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ABSTRAKT

Karcinom ovaria patii mezi gynekologické malignity s nejhorsi prognozou, kterd vyplyva z pozdni
diagnézy onemocnéni a omezenych terapeutickych moznosti. Pies nesporny pokrok v chirurgické
a chemoterapeutické 1€cb¢ je mortalita tohoto nadorového onemocnéni stalé vysoka. Z tohoto
divodu se tada preklinickych i klinickych studii zabyva identifikaci novych 1é¢ebnych postupi
véetné imunoterapie a charakterizaci novych prognostickych a prediktivnich ukazatelti, které by
pomohly ur¢it vyvoj klinického stavu pacientek ¢i jejich odpovéd’ na 1écbu. Cilem této prace byla
charakterizace imunitniho infiltrdtu nadorového mikroprostiedi (TME, zangl. tumor
microenvironment) high-grade serdézniho karcinomu ovaria (HGSC, z angl. high-grade serous
carcinoma) a stanoveni jeho ptfipadné prognostické role v Ié¢bé pacientek. Z naSich vysledki
vyplyva, Ze ptitomnost aktivovanych DC-LAMP" dendritickych bunék v TME je asociovano
s indukci protinddorové Thl (z angl. T helper type 1) imunitni odpovédi s vyznamnou
cytotoxickou aktivitou CD8" T lymfocyth (CTL, z angl. cytotoxic T lymphocyte). Vysledna
efektorova aktivita ptfitomnych CTL neni oproti o¢ekdvani blokovana ptitomnosti inhibi¢nich
molekul PD-L1 (z angl. programmed death-ligand 1), PD-1 (z angl. programmed cell death 1),
CTLA-4 (z angl. cytotoxic T-lymphocyte-associated protein 4) a LAG-3 (z angl. lymphocyte-
activation gene 3), jak vyplyva z celogenomového sekvenovani a imunohistochemické analyzy na
rozsahlém souboru pacientek, ale je disledkem vysSiho zastoupeni molekuly TIM-3 (z angl. T cell
immunoglobulin and mucin-domain containing-3). Molekula TIM-3 ptedstavuje negativni
prognosticky ukazatel asociovany s inhibici protinddorové imunitni odpovédi u pacientek
s HGSC. Soucasn¢ znaSich vysledki vyplyva, ze vyslednd aktivace protinadorové imunitni
odpovédi v TME je zasadnim zpisobem ovlivnéna pfitomnosti molekul asociovanych
s nebezpec¢im (DAMP, angl. danger associated molecular patterns). Konkrétn¢ jsme ukézali, ze
vysSi zastoupeni kalretikulinu, kli¢ové DAMP molekuly, v nadorové tkani pacientek koreluje
s vy$$i efektorovou aktivitou protinddorové imunitni odpovédi a s lepSi progndézou pacientek
s HGSC Tyto vysledky napoméhaji hlubSimu porozuméni role imunitniho systému v TME
u HGSC pacientek a identifikuji mozné prognostické ukazatele v 1é€b& tohoto zavazného

onemocnéni.

Kli¢ova slova:

Karcinom ovaria, prognostické a prediktivni ukazatele (biomarkery), imunitni systém,

kalretikulin, kontrolni body imunitnich reakci, imunoterapie.



ABSTRACT

Ovarian cancer belongs to the gynecological malignancies with the worst prognosis, mainly due
to the late diagnosis of this disease and limited therapeutic options for patients. Despite the
undeniable progress in surgical and chemotherapy treatment, the mortality of this disease is still
rather high. For this reason, several preclinical and clinical studies have been involved in
identification of new treatment strategies (including immunotherapy) and characterization of new
prognostic and predictive biomarkers to help determine the development of the clinical condition
of patients or their response to treatment. The aim of this thesis was to better understand the role
of the immune system in the tumor microenvironment (TME) of high-grade serous ovarian cancer
(HGSC) and its possible prognostic role in the treatment of patients. Our results show that the
presence of activated DC-LAMP" dendritic cells in the TME is associated with the induction of
anti-tumor T helper type 1 response (Thl) and cytotoxic response. Surprisingly, the resulting
effector activity of the cytotoxic T lymphocytes (CTLs) is not inhibited by the presence of
programmed death-ligand 1 (PD-L1), programmed cell death (PD-1), cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) and lymphocyte-activation gene 3 (LAG-3), as determined by
genomic sequencing and immunohistochemical analysis in a large cohort of patients, but rather it
is the result of a higher presence of the T-cell immunoglobulin and mucin-domain containing-3
(TIM-3) molecule on CTLs. Our results clearly indicate that TIM-3 can serve as a negative
prognostic biomarker associated with inhibition of anticancer immune response in HGSC patients.
Our findings also show that the resulting activation of an antitumor immune response in TME is
significantly influenced by the presence of danger associated molecular patterns (DAMPs). The
high expression of calreticulin (CRT), the key molecule of DAMPs, in TME of patients correlates
with higher effector activity of antitumor immune response and shows better prognosis of patients
with HGSC. These results help to further understand the role of the immune system in the HGSC

TME and identify possible prognostic biomarkers in the treatment of this serious disease.
Key words:

Ovarian carcinoma, prognostic and predictive biomarkers, immune system, calreticulin, immune

checkpoint, immunotherapy.
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1 Uvod

Ovariélni karcinom je kazdoro¢n¢ diagnostikovan u téméf Ctvrt milionu Zen na svété.
Predstavuje tak osmy nejcastéjsi typ maligniho onemocnéni a sedmou nejcastéjsi pricinu amrti
u zen z divodu nadorového onemocnéni (Webb and Jordan, 2017). Soucasné 1é¢ebné postupy
zahrnuji zejména chirurgickou cytoredukci nasledovanou chemoterapii zalozenou
na kombinaci platiny a taxanovych derivati. Nicméné i pii pocatecni dobré odpovédi na 1écbu
dochazi u vétsiny pacientek k relapsu onemocnéni, rozvoji rezistence na chemoterapii a umrti
do 5 let od zahgjeni lécby. Tato skuteCnost vede ke snaze nalézt nové diagnostické
a terapeutické prostfedky, které¢ by umoznily zlepSeni progndzy tohoto onemocnéni (Kossai et

al., 2018).

Imunoterapeutickd 1écba zaznamenala v uplynulych letech vyznamny Gspéch v terapii
urcitych malignich onemocnéni. Nékteré z téchto pfistupti jsou také predmétem testovani
unadorii ovaria. Zejména se jedna o imunoterapii zaloZenou na aplikaci autolognich
dendritickych bunék (DC, z angl. dendritic cell) modifikovanych ex vivo v laboratornich
podminkach a protilatkach proti kontrolnim bodim imunitnich reakci. Vyznamnou
celospolecenskou otazkou vSak zlistava identifikace skupiny pacientt, pro které by tato 1écba
byla pifinosnd. To je mozno stanovit pomoci vhodnych prognostickych a prediktivnich

ukazatelu.

Jednim  z nejvyznamnéjSich  biochemickych ukazateli prognozy pacientek
s karcinomem ovaria je nadorovy antigen 125 (CA125, z angl. ovarian carcinoma antigen 125)
(Huang et al., 2010). Zvysené¢ hodnoty CA125 v séru vSak mohou doprovazet také jina
onemocnéni, napt. karcinomy epitelidlniho ptivodu, endometriozu, myomatdézni délohu,
zanétlivy adnextumor, jaterni cirhdzu, pankreatitidu a peritonitidu. Z tohoto divodu se
soucasné preklinické studie s vyuZzitim pokroku v molekularni biologii, genomice a proteomice
zamétuji na identifikaci zcela novych prognostickych a prediktivnich ukazateld. Patii mezi né
zejména parametry definujici sloZzeni imunitniho infiltratu a funkéni kapacitu imunitnich bunék
nachdazejicich se v nddorovém mikroprostiedi (TME, z angl. tumor microenvironment). Déle se
pak jednd o molekuly vystavované ¢i produkované malignimi butikami, a to prevazn€ molekuly

ze skupiny DAMP (z angl. danger associated molecular patttern).

V prvni ¢asti této dizertacni prace budou shrnuty poznatky o roli imunitniho systému

a molekul asociovanych s bunéénym poskozenim (DAMP) v evoluci nadorového onemocnéni.



Poté bude pozornost vénovana soucasnym imunoterapeutickym piistupim vyuzivanym pfi
lécbe karcinomu ovaria s charakterizaci moznych prognostickych a prediktivnich ukazatelt
asociovanych s imunitnim infiltratem a molekulami DAMP. Druhou ¢ést této dizertacni prace

tvoti soubor pivodnich publikaci, které pitimo souvisi s touto tématikou.



2 Ovarialni karcinom a souc¢asné moznosti
jeho terapie

Ovarialni karcinom predstavuje 15 % vSech zhoubnych nadord u Zen a je spojovan s velice
$patnou prognézou (Holschneider and Berek, 2000). V roce 2016 byla v Ceské republice
mortalita tohoto onemocnéni 11,69 na 100 000 zen (UZIS, 2016). Mezi rizikové faktory
onemocnéni patii dédinost, zejména mutace v genech BRCAI (z angl. breast cancer 1)
a BRCA?2 (z angl. breast cancer 2), v€k, obezita a pozdni menopauza (Holschneider and Berek,
2000).

Z hlediska histologie patfi karcinom ovaria mezi heterogenni onemocnéni vznikajici
bud’ z epitelu ovaria (ser6zni, mucindzni, endometroidni, ze svétlych bungk), z germindlnich
bunék nebo z bun€k ovarialniho stromatu (Banerjee and Kaye, 2013; Holschneider and Berek,
2000). Ovarialni nddory epitelidlniho ptivodu ptedstavuji az 90 % vSech ptipadi, nejcastéjSim
subtypem je serdzni karcinom. Kazdy histologicky subtyp je definovan urcitym klinickym
chovanim (odpovédi na chemoterapii, schopnosti metastazovat a prognézou onemocnéni)
a konkrétnim souborem mutaci (Banerjee and Kaye, 2013). Histologické subtypy ovarialniho

karcinomu jsou shrnuty na Obr. 1.

Karcinom ovaria
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Obr. 1. Piehled histologickych subtypit karcinomu ovaria a s nimi asociovanych mutaci.
Karcinom ovaria miize byt epitelialniho nebo neepitelialniho piivodu. Pod jednotlivymi
histologickymi subtypy jsou uvedené nejcastéjsi asociované mutace, popripade molekuldarni
aberace. Seznam zkratek: TP53 (z angl. tumor protein p53), BRCAI (z angl. breast cancer 1),
BRCA?2 (z angl. breast cancer 2), NF'1 (z angl. neurofibromin 1), RB1 (z angl. retinoblastoma),



HER? (z angl. human epidermal growth factor receptor 2), ARID1A (z angl. AT-rich interaction
domain-containing protein 14), PIK3CA (z angl. phosphatidylinositol 3-kinase, catalytic,
alpha), PTEN (z angl. phosphatase and tensin homolog), CTNNBI (z angl. catenin, beta-1),
PPP2RIA (z angl. protein phosphatase 2, structural/regulatory subunit alpha), MMR (z angl.
mismatch repair). Prevzato a upraveno z (Banerjee and Kaye, 2013).

V soucasné¢ dobé je jako lécebny postup preferovan operaéni vykon se snahou
o maximalni odstranéni nddorového loziska s ponechdnim zddného nebo jen zcela minimalniho
operacniho rezidua. VétSina pacientek po primarni cytoredukeni 16€bé podstupuje chemoterapii
zalozenou na kombinaci taxanti s platinovymi derivaty. Asi 30 % pacientek je v dobé diagnozy
neoperabilnich. U téchto pacientek je primarné podavana neoadjuvantni chemoterapie zalozena
na platinovém preparatu a nasledné, pti dobré odpovedi na tuto 1€€bu, je prikroceno k operaci.
Nicméné u vice nez 50 % pacientek s kompletni odpovédi na 1é¢bu dochdzi k recidivé
onemocnéni, zkraceni doby do dosazeni relapsu a umrti do 5 let od diagnézy onemocnéni
(Kossai et al., 2018; Vlasak et al., 2018).

Tyto skute¢nosti vedou k hledani novych 1é¢ebnych a diagnostickych postupti, které by
pfispély k prodlouzeni doby do progrese onemocnéni ¢i celkového pieziti pacientek
s ovaridlnim karcinomem. Nejnovejsi 1écebné postupy v 1€cbé karcinomu ovarii zahrnuji
podavani inhibitori angiogeneze, inhibitort poly (ADP-ribézy) polymerazy (PARP, z angl.
poly (ADP-ribose) polymerase) a nékteré¢ imunoterapeutické ptistupy.

Angiogeneze neboli novotvorba krevnich cév, je velice dynamicky a striktné regulovany
proces, ktery je soucasti fady fyziologickych (napft. hojeni ran), ale i patologickych dé&jii (napf.
vznik a vyvoj nadoru). Bylo ukazano, ze vaskularni endotelialni ristovy faktor (VEGF, z angl.
vascular endothelial growth factor), klicovy regulator angiogeneze, hraje zasadni roli také ve
vyvoji a rastu nadorti. Vyssi exprese tohoto faktoru je detekovéana u ovarialnich nadorovych
bun¢k a mira exprese koreluje se stadiem a prognozou nadorového onemocnéni (Cortez et al.,
2018). Z tohoto divodu se nékteré nove lé€ebné postupy zaméiuji na blokaci tohoto faktoru se
snahou omezit krevni zasobeni nadorové tkané¢. VEGF signalizace je cilem nékolika druht
1é¢iv, a to monoklondlni protilatky proti VEGF (bevacizumab), antagonisty receptoru pro
VEGF (aflibercept) nebo inhibitorti signalizanich kinaz tohoto receptoru (cediranib,

pazopanib) (Cortez et al., 2018). Tab. 1 shrnuje vysledky vybranych klinickych studii.



Tab. 1. Blokatory VEGF ve I11. fazi klinického testovani.

Jméno Identifika¢ni kod Pocéet
Léciva studie ucastniki Vysledek Reference
. Prodlouzeni PFS, | (Vergote et al.,
Pazopanib NCT00866697 940 bez efektu na OS 2019)
NCT01239732 1021 Prodlouzeni PFS | (Oza et al., 2017)
. (Bamias et al.,
NCT00976911 361 Pmdlo‘lﬁZFeSm OS2 1017 Roncolato
Bevacizumab et al > 2(_)17)
NCT00434642 484 Bez efektuna O | (Aghajanian et
al., 2015)
NCT00262847 1873 | Prodlouzeni PFS (ESka;gfg)e’ al,

Seznam zkratek: OS (z angl. overall survival), PFS (z angl. progression free survival). Zdroj:
https.//clinicaltrials.gov (k datu prosinec 2019).

Proteiny rodiny PARP (zejména PARP1) hraji vyznamnou roli v opravé
jednovldknovych zlomi DNA (z angl. deoxyribonucleic acid) mechanizmem nahrazovani
jednotlivych bazi (z angl. base excision rapair). Inhibice PARP tudiz vede k nahromadéni
jednovldknovych zlomii DNA a nasledné, kviili kolapsu replika¢ni vidlice, 1 ke kumulaci
dvouvlaknovych zlomi DNA. Tyto zlomy ale mohou byt opraveny jesté dal§Sim mechanizmem,
a to homologni rekombinaci. Procesu homologni rekombinace se ucastni proteiny kédované
geny BRCAI a BRCA2. Homologni rekombinace mtize byt vyfazena v disledku mutace téchto
gent, kterda muze byt bud germindlni (respektive zarodecna, dédicnd) nebo somaticka
(v samotnych nadorovych bunkach) (Bryant et al., 2005; Dockery et al., 2017). Mutace
v genech ucastnicich se oprav DNA navic obecné zvysSuje citlivost k nékterym typim
cytotoxickych latek. Pouziti PARP inhibitor pro 1écbu pacientek s nadory prsu nebo ovarii
s mutaci v genech BRCA1 a BRCA? je tedy zaloZeno na dvou principech a) chemosenzibilizaci
nadoru a b) tzv. syntetické letalit¢ (Bortlikova ef al., 2019). Synteticka letalita je typ genové
interakce, pifi1 niz k smrti buiiky vlivem pouziti daného 1é¢iva (v tomto ptipadé inhibitord PARP,
které vytadi opravy jednovlaknovych zlomi) dochéazi pouze, pokud je u ni pfitomny jesté dalsi
defekt (v tomto piipadé mutace v genech BRCAI/BRCA2 zajistujicich homologni
rekombinaci). Prvnim registrovanym lé¢ivem fungujicim na principu syntetické letality se stal
olaparib. V soucasné dob¢ je olaparib pouzivan v lécbé rekurentniho serdézniho ovaridlniho
karcinomu (Gelmon et al., 2011; Ledermann et al., 2016). Dal$imi registrovanymi inhibitory
PARP pro 1é¢bu ovarialniho karcinomu je také rucaparib (Swisher et al., 2017) a niraparib

(Mirza et al., 2016). Studie, které vedly k jejich registraci, jsou shrnuty v Tab. 2. Obdobn¢ jako
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inhibitory angiogeneze PARP inhibitory maji vyrazny efekt na PFS (z angl. progression free

survival), avSak OS (z angl. overall survival) ovliviiuji minimalné.



Tab. 2. Piehled PARP inhibitorii schvdlenych FDA a registrovanych pro lécbu karcinomu ovaria

Identifika¢ni kod studie: NCT00753545

Udrzovaci 1écba pacientek s recidivujicim epitelidlnim karcinomem ovaria, vejcovodi nebo
peritonealnim karcinomem, které vykazovaly kompletni nebo ¢astecnou odpoveéd’ na chemoterapii na
bazi platin

Identifika¢ni kod studie: NCT00679783

Lécba pacientek s germindlni mutaci genu BRCA v pokrocilém stadiu karcinomu ovaria po ptedchozi
chemoterapeutické 1écbé (3 cykly).

Identifika¢ni kod studie: NCT01891344

Olaparib

Lécba pacientek s germindlni mutaci genu BRCA v pokrocilém stadiu karcinomu ovaria po ptedchozi
chemoterapeutické 1écbé (3 cykly).

Identifika¢ni kod studie: NCT01847274

Udrzovaci léc¢ba dospélych pacientek s recidivujicim epitelidlnim karcinomem ovaria, vejcovodi nebo
peritonealnim karcinomem, které vykazovaly kompletni nebo ¢astecnou odpovéd’ na chemoterapii na
bazi platiny

Niraparib | Rucaparib

Seznam zkratek: BRCA (z angl. breast cancer type), FDA (z angl. food drug administration). Prevzato a upraveno podle (Ashworth and Lord,
2018)



3 Role imunitniho systému v evoluci
nadorového onemocnéni

Ze soucasnych poznatkd experimentalniho i klinického testovani jednoznacné vyplyva kli¢ova
role imunitniho systému v boji proti nadorovym bunikam (Fridman et al., 2017). Komunikace
mezi malignimi buitkami a slozkami imunity piedstavuje dynamicky proces, ktery detailné

popisuje teorie protinadorového imunitniho dohledu (Dunn et al., 2004).

3.1 Teorie protinadorového imunitniho dohledu

Teorie protinddorového imunitniho dohledu rozliSuje tfi faze evoluce nddorového onemocnéni:
eliminaci, rovnovahu a unik, které jsou shrnuty na Obr. 2. Ve f4zi eliminace je imunitni systém
schopen rozpoznévat maligni buniky diky existenci nddorové specifickych, resp. asociovanych
antigend. Imunogenicitu nadorovych bunék, tedy schopnost malignich bunck indukovat
imunitni odpovéd, dale zvySuje exprese a uvoliiovani imunogennich molekul ¢i molekul
asociovanych s bunécnym stresem a poSkozenim, které jsou oznaCovany jako DAMP. Tyto
faktory vyznamné pfispivaji k rozpoznani a odstranéni neoplastickych bunék dtive, nez dojde
k rozvoji a klinické manifestaci onemocnéni (Schreiber ef al., 2011). Nicméné pod selekénim
tlakem imunitniho systému na geneticky nestabilni nddorové bunky vznikaji nové fenotypové
varianty neoplastickych bunék, které nejsou rozpoznavany imunitnim systém, a dochazi tak
k rozvoji tfaze dynamické rovnovahy.

Faze dynamické rovnovéhy ptredstavuje imunitou navozenou nadorovou latenci,
ve které je omezena proliferacni aktivita malignich bun€k a imunitni systém udrzuje jejich
mnozstvi pod kontrolou. Vysledkem tohoto procesu mohou byt 3 potencialni scénaie: a) v TME
pievazi G¢inna protinadorovéa imunitni odpovéd’ a dojde k navratu do faze eliminace, tedy
k tplnému odstranéni nadorovych bunék; b) dojde k vytvoteni dlouhodobého stavu dynamické
rovnovahy, ktery mize trvat az n€kolik let a béhem kterého nedochézi k riistu nddorové masy,
nebot’ pocet nové vznikajicich malignich bunék je zhruba stejny jako pocet bunck
odumirajicich; c) prevazi-li v TME imunosupresivni imunitni odpovéd’, nadorové buiky
ptechazi do faze Uniku a rozviji se klinicky zdvazné onemocnéni (Dunn ef al., 2004).

Ve fazi Giniku jiz nddorové bunky nepodléhaji kontrole imunitniho systému. To se déje
zejména kvuli ztraté exprese nddorovych antigenli, sekreci inhibi¢nich cytokind, sniZeni
exprese molekul hlavniho histokompatibilnho komplexu (MHC, zangl. major
histocompatibility complex), chemotaxi imunosupresivnich bun¢k do TME ¢i expresi tzv.

inhibicnich molekul neboli kontrolnich bodi imunitnich reakci (viz. také podkapitola
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Mechanismy tniku nadorovych bun¢k imunitnimu systému) (Kim et al., 2007; Mittal et al.,

2014).

Potlaceni nadorového bujeni

DAMP  Nadorové (senescence, oprava,

Maligni bUﬁky + ., antgeny Lioandy alnebo apoptoza) Zdrava tkan

NKR

Karcinogeny
Radiace

Virova infekce
Chronicky zanét
De&dicné geneticke mutace

Unik

Rovnovaha

MQ
-.o"-'12 . .

IL-6, IL-10 =T~ TGF-p
Galeclin-1T IDO

IFN-ou/B
Vrozena IL-12
a adaptivni TNF
imunita NKG2D
TRAIL
4 Perforin o
_ Podpora nadorového
Zdravé buriky bujeni
Imunogenni maligni
bunky

Potlaeni nadorového bujeni maligni buriky

.] Neimunogenni
.

Imunoeditace nadoru

Obr. 2. Imunoeditace ndadori. V teorii protinadorového dohledu rozliSujeme 3 faze — fazi
eliminace, rovnovahy a uniku. V eliminacni fazi vrozend a adaptivni imunita spolupracuji
na rozpoznani a eliminaci nadorovych bunek. Maligni buiiky jsou detekovany imunitnim
systemem zejména diky expresi nddorovych antigenii a molekul DAMP. Viivem zvySené
genetické nestability nadorovych bunek vznikaji nové klony neoplastickych bunék s odlisnym
fenotypem, které jsou schopné unikat dohledu imunitniho systému. Tyto bunky se vyznacuji
zejména ztratou exprese nadorovych antigenii, snizenou citlivosti na efektorové imunitni
mechanizmy a indukci imunosupresivniho stavu v nadorovém mikroprostredi (TME). Ve fazi
rovnovahy sice dochazi ke vzniku novych variant neoplastickych bunék, ty jsou pod dohledem
imunitniho systéemu. Tato faze miiZe trvat v radu mésicii az nékolika let. Nove varianty

9



nadorovych bunék mohou vstupovat do posledni faze, tzv. uniku, kde jejich riist uz nebude
schopen imunitni system blokovat a dojde ke klinickému projevu nadorového onemocnéni.
Seznam zkratek: CTLA-4 (z angl. cytotoxic T-lymphocyte-associated protein 4), DAMP (z angl.
damage (danger) associated molecular patterns), IDO (z angl. indolamine 2,3-dioxygenase),
IFN (z angl. interferon), IL (z angl. interleukin), MDSC (z angl. myeloid-derived suppressor
cell), NK (z angl. natural killer), NKR (z angl. NK cells receptors), PD-1 (z angl. programmed
cell death 1), PD-L1 (z angl. programmed death-ligand 1), TGF-f (z angl. tumor growth factor
p), TNF (z angl. tumor necrosis factor), TRAIL (z angl. TNF-related apoptosis-inducing
ligand). Prevzato a upraveno podle (Schreiber et al., 2011).

3.2 Mechanizmus rozpozndni nddorovych bunék imunitnim systém
Zakladnim predpokladem pro rozpoznani naddorovych bunék imunitnim systémem je existence

nadorove specifickych, resp. asociovanych antigent, a ptitomnost molekul DAMP.

K uvolnéni molekul DAMP do TME dochdzi béhem imunogenni bunéfné smrti.
Imunogenni bunétna smrt (ICD, z angl. immunogenic cell death) ptfedstavuje konkrétni typ
apoptozy, u které dochazi k regulované aktivaci imunitniho systému (Fucikova ef al., 2018).
Molekuly DAMP mohou byt rozdéleny do 3 kategorii podle zptisobu uvolnéni z maligni bunky:
a) molekuly, které jsou v rané fazi apoptozy translokovany z endoplazmatického retikula (ER,
z angl. endoplasmatic reticulum) na bunécny povrch — kalretikulin (CRT, z angl. calreticulin),
proteiny teplotniho Soku (HSP70 a HSP90, z angl. heat shock protein) (Garg et al., 2010; Spisek
et al.,2007), b) molekuly, které jsou uvoliiovany z nadorové buiiky aktivni sekreci nebo pasivné
uvolnénim do extracelularniho prostiedi — HMGBI1 (z angl. high mobility group box 1),
adenosin trifosfat (ATP, z angl. adenosine triphosphate), interferony I typu (IFN, zangl.
interferon), annexin A1 (ANXAI1, z angl. annexin A1), kyselina mocova a n¢které prozanétlivé
cytokiny (napft. IL-1pB, IL-3, z angl. interleukin) (Garg et al., 2012b; Garg et al., 2010; Sistigu
et al., 2014; Vacchelli et al., 2015), c¢) degradacni produkty nadorovych buné¢k — DNA a RNA
(z angl. ribonucleic acid) uvolnéné v pozdni fazi apoptdzy (Garg et al., 2010). Spole¢nou
vlastnosti téchto molekul je aktivace imunitniho systému, zejména populace antigen
prezentujicich bun€k (APC, z angl. antigen presenting cells), které nasledné indukuji nadorové

specifickou T lymfocytarni odpovéd’ (Obr. 3).
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Obr. 3. Imunogenni bunécénda smrt malignich bunék a nasledna aktivace protindadorové
imunitni odpovédi. Pokud se maligni burika dostane do stresového prostredi, dochazi k aktivaci
imunogenni bunecné smrti charakterizované vystavovanim a uvoliovanim molekul DAMP do
mezibunecného prostoru v nadorovém lozZisku, kde tyto molekuly aktivuji jednotlivé slozky
imunity. V casné fazi imunogenni apoptozy dochazi zejména k translokaci chaperonového
proteinu kalretikulinu (CRT) a proteinii teplotniho stresu 70 a 90 (HSP70 a HSP90) na bunécny
povrch. Nasledné dochazi k uvolnéni nuklearniho proteinu HMGB 1, adenosintrifosfatu (ATP),
annexinu Al (ANXA 1) a interferonu I. typu (IFN I. typu) do extracelularniho prostoru.
Spolecnou viastnosti téchto molekul je ndsledna aktivace imunitniho systému, zejména
dendritickych bunék (DC), které indukuji protinadorové specifickou T lymfocytarni odpovéd..
Seznam zkratek: ANXAI (z angl. annexin Al), ATP (z angl. adenosine triphosphate), CRT
(z angl. calreticulin), CXCLI10 (z angl. C-X-C motif chemokine), DC (z angl. dendritic cells),
FPRI (z angl. formyl peptide receptor 1), HMGBI (z angl. high mobility group box 1), HSP
(z angl. heat shock protein), iDC (z angl. immature dendritic cell), IL (z angl. interleukin),
LRPI (z angl. LDL receptor related protein 1), P2RX7 (z angl. purinergic receptor P2X7),
P2RY2 (z angl. purinergic receptor P2Y2), TLR4 (z angl. Toll-like receptor 4). Prevzato
a upraveno podle (Galluzzi et al., 2017).

