutickém
uspotadani pokusu. Vliv koexprese vCCI plazmidem pBSC-Sig-vCCI na navozeni
protinadorového efektu DNA vakcinou pBSC-SigE7LAMP proti TC1 nemohl byt, vzhled k
vyraznému protinadorovému efektu této vakciny, v preventivnim uspofadani pokusu
hodnocen. V terapeutickém uspotfddani pokusu jsme pii porovnani vlivu plazmidu
pBSC-Sig-vCCI s kontrolnim pBSC mohli pozorovat mirné zlepseni protinadorového efektu.
Ovsem pii analyze vysledkt nebyly zjistény statisticky signifikantni rozdily.

Pti studiu vlivu rtVACV exprimujicich GM-CSF podanych i.p., i.m. nebo i.t. injekci na
protinadorovy efekt navozeny DNA vakcinaci my$i C57BL/6 s nadory TC-1/A9 se sniZzenou
expresi molekul H-2b jsme zjistili, Ze podani nereplikujiciho se MVA-GM-CSF vedlo
Kk lepsim vysledkiim nez pouziti replikujiciho se P13-GM-CSF. Pti porovnavani tfi riznych

cest podani viru byl nejvyssi u¢inek pozorovan u opakovanych i.t. injekci MVA-GM-CSF.
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Také v jinych studiich byla protinddorova tc¢innost GM-CSF nejvyssi pfi jeho podani
do mikroprostiedi nadort, kde m¢l vliv na aktivacni stav antigen prezentujicich bunék v
regionalnich lymfatickych uzlinach (Kass et al., 2001), (Vuylsteke et al., 2004). Podobné
GM-CSF tvoteny po i.t. injekci MVA-GM-CSF pusobil pouze lokalné, protoze nebyl schopen
zvysit odpovéd E7 specifickych T bunék navozenych DNA vakcinou, kterou jsme testovali
metodou ELISPOT IFN-y. Dv¢ davky DNA vakciny v kombinaci s nejméné dvéma po sobé
jdoucimi i.t. aplikacemi MVA-GM-CSF byly schopné signifikantné inhibovat rist nddora. Pfi
studiu vlivu lokalni aplikace MVA-GM-CSF na imunoterapii chirurgicky navozené minimalni
rezidualni nemoci TC-1/A9 nador pomoci DNA vakcinace jsme zjistili, ze 1.t. podani MV A-
GM-CSF zlepsuje imunoterapii minimalni rezidualni nemoc. TC-1/A9 nadori. Tyto vysledky
nas vedly k tvaze, Ze role MVA-GM-CSF pfi lokalni terapii TC-1/A9 naddorid mize spocivat v
upravé nadorového mikroprosttedi. Pii analyze bunécné skladby TC-1/A9 nadoru lécenych
kombinaci DNA vakciny s i.t. aplikovanym MVA-GM-CSF pomoci imunohistochemického
barveni histologickych fezii jsme detekovali mensi oblasti se zvySenym mnozstvim CD3+ T
bunék. Pfi analyze bunééné skladby TC-1/A9 nadoru léCenych stejnou kombinaci pomoci
pritokové cytometrie jsme detekovali opét pouze statisticky signifikantné vEtSi mnoZstvi
CD3+ pozitivnich bunék. Pfi analyze exprese MHCI molekul na povrchu bunék izolovanych
z nadort TC-1/A9 1é¢enych kombinaci DNA vakciny s i.t. aplikovanym MVA-GM-CSF jsme
pozorovali zvySeni exprese MHCI u vSech skupin, kterym byla aplikovana DNA vakcina. I.t.
podani MVA-GM-CSF nemélo na expresi MHCI vliv.

