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Abstrakt

Veronika VIkova: Epigenetické mechanizmy v regulacii prezentacie aigénu a
protinadorova imunita.

Univerzita Karlova v Prahe, Prirodovedecka fakulfagktorské Studijné programy
v biomedicine

Odbor: Molekularna a bunkova biol6gia, genetikaralgia

Dizertainé praca, 2014

Reverzibilné znizenie expresie MHC | na povrchuanéddych buniek je bezny spdsob,
ktorym nadorové bunky unikaju imunitnému datlu a jecasto spojené s koordinovanym
znizenim génov antigén-prezentujucej masinérie. rési@ tychto génov mdze by
obnovenad pomocou IFN- V predkladanej praci poukazujeme na spojenie tigéauie
DNA regulanych oblasti vybranych génov antigén-prezentujicaginérie so zvySenou
expresiou MHC | na povrchu nadorovych buniek polywpeni IFN+y, ¢o znamena, Ze
IFN-y by mohol pIni’ Ulohu epigenetického agensu. NaSe vysledky abjasulohu
metylacie DNA pri Uniku nadorovych buniek imunitnémdoiadu. PouZitie
epigenetickych modifikatorov méze obntvexpresiu MHC | a tak mézu zvidiiet
nadory pre imunitny systém. NaSe data poskytuglitilormacie o chemoterapii pomocou
diferencignych ligiiv, prednostne pre pouZitie v kombinaciid'alSimi ligiivami pre
dosiahnutie nizkeho imunosupresivneho rozsahu mikstredia nadoru. NavySe, nase
data poskytuji dokazy, Zze mimo znamych I'cie epigenetickych agensov alebo
imunoregulgnych protilatok, dalSie neSpecifické alebo nepriameinky musia by
zvazeneé péas terapie. Praca detailne popisuje reverzibilnéhau@zmy, ktorymi nadorove
bunky unikaju Specifickej imunite (s dbérazom klagen na Ulohu metylacie DNA

v regulacii génovej expresie).



Abstract

Veronika VIkova: Epigenetic mechanisms in the regulation of antigen
presentation and anti-tumour immunity.

Charles University in Prague, Faculty of Scienceplédular and Cellular Biology,
Genetics and Virology

Dissertation, 2014

Reversible downregulation of MHC class | expressmm tumour cells, a common
mechanism by which tumour cells can escape frontifspeimmune responses, is
frequently associated with coordinated silencinganfigen-presenting machinery genes.
The expression of these genes can be restoredNby.|Here we describe association of
DNA demethylation of selected antigen-presentingchmreery gene regulatory regions
upon IFNy treatment with MHC class | upregulation on tumoalls thus demonstrating
that IFN« acts as an epigenetic modifier. Our results caseright on the role of DNA
methylation in tumour cell escape from specific iomty. Treatment of MHC class |
deficient tumour by epigenetic modifiers sensitizembplasia to the immunotherapy. Our
data also provide knowledge about differentiati@mazr chemotherapies, especially for
use in combination with other drugs to achieve lowemunosuppressive function of
tumour microenvironment. In addition, our data pdevevidence that besides the known
targets of epigenetic agents or immunoregulatoypbadies other unspecific or indirect
activities should be considered during the therapg aim of whole work was to describe

in detail reversible mechanisms in the tumour estlape from specific immunity.
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Uvod

Epigenetické zmeny, napriklad chybnd metylacia DNplnia délezitd ulohu
v karcinogenéze (Jones and Baylin, 2007; Estele@8) a tiez pri Uniku nadorovych
buniek imunitnému systému (Sigalotti et al., 200&masi et al., 2006). ZniZenie expresie
MHC | na povrchu nadorovych buniek je bezny sposbiym nadorové bunky unikaju
imunitnému dohadu (Garrido et al., 1997; Bubenik, 2003; Rein& ® Seliger, 2012).
Molekularne defekty zodpovedné za porusenu expneaipovrchu nadorovych buniek
mozu by ireverzibilné a reverzibilné (Garrido et al., 2D1@everzibilné zniZzenie
expresie MHC | na povrchu nadorovych buniek ¢gsto spojené s koordinovanym
zniZzenim génov antigén-prezentujucej masinérieid&eet al., 2000; Garcia-Lora et al.,
2003). Expresia tychto génov mézet'lbgbnovend pomocou IFN-{(Gabathuler et al.,
1994; Seliger et al.,, 2000) alebo pomocou inhibitoDNA metyltransferaz, 5-aza-2'-
deoxycytidinon (DAC) alebo 5-azacytidinom (5-aza®AC) (Manning et al., 2008).
Zatid’ je vd’mi malo znadme o DNA demetylacii v ramci regulacdmgv sprostredkovanej
IFN-y. Na zéklade faktu, Ze gény antigén-prezentujucafinérie su regulované po
oSetreni IFNy a inhibitormi DNA metyltransferaz, mézeme predpold, Ze IFNy
sprostredkuje reaktivaciu ud@nych génov antigén-prezentujicej masinérid’asich
génov tiez prostrednictvom demetylacie DNA. G prace bolo zidtia najs spojenie
medzi demetylaciou DNA a zvySenou expresiou génaig@n-prezentujlicej masinérie
sprostredkovanou IFN-v MHC | deficientnych mySacich nadorovych liniaghymi
slovami,¢i by mohol IFNy plnit tlohu epigenetického agensu. TieZ nas zaujimahdiop
protinadorovej terapie pomocou epigenetickych agema expresiu molekdl MHC | na
povrchu MHC | deficientnych naddorovych buniek.

Dalsim mechanizmom, ktorym nadorové bunky unikajariitmému dobadu, je nadorom
indukovana imunosupresia. Myeloidné supresorovékypufz angl. myeloid-derived
supressor cells; MDSC) patria k hlavhym zloZkdmordt sprostredkuji0 nadorom
indukovanu imunosupresiu (Gabrilovich et al., 200#)poslednych rokoch sa objavuje
¢oraz viac Studii, ktoré zaznamenali zvySenu hladiegul&nych T-lymfocytov pri
nadorovych ochoreniach (Facciabene et al., 2012tedite et al., 2012). Tato skdtmg’

je ¢asto zodpovedna za slabu protinddorovla efektorayiowel’ a tak je ohrozena a

znizena protinddorova imunita (Elkord et al., 204hikawa and Sakaguchi, 2010).



Praca detailne popisuje reverzibilné mechanizmyrykhi nadorové bunky unikaju
Specifickej imunite (s dérazom kladenym na uUlohuyideie DNA v regulécii génovej
expresie) a tiez sa zaobera sledovanim expresievggmmunosupresivnymcinkom

v nadorovych a imunitnych bunkachgas rastu a ligoy nadoru.



Ciele prace

Zaujmom prace je imunoterapia MHC | negativnych azifpvnych nadorov mysSi a
regulacia protinadorovej imunity. Specialnu pozafhovenuje epigenetickym
mechanizmom v regulacii prezentacie antigénov rmadoni bunkami, efektom
epigenetickych agensov na nadorové a supresorom&yba problematike pottgnia

imunosupresie v protinadorovej terapii.