Vyznam jednotlivych DAMP molekul pro aktivaci imunitni odpovédi byl popsan na zakladé
in vitro experimentl (Fucikova ef al., 2011; Fucikova et al., 2014; Garg et al., 2012b; Obeid et
al.,2007b) a in vivo zvitecich modeld (Apetoh et al., 2008; Krysko et al., 2012; Michaud et al.,
2011). Z vysledki testovani vyplyva stézejni role CRT v konceptu ICD. Nicméné v neddvné
dobé byla popsana také prognostickd role CRT u nékterych malignich onemocnéni (viz.

prognosticky vyznam kalretikulinu).
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3.2.1 Role kalretikulinu vimunogenni buné¢né smrti a v aktivaci imunitni
odpovédi

CRT predstavuje vysoce konzervovany protein, ktery se nachazi prevazné v lumen ER, kde plni
spole¢né¢ s ERp57 a kalnexinem vyznamnou roli pii sklddani nové vzniklych proteini
a glykoproteini. Soucasné se CRT podili na regulaci homeostazi Ca®" iontli, bun&né
signalizaci, proliferaci a adhezi. Role CRT vSak neni omezena pouze na vySe popsané
fyziologické procesy. CRT ma také nezastupitelnou roli v aktivaci protinadorové imunitni
odpovédi (Lu et al., 2015).

Imunogenni vlastnosti CRT byly popsany v roce 2007, kdy Obeid a kolegové ukazali,
7e po vystaveni neoplastickych bun¢k antracyklinim, UV-C (z angl. ultraviolet C) a y-zatreni
dochazi k pre-apoptotické expozici CRT na bunéény povrch. Tyto imunogenni nadorové buiky
poté byly Iépe pohlcovany populaci DC (Obeid et al., 2007a; Obeid et al., 2007b). Pozdéji bylo
popsano, ze 1 dal$i modality, mezi které patii hypericinem navozena fotodynamickéa smrt,
vysoky hydrostaticky tlak (HHP, z angl. high hydrostatic pressure) a oxaliplatina, jsou schopné
indukovat transport CRT na povrch malignich bunék a vyvolat tak néslednou aktivaci nddorové
specifické T lymfocytarni odpovédi (Fucikova et al., 2014; Garg et al., 2012a; Tesniere et al.,
2010). Modality schopné navodit ICD dé¢lime do 2 skupin dle mechanizmu navozeni
imunogenni apoptozy. Prvni skupina induktort (induktory I. typu) aktivuje ICD ptisobenim na
cytosolické proteiny, proteiny plazmatické membrany ¢i DNA a DNA replikacni proteiny.

Druha skupina induktorii (induktory II. typu) aktivuje ICD piimym ptisobenim na ER (Obr. 4).
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Obr. 4. Induktory imunogenni bunécéné smrti 1. a II. typu: Induktory I. typu vyvolavaji
bunécnou smrt pres bunécné cile, které nejsou primo asociované s endoplazmatickym retikulem
(ER) a signalizacni drahou stresu ER. Naopak induktory I1. typu cili primo na ER a aktivuji tak
signalizacni drahu spojenou se stresem ER. Seznam zkratek: CG (z angl. cardiac glycosides),
CTX (z angl. cyclophosphamid), DAMP (z angl. damage (danger) associated molecular
patterns), DOXO (z angl. doxorubicin), ER (z angl. endoplasmatic reticulum), HHP (z angl.
high hydrostatic pressure), Hyp-PDT (z angl. hypericin-based photodynamic therapy), IRR
(z angl. radiation), MTA (z angl. microwave thermal ablation), MTX (z angl. mitoxantrone),
OV (z angl. oncolytic viruses), OXP (z angl. oxaliplatin), PAT (z angl. patupilone), RLH-L (z
angl. RIG-I-like helicase ligand), Sep (septacidin), UVC (z angl. ultraviolet C). Prevzato a
upraveno podle (Garg et al., 2015a).

Nejlépe prostudovana signdlni dradha popisujici translokaci CRT na bun&¢ny povrch je draha
indukovéna pisobenim chemoterapeutik (induktory I. typu). V tomto piipadé dochazi k indukci
stresu ER, ktery je charakterizovany nadprodukci reaktivnich kyslikovych radikalti (ROS,
z angl. reactive oxygen species), narusenim homeostazy Ca*" a aktivaci PERK kinazy (z angl.
protein kinase R (PKR)-like endoplasmic reticulum kinase). Aktivovand PERK kinaza, klicova
komponenta UPR signalni drahy (z angl. unfolded protein response), v odpové&di na vyvolany
translation initiation factor 2A). V disledku intenzivniho bunééného stresu je aktivovana

kaspaza-8, kterd zprostfedkovava proteolytické Stépeni proteinu BAP31 (z angl. B-cell
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receptor-associated protein 31) a aktivuje pro-apoptotické proteiny BAX a BAK. Vysledkem
téchto procest je anterogradni transport CRT ve vazbé na disulfid isomerazu ERp57 z lumen
ER do Golgiho aparatu a exocytéza CRT na bunéény povrch (Panaretakis et al., 2009).

Expozice CRT na bunéény povrch malignich bun¢k mé zasadni vyznam v aktivaci
protinadorove specifické imunitni odpovédi. CRT piedstavuje tzv. ,,eat me* signal (v piekladu:
,,snéz me*), ktery je schopen indukovat odstranéni apoptotickych télisek a soucasné aktivovat
imunitni systém (Li et al., 2003). CRT vystaveny na povrchu malignich bun¢k se vaze na fadu
receptorti na povrchu profesiondlnich fagocytli a interaguje s riiznymi proteiny, mezi které
patii: trombospodin (Orr ef al., 2003), komponenta komplementu 1q (Clq, z angl. complement
component 1q ) (Ogden et al., 2001), lektin vazajici mandézu (Ogden et al., 2001) &1 protein
ptibuzny receptoru LDR (LRP, z angl. LDL receptor-related protein, neboli CD91). Po vazbé
na tyto molekuly dochdzi k aktivaci Rac-1 a pohlceni apoptotickych télisek, coz stimuluje
efektivni odstranéni bunék s vystavenym CRT. Po pohlceni nadorovych bunék populaci APC,
zejména DC, dochazi k prezentaci nadorovych antigeni na molekulach MHC a k indukci
protinadorovée specifické imunitni odpovédi (Gardai et al., 2005). Vazba CRT na molekulu
CD91 na povrchu DC navic spousti NF-kB signalizaci a produkci prozanétlivych cytokini, jako
je TNF-a (z angl. tumor necrosis factor alpha), IL-6, IL-1p a IL-12. To ve vysledku vede
k aktivaci Th17 buné¢né odpovedi (Pawaria and Binder, 2011).

Fagocytdza miize byt blokovana piitomnosti tzv. ,,don’t eat me* (v piekladu ,,nejez
me*) signalli,, napt. molekulou CD47 (Chao et al., 2010). ZvySeni exprese této molekuly
na povrchu nadorovych bun¢k piedstavuje jeden z inikovych mechanizmiti malignich bun¢k
pied dohledem imunitniho systému. Vyznam této molekuly dokumentuji vysledky preklinické
studie, kde byla obnovena schopnost fagocytdzy po blokaci molekuly CD47 pomoci specifické
protilatky (Raghavan et al., 2013). Z téchto vysledk vyplyva, ze rovnovaha exprese mezi
signaly ,,eat me* a ,,don’t eat me* urcuje, zda dojde k fagocytdze buné€k ¢i nikoliv (Obr. 5)

(Wiersma et al., 2015).
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Obr. 5. Regulace fagocytozy. Fagocytoza malignich bunék je rizena vystavovanim tzv. ,,eat
me* a ,don’t eat me* signalii. Zdravé bunky za fyziologickych podminek a neimunogenni
nadorové bunky exprimuji zejména ,,don’t eat me** signal — molekulu CD47. Molekula CD47
se vaze na receptor SIRPo. na povrchu fagocytii, coz blokuje proces fagocytozy. Oproti tomu
imunogenni nadorové buniky vykazuji vysokou expresi povrchového kalretikulinu (CRT), ktery
po vazbé na receptor CD91 stimuluje fagocytozu. Seznam zkratek: CRT (z angl. calreticulin),
SIRPa. (z angl. signal regulatory protein ). PFevzato a upraveno podle (Wiersma et al., 2015).

Fagocytoza

3.3 Mechanizmus odstranéni nddorovych bunék imunitnim systémem
V procesu rozpoznani a nasledném odstranéni nadorovych buné¢k spolupracuji slozky vrozené

1 adaptivni imunity. Nadorové bunky, které na svém povrchu nesou nadorove specifické nebo
asociované antigeny, popiipadé vystavuji ¢i uvoliiuji molekuly DAMP, jsou rozpoznany
slozkami pfirozené imunity, zejména populaci DC. Stimula¢ni podnéty u téchto bunék spusti
proces vyzravani, v jehoz dusledku se z nich stavaji pln¢ aktivované bunky schopné prezentace
antigenu na povrchu MHC molekul. Rozpoznani antigenniho fragmentu vazaného na MHC
molekulach poskytuje T lymfocytim prvni aktivacni signal. Pro kompletni aktivaci musi byt
tento signal doplnén o druhy a tieti signal, které zajist'uji kostimula¢ni molekuly a cytokinové
prostfedi. Kli¢ovou kostimulacni interakci pfedstavuje vazba receptoru CD28 na povrchu

T lymfocytu a molekul CD80 ¢i CD86 na povrchu APC (Gutcher and Becher, 2007) (Obr. 6).
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Obr. 6. Klicové signaly v aktivaci T lymfocytarni odpovédi. Prvni signadl predstavuje prezentaci
antigenniho peptidu v kontextu molekul MHC I a 1. tFidy na povrchu antigen prezentujici buriky
(APC). Antigen je rozpoznan T bunécnym receptorem (TCR) na povrchu T lymfocyti (modra
Sipka). Druhy signal predstavuje stabilizaci imunologické synapse prostrednictvim adhezivnich
molekul a poskytnuti kostimulacniho signalu, ktery predstavuje vazbu kostimulacni molekuly
na povrchu APC s receptory na povrchu T lymfocytii. Kostimulacni molekuly patrici do rodiny
B7 a TNF poskytuji pozitivni signalizaci (zelena Sipka). Naopak CTLA-4, PD-1, TIM-3
poskytuji negativni signalizaci (cervena Sipka). Treti signdl je zprostredkovan produkcit
cytokinit populaci APC, které napomdahaji vysledné polarizaci imunitni odpoveédi. Seznam
zkratek: APC (z angl. antigen presenting cells), CTLA-4 (z angl. cytotoxic T-lymphocyte-
associated protein 4), GAL9 (z angl. galectin-9), ICOS (z angl. inducible T-cell costimulator),
ICOSL (z angl. inducible T-cell costimulator-ligand), MHC (z angl. major histocompatibility
complex), PD-1 (z angl. programmed death 1), PD-LI (z angl. programmed death-ligand 1),
TCR (z angl. T-cell receptor), TIM-3 (z angl. T-cell immunoglobulin and mucin-domain
containing-3), TNF (z angl. tumor necrosis factor). Prevzato a upraveno podle (Fucikova et al.,

2019).

Zasadni roli v likvidaci nadorovych bunék plni cytotoxické CD8" T lymfocyty (CTL,
z angl. cytotoxic T lymphocytes). Po rozpoznani malignich bunék dochazi k aktivaci jejich
cytotoxickych mechanizmi, které nasledné zajisti lyzu cilovych bunék. Jedna se zejména o tyto
mechanismy: a) degranulaci cytotoxickych granuli, které obsahuji perforin a granzymy.

Perforin zpiisobi permeabilizaci membrany a granzymy (tj. protedzy), nasledné aktivuji

16



apoptdzu pomoci Stépeni kaspaz (Berke, 1994); b) interakci mezi Fas-ligandem (FasL, z angl.
Fas ligand) na povrchu CTL a Fas receptorem (CD95) na povrchu malignich bunék spousti
kaskéadu vedouci k apoptotické smrti cilové buiiky (Lynch et al., 1995); ¢) pisobeni cytokinu
TNF-B (z angl. tumor necrosis factor beta) (Horejsi et al., 2017)

Vyznamnou roli v procesu likvidace abnormalnich buné€k hraji také NK bunky (z angl.
natural killer) a makrofagy. NK buiiky rozpoznévaji nddorové buiky diky nizké expresi MHC
glykoproteinu 1. tiidy. Zda dojde k aktivaci NK bunék nebo k jejich inhibici, je vysledkem
pomeéru aktivaénich a inhibi¢nich signald, které obdrzi ptes patiicné receptory na svém povrchu
(Bauer et al., 2017). Mezi aktivacni receptory fadime naptiklad NCR (z angl. natural
cytotoxicity triggering receptors; tj. NKp30, NKp44, NKp46 a NKp80), receptory rodiny
SLAM (napt. 2B4 a NTB-A), lektiny typu C (napt. NKG2D a NKG2C/CD9%4) a nizkoafinitni
Fc receptor pro IgG (FcyRIII neboli CD16) (Lanier, 2005). CD16 se od ostatnich aktivacnich
receptorti 1i§i tim, Ze nerozpoznava ligand na povrchu cilovych bunék, nybrz Fc ¢ast 1gG
protilatek. Pokud se CD16 molekuly navazi na Fc Casti protilatek (napt. pokud je cilova buiika
opsonizovana IgG protilatkami), dojde k agregaci receptorti, coz vyvolé dostatecné silny signal
k prekonani inhibi¢nich signali. Vysledkem je aktivace cytotoxické reakce zavislé na
protilatkach (Long et al., 2013). Naopak inhibice NK bunék je fizena fadou inhibicnich
receptorti imunoglobulinového typu (KIR, zangl. killer inhibitor receptors), C-lektinového
typu (napt CD94/NKG2) nebo leukocytové typu (LILR, z angl. leukocyte immunoglobulin-like
receptors). Ligandy pro inhibi¢ni molekuly jsou MHC molekuly 1. tfidy (Davis et al., 2017).

V cytoplazmé NK bunék podobné jako v cytoplazmé CTL se nachazeji granula
obsahujici perforin a granzymy schopné indukovat apoptézu cilové bunky. Kromé lytické
funkce jsou NK bunky schopné produkovat fadu zanétlivych cytokini (TNF-a a IFN-y)
(Cooper et al., 2001) a rastovych faktort (G-CSF, z angl. granulocyte colony stimulating factor
a GM-CSF, z angl. granulocyte-macrophage colony stimulating factor) (Vivier et al., 2011).

Makrotagy asociované s nddory (TAM, z angl. tumor-associated macrophage) mohou
rust naddoru potlacovat, anebo podporovat, a to podle toho, zda jsou aktivované klasickou
drédhou, na které se podileji Thl bunky (z angl. T helper type 1), IFN-y a ligandy toll-like
receptord (TLR, z angl. Toll-like receptors), nebo aktivitou Th2 bunck (z angl. T helper type 2)
(. v reakci na cytokiny produkované Th2 bunikami — zejména IL-4 a IL-13). Makrofagy, které
jsou aktivovany klasickou cestou (tj. prostfednictvim CD40L-CD40 interakci s Th1 buiikami a
pusobenim IFN-y), oznacujeme jako M1 makrofagy. M1 makrofagy se podileji na produkci
prozanétlivych cytokind (IL-12, IFN-y ¢i TNF-a), prezentaci antigenu, produkci ROS a jsou

schopné eliminovat nadorové burnky plisobenim lysozomalnich enzymt a oxidu dusného. M2
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makrofagy, které jsou aktivovany vlivem cytokint IL-4, IL-10 a IL-13, maji vyrazny
protizanétlivy charakter. Za fyziologickych okolnosti se podileji na reparacnich procesech. Rust
nadoru podporuji produkei protizanétlivych cytokint (IL-10 ¢i TGF-f, z angl. tumor necrosis

factor), ristovych faktorti (VEGF) a podporou angiogeneze (Martinez et al., 2013).

3.4 Mechanismy uniku nddorovych bunék imunitnimu systému

Nadorové bunky disponuji fadou mechanizmi, kterymi se snazi uniknout dohledu imunitniho
systému. Tyto mechanizmy lze obecné¢ shrnout do 3 kategorii: a) snizeni imunogenicity
nadorovych bunék, b) aktivni obrana pied cytotoxickym plsobenim imunitniho systému,

¢) vytvofeni imunosupresivniho prostiedi (Obr. 7).

Aktivni obrana pfed
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Obr. 7. Mechanizmy uiniku nadorovych bunék pied dohledem imunitniho systému. a) Snizeni
imunogenicity nddorovych bunek: maligni bunky snizuji nebo dokonce ztraceji expresi molekul
MHC tak, Ze nejsou nasledné rozpoznané cytotoxickymi T lymfocyty (CTL). Ddle mezi tyto
mechanizmy Fadime ztratu kostimulacnich molekul (CD80/CD86) a adhezivnich molekul
(CD54) nebo ,,maskovani“ povrchovych antigenii molekulami glykokalyxu. b) Aktivni obrana
pred cytotoxickym pusobenim imunitniho systému: maligni buiiky mohou samy aktivné vyuzivat
bunécné systémy, aby zabranily imunitnimu systému v jejich rozpoznani a likvidaci. Mezi tyto
mechanizmy patri rezistence viici apoptotickym signaliim (napr. zvySenim exprese anti-
apoptotického proteinu BCL-2), inhibice T lymfocytarni odpoveédi pritomnosti PD-L1/PD-L2
na povrchu malignich bunék. Fagocytoza nadorovych bunék miize byt blokovana produkci anti-
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fagocytického signdalu CD47, ktery interaguje na povrchu dendritickych bunek (DC)
a makrofagu s ligandem SIRPa. Nadorové bunky mohou take sami vystavovat FasL a vyvolavat
apoptozu imunitnich bunék. c) Vytvoreni imunosupresivniho prostredi: maligni buiiky maji
schopnost produkovat imunosupresivni cytokiny, napr. IL-10 a TGF-f, a molekuly, které
imunitni odpoved’ ovliviiuji, tlumi nebo zcela inhibuji, popripadé zpuisobuji, Ze do nadorového
mikroprostredi budou atrahovany imunosupresivni subpopulace. IL-10 je schopen inhibovat
aktivaci DC, podporuje diferenciaci Th2 lymfocytii, regulacnich T lymfocytit (TREG) a M2
makrofagii. TGF-f je schopen vyvolat u cytotoxickych lymfocytii (CTL) vycerpany fenotyp
a indukuje diferenciaci TREG. Indolamin 2,3 dioxygendza (IDO) degradaci tryptofanu (Trp)
a produkci kynureninu (Kyn) potlacuje CTL a imunitni odpoved NK bunék. Seznam zkratek: Ag
(z angl. antigen), CTL (z angl. cytotoxic T lymphocyte), CTLA-4 (z angl. cytotoxic T lymphocyte
antigen 4), DC (z angl. dendritic cell), FasL (z angl. Fas ligand), Gal (z angl. galectin), IDO
(z angl. indoleamine 2,3-dioxygenase), IL (z angl. interleukin), ILT2 (z angl. human inhibitory
receptors Ig-like transcript 2), Kyn (z angl. kynurenine), LAG-3 (z angl. [ymphocyte activation
gene-3), MHC (z angl. major histocompatibility complex), NK (z angl. natural killer), PD-1
(z angl. programmed cell death 1), PD-L1 (z angl. programmed death-ligand 1), PD-L2 (z angl.
programmed death-ligand 2), SIRPa. (z angl. signal regulatory protein o), TCR (z angl. T-cell
receptor), TGF-p (z angl. tumor growth factor), Th2 (z angl. T helper type 2), TIM-3 (z angl.
T-cell immunoglobulin and mucin-domain containing-3), TRAIL (z angl. TNF-related
apoptosis-inducing ligand), TREG (z angl. regulatory T cells), Trp (tryptophan). Prevzato
a upraveno podle (de Charette and Houot, 2018).

3.4.1 Snizeni imunogenicity nadorovych bunék

Mezi mechanizmy snizeni imunogenicity nddorovych bunék patfi zejména snizeni ¢i ztrata
exprese nadorovych antigenti a molekul MHC glykoproteinti 1. tfidy (de Charette and Houot,
2018).

Pod tlakem imunitniho systému u nadorovych bunck cCasto vznikaji nové
fenotypové varianty, které ztraci ptivodni nadorové antigeny, jez byly cilem ptedchozi imunitni
reakce. Snizeni hustoty exprese nadorovych antigenti vede k tomu, Ze jsou imunitnim systémem
ignorovany (Horejsi et al., 2017). Nadorové antigeny mohou byt také exprimovany tak, ze
nejsou imunitnim systémem rozpoznatelné, jsou tzv. ,,maskované* molekulami glykokalyxu
(Stastny and Rihova, 2015).

Populace CD4" a CD8" T lymfocytii rozpoznavaji maligni buiiky jeding tehdy, pokud
vystavuji antigeny na povrchu MHC molekul. Ztratou exprese MHC molekul se nadorova
burika stava pro imunitni systém témé&f neviditelnou. Kromé tohoto mechanizmu, kdy nadorové
buniky snizuji nebo méni expresi MHC molekul, jsou schopné také ovliviiovat expresi pouze
nékterych transmembranovych podjednotek MHC molekul (B2 mikroglobulinu) nebo
transportéril, které zajist'uji prechod zpracovanych peptidii z proteazomu do ER (Stastny and
Rihova, 2015). Snizeni imunogenicity malignich bun€k doprovazi také sniZeni exprese
kostimula¢nich a adhezivnich molekul, coz v disledku znemoziuje kompletni odstranéni

malignich bun¢k (de Charette and Houot, 2018).
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3.4.2 Aktivni obrana pi‘ed cytotoxickym piisobenim imunitnich bunék

Nadorové buiiky se mohou stat odolné vici cytotoxickému ptisobeni slozek imunity navozenim
rezistence vici apoptoze €i zvySenim exprese inhibi¢nich molekul, které deaktivuji efektorové
buniky imunitniho systému (de Charette and Houot, 2018).

Mezi mechanismy zajistujici rezistenci nadorovych bunék viiéi apoptdze patii zejména
snizeni exprese Fas receptoru, coz znemozni vazbu na FasL na povrchu efektorovych
T lymfocytd. Podobné¢ nadorové bunky zneuzivaji také interakce mezi ligandem TRAIL
(z angl. TNF-related apoptosis-inducing ligand) a receptorem TRAIL ¢i zvySeni exprese BCL-
2, anti-apoptotického proteinu, ktery je zodpoveédny za regulaci apoptozy (de Charette and
Houot, 2018).

Kromé pozitivni signalizace pfi niZ se z naivnich T bunék stdvaji imunologicky aktivni
cytotoxické¢ T buiky, existuje také celd fada inhibi¢nich receptord a jejich ligandu, které
pfispivaji k imunologické homeostize. Ta zabranuje poskozeni zdravych tkani a orgén
zpétnovazebnou regulaci a Utlum efektorovych mechanizml imunity, patfi: receptor PD-1
(z angl. programmed cell death 1), PD-L1 (z angl. programmed death-ligand 1), CTLA-4
(z angl. cytotoxic T lymphocyte antigen 4), LAG-3 (z angl. lymphocyte activation gene-3)
a TIM-3 (z angl. T-cell immunoglobulin mucin 3). Maligni buiiky jsou schopné ,,zneuzit*
exprese téchto molekul pro lokéalni utlum T bunééné imunitni odpovédi v TME a indukovat tak
lokalni imunosupresi a progresi nadorového onemocnéni (Stastny and Rihova, 2015).

Nejlépe popsané je zvysSeni exprese PD-L1 ligandu na povrchu nadorovych bunék.
Zvyseni exprese ligandu PD-L1 na nddorovych bunikach mize byt vysledkem jednak genetické
¢i epigenetické modifikace, anebo adaptivni odpovédi, napi. na pfitomnost nékterych cytokint
(IFN-y, TGF-B, TNF-a nebo IL-17). Pokud dojde k navazani tohoto ligandu na receptor PD-1
na povrchu CD8" T lymfocytl, dochdzi k navozeni imunitni rezistence, kterd je
charakterizovana vycerpanim a inhibici efektorovych funkci T lymfocyti a produkci
imunosupresivniho cytokinu IL-10. Vycerpané efektorové T lymfocyty sice rozpoznavaji
antigen, ale nejsou schopné cytotoxické reakce, a v diisledku toho nasledné dochézi k progresi
nadorového onemocnéni (Sun ef al., 2015). Inhibi¢ni receptor PD-1 neni exprimovan pouze na
tumor infiltrujicich lymfocytech, ale také na povrchu dal§ich imunokompetentnich bunék, poté
co dojde k jejich aktivaci (aktivované T bunky, B buiiky, NK bunky, NKT bunky (z angl.
natural killer T), DC, aktivované monocyty) (Bauer et al., 2018); (Dyck and Mills, 2017; Rozali
et al., 2012; Sun et al., 2015).
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PD-L1 miize interagovat také s dalSimi molekulami, mezi které patii naptiklad molekula
CD80, ktera je exprimovana jak na aktivovanych T lymfocytech, tak na APC, coz dale ptispiva
k negativni regulaci aktivace efektorovych T lymfocyt. PD-L1 navic miZze byt pfitomny také
na supresivnich imunitnich subpopulacich napf. na myeloidnich supresorovych buiikach
(MDSC, z angl. myeloid-derived suppressor cell) nebo v solubilni podob¢ v plazmé pacienti
s nadorovym onemocnénim (Bauer et al., 2018).

CTLA-4 ptedstavuje dilezity negativni regulator imunitni odpovédi, ktery vykazuje
strukturdlni podobnost s receptorem CD28 a vaze stejné ligandy, avSak s vétsi afinitou
a aviditou (Zou and Chen, 2008). Je dulezitym kontrolnim bodem, ktery urcuje trvani
a intenzitu imunitni reakce tim, ze negativné reguluje funkci efektorovych T lymfocytd. Na
druhou stranu je vSak je také spojen s potlacenim aktivace specifické protinadorové CD8"
T lymfocytarni odpovédi (Buchbinder and Desai, 2016), pozitivné ptispiva k proliferaci
regulacnich T lymfocyti (TREG, z angl. regulatory T cells) a zesiluje jejich imunosupresivni
pusobeni v nddorové tkani. Z vysledki klinického hodnoceni vyplyva, Ze ¢ast protinadorového
pusobenti protilatek anti-CTLA-4 je zprostfedkovano inhibici imunosupresivni aktivity TREG
(Pardoll, 2012).

Aktivacni gen lymfocyti-3 (LAG-3) piedstavuje dalsi kontrolni bod imunitnich reakci.
Jeho exprese byla prokazana na populaci CD4" T lymfocyti, cytotoxickych CD8" T lymfocyti,
ale 1 na NK bunkach, plazmacytoidnich DC a B lymfocytech (Goldberg and Drake, 2011).
Hlavnim ligandem LAG-3 jsou molekuly MHC II. tfidy (Huard ef al., 1995). Funkce LAG-3
spo¢iva v inhibici efektorovych CD8" T lymfocytl a zvySeni funkéni aktivity TREG (Bauer et
al., 2018).

Molekula TIM-3 (T bunétnd doména obsahujici imunoglobulin a mucin 3), jejimz
ligandem je galactin 9, predstavuje dalsi kliCovy regulator imunitnich reakci. Tato molekula je
exprimovana na fadé imunitnich bunék véetné CD4" T lymfocyti a CD8" T lymfocytl (Das et
al.,2017). Interakce mezi galektinem-9 na nadorovych buiikach a TIM-3 spousti bunéénou smrt
Th1 bunék a CD8" T lymfocytl infiltrujicich nador (Das et al., 2017). Pfitomnost molekuly
TIM-3 v TME stimuluje imunosupresivni ¢inek TREG (Bauer et al,, 2018). Z vysledki studie
Sakuishi a kolegové vyplyva, ze souCasna exprese molekul TIM-3 a PD-1 na CD8"
T lymfocytech predstavuje znak hluboce vycerpanych, dysfunkénich T bunék. Tento stav je
charakterizovan selhanim proliferace a produkce cytokint (napt. IL-2, TNF a IFN-y) (Sakuishi
et al.,2010).
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3.4.3 Navozeni imunosupresivniho prostredi

Néador je schopny vytvaret pro sviij rist a progresi optimalni imunosupresivni prostiedi. Maligni
buiiky produkuji imunosupresivni cytokiny a molekuly, které ovliviiuji imunitni reakci, tlumi
nebo zcela inhibuji funkci T bunék, popiipad¢ vyvolavaji infiltraci subpopulaci imunitnich
bun¢k, které toto prosttedi dale podporuji produkci vlastnich imunosupresivnich cytokin
a chemokini. Mezi tyto imunosupresivni subpopulace bunék patii TREG, M2 makrofagy,
neutrofily asociované s nadorem, DC asociované s nadorem, regula¢ni B lymfocyty a MDSC.
Imunosupresivni pasobeni téchto bun€k v TME mohou déle usnadiiovat dalsi slozky TME, jako
jsou napft. stromalni buniky, fibroblasty asociované s nadorem ¢i s nadorem spojené adipocyty.
Veskeré zminéné buiiky, at’ jiz ty nadorové, nebo nenddorove, tlumi rozpoznavaci i1 cytotoxicke
funkce efektorovych imunitnich populaci, podporuji riist malignich bun¢k a usnadnuji tak unik
nadorovych bunék z dohledu imunitniho systému (Bauer et al., 2018).