Prvnim krokem pfipravy transgenni leukemické néadorové linie stabilné exprimujici
WT]1 antigen, kterd méla vzniknout z mys$i bunééné linie myelomonocytarni leukemie C1498
byla piiprava plazmidu pBK-CMV/WT1-321 s genem pro WTI1. Tento plazmid koduje
zkracenou formu mysiho WT1 genu, ktera postrada 121 aminokyselin na C konci. Vzniklému
proteinu tak chybi DNA vazebna doména, jejiz vinou by mohly modelové nadorové bunky
produkujici WT1 podl€hat apoptéze. Na nové vytvofeny C konec jsme ptidali gen pro
oligopeptid FLAG, aby byl zkrdceny WTI1 snadno detekovatelny pomoci odpovidajici
protilatky. Pfi analyze proteinli produkovanych buiikami 293T po transfekci plazmidem
pBK-CMV/WT1-321 metodou western blot byly detekovany proteiny spravné velikosti.
Stejnym plazmidem ( jak v cirkularni, tak linearizované formé po naStépeni enzymem
Alw44L/Apa LI ) byly poté metodou elektroporace transfekovany nadorové buiniky C1498. Pti
testovani kloni, které byly jako pozitivni vybrany metodou PCR, na pfitomnost zkracené¢ho
WTI1 western blotem bohuzel nebyl u zadného z téchto klonli nalezen protein spravné

velikosti.
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7. ZAVERY

V ramci obou projektl této prace byl testovan vliv imunologickych adjuvans na
navozeni protinddorového uc¢inku prostrednictvim rVACV. V piipadé manipulace s genem
vCCI mohl byt vzhledem k jeho funkci chemokin vazebného imunomodula¢niho proteinu
predpokladan vliv jak na urovni viru, tak na urovni mikroprostiedi nadoru, jehoz
imunosupresivni vlastnosti mohl, diky své schopnosti véazat chemokiny CCL2 a CCLS,
pozitivné ovlivnit.

Pti studiu genu vCCI byly sestrojeny delecni mutanty pro gen vCCI VACV kmenu
P13. Dale byly piipraveny revertanty s opét vlozenym genem vCCI. Protoze sekvenace
N-konce genu vCCI kmenu Praha prokazala nepfitomnost funkéni signalni sekvence, byly
zkonstruovany revertni viry s vloZzenymi nasyntetizovanymi oligonukleotidy, ¢imz byla
obnovena funk¢ni signalni sekvence. Produkce proteinu vCCI a jeho chemokin vazebna
aktivita byla ovéfena western blotem a experimentem s pouzitim MIP-10**I a sitovaciho
¢inidla.

Béhem testovani schopnosti jednotlivych rVACV produkujicich rizné formy proteinu
vCClI navodit protinadorovy efekt proti TC-1 nddorim pii preventivnim a terapeutickém
uspofadani experimentu, nebyly mezi jednotlivymi rekombinantami zjiStény signifikantni
rozdily. Tento zavér koreloval s vysledky zjisténymi analyzou specifické bunécné imunity
proti proteinu HPV E7 testované metodou ELISPOT IFN-y a barveni pomoci tetrameru, kde
také nebyly mezi jednotlivymi rekombinantami zjistény signifikantni rozdily. Odpovidajici
korelace nebyla zjisténa ani pfi analyze populaci splenocytti pomoci pratokové cytometrie.

Viry produkujici sekre¢ni formu vCCI byly analyzou mnoZstvi virové DNA v ovériich
infikovanych mysi a titrem specifickych antiVACV protilatek v séru charakterizovany jako
atenuované. Soucasn€ mély srovnatelné imunizacni schopnosti.

Pomoci experimentu srovndvajiciho imunogennost rekombinant kodujicich riizné
formy genu vCCI po imunizaci DNA vakcinou pBSCVCCI nebyl prokazan vliv imunity proti
tomuto proteinu na imunizaéni vlastnosti virti. Vzhledem k nizkym hladindm proteinu vCCI
dosazenym pomoci rVACYV nebyl ptfedpokladéan jeho vliv na nadorové mikroprostredi.

Aplikace DNA vakciny exprimujici sekreéni formu genu vCCI vSigCCl vedla
Kk indukci slabsi specifické imunity méfené metodou ELISPOT IFN-y pfi spolecné imunizaci s
plazmidem, ktery exprimoval gen SigE7LAMP. Velikost tohoto efektu byla zavisla na
mnozstvi DNA vakciny. Pfi tomto zpiisobu imunizace ovSem doSlo k mirnému zesileni

protinadorového ucinku proti TC-1 nadoriim, a to jak pfi preventivnim, tak pfi terapeutickém
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uspotradani experimentu. Vzhledem k teoretické predstavé o pusobeni vCCI na soucasti
imunity (vazba CCL2 a CCLS5 chemokinli) béhem navozeni protinddorové imunitni reakce,
1ze ptedpokladat vliv na imunosupresivni prostiedi nadoru.