Hlavnymi cigmi su:

1. Sledovad spdsob, akym IFN- zvySuje expresiu MHC | na povrchu buniek a
faktorov regulovanych IFN- (z angl. interferon regulatory factors; IRF) v
nadorovych bunkach@ sa tu uplatuju epigenetické mechanizmy.

2. Preskumg, ¢i IFN-y moze pinf Ulohu epigenetického agensu, ktory zvysSuje
expresiu genov potrebnych pre prezentaciu antiggrikostimulaciu cez DNA
demetylaciu a podrobne opfseeverzibilné mechanizmy pri Uniku nadorovych
buniek Specifickej imunite.

3. Sledov@ efekt epigenetického agensu 5-azacytidinu na ekpr&/HC | na
povrchu nadorovych buniek a na expresiu génov amjgyezentujlicej masinérie u
MHC | deficientnych nadoroin vivo.

4. Sledovad ako epigeneticky agens 5-azacytidin ovyilyje interakcie nadorovych
buniek a imunitného systému a ich citlivdsimunoterapii.

5. RozSirt predmet zaujmu o monitorovanie expresie génov umosupresivnym
ucinkom v nadorovych a imunitnych bunkachipe rastu a ligby nadoru.

6. Zistit efekt protilatky PC61 (anti-CD25 Ab) na reginé T-lymfocyty a na
aktivované NKT (z angl. natural killer T cells) bgna pouZitie danej protilatky
v imunoterapii experimentalnych nadorov mysi asemnych s HPV16. Zidli
acinok deplécie regutaych T-lymfocytov a aktivacie NKT buniek na rasdpnéu
TC-1.



Material a metodika

Bunkové kultary
MHC | pozitivna linia nadorovych buniek TC-1 bolé&skanain vitro kotransfekciou

mySacich pacnych buniek C57BL/6 s HPV onkogénmi E6/E7 a aktanyml'udskym
onkogénom Ha-ras (G12V) (Lin et al.,, 1996). BunkohNdia TC-1/A9 (MHC I-
deficientné) (Smahel et al., 2003) bola ziskandadorov TC-1, ktoré vznikli
v imunizovanych mysSiach. Bunkova nadorova linia NMRAC2 (ATCC kolekcia) vznikla
z prostaty PB-zngnych C57BL/6 (TRAMP) mysSi (Foster et al., 1997¢-T/A9 bunky
boli udrzované v. médiu RPMI 1640, ktoré bolo oldeha s 10% fetalnym ltacim sérom
(FCS), 2 mM L-glutaminom a antibiotikami; TRAMP-C2D-MEM médium bolo
obohatené s 5% FCS, Nu-sérom IV (5%; BD BioscienBesiford, MA, USA), 0.005
mg/ml hovadzim inzulinom (Sigma, St Louis, MO), deétoisoandrosterénom (DHEA, 10
nM; Sigma) a antibiotikami. Oboje bunkové linie idalltivované pri 37°C v atmosfére s
5% CO2. Bunkova linia RVP3 (Bubenik et al., 196@budrzovana v médiu RPMI 1640,
ktoré bolo obohatené s 10% fetalnynfaeim sérom (FCS), 2 mM L-glutaminom a
antibiotikami. Bunky boli kultivované ¥erstvom médiu 24 hodin, nasledne bolo médium
vymenené a bunky rastli v médiu, do ktorého smeawali agensy, rIFN- (50 U/ml,
R&D Systems, Minneapolis, USA) alebou®l 5AC (Sigma). S vynimkou kinetickych

stadii, bunky boli kultivované 48 hodin a nasledpeacované préalSie analyzy.

Prietokova cytometria
Suspenzie buniek boli pripravené z bunkovych KkultBrietokovd cytometriu sme

vykonali pouzitim LSR Il prietokového cytometra (BBiosciences, San Jose, CA),
10,000 buniek bolo analyzovanych. Pouzité protyatkratane prislusnej izotypovej
kontroly, sme ziskali z Pharmingenu, San Diego, CA.

Real-time kvantitativna RT-PCR (qPCR)
Totalna RNA bola izolovanad pomocou RNeasy Mini K{f@iagen). 1 ug RNA bolo

prepisanych do cDNA pomocou reverznej transkripe@ouZzitim primerov (ndhodné

hexamery) z GeneAmp RNA PCR Core Kitu (Applied Bgiems, Foster City, CA) v 20

uL reakcii pri programe 42°C 30 min. Kvantifikacieopuktu PCR bola uskutoena v 10

puL Lightcycler 480 SYBR Green | Master mixu (Rochepouzitim real-time PCR

Lightcyclera (Roche). DNA bola denaturovana pri@% 2 min; potom nasledovalo 45

cyklov denaturacie pri 95°C a 25 s, vazby primgoawb0°C a 45 s a elongécie pri 72°C a
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1 min; program bol ukafeny inkub&ciou pri 80°C a 5 s. cDNA bola amplifilkoé
pomocou Specifickych primerov. Zmeny v hladine staiptov boli kalkulované pomocou
CT hodnét Standardizovanych fkactinu, ktory bol pouzity ako endogénna reféregn
génova kontrola. VSetky vzorky sme pripravovali dtologické triplikaty. Pre Statistické
vyhodnotenie vysledkov z gPCR sme pouZili Studentistest. Rozdiely medzi
kontrolnymi a experimentalnymi vzorkami, ktoré belhodnote P< 0.05 boli vyhodnotené
ako Statisticky signifikantné. Hladiny relativnegripvej expresie boli prezentované ako

zmeny porovnané s hladinami, ktoré sme identifikigua kontrolnych vzorkach.

Modifikacia hydrogénsiréitanom sodnym, metytne-Specificka PCR
(MSP) a hydrogénsiditanové sekvenovanie
Celkova DNA bola izolovana s DNeasy Blood & Tisstisom (Qiagen). OSetrenie DNA

s hydrogénsititanom sodnym a metyae-Specificka PCR (MSP) analyza Specifickych
oblasti promoétora bola uskdttend pomocou Bisulfite Epitect kitu (Qiagen, Hilden
Germany) poth priloZzeného protokolu. V snahe identifik6v@pG ostrovy v oblastiach
prométorov génov antigén-prezentujucej masinérieSPManalyza bola vykonana
s primermi navrhnutymi pomocou programu METHPRIMHERplotny program PCR bol
nasledovny: 95°C 2 min., potom 35 cyklov 95°C 2 m#b°C 2 min., 73°C 1:30 min. Na
konci bola pridand eSte jedna elotiga periéda 73°C 10 min. Produkt PCR bol
analyzovany pomocou geélovej elektroforézy. Pre bdgdnsiréitanové sekvenovanie bol
navrhnutydalSi set primerov, ktoré amplifikuju aj metylovaaénemetylované sekvencie
a ktoré boli navrhnuté, aby priamo zistili nuklelgti odolné v&i konverzii
hydrogénsigitanom sodnym. Teplotny program PCR bol nasledo989C 5 min., potom
nasleduje 25 cyklov 95°C 50 s, 58°C 2 min., 72°80Imin. a nasleduje 15 cyklov 95°C
45 s, 54°C 2 min., 72°C 1:30 min. (+2 s kazdy cgkliNa konci bola pridana eSte jedna
elong&na peridda 72°C 10 min. Produkty PCR boli klonovaoézitim kitu pPGEMR-T
Easy Vector System | (Promega). 11 klonov z kazds#troja DNA bolo sekvenovanych

pouzitim verzie kitu 3.1. (Applied Biosystem, USA).