Nejvyznamngj$i skupinou bunék se supresivnimi vlastnostmi jsou TREG. ZvySené
zastoupeni TREG v TME je zptisobeno nékolika mechanizmy: a) migraci ovlivnénou
chemokiny, které jsou produkované nadorovymi bunkami (napi. CCL17, CCLS, CCL2S,
CXCL9, CXCL10 a CXCLI11) (z angl. C-C motif chemokine), b) pfeménou z naivnich
mediatorid a IDO (z angl. indoleamine 2,3 dioxygenase), ¢) expanzi TREG, které se jiz
vyskytovaly v TME. TREG pfitomné v nddoru produkuji fadu supresivnich faktorti, zejména
IL-10 a TGF-B, které¢ udrzuji supresivni mikroprostiedi a inhibuji efektorové T lymfocyty
(Stastny and Rihova, 2015).

Mezi dalsi supresivni bunécné subpopulace asociované s nadory patii M2 makrofagy
a MDSC. M2 makrofagy tlumi T bunétné specifickou odpovéd’ zejména produkci
prostaglandinu E2, IL-10, TGF-B a VEGF, které podporuji neoangiogenezi a urychluji rtst
maligni tkané¢ (Mantovani and Sica, 2010). MDSC piedstavuji populaci bunék tvotfenou
zejména myeloidnimi prekurzory a nezralymi myeloidnimi buitkami, které nejsou schopné se
za patologickych podminek diferencovat ve zralé myeloidni buiiky. MDSC potlacuji
T bunécnou odpoveéd predevsim produkci cytokinu IL-10, volnych radikéld (napi. peroxynitril)
a IDO, tim podporuji vyvoj TREG, ovliviiuji diferenciaci T bunc¢k ve sméru Th2 fenotypu
s omezenym protinddorovym uc¢inkem (Stastny and Rihova, 2015).

Nadorové buniky jsou schopné také inhibovat protinddorové funkce DC pomoci produkce
inhibi¢nich cytokint (IL-10, TGF-) a pfitomnosti prostaglandinu E2. Tim dochézi k inhibici

jejich aktivace a prezentace nddorovych antigenii populaci CTL (Vicari et al., 2002).
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4 Imunoterapie

Z vysledki preklinického a klinického testovani vyplyva, Ze imunitni systém hraje zasadni roli
v rozpoznani malignich bunék a v kontrole nadorového rustu. K rozvoji imunoterapie malignich
onemocnéni doslo piedevsim diky porozuméni mechanizmu interakce mezi nadorovymi
buitkami a slozkami imunity. Imunitni systém je schopen kontrolovat riist neoplastickych
bun¢k prevazné v ranych stadiich karcinogeneze (Bartunkova et al., 2015). V pokrocilych
stadiich tumorigeneze mohou byt imunitni kontrolni mechanizmy utlumeny, a dokonce mohou
proliferaci nddorovych bunék podporovat, jak je zminéno v piedchozi kapitole. Cilem moderni
imunoterapie je prekonat ty mechanizmy, které inhibuji protinddorovou imunitu, a to posilenim,
navozenim nebo potlacenim vrozenych nebo adaptivnich imunitnich odpovédi (Bartunkova et
al.,2015). Mezi imunoterapeutické ptistupy testované v klinickych studiich u karcinomu ovaria
patii metody jak pasivni, tak aktivni imunizace (Mantia-Smaldone et al., 2012). V pokrocilé
fazi klinického testovani v terapii karcinomu vaje¢nikd jsou zejména protilatky proti
kontrolnim bodiim imunitnich reakci a bunééné zprostiedkovand imunoterapie na bazi DC,

kterym se podrobné&ji vénuji nasledujici kapitoly.

4.1 Inhibitory kontrolnich bodu imunitnich reakci v Ié¢bé malignich onemocnéni

Vyuziti inhibitortt kontrolnich bodiéi imunitnich reakci v 1é¢bé nddorovych onemocnéni
predstavuje jeden z nejnovéjSich smérti imunoterapeutické 1€¢by. Cilem této 1éCby je obnovit
¢i zesilit specifickou protinddorovou reakci pacienta pomoci monoklonalnich protilatek, které
svou vazbou na priislusny receptor (PD-1, CTLA-4) nebo ligand (PD-L1) zamezi utlumeni
¢i uplnému odstranéni nadorové specifickych T lymfocyta (Tsai and Hsu, 2017). Mluvime

o tzv. blokovani kontrolnich bodti imunitni reakce (Obr. 8).
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bunék IS malignich bunék bunék IS malignich bunék

Obr. 8. Mechanizmus ucinku protilatek blokujicich inhibi¢ni molekuly. Aktivace T bunék
vzaduje 3 signaly. 1. signal predstavuje vazba T bunécného receptoru (TCR) na antigen
v kontextu s hlavnim histokompatibilnim komplexem (MHC). 2. signdl predstavuje vazba mezi
CD80/CD86 na antigen prezentujici bunce (APC) s CD28 kostimulacnim receptorem
na T bunkach. 3. signdl pak predstavuje produkce cytokinii APC. Pokud dojde k navazani
receptoru CTLA-4, inhibicniho homologu receptoru CD28, na molekuly CD80/CD86 dochazi
k inhibici T bunécné aktivace. Pouzitim monoklonalni protilatky proti CTLA-4 (tzv.
anti-CTLA-4 monoklonalni protilatka), zabranime interakci CTLA-4 s CD80/CD86, coz
umozni navozeni opétovné aktivace T lymfocytu. Interakce mezi PD-1 receptorem na povrchu
T lymfocytu s ligandem PD-LI na povrchu malignich bunék vede ke snizeni produkce cytokinu
a transkripcnich faktorii (GATA3 a TBET). Pouzitim monoklonalni protilatky proti PD-1/PD-
L1 jsme schopni obnovit efektorové funkce T lymfocytii. Seznam zkratek: Ag (z angl. antigen),
APC (z angl. antigen presenting cell), CTLA-4 (z angl. cytotoxic T-lymphocyte-associated
protein 4), GATA3 (z angl GATA Binding Protein 3), MHC (z angl. major histocompatibility
complex), PD-1 (z angl. programmed cell death 1), PD-LI (z angl. programmed death-ligand
1), TCR (z angl. T-cell receptor). Prevzato a upraveno podle (Soularue et al., 2018).

Ipilimumab pfedstavuje registrovanou humanni monoklonalni protilatku tidy I1gG1
proti molekule CTLA-4. Mechanizmus uc¢inku této protilatky spocivd ve vazbé na inhibic¢ni
molekulu CTLA-4, ¢imZ je znemoZznéna jeji interakce s ligandem CD80/CD86. Molekuly
CD80 a CD86 exprimované na povrchu APC se tak mohou vézat na aktiva¢ni molekulu
T lymfocytl, receptor CD28, coZ vede k zesileni efektorovych funkci T bunck. Kromé
stimula¢niho vlivu na efektové T lymfocyty snizuje tato protilatka také pocet 1 aktivitu TREG
v TME (Li et al., 2018; Li et al., 2016; Pardoll, 2012). Ipilimumab byl schvalen FDA (z angl.
food and drug administration) pro lé€bu melanomu na zéklad¢ studie faze III
(ClinicalTrials.gov identifikator: NCT00094653), jejiz vysledky byly publikované v roce 2010.
Tato studie byla multicentrickd, randomizovana a dvojité zaslepend. Zucastnilo se ji celkem
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676 pacientl s metastatickym melanomem, u kterych selhal minimalné jeden terapeuticky
ptistup. Median pieziti pacientd v léCeném rameni byl 10 mésici oproti 6,4 mésicim
v kontrolnim rameni (Hodi ef al., 2010).

Pozitivni vysledky byly potvrzeny také v nékolika navazujicich studiich faze Il na 502
pacientech s neresekovatelnym pokrocilym melanomem nebo s metastazujicim melanomem
(ClinicalTrials.gov identifikator: NCT00324155) (Robert ef al., 2011) a na 951 pacientech
trpicich melanomem ve stadiu III (EORTC 18071) (Eggermont et al., 2015) .

Dalsi vyznamnou skupinou 1é¢iv zaloZenych na blokaci kontrolnich bodid imunitni
reakce jsou protilatky namifené proti receptoru PD-1 ¢i jeho ligandu PD-L1. Mechanizmus
pusobeni anti-PD-1 protilatek spociva v inhibici interakce mezi inhibi¢nim koreceptorem PD-1
exprimovanym na efektorovych T buiikach a jeho ligandem PD-L1, respektive PD-L2 (z angl.
programmed death-ligand 2), exprimovanym na nadorovych bunkach. Tim dochazi
k zablokovéani imunosupresivni aktivity PD-1 signalizace. Klinickym vyvojem proSly a pro
klinické pouziti byly do souCasné chvile schvéleny dvé anti-PD-1 IgG4 monoklonalni
protilatky, a to nivolumab a pembrolizumab (Li et al., 2018; Li et al., 2016; Pardoll, 2012).
Tyto studie shrnuje Tab. 3.
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Tab. 3. Piehled anti-PD-1 protilatek schvalenych FDA pro lé¢bu pacientit s onkologickym onemocnénim pro uvedené indikace.

Nivolumab (Opdivo®)

Identifika¢ni kéd studie: NCT01721746

Lécba inoperabilniho nebo metastatického melanomu s progresi po 1é€bé ipilimumabem a BRAF inhibitory (mutovany
BRAF V600).
Identifikac¢ni kod studie: NCT01721772

Lécba inoperabilniho nebo metastatického melanomu (mutovany BRAF V600).

Identifikacni kod studie: NCT02388906

Adjuvantni 1écba u pacientd s melanomem s postizenim lymfatickych uzlin nebo u pacientii s metastatickym
onemocnénim, ktefi podstoupili kompletni resekci.

Identifikacni kéd studie: NCT01642004
Lécba metastatického skvamozniho NSCLC progredujiciho po pfedchozi chemoterapii na bazi platiny.
Identifikacni kéd studie: NCT0164200

Lécba non-skvamozniho NSCLC progredujiciho po chemoterapii na bazi platiny; 1é¢ba pacientii s EGFR nebo ALK
genomovou nadorovou aberaci a progresi onemocnéni pti FDA-schvalené terapii pro tyto aberace.

Identifikacni kod studie: NCT02387996

Lécba lokaln€ pokroc¢ilého nebo metastatického urotelidlniho karcinomu, ktery progredoval béhem nebo po
chemoterapii na bazi platiny nebo do 12 mésicti od neoadjuvantni nebo adjuvantni chemoterapie na bazi platiny.

Identifikac¢ni kod studie: NCT01668784
Lécba pokrocilého RCC po piedchozi 1€cb¢ anti-angiogenni terapii.
Identifika¢ni kédy studii: NCT01592370, NCT02181738

Lécba klasického Hodgkinova lymfomu, ktery relaboval nebo progredoval po autologni transplantaci
hematopoetickych kmenovych buné€k a post-transplantacni terapii brentuximabem vedotinem (Adcetris).

Identifikacni kéd studie: NCT02105636

Lécba rekurentniho nebo metastatického SCCHN s progresi po 1é€b¢€ platinovymi derivaty.




LT

Pembrolizum

Ipilimumab + Nivolumab

ab

Identifika¢ni kod studie: NCT02060188

Lécba pacienti s deficitem v korekci spravného parovani bazi (MMR, zangl. mismatch rapair)
a mikrosatelitovou nestabilitou, s vysoce metastazujicim kolorektdlnim karcinomem s progresi po 1écbé
fluoropyrimidinem, oxaliplatinou a irinotekanem.

Identifika¢ni kod studie: NCT02105636

Lécba rekurentniho nebo metastatického SCCHN s progresi po terapii na bazi platiny.

Identifika¢ni kéd studie: NCT01658878

Lécba hepatocelularniho karcinomu po piedchozi 1é¢bé sorafenibem.

Identifika¢ni kod studie: NCT01927419

Lécba inoperabilniho nebo metastatického melanomu (nemutovany BRAF V600).

Identifika¢ni kod studie: NCT01844505

Lécba neresekovatelného nebo metastatického melanomu bez ohledu vyskyt mutace BRAF V600.

Identifika¢ni kod studie: NCT02231749

Lécba diive neléceného pokrocilého RCC.

Identifikacni kody studii: NCT01866319, NCT01704287

Rozsitfené schvaleni pro terapii prvni linie pro Ié¢bu neresekovatelného nebo metastatického melanomu.
Identifika¢ni kod studie: NCT01848834

Lécba rekurentniho nebo metastatického HNSCC s progresi po chemoterapii na bazi platiny.

Identifika¢ni kédy studii: NCT01905657, NCT02142738

Prvni linie terapie pro metastaticky NSCLC s vysokou expresi PD-L1 bez genomovych nadorovych aberaci EGFR
nebo ALK a bez ptedchozi systémové chemoterapie pro metastazujici NSCLC; rozSifena 1écba 2. linie terapie pro
metastaticky NSCLC s expresi PD-L1 s progresi onemocnéni béhem/po chemoterapii na bazi platiny, pacienti s
genomovymi nddorovymi aberacemi EGFR nebo ALK.

Identifikacni kéd studie: NCT01295827

Lécba neresekovatelného nebo metastatického melanomu.

Identifika¢ni kod studie: NCT02039674
Lécba diive neléceného metastatického non-skvamoézniho NSCLC v kombinaci s pemetrexedem a karboplatinou.
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Identifika¢ni kod studie: NCT02453594

Lécba refrakterniho klasického Hodgkinova lymfomu nebo klasického Hodgkinova lymfomu, ktery relaboval po 3

nebo vice liniich 1é¢by.

Lécba lokdln€ pokrocilého nebo metastatického urotelidlniho karcinomu, ktery progredoval béhem nebo po
chemoterapii na bazi platiny nebo do 12 mésicti od neadjuvantni nebo adjuvantni chemoterapie na bazi platiny; lécba
pacientil s lokaln€ pokro¢ilym nebo metastazujicim urotelidlnim karcinomem, pro které neni vhodna chemoterapie na
bazi cisplatiny.

Identifika¢ni kédy studii: NCT01876511, NCT02460198, NCT01848834, NCT02054806, NCT02628067
Lécba pacientll s neresekovatelnym nebo metastazujicim solidnim karcinomem s vysokou mikrosatelitovou
nestabilitou nebo s deficitem v korekci spravného parovani bazi (MMR, z angl. mismatch rapair systému) s progresi
po piedchozi 1é¢bé, u nichz neexistuji uspokojivé alternativni moznosti 1écby; 1écba kolorektalniho karcinomu
s vysokou mikrosatelitovou nestabilitou nebo dMMR s progresi po 1écbé fluoropyrimidinem, oxaliplatinou
a irinotekanem.

Identifikacni kod studie: NCT02256436

Lécba lokaln€ pokrocilého nebo metastatického adenokarcinomu Zaludku s expresi PD-L1 na malignich bunkéach.

Seznam zkratek: MMR (z angl. mismatch repair), EGFR (z angl. epidermal growth factor receptor), FDA (z angl. food and drug administration), HER?2
(z angl. human epidermal growth factor receptor 2), NSCLC (z angl. non-small-cell lung carcinoma) — nemalobunécny karcinom plic, PD-L1 (z angl.
programmed death-ligand 1), RCC (z angl. renal cell carcinoma) — rendlni karcinom, SCCHN (z angl. squamous cell carcinoma of the head and
neck) — skvamozni karcinom hlavy a krku. Prevzato a upraveno podle (Hargadon et al., 2018).



Mechanizmus ucinku anti-PD-L1 protilatky spocivd v navazani na molekulu PD-L1, ¢imz
je zabranéno jeji interakci s koreceptorem PD-1 exprimovanym na povrchu T bunék. Ve srovnani
s anti-PD-1 protilatkami, které jsou svou vazbou na receptor PD-1 schopné blokovat interakci
s ligandem PD-L1 i PD-L2, protilatky zacilené na molekulu PD-L1 nejsou schopné zabranit
interakci mezi PD-1 a PD-L2. Vyhodou anti-PD-L1 protilatek je, ze kromé PD-L1 se vazou také
na molekulu CD80. Tato molekula je, jak jiz bylo uvedeno diive, aktivacnim ligandem jak pro
stimula¢ni koreceptor CD28, tak i pro inhibi¢ni koreceptor CTLA-4. Protoze vazba molekuly CD80
s molekulou CTLA-4 vykazuje zhruba dvacetindsobn¢ vyssi afinitu nez vazba s molekulou CD28,
lze predpokladat, ze vazba anti-PD-L1 blokac¢ni protilatky na molekuly CD80 se projevi hlavné
blokadou interakce CD80 a CTLA-4, a tudiz snizenim inhibi¢ni aktivity CTLA-4 signalizace (Li et
al., 2018; Li et al, 2016; Pardoll, 2012). K letosSnimu roku (2020) jsou registrovany tfi
monoklonalni anti-PD-L1 protilatky: humanizovana IgG1 protilatka atezolizumab a humanni IgG1
protilatky avelumab a durvalumab, a to na zaklad¢ registracnich studii u diagnéz uvedenych v Tab.

4.

29



0¢

Tab. 4. Piehled anti-PD-L1 protilatek schvalenych FDA pro lé¢bu pacientit s onkologickym onemocnénim pro uvedené indikace.

Identifikatni kod studie: NCT02108652

Lécba lokaln¢ pokrocilého nebo metastatického urotelidlniho karcinomu s progresi béhem nebo po chemoterapii na
bazi platiny nebo do 12 mésicli od neoadjuvantni nebo adjuvantni chemoterapii na bazi platiny.

Identifika¢ni kody studii: NCT01903993, NCT02008227
Lécba metastatického NSCLC s progresi béhem nebo po chemoterapii na bazi platiny; 1écba pacientli s EGFR nebo
ALK genomovymi nadorovymi aberacemi s progresi onemocnéni pii FDA-schvalené terapii pro tyto aberace.

Atezolizumab
(TECENTRIQ)

Identifikacni kéd studie: NCT02108652
Prvni linie 1é¢by pacientt s lokalné€ pokroc¢ilym nebo metastatickym urotelialnim karcinomem, pro které neni vhodna

chemoterapie na bazi cisplatiny.
Identifika¢ni kod studie: NCT02155647

Lécba pacientli s metastatickym karcinomem Merkelo
Identifika¢ni kod studie: NCT01772004

Lécba lokalné pokrocilého nebo metastatického urotelidlniho karcinomu
Identifikacni kod studie: NCT01693562

Lécba lokaln¢ pokrocilého nebo metastatického urotelialniho karcinomu s progresi béhem nebo po chemoterapii na
bazi platiny nebo do 12 mésicli od neoadjuvantni nebo adjuvantni chemoterapii na bazi platiny.
Identifikacni kod studie: NCT02125461

Lécba pokrocilého neresekovatelného NSCLC bez progrese po soubézné chemoterapii na bazi platiny a radioterapii.
Seznam zkratek: EGFR (z angl. epidermal growth factor receptor), FDA (z angl. food and drug administration), NSCLC (z angl. non-small-cell
lung carcinoma) — nemalobunécny karcinom plic. PFevzato a upraveno podle (Hargadon et al., 2018).

ych bunék.

Avelumab
(BAVENCI
0)

piedchozi chemoterapeutické 1é¢be.

(IMFINZI)

Durvalumab




4.1.1 Inhibitory kontrolnich bodi imunitnich reakci v 1é¢bé karcinomu
ovaria

Utinek protilatek zacilenych proti molekulam PD-1, PD-L1 a CTLA-4 byl testovan také
u pacientek s karcinomem ovaria.

Nivolumab, pln¢ humanizovana protilatka proti PD-1 receptoru, byla poprvé testovana
u 20 pacientek, které vykazovaly rezistenci na 1écbu platinou (UMIN Clinical Trials Registry:
UMINO000005714). Pacientkdm byla podavana davka 1 nebo 3 mg/kg nivolumabu kazdé
2 tydny az do progrese onemocnéni. Koneénym vystupem studie bylo hodnoceni poctu
objektivnich odpovédi na 1écbu, celkové pieziti a preziti bez progrese onemocnéni. U 8 z 20
pacientek (40 %) se vyskytly nezadouci Gc¢inky souvisejici s 1é¢bou. Mira objektivni odpoveédi
na lécbu byla 15 %, z ¢ehoz pouze 2 pacientky vykazovaly kompletni odpoveéd’. Median preziti
bez progrese byl 3,5 mésicti oproti 3,9 mésiciim v kontrolnim rameni. Medidn pteziti v 1éCeném
rameni byl 20 mésicii. Kontrolni rameno v dobé ukonceni studie nedosdhlo medianu preziti
(Hamanishi et al., 2015).

Dalsi testovanou anti-PD-1 protilitkou u pacientek s karcinomem ovaria je
pembrolizumab. Ten byl pouzit napt. v multicentrické, nerandomizované studii faze Ib. Behem
této studie byla 26 pacientkdm s expresi PD-L1 v nddorovych ostritvcich nebo stromatu vétsi
nebo rovno 1 % podéavana davka 10 mg/kg pembrolizumabu v monoterapii (Clinical Trials.gov
identifikator: NCT02054806), a to kazdé 2 tydny po dobu 2 let nebo do progrese onemocnéni.
Mira objektivni odpovédi na 1écbu byla 11,5 %, pficemz 1 pacientka méla kompletni odpovéd’
na lécbu, 2 vykazovaly ¢astecnou odpoved a u 23 % pacientek doSlo k stabilizaci onemocnéni
(Varga et al., 2015).

Ipilimumab, rekombinantni IgGl humanizovana monoklondlni protilatka proti
CTLA-4, byla pouzita napt. ve studii faze I u pacientek s recidivujicim ovarialnim karcinomem
senzitivnim na platinu (ClinicalTrials.gov identifikdtor: NCT01611558). V této studii bylo
zahrnuto 40 pacientek, kterym byly nejprve podavany 4 davky 10 mg/kg ipilimumabu kazdé 3
tydny (indukéni faze) a nasledné davka 10 mg/kg kazdych 12 tydnii az do progrese onemocnéni
nebo dokud se neobjevily zdvazné toxické ucinky 1é¢iva. Ze 40 pacientek, které zahajily 1écbu,
38 pacientek (95 %) nedokoncilo induk¢ni fazi, a to z divodu progrese onemocnéni (14
pacientek, 35 %), toxicity 1é¢iva (17 pacientek, 42,5 %), smrti (1 pacientka, 2,5 %) nebo
z jinych divodl (6 pacientek, 15 %). U 20 pacientek (50 %) se vyskytly vedlejsi Gcinky
souvisejici s 1é€bou. Mira objektivni odpovédi na 1écbu byla 10,3 % (Gaillard et al., 2016).
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Dalsi testovanou protilatkou pro 1écbu karcinomu ovaria, kterd blokuje interakci mezi
PD-1 a PD-LI, je avelumab. Ten byl testovan ve studii faze Ib na skupiné¢ 124 pacientek
s refrakternim nebo recidivujicim karcinomem ovaria (ClinicalTrials.gov identifikator
NCTO01772004). Pacientkam byla podavana davka 10 mg/kg avelumabu kazdé 2 tydny az
do progrese onemocnéni nebo do projevu nezadouci toxicity. Primérnd doba 1écby byla 12
tydnt. Vedlejsi ucinky byly pozorovany u 6,4 % pacientek, 8,1 % pacientek muselo 1écbu
prerusit. 12 pacientek (9,7 %) vykazovalo ¢aste¢nou odpovéd na 1écbu. Mira objektivni
odpovédi na 1é¢bu byla 12,3 % u pacientek s PD-L1" nddorem a 5,9 % u pacientek s PD-L1".
Aby byl nddor hodnocen jako PD-L1", musela byt exprese znaku PD-L1 vyssi nebo rovna 1 %
(Disis et al., 2015). Vroce 2019 byly publikované prvni vysledky faze III klinické studie
JAVELIN Ovarian 200 (ClinicalTrials.gov identifikator: NCT02580058), ve které¢ byl 566
pacientkam podéavan avelumab v monoterapii nebo avelumab spolu s pegylovanym (tj.
s navazanym polyethylenglykolem, ktery prodluzuje polo€as eliminace) liposomalnim
doxorubicinem (PLD, z angl. pegylated liposomal doxorubicin) nebo samotny PLD. Podéni
avelumabu v monoterapii vSak signifikantné nezlepSilo celkové pieziti bez progrese
onemocnéni nebo celkové pteziti oproti kontrolni skupiné (Yonemori ef al., 2019).

Durvalumab, anti-PD-L1 protilatka, byla pouzita v klinick¢é studii faze 1
(ClinicalTrials.gov identifikator NCT02484404) v kombinaci s PARP inhibitorem (olaparib)
nebo VEGFR inhibitorem (cediranib). Primarnim cilem této studie bylo zjistit bezpe¢nost obou
kombinovanych terapii. U obou terapii doslo pouze v jednom piipadé k ¢astecné odpovédi
na lécbu, a to ze skupiny 9 hodnocenych pacientek v piipad¢ kombinace durvalumab + olaparib
a ze skupiny 5 hodnocenych pacientek v piipadé kombinace duvalumab + cediranib (Lee et al.,
2016). V soucasné chvili probiha II. faze klinického testovani. Dalsi vybrané probihajici

klinické studie faze I a I shrnuje Tab. 5.
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Tab. 5. Vybrané klinické studie testujici ucinek blokdtorii inhibicnich molekul v lécbé

karcinomu ovaria.

o Identifikaéni , Pocet
Protilatka kod studie Faze ‘ pacientu
CTLA-4 Ipilimumab NCTO01611558 II 49
Tremelimumab | NCT02658214 1 32
Nivolumab NCT02335918 /11 175
PD-1 NCT02955251 | 61
Pembrolizumab | NCT02537444 II 78
Durvalumab | NCT02658214 | 32
PD-L1 NCT03704467 11 81
Avelumab
NCT02222922 | 138

Zdroj: https://clinicaltrials.gov/, ke dni 1.1. 2020

Souhrnné z téchto vysledkli vyplyva pouze omezend ucinnost téchto preparati v 16€be
karcinomu vajecniki. HIlub$i porozuméni vlivu kontrolnich bodi imunitnich reakci
na pfipadnou inhibici imunitni odpovédi by mohlo v budoucnu pomoci vysvétlit tyto
neuspokojivé vysledky a navrhnout dal§i mozné kombinované imunoterapeutické ptistupy,

které by zvysily ucinnost tohoto typu imunoterapeutické 1écby u karcinomu vaje¢nikd.

4.2 Imunoterapie zaloZend na dendritickych burikdch
DC jsou povazovany za hlavni spojovaci ¢lanek mezi pfirozenou a adaptivni imunitou. Zralé

DC predstavuji vysoce ucinné APC schopné aktivovat naivni T lymfocyty a zah4jit specifickou
imunitni odpovéd. Prohloubeni poznani role DC v procesu aktivace imunitni reakce
v organizmu a moznost jejich piipravy in vitro vedly krozvoji nového sméru
imunoterapeutické 1éCby (Bauer et al., 2018).

Nejrozsifenéj$im postupem pii vyrob€ vakciny zalozené na DC je ex vivo diferenciace
pacientovych monocytl na populaci nezralych DC, které oznaCujeme jako DC ziskané
z monocyti (MDDC, z angl. monocyte derived DC). Proces diferenciace probihd ucinkem
cytokini GM-CSF a IL-4 ¢i IL-13. Takto pfipravené DC vykazuji nezraly fenotyp s vyraznou
schopnosti fagocytézy. V in vitro podminkach jsou nezralé DC nésledné vystavovéany
nadorovym antigentim, které DC pohlcuji. Mezi nej¢astéji pouZivané antigeny patii: autologni
¢i alogenni nadorové lyzaty, apoptotické nadorové bunky, inaktivované nadorové linie,
izolované (rekombinantni) nadorové antigeny, rekombinantni peptidy z daného tumor
asociované¢ho antigenu nebo neoantigenu, rekombinantni RNA/DNA kodujici piislusny

nadorovy antigen, nebo fzni hybridom DC s naddorem (Fucikova ef al., 2019). Na zavér jsou
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DC maturovany pomoci aktivacnich signalti (napt. prostiednictvim TLR ligandd ¢i smési
cytokintt). Maturace DC je nezbytné pro u¢innou aktivaci protinddorové imunitni reakce. Takto
pripravend autologni DC vakcina je aplikovana zpét pacientovi, nejcastéji intravendzni
¢i subkutanni cestou. V téle pacienta DC migruji do lymfatickych uzlin a podili se na rozvoji
protinddorové imunitni odpovédi. Optimalnim vysledkem je zahajeni nebo zesileni vlastni
protinadorové T lymfocytarni odpovédi daného pacienta (Brtnicky et al., 2012; Fucikova ef al.,
2019).