Pfi kombinované imunoterapii nadord TC-1/A9 s nizsi expresi MHCI pomoci DNA
vakciny pBSC/E7.GGG.GUS, aplikované metodou ,,gene gun* a doprovazené injekci rVACV
exprimujici GM-CSF, jez byly podany rtiznymi zplsoby (i.n., i.p., i.t.), byla jako neju¢inné;jsi
vzhledem Kk dosazenému protinadorovému efektu vyhodnocena terapie DNA vakcinou
spojena s opakovanym podanim MVA-GM-CSF do nadoru.

V ramci analyzy bunék nador bylo zjisténo pouze vyssi procento CD3+ T bunék
infiltrujicich nador, coz pozitivné korelovalo s podanim viru MVA-GM-CSF do nadoru a
vyssi expresi MHCI nddorovymi bunikami.

Spolecnym cilem obou projektii bylo ovéfeni vlivu imunologickych adjuvans na
protinddorové vlastnosti VACV a DNA vakcin pouzitych pro imunoterapii nadora
indukovanych papilomaviry.

Ukazalo se, ze jak protein vCCI, tak lokaln¢ exprimovany GM-CSF mohou putsobit
jako imunologicka adjuvans posilujici protinadorovy efekt. Jejich uspésné pouziti je vsak
omezeno vedlejsimi ucinky, jako je mnapf. navozeni inhibice ucinku GM-CSF
imunosupresivnimi T bunikami, které budou muset byt brany v potaz pii budoucich
vyzkumech.

Vysledky prace vytvareji prostor pro dalsi vyzkumy s pouzitymi adjuvans. Cilené
zasahy do procesu navozeni imunitni reakce prostfednictvim proteini vCCI a GM-CSF, které
by byly doprovazeny dukladnou analyzou probihajicich procesi obzvlasté metodami
umoznujicimi dynamické zobrazovani in vivo, jako je napi. dvoufotonova mikroskopie, by
mohly pfispét k lepSimu pochopeni vztahu vysledného efektu se sledovanymi parametry
imunity (Deguine et al., 2010). Tyto metody mohou podpofit dalsi zkoumani patogeneze
virové infekce, interakce Vviru s imunitou hostitele, ¢i mechanismu navozeni protivirové a
protinadorové imunity. Tak by mohly byt v budoucnu konstruovany vakciny, které by

definovanymi zasahy do imunity navozovaly pozadované efekty.
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2. ABSTRACT

The success of cancer vaccines depends on factors associated with the vaccine, which define
the main parameters of effective immune responses such as its size and quality, as well as on factors
related with the host, represented by the immunosuppressive mechanisms that allow the tumor to
escape recognition by the immune system or negatively influence the function of effector T-cells.

In the case of VACV attenuated, non-replicating viruses are at present preferred for safety
reasons. A problem may arise concerning their lack of immunogenicity. Through the deletions of non-
essential genes, vaccination vectors are therefore developed based on attenuated rVACV capable of
replication, which induce a strong immune response. Genes of various immunological adjuvants (e.g.,
genes for cytokines and costimulatory molecules) are inserted into the vectors for the purpose of
eliminating the influence of the immunosuppressive mechanisms of tumors.

The first part of the work describes our study of the influence of vCCI on biological properties
of rVACV derived from the Prague strain. Testing of vCCI deletion and insertion mutants expressing
tumor associated protein HPV16 E7 has shown that secreted vCCI attenuated the virus in vivo, which
correlated with reduced levels of the corresponding CC chemokines in the blood compared with the
parental virus. Examination of the specific CTL response by ELISPOT IFN-y method showed that the
immunogenicity of the rVACV producing secretory vCCI was similar to that of the parental virus or
deletion mutant in the C23L/B29R locus. Immunization with the secretory vCCl-producing
recombinant virus had a lower therapeutic effect against TC-1 tumors. Viral CCI downregulated the
E7-specific response induced by gene-gun-mediated immunization with the DNA vaccines pBSC-
SigE7 LAMP and pBSC-vCCI.