Chromatinova imunoprecipitacia
Chromatinova imunoprecipitacia (ChlIP) prebehlalpgabpisaného postupu (Lukas et al.,

2009) s mensimi zmenami.

Transkriptdmova analyza
RNA bola izolovana zo vzoriek, ktoré boli priprageako biologické triplikaty, pomocou



RNeasy Mini Kitu (Qiagen). 1 pg RNA bol pouzity transkriptdmova analyzu, pouZzitim
¢ipov lllumina Mouse WG6 bead chips v spolupracissovisnym laboratoriom furkej

genomiky a bioinformatiky na Ustave molekularnejejiky v Prahe.



Vysledky a diskusia

Nadorové bunky maju vyvinuté spbésoby ako utiikaunitnému doliadu a su aktivne
imunosupresivne. ZniZzenie expresie MHC | na povroAdorovych buniek je beZzny
spbsob, ktorym nadorové bunky unikaju imunitnémunlddu (Garrido et al., 1997,
Bubenik, 2003; Reinis, 2010; Seliger, 2012). B cytokin s pleiotropnym efektom na
nadorové bunky, ktory je tiez povazovany za hlaend@prostredkovata efektivnej
protinadorovej imunity s priamym efektom na naddérdvunky (Dunn et al., 2006).
Hlavnym ci¢'om préace bolo it ¢i IFN-y m6Ze pinf’ Glohu epigenetického agensii,
ma efekt napriklad na DNA demetylaciu prislusnyeguta&nych oblasti génov & je to
hlavny mechanizmus, ktorym IFN-zvySuje expresiu vybranych génov v MHC |
deficientnych mySacich nadorovych liniach. V tejpvaci sme dokazali spojitbs
demetylacie DNA v promoétorovych oblastiach vybramygénov antigén-prezentujicej
masinérie TAP-1 TAP-2 LMP-2, LMP-7) po ovplyvneni IFNy so zvySenou
expresiou MHC | na povrchu nadorovych buniek v mjda MHC | deficientnych
nadorovych liniach. Zatfaje va’mi malo zname o DNA demetylacii v ramci regulacie
génov sprostredkovanej IFNalebod’alSimi cytokinmi. Bolo zistené, Ze indukcia expeesi
indolamin 2,3-dioxygenazy (IDO)-1 je spojena s DM@&metylaciou oblasti prométora
génu prelDO-1 (Xue et al.,, 2012). Bolo popisané, ZedajSi cytokin dokaze navadi
demetylaciu DNA, konkrétne TGE-spbsobil aktivnu demetylaciu DNA a tak obnovil
expresiu tumor-supresorového génu 'P45(Thillainadesan et al., 2012). NaSou pracou
sme prispeli zistenim, Ze IFN-indukovand remodelacia chromatinu a modifikacia
histonov v lokuse MHC je spojena s demetylaciou DMAramci tohto lokusuco
spbsobuje expresiu mnohych génov a zvySenstupmolekul MHC | na povrchu buniek.
Dalej sme zistili, Ze DNA demetylacia sprostredkav#eN-y je zavisla na signalizacii cez
JAK/STAT drahu, pretoZe inhibitor Janusovych kindlokoval demetylaciu DNA a
indukciu expresie MHC | na povrchu buniek. Dataireekickych Stadii napovedaju, Zze
demetylacia DNA promoétorovych oblasti gen®xP/LMP bola vémi rychla, pretoze
masivna demetyldcia DNA bola pozorovana uz po 6Gndoth po oSetreni IFN- Pre
porovnanie, maximalna hladina demetylacie DNA vKkagh oSetrenych inhibitorom
DNA metyltransferaz 5AC bola pozorovana az po 24limich po oSetreni. Tato
skuta@nog’ naznéuje, Ze proces demetylacie po oSetreni #Hd-aktivny a nezavisly od

replikacie DNA, na rozdiel od DNA demetylacie indwianej 5-azacytidinom, ktora je od



replikacie DNA zavisla a vyZaduje inkorporéciucliea do DNA a blokuje metyléciu
nascentného tfazca DNA kvoli inhibicii metyltransferaz (Creusdtad., 1982). Nakoniec
DNA demetylacia sprostredkovana IRNe asociovana s acetylaciou histonu H3 v oblasti
prométorov génov antigén-prezentujucej masinéripubikacii sme priniesli data, ktoré
nazn&ujd, Zze IFNy mézZe pinf tlohu epigenetického agensu a méze navadeinetylaciu
DNA mnohych génov, s dbérazom kladenym najma na géntigén-prezentujlcej
masinérie.

Epigenetické mechanizmy plnia vyznamnu ulohu v anikadorovych buniek pred
imunitnym systémom, ide napriklad o znizent powchexpresiu MHC | na povrchu
nadorovych buniek alebo o zmenenlu expresiu kompgonemntigén-prezentujlcej
masinérie. Preto chemoterapia inhibitormi DNA mesylsferaz moéze ovplywhi
interakciu nadorovych buniek s imunitnym systémomep citlivost k imunoterapii.
Inhibitory DNA metyltransferaz, ako 5-azacytidinajin dobry potencial vyuzitia ako
chemoterapeutikd. ZvySuju imunogenicitu nadorovicimiek a tiez aj ich citlivasku
cytotoxickym T-lymfocytom, tym padom mobzu thypouZzité pre kombinovanu
chemoimunoterapiu. Dokéazali sme, Ze 5-azacytidin pn@avny efekt na MHC |
deficientné a pozitivne nadory v kombinacii s imigmapiou pomocou nemetylovanych
CpG oligodeoxynukleotidov (CpG ODN) alebo s bunkowakcinou produkujucou IL-
12. Pozorovali sme tiez zvySenu povrchovu expréddidC | na povrchu nadorovych
buniek, ktord bola asociovana so zvySenou expregiénov antigén-prezentujucej
masinérie a génov drahy IFNpri nddoroch explantovanych zo zvierat oSetrenfyeh
azacytidinom. Toto zvySenie koreSpondovalo s DN&elylaciou promaotorovych oblasti
génov antigén-prezentujucej masinérie pri nddosgilantovanych zo zvierat oSetrenych
5-azacytidinom. NaSe data nazog, Ze chemoterapia MHC I-deficientnych nadorov
s inhibitormi DNA metyltransferaz kombinovana spesfickou imunoterapiou je’'sbny
terapeuticky postup v boji proti MHC I-deficientnymadorom.