U karcinomu ovaria je v souCasnosti testovana vakcina zaloZend na aplikaci ex vivo
aktivovanych pacientovych DC sniazvem DCVAC/OvCa v klinickych studiich faze II
(http://www.sotio.com). Prvnim krokem v pfipravé tohoto imunoterapeutického ptipravku je
odbér leukaferetick¢ého materialu, ze kterého jsou nasledné v laboratofi izolovany monocyty.
Ty pod vlivem ptisobeni cytokinii IL-4 a GM-CSF diferencuji do nezralych DC. Béhem
vyrobniho procesu jsou DC bunky pulzovany apoptotickymi nadorovymi liniemi SK-OV-3
a OV-90, které predstavuji zdroj klicovych nadorovych antigenti asociovanych s karcinomem
ovaria. Nadorové linie jsou pfed samotnym pifidanim k nezralym DC oSetfeny HHP, coz
predstavuje zdsadni krok ve vyrobé terapeutického prosttedku DCVAC, nebot’ takto oSetiené
nadorové bunky podstupuji ICD. Ta vede k vystaveni DAMP molekul na jejich povrchu, coz
je dulezité pro spravnou aktivaci DC a nasledny rozvoj protinddorové imunitni odpovédi.
Maturace DC je navic podpoiena aplikaci ligandu TLR-3 (polyl:C). Takto piipravené DC jsou
nakonec zmraZeny a nasledné v nékolika davkach subkutanné aplikovany pacientkdm. Po
aplikaci DC migruji do lymfatickych uzlin, kde prezentaci nadorovych antigenti naivnim

T lymfocytim spousti specifickou T lymfocytarni odpovéd’ (Obr. 9).
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Obr. 9. Schéma vyroby autologni imunoterapie DCVAC. Pripravek DCVAC je vyraben
z pacientovych monocytit odebranych pomoci leukaferetického odberu. Monocyty jsou
nasledné diferencovany na nezralé dendritické bunky (iDC) pomoci 6 denni kultivace
s cytokiny: IL-4 a GM-CSF. iDC jsou nasledné inkubované s nadorovymi bunkami osetienymi
vysokym hydrostatickym tlakem (HHP), ktery navozuje aktivaci imunogenni bunécné smrti
malignich bunék. Nadorové bunky tedy predstavuji zdroj nadorovych antigenit a imunogennich
molekul, které vedou k aktivaci dendritickych bunék (DC). Takto pulzované iDC dozravaji
v pritomnosti Poly I:C (ligand TLR-3). Vysledny produkt je zamrazen a aplikovan v nékolika
davkach pacientovi. Seznam zkratek: DC (z angl. dendritic cell), GM-CSF (z angl. granulocyte-
macrophage colony stimulating factor), HHP (z angl. high hydrotsatic pressure), iDC (z angl.
immature dendritic cells), IL (z angl. interleukin). Prevzato a upraveno podle (Fucikova et al.,
2019)

Ackoliv existuje fada 1é¢ebnych piistupt pro 1écbu karcinomu ovaria, které byly strucné
popsané v této kapitole, 1é€bu pacientek komplikuje fakt, Ze se jednd o velice heterogenni
nadorové onemocnéni. Jednotlivé histologické subtypy se lisi bunécnym plvodem a jsou
charakterizované jinym spektrem mutaci 1 klinickou odpovédi. Dokonce i v rdmci jednoho
histologického typu se vyskytuji rizné molekuldrni podtypy, které vykazuji rozdilnou
prognézu. Zcela zéasadni pro pokrok v I1é€bé je stanoveni prognostickych/prediktivnich
ukazateld, které urcuji rozdily v odpovédi na [é€bu u jednotlivych subtypi a soucasné piispivaji
k nalezeni skupiny pacientll, pro kterou by bylo nasazeni dané 1é¢by nejpiinosnéjsi (Cortez et

al., 2018).
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5 Hodnoceni ucinnosti protinadorové
terapie

S objevem, testovanim a zavadénym novych lécebnych pfistupti pro terapii nadorovych
onemocnéni vznikla potfeba objektivniho hodnoceni ucinnosti protinddorové terapie.
V soucasné dob¢ se klinické studie hodnotici objektivni odpoveéd’ na 1écbu opiraji zejména o
nasledujici ukazatele: celkova doba pieziti (OS), doba pieziti bez progrese (PFS), ¢etnost
objektivnich odpovédi (ORR, z angl. objective response rate) (Bauer et al., 2018).

Prodlouzeni OS pacientl s malignim onemocnénim je povazovano za klicovy parametr
v hodnoceni G¢innosti protinadorové 1€cby. Tento parametr 1ze snadno urcit a jednoznacné dle
n¢j 1ze vyhodnotit pfipadny pomér rizika a benefitu pfi podani daného lécebného piipravku.
Nicméné pro hodnoceni ptezivani pacientl je nutné pacienty sledovat v fadu mésict az let, coz
je zatézujici faktor n€kterych klinickych studii.

PFS, tedy doba do dosazeni progrese onemocnéni, piedstavuje dalsi dalezity parametr
pro sledovani uc¢innosti protinddorové 1écby. K dosazeni statistické signifikance sta¢i mnohem
mén¢ pacientli a neni nutnd dlouha doba sledovani. Pomoci PFS vSak nejsme schopni hodnotit
vliv na regresi vlastniho nadorového loziska. NejCastéji se tedy sleduje u onemocnéni, kdy je
nizka pravdépodobnost vyléceni, ale benefit pro pacienta mize byt spojen s prodlouzenim
preziti a kvality zivota (Demlova, 2005).

Pro hodnoceni ORR se pouzivaji kritéria RECIST (z angl. response evaluation criteria
in solid tumors), kterd vychézeji zejména z hodnoceni velikosti nadorovych 1¢ézi (Bauer ef al.,
2018), Kritéria RECIST verze 1 byla definovana v roce 2000 na zéklad¢ piedchozi klasifikace
WHO (z angl. world health organization), ktera se opirala o dvourozmérné méteni nadorovych
lozisek. V roce 2009 byla publikovana v soucasnosti pouzivana nova verze 1.1, ktera hodnoceni
jesté vice zjednodusila a upftesnila pro rutinni pouziti. Pokud dojde ke kompletnimu vymizeni
vSech 1ézi, mluvime o tzv. kompletni odpovédi (CR, z angl. complete response). V piipadé
zmensSeni loziska o 30 % ve srovnani se vstupnim vySetfenim mluvime o tzv. ¢aste¢né odpovédi
na lécbu (PR, zangl. partial remission). Pokud dojde ke zvétSeni cilovych 1ézi o 20 %
ve srovnani se vstupnim vySetienim nebo se objevi nové 1éze, jedna se o progresi onemocnéni
(PD, z angl. progressive disease). Stabilizace onemocnéni (SD, z angl. stable disease) znamena,
ze nedochazi ke zmenSeni cilovych 1ézi, ale soucasn€ nedochdzi ani k jejich zvétSeni. Uvedena
kritéria umoZnuji pomérné dobie monitorovat odpovéd’ pacienta na lécbu (Eisenhauer et al.,

2009). Obecné piijimanym faktem je, Ze pokud ma 1écba ptislusny protinddorovy tc€inek, musi
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dojit ke zmenSeni nebo vymizeni naddorové masy. Pii zvétSeni nadorového loziska a vzniku
novych malignich 1ézi hovotime o selhéni 1écby a progresi onemocnéni. V takovém ptipad¢ by
mélo dojit k ukonceni terapie (Klener and Stastny, 2010).

V poslednich letech se vSak v 1€¢bé onkologickych pacientt stale vice uplatiuje cilena
1écba a imunoterapie. Béhem imunoterapeutické 1é¢by dochdzi k aktivaci pacientovy vlastni
protinddorové imunity. Dusledkem tohoto procesu miize byt TME infiltrovano imunitnimi
buitkami, coz se mize klinicky projevit jako ptfechodné zvétseni 1éze, nebo dokonce i vznik
nového loziska (nepatrné lozisko se vlivem infiltratu zvétsi). Tato ,,pseudoprogrese® nesmi byt
ale zaménéna za skutecnou progresi nddorového onemocnéni. Striktni posuzovani odpovédi
podle vySe zminénych kritérii RECIST tedy neni zcela spolehlivé, a miize dokonce vést
k odmitnuti ta¢inného 1é¢iva. Tyto vySe uvedené zmény nelze popsat pomoci klasifikace WHO
ani RECIST, a bylo proto nutné stavajici kritéria modifikovat. V roce 2009 byla navrZzena nova
klasifikace irRC (z angl. immune related response criteria), kterd vychazi z ptivodni WHO
klasifikace a dvourozmérného méteni 1ézi (Wolchok et al., 2009). Vroce 2017 byla
publikovand nova kritéria pro klinické studie testujici protinadorovou imunoterapii — tzv.

iIRECIST, kterd vychazi z RECIST 1.1. (Seymour ef al., 2017).
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6 Identifikace prognostickych a prediktivnich
ukazatelu pro imunoterapeutickou 1écbu
karcinomu ovaria

V poslednich letech se imunoterapie stala integralni soucasti 1écebnych postupii pouzivanych
v klinické onkologii. Navzdory zna¢nému poznani a pokroku v této oblasti ale stale existuji
podskupiny pacientli, které na imunoterapii nereaguji a dochézi u nich k ¢asnému relapsu
onemocnéni. Z tohoto diivodu je nutné hledat vhodné prognostické a prediktivni ukazatele
u¢inné imunoterapeutické protinadorové 1éCby.

Za prognostické faktory Ize povazovat klinické nebo biologické charakteristiky, které
nas informuji o pravdépodobném priibéhu onemocnéni u neléceného pacienta. Prognostické
faktory tudiz definuji prognézu pacienta. Oproti tomu prediktivni faktory jsou klinické nebo
biologické charakteristiky, které nas informuji o pravdépodobném ucinku dané terapie. Nekteré
faktory mohou plnit jak prognostickou, tak prediktivni funkci v terapii pacienta (Vyzula ef al.,
2018).

Mezi nejvice charakterizovany a pouzivany prognosticky ukazatel u karcinomu ovaria
patii CA125. Tento antigen je exprimovan na epitelialnich nadorovych ovarialnich buiikach.
Mira exprese miize byt zjiSténa ze séra pacientek pomoci monoklonalni protilatky OC125. Jeho
pritomnost v séru je v klinické praxi bézné¢ uzivana pro identifikaci Zen s vysokym rizikem
onemocnéni karcinomem ovaria, predikci klinického stavu a odpovédi na chemoterapii. Vyssi
hladina tohoto faktoru v séru je asociovana s horsi prognozou pacientek s karcinomem ovaria
(Huang et al., 2010).

Diky hlub$imu poznani procesu vyvoje nadorovych onemocnéni a pokroku v oblasti
molekuldrni  biologie, genomiky, proteomiky a metabolomiky jsou v soucasnosti
identifikovany nové prognostické a prediktivni ukazatele. Patfi mezi n€ zejména parametry
definujici sloZzeni imunitniho infiltratu TME a parametry definujici lokalizaci jednotlivych
populaci imunitnich bunék a jejich funkéni kapacitu. Dal$i vyznamnou kategorii
prognostickych a prediktivnich ukazatelii pak pfedstavuji molekuly vystavované
a produkované samotnymi nddorovymi builkami, a to zejména DAMP, jelikoZ vyznamné
ovlivilyji aktivaci protinadorové imunitni odpovédi, jak bylo zminéno v pfedchozich kapitolach

této prace.

38



6.1 Prognosticky vyznam kalretikulinu

Néadorové builky jsou rozpoznavany imunitnim systémem predevsim diky expresi nadorovych
antigenll. Nicmén¢ vysledna imunogenicita malignich bunék je zasadnim zptisobem ovlivnéna
expresi ¢i uvolnénim DAMP molekul. Kli¢ova role CRT v aktivaci protinddorové imunitni
odpovédi byla popsana zejména pomoci in vitro (Fucikova et al., 2011; Fucikova et al., 2014;
Obeid ef al., 2007b) a in vivo mysSich studii (Apetoh et al., 2008; Krysko et al., 2012; Michaud
et al., 2011). Z vysledka preklinickych studii soucasné¢ vyplyva, ze CRT predstavuje novy
prognosticky a prediktivni ukazatel, ktery by mohl napomdhat stratifikaci pacientl
do rizikovych skupin s ptipadnym dopadem na dalsi 1écebnou strategii (Tab. 6).

Pozitivni prognosticka role CRT byla prokdzana u pacienti s nemalobunéénym
karcinomem plic (NSCLC, z angl. non-small-cell lung carcinoma) (Fucikova et al., 2016a).
Ptitomnost CRT v nadorové tkdni byla sledovana pomoci imunohistochemické analyzy
v rozsahlé kohort¢ (n=270) pacienti sNSCLC. Zastoupeni CRT bylo heterogenni
u jednotlivych pacientli, nicméné zvySena exprese korelovala s vyssi frekvenci aktivovanych
DC a efektorovych CD8" T lymfocytd v nadorové tkani a soucasné s lepSi prognodzou
onemocnéni. Zastoupeni CRT bylo shodné ve skupiné pacientli s/bez aplikace neoadjuvantni
chemoterapie. Z ¢ehoz vyplyva, ze exprese CRT je nezdvisla na aplikované chemoterapii
(Fucikova et al., 2016a).

Z dale publikovanych vysledkii na dvou nezavislych kohortach pacientti s karcinomem
plic také vyplyva, ze pritomnost CRT v TME je nezavisla na aplikované chemoterapii, a navic
bylo ukézano, Ze probiha jako odpovéd’ na vnitrobunécny stres malignich buné¢k, béhem kterého
dochazi ke spusténi apoptotické drahy asociované s ER a vystaveni chaperonovych proteina

na povrchu neoplastickych bunék (Garg et al., 2015b).
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Tab. 6. Prehled klinickych studii hodnotici prognostickou roli kalretikulinu u pacienti

s nadorovym onemocnénim

Nadorové
onemocnéni

Uroven

Klinicky dopad

Detekéni metoda

Reference

pritomnosti CRT

. o pritokova (Fucikova et al.,
akutni myeloidni Vysst delsi RFS a OS cytometrie 2016b)
leukemie _— lepsi klinicky priibéh prutokova (Wemeau et al.,
Y onemocnéni cytometrie 2010)
karcinom mocového _— Krat&i OS CNOVA exbrese (Chao et al.,
méchyre y & P 2010)
. wr (Eric et al.,
vyssi kratsi MFS IHC 2009)
karcinom prsu ) . CR"lj je vysoce (Zamanian et dl.,
vys$i | exprimovan v invazivnich HC 2016)
nadorech
kolorektalni karcinom | vyssi delsi OS HC (Pe;gle()t)al.,
. . y horsi klinicky pribéh IHC, genova (Chen et al.,
karcinom Zaludku Vysst onemocnéni exprese, ELISA 2009)
. wr . (Stoll et al.,
Vyssi delsi OS genova exprese 2016)
vy k‘;rtzg?:rj g:é‘:;’;;;eéz‘lm THC, ELISA | (Liu et al., 2012)
karcinom plic (Garg et al
vyS$si delsi OS genova exprese 2016)
y delsi OS a lepsi klinicka (Fucikova et al.,
vySsi odpovad THC 2016a)
lymfom z plastovych . s . (Chao et al.,
bunék vyssi krats$i OS genova exprese 2010)
vyssi delsi OS [HC (H;‘(l)gé)“l"
neuroblastom (Chao et al
vySssi kratsi OS genova exprese 2010)
. y v (Muth et al.,
glioblastom vySssi delsi OS IHC 2016)
y v , (Stoll et al.,
vySssi delsi OS genova exprese 2016)
karcinom ovaria vySssi delsi OS genova exprese (Gazrgleg)al.,
— delsi OS a lepsi klinicka IHC, genova (Kasikova et al.,
y odpovéd exprese 2019)
. o IHC, genova Sheng et al.,
vySssi kratsi OS expgrese ( 20g1 4)
karcinom pankreatu (Matsukuma ef
vysSi krat$i OS HC al., 2016)
osteosarkom vy$$i | u pacientdl s metastazami 1munoﬂ1}0rescence, (Zhang et al.,
genova exprese 2017)

Seznam zkratek: ELISA (z angl. enzyme-linked immuno sorbent assay), IHC (z angl.
immunohistochemistry), MFS (z angl. metastasis-free survival) — preZiti bez metastaz, OS
(z angl. overall survival) — celkova doba preziti, RFS (z angl. relapse-free survival) — doba bez
recidivy. Upraveno podle (Fucikova et al., 2018).
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Pozitivni prognosticky vyznam CRT byl zaznamenén také u pacientli s akutni myeloidni
leukémii (AML, z angl. acute myeloid leukemia) (Fucikova et al., 2016b; Wemeau et al., 2010).
Ptitomnost CRT na povrchu malignich blasti byla také v tomto ptipadé nezavisla na aplikované
chemoterapii a vyznamné korelovala s aktivaci vnitrobunééného stresu (Fucikova et al.,
2016b). Pritomnost CRT byla soucasné asociovana s vyssi frekvenci nddorové specifickych
T lymfocyt a vyssim poctem NK bunék v periferni krvi a korelovala se signifikantné lepsi
prognoézou tohoto onemocnéni. Z vysledki dalsi studie vyplyva, ze CRT ovliviiuje nejen pocet
NK bunék v periferni krvi pacientd s AML, ale ma pozitivni vliv také na jejich vyslednou
cytotoxickou funkci. Ta je aktivovdna nepfimo prostfednictvim populace myeloidnich
CD14°CD11c" bunék, jak vyplyva z vysledki in vitro a in vivo testovani (Truxova et al., 2019)
(Obr. 9).

Trans prezentace

Aktivované NK

DC

Obr. 9. Piitomnost kalretikulinu na povrchu malignich blastit u pacientit s akutni myeloidni
leukémii indukuje aktivaci NK bunék prostiednictvim populace myeloidnich CD14°CD11c*
bunék. Kalretikulin (CRT) je na povrchu malignich blastii rozpozndvan populaci dendritickych
bunék (DC) pravdepodobné pomoci receptoru CD91. Nasledné dochazi k fenotypické a funkcni
aktivaci DC, ktera vede ke zvyseni exprese kostimulacnich molekul a MHC molekul II tridy.
Takto aktivované DC migruji do sekundarnich lymfoidnich organu, kde prostrednictvim IFN 1.
typu a transprezentace IL-15 aktivuji populaci NK bunék. Seznam zkratek: CRT (z angl.
calreticulin), DC (z angl. dendritic cell), GZMB (z angl. granzyme B), IFN (z angl. interferon),
IFNAR (z angl. interferon alpha/beta receptor), IL15RA (z angl. interleukin 15 receptor subunit
alpha), IL15RB (z angl. interleukin 15 receptor beta), IL2RG (z angl. interleukin 2 receptor
gamma), MHC (z angl. major histocompatibility complex), NK (z angl natural killer) PRF
(z angl. perforin-1). Prevzato a upraveno podle (Fucikova et al., 2020).
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Pozitivni prognosticka role CRT byla potvrzena i u dalSich nadorovych onemocnéni,
napf. u pacientd s neuroblastomem (Hsu et al., 2005), glioblastomem (Muth et al., 2016),
karcinomem ovaria, prsu a tlustého stieva (Garg et al., 2016; Peng et al., 2010; Stoll et al.,
2016). I v t&chto studiich korelovala piitomnost CRT s vyssi infiltraci CD8" T lymfocytl
v nadorové tkani.
Naopak u karcinomu zaludku (Chen et al., 2009) a pankreatu (Matsukuma et al., 2016;
Sheng et al., 2014) byla piitomnost CRT asociovana se zvySenou angiogenezi, migraci
a proliferaci nadorovych bunék. Podobné tomu bylo také u pacientti s karcinomem mocového
méchyte (Chao et al., 2010), prsu (Eric et al., 2009; Lwin et al., 2010; Zamanian et al., 2016)
a lymfomem z plastovych bun¢k (Chao et al., 2010).
Jak dokumentuji vysledky vysSe popsanych studii, prognosticky vyznam CRT
u nadorovych onemocnéni neni zcela jednoznaény. Obecné tedy CRT nelze ptisuzovat
bezvyhradné pozitivni nebo negativni roli v prognoze pacientl. Vysledna prognostické role
CRT je zavisla na nékolika faktorech, jakymi jsou zejména typ nddorového onemocnéni a stav
imunitniho systému. V neposledni fad¢ hraje roli také to, jakou detekéni metodu pro stanoveni
pritomnosti CRT dané studie pouzily. Nékteré detekce totiz umoziiuji mapovat celkovou
expresi na urovni mRNA (qPCR, z angl. quantitative polymerase chain reaction) nebo proteinu
na povrchu i uvnitt bun¢k (WB, zangl. western blot; imunohistochemie, IHC, z angl.
immunohistochemistry). Jiné technologie, jako je fluorescen¢ni mikroskopie nebo priatokova
cytometrie, mapuji pouze povrchové exprimovany CRT (Kasikova et al., 2020; Kepp et al.,

2014).

6.2 Prognostickad a prediktivni role imunitniho infiltrdtu v nddorovém
mikroprostred/

Nédor predstavuje velice sofistikovanou, slozité regulovanou organu podobnou strukturu, ktera
neni tvofena pouze malignimi buiikami, ale také nddorovym stromatem (Balkwill ef al., 2012;
Fridman et al., 2017). Nadorové stroma miize zasadnim zplisobem pfispivat k nadorovému
ristu, invazivit€¢ a jeho uniku pfed imunitnim dohledem a také k rozvoji rezistence viici
protinddorové 1écbe (Fridman et al., 2017). Interakce mezi malignimi bunikami a bunikami
nadorového stromatu pak vytvaii komplexni, organizovanou strukturu, kterou nazyvame TME.
V TME Ize identifikovat fibroblasty, endotelidlni buiiky, epitelidlni bunky, tukové bunky
ajednotlivé slozky imunity. Imunitni buiky vyskytujici se v TME pak lze rozdélit
na imunokompetentni bun&né populace (napt. CD8" T lymfocyty, DC, B lymfocyty), jejichz
pfitomnost je u pacientek s karcinomem ovaria spojovana s pozitivni progndézou, a na
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imunosupresivni subpopulace (napi. TREG, M2 makrofagy a MDSC), jejichz vyskyt v TME
naopak koreluje s negativni prognézou pacientek s karcinomem ovaria, jak bylo detailné
diskutovano v predchozich kapitolach této prace.

Slozeni TME je jak u jednotlivych typt malignit, tak i u jednotlivych pacienti
s konkrétnim typem nadorového onemocnéni velice heterogenni a s ohledem na prognézu
pacientl mtze hrat jak pozitivni, tak negativni roli (Fridman et al., 2012). Slozeni TME, a to
prevazné zastoupeni imunitniho infiltratu, tak predstavuje jeden ze zakladnich prognostickych
ukazatelll, ktery se stanovuje u rtiznych nadorovych onemocnéni vcetné ovaridlniho karcinomu.
V Tab. 7 jsou shrnuty vysledky studii zabyvajicich se vztahem mezi zastoupenim jednotlivych

imunitnich subpopulaci a prognozou pacientil s karcinomem ovaria.
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Tab. 7. Piehled studii hodnoticich prognostickou roli imunitniho infiltratu u pacientek

s ovaridlnim karcinomem

Imunitni Specifikace Prognéz Reference
subpopulace
intraepitelidlni CD3* T lymfocyty + (Zhang et al., 2003)
intraepitelidlni CD3* T lymfocyty + (Tomsova et al., 2008)
(Han et al., 2008)
. e N N
intraepitelidlni CD3™ a CD8" T lymfocyty + (Clarke ef al., 2009)
(Hwang et al., 2012)
CD8" T lymfocyty + (Truxova et al., 2018)
(Raspollini et al.,
2005)
(Lefters et al., 2009)
intraepitelialni CD8" T lymfocyty + (Stumpf ez al., 2009)
(Nielsen et al., 2012)
T lymfocyty (Hermans et al., 2014)
pouze CD8" T lymfocyty nikoliv CD3™ T + (Sato et al., 2005)
lymfocyty
(Curiel et al., 2004)
(Wolf et al., 2005)
TREG i (Kl.'yczek. et al.,2007)
(Giuntoli ef al., 2009)
(Barnett et al., 2010)
(Fialova et al., 2013)
(Sato et al., 2005)
. . . (Wolf et al., 2005)
vy$si pomér CD8/CD4 T lymfocyta +
(Kryczek et al., 2007)
(Hermans et al., 2014)
DC-LAMP* DC + (Truxova et al., 2018)
Dendritické buriky
DC a CD45RO" T lymfocyty + (Zhang et al., 2015)
CD20" B lymfocyty a CD8" T lymfocyty + (Nielsen et al., 2012)
B lymfocyty
CD20" B lymfocyty + (Truxova et al., 2018)
(Yuan et al., 2017)
CD163" TAM - -
(Yafei et al., 2016)
vy$si pomér M1/M2 TAM + (Zhang et al., 2014)
Makrofégy vyssi pomér CD206/CD68 - (Le Page et al., 2012b)
CD163" TAM a CD163/CD68 - (Lan et al., 2013)
CD14"HLA-DR"¥ MDSC - (Wuet al., 2017)
Myeloidni (Horikawa et al.,
supresorové buriky MDSC ) 2017)
Seznam zkratek: +: pozitivni prognoza, -: negativni progndza, HLA-DR (z angl. human

leukocyte antigen — DR isotype), MDSC (z angl. myeloid-derived suppressor cell), TAM (z angl.
tumor-associated macrophage), TREG (z angl. regulatory T cells).
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6.2.1 Vlivimunokompetentnich bunék na prognézu pacientek
s karcinomem ovaria

Nédor infiltrujici lymfocyty (TIL, z angl. tumor-infiltrating lymphocytes) ptedstavuji populaci
bun¢k zasadnim zptisobem ovlivitujici prognézu pacientll s malignim onemocnénim (Fridman
et al, 2017). TIL mohou byt lokalizované jak v nadorovych ostrivcich (4.
intraepitelidlni lymfocyty), tak i v nddorovém stromatu, pficemz s pozitivni prognodzou je
spojovana pritomnost zejména intraepitelidlnich T lymfocytd (Sato et al., 2005; Zhang et al.,
2003). Z vysledki nezavislych studii vyplyva, ze aékoliv obecné pfitomnost CD3™ T lymfocytl
koreluje s pozitivni progndzou, na dlouhodobé prezivani pacientek mé zcela rozhodujici vliv
zastoupeni intraepitelidlnich CD8" T lymfocyth (Hermans et al., 2014; Leffers et al., 2009;
Nielsen et al., 2012; Raspollini et al., 2005; Stumpf et al., 2009). Tuto skutecnost potvrzuje
1 rozsahla meta-analyza 1815 vzork( ovaridlniho karcinomu, ktera ukazuje, Ze sledovani
zastoupeni CD8" TIL piedstavuji robustni ukazatel pro celkové pieziti pacientek bez ohledu na
stupen, stadium a histologicky subtyp onemocnéni (Hwang et al., 2012).

Z publikovanych studii dale vyplyva, ze CD4" TIL maji také pozitivni vliv na progndzu
pacientek s karcinomem ovaria (Hamanishi et al., 2011; Tsiatas et al, 2009). Pomoci
experimentalniho my$iho modelu bylo dokumentovano, ze CD4" TIL izolované z ovarialnich
nadort pacientek po pfeneseni do mysi pfitahuji do nadorového loziska populaci CCR5" DC.
Tyto DC nasledné aktivuji pomoci interakce CD40 a CD40L pfitomné CD4" T lymfocyty, ale
soucasné také CD8" T lymfocyty, které nasledné zajistuji dlouhodobou cytotoxickou odpoveéd’
proti malignim buiitkam (Nesbeth ef al., 2010).

Jak jiz bylo zminéno, DC piedstavuji nejucinnéjsi APC, které zajistuji stimulaci
naivnich T lymfocytl a podili se na aktivaci protinadorové imunitni odpovédi (Sabado et al.,
2017). Z publikovanych vysledki vyplyva, ze pfitomnost CD45RO™ T lymfocyti a soucasné
CDIla" DC, anebo CD45RO" T lymfocytli a soucasné S-100" DC (S-100 je vyuZivan
v publikacich k identifikaci DC v TME) v TME koreluje s lepsi progn6zou onemocnéni (Zhang
et al., 2015).

Mezi dalsi APC s pozitivnim prognostickym vlivem u karcinomu ovaria patii
B lymfocyty. Nielsen a kolegové zaznamenali nejlepsi prognézu pacientek s HGSC (z angl.
high-grade serous carcinoma, jejichz TME vykazovalo vyssi zastoupeni jak CD20"
B lymfocytl, tak CD8" T lymfocyti. Podrobna analyza ukéazala, ze B lymfocyty se nachazely
v kontaktu s CD8" T lymfocyty a exprimovaly znaky APC, jako jsou molekuly MHC I. tfidy,
MHC II. tfidy, CD40, CD80 a CD86 (Nielsen et al., 2012), coZz dokumentuje jejich roli

v aktivaci cytotoxické protinddorové imunitni odpovedi.
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6.2.2 Vlivimunosupresivnich bunécénych subpopulaci na prognézu
pacientek s karcinomem ovaria

Mezi nejlépe charakterizovanou imunosupresivni populaci nejcastéji spojovanou se Spatnou
progndézou u karcinomu ovaria patii populace regulacnich T lymfocytd (TREG). Jejich
imunosupresivni piisobeni je zprosttedkovano jak pfimou bunécnou interakci, tak sekreci
inhibi¢nich cytokinti TGF- a IL-10 (Kryczek et al., 2009).