The second part of the work describes our study of the influence of GM-CSF on the
immunization of mice with highly immunogenic DNA vaccines in the course of its local production by
MVA virus injected into tumors with reduced expression of MHC molecules. Two doses of the DNA
vaccine in combination with at least two consecutive i.t. doses of MVA-GM-CSF were able to inhibit
significantly the growth of tumors. The analysis of the cellular immune response to HPV16 E7 protein
by ELISPOT IFN-y revealed that the in situ expression of GM-CSF gene did not enhance systemic
specific T cell response to E7. Furthermore we found that the local injections of MVA-GM-CSF
induced an increase of intratumoral CD3 + T cell counts and that the DNA vaccination resulted in up-
regulation of MHC type | molecules on tumor cells in vivo. The final part of the work contains a
description of the preparation of the model line of cancer cells suitable for testing different methods of

immunotherapy of tumors expressing WT1 antigen.
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3. INTRODUCTION

Despite the significant advances in therapy, malignant diseases are still the leading worldwide
health problem that requires, in order to obtain optimal results, the introduction of new therapeutic
procedures (Vergati et al., 2010). Attention is therefore currently paid to immunotherapy, which, if
found efficient, would be able to activate the patient's immune system and make use of its defense
capabilities for the elimination of tumor.

An important subset of this treatment is the active immunotherapy of tumors, represented by
tumor vaccines whose aim is to induce a specific immune response against tumor specific antigens
(TSA) and antigens associated with tumors (TAA) (Vergati et al., 2010). VACV has many properties
favorable for its application in the form of therapeutic cancer vaccine. Thanks to its successful and
considerable characterization during the global smallpox eradication program (Fenner, 1989), together
with the development of strategies for the creation of recombinant viruses which effectively express
foreign proteins, VACV has become a very promising vector (Paoletti, 1996). A disadvantage of the
strains used for smallpox eradication was unfortunately the rare occurrence of serious complications
following the vaccination (Lane et al., 1969).

The work of the Department of Experimental Virology, IHBT, is in the long term focused on
immunotherapy of transplanted tumors expressing oncoproteins HPV16 E6 and E7 with rVACV. Our
aim is to acquire a safe, attenuated virus inducing an effective anticancer immune response that would
be able to simultaneously act against the immunosuppressive microenvironment inside the tumor. The
objectives include the study of different non-essential genes that affect virus virulence, such as the
genes for immunomodulators interfering with the immune response of the host, or so-called host range
genes, or genes for various cytokines and growth factors. For their positive effect within the anticancer
vaccines, some of the products of these genes are called immunological adjuvants. Among them we
can also place the cytokine GM-CSF and the soluble inhibitor of CC Chemokines (vCCI). Due to the
large influence of CC chemokines on the induction of immunity induced by the virus and the
formation of the immunosuppressive tumor environment we have created recombinant viruses with
different forms of the vCClI gene.

This work describes the construction of vectors based on rVACV and DNA vaccines
containing the immunological adjuvants GM-CSF and vCCl, and the subsequent testing of their
biological properties, particularly immunization efficiency and anticancer effects. Part of the work is a
description of the preparation of the model line of cancer cells suitable for testing different methods of

immunotherapy of tumors expressing WT1 antigen.
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4. AIMS OF THE STUDY

1) Determination of the influence of vCCI on biological properties of rVACV formation and in vitro

and in vivo characterization of recombinant viruses

- testing of immunogenicity and anticancer effect of vectors with different forms of
vCCl
2) Study of the influence of different recombinant vaccinia virus expressing GM-CSF
administered in different ways on the antitumor effect induced by DNA vaccinations
- testing of the impact of locally expressed GM-CSF after intratumoral application of
MVA-GM-CSF on immunotherapy with DNA vaccines

3) Creation of transgenic leukemic cancer lines stably expressing WT1 antigen

5. MATERIALS AND METHODS

The pD357 plasmid for the deletion of vCCI gene from the vaccinia virus was obtained from
A. Patel from the MRC Virology Unit, University of Glasgow. Recombination plasmids pD357-Rev
with the gene for vCCI and pD357-Rev+Sig with the gene for the secretory form of vCCI, and the
expression plasmid pBSC-Sig vCCI which contained the same gene were prepared using the basic
methods of work with DNA, according to the manual "Molecular Cloning: A laboratory manual”
(Sambrook et al., 1989) and Current Protocols in Molecular Biology "(Ausbel et al., 1995). The
accuracy of generated constructs has been verified by sequencing.