Unik nadorovych buniek méze bgprostredkovany tvorbou imunosupresivneho stavu v
ramci mikroprostredia nadoru (Radoja et al., 20R@doja and Frey, 2000). Nadorove
bunky su schopné produkavamunosupresivne faktory a tieto magfalSi vplyv na
funkciu imunitného systému (Chambers et al., 20&8).to napriklad imunosupresivne
faktory ako vaskularny endotelialny rastovy faktgEGF), transformujici rastovy faktor
(TGF9), galectin alebo indolamin 2,3-dioxygenaza (ID@gely et al., 2011). Reguliae
T-lymfocyty a myeloidné supresorové bunky su dvavhé imunosupresivne populacie

buniek, ktoré maju vyznamnu uGlohu v inhibicii oatmaj protinadorovej odpovede

9



(Schreiber et al., 2011). Nadorom indukovana imupossia patri medzi kritické
mechanizmy, akymi nadory unikaju imunitnému thodu. Vd'alSej ¢asti prace sme sa
preto zaoberali monitorovanim imunosupresivnel@nkii mikroprostredia nadorov.
Myeloidné supresorové bunky maju tiez vyznamnu ulehiniku nadorovych buniek
imunitnému systému a Ui prispievaju k nadorom indukovanej imunosupreBiblo
popisané, Ze MDSC indukuju poruchy T buniek cezdpkoiu napriklad TGH,
reaktivnych foriem kyslika (ROS), oxidu dusnatéiNOJj a najma arginazy 1 (Arg-1)
(Kusmartsev and Gabrilovich, 2006). Arg-1 je markaunosupresivneho prostredia a
hlavhym producentom Arg-1 si MDSC. Touto zvySenogoresiou Arg-1 indukuju
anergiu T-buniek depléciou L-arginindp naruSa proliferdciu T buniek a produkciu
cytokinov (Rodriguez et al., 2007). Inhibicia Arg¥ibZe znovu obnowispravnu funkciu
T buniek a indukowua protinadorovu odpowe (Rodriguez et al., 2004). V predkladanej
praci sme sledovali podrobne mechanizmus akumulsiisC po chemoterapii s CY
(Uloha prozéapalovych cytokinov) a nasledne ideaife’ mozna imunoterapiu s diem
zoslabf indukovant imunosupresiu. Ulohou bolo porain&éenotyp a funkciu
akumulovanych MDSC v slezine po terapii s CY (CY-BID) s tymi, kde s MDSC
akumulované p&as rastu nadoru TC-1 (TU-MDSC) a s tymi MDSC, ktesé
akumulované pgas rastu nadoru TC-1 a nadory boli oSetrené ¢6Yodporuje ichfalSiu
akumulaciu v slezine (CYTU-MDSC). Aj napriek tomig CY-MDSC a aj TU-MDSC
podporuju rast nadorov TC-ih vivo, ich fenotyp sa odliSoval. CY-MDSC populacia
obsahovala vysSie percento monocytarnej populatéoaskuténos’ bola asociovana s
nizSou expresiou imunosupresivnych génov a niziquresiou proliferacie T-buniek.
Mézeme teda tvrdi Ze MDSC akumulované po podani CY vykazuju viacooytarny
fenotyp ako MDSC akumulované rasticim nadorom T&Kel’ porovhame ich fenotyp
s ich niZzSiou expresiou imunosupresivnych génokazyju CY-MDSC menSie supresivne
vlastnosti. Fenotyp a funkcia CYTU-MDSC populacadi lmedzi populaciami CY-MDSC
a TU-MDSC. Dal3ou ulohou bolo zisti G¢inok terapie s induktorom diferenciacie
kyselinou ATRA alebo s cytokinom IL-12 na MDSC akulované po liebe s CY (CY-
MDSC). ATRA mala dinok na diferenciaciu MDSC a inhibovala MDSC akuouané po
terapii s CY. Zistili sme teda rozdiely medzi CY-BO a TU-MDSC a podporili sme
vyuZzitie kyseliny ATRA alebo cytokinu IL-12 pre w@wenie akumulacie MDSC po
chemoterapii CY. Takato modulacia MDSC kyselinolR®alebo cytokinom IL-12 pi@s
chemoterapie nadorov méze zwuyJrotinadorovy efekt daného chemoterapeutického

agensu. DalSie pokusy zaoberajice sa MDSC priniesli nové natkg o
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imunomodul&nych vlastnostiach inhibitora DNA metyltransferé&aZacytidinu. 8ubny
antagonista akumulacie MDSC, chemoterapeutitkddlo 5-azacytidin, bol UspeSne
pouzity v terapeutickych experimentoch pri kombiaoe] chemoterapii a imunoterapii.
NasSe vysledky naziaju, Ze 5-azacytidin okrem priameho protinadorovetfektu,
znizuje percento MDSC akumulovanych v mikroprostneédoru a slezine pas rastu
nadoru a chemoterapie s cyklofosfamidom. Této skut®@ mdZze by prospesna pre
vysledok danej chemoterapie. Percento MDSC v mikstpedi nadoru a v slezinach mysi
s nadorom TRAMP-C2 a TC-1/A9 oSetrenych 5-azaaytini kleslo. Zmeny boli
asociované s nizSou expresiou Arg-1 v mikroprostmedddoru a slezinach. OSetrenie
nadorov CY zaptinilo d’alSiu akumulaciu MDSC v mikroprostredi nadoru aisie. Tato
akumulacia bola inhibovana oSetrenim 5-azacytidin&immbinacia CY a 5-azacytidin
viedla ku zvySenej inhibicii rastu nadoru.

V d’alSej casti prace sme sa venovali deplécii regoyah T-lymfocytov pomocou
protilatky anti-CD25 mAb PC61 a jej moznému pridawviu efektu na imunoterapiu
nadorov, ktorda zacfeje NKT bunky po ich aktivacii pomocou ligandu-GalCer.
Sledovali sme efekt protilatky anti-CD25 mAb PC6h n-galaktosylceramidom
sprostredkovanu aktivaciu iNKT buniek a tiefiininog” kombinacie protilatky PC61 @
GalCer proti nAdorom TC-1. Aby sme podrobne prestilaiekt deplécie regutaych T-
lymfocytov pomocou protilatky anti-CD25 mAb na aléciu iNKT buniek, aktivaciu
INKT buniek sme sledovali v transgénnom modeli mi&EREG, v ktorych depléciu
FoxP3+ regulénych T-lymfocytov dosiahneme pomocou podania diphightoxinu. Tento
systém dovtuje Specifickej deplécii regutaych T-lymfocytov (Lahl et al., 2007). Pri
porovnani vysledkov ziskanych pracou s mySami DERBgsledkami ziskanymi pracou
s protilatkou PC61, ktorou sme oSetrili Standardyy mysi, sme mohli vidie efekt
Specifickej deplécie Treg na aktivaciu NKT buniek dalSich efektov protilatky PC61.
CD25 je mozné detekovana povrchu aktivovanych mySacich’@dskych NKT buniek
(Kim et al., 2006; Bessoles et al., 2008) a CD25igé antigénom pre protilatku PC61.
Protilatka PC61 rusi aktivaciu NKT buniek a inhibugh proliferaciu a produkciu IFN-
aktivovanymi NKT bunkami. NaSe data limituju pougiprotilatky anti-CD25 v Stadiach

zameranych na interakciu regétgch T-lymfocytov s efektorovymi bunkami.