Jak vyplyva zvysledki experimentalniho testovani, zvySena migrace TREG
do ovarialniho nadoru souvisi s vyssi expresi CCL28 na povrchu malignich bun¢k, ktera je
indukovana hypoxickym mikroprostiedim. Pfitomné TREG nésledné zptsobuji imunitni
toleranci malignich bun¢k a podporuji angiogenezi (Facciabene et al., 2011).

Curiel a kolegové na studii 104 pacientek s ovarialnim karcinomem dale popsali, Ze
TREG pfispivaji k inhibici specifické T bunééné imunity a podporuji rist nddoru. Autoti dale
uvadeji, ze k migraci TREG do TME pfispiva zvySena produkce chemokinu CCL22 populaci
nadorovych buné€k. Ptfitomnost TREG v TME negativné koreluje s progndézou onemocnéni
(Curiel et al., 2004). Korelace pfitomnosti TREG se Spatnou prognozou, pokrocilym stadiem
onemocnéni a také jako disledku nedostate¢ného operativniho odstranéni néadorii byla
potvrzena také v dalSich studiich (Barnett ez al., 2010; Giuntoli et al., 2009; Kryczek et al.,
2007; Wolf et al., 2005). Naopak optimalni cytoredukcni 1écba s ponechdnim jen minimalniho
nadorového rezidua byla asociovana se snizenim po¢tu TREG, navySenim poctu TIL a celkové
lepsi progndézou onemocnéni (Napoletano et al., 2010). Soucasné Sato a kolegové prokézali, ze
pacientky s vy$8im pomérem CD8'/CD4" T lymfocytl vykazovaly lep$i prognozu z hlediska
preziti, coz by mohlo byt vysvétleno pravé inhibi¢ni roli CD4" TREG u karcinomu ovaria.
S timto zavérem o inhibi¢ni roli TREG se shoduji i dalsi studie (Hermans et al., 2014; Kryczek
et al.,2007; Wolf et al., 2005).

V dalsi studii Fialovéa a kolegové sledovali dynamiku zastoupeni tumor infiltrujicich
imunitnich bun¢k v jednotlivych fazich onemocnéni. Rané stadium karcinomu ovaria
(stadium I) bylo charakterizovdno silnou Thl7 imunitni odpovédi. Pacientky ve stadiu II
vykazovaly pfevahu imunitni odpovédi zaloZzené na Thl bunkach a pacientky v pokrocilém
stadiu onemocnéni (stadia III a IV) vykazovaly vyssi pfitomnost TREG, tumor asociovanych
makrofagli, myeloidnich dendritickych bun¢k (mDC, z angl. myeloid dendritic cells) a vyssi
expresi chemokinu CCL22. CCL22 je sekretovany pfevazné malignimi buiikami, monocyty,
makrofagy a mDC a je zodpovédny za chemotaxi TREG do TME pomoci vazby na receptor
CCR4 (z angl. C-C chemokine receptor). Zd4 se tedy, Ze infiltrace TREG do TME vede
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k inhibici protinddorové imunitni odpovédi v pokrocilych stadiich ovarialniho karcinomu
(Fialova et al., 2013).

TAM predstavuji dal§i imunosupresivni populaci spojovanou s progresi ovarialniho
karcinomu. Jejich fenotyp je charakterizovan expresi znaki CD163, CD204, CD206 a produkci
cytokinu IL-10. Ze studie publikované Kawamurou a kolegy vyplyva, ze kolonie stimulujici
faktor 1 (CSF-1, zangl. colony stimulating factor 1), produkovany zejména malignimi
buiikami, indukuje polarizaci makrofagti do supresivniho M2 fenotypu, coz je nasledné spojeno
s rastem a progresi karcinomu ovaria (Kawamura et al., 2009). Toto tvrzeni je v souladu
s vysledky rozsahlé¢ meta analyzy zahrnujici celkem 794 pacientek s ovaridlnim karcinomem,
kde bylo vyss§i zastoupeni M2 makrofagli jednoznaéné spojovano se Spatnou prognodzou.
Naopak vyss§i pomér MI/M2 TMA byl asociovan s delSi dobou do dosazeni relapsu
onemocnéni (Yuan et al., 2017). Také dalsi studie potvrzuji imunosupresivni roli M2
makrofagt v karcinomu ovaria (Lan et al., 2013; Le Page et al., 2012a; Yafei et al., 2016;
Zhang et al., 2014).

Ve studii Wu a kolegové charakterizovali subpopulaci monocytarnich CD14 "HL-DR°
MDSC (M-MDSC) v periferni krvi a v ascitu pacientek s ovaridlnim karcinomem. Ve srovnani
se zdravymi darci mély pacientky s ovaridlnim karcinomem vyrazné vyS$$i zastoupeni
M-MDSC jak v periferni krvi, tak 1 v ascitu. ZvySené mnozstvi téchto bun¢k bylo spojeno
s krat$i dobou do dosazeni relapsu. Expanze M-MDSC byla zavisld na IL-6, IL-10 a STAT3
(Wu et al., 2017). Dalsi studie pak ukézala, ze ptitomnost MDSC v TME negativn¢ koreluje se
zastoupenim CD8" T lymfocyti a délkou pfezivani. Pomoci pfistupu kombinujiciho expresni
analyzu a IHC bylo objasnéno, Ze infiltrace TME MDSC je zavisla na pritomnosti VEGF
faktoru. Experimentalni snizeni, tedy knockdown, exprese genu VEGF vedlo ke snizeni

infiltrace MDSC do TME a k obnové infiltrace CD8" T lymfocytt (Horikawa et al., 2017).

6.3 Kontrolni body imunitnich reakci a jejich vztah k progndze pacientek
s karcinomem ovaria
V TME jsou TIL vystaveny fadé¢ vlivl, které mohou v disledku vést k jejich inhibici. Mnohé

znich predstavuji molekuly se supresivnimi Uc¢inky, které jsou exprimovany na povrchu
nadorovych bunék, jako naptiklad molekula PD-L1. Jednou z prvnich praci, ktera se zabyvala
prognostickou roli molekuly PD-L1, byla studie z roku 2007, kde Hamanish a kolegové popsali,
ze exprese PD-L1 molekuly v TME je asociovand s niz§im zastoupenim TIL v TME a se

Spatnou progndzou pacientek s ovaridlnim karcinomem (Hamanishi et al., 2007). Tato prace je
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v souladu s vysledky in vitro(Matsuzaki et al., 2010) a in vivo mysich studii (Hirano et al.,
2005), které prokazaly, ze blokace ligandu PD-L1 vede k obnov¢ efektorové funkce TIL.

Nov¢jsi prace z roku 2016 ale ukazuje, ze zcela zasadnim faktorem, ktery ovliviiuje
vyslednou prognostickou roli PD-L1, je bunéény typ, ktery byl hodnocen na pozitivitu tohoto
znaku, tedy zda PD-L1 exprimuji maligni nebo imunitni buniky. Dle této studie je PD-L1
exprimovan primarné na CD68" makrofézich a nikoli na nddorovych buiikach. Vyssi exprese
PD-L1na makrofazich je asociovana i s vyssi infiltraci CD8" TIL a zarovefi s lep$i progndzou
pacientek s ovarialnim karcinomem (Webb et al., 2016). Korelaci exprese PD-L1 s infiltraci
CD8" TIL vysvétluji autofi prostiednictvim mechanizmu adaptivni rezistence, ktery spo¢iva ve
zpétnovazebné indukci exprese PD-L1 ti¢inkem IFN-y sekretovaného TIL. Aktivované T bunky
uvolnénim IFN-y indukuji expresi PD-L1 na cilovych buiikach a ty nasledné aktivaci T bunck
tlumi (Taube et al., 2012). T dal§i studie potvrzuji pozitivni prognostickou roli PD-L1
u pacientek s karcinomem ovaria (Darb-Esfahani et al., 2016; Huang ef al., 2018). V roce 2015
bylo také ukéazano, ze PD-1"CD103"CD8" TIL si zachovavaji funkéni kapacitu v boji proti
nadorovym builkdm a jejich pfitomnost koreluje slepsi klinickou odpovédi pacientek
s ovarialnim karcinomem (Webb et al., 2015).

Podobné jako u ostatnich nadorovych malignit prognosticka role PD-1/PD-L1 neni
zcela jednoznacna. Rozhodujici bude napt. klon pouzité protilatky pro identifikaci exprese
PD-L1, metoda pouzita pro stanoveni miry exprese PD-L1 ¢i populace bunék nesouci znak

PD-L1.
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7 Cile

Hlavnim cilem této prace bylo charakterizovat slozeni a funk¢ni orientaci imunitniho infiltratu

v TME u pacientek s karcinomem ovaria. Déle definovat vyznam imunitnich parametrt

a produktii malignich bungk, a to zejména CRT, pro prognézu pacientek s high-grade ser6znim

karcinomem ovaria (HGSC) se snahou najit nové prognostické ukazatele.

1.

Sledovéani vlivu exprese CRT v TME na protinddorovou imunitni odpovéd’ a
prognodzu pacientek s ovaridlnim karcinomem.

e Hypotéza: Piitomnost CRT v TME koreluje s pfitomnosti aktivovanych DC,
cytotoxickych CD8" T lymfocytl a s lepsi progndzou pacientek s karcinomem
ovaria.

Sledovani vlivu infiltrace TME aktivovanymi DC na progn6zu pacientek
s karcinomem ovaria.

e Hypotéza: Piitomnost DC v TME pozitivné koreluje s pritomnosti
cytotoxickych CD8" T lymfocytl a prognézou pacientek.

Sledovani vlivu exprese inhibi¢nich molekul na funk¢éni orientaci imunitniho
infiltratu a prognézu pacientek s karcinomem ovaria.

e Hypotéza: Pritomnost inhibi¢nich molekul v TME vyznamné ovliviiuje
prognozu pacientek s karcinomem ovaria.

Sledovani vlivu infiltrace TME M2 makrofagy na funk¢ni orientaci imunitniho
infiltratu a prognozu pacientek s metastatickym karcinomem ovaria.

e Hypotéza: Piitomnost M2 makrofagti v TME negativné ovliviiuje funk¢éni
kapacitu imunitnich bunék v metastatickém karcinomu ovaria, coz ma
negativni dopad na prognézu pacientek.

Porovnani cytometrické a imunohistochemické analyzy ve sledovani zastoupeni CRT.
Sumarizace literarnich poznatkd o vyznamu CRT pro klinicky priibéh nadorovych

onemocnéni.
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8.1 Pritomnost kalretikulinu v nddorovém mikroprostredi pacientek
s karcinomem ovaria koreluje s aktivaci adaptivni protinddorové imunitni
odpovédi a lepsi prognézou onemocnéni

ICD predstavuje konkrétni formu apoptozy, kterd je doprovazena expresi a uvolnénim DAMP
molekul. Béhem ICD dochézi v dasledku stresu ER k preapoptotické translokaci CRT
na povrch nddorovych bunek. Povrchové exprimovany CRT hraje kli¢ovou roli v aktivaci APC,
zvlasté pak DC, které nasledné indukuji nadorové specifickou T lymfocytarni imunitni
odpoveéd’. Z vysledka nejnovéjSich preklinickych studii vyplyva, ze ptitomnost CRT v TME
zasadné ovliviiuje prognozu pacientll se solidnimi i hematologickymi malignitami. Nicméné
role CRT v aktivaci protinddorové imunitni odpovédi a jeho vliv na prognézu pacientek
s HGSC nebyla dosud podrobné popsana.

V této studii jsme analyzovali zastoupeni CRT v TME pacientek s HGSC pomoci
retrospektivni imunohistochemické analyzy. Z vysledkl vyplyva, Ze zastoupeni CRT je znacné
heterogenni v primarni 1 metastatické tkani. Soucasné¢ je piitomnost CRT nezavisla
na aplikované chemoterapii a koreluje s mirou vnitrobunééného stresu. Z vysledk
imunohistochemické a cytometrické analyzy a celogenomového sekvenovani vyplyva, ze
ptitomnost CRT v TME pozitivné koreluje s vy$§i infiltraci imunitnich bun&k (DC-LAMP* DC,
CD20" B lymfocyty, CD8" T lymfocyty) a vy$$i cytotoxickou kapacitou efektorovych CD8" T
lymfocyti. Soucasné pritomnost CRT koreluje s lepsi progndézou onemocnéni a spolecné
s hodnocenim imunitniho infiltrdtu v TME napomdha identifikovat skupinu pacientek

s nejhorsi progndézou onemocnéni.

Autorka v této praci prispéla:

e Optimalizace imunohistochemickych protokoll vyuzitych v ramci této studie

e Retrospektivni imunohistochemicka analyza zastoupeni CRT a CD8" T lymfocyta
v nddorové tkani

e Prospektivni analyza nadorové tkdné — zpracovani Ccerstvé nadorové tkané
a multiparametrickd cytometrickd analyza vzorka

e Zpracovani vysledkil celogenomového sekvenovani

e Biostatistické a bioinformatické hodnoceni vysledkii provedenych analyz a dat
dostupnych z vefejné genové databdze TCGA (z angl. the cancer genome atlas)

e Pfiprava manuskriptu pod vedenim Skolitele
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Abstract

samples was used as a confirmatory approach.

Background: Adjuvanticity, which is the ability of neoplastic cells to deliver danger signals, is critical for the host
immune system to mount spontaneous and therapy-driven anticancer immune responses. One of such signals, ie,
the exposure of calreticulin (CALR) on the membrane of malignant cells experiencing endoplasmic reticulum (ER)
stress, is well known for its role in the activation of immune responses to dying cancer cells. However, the potential
impact of CALR on the immune contexture of primary and metastatic high-grade serous carcinomas (HG5Cs) and
its prognostic value for patients with HGSC remains unclear.

Method: We harnessed a retrospective cohort of primary (no = 152) and metastatic (no = 74) tumor samples from
HGSC patients to investigate the CALR expression in relation with prognosis and function orientation of the tumor
microenvironment. IHC data were complemented with transcriptomic and functional studies on second prospective
cohort of freshly resected HGSC samples. In silico analysis of publicly available RNA expression data from 302 HGSC

Results: We demonstrate that CALR exposure on the surface of primary and metastatic HGSC cells is driven by a
chemotherapy-independent ER stress response and culminates with the establishment of a local immune
contexture characterized by T1 polarization and cytotoxic activity that enables superior clinical benefits.
Conclusions: Our data indicate that CALR levels in primary and metastatic HGSC samples have robust prognostic
value linked to the activation of clinically-relevant innate and adaptive anticancer immune responses,

Keywords: B cells, Cancer immunotherapy, CD20, DC-LAMP, Dendritic cells, Immunogenic cell death

Introduction

It is now accepted that tumors form, progress and re-
spond to therapy in the context of an intimate, bidirec-
tional interaction with the immune system [1, 2]. In this
context, malignant cells progressively escape immuno-
surveillance by losing their antigenicity, i.e., the exposure
on the cell surface of antigens not covered by central
thymic tolerance [3, 4] and adjuvanticity, i.e., the emis-
sion of immunostimulatory signals through molecules
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commonly known as damage-associated molecular pat-
terns (DAMPs) [5, 6]. In physiological conditions,
DAMPs are sequestered in the intracellular microenvir-
onment, where they cannot be detected by the host im-
mune system [5, 6]. However, cells experiencing sub-
lethal or lethal stress conditions passively release, ac-
tively secrete, or expose on the outer leaflet of the
plasma membrane, several DAMPs, hence enabling the
latter to mediate a variety of immunomodulatory func-
tions [7-9].

Endoplasmic reticulum (ER) chaperones including cal-
reticulin (CALR) and various heat-shock proteins (HSPs)
are well known for their key role as pro-phagocytic
DAMPs in the successful activation of anticancer
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immunity by malignant cells undergoing immunogenic
cell death [5, 6]. In line with this notion, high expression
levels of CALR and/or CALR exposure on the mem-
brane of cancer cells have been linked with superior dis-
ease outcome in patients with colorectal carcinoma
(CRC) [10], non-small cell lung carcinoma (NSCLC) [11,
12], acute myeloid leukemia (AML) [13], and ovarian
cancer [11] generally in association with improved anti-
cancer immunity. Conversely, the impact of CALR levels
on the composition and functional orientation of the
HGSC microenvironment remain unclear.

Here, we investigated the impact of CALR levels on dis-
ease outcome in a retrospective cohort of 152 patients
with resectable high-grade serous carcinoma (HGSC) who
did not receive neoadjuvant chemotherapy. Our data sug-
gest that increased CALR levels in both primary and
metastatic tumor tissues are associated with superior dis-
ease outcome linked to the establishment of a tumor
microenvironment (TME) exhibiting T}41 polarization and
activation of immune effectors.

Materials and methods

Patients

Study group 1. Two retrospective series of 152 primary
and 74 metastatic formalin-fixed paraffin-embedded
(FFPE) samples were obtained from patients with HGSC
who underwent surgery without neoadjuvant chemo-
therapy between 2008 and 2014 at University Hospital
Hradec Kralove (Czech Republic). Baseline characteristic
of these patients are summarized in Table 1. From those
24 patients samples were further analyzed using RNA-
seq technology. Study group 2. A retrospective cohort
of 45 patients with HGSC who received neoadjuvant
chemotherapy followed by curative resection between

Table 1 Main clinicopathological features of Study Group 1

Variable Study Group 1
(n=152)
Age:
Mean age + SEM 65+081
Range 41-85
PTNM stage:
Stage | 20 (13.2%)
Stage Il 11 (7.2%)
Stage |l 111 (73%)
Stage IV 10 (6.6%)
Debulking
RO 75 (49.4%)
R1 12 (7.9%)
R2 65 (42.79%)
Vital status of patients 70 (46.1%)
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2008 and 2014 was obtained from University Hospital
Hradec Kralove (Czech Republic). Baseline characteris-
tics of these patients are summarized in Additional file 1:
Table S1. Study group 3. An additional series of 35
samples from HGSC patients who did not receive neo-
adjuvant chemotherapy was prospectively collected at
Hospital Motol (Czech Republic). Written informed con-
sent was obtained from the patients before inclusion in
the prospective study. The protocol was approved by the
local ethics committee. Baseline characteristic of these
patients are summarized in Additional file 1: Table S2.
Pathologic staging was performed according to the 8th
TNM classification (2017), and histologic types were de-
termined according to the current WHO classification
[14, 15]. Data on long-term clinical outcome were ob-
tained retrospectively by interrogation of municipality reg-
isters or patients’ families. The experimental design of the
study is summarized in Additional file 1: Figure S1.

Immunohistochemistry

Tumor specimens from Study Group 1 and Study Group
2 were fixed in neutral buffered 10% formalin solution
and embedded in paraffin as per standard procedures.
Immunostaining with antibodies specific for lysosomal
associated membrane protein 3 (LAMP3; best known as
DC-LAMP), CD8, CD20, CALR and natural cytotoxicity
triggering receptor 1 (NCRI1; best known as NKp46)
(Additional file 1: Table S3) was performed according to
conventional protocols. Briefly, tissue sections were
deparaffinized and rehydrated descending alcohol series
(100, 96, 70, and 50%), followed by antigen retrieval with
Target Retrieval Solution (Leica) in EDTA pH 8.0 (for
DC-LAMP/CD20, CD8, NKp46) or in citrate buffer at
pH 6.0 (for CALR), in preheated water bath (97 °C, 30
min). Sections were allowed to cool down to RT for 30
min, and endogenous peroxidase was blocked with 3%
H30; for 15min. For co-staining, endogenous alkaline
phosphatase was blocked by levamisole (Vector). Sec-
tions were then treated with protein block (DAKO) for
15 min and incubated with primary antibodies, followed
by the revelation of enzymatic activity. Images were ac-
quired using a Leica Aperio AT2 scanner (Leica).

Scoring

CALR expression in the tumor microenvironment was
quantified as a function of CALR" positive tumor cells,
as published previously [12]. Scores were calculated on
10 different fields visually inspected at 20x magnification
under a light microscope (DM2000LED; Leica), and clas-
sified into (1) score 1, <10% CALR" cells; (2) score 2,
10-25% CALR™ cells, (3) score 3, 26—50% CALR™ cells;
(4) score 4, 51-75% CALR" cells; and (5) score 5, > 75%
positive cells (Additional file 1: Figure S2.). Quantifica-
tion was done performed by two independent observers
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(LK, JF) and reviewed by two expert pathologists (JL,
PS). DC-LAMP", CD8", CD20" and NKp46" cells were
quantified in the tumor stroma and tumor nests of the
whole tumor sections with Calopix (Tribvn). Data are re-
ported as absolute number of positive cells/mm? (for
DC-LAMP', CD8" and NKp46" cells) or cell surface/
total tumor section surface (for CD20" cells), as previ-
ously described [16—19]. Immunostaining and quantifi-
cations were reviewed by at least three independent
observers (IT, LK, JF, PS, JL) and two expert pathologists
(JL, PS).

Flow cytometry

As previously described, fresh ovarian tumor specimens
were minced with scissors, digested in PBS containing 1
mg/ml of Collagenase D (Roche) and 0.2 mg/ml DNase 1
at 37°C for 30 min mechanically dissociated using the
gentleMACS dissociator (Miltenyi Biotec) and passed
through a 70 pm nylon cell strainer (BD Biosciences)
[16]. To determine the ecto-CALR exposure, mono-
nuclear cells were stained with primary antibodies against
CD45, cytokeratin, human epithelial antigen, CD227 to
distinguish the population of leukocytes and malignant
cells, and antibodies against CALR or isotype control
(Additional file 1: Table S4) for 20 min at 4 °C in the dark,
following by washing and acquisition on a Fortessa flow
cytometer (BD Bioscience). Flow cytometry data were ana-
lyzed with the Flow]o software (TreeStar). Gating strategy
is depicted in Additional file 1: Figure S3.

Degranulation and IFN-y production after in vitro
stimulation

Mononuclear cells isolated from fresh tumor specimens
were stimulated with 50 ng/ml of phorbol 12-myristate
13-acetate (PMA)+1pg/ml of ionomycin for 1h
followed by 3 h incubation with brefeldin A (BioLegend).
Unstimulated cells were used as a control. The cells
were then washed in PBS, stained with anti-CD3 Alexa
Fluor 700 (EXBIO), anti-CD4 ECD (Beckman Coulter)
and anti-CD8 HV500 (BD Biosciences), fixed using fix-
ation/permeabilization  buffer (eBioscience), perme-
abilized with permeabilization buffer (eBioscience) and
intracellularly anti-IFN-y PE-Cy7
(eBioscience), anti-granzyme B Brilliant Violet 421 (BD
Biosciences) (Additional file 1: Table S4). The percentage
of CD3'CD8" T cells producing IFN-y and degranulating
upon PMA/ionomycin stimulation were determined by
flow cytometry. The data were analyzed with the FlowJo
software package (Tree Star, Inc.). Gating strategy is
depicted in Additional file 1: Figure S4.

stained with an

TCGA data analysis
Patients with HGSC (#=302) were identified in The
Cancer Genome Atlas (TCGA) public database (https://
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cancergenome.nih.gov/). Differentially expressed genes
(DEGs) between the CALR™ and CALR™ groups were
determined using the LIMMA-R package [20]. Hierarch-
ical clustering analysis was conducted using the Com-
plexHeatmap package, based on the Euclidean distance
and complete clustering method [21]. Immune analyses
were performed using ClueGo [22]. The MCP-counter R
package was used to estimate the abundance of tissue-
infiltrating immune cell populations (Additional file 1:
Table S5) [23].

Statistical analysis

Survival analysis was performed using the R package sur-
vival analysis. The overall prognostic value of continuous
variables was assessed (1) by Wald tests for univariate
COX regression models, (2) by log-rank tests using
median-based cutoffs. The prognostic value of CALR and
immune density was assessed by multivariate Cox regres-
sion. Student’s ¢ tests, Wilcoxon tests and Mann-Whitney
tests were used to assess statistical significance, p values
are reported (considered not significant when > 0.05).

Results

Prognostic impact of CALR expression in TME of primary
and metastatic HGSC

Primary tumor (PT) samples from a retrospective series
of 152 patients with HGSC who did not receive neoadju-
vant chemotherapy (Study Group 1) (Table 1) were ana-
lyzed for CALR expression by immunohistochemistry
(IHC) (Fig. 1a). CALR levels were rather heterogeneous
within samples from the same TNM stage, with a trend
for decreased CALR expression in Stage III-1V lesions
that was statistically significant as compared to Stage [-1I
lesions (p = 0.0013) (Fig. 1b). To evaluate the prognostic
impact of CALR expression in primary HGSC tissues,
we investigated relapse-free survival (RFS) and overall
survival (OS) upon stratifying the entire patient cohort
based on the median CALR expression score. We found
that CALR' patients had a significantly improved RES
and OS as compared with their CALR"® counterparts
(median RFS: 54 mo. versus 27 mo.; p = 0.0005; median
0OS; >120 mo. versus 42 mo.; p=0.0003) (Fig. 1c). As
CALR levels tend to correlate with disease stage and
both these factors have prognostic significance (Fig. 1d,
Additional file 1: Figure S5A), we harnessed univariate
and multivariate Cox regression models to demonstrate
that such significance is mutually independent (Tables 2
and 3). Consistent with this, survival curves of the pa-
tient cohort stratified for stage (LIl versus III/IV) and
CALR expression (CALR™ versus CALR™) documented sig-
nificantly improved OS for CALR"/Stage™" patients over
their CALR"/Stage™" counterparts (p=0.03) (Fig. 1d). A
similar trend not reaching statistical significance (potentially
due to the limited amount of patients in this subset) was
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Fig. 1 Prognastic impact of CALR expression in the primary TME of HGSC patients. a Representative images of CALR immunostaining in CALR™
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observed for CALR""/Stage"" patients compared to their
CALR"/Stage"" counterparts (p = 0.06) (Fig. 1d). RFS data
further comforted these findings (Fig. 1d). We therefore de-
cided to focus on patients with Stage 111 HGSC (1 = 111), the
majority of patients from Study Group 1, to remove the po-
tential confounding effect linked to disease stage, thus elim-
inating patients at other stages from further analyses.
Importantly, CALR levels in both PT (Fig. 1e) and metastatic
tumors (MT) (Additional file 1: Figure S5B) were signifi-
cantly associated with improved RFS and OS (median RFS
PT: 43 mo. versus 27 mo,; p = 0.0075 median OS PT; 66
mo. versus 42 mo; p = 0.0044; median RFS MT: 41.5 mo.
versus 21 mo; p = 0.01; median OS MET; > 120 mo. versus
34 mo; p=0.0012). Both univariate and multivariate Cox
analyses confirmed the prognostic impact of CALR levels in
patients with Stage III HGSC (Tables 2 and 3). To validate
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these findings in a larger patient cohort, we analyzed the
prognostic role of CALR mRNA levels in 302 patients with
primary ovarian cancer from The Cancer Genome Atlas
(TCGA) database, based on the median cutoff approach
[12, 13]. High intratumoral CALR mRNA levels were
strongly associated with improved OS (p = 0.0381) (Fig. 1f).
Altogether, these results demonstrate that CALR expres-
sion in both primary and metastatic lesions constitutes a
strong prognostic biomarker for the identification of
chemotherapy-naive HGSC patients with favorable disease
outcome upon tumor resection.