In the course of preparation of r'VACV based on P13 clone of attenuated vaccination strain
Prague, which expressed various forms of vCCI and modified tumor specific antigen E7GGG derived
from HPV16 under control of the early-late H5 promoter, we carried out recombination and selection
according to standard procedures (Mackett et al. 1984, Paoletti et al., 1984, Perkus et al., 1986)
Correct recombinants were identified by PCR.

The production of vCCI by prepared rVACV was detected by western blot and its ability to
bind chemokine MIP-1a by using a crosslinking experiment with EDC and MIP-1a marked with
radioactive 1. The levels of chemokines and levels of antibodies against VACV in sera of mice
infected with VACV were analyzed by ELISA. The multiplication of viruses was tested after
intraperitoneal inoculation of r'VACV by determining the amount of viral DNA in mouse ovaries using
real time PCR. Analysis of the influence of the secretory form of vCCI produced by P13-Sig-vCCl-
E7GGG virus on immune cells was carried out by staining cells isolated from spleens of immunized
mice with monoclonal antibodies, and subsequent detection of surface markers that define the different
subpopulations of splenocytes using flow cytometry.

To determine the effect of vCCl on induction of the E7-specific CTL response in
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the absence of virus infection, we immunized mice against E7 antigen with DNA vaccines pBSC-
SigE7LAMP and pBSC-vCCI or control pBSC by a gene gun. Cytotoxic T lymphocyte (CTL)
response was detected by ELISPOT IFN-y. Anti-tumor effect of immunization with rVACV and DNA
vaccines against TC-1 tumors was tested in therapeutic and preventive arrangements of the
experiment.

In the course of study of the influence of different rVACV expressing GM-CSF administered
in different ways on the anti-tumor effect of DNA vaccines we immunized C57BL/6 mice bearing TC-
1/A9 tumors, which are characterized by expression of HPV16 oncogenes and downregulated
expression of molecules of H-2b (Smahel et al., 2003), with the highly immunogenic DNA vaccine
E7GGG.GUS expressing the fused gene of modified HPV16 E7 (E7GGG) with B-glucuronidase of E.
coli (GUS) (Smahel et al., 2004). DNA vaccines were also administered by gene gun on days 7 and 14
after s.c. injection of tumor cells. Mice were given i.p., i.m. or i.t. injections of 10° PFU P13-GM-CSF
or 10° PFU MVA-GM-CSF at the time of the first (and second) immunization with the DNA
vaccine. The most effective intratumoral application was used for determination of the impact of i.t.
MVA-GM-CSF administration on the immunotherapy of surgically induced minimal residual disease
of TC-1/A9 tumors on the E7 specific T cell response, which was detected by ELISPOT IFN-y, and on
tumor microenvironment, which was examined by the analysis of tumor cellular composition by
immunohistochemical staining of histological sections and by flow cytometry.

Basic methods of work with DNA, such as those used when working with vCCI, were used
during the preparation of transgenic tumor lines stably expressing WT1 antigen for the construction of
the plasmid BK-CMV/WT1-321, which encoded shortened WT1 modified at the C end. The final
plasmid was checked by sequencing. The ability of this plasmid to induce the expression of the
constructed protein was further detected. 293T cells were transfected with plasmid pBK-CMV/WT1-
321 by the method of calcium phosphate precipitation. The proteins produced by the cells were
analyzed by western blotting. C1498 tumor cells were then transfected by the same plasmid (in both
the circular and the linearized form after cutting with enzyme Alw44L/Apa) by electroporation. The

clones so obtained were finally tested for the presence of WT1 gene by PCR and western blotting.
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6. RESULTS AND DISCUSSION

In order to study the influence of vCCI on biological properties of VACV, double deletion mutants of
P13-E7GGG virus were prepared (P13-AvCCI-E7GGG), where the vCCIl was replaced in both loci
C23L/B29R with the gene for -galactosidase. We used the pD357 plasmid for recombination. To
prepare the revertant of this virus (RevP13-AvCCI-E7GGG), we generated the pD357-Rev plasmid.
The sequencing of the vCCIl gene was done during the creation of the pD357-Rev plasmid. The
comparison of the N end of vCCI of the Prague 13 virus with the amino acid sequence of the same
vCCI area from other poxviruses revealed that this gene for vCCI does not encode the 8 amino acids
necessary for the function of the signal sequence. Therefore we constructed the pD357-Rev+Sig
plasmid, whereby we prepared a P13-Sig-vCCI-E7GGG virus carrying the vCCI gene of P13 virus
with complete signal sequences inserted in both loci C23L/B29R, which expressed the secreted vCCI.