V nasej praci sme priniesli nové informacie o zmeretylatného statusu promaotorovych
oblasti génov antigén prezentujucej masinétiakom IFN-y. Sttasné poznatky v danej

problematike sme obohatili o data, ktoré n&mpa Ze IFNy mdZe pinf Ulohu
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epigenetického agensu a navodzuje demetylaciu DN#ohych génov, s dbérazom
kladenym najmd& na gény antigén-prezentujicej masinéDNA demetylacia
sprostredkovana IFN-je zavisla na signalizacii cez JAK/STAT drahudigamickejSia
v porovnani s demetylaciou DNA indukovanou pomottubitora DNA metyltransferaz
5-azacytidinom a v neposlednom rade je asociovam@etylaciou histonu H3 v oblasti
prométorov génov antigén-prezentujucej masinérimdnotili sme efekt inhibitora DNA
metyltransferaz 5-azacytidinu na MHC | deficientméozitivne nadory. Optimalizovali
sme terapeuticky protokol zaloZzeny na kombinaciunterapie s inhibitorom DNA
metyltransferdz. Podporili sme vyuzitie induktorderencidcie, kyseliny ATRA alebo
imunostimul&ného cytokinu IL-12 pre upravenie akumulacie MDSC:pemoterapii CY.
Takato modulacia MDSC kyselinou ATRA alebo cytokindL-12 paias chemoterapie
nadorov moéze zvysiprotinadorovy efekt daného chemoterapeutickehansageNase
vysledky d’alej naznduju, Ze aj 5-azacytidin zniZzuje percento MDSC aklowanych v
mikroprostredi nddoru a slezinegps rastu nadoru a chemoterapie s cyklofosfamidom.
Tato skuténog’ méze by prospesna pre vysledok danej chemoterapidZKechemo- a
imunoterapia méze induko¥aegativne regulatory imunitného systému (Tregigom
ustanow vhodnu terapiu, ktora by kombinovala cle s oSetrenim s anti-
imunosupresivnym efektom, ako napriklad deplécieguig@nych T-lymfocytov. Aj
napriek tomu, Ze pouzitie protilatky proti CD2Xinregula&né T-lymfocyty, pozorovali
sme priamy dinok na populaciu efektorovych buniek (NKT bunkiase data limituja
pouzitie protilatky anti-CD25 v Studidch zameranyoh interakciu regutmych T-
lymfocytov s efektorovymi bunkami a su délezité pmimalizaciu kombinovanej terapie

zahmujucej eliminaciu regukanych T-lymfocytov.
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Zaver

Celkovo vysledky projektu, ktoré boli zahrnuté dregkladanej dizertae) prace su
dolezité pre lepSie pochopenie mechanizmov, ktoryégiorové bunky unikaju Specifickej
imunite a pre optimalizaciu kombinovanych chemo+ioierapeutickych stratégii
berucich ofiad na status MHC | na neoplaziach. DokumentujeraepSetrenie MHC |
deficientnych nadorov IFN-indukuje demetylaciu DNA promotorovych oblasti geén
dblezitych pre prezentaciu antigénu a tiez pouatgenetickych modifikatorov méze
obnovt’ expresiu MHC | a tak mézu zvidlteit’ nadory pre imunitny systém. NaSe data
poskytuju informacie o chemoterapii pomocou diferainych ligtiv, prednostne pre
pouzitie v kombinacii g'alSimi lieéivami pre dosiahnutie nizkeho imunosupresivneho
rozsahu mikroprostredia nadoru. Data poskytuji #@@kae mimo znamych diev
epigenetickych agensov alebo imunoregujeh protilatok, dalSie neSpecifické alebo
nepriame aktivity musia byzvazené pias terapie. Z vysledkov vyplyva:

1. IFN-y m6Ze pIni Ulohu epigenetického agensu, ktory zvySuje exprggnov
potrebnych pre prezentaciu antigénu cez DNA deraeityl

2. Aplikacia epigenetickych agensov sensitizovala MHGeficientné nadory k
imunoterapii CpG ODN alebo IL-12 produkujucou buwéo vakcinou,
imunoterapeuticky efekt bol agpéiastane sprostredkovany CD8+ bunkami.

3. Wuzitie kyseliny ATRA alebo IL-12 pre dosiahnutienien v akumulacii MDSC
po chemoterapii s CY s dérazom kladenym na preuitézigh protinadorového
efektu.

4. Epigeneticky modifikator 5AC je 'sbnym cytostatickym agensom, ktory
ovplyviiuje MDSC akumulujlce sa pas rastu nddorov alebo pridiee nadorov s
CY a b5HAC je schopny redukowapercento MDSC akumulovanych v
mikroprostredi nadoru a slezinegas rastu nadoru a chemoterapie s CY.

5. Podanie protilatky proti CD25 (PC61) pouzivanej peplécii Treg narusilo
aktivaciu NKT buniek.
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Introduction

Epigenetic changes, such as aberrant DNA methglatigay important roles in
carcinogenesis (Jones and Baylin, 2007; Estel®8Pand importantly in the tumour cell
escape from anti-tumour immune responses (Sigadotl., 2005; Tomasi et al., 2006).
MHC class | downregulation on tumour cells représenfrequent mechanism by which
tumour cells can escape from anti-tumour specificnunity (Garrido et al., 1997;
Bubenik, 2003; Reini§, 2010; Seliger, 2012). Thelemwar defects responsible for
impaired expression on the tumour cell surface lsaneither irreversible (“hard”) or
reversible (“soft”) (Garrido et al., 2010). Thetéat can be associated with coordinated
silencing of antigen-presenting machinery (APM) egein tumour cells (Seliger et al.,
2000; Garcia-Lora et al., 2003) and the expressfdhese genes can be restored by #FN-
(Gabathuler et al., 1994; Seliger et al., 200d)yinhibitors of DNA methyltransferases
(Manning et al., 2008). The changes in DNA methgfatupon activation of the IFN-
signalling pathway have not been studied so faseBaon the fact that a set of the APM
genes is upregulated by both IFNand DNA methyltransferase inhibitors, we have
hypothesized that IFN-mediated re-activation of silenced APM and sonteogenes is
also associated with their DNA demethylation. Thgeotive of this study was to uncover
the association of DNA methylation with IFNmediated upregulation of genes encoding
the components of APM in MHC class I-deficient maritumour cell lines and to
investigate if IFNy will act as an epigenetic agent upregulating thgression of genes
important for antigen presentation and costimufatibrough demethylation and to
determine the effect of epigenetic modifiers sushnaibitors of DNA methyltransferases
(DNMTIi) or histone deacetylases (HDACI) on expressof the MHC class | molecules
and co-stimulatory molecules on tumour cells, usinganimal model for different MHC

class I-expression status tumours.