CALR levels in HGSC correlate with signs of an ongoing
ER stress response

CALR expression on the surface of cells undergoing 1CD
relies on the activation of the ER stress response in
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Table 2 Univariate Cox proportional hazard analysis
Variable Overall survival Relapse-free survival
HR (95% Cl) p HR (95% Cl) P
CA125 10-1) 014 1(1-1) 031
Stage 055 038
Stage | 1 1
Stage Il 061 (0.12-3.14] 052 1.14 (04-3.19) 0808
Stage Il 299 (1.21-743] 0.018 264 (1.33-5.26) 0.006
Stage IV 5.35 (1.63-17.57) 0.006 484 (179-1309) 0.002
Debulking 022 0.08
Debulking RO 1 1
Debulking R1 167 (0.73-38) 0224 1.84 (092-3.67) 0084
Debulking R2 217 (1.36-347) 0.001 276 (1.85-4.13) < 0.0001
Age 1(098-1) 073 1(099-1) 048
CALR 0.96 (0.94-0.98) <0.0001 097 (0.95-0.98) <0.0001
DC-LAMP summary 0.86 (0.76-0.96) 0.0097 098 (0.94-1) 019
CD8 summary 10-1) 0.011 1{1-1) 0057
cb20 0.2 (0.039-097) 0.046 05 (023-1.1) ooe7
NKp46 1(082-12) 098 091 (073-1.1) 042

dying cells [24, 25]. We therefore checked whether the
mRNA levels encoding 3 distinct components of the ca-
nonical ER stress response, namely DNA damage indu-
cible transcript 3 (DDIT3, best known as CHOP), heat
shock protein family A (Hsp70) member 5 (HSPAS, best
known as BIP), and heat shock protein 90 beta family
member 1 (HSP90B1) [26], would correlate with CALR
mRNA levels in samples from Study Group 1. We

Table 3 Multivariate Cox proportional hazard analysis
Variable

Overall survival Relapse-free survival

HR (95% Cl) P HR (95% CI) p

CA125 1(1-1) 0495 10-1) 098
Stage 05 098

Stage | 1 1

Stage Il 076 (0.14-4.18) 0755 13 (045-377) 0627

Stage Il 221 (0.76-641) 0145 1.75 (0.79-3.87) 0.165

Stage IV 489(133-179) 0.017 284 (096-84) 006
Debulking 039 09

Debulking RO 1 1

Debulking R1 062(021-184) 0386 085(04-224) 091

Debulking R2 135 (08-227) 0262 182 (1.21-306) 0.006
Age 1(0.98-1.03) 0.743 1.01 (0.99-1.03) 0508
CALR 096 (024-09%) 0.0003 097 (0956-099) 0.002
DCLAMP summary 08 (0.7-0.91) 0.001 057 (094-1.0) 012
CD8 summary 099 (089-099) 0.0007 099 (0.95-1) 0.13
D20 023 (03-154) 013 1(033-15) 086
NKp46 108 (09-13) 037 111 (083-135) 024
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observed a statistically significant positive correlation be-
tween CALR levels and DDIT3, HSPAS and HSP90BI in
both PT and MT samples (Fig. 2a and b). To validate
our findings in an independent patient cohort, we re-
trieved normalized expression data on DDIT3, HSPAS
and HSP90BI, as well as on transcripts encoding the ER
stress-relevant proteins activating transcription factor 6
(ATF6) and X-box binding protein 1 (XBP1) for 302 pa-
tients with primary ovarian cancer from the TCGA data-
base, and analyzed their correlation with CALR
abundance. Also in this setting, DDIT3, HSPAS, HSP90B1,
ATF6, and XBPI levels exhibited a highly significant posi-
tive correlation with CALR expression (Fig. 2c), corrobor-
ating the notion that ovarian cancer cells are subjected to
ER stress irrespective of treatment, resulting in spontan-
eous CALR upregulation in a majority of patients. Next,
we decided to evaluate the potential impact of platinum-
and paclitaxel-based chemotherapy, which is a common
standard of care for patients with ovarian cancer [27], on
the adjuvanticity of HGSC cells. To this aim, we analyzed
CALR expression in PT samples from an independent co-
hort of 45 patients who received neoadjuvant chemother-
apy before surgery (Study Group 2) (Additional file 1:
Table S1). We observed no difference in CALR levels in
PT samples from chemotherapy-naive patients versus
patients who underwent neoadjuvant chemotherapy
(Additional file 1: Figure S5C). Moreover, OV90 ovarian
cancer cells exposed to carboplatin plus paclitaxel for 24 h
failed to manifest increased CALR exposure on the plasma
membrane, at odds with OV90 cancer cells exposed to
idarubicin (an anthracycline that triggers ICD) (Additional
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file 1: Figure S5D). Taken together, these findings lend
further support to the notion that HGSC cells are exposed
to microenvironmental conditions that favor CALR upreg-
ulation irrespective of chemotherapy.

High CALR levels are associated with a Ty1-polarized,
cytotoxic CD8" T-cell response

To characterize the impact of CALR expression on the
composition and functional polarization of the HGSC
immune infiltrate, we compared transcriptional signa-
tures of 77 CALR™ patients and 77 CALR" patients
from the TCGA database. We identified a set of 1563
genes that were significantly over-represented in CALR™
PTs as compared to their CALR™ counterparts (Fig. 3a)
(Additional file 1: Table $6). Bioinformatic analyses re-
vealed a strong association between such DEGs and T
cell activation, Tyl polarization, T cell migration, cyto-
toxicity, antigen processing, dendritic cell (DC) activa-
tion as well as B and natural killer (NK) cell function
(Fig. 3b and Additional file 1: Figure S6A; Table S7).
Alongside, we used the MCP-counter R package to esti-
mate the relative abundance of different immune cell
population in the TME of CALR™ versus CALR™ pa-
tients. Compared to their CALR™® counterparts, CALR™
PTs exhibited were enriched in gene sets specific for
CD8" T cells (p =0.008) and cytotoxic effector functions
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(p = 0.026) (Fig. 3c; Additional file 1: Table S5). To further
characterize the impact of CALR expression on the com-
position of the immune infiltrate in HGSC metastases, we
used RNAseq to characterize the expression profile of 13
CALR™ versus 11 CALR™ patients from Study Group 1.
We identified a set of 406 genes that were significantly
overrepresented in samples from CALR™ patients as com-
pared to their CALR™ counterparts (Additional file 1: Fig-
ure S6B). Bioinformatic analyses revealed a strong
association between such DEGs with B cell-dependent im-
munity and complement activation (Additional file 1: Fig-
ure S6C). Thus, in both primary and metastatic HGSC
samples, high CALR levels are associated with biomarkers
of a Tyl-polarized, cytotoxic immune response.

CALR expression is associated with HGSC infiltration by
activated DCs and B cells

Surface-exposed CALR acts as a pro-phagocytic signal for
antigen-presenting cells (APCs), promoting the efficient up-
take of dying cells in the context of immunostimulatory sig-
nals [28]. As we observed a positive correlation between
CALR levels and the levels of several transcripts associated
with DC and B cell activation (Fig. 3b), we set to evaluate
the abundance of mature DC-LAMP* DCs and CD20" B
cells in PT lesions from HGSC patients (Fig. 4a). We found
a higher density of mature DC-LAMP* DCs and CD20" B
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CALR™ versus 77 CALR™ TCGA HGSCs (302 patients were divided into 4 groups using quartile stratification, only lower (no = 77) and upper (no=
77) quartile is presented). Box plots: lower quartile, median, upper quartile; whiskers, minimum, maximum. ¢ Relative abundance of CD8" T cells
and cytotoxic effector functions across 77 CALR™ and 77 CALR™ TCGA HGSCs (302 patients were divided into 4 groups using quartile
stratification, only lower (no = 77) and upper (no = 77) quartile is presented). Box plots: lower quartile, median, upper quartile; whiskers,

CALR™ cALRM CALRLe  CALRW

cells in the TME of CALR™ patients compared to their
CALR"™ counterparts (DC-LAMP: p=0.009; CD20: p =
0.0137) (Fig. 4B). Using biomolecular analyses, we demon-
strated that the expression of C-C motif chemokine ligand
4 (CCL4), CCLS5, CCL7, CCL8, CCL13, CCL23, CCL25 and
C-X-C motif chemokine ligand 5 (CXCL5), CXCLS,
CXCL9, CXCL10, CXCL11, CXCL13 and CXCL17 is more
pronounced in CALR™ samples as compared to their
CALR™ counterparts (Additional file 1: Figure S7A). Bio-
informatic analyses revealed that such DEGs are mainly in-
volved in tumor infiltration by lymphocytes and leukocytes
chemotaxis and migration (Additional file 1: Figure S7B).
Tumor infiltration by mature DC-LAMP® DCs and CD20"
B cells impact disease outcome in chemotherapy-naive pa-
tients with HGSC undergoing surgical tumor resection
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[16]. Indeed, stratifying patients from Study Group 1 into
four subsets based on CALR score and the frequency of
tumor-infiltrating DC-LAMP* DCs (Fig. 4c) or CD20" B
cells (Fig. 4d) revealed a superior survival for CALRM pa-
tients as compared to their CALR™ amongst all patients
subgroups (DC-LAMP'™: p = 0.01; DC-LAMP™: p =0.02;
CD20': p=0.0048; CD20™: p =0.06). These results sug-
gest that CALR expression can be harnessed to ameliorate
the prognostic stratification of patients with HGSC based
on DC-LAMP and CD20 only.

CALR levels are associated with HGSC infiltration by IFN-y
producing CD8™ T cells

CALR expression has been positively correlated with
CD8" T cell infiltration in multiple human tumors, but
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not HGSC [25]. Moreover, little is known on the poten-
tial links between CALR levels and tumor infiltration by
NK cells [29]. Driven by these premises and by the tran-
scriptional signature of CALR™ versus CALR™ patients,
we decided to investigate PT and MT samples from
Study Group 1 for CD8" T cell and NK cell infiltration
by IHC (Fig. 5a, b). We observed a higher density of
CD8" T cells in PT samples from CALR' patients as
compared to the their CALR™ counterparts (p = 0.0078)
(Fig. 5¢). A similar trend that failed to reach statistical sig-
nificance was documented for MT samples (Additional
file 1: Figure S8A). Conversely, CALR expression had no
impact on the abundance of NK cells in PT (Fig. 5d) and
MT (Additional file 1: Figure S8B) samples. To address
the functional capacity of CD8" T cells from the TME of
CALR"™ versus CALR" patients, we used flow cytometry
on freshly resected PTs. Non-specific stimulation caused a
more pronounced increase in CD8" T cells staining posi-
tively for the effector molecule interferon gamma (IFNG,
best known as IFN-y) alone (p = 0.005) or together with
the cytolytic enzyme granzyme B (GZMB) (p =0.004) in
CALR' versus CALR™ samples (Fig. 5e). In line with this
notion, the mRNA levels of IFNG, GZMB, GZMA,
GZMM, GZMH, and granulysin (GNLY, coding for yet an-
other effector molecule of T cells) are higher in CALR™
patients from the TCGA database as compared to their
CALR™ counterparts (Fig. 5f). Univariate and multivariate
Cox analyses confirmed prior observations from us and
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others [16, 30] indicating that high densities of CD8" T
cells have a positive impact on the OS of patients with
HGSC (Tables 2 and 3). Next, we assessed the combined
prognostic impact of CALR expression and CD8" T cells
by stratifying patients from Study Group 1 based on
CALR score and median CD8" T cell density into 4 sub-
groups (CALR™Y/CD8", CALR™/CD8™, CALR™/CD8™;
CALR™/CD8"%). We were unable to document a statisti-
cally significant difference in the survival of CALR™/
CD8" patients as compared to their CALR™/CD8™
counterparts (Fig. 5g). However, CALR"/CD8" patients
had a robust survival advantage over their CALR"*/CDg""
counterparts (p =0.001) (Figs. 5g), indicating that CALR
expression can be employed to identify HGSC patients
with extensive tumor infiltration by CD8" T cells but rela-
tively poor disease outcome.

As we observed a positive correlation between CALR
levels and tumor infiltration by diverse immune cell sub-
sets, we next evaluated the global immunological profile
of the TME of CALR"® versus CALR™ PT samples from
Study Group 1 by IHC. This approach identified 4 differ-
ent clusters of patients corresponding to high versus low
CALR expression in the context of elevated versus re-
duced tumor infiltration by DC-LAMP" mature DCs,
CD20" B cells and CD8* T cells (Immune'" and Immu-
ne'®, respectively) (Fig. 5h). Importantly, CALR status
improved the prognostic assessment on RFS and OS
amongst both Immune™ (RES: p=0.01; OS: p=0.01)
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and Immune'® (RFS: p = 0.008; OS: p = 0.02) patient sub-
groups (Fig. 5i). Altogether, our findings document a ro-
bust independent prognostic value for CALR levels of
chemotherapy-naive patients with HGSC, linked to the
impact of CALR on the establishment of a Tyl-polar-
ized TME that supports anticancer immunity.

Discussion

Despite recent developments in diagnostic and treatment
modalities leading to an improvement in the short-term
survival of patients with ovarian cancer, most of patients
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are diagnosed at advanced stage of the disease with
metastatic spreading, due to the non-specific symptoms
and the absence of effective screening methods [31].
Therefore, there is an urgent need for new diagnostic,
including prognostic and predictive biomarkers and
therapeutic tools for a clinical management of cancer
patients, which still represents the principal cause of
mortality from gynecologic malignancies. Accumulating
preclinical and clinical evidence indicates that DAMPs
and DAMP-associated processes impact disease outcome
in patients with various malignancies [25]. In particular,
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the prognostic relevance of CALR expression levels or
exposure on the membrane of cancer cells has been in-
vestigated by us and others in the context of multiple
malignancies [10-13, 32-34]. Nevertheless, the influence
of CALR levels on the composition and functional orien-
tation of the immune infiltrate of HGSCs and their link
with disease outcome in chemotherapy-naive patients re-
main have not been elucidated until now.

As documented in numerous in vitro and in vivo
models, ecto-CALR serves as a signal to facilitate the en-
gulfment of tumor cells by DCs, which leads to tumor
antigen presentation and stimulation tumor-specific
cytotoxic T lymphocytes responses [35, 36]. Here, we
analyzed 3 different cohorts of primary and metastatic
samples from patients with HGSCs who did not receive
chemotherapy prior to tumor resection. By combining
IHC and biomolecular analyses, we demonstrated that a
high CALR expression is strongly associated with higher
density of both mature DC-LAMP"* DCs and CD20" B
cells resulting in Tj1-polarized immune contexture that
acquired effector functions. These findings recapitulate
previous findings by us and others demonstrating that
CALR exposure by neoplastic cells is associated with in-
creased tumor infiltration by myeloid cells and effector
memory CD8" T cells in patients with NSCLC [12], in-
creased frequency of T cells in TME of colorectal carcin-
oma [10] and increased proportion of LAA-specific
CD4" and CD8" T cells in patients with AML [13].
Moreover, here we observed correlation between high
CALR expression in the TME and higher cytotoxic func-
tions of effector tumor infiltrating CD8" T cells and NK
cells, although the number of later population was not
significantly increased in CALR™ patients, suggesting
the impact of CARL exposure on enhanced NK cell
cytotoxic and secretory functions. These results are in
line with our recent findings demonstrating that spon-
taneous CALR exposure on malignant blasts supports
innate anticancer immunity by NK cells via and indirect
mechanism relying on myeloid CD11c*CD14" cells
resulting in overall superior survival of AML patients
[37, 38]. Altogether, we demonstrated that high CALR
levels bear independent positive prognostic value and
hence can be harnessed to improve patient stratification
based on previously identified factors including DC-
LAMP" DC, CD20" B cell and CD8" T cell infiltration.
These findings extend previous data by us and others on
the improved immunological functions linked to in-
creased CALR levels in the context of AML [13], NSCLC
[12] and CRC [10].

We also demonstrate that CALR is expressed by
HGSC cells independent of standard-of-care chemother-
apy, possibly reflecting malignant transformation itself
[39] and/or the limited immunogenicity of carboplatin-
based chemotherapy [40]. Accordingly, we identified a
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robust correlation between CALR expression and 3 dis-
tinct genes involved in ER stress responses in two inde-
pendent HGSC patient cohorts. Similar observations
have been made by us and others in the context of AML
[13, 41] and NSCLC [12]. Interestingly, we also identi-
fied a significant decreased in CALR expression in sam-
ples from advanced stages of disease, which is in line
with the notion that progressing tumors tend to lose
both antigenicity and adjuvanticity [3, 5, 42].

In conclusion, CALR stand out as a robust prognostic
biomarker for chemotherapy-naive patients with HGSC.
It can be speculated that CALR" patients would benefit
from neoadjuvant or adjuvant chemotherapeutic regi-
mens that are known to drive robust ER stress responses
in the context of ICD, such as oxaliplatin, doxorubicin
and other anthracyclines [6]. As ovarian cancer still rep-
resents one of the top 5 leading causes of cancer-related
death amongst women in the US (source https://www.
cdc.gov/cancer/uscs/index.htm), clinical trials specifically
addressing this possibility are urgently awaited.
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8.2 Pritomnost aktivovanych dendritickych buriky koreluje s vys$si infiltraci
imunitnich bunék a lepsi prognézou pacientek s ovaridlnim karcinomem

TME piedstavuje vysoce organizovanou strukturu, kterd hraje zasadni roli v podpote rlstu,
proliferaci a schopnosti malignich bunék tvofit metastaticka loziska. TME je tvofeno pfevazné
z endotelidlnich, epitelidlnich a stromdlnich buné¢k, ale také z bun¢k imunitniho systému.
Slozeni TME je zna¢né heterogenni nejen mezi jednotlivymi nddorovymi malignitami, ale také
mezi jednotlivymi pacienty. Z vysledki preklinickych studii je zfejmé, ze jak slozky
imunitniho systému, tak neimunologické komponenty TME plni prognostickou 1 prediktivni
roli v terapii pacientll. ZvIast¢ CD8" T lymfocyty infiltrujici do nddoru hraji podstatnou roli
v nddorové specifické imunit€ a jsou siln€ asociované s lepSi progndzou pacientek
s karcinomem ovaria. Nicméné¢ role aktivovanych DCv TME karcinomu ovaria nebyla dosud
jednoznaéné popsana.

V této studii jsme sledovali zastoupeni aktivovanych DC infiltrujicich do nadoru
pomoci znaku DC-LAMP ve tfech nezavislych kohortach pacientek s HGSC. Zjistili jsme, Ze
vy$$i infiltrace DC-LAMP" DC koreluje s piitomnosti CD20" B lymfocytl, cytotoxickych
CDS8" T lymfocytl a NK bunék v TME. Z naSich vysledki také vyplyva, ze pfitomnost jak
aktivovanych DC, tak zastoupeni CD20" B lymfocyt zasadnim zplisobem ovliviiuje vysledné
slozeni imunitniho infiltratu a vyslednou cytotoxickou odpovéd’ piitomnych CD8" T lymfocyti
a NK bun¢k. Z vysledki imunohistochemické a cytometrické analyzy a celogenomového
sekvenovani vyplyva, ze vy$si zastoupeni DC-LAMP® DC v TME je asociovano s Thl

a cytotoxickou odpovédi a lepsi prognézou onemocnéni.

Autorka v této praci prispéla:
e Optimalizace imunohistochemickych protokoll vyuzitych v ramci této studie
e Retrospektivni imunohistochemicka analyza zastoupeni CD8" T lymfocytd v nddorové
tkani
e Prospektivni analyza nadorové tkdné — zpracovani Ccerstvé nadorové tkané
a multiparametrické cytometrickd analyza vzorka

e Pfiprava manuskriptu pod vedenim skolitele
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Abstract

the activation of dlinically-relevant anticancer immunity.

A high density of tumor-infiltrating CD8* T cells and CD20* B cells correlates with prolonged survival in patients with a
wide wariety of human cancers, including high-grade serous ovarian carcinoma (HGSCQ). However, the potential impact of
mature dendritic cells (DCs) in shaping the immune contexture of HGSC, their rale in the establishment of T cell-dependent
antitumor immunity, and their potential prognostic value for HGSC patients remain unclear. We harnessed
immunchistochemical tests and biomolecular analyses to demonstrate that a high density of tumor-infiltrating
DC-LAMP™ DCs is robustly associated with an immune contexture characterized by Ty1 polarization and
cytotoxic activity. We showed that both mature DCs and CD20" B cells play a critical role in the generation
of a clinically-favorable cytotoxic immune response in HGSC microenvironment. In line with this notion, robust
tumnor infiltration by both DC-LAMP* DCs and CD20™ B cells was assodiated with most favorable overall survival in two
independent cohorts of chemotherapy-naive HGSC patients. Our findings suggest that the presence of mature, DC-LAMP™®
DCs in the tumor microenvironment may represent a novel, powerful prognostic biomarker for HGSC patients that reflects

Keywords: Dendiitic cells, DC-LAMP, CD8" cytotoxic T lymphocytes, Natural killer cells, Tertiary lymphoid structures

Introduction

Tumors emerge and evolve in the context of a complex
metabolic, trophic and immunological crosstalk with cells
of different types, including (but not limited to) epithelial,
endothelial, stromal and immune cells [1, 2]. Thus, the
microenvironment of solid malignancies exhibit a consid-
erable degree of heterogeneity, not only across different
types of disease, but also across the same tumor type in
different patients or even different malignant lesions in
the same individual [3]. Not surprisingly, both non-im-
munological and immunological components of the
tumor microenvironment (TME) have been attributed

* Cormrespondence: fucikova@sotio.com

"lva Truxova and Lenka Kasikova contributed equally to this work,
Department of Immunology, Charles University, 2nd Faculty of Medicine
gnd University Hospital Motol, Prague, Czech Republic

“Sotio, Prague, Czech Republic

Full list of author information is available at the end of the article

B BMC

66

® The Author(s). 2018 Open AccessTu article is dlslﬂbul\.d unde:
, . -

robust prognostic and/or predictive value in multiple
cohorts of patients with cancer [4-8]. In particular,
high levels of tumor-infiltrating CD8" T lymphocytes
(CTLs), which are key mediators of anticancer immunity,
are strongly associated with prolonged survival in patients
affected by various solid tumors including high-grade
serous ovarian carcinoma (HGSC) [9-12]. Intriguingly,
the majority of HGSCs containing high frequencies of
CD8" CTLs are also robustly infiltrated by CD20" B cells
[13], and patients whose tumors exhibit such an abundant
co-infiltration have higher survival rates than patients with
tumors that only contain high amounts of CD8" CTLs
[14, 15]. That said, the cellular mechanisms that govern
the recruitment of CD8" CTLs and CD20" B cells to the
microenvironment of HGSCs and their activation remain
unclear.

It has previously been shown that CD8" and CD20"
cells often co-localize in lymphoid aggregates of different
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pun its unrestricted use, distribution, and

) and the source, provi \dL a nklo
s Public Domain Dedication w




Truxova et al. Journal for ImmunoTherapy of Cancer (2018) 6:139

sizes and morphologies in the HGSC microenvironment
[15]. These aggregates, which have previously been iden-
tified as tertiary lymphoid structures (TLSs), are known
for their ability to initiate tumor-targeting immunity and
for their positive prognostic value in patients with vari-
ous tumor types [16—19]. TLSs harbor indeed prominent
B-cell follicles adjacent to discrete zones containing
CD4" and CD8" T cells, dendritic cells (DCs) and high
endothelial venules [18, 20]. Since mature DCs selectively
home to TLS, they constitute a reliable and specific
marker of these structures [21, 22]. Nevertheless, the
impact of mature DCs on the composition and functional
orientation of the tumor infiltrate, their ability to drive T
cell-dependent anticancer immunity, and their potential
prognostic and predictive value in the setting of HGSC
remain to be deciphered.

Here, we investigated the clinical impact of tumor infil-
tration by mature DCs in three independent cohorts of
81, 66 and 20 patients with resectable HGSC who did not
received neoadjuvant chemotherapy. Our data suggest
that while both mature DC-LAMP" DCs and CD20" B
cells participate in the generation of anticancer immunity,
only the former are critical for licensing a CTL-dependent
tumor-targeting immune response that translates into
clinical benefit for HGSC patients.

Materials and methods

Patients

Study groups 1 and 2. Two retrospective series of 81
and 66 formalin-fixed paraffin-embedded (PPFE) samples
were obtained from patients with HGSC who underwent
primary surgery in the absence of neoadjuvant chemother-
apy between 2008 and 2014 at University Hospital Hradec
Kralove and University Hospital Motol (Czech Republic).
Baseline characteristics of these patients are summarized
in Table 1 and Additional file 1: Table S1, respectively.

Table 1 Main clinical and biological characteristics of 81 HGSC
patients enrolled in the study (University Hospital Hradec Kralove)
Variable

Qverall cohort (n=81)

Age
Mean age (y) + SEM 61410
Range 31-84
pTNM stage
Stage | 20 (24,5%)
Stage |l 6 (7.4%)
Stage Il and IV 55 (68,1%)
Debulking
RO 38 (47,0%)
R1 11 (13,5%)
R2 32 (39,5%)
Vital status of patients 39 (47,5%)
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Pathologic staging was performed according to the 8th
TNM classification (2017), and histologic types were
determined according to the current WHOQ classification
[23, 24]. Data on long-term clinical outcome were obtained
retrospectively by interrogation of municipality registers or
the patient’s families. Study group 3. An additional series
of 20 samples from HGSC patients was prospectively
collected at Hospital Motol (Czech Republic) (Additional
file 1: Table S5). Study group for NGS. 18 HGSC patient
samples collected at Hospital Motol (Czech Republic) were
used for NGS data analysis (Additional file 1: Table S6).
Written informed consent was obtained from patients
before inclusion in the study. The protocol was approved
by the local ethics committee.

Immunohistochemistry

Tumor specimens from study groups 1 and 2 were fixed
in neutral buffered 10% formalin solution and embedded
in paraffin as per standard procedures. Inmunostaining
with antibodies specific for lysosomal associated mem-
brane protein 3 (LAMP3; best known as DC-LAMP),
CD8, CD20 and natural cytotoxicity triggering receptor
1 (NCR1; best known as NKp46) (Additional file 1: Table
52) was performed according to conventional protocols.
Briefly, tissue sections were deparaffinized, followed by
antigen retrieval with Target Retrieval Solution (Leica) in
EDTA pH 8 in preheated water bath (98 °C, 30 min). The
sections were allowed to cool down to RT for 30 min,
and endogenous peroxidase was blocked with 3% H>O,
for 15 min. Thereafter, sections were treated with protein
block (DAKO) for 15 min and incubated with primary
antibodies, followed by the revelation of enzymatic activity.
Images were acquired using a Leica Aperio AT2 scanner
(Leica).

Cell quantification

DC-LAMP" cells were differentially quantified in the
tumor stroma and tumor nests of the whole section with
Calopix (Tribvn). The total number of CD8, NKp46 and
CD20 density was analyzed on the entire tumor section
of all 81 HGSC patients using Calopix software without
further division for tumor stroma and tumor nest based
on previous published protocols [14, 22, 25]. The NKp46
staining was performed based on previously optimized
and published protocols [22, 25] and appropriate isotype
controls were used throughout the study. The antibody
against NKp46/NCR1 (R&D), clone 195,314 is suitable for
immunohistochemistry analysis as indicated by manufac-
turer. Data are reported as absolute number of positive
cells/mm? (for DC-LAMP", CD8" NKp46" cells) or cell
surface/total tumor section surface (for CD20" cells), as
previously described [14, 21]. TLS were enumerated in
whole sections using upon assessment of co-localizing
DC-LAMP" and CD20" B cells, as previously described
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[14, 21]. Immunostaining and quantifications were reviewed
by at least three independent observers (IT, LK, JE, PS, JL)
and an expert pathologist (JL, PS).

Flow cytometry

Total live mononuclear cells were isolated from fresh tumor
specimens, as previously described [26]. Mononuclear cells
were stained with several panels of fluorescent primary
antibodies (Additional file 1: Table S3) or appropriate
isotype controls for 20 min at 4°C in the dark, following
by washing and acquisition on a Fortessa flow cytometer
(BD Bioscience). Flow cytometry data were analyzed with
the FlowJo software (TreeStar). Gating strategies are
depicted in Additional file 1: Figure S3A and 3C.

Degranulation and IFN-y production after in vitro
stimulation

Mononuclear cells isolated from fresh tumor specimens
were stimulated with 50 ng/mL phorbol 12-myristate
13-acetate (PMA)+ 1 pug/ml ionomycin in the presence
of anti-CD107a FITC monoclonal antibody (BioLegend) for
1 h followed by 3 h incubation with brefeldin A (BioLegend).
Unstimulated cells were used as control. Cells were then
washed in PBS, stained with anti-CD45 PerCP (EXBIO),
anti-CD3 Alexa Fluor 700 (EXBIO) or APC-eFluor780
(eBioscience), anti-CD4 ECD (Beckman Coulter), anti-CD8
HV500 (BD Biosciences) and anti-CD56 Alexa Fluor
700 (BioLegend) monoclonal antibodies, fixed in fixation/
permeabilization buffer (eBioscience), permeabilized
with permeabilization buffer (eBioscience) and stained
with anti-IFN-y PE-Cy7 (eBioscience), anti-granzyme B
Brilliant Violet 421 (BD Biosciences) and anti-perforin
APC (BioLegend) monoclonal antibodies. The percentage of
CD3'CD8" T cells and CD3 CD56" NK cells producing
IFN-y and degranulating upon PMA/ionomycin stimulation
were determined by flow cytometry. The data were analyzed
with the FlowJo software package (Tree Star, Inc.).

NGS data analysis

Hierarchical clustering analysis was conducted for differ-
entially expressed genes (DEGs) using the PHEATMAP
package in R, based on The Euclidean distance and
complete clustering method. GO, KEGG and REACTOME
analyses were performed using ClueGo [27]. The MCP-
counter R package was used to estimate the abundance of
tissue-infiltrating immune cell populations [28].