Because we failed to detect vCCI by western blot with specific rabbit antisera that were kindly
provided by Dr. Patel, we decided to prepare our own specific mouse antisera against vCCI using
DNA immunization. For this purpose we have prepared the expression plasmid pBSC-Sig vCCI
expressing the vCCI gene from VACYV strain Lister. Analysis of the production of vCCI by western
blotting showed that CV1 cells infected with the virus P13-Sig-vCCI-E7GGG produced vCClI of the
same size as did the LIVP virus. Testing of the ability of the vCClI to bind the MIP-1 chemokine by a
cross-linking experiment showed a chemokine binding activity only in the case of supernatants from
cells infected with the P13-Sig-vCCI-E7GGG. These results show that extension of the signal
sequence of vCCI led to the production of secretory vCCI. In the course of determination of biological
activity of secretory form of vCCI produced in vivo by ELISA analysis of the amount of chemokines
in the blood of mice infected with the P13-Sig-vCCI-E7GGG, we found reduced levels of chemokines
RANTES, Eotaxin, TARC and MDC after comparison with the group of mice infected with the P13-
E7GGG,. Testing of the rVACYV virulence by determining the virus multiplication in mouse ovaries
after i.p. inoculation of the virus via an assessment of viral DNA using real time PCR showed that the
virus RevP13 AvCCI- E7TGGG multiplies in mouse ovaries to a lesser extent than the other rVACVs,
which means that the production of the secretory form of vCCI led to attenuation of the P13 VACV in
vivo. This reduced multiplication of the P13-Sig-vCCI-E7GGG correlated with the formation of a
lower titer of anti-VACYV antibodies when compared with parental P13-E7GGG virus in testing on day
35 after the immunization.

We also tried to determine whether the immunity against vCCI may affect the propagation of
the virus P13-Sig-vCCI-E7GGG in vivo. First we immunized mice by a gene gun with the pBSC-Sig-
VvCCI plasmid and, fourteen days after the last dose, we administered i.p the P13 Sig-vCCI-E7GGG
virus. On the third and fourth day after the infection we dissected the ovaries, in which we
determined the amount of viral DNA by real time PCR. Analysis of the results showed no statistically

significant differences between the compared groups, implying that the riVACV replication in vivo is
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not affected by the specific immune responses toward vCCl. Efficiency of DNA vaccination
with the pBSC-Sig-vCClI plasmid was confirmed by the detection of specific antibodies against vCCI
by western blotting in sera of immunized mice.

The detection of E7-specific CTL responses by ELISPOT IFN-y after infecting the mice with
r'VACV expressing modified HPV16 E7 protein and various forms of vCCI revealed that the
production of secretory form of vCCI had not increased the induced immune response. Analysis of the
effect of the secretory form of vCCl on the immune cells via the detection of splenocyte
subpopulations of mice immunized with virus P13-Sig-vCCI-E7GGG showed no significant
differences when compared with the parental virus P13-E7GGG.

During the detection of E7-specific CTL responses by ELISPOT IFN-y after immunization
with the pBSC-SigE7LAMP vaccine and 1 pg or 2 pg of the pPBSC-vCCI plasmid or the control pBSC
plasmid by a gene gun, we found that the production of the secretory form of vCClI by the pBSC-vCCI
plasmid did not increase E7-specific CTL responses but reduced them, in comparison with the pBSC
plasmid. The difference was statistically significant after the administration of 2 pg of the pBSC-vCCI
plasmid. The reduction was dose dependent, because addition of 2 pg of the pBSC-vCCI plasmid
reduced CTL response more than the addition of 1 pg of the same plasmid.