Another mechanism by which tumour cells can esdapen immune surveillance is
tumour mediating immunosuppression. Myeloid-derivedppressor cell population
(MDSC) represent one of the key players mediatmgiunosuppression (Gabrilovich et
al., 2007). Recent years have seen a surge inestwdi cancer models and in humans
highlighting the elevated levels of T regulatoryrg@) cells in the tumour and/or in
circulation (Facciabene et al., 2012; Whitesidalet 2012). This often correlates with

poor anti-tumour effector responses, hence comeniumour immunity (Elkord et al.,
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2010; Nishikawa and Sakaguchi, 2010).
The aim of whole work is to describe in detail nesilele mechanisms in the tumour cell
escape from specific immunity and monitoring gewéh immunosuppressive effects in

tumour and immune cells during tumour growth aedtment.
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Aims

The subject of the thesis is experimental immunaiie MHC class | deficient or positive
tumours in the murine model and regulation of &mtour immune response with special

attention paid to the effects of epigenetic agerte. main objectives were following:

1. To uncover the epigenetic mechanisms in f=Mduced upregulation of MHC
class I, costimulatory molecules and interferorutairy factors in tumour cells.

2. To elucidate if IFNy will act as an epigenetic agent upregulating tt@ession of
genes important for antigen presentation and codition through demethylation
and to describe in detail reversible mechanismthetumour cell escape from
specific immunity.

3. To evaluate the therapeutic effects of the DNMTazZacytidine (5AC) against
experimental MHC class | deficient and positive turs.

4. To analyze how epigenetic modifier 5-azacytidinen e¢afluence tumour cell
interactions with the immune system and their geityi to immunotherapy.

5. To spread the subject of monitoring genes with imosuppressive effects in
tumour and immune cells during tumour growth aedtment.

6. To determine the effect of PC61 antibody on Tre@aivated NKT cells, and its
implication for immunotherapy of the experimentaunme model of HPV16-

associated tumours.
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Material and methods

Cell culture
MHC class I-positive cell line TC-1 was obtained inyvitro co-transfection of murine

lung C57BL/6 cells with HPV16 E6/E7 and activatadrtan Ha-ras (G12V) oncogenes
(Lin et al., 1996). The TC-1/A9 (MHC class I-dedt) cell line (Smahel et al., 2003)
was obtained from TC-1 tumours developed in immechimice. The TRAMP-C2 tumour
cell line (ATCC collection) was established frompeostate of a PB-Tag C57BL/6
(TRAMP) mouse (Foster et al., 1997). TC-1/A9 cellsre maintained in RPMI 1640
medium supplemented with 10% FCS, 2 mM L-glutanand antibiotics; the TRAMP-C2
cells in D-MEM medium supplemented with 5% FCS, Skrum IV (5%; BD
Biosciences, Bedford, MA, USA), 0.005 mg/ml bovimsulin (Sigma, St Louis, MO),
dehydroisoandrosterone (DHEA, 10 nM; Sigma) andbantics. Both cell lines were
cultured at 37°C in a humidified atmosphere with 6@2. The RVP3 cell line (Bubenik
et al., 1967) was maintained in RPMI 1640 mediupptemented with 10% FCS, 2 mM
L-glutamine and antibiotics. Cells were culturedresh medium for 24 h, after which the
medium was removed and the cells were grown in amediontaining either rIFN-(50
U/ml, R&D Systems, Minneapolis, USA ) oriM 5AC (Sigma). Except for the kinetic

studies, cells were cultured for 48 h and harvekiednalysis.

Flow cytometry
Cell suspensions were prepared from the cell estuFlow cytometry was performed

using an LSR Il flow cytometer (BD Biosciences, Sase, CA), and 10,000 cells were
counted. Antibodies used, including the relevawotyisic control, were obtained from

Pharmingen, San Diego, CA.

Real-time quantitative RT-PCR
Total RNA was extracted with RNeasy Mini Kit (Qiage The amount of 1 pg of RNA

was reverse transcribed to cDNA using random hekammers from GeneAmp RNA
PCR Core Kit (Applied Biosystems, Foster City, A)a 20uL reaction volume at 42°C
for 30 min. Quantification of PCR products was perfed in 10uL of Lightcycler 480
SYBR Green | Master mix (Roche) using a real-tingRALightcycler (Roche). DNA was
denatured at 95°C for 2 min; then followed 45 cgotdé denaturation at 95°C for 25 s,
annealing at 60°C for 45 s, elongation at 72°Clfanin and incubation at 80°C for 5 s.
cDNAs were amplified with specific primers. Foldaciges in the transcript levels were
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calculated using CT values standardizefl-axtin, used as the endogenous reference gene
control. All samples were run in biological tridies. For statistical analysis of gPCR the
Student’s t-test was used. Differences betweenrgrpatal and control samples with P<
0.05 were considered to be statistically significdme levels of relative gene expression

were presented as fold changes compared to this ewend in control samples.

Bisulfite modification, methylation-specific PCR (BP) and bisulfite
sequencing
Total DNA was extracted with DNeasy Blood & Tissti¢ (Qiagen). Treatment of DNA

with sodium bisulfite and methylation specific PGQRISP) analysis of the specific
promoter regions were performed with Bisulfite Eptt kit (Qiagen, Hilden, Germany)
according to the manufacturer’s protocol. In ortteridentify CpG islands within the
promoter region of the antigen-processing genespP M8alysis was performed with
primers designed with the program METHPRIMER. Thegpam for PCR was as
follows: 95°C for 2 min, then 35 cycles of 95°C #min, 55°C for 2 min, 73°C for 1:30
min. At the end a final extension period of 73°€ 16 min was added. The PCR products
were analysed with gel electrophoresis. For biuequencing, another set of primers
that amplified both methylated and unmethylatedusaqes were designed to directly
determine the nucleotides resistant to bisulfitevession. The program for PCR was as
follows: 95°C for 5 min, then 25 cycles of 95°C &0 s, 58°C for 2 min, 72°C for 1:30
min and then 15 cycles of 95°C for 45 s, 54°C fanif, 72°C of 1:30 min (+2 s every
cycle). At the end, a final extension period of C2for 10 min was added. The PCR
products were cloned using pGEMR-T Easy Vector &gst (Promega). 11 clones for
each of the different DNA sources were sequencegpl{@éd Biosystem, USA) after

thermo-cycle sequencing reaction using the 3.lioeligt.

Chromatin immunoprecipitation assay
Chromatin immunoprecipitation (ChIP) assays werdopmed as described previously

(Lukas et al., 2009) with minor modifications.