Statistical analysis

Survival analysis was performed using the Survival R
package, using both log-rank tests and Cox proportional
hazard regressions. For log-rank tests, the prognostic
value of continuous variables was assessed using median-
based cutoffs. For Cox proportional hazard regressions,
immune densities were log-transformed. Variables that
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were not significantly associated with prognosis in univari-
ate Cox regression (Wald test p > 0.05), as well as variables
that were intrinsically correlated, were not included in
multivariate Cox regressions. Fisher’s exact tests, Student’s
t tests, and the Wilcoxon and Mann-Whitney tests were
used to assess statistical significance, p values are reported
(considered not significant when > 0.05).

Results
Prognostic impact of mature DC infiltration in HGSC
Tumor samples from a retrospective series of 81 patients
with HGSC who did not receive neoadjuvant chemotherapy
(Table 1), were analyzed for the density of DC-LAMP"
DCs by immunohistochemistry (IHC) (Additional file 1:
Figure S1A). Although density was relatively heteroge-
neous across samples, mature DCs were mainly localized
to the tumor stroma (median = 3.66 cells/mm?) rather than
in direct apposition with tumor cell nests (median = 0.42
cells/mm?) (Additional file 1: Figure S1B). To evaluate the
prognostic impact of DC-LAMP" cells in this patient
cohort, we stratified it based on median density of
DC-LAMP” cells in the tumor stroma and tumor nest,
followed by retrospective RFS and OS analysis. Patients
with high density of DC-LAMP" cells (DC-LAMP'") in
the tumor stroma exhibited significantly longer RFS
and OS as compared to their DC-LAMP"® counterparts
(median RFS: 55 mo. versus 28 mo.; p < 0.0001; median
0S; > 120 mo. versus 41 mo.; p =0.0002) (Fig. 1 a, b).
We also identified a trend toward improved OS (but
not RFS) for HGSC patients with a high density of DC-
LAMP" DCs in tumor nests (Additional file 1: Figure S1C).
Univariate Cox analysis confirmed the prognostic impact
of mature DC infiltration in both the tumor stroma
(» = 0.0008) and the tumor nest (p = 0.018) (Table 2).
To validate these findings in an independent cohort,
we evaluated the prognostic role of mature DCs in a
group of 66 patients with HGSC who did not receive
neoadjuvant chemotherapy (Additional file 1: Table S1).
Also in this set of samples, DC-LAMP" cells were mainly
found in the tumor stroma compared to the tumor nest
(data not shown). Moreover, low densities of DC-LAMP™
cells in the tumor stroma were also associated with an
increased risk of relapse and poor prognosis in this cohort
(Fig. 1c, d). Indeed, median OS was only 49 mo. for
DC-LAMP-® patients, compared to > 120 mo. for their
DC-LAMPH counterparts (Fig. 1d). These results demon-
strate that the presence of DC-LAMP" cells in the tumor
stroma constitutes a strong prognostic biomarker for the
identification of HGSC patients with favorable disease
outcome upon tumor resection, as confirmed by multi-
variate Cox analysis (Table 3).

To evaluate the density of mature DCs within TLSs as
well as the prognostic impact of the latter, we quantified
TLSs by examining the co-localization of DC-LAMP”"
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Fig. 1 Prognostic impact of mature DCs in the tumor microenvironment of chemotherapy-naive HGSC patients. RFS (a, €) and 05 (b, d) of two
cohorts of 81 (a, b) and 66 (¢, d) patients with HGSC who did not receive necadjuvant chemotherapy, upon stratification based on median
density of DC-LAMP* cells in the tumor stroma. Survival curves were estimated by the Kaplan-Meier method, and differences between groups
were evaluated using log-rank test. Number of patients at risk are reported

Table 2 Univariate Cox proportional hazard analysis

DCs with CD20" B cells. In line with previous findings
[15], TLSs were only found in 10% of specimens from

Overall survival

both cohorts of HGSC patients included in this study

Variable

Age

CA125

Chs

Cb20

DC-LAMP stroma
DC-LAMP tumor
DC-LAMP summary
Debulking
NKp46

Stage

HR (95% CI) D

1.03 (100-1.06) 0045
1.23 (099-1.54) 0058
0.78 (063-096) 0022
008 (001-072) 0023
053 (037-077) 00008
048 (027-088) 0018
052 (034-081) 00037
148 (107-203) 0018
057 (025-142) 024
203 (134-307) 00008

(data not shown). Next, we stratified patients from both
cohorts based on the presence of TLSs within their TME
and investigated whether TLS™® and TLS" patients
differed in terms of OS. The presence of TLS did not
influence OS in these retrospective cohorts of HGSC
patients (Additional file 1: Figure S2, Table 2).

Table 3 Multivariate Cox proportional hazard analysis

Overall survival
Variable HR (95% Cl) P
Stage 215(131-359) 0.0024
DC-LAMP stroma 062 (044-0.87) 0.0057
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Mature DCs correlate with signs of a Ty1-polarized
effector immune response

To characterize the impact of mature DCs on the compos-
ition of the HGSC immune infiltrate, we used RNA-Seq to
compare gene expression profiles of 9 DC-LAMP™ and 9
DC-LAMP'™ patients, as identified by IHC (Additional
file 1: Table S6). We identified a set of 199 genes that
were significantly overrepresented in from DC-LAMP'!
patients as compared to their DC-LAMP"® counterparts
(Fig. 2a; Additional file 1: Table S4). Functional studies re-
vealed a strong association between DEGs with immune
system activation and inflammation. Alongside, we used
the MCP-counter R package to estimate the relative
abundance of different cell populations in the TME of
DC-LAMP' versus DC-LAMP-® patients. Thus, com-
pared to their DC-LAMP™ counterparts, DC-LAMP'
tumors exhibited overrepresentation for sets of genes
specific of T cells (p=0.0003), CD8" T cells (p =0.01),
cytotoxic lymphocytes (p = 0.0006) and NK cells (p=
0.017) (Fig. 2b). To extend these findings to other genes
potentially involved in the activity of distinct immune
cell subsets, we included known markers of subpopula-
tions of T cells, CD8" T cells, helper T cells, NK cells and
B cells (Fig. 2¢). Compared to their DC-LAMP"® counter-
parts, DC-LAMP"" tumors exhibited an overrepresenta-
tion of gene sets specifically clustering to the following
immunological functions: T cells, CD8 cytotoxicity, Tyl
polarization, T cell activation, NK cells and plasma cells
(Fig. 2¢). The expression of genes related to Ty2
polarization, T cell phenotype and B cells did not differ be-
tween DC-LAMP™ and DC-LAMP™ samples (Fig. 2c).
We next validated these findings by assessing the expres-
sion levels of the most significant DEGs in a large group
of HGSC patients (n=46). Confirming RNA-Seq data,
C-C motif chemokine ligand 5 (CCL5), C-C motif chemo-
kine receptor 4 (CCR4), CD3, CD4, CD40, CD40 ligand
(CD40L), CD8A, cytotoxic T-lymphocyte associated pro-
tein 4 (CTLA4), granzyme A (GZMA), granzyme B
(GZMB), IL18 and perforin 1 (PRFI) were all significantly
overrepresented in DC-LAMP"" HGSCs as compared to
their DC-LAMP"® counterparts (Fig. 2d). Altogether,
these results demonstrate that an abundant infiltration by
mature DCs correlates with an immune contexture char-
acterized by Tl polarization, infiltration by effectors cells
(T cells, NK cells and plasma cells) and cytotoxic effector
functions.

Mature DCs are associated with HGSC infiltration by
IFN-y-producing CD8" T cells

A correlation between robust tumor infiltration by CD8"
T cells and an elevated intratumoral frequency of mature
DCs has previously been reported for many types of
human cancers [21, 22, 29]. As we observed a positive
correlation between DC-LAMP™ DC density and the
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levels of several transcripts associated with CD8" T cell
responses, we further evaluated CD8" T cell infiltrate in
HGSC samples by IHC (Fig. 3a). We observed a higher
density of CD8" T cells in DC-LAMP"™ HGSCs as
compared to their DC-LAMP" counterparts (p = 0.001
and p = 0.0001, respectively) (Fig. 3b), corroborating the
notion that DC-LAMP" lesions have a less abundant
infiltrate than DC-LAMP'"" tumors. To address the
functional capacity of CD8" T cells found in the HGSC
TME, we employed flow cytometry on tumors freshly
resected from a prospective cohort of 20 HGSC patients
(Additional file 1: Table S5), which were also analyzed for
DC-LAMP" cell density by IHC. In line with our previous
results, we observed a significantly higher percentage of
CD3"CD45" and CD3'CD8" T cells amongst live mono-
nuclear cells in DC-LAMP' versus DC-LAMP" HGSCs
(Additional file 1: Figure S$3B). Moreover, non-specific
stimulation caused a more pronounced increase in CD8"
T cells staining positively for IFN-y, IEN-y/GZMB and
[FN-y/CD107a (CD107a is a marker of degranulation)
when CD8" T cells were isolated from DC-LAMP™ versus
DC-LAMP" tumors (p = 0.041, p=0.027 and p =0.021,
respectively) (Fig. 3c, Additional file 1: Figure S3A). These
data corroborate our previous findings showing the
overrepresentation of [FNG, PRFI and GZMB amongst 23
patients with DC-LAMP" HGSC, compared to their 23
DC-LAMP" counterparts by qRT-PCR (Fig. 2d). Thus, in
both retrospective and prospective cohorts of patients, the
presence of mature DCs correlated with increased fre-
quencies of CD8" T cells with enhanced effector functions.
Confirming prior observations, high densities of CD8" T
cells had a positive impact on the OS of HGSC patients
(study group 1) (Fig. 3d, Table 2). Since both mature DCs
and CD8" T cells influence disease outcome in patients
with HGSC not receiving neoadjuvant chemotherapy, we
assessed OS upon stratifying patients from study group 1
into four subsets (DC-LAMP'/CD8", DC-LAMP'/
CD8", DC-LAMP“/CD8'" and DC-LAMP"“*/CD8™).
DC-LAMP'/CD8™ patients exhibited the best disease
outcome in this setting (median OS > 120 mo.), which was
significantly better than OS amongst DC-LAMP"°/CD8"°
patients (median OS: 50 mo., p = 0.0004) (Fig. 3e). Intri-
guingly, DC-LAMP“/CD8' patients had an even poorer
median OS (18 mo.) (Fig. 3e). However, the size of this
specific patient group was too small to enable a statistical
assessment of this observation.

Mature DCs are associated with HGSC infiltration by
cytotoxic NK cells

Both the innate and adaptive arm of the immune system
contribute to cancer immunosurveillance [30]. Thus,
driven by the positive correlation between the density
of mature DCs in the HGSC TME and the abundance
of NK cell-related transcripts, we next evaluated the
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software (MultiD Analysis). All values are presented as mean + SD

Fig. 2 Transcriptional signatures of the tumor microenvironment of DC-LAMP™ versus DC-LAMP™® HGSCs. a Hierarchical clustering of genes
significantly upregulated in 9 DC-LAMP" versus 9 DC-LAMP™® HGSCs, as determined by RNA-Seq. Highly expressed genes are in red, and lowly
expressed genes are in green. b Relative abundance of T cells, CO8" T cells, cytotoxic lymphocytes and NK cells across DC-LAMP™ and DC-
LAMP"® HGSCs, as determined by MCP-counter on RNA-Seq data. Box plots: lower quartile, median, upper quartile; whiskers, minimum, maximum.
¢ Relative expression levels of genes linked to T cells, CD8 cytotoxicity, Ty,1 polarization, T2 polarization, T cell activation, T cell phenotype, NK
cells, B cells and plasma cells in 9 DC-LAMPY versus 9 DC-LAMP'® HGSCs, as determined by RNA-Seq and IHC. Benjamin-Hochberg correction was
used for RNA-Seq data. Highly expressed genes are in red, and lowly expressed genes are in green. d gRT-PCR-assisted quantification of CCLS5,
CCR4, CD3, CD4, CD40, CD40L, CDBA, CTLA4, GZMA, GZMB, IL18 and PRF1 expression levels in 23 DC-LAMP™ and 23 DC-LAMP™® HGSCs patients
who did not receive neoadjuvant chemotherapy. Box plots: lower quartile, median, upper quartile; whiskers, minimum, maximum. Ct values were
normalized using the global normalization method (n = 46 samples). gRT-PCR data were analyzed by unpaired Student’s t tests using GenEx

association between DC-LAMP™ DCs and NK cells by
IHC (based on the specific NK cell marker NKp46)
[31]. NK cells were mainly localized to tumor invasive
margin and stroma, were rarely in contact with malignant
cells, and were generally found outside of TLSs (Fig. 3f).
We observed a higher density of NK cells in the tumor
stroma (but not in tumor nests) in DC-LAMP™ versus
DC-LAMP™ samples (Fig. 3g), corroborating RNA-Seq
data (Fig. 2c). To obtain insights into the functional
capacity of NK cells infiltrating the TME, we used flow
cytometry on freshly resected samples from a prospective
cohort of 20 patients with HGSC (Additional file 1:
Table $5), which were also analyzed for DC-LAMP”
cell density by IHC (Additional file 1: Figure S3C).
We next compared the expression of 15 NK cell
markers amongst CD37CD56" NK cells isolated from
freshly resected DC-LAMP'" or DC-LAMP“ HGSCs.
Although NK cell receptors were not differentially
expressed in these two groups of samples (data not
shown), non-specific stimulation was much more effective
at inducing the acquisition of effector functions amongst
NK cells from DC-LAMPM™ patients (versus their
DC-LAMP™ counterparts), as assessed by the percentage of
NK cells expressing IFN-y, IEN-y/GZMB and IFN-y/PRF1
(p=0046, p=0.036 and p = 0.042, respectively) (Fig. 3h).
These results suggest that intratumoral NK cells from
DC-LAMP"® patients display an impaired capacity to
acquire effector functions, even though their surface
phenotype is unaltered.

Although NK cells have been associated with improved
disease outcome in patients with some solid tumors [22],
their prognostic impact on HGSC is unknown. We
therefore stratified HGSC patients based on median
NKp46" cell density in the TME, finding no signifi-
cant differences in OS between these two groups
(Additional file 1: Figure S3D, Table 2). Importantly, when
we stratified patients into four groups based on both
DC-LAMP" cell density and NKp46" NK cell density,
we observed that DC-LAMP'/NKp46™ patients had
superior disease outcome (median OS >120 mo.) as
compared to DC-LAMP"/NKp46'° patients (median
0S 26.5 mo.; p=0.0005) (Fig. 3i).
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CD20" B cells in the HGSC TME correlate with mature DCs
and long-term survival
B cell density strongly correlates with CD8" T cell infiltra-
tion and favorable disease outcome in patients with HGSC
[13]. Nevertheless, the association between CD20" cells
and mature DCs, as well as their impact on the immune
contexture of HGSC remain unknown. Tumor-infiltrating
CD20" B cells were found in > 50% of patients with HGSC
by IHC (data not shown), exhibiting a robust positive
correlation with DC-LAMP” DC density, in both the
tumor stroma and tumor nests (p = 0.0001 and p = 0.0004,
respectively) (Fig. 4a, b). These results are in line with
our previous findings showing that a high density of
DC-LAMP” cells in the TME is associated with the
overrepresentation of a plasma cell gene signature (Fig. 2c).
Next, we divided our entire patient cohort into 4
groups according to the density of mature DCs and CD20"*
B cells (DC-LAMP“/CD20%, DC-LAMP/CD20'
DC-LAMP'/CD20™, DC-LAMP™/CD20™), with the
specific aim to assess CD8" T cell infiltration. Interestingly,
we observed a significantly higher density of CD8" T cells
in DC-LAMP"/CD20" patients as compared to all other
groups. Moreover, DC-LAMP/CD20™ samples exhibited
a significantly higher density of CD8" T cells than DC-
LAMP"“*/CD20" group (Fig. 4c). By combining THC
and biomolecular analyses, we demonstrated that CCR4,
CXCLI4, CCR7, CCLS5 CCR2, CCLI19, CCL22, CCRI,
CCL18, CCRL2, CXCR3, CCRI0, CCRS and CXCL9 are
overrepresented in DC-LAMP'"/CD20™ samples as com-
pared their DC-LAMP"°/CD20" counterparts (Fig. 4d).
Functional analyses revealed that all these DEGs are
mainly involved in lymphocyte, DC and monocyte chemo-
taxis (Additional file 1: Figure S4). Finally, by combining
IHC and flow cytometry, we detected a significantly higher
percentage of IFN-y" and PRF1" cells amongst CD8" T
cells from DC-LAMP"/CD20™ tumors compared to
their DC-LAMP*/CD20*° counterparts (Fig. 4e).
Confirming prior observations [15], robust tumor infiltra-
tion by CD20" B cells had a positive impact on the survival
of patients with HGSC (p = 0.018) (Fig. 4f, Table 2). Import-
antly, high levels of both CD8" CTLs and CD20" B cells
were associated with most favorable clinical outcome
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Fig. 3 Impact of mature DCs on the frequency and cytotoxicity of CO8" T cells and NK cells in HGSC. a Representative images of CD8
immunostaining. Scale bar =50 um. b Density of CD8" T cells in the tumor stroma and tumor nest in DC-LAMP® versus DC-LAMP™ HGSCs (n=281).
Box plots: lower quartile, median, upper quartile; whiskers, minimurm, maximum. € Percentage of IFN=y", IFN-y'/GZMB" and IFN-y*/CD107a" cells
among CD8'CD3" T cells from the HGSC of 10 DC-LAMP™ and 10 DC-LAMP™ patients after non-specific stimulation. Box plots: lower quartile, median,
upper quartile; whiskers, minimum, maximum. d, e OS of HGSC patients who did not receive neoadjuvant chemotherapy, upon stratification based on
median density of CD8' cells alone (d) or plus DC-LAMP! cells (e). Survival curves were estimated by the Kaplan-Meier method, and differences
between groups were evaluated using log-rank test. Number of patients at risk are reported. f Representative images of NKp46 immunostaining. Scale
bar = 50 um. g Density of NKp46" cells in the tumor stroma and tumor nest in DC-LAMP™ versus DC-LAMP™ HGSCs (n=81). Box plots: lower quartile,
median, upper quartile; whiskers, minimum, maximum. h Percentage of IFN-y*, IFN-y*/GZMB* and IFN-y*/PRF1* cells among CD3 CD56" NK cells
from the HGSCs of 10 DC-LAMP® and 10 DC-LAMP™ patients after non-specific stimulation. Box plots: lower quartile, median, upper quartile; whiskers,
minimum, maximum. i OS5 of HGSC patients who did not receive neoadjuvant chemotherapy, upon stratification based on median density of
DC-LAMP* cells plus NKp46* cells. Survival curves were estimated by the Kaplan-Meier method, and differences between groups were evaluated using

log-rank test. Number of patients at risk are reported
|

amongst the patients involved in this study (p = 0.049)
(Fig. 4g). Indeed, median survival for cpstcp2ott
patients was > 120 mo., where it was only 47 mo. for
CD8°/CD20™ patients (p = 0.0004). These findings are
in accordance with the results from survival analysis
showing that DC-LAMP" patients have the best OS
irrespective of CD20" B cell density (Fig. 4h). Altogether,
our data suggest that while both mature DC-LAMP* DCs
and CD20" B cells shape the immune contexture of
HGSCs, only the former are critical for enabling a clinic-
ally relevant anticancer response driven by CD8" CTLs.

Finally, we evaluated the combined prognostic value of
DC-LAMP*, CD8" and CD20" cell density by stratifying
our cohort in three groups of patients: DC-LAMP!Yy
CcD8M/CD20M  patients, DC-LAMP/CD8“/CD20°
patients, and patients in which either of the three parame-
ters was discordant with the remaining two (which we
named DC-LAMP/CD8/CD20™). DC-LAMP'/CD8"/
CD20"" patients had superior RFS (not shown) and OS
(median > 120 mo.) compared with their DC-LAMP™/
cbs'/cD20™ counterparts (median OS: 47 mo.) as well
as DC-LAMP/CD8/CD20™M patients (median OS 40 mo.)
(Fig. 4i). Taken together, these findings indicate that the
concomitant assessment of DC-LAMP" DCs, CD20" B
cells and CD8" CTLs in the TME of patients with HGSC
conveys robust prognostic information.

Discussion

The composition of the immune infiltrate in human
solid tumors, its localization and functional orientation
are major predictors of patient survival, as previously
documented [5, 32]. In particular, high densities of intratu-
moral CD8" CTLs and CD20" B cells have been associated
with improved clinical outcome in patients affected by a
variety of tumors, including HGSC [13, 21]. Elevated intra-
tumoral levels of DC-LAMP" DCs also constitute a robust
positive prognostic value in multiple oncological settings,
including non-small-cell lung carcinoma (NSCLC) [14, 21,
33], melanoma [34], renal cell carcinoma (RCC) [29],
breast cancer [35] and colorectal carcinoma (CRC) [22].
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Nevertheless, the impact of DC-LAMP® cells on the
composition and functional orientation of the immune
contexture of HGSC and its prognostic role remained to
be elucidated. Here, we assessed the prognostic value of
DC-LAMP" cell densities in two independent retrospect-
ive cohorts of patients with HGSC who did not receive
neoadjuvant chemotherapy (1 = 81 and n = 66).

We observed a major inter-individual variability in
DC-LAMP" cell densities. The great majority of mature
DCs were localized in the tumor stroma and associated
with TLSs (rather than being in direct contact with malig-
nant cell nests), as previously observed in samples from
NSCLC, RCC and CRC [14, 21, 22, 29]. In NSCLCs,
mature DCs provide a specific marker for TLSs and
constitute a favorable prognostic biomarker for survival
[21, 33]. TLSs were identified only in 19% of our HGSC
samples, which is in line with previous findings, and their
abundance did not correlate with OS [15]. We therefore
decided to evaluate the prognostic impact of DC-LAMP"
DCs in the entire tumor stroma and tumor nest. High
densities of mature DCs in the TME were strongly associ-
ated with improved RFS and, most importantly, superior
OS5 in both independent retrospective cohorts.

By combining IHC and biomolecular analyses, we
demonstrated that a high density of tumor-infiltrating
mature DCs is associated with a Tyl-polarized immune
contexture that acquired effector functions. These results re-
capitulate previous findings in the setting of NSCLC [21, 33]
and CRC [22, 36]. The presence of tumor-infiltrating CD8"
CTLs is strongly associated with improved clinical outcome
amongst patients with HGSC [9, 12, 13]. Accordingly, we
found a strong correlation between CD8" CTL density and
improved OS in our cohorts of HGSC patients. In both
prospective and retrospective studies, we showed that CD8"
T cells co-localize preferentially with mature DCs in the
HGSC TME, and that the density of CD8" T cells is pro-
foundly diminished in DC-LAMP™ tumors. DC-LAMP'"
patients with a concomitantly elevated density of CD8"
CTLs in their tumors had a significant clinical benefit as
compared to patients with low intratumoral levels of both
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Fig. 4 Impact of mature DCs and CD20" B cells on the immune contexture of HGSCs and associated anticancer immune response. a
Representative images of DC-LAMP immunostaining. Scale bar = 50 um. b Density of CD20" B cells in the tumor stroma and tumor nest in DC-LAMP™
versus DC-LAMP' HGSCs (n = 81). Box plots: lower quartile, median, upper quartile; whiskers, minimurm, maximum. ¢ Density of CD8* T cells in
DC-LAMP-/CD20, DC-LAMP/CD20M, DC-LAMP/CD20M, DCLAMP!/CD20" HGSCs. Box plots: lower quartile, median, upper quartile; whiskers,
minimum, maximum. d Relative expression levels of CCR4, CXCL14, CCR7, CCLS, CCR2, CCL19, CCL22 CCR1, CCL18 CCRLZ, CXCR3, CCRIG, CCRS and CXCLS
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median, upper quartile; whiskers, minirmum, maxinmum. f, g, h, i OS of HGSC patients who did not receive necadjuvant chemotherapy, upon
stratification based on median density of CD20" cells plus CD8" cells (g), CD20" cells plus DC-LAMP' cells (h), or median density of all 3 parameters (i).
Survival curves were estimated by the Kaplan-Meier method, and differences between groups were evaluated using log-rank test. Number of patients
at risk are reported
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mature DCs and CD8" CTLs. Moreover, DC-LAMP/
cpgtt patients had significantly worse disease outcome than
their DC-LAMP™/CD8" counterparts. Thus, DC-LAMP
stands out as a robust biomarker allowing for the identifica-
tion of CD8™ HGSC patients with higher risk of death.

[n contrast to the well-established antitumor activity
of CD8" CTLs, there is little evidence in support of a
similar function from NK cells (in the setting of HGSC)
[37]. NKp46™ NK cells were mainly localized at invasive
tumor margins and within the stroma of HGSC samples,
which is in line with previous finding in the NSCLC,
CRC and RCC setting [22, 25]. Importantly, increased
intratumoral levels of NK cells have been associated with
good prognosis in patients with RCC, although a similar
prognostic value could not be documented in NSCLC
and CRC [22, 25]. Along similar lines, the density of NK
cells did not influence clinical outcome in our cohorts of
HGSC patients. Although the cell surface properties of
NK cells did not differ between DC-LAMP'"™ and
DC-LAMP" samples, we observed significantly a higher
frequency of IFN-y"/PRF1’ and IFN-y"/GZMB' NK
cells after non-specific stimulation in the former. Finally,
in line with previous observations on CRC, DC-LAMP'"
patients with concomitantly elevated amounts of intra-
tumoral NK cells had a significant clinical benefit
compared with DC-LAMP"/NKp46™ individuals [22].
Taken together, our data demonstrate that robust tumor
infiltration by mature DCs generates an immune contex-
ture characterized by Tyl polarization and cytotoxic
functions.

Importantly, the presence of CD20" B cells correlates
with improved OS in our cohorts of chemotherapy-naive
patients with HGSC, which is line with previous obser-
vations from other oncological settings [13, 14, 38—41].
Notably, HGSCs containing elevated amounts of both
CD8" CTLs and CD20" B cells are associated with superior
survival than HGSCs containing high levels of either CD8"
CTLs or CD20" B cells [13]. These findings suggest not
only the existence of cooperative interactions between
CD8* CTLs and CD20" B cells in the TME of HGSCs, but
also the critical role of B cells in regulation of the immune
infiltrate, as previously reported in a variety of other
cancers [42, 43]. CD8" CTLs and CD20" B cells often
co-localize in lymphoid aggregates of various sizes and
morphology in HGSC samples, as previously described in
detail [15]. In all such aggregates, especially in TLSs, B cells
form follicles adjacent to discrete zones containing not only
CD4" and CD8" T cells, but also high densities of DCs
[18]. Accordingly, we identified a robust correlation
between the presence of DC-LAMP" DCs and CD20" B
cells in the TME of HGSC lesions.

In conclusion, by combining IHC and biomolecular
analyses, we comprehensively documented for the first
time the influence of both mature DCs and CD20" B
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cells on the establishment of the immune contexture of
HGSC. That said, DCs stand out as the critical attribute
for the initiation of an immune response to HGSC
which exhibits Tyl polarization, is armed with immune
effectors, and mediates clinical benefits. These findings
are in line with previous studies documenting the critical
role of mature DCs in the activation of antitumor
immunity [44, 45]. Accordingly, we identified tumor
infiltration by DC-LAMP™ DCs as a robust, positive
prognostic biomarker for HGSC patients, as confirmed
by both univariate and multivariate analyses.