Testing of the impact of production of the secretory form of vCCI on the antitumor effect of
immunization against TC-1 tumors with the P13-Sig-vCCI-E7GGG virus showed worse results in both
the preventive and the therapeutic arrangement of the experiment when compared with the parental
virus P13-E7GGG. The influence of coexpression of vCCIl by the pBSC-Sig-vCCl plasmid on
induction of anticancer effect by the pBSC-SigE7LAMP DNA vaccine against the TC-1 cells could
not be evaluated in the preventive arrangement of the experiment due to the significant antitumor
effect of this vaccine. In the therapeutic arrangement of the experiment we could see, after comparison
of the influence of the pBSC-Sig-vCCI plasmid with control pBSC, a slight improvement of the
antitumor effect. However, analyzes of results did not show any statistically significant differences.

On studying the influence of rVACV expressing GM-CSF administered by i.p., i.m. or i.t.
injections on the antitumor effect induced by the DNA vaccination of C57BL/6 mice with TC-1/A9
tumors characterized by reduced expression of molecules of H-2b, we found that the administration of
nonreplicating MVA-GM-CSF led to better results than the use of replicating P13-GM-CSF. After
comparing the three different routes of administration of the virus, the highest effect was observed
after repeated i.t. injections of MVA-GM-CSF. Also in other studies the antitumor efficacy of GM-
CSF was the highest after its administration into the tumor microenvironment, which had an effect on
the activation status of antigen presenting cells in regional lymph nodes (Kass et al., 2001, Vuylsteke
et al., 2004). Similarly, GM-CSF produced after i.t. injection of MVA-GM-CSF had only a local effect
because it was not able to enhance the E7 specific T cell response induced by the DNA vaccine, which
we tested by ELISPOT IFN-y. Two doses of the DNA vaccine combined with at least two consecutive
i.t. applications of MVA-GM-CSF were able to inhibit significantly the growth of tumors. During the
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study of the influence of local administration of MVA-GM-CSF on the immunotherapy of
surgically-induced minimal residual disease of TC-1/A9 tumors by the DNA vaccination we found
that the i.t. administration of MVA-GM-CSF improved the immunotherapy of minimal residual tumor
disease of TC-1/A9 tumors.

These results led us to the consideration that the role of MVA-GM-CSF in local therapy of
TC-1/A9 tumors may consist in an alteration of the tumor microenvironment. Analysis of the cellular
composition of TC-1/ A9 tumors treated with a combination of DNA vaccines with i.t. applied MVA-
GM-CSF using the immunohistochemical staining of histological sections led to the detection of
distinct areas with increased counts of CD3 + T cells. During flow cytometric analysis of the cellular
composition of TC-1/A9 tumors treated with the same combination, only statistically significantly
greater amount of CD3 + positive cells was detected. Analysis of the expression of MHCI molecules
on the surface of cells isolated from TC-1/A9 tumors treated with combination of DNA vaccines with
i.t. applied MVA-GM-CSF showed an increased expression of MHCI by all groups to which the DNA
vaccines have been administered. L.t. application of MVA-GM-CSF had no influence on MHCI
expression.

The first step in the preparation of transgenic leukemic cancer lines stably expressing WT1
antigen, which should arise from the C1498 mouse cell line of myelomonocytic leukemia, was the
creation of the C1498 pBK-CMV/WT1-321 plasmid with gene for WT1. This plasmid encodes a
shortened form of the mouse WT1 gene that lacks 121 amino acids at the C end. Therefore the
generated protein lacks the DNA binding domain through whose action the model tumor cells
producing WT1 could succumb to apoptosis. To make truncated WT1 easily detectable by the
corresponding WT1 antibodies, we added the gene for oligopeptide FLAG on the newly created C
end. Proteins of the correct size were detected during the western blotting analysis of proteins
produced by cells after transfection with the pBK 293T-CMV/WT1-321 plasmid. C1498 tumor cells
were then transfected by the same plasmid (in both circular and linearized form after cutting with
Alw44L/Apa enzyme) using electroporation. Western blotting testing of the clones that were
previously selected by PCR as positive for the presence of truncated WT1, a protein of the correct size

was unfortunately not found in any of these clones.
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7. CONCLUSIONS