Transcriptome analysis
RNA was extracted from biological triplicates wiRNeasy Mini Kit (Qiagen). The

amount of 1 pg of RNA was subjected to the trapsemic analysis, using lllumina
Mouse WG6 bead chips in the Genomic Core Facilitythe Institute of Molecular

Genetics in Prague.
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Results and discussion

Tumour cells have developed pathways to escape ifrorune surveillance and they are
actively immunosupresive. MHC class | downregulation tumour cells represents a
frequent mechanism by which tumour cells can esclpm anti-tumour specific
immunity (Garrido et al., 1997; Bubenik, 2003; R&ir2010; Seliger, 2012). IFN4is a
cytokine with pleiotropic effects on tumour cellghich is also considered as a crucial
mediator of effective anti-tumour immunity displagi direct impacts on tumour cells
(Dunn et al., 2006). The principal aims of our stuweere to determine whether IFNacts
as an epigenetic modifier inducing DNA demethylatand whether the mechanisms by
which IFN-y upregulates the expression of selected genes i€ klass I-deficient tumour
cells and thus modifies their interactions with themune system are associated with
DNA demethylation of the corresponding regulatogngs. Our data demonstrate that
IFN-y-mediated activation of the APM genéAP-1, TAP-2 LMP-2, LMP-7) and MHC
class | expression in tumour cell lines with reitdesMHC class | expression defects was
strongly associated with DNA demethylation of npl#i antigen-presenting machinery
(APM) genes located in the MHC locus. So far, Vétle is known about the involvement
of DNA demethylation in the regulation of multiplgenes mediated by the IFN-
signalling pathway. To our knowledge, there is onlye study showing that IFi-
mediated induction of the indoleamine 2,3-dioxygena(lDO)-1 expression was
associated with DNA demethylation of tHeO-1 gene (Xue et al., 2012). Interestingly,
cytokine-induced DNA demethylation was demonstrateda study in which TGEB-
signalling resulted in active DNA demethylation ap#i3"** tumour suppressor gene
expression (Thillainadesan et al., 2012). Our dathto the story and suggest that H~N-
induced MHC locus chromatin remodelling and histaredifications are associated with
DNA demethylation of multiple regions within thigigomic locus, resulting in multiple
gene expression and increased MHC class | molenuheber on the cell surface. In
addition, our data indicate that JAK/STAT signallitakes place, since an inhibitor of the
JAK kinases significantly blocked both DNA demettidn and induction of the MHC
class | expression on the cell surface.

The data from our kinetic study demonstrated tlet DNA demethylation of the
TAP/LMP gene promoter regions was relatively fast, as ima€3NA demethylation was

seen 6 h after the IFN-treatments. For comparison, maximum levels of DNA
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demethylation in the cells treated with DNMTi initdy 5AC were observed 24 after the
treatment. This fast kinetics suggests that theedleylation process was active and not
dependent on DNA replication, unlike 5AC-mediatesne@thylation, which requires drug
incorporation into DNA and blocks methylation of sesent DNA chains due to
methyltransferases inhibition (Creusot et al., 98& demonstrated strong association of
the DNA demethylation with increased histone aegiyh. Collectively, this study
documents that IFN-can act as an epigenetic modifier and induce DEWethylation of

a number of genes, especially those involved ilgantprocessing and presentation.
Epigenetic mechanisms have important roles in timmotr escape from immune
responses, such as in MHC class | downregulatioraltared expression of other
components involved in antigen presentation. Chbarapy with DNA methyltransferase
inhibitors (DNMTi) can thus influence the tumourlicmteractions with the immune
system and their sensitivity to immunotherapy. DNMSuch as 5AC, display a strong
potential to be used as anti-tumour chemoterapeuticey increase immunogenicity of
tumour cells, as well as their sensitivity to thgotoxic cells and they are attractive
candidates for combination chemoimmunotherapy. \eehdemonstrated 5AC additive
effects against MHC class | positive and defici¢ntmours when combined with
unmethylated CpG oligodeoxynucleotides (CpG ODNwdh IL-12-producing cellular
vaccine. Increased cell surface expression of MK&scl cell molecules, associated with
upregulation of the antigen-presenting machinerated genes, as well as of genes
encoding selected components of the iBlgnalling pathway in tumours explanted from
5AC-treated animals, were observed. This was assutiwith DNA demethylation of
promoter regions of specific antigen-presenting mrary genes in tumours explanted
from 5AC-treated animals. Our data document thagnabtherapy of MHC class |
deficient tumours with DNMTi combined with non-sgec immunotherapy is a
promising therapeutic setting against MHC classficient tumours.

Tumour cell escape may result from the establishnoéran immunosuppressive state
within the tumour microenvironment (Radoja et 2000; Radoja and Frey, 2000). There
is ample evidence that tumour cells produce immuppessive factors, and this has been
verified to have local as well as systemic effemtsimmune function (Chambers et al.,
2003). Tumour cells can promote the developmentswéh a state by producing
immunosuppressive cytokines such as vascular eelimthgrowth factor (VEGF),
transforming growth factof-(TGF{), galectin, or indoleamine 2,3-dioxygenase (IDO)
(Vesely et al., 2011). Regulatory T cells (Tredg)ehnd myeloid-derived suppressor cells
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(MDSCs) are two major types of immunosuppressiukdeyte populations that play key
roles in inhibiting host-protective anti-tumour pesses (Schreiber et al., 2011). Tumour-
induced immunosuppression belongs to the criticadhmanisms of the tumour escape from
immune response. In the next part of our work vezdfore focused on monitoring of the
immunosuppressive effects of the tumour microemvitent. Myeoloid-derived
suppressor cells (MDSC) play an important role umaur escape from anti-tumour
immunity. MDSCs represent one of the key playersliatang immunosuppression and
have been linked to the induction of T-cell dysfumt through production of TGB;
reactive oxygen species (ROS), nitric oxide (NQ)d aspecially arginase 1 (Arg-1)
(Kusmartsev and Gabrilovich, 2006). Both granulmcgnd monocytic MDSCs express
high levels of Arg-1 and thereby, induce T cell rggyeby depleting L-arginine, which
impairs T cell proliferation and cytokine producti(Rodriguez et al., 2007). Inhibition of
Arg-1 restores T cell function in vitro and inducas anti-tumour response in Vvivo
(Rodriguez et al.,, 2004). Our aim was to uncovex #o far unknown mechanisms
underlying the expansion of myeloid-derived supgoes cells (MDSC) after
cyclophosphamide (CY) chemotherapy (role of praiminatory cytokines) and the
second objective resulting from the previous padrttlos section of work was to
characterize the phenotype and function of thedls ead to identify antagonists that
could be used for concurrent immunotherapy with #@iem to attenuate induced
immunosuppression. Spleen MDSC accumulating aftérti@zrapy (CY-MDSC) were
compared with those expanded in mice bearing hupagpiloma viruses 16-associated
TC-1 carcinoma (TU-MDSC). Although both CY-MDSC afid)-MDSC accelerated
growth of TC-1 tumours in vivo, their phenotype amdmunosuppressive function
differed. CY-MDSC consisted of higher percentageamainocyte-like subpopulation and
this was accompanied by lower relative expressibnmmunosuppressive genes and
lower suppression of T-cell proliferation. To minie clinically relevant setting, a group
of mice bearing TC-1 tumours treated with CY (CYMBDSC) was also included to this
comparison. The phenotypic and functional analysisthe CYTU-MDSC group
documents that these cells resemble a mixture cMD®C and TU-MDSC, as their
phenotype and function can be, in most experimghsed between those of CY-MDSC
and TU-MDSC. The susceptibility of CY-MDSC to al&hs-retinoic acid (ATRA) was
also evaluated. In vitro cultivation with ATRA rdgd in MDSC differentiation, and
ATRA inhibited MDSC accumulation induced by CY adsiration. Our findings
identified differences between CY-MDSC and TU-MD8&/d supported the rationale for
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utilization of ATRA or IL-12 to alter MDSC accumuian after CY chemotherapy with the
aim to improve its anti-tumour effect. CY-inducedD®C could be a suitable target for
immunotherapeutic approaches and that the modnlatfiaMDSC (either with ATRA or
IL-12) during chemotherapy of tumours can enhaheeanti-tumour effect of the applied
chemotherapeutic agent. Next, we examined, usiogdiferent murine tumour models,
the modulatory effects of 5AC on TU-MDSC and CY-MDSumour growth and CY
therapy. Indeed, the percentage of MDSCs in the@tummicroenvironment and spleens of
5AC-treated mice bearing TRAMP-C2 or TC-1/A9 tun®uwvas found decreased. The
changes in the MDSC percentage were accompanied dgcrease in the Arg-1 gene
expression, both in the tumour microenvironment apteens. CY treatment of the
tumours resulted in additional MDSC accumulatiorithe tumour microenvironment and
spleens. This accumulation was subsequently irgdlity 5AC treatment. A combination
of CY with 5AC led to the highest tumour growth iimition. Our results indicate that the
epigenetic modifier 5AC is a promising cytostayeat that affects MDSCs, accumulating
in growing tumours or in tumours treated with CYAG can redue the percentage of
MDSCs accumulating in the tumour microenvironmerd apleens during tumour growth
and CY chemotherapy. This could be beneficial ierautcome of cancer chemotherapy.
In another experimental part, we focused on depiedf Treg by anti-CD25 mAb and its
possible additive effect on tumour immunotherapetargeting NKT cells by application
of their activation ligandi-GalCer. We tried to determine in detail if anti-Z®antibody
(PC61) interferes with the NKT cell stimulation. Wesed DEREG mice expressing
diphtheria toxin receptor under the FoxP3 promotéis system allows specific Treg
depletion (Lahl et al., 2007). By comparison ofutes obtained in DEREG mice to the
results from the PC61 antibody-treated wild typeenive could distinguish the specific
effects of Treg depletion from further effects @1 mAb. CD25 is possible to detect on
the surface of activated mouse and human NKT ¢Kilm et al., 2006; Bessoles et al.,
2008) and CD25 is antigen recognized by PC61 mAGIPmADb abrogated activation of
NKT cells, and inhibited their proliferation andNFy production by activated NKT cells.
These data clearly demonstrate that anti-CD25 nr&htrnent targeting Treg can be

controversial and its efficacy is dependent onpiisicular treatment setting.

Taken together, our results add to the story amgjest that IFN-induced MHC locus
chromatin remodelling and histone modifications @associated with DNA demethylation

of multiple regions within this genomic locus, rigwgy in multiple gene expression and
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increased MHC class | molecule number on the cefase. In addition, our data indicate
that IFNy-mediated DNA demethylation was dependent on thE/3AAT signalling,
relatively fast in comparison with demethylationdilced by DNA methyltransferase
inhibitor 5-azacytidine, and associated with insezh histone H3 acetylation in the
promoter regions of APM genes. We evaluated thecefof DNA methyltransferase
inhibitor 5-azacytidine on MHC class | deficientdgpositive tumours. We have optimized
therapeutic protocol based on a combination of imotiierapy with an inhibitor of DNA
methyltransferases. We supported the rationalautitization of ATRA or IL-12 to alter
MDSC accumulation after CY chemotherapy with then @ improve its anti-tumour
effect. Our results indicate that the epigenetiadifrer 5AC is a promising cytostatic
agent that affects MDSCs, accumulating in growimgnd@urs or in tumours treated with
CY. 5AC can reduce the percentage of MDSCs accuimglain the tumour
microenvironment and spleens during tumour growtth &Y chemotherapy. This could
be beneficial for the outcome of cancer chemother§pce chemo- or immunotherapy
can induce negative regulators of the immune resg®IiTreg), the therapeutic efficacy
could be increased by combining the treatment aithi-immunosuppressive treatments
such as depletion of Treg. Although using mAb tangeCD25 can deplete Treg, direct
effects on effector cell populations (NKT cells)veabeen observed. Our data document
the limitations of the use of anti-CD25 antibodies the studies focused on Treg

interactions with effector cells.

23



Conclusion

Results obtained from the projects involved in tilissertation are important for better
understanding of mechanisms by which tumour cells €scape from specific immunity
and for optimization of immunotherapeutic strategieat take into the account the MHC
class | status of neoplasia. We documented thatréament of MHC class | deficient
tumour by IFNy induce DNA demethylation of promoter regions ohge important for
antigen presentation and the treatment of MHC cladsficient tumour by epigenetic
modifiers sensitized neoplasia to the immunother@ay data provide knowledge about
differentiation cancer chemotherapies, especialtyuse in combination with other drugs
to achieve lower immunosuppressive function of tummicroenvironment. Our data
provide evidence that besides the known targegpfenetic agents or immunoregulatory
antibodies other unspecific or indirect activit&®uld be considered during the therapy.

Our findings suggest that:

1. IFN-y can act as an epigenetic modifier and induce DNfnethylation of a
number of genes, especially those involved in antigrocessing and presentation.

2. The treatment of MHC class | deficient tumours wefiigenetic agents sensitized
neoplasia towards the immunotherapy by CpG ODNLet2 producing cellular
vaccine, immunotherapeutic effect was at leasiggrinediated by CD8+ cells.

3. Utilization of ATRA or IL-12 to alter MDSC accumulan after CY chemotherapy
with the aim to improve its anti-tumour effect.

4. The epigenetic modifier 5AC is a promising cytastatgent that affects MDSCs,
accumulating in growing tumours or in tumours teglatvith CY and 5AC can
redue the percentage of MDSCs accumulating in tineotir microenvironment
and spleens during tumour growth and CY chemotlyerap

5. Application of anti-CD25 mAb (PC61) used for depatof Treg impaired NKT

cell activation.
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