The influence of immunological adjuvants on the induction of an antitumor effect through
r'VACYV has been tested in both projects of this work. In the case of manipulation with the vCCI gene
could be presumed, due to its function of a chemokine binding immunomodulatory protein, influence
both at the level of the virus and at the level of the tumor microenvironment, on whose
immunosuppressive properties vCCI could have a positive effect thanks to its ability to bind the CCL5
and CCL2 chemokines. Deletion mutants of the vCCI VACYV strain P13 gene were constructed in the
study of the vCCI gene. Furthermore, revertants with reinserted vCCI gene were prepared. Because the
sequencing of the N-end of the vCCI gene of the strain Praha demonstrated the absence of the
functional signal sequence, revertant viruses with inserted synthetized oligonucleotides were
constructed and the functional signal sequence was thus restored. The production of the vCCI protein
and its chemokine binding activity was verified by western blotting and a cross-linking experiment
with the use of MIP-1a*I and a cross-linking agent.

During the testing of the capabilities of rVACV producing various forms of the vCClI protein
to induce the antitumor effect against TC-1 tumors in preventive and therapeutic setting of the
experiment, no significant differences between the recombinants have been detected. This conclusion
correlated with the results obtained by analyzing the specific cellular immunity against HPV E7
protein tested by ELISPOT IFN-y, where significant differences between particular recombinants were
also not detected. The corresponding correlation was not found by flow cytometric analysis of
splenocytes. Viruses producing the secretory form of vCCIl were characterized by analyzing the
quantity of the virus DNA in the ovaries of infected mice and by the detection of the titer of specific
anti-VACYV antibodies in sera as attenuated. At the same time they had similar immunization abilities.

The experiment comparing the immunogenicity of recombinants encoding different forms of
the vCCI gene after immunization with the pBSCvCCI DNA vaccine did not demonstrate the effect of
the immunity against this protein on immunization properties of viruses. Its effect on the tumor
microenvironment was not expected due to low levels of the vCCI protein achieved by rVACV. The
application of DNA vaccine expressing the secretory form of the vCCI gene vSigCCI led to induction
of weaker specific immunity, as measured by the ELISPOT IFN-y during immunization with plasmid
that expressed the SigE7LAMP gene. The size of this effect was dependent on the amount of DNA
vaccine. However, a slight reinforcement of the anticancer effect against TC-1 tumors both in
preventive and therapeutic setting of the experiment occurred within the application of this method of
immunization. An impact on the immunosuppressive environment of the tumor can be expected based
on the theoretical notion about the effect of vCCI on the components of immunity (binding of CCL2
and CCL5 chemokines) during induction of antitumor immune responses.

Due to the antitumor effect achieved, DNA vaccine therapy associated with repeated

administration of MVA-GM-CSF into the tumor was evaluated as the most effective during combined
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immunotherapy of TC-1/A9 tumors having lower expression of MHCI with DNA vaccines
pBSC/E7.GGG.GUS applied by a gene gun and accompanied by injection of rVACV expressing GM-
CSF, administered via different routes (i.n., i.t., i.p.).

Analysis of tumor cells has shown only a higher percentage of CD3+ T cells infiltrating the
tumor, which positively correlated with the administration of the virus MVA-GM-CSF into the tumor
and higher expression of MHCI by tumor cells.

The common goal of both projects was the verification of the influence of immunological
adjuvants on antitumor properties of VACV and DNA vaccines used for immunotherapy of tumors
induced by Papillomaviruses.

It turned out that both the vCCI protein and locally expressed GM-CSF may act as
immunological adjuvants reinforcing the antitumor effect. Their successful use, however, is limited by
side effects such as induced inhibition of GM-CSF effect by immunosuppressive T cells, that will have
to be taken into account in future research.

The results of this work open a space for more research with the adjuvants under study.
Targeted interventions in the process of inducing immune responses through proteins vCCI and GM-
CSF, which would be accompanied by a thorough analysis of the ongoing processes, particularly by
the methods allowing dynamic imaging in vivo such as two photon microscopy, could contribute to a
better understanding of the relationship between the resulting effect and tracked immunity parameters
(Deguine et al., 2010). These methods can support further exploration of the pathogenesis of viral
infections, interaction of the virus with the host immunity or the mechanism of induction of antiviral
and antitumor immunity. In the future this could facilitate the construction of vaccines that would

induce desirable effects by defined interventions in immunity.
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