Additional file

Additional file 1: Figure S1. Density of mature DCs in the tumor
stroma and malignant cell nest of patients with HGSCs. (A}
Representative images of DC-LAMP immunastaining (in brown) and
CD20 immunostaining (in red) are shown. Scale bar = 50 pm. (B) Density
of DC-LAMP? cells in the tumor stroma and nest of patients with HGSCs
(n=81). {C) RFS and OS of 81 patients with HGSC who did not receive
neoadjuvant chematherapy, upon stratification based on median density of
DC-LAMP™ cells in the tumor nest. Figure S2. Prognostic impact of tertiary
lymphoid structures in HGSC patients. OS of 147 patients with HGSC who
did not receive neoadjuvant chemotherapy, upon stratification based on
presence or absence of TLSs. Figure $3. Evaluation of the functional profile
of CD8* T cells and NK cells from DC-LAMP™ versus DC-LAMP®® HGSC
samples. (A) Gating strategy for CD8* T cells. The percentage of cells in
each gate is reported. (B) Percentage of CD45°CD3" cells and
CD3°CD8" cells from freshly resected DC-LAMP™ (n=10) and DC-
LAMP"® (n = 10) HGSCs. Boxplots: lower quartile, median, upper quartile;
whiskers, minimum, maximum. (C) Gating strategy for NK cells. The percent-
age of cells in each gate is reported. (D) OS of 81 patients with HGSC who
did not receive neoadjuvant chemotherapy, upon stratification based on
median NK cell density. Figure $4. ClueGo analysis of genes
overrepresented in DC-LAMPT/CD20P" versus DC-LAMP2/CD20 HGSCs.
Table 51. Main clinical and biological characteristics of 66 HGSC patients
enrolled in the validation cohort {University Hospital Motol). Table S2. The
list of antibodies used for IHC staining. Table $3. The list of antibodies used
for flow cytometry. Table S4. List of genes significantly overrepresented in
DC-LAMP™ wersus DC-LAMP™ HGSC samples as per RNA-Seq. Table S5.
Main clinical and biological characteristics of 20 HGSC patients in which the
freshly resected tumors were analyzed using flow cytometry (University Hos-
pital Motol). Table §6. Main clinical and biclogical characteristics of 18 HGSC
patients whose tumor samples were used for NGS data analysis (University
Hospital Motol). (PDF 785 ki)
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8.3 TIM-3 urcuje funkéni orientaci imunitniho infiltratu u karcinomu ovaria

Pfitomnost inhibi¢nich molekul v TME ma zésadni vliv na ptipadnou inhibici protinddorové
imunitni odpovédi a prognézu pacientit u fady malignich onemocnéni. V souladu s touto
skutecnosti jsou blokacni protilatky imunitnich kontrolnich bodli pouzivany v klinické praxi
pro 1é¢bu pacienti s melanomem, nemalobunénym karcinomem plic, urothelidlnim a renalnim
karcinomem. Ze souCasnych vysledka klinického testovani vyplyva, ze ovaridlni karcinom
vykazuje jen relativné nizkou miru odpovédi na tento typ terapie (5—20 % pacientek). Z tohoto
divodu je nutné hlubsi pochopeni role inhibi¢nich molekul v procesu aktivace ¢i inhibice
protinadorové imunitni odpovédi a soucasna definice prognostické role téchto molekul v TME
karcinomu ovaria.

Z vysledkd nasi studie vyplyva, ze vyssi exprese PD-1 a PD-L1 v TME karcinomu
ovaria je asociovana s aktivaci protinadorové imunitni odpovédi zprostiedkované zejména Th1
a cytotoxickou odpovédi piitomnych CD8" T lymfocytid a lepsi progndzou onemocnéni.
Signalizace pomoci molekul PD-1/PD-L1 tedy nepiedstavuje hlavni inhibi¢ni drahu lymfocyti
infiltrujicich do nadoru, jako je tomu u vétSiny nddorovych onemocnéni. Pomoci
imunofluorescencni analyzy, celogenomového sekvenovani a pratokové cytometrie jsme
identifikovali kli¢ovou imunosupresivni roli molekuly TIM-3 v TME karcinomu ovaria. CD8"
T lymfocyty nesouci na svém povrchu molekulu TIM-3 vykazuji znaky funkéniho vycerpani
a zvySend frekvence téchto bunck v TME pacientek koreluje s horsi progn6zou onemocnéni.
Z naSich vysledk souhrnné vyplyva, ze molekuly PD-1 a TIM-3 piedstavuji prognosticky
vyznamné ukazatele aktivace (PD-1) a inhibice (TIM-3) lymfocytt infiltrujicich do nadoru,
soucasn¢ dokumentuji klinicky vyznam blokacnich protilatek proti molekule TIM-3 a mozny

terapeuticky benefit z takovéto 1éCby u pacientek s karcinomem ovaria.

Autorka v této praci prispéla:
e Optimalizace imunohistochemickych protokold vyuzitych v ramci této studie
e Retrospektivni imunohistochemicka analyza zastoupeni CD8" T lymfocytd v nddorové
tkani
e Prospektivni analyza nadorové tkdné — zpracovani cerstvé nadorové tkané
a multiparametricka cytometrické analyza vzorkl

e Ucast na revizi manuskriptu
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Abstract

Purpose: In multiple oncological settings, expression of the
coinhibitory ligand PD-L1 by malignant cells and tumor
infiltration by immune cells expressing coinhibitory receptors
such as PD-1, CTLA4, LAG-3, or TIM-3 conveys prognostic or
predictive information. Conversely, the impact of these fea-
tures of the tumor microenvironment on disease outcome
among high-grade serous carcinoma (HGSC) patients remains
controversial.

Experimental Design: We harnessed a retrospective cohort
of 80 chemotherapy-naive HGSC patients to investigate
PD-L1 expression and tumor infiltration by CD8" T cells,
CD20" B cells, DC-LAMP" dendritic cells as well as by PD-1",
CTLA4", LAG-3", and TIM-3" cells in relation with prognosis
and function orientation of the tumor microenvironment.
[HC data were complemented with transcriptomic and func-
tional studies on a second prospective cohort of freshly
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resected HGSC samples. In silico analysis of publicly available
RNA expression data from 308 HGSC samples was used as a
confirmatory approach.

Results: High levels of PD-L1 and high densities of PD-1"
cells in the microenvironment of HGSCs were strongly asso-
ciated with an immune contexture characterized by a robust
Ty 1 polarization and cytotoxic orientation that enabled super-
ior clinical benefits. Moreover, PD-1'TIM-3 ' CD8" T cells
presented all features of functional exhaustion and correlated
with poor disease outcome. However, although PD-L1 levels
and tumor infiltration by TIM-3" cells improved patient
stratification based on the intratumoral abundance of CD8"
T cells, the amount of PD-1" cells failed to do so.

Conclusions: Our data indicate that PD-L1 and TIM-3 con-
stitute prognostically relevant biomarkers of active and sup-
pressed immune responses against HGSC, respectively.

Introduction

The composition, localization, and functional orientation of
the immunologic tumor microenvironment (TME) exhibit con-
siderable degrees of variation, not only across patients, cancer
types, and disease stages, but also across distinct metastatic lesions
of the same primary tumor (1). Although little is known on how
the immunologic profile of metastatic lesions affects disease
outcome, in a large number of oncological indications, the
immunologic configuration of the primary tumor bears robust
prognostic or predictive information (2). For instance, high
levels of the coinhibitory molecule CD274 (best known as
PD-L1) predict (at least to some extent) the sensitivity of non-
small cell lung cancer (NSCLC) patients to
checkpoint blockers targeting PD-L1 or its cognate receptor,
ie., programmed cell death 1 (PDCD1, best known as PD-1;
refs. 3, 4). Moreover, abundant infiltration by CD8" cytotoxic T
lymphocytes (CTL) as well as signs of a Tyy1-polarized immune
response is associated with improved disease outcome in a variety
of tumors (2, 5-7). However, little is known about the impact of
PD-L1 levels and tumor infiltration by immune cells expressing

immune-

PD-1 and other coinhibitory receptors such as cytotoxic T lym-
phocyte-associated protein 4 (CTLA4), lymphocyte activating 3
(LAG-3), or hepatitis A virus cellular receptor 2 (HAVCR2, best
known as TIM-3) on disease outcome in high-grade serous car-
cinoma (HGSC) patients.

On the one hand, Hamanishi and colleagues reported that
PD-L1 expressed by cancer cells negatively correlates with limited
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The precise impact of PD-L1 expression levels and infiltra-
tion by PD-17, CTLA4", LAG-3", and TIM-3" T cells on the
immunologic configuration of the tumor microenvironment
in high-grade serous carcinoma (HGSC) has not yet been
determined. Similarly, how these immunologic parameters
influence survival in chemotherapy-naive patients with HGSC
undergoing curative surgery remains an open conundrum.
Here, we demonstrate that elevated levels of PD-L1 in malig-
nant cells as well as robust infiltration by PD-1", CTLA4", or
LAG-3" T cells are not indicative of T-cell exhaustion in
patients with HGSC, but rather point to an ongoing IFNy-
dependent immune response with beneficial effects. Con-
versely, abundant infiltration by TIM-3" is associated with
poor disease outcome, indicating that TIM-3 has a prominent
role in limiting immune responses against HGSCs. Our data
suggest that TIM-3 inhibitors should be tested as neoadjuvant
or adjuvant agents for the management of chemotherapy-
naive patients with HGSC.

infiltration by immune effector cells and hence poor disease
outcome, reflecting the largely immunosuppressive activity of
this molecule (8). On the other hand, various reports demonstrate
that PD-L1 expression as a consequence of interferon gamma
(IFNG, best known as I[FNy) signaling is associated with
strong infiltration by CD8" CTLs, representing a mechanism of
compensation against a therapeutically beneficial tumor-
targeting immune response (9-13). Similarly, although some
reports attribute to robust infiltration by PD-1" cells a negative
prognostic value, potentially linked to the highly exhausted
status of these cells (14-16), other studies point to a rather
beneficial effect (17, 18), perhaps linked to the fact that
CD103'PD-1"CD8" T cells appear to retain functional compe-
tence in the ovarian TME (19). We have recently demonstrated
that CD20" B cells and DC-LAMP" dendritic cells (DC) infiltrat-
ing HGSC lesions have a positive prognostic value as they orches-
trate a Ty;1-polarized immune response coupled to abundant
CD8" CIL infiltration (5). However, the specific effect of
PD-L1 levels and infiltration by immune cells expressing coin-
hibitory receptors on the composition and functional orientation
of the TME in ovarian cancer patients, and how this influences
disease outcome, remains to be clarified.

Here, we demonstrate that both elevated PD-L1 levels and high
densities of PD-1" cells in the HGSC TME are strongly associated
with robust Tyl polarization and cytotoxic orientation that
enable superior clinical benefits, but only the former can be used
to improve patient stratification based on the intratumoral
abundance of CD8" T cells. Conversely, not only CD8" CTLs
coexpressing PD-1 and TIM-3 present all the features of functional
exhaustion, but their abundance has a negative independent prog-
nosticvalue. Our data demonstrate thatimmunosuppression in the
TME of therapy-naive HGSC patients is dictated mainly by TIM-3.

Materials and Methods

Patients

Study group 1. A retrospective series of 80 formalin-fixed paraffin-
embedded (PPFE) samples were obtained from patients with

OF2 Clin Cancer Res; 2019

Table 1. Main clinical and biological characteristic of study group 1
Overall cohort

Variable (n = 80)
Age
Mean age (y) + SEM 61+ 10
Range 41-79
PTNM stage
Stage | 20 (25%)
Stage Il 7 (8.7%)
Stages Ill and IV 53 (66.3%)
Debulking
RO 39 (48.5%)
R1 4 (5%)
R2 37 (46.3%)
Vital status of patients
Alive 35 (43.7%)
Death 45 (56.3%)

HGSC who underwent primary surgery in the absence of neoad-
juvant chemotherapy between 2008 and 2014 at University
Hospital Hradec Kralove (Czech Republic). Baseline characteris-
tics of these patients are summarized in Table 1. Pathology staging
was performed according to the 8§th TNM classification (2017),
and histologic types were determined according to the current
WHO classification (20, 21). Data on long-term clinical outcome
were obtained retrospectively by interrogation of municipality
registers or families. The protocol was approved by the local ethics
committee (reference number 201607 S14P).

Study group 2. An additional series of 20 samples from HGSC
patients was prospectively collected at University Hospital
Motol (Prague, Czech Republic). This study was conducted in
accordance with the Declaration of Helsinki and the protocol
was approved by the local ethics committee (Progress UK,
Q40/11). Written informed consent was obtained from
patients before inclusion in the study. Baseline characteristics
of these patients are summarized in Supplementary Table 51.
The experimental design of the study is summarized in
Supplementary Fig. S1.

IHC

As previously described, tumor specimens from study group 1
were fixed in neutral buffered 10% formalin solution and embed-
ded in paraffin as per standard procedures (5). Immunostaining
with antibodies specific for programmed cell death 1 (PDCD1,
best known as PD1), CD274 (best known as PD-L1), lymphocyte
activating gene 3 (LAG-3), oytotoxic T lymphocyte-
associated protein 4 (CTLA4), lysosomal associated membrane
protein 3 (LAMP3; best known as DC-LAMP), CD8, and CD20
was performed according to conventional protocols (Supplemen-
tary Table $2). Briefly, tissue sections were deparaffinized, fol-
lowed by antigen retrieval with Target Retrieval Solution (Leica) at
pH 6.0 (for PD-L1), in TRIS EDTA pH 9.0 (for CTLA4, LAG-3, and
PD-1) or pH 8.0 (for CD8, CD20, and DC-LAMP) in preheated
water bath (98°C, 30 minutes). Sections were allowed to cool
down to room temperature for 30 minutes, and endogenous
peroxidase and alkaline phosphatase was blocked with 3%
H,03, levamisole, and blocking solution Bloxall (Vector), respec-
tively, for 15 minutes. Thereafter, sections were treated with
protein block (DAKO) for 15 minutes and incubated with
primary antibodies, followed by the revelation of enzymatic
activity. Sections were counterstained with hematoxylin (DAKO)
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for 30 seconds. Images were acquired using a Leica Aperio AT2
scanner (Leica).

Cell quantification

PD-17, CTLA4", and LAG-3" cells were differentially quanti-
fied in the stroma and tumor nests of whole tumor sections with
Calopix software (Tribvn). As previously described, the density of
CD8" Tcells, DC-LAMP* DCs, and CD20" B cells was quantified
in the entire TME (5). Data are reported as the absolute number of
positive cellsymm? (for PD-1", CTLA4", LIAG-3", DG-LAMP",
CD8" cells) or cell surface/tumor section surface (for CD20"
cells). PD-L1 expression was scored in the intratumoral and
stromal compartments as a percentage of tumor area and cate-
gorized as 1 (0%), 2 (1%-4%), 3 (5%-9%), and 4 (>10%), as
previously described (22). Quantitative assessments were per-
formed by three independent investigators (]. Fucikova, J. Rakova,
L. Belicova) and reviewed by an expert pathologist (J. Laco and
P. Skapa).

Flow cytometry

As previously described, total live mononuclear cells were
isolated from fresh tumor specimens (5). Mononuclear cells were
stained with multiple panels of fluorescent primary antibodies
(Supplementary Table §3) or appropriate isotype controls for 20
minutes at 4°C in the dark, followed by washing and acquisition
on a Fortessa flow cytometer (BD Biosciences). Flow cytometry
data were analyzed with the Flow]o software (TreeStar).

Degranulation and IFNy production after anti-PD-1 and
anti-TIM-3 cultivation and in vitro stimulation

Mononuclear cells isolated from fresh tumor specimens (study
group 2) were incubated with 10 pg/mL anti-PD-1, 10 pg/mL
anti-TIM-3, and combination of both antibodies for 24 hours
in 37°C and 5% CO,. After cultivation, mononuclear cells
were stimulated with 50 ng/mL phorbol 12-myristate
13-acetate (PMA) + 1 pg/mL ionomycin in the presence of
anti-CD107a FITC monoclonal antibody (BioLegend) for 1 hour
followed by 3-hour incubation with brefeldin A (BioLegend).
Unstimulated cells were used as control. Cells were then washed
in PBS, stained with anti-CD45 PerCP (EXBIO), anti-CD3 Alexa
Fluor 700 (EXBIO), anti-CD4 ECD (Beckman Coulter), and
anti-CD8 HV500 (BD Biosciences) monoclonal antibodies, fixed
in fixation/permeabilization buffer (eBioscience), permeabilized
with permeabilization buffer (eBioscience), and intracellularly
stained with anti-IFNy PE-Cy7 (eBioscience) monoclonal anti-
body. Flow cytometry was performed on the LSRFortessa analyzer,
and data were analyzed with the FlowJo software package (Sup-
plementary Fig. S6B; Tree Star, Inc.).

Next-generation sequencing data analysis

As previously described, hierarchical clustering analysis was
conducted for differentially expressed genes (DEG) using the
PHEATMAP package in R, based on the Euclidean distance and
complete clustering method (5). The MCP-counter R package was
used to estimate the abundance of tissue-infiltrating immune cell
populations (Supplementary Table 54; ref. 23).

The Cancer Genome Atlas (TCGA) data analysis

Patients with HGSC (n = 308) were identified in TCGA public
database (https://cancergenome.nih.gov/). DEGs between the
PD-L1"™ and PD-LI" groups were determined using the
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LIMMA-R package (24). Hierarchical clustering analysis was
conducted using the ComplexHeatmap package, based on the
Euclidean distance and complete clustering method (25).
Immune analyses were performed using ClueGo (26). The
MCP-counter R package was used to estimate the abundance of
tissue-infiltrating immune cell populations (23).

In situ immunofluorescence of tumor-infiltrating lymphocytes

Tumor specimens from study group 1 were fixed in neutral
buffered 10% formalin solution and embedded in paraffin as per
standard procedures. Sections were therefore subjected to indirect
immunofluorescence based on nonlabeled primary antibodies
specific for PD-1, TIM-3, and CD8 coupled to appropriate HRP-
polymer secondary antibodies, followed by Tyramide Signal
Amplification reagents with fluorescent dyes (Supplementary
Table S5). Isotype-matched antibodies were used as negative
controls and DAPI-containing mounting medium (DAKO) was
used for nuclear counterstaining.

Image analysis and automated cell count

Stained sections were imaged with an automated Vectra micro-
scope (PerkinElmer), followed by analysis by inForm software
(PerkinElmer) as described previously in detail (27). Data are
reported as means of positive cells from 5 imaging fields acquired
using a 20 objective. An independent operator and an expert
pathologist confirmed phenotyping by visual inspection. In par-
ticular, each phenotyping image was double checked to minimize
the risk of false determinations owing to potential overlaps in
fluorescence and interoperator variance.

Statistical analysis

As previously described, survival analysis was performed using
the Survival R package, using both log-rank tests and Cox pro-
portional hazard regressions (5). For log-rank tests, the prognostic
value of continuous variables was assessed using median cutoffs.
For Cox proportional hazard regressions, cell densities were log-
transformed. In multivariate Cox regressions, variables that were
not significantly associated with prognosis in univariate analysis
were not included, as well as variables intrinsically correlated. Cox
proportional hazard regression analysis, log-rank analysis, Fisher
exact tests, Student ¢ tests, and the Wilcoxon and Mann-Whitney
tests were used to assess statistical significance, P values are
reported (considered not significant when >0.05).

Results
Tumor infiltration by CD8 " T lymphocytes, CD20" B cells, and
DC-LAMP" DCs correlate with prolonged survival in patients
with HGSC

Tumor samples from a retrospective series of 80 patients with
HGSC who did not receive neoadjuvant chemotherapy (study
group 1; Table 1) were analyzed for the densities of CD8" T cells,
CD20" B cells, and DC-LAMP" DCs by IHC (Supplementary Fig.
S2A). As published previously by our group, HGSC patients with
high density of CD8" T cells (CD8"™), CD20" B cells (CD20™),
and DC-LAMP" DCs (DC-LAMP'™") exhibited significantly longer
relapse-free survival (RFS) and overall survival (OS) as compared
with their low counterparts (CD8" T cells RFS: P = 0.03, OS
P=0.01; CD20" B cells RFS: P = 0.02, OS P = 0.02; DC-LAMP"
DCs RES: P = 0.0001, 08 P<0.0001; Supplementary Fig. $2B and
$2C). To assess whether infiltration by either CD20" B cells or
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Figure 1.

Prognostic impact of PD-L17, PD-17, CTLA4™, and LAG-3™ cells in the TME of chemotherapy-naive HGSC patients. A, Representative images of PD-L1,

PD-1, CTLA4, and LAG-3 immunostaining. Scale bar, 50 um. RFS (B) and OS (€) of 80 patients with HGSC (study group 1) who did not receive neoadjuvant
chemotherapy, upon stratifying patients based on a cutoff of 5% malignant cells with PD-L1 expression and median density of PD-17, CTLA4*, and LAG-3" cells in
the tumor nests. Survival curves were estimated by the Kaplan-Meier method, and differences between groups were evaluated using the log-rank test. The
number of patients at risk is reported. D, The correlation matrix for CO8*, PD-17, PD-L1%, CTLA4 ", LAG-3", €D20", and DC-LAMP ™ cells in the tumor nest of
HGSC patients (study group 1).
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DC-LAMP* DCs would improve the prognostic value of intratu-
moral CD8" T cells only, we evaluated RFS and OS upon strat-
ifying patients from study group 1 into four subsets for each
marker (CD8"™/CD20™, CD8"/CD20", cD8™/CD20"Y, and
CD8'°/CD20" and CD8"/DC-LAMP'™, CD8"/DC-LAMP'®,
CD8"“/DC-LAMP'™, and CD8“/DC-LIAMP™). Indeed both
cos/cp20™ and  CD8M/DC-LAMP™  patients  exhibited
improved OS as compared with their CD8"/CD20™ and
CD8"/DC-LAMP™ counterparts (P = 0.006 and P = 0.005,
respectively; Supplementary Fig. $2D and S2E). These data con-
firm previous findings from our group indicating that a high
density of tumor-infiltrating CD8" T cells, CD20" B cells, and
DC-LAMP" DCs correlates with improved disease outcome in
chemotherapy-naive HGSC patients, and that the density of
CD20" B cells and DC-LAMP" DCs can be harnessed to identify
CD8'" patients with relatively poor OS (5).

Activation of immune checkpoints correlates with improved
disease outcome in HGSC patients

To elucidate the prognostic impact of immune-checkpoint
status among chemotherapy-naive HGSC patients, tumor sam-
ples from study group 1 (Table 1) were analyzed for the expression
of PD-L1 in the tumor nest, as well as for the density of PD-1",
CTLA4 ", and LAG-3" cells by IHC (Fig. 1A; Supplementary Figs.
$3 and 84). PD-L1 levels as well as infiltration by PD-1", CTLA4 ",
and LAG-3 " cells were heterogeneous across samples but did not
differ based on the site of assessment (tumor stroma vs. tumor
nests; Supplementary Fig. $5A) and pathologic disease stage
(Supplementary Fig. S5B).

To assess the prognostic impact of PD-L1 expression in the
TME, we evaluated RFS and OS upon stratifying patients (study
group 1) based on a cutoff of 5% malignant cells with membra-
nous PD-L1 expression, which is currently used in the clinic to
identify patients eligible for PD-1/PD-L1 targeting immune-
checkpoint blockers (28). Patients with PD-L1" tumor nests
(24 out of 80 patients) had prolonged RFS and OS as compared
with their PD-L1~ counterparts (RFS: P = 0.019; O8: P =
0.002; Fig. 1B and C). Univariate Cox regression analysis con-
firmed a strong prognostic impact for PD-L1 expression in tumor
nests [hazard ratio (HR) = 0.28; 95% confidence interval = 0.12-
0.67; P = 0.004; Table 2|, and the significance of this association
was confirmed by multivariate analysis (HR = 0.3; 95% confi-
dence interval = 0.12-0.61; P = 0.007; Table 3). These data
suggest that high PD-L1 levels in the TME may be indicative of
an ongoing immune response that favorably affects disease out-
come among HGSC patients, regardless of the stage of the disease.

Next, we investigated RFS and OS upon stratifying study group
1 based on the median density of PD-1", CTLA4 ", or LAG-3 " cells
infiltrating tumor nests (Fig. 1A; Supplementary Figs. §3 and S4).
Patients with high density of PD-1" cells (PD-1'") in their TME
exhibited significantly longer RFS and OS as compared with their
PD-1" counterparts (RFS: P = 0.006; OS: P = 0.044; Fig. 1B and
C). Similar results were obtained when patients were stratified
according to the median density of CTLA4" and LAG-3" cells
(CTLA4 RFS: P=0.008; OS: P=0.003; LAG-3 RFS: P=0.011; OS:
P = 0.001; Fig. 1B and C). Univariate Cox regression analysis
identified a positive prognostic impact only for tumor infiltration
by CTLA4 " cells (HR = 0.89; 95% confidence interval = 0.8-0.98;
P=0.017; Table 2), which could not be confirmed on multivariate
analysis (Table 3). Most likely, these findings reflect the strong
correlation between the density of tumor-infiltrating CD8 " T cells
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Table 2. Univariate Cox proportional hazard analysis

05
Variable HR (95% C1) P
Stage 2 0.5 (0.058-425) 0523
Stage 3 3.87 (151-9.9) 0.004
Stage 4 5.34 (127-22.4) 0.022
Age 10-1) 0.04
Debulking R1 124 (0.29-5.43) 0.02
Debulking R2 214 (113-4.03) 0.02
CAIZ5 1,00 (1.00-1.00) 014
PD-1 0.98 (0.96-100) 010
PD-L1 0.28 (0.12-0.67) 0.004
CTLA4 0.89 (0.8-0.98) 0.017
LAG-3 0.98 (0.95-1.00) 0.084
TIM-3 1,03 (1.00-1.06) 0.04
D8 1(1.00-1.00) 0.017
DC-LAMP 0.86 (0.76-0.97) 0.014
D20 0.23 (0.05-1.00) 0.05

and the intratumoral abundance of PD-1", CTLA4 ", and LAG-3"
cells (Fig. 1D), suggesting that PD-1, CTLA4, and LAG-3 largely
behave as T-cell markers in this setting.

PD-L1 levels positively correlate with antitumor immunity and
improved disease outcome in HGSC

To further characterize the impact of PD-L1 expression on the
immunologic profile of HGSCs, we used RNA-seq to compare
gene-expression profiles in PD-L1~ vs. PD-L1" patients. We
identified a set of 1,114 genes that were significantly overrepre-
sented in samples from PD-L1" patients as compared with their
PD-L1"~ counterparts (Fig. 2A). Functional studies revealed a
strong association between such DEGs with immune system
activation and inflammation. Alongside, we used the MCP-
counter R package to estimate the relative expression levels of
different cell populations in the TME of PD-L1" and PD-L1
patients. Compared with their PD-L1~ counterparts, PD-L1"
tumors were enriched in gene sets specific for T cells
(P<0.0001) and CD8" T cells (P < 0.0001; Fig. 2B). To validate
these findings with another technique, we next analyzed the
relationship between PD-L1 expression and the intratumoral
abundance of CD8" CTLs by [HC (study group 1). We observed
significantly higher densities of CD8" CTLs infiltrating tumor
nests (P < 0.0001) in samples from PD-L1" versus PD-LI
patients (Fig. 2C). Similar results were obtained for CD20" B
cells and DC-LAMP" DCs (Fig. 2C), confirming previous results
from our group (5). Moreover, to address the functional proper-
ties of HGSC-infiltrating CD8 " CTLs from PD-L1 " versus PD-L1
patients, we performed a flow cytometry analysis on 20 freshly
resected HGSCs (study group 2; Supplementary Table S1) on
which PD-L1 status had been previously assessed by IHC. We
observed significantly higher percentages of CD8" CILs expres-
sing [ENy" (P = 0.015), as well as of CD8" CILs coexpressing
IFNy and granzyme B (GZMB, a key CTL effector; P = 0.044) or
CD107a (a marker of CTLactivation; P = 0.039), in PD-L1" versus
PD-L1" patients (Fig. 2D). Moreover, we observed a correlation
between CD274 mRNA levels and IFNG mRNA levels (R = 0.61;

Table 3. Multivariate Cox proportional hazard analysis

0s
Variable HR (95% Cl) P
Stage 4 119.78 (2.18-4518.48) 0.01
PD-L1 0.3 (0.12-0.861) 0.007
TIM-3 1.41 (1.1-1.9) 0.03
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Figure 2.

PD-L1 levels positively correlate with antitumor
immunity in HGSC. A, Hierarchical clustering of 1,114
genes that were significantly changed in154 PD-L17
patients as compared with their 154 PD-L1
counterparts from the TCGA public database.

B, Relative expression levels of gene sets associated
with T cells and CD8" T cells across PD-L1" and PD-L1
HGSCs, as determined by MCP-counter on RNA-

seq| data from the TCGA public database. Box plots:
lower quartile, median, upper quartile; whiskers,
minimum, maximum. €, Density of CD8 T cells,
DC-LAMP™ DCs, and CD20 " B cells in the tumor nests
in PD-L1~ and PD-L1" HGSCs (n = 80; study group 1)
Box plots: lower quartile, median, upper quartile;
whiskers, minimum, maximum. D, Percentage of IFNy ™,
IFNy™/GZMB™, and IFNy*/CDI07™ cells among
CD3"CD8" cells from the HGSCs of PD-L1~ and PD-L1*
patients after nonspecific stimulation (study group 2).
Box plots: lower quartile, median, upper quartile;
whiskers, minimum, maximum. E, Correlation between
the IFNG mRNA expression levels and CD274 mRNA
expression in 308 HGSC patients from the TCGA public
database. R, Pearson correlation coefficient. F, RFS and
0OS of HGSC patients who did not receive neoadjuvant
chemotherapy, upon stratification based on median
density of CDB™ T cells and PD-L1 levels (study

group 1). Survival curves were estimated by the
Kaplan-Meier method, and differences between
groups were evaluated using log-rank test. The
number of patients at risk is reported
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P < 0.0001) in HGSC patients from the TCGA public database
(Fig. 2E). Conversely, rIFNYy failed to alter the percentage of PD-
L1Y, PD-17, and CTLA4 " CD8™ T cells, irrespective of whether the
latter were exposed to rIFNY alone or in the presence of malignant
cells that could or could not engage in physical contacts (study
group 2; Supplementary Fig. $6). These findings suggest that IFNy
has limited short-term effect on CD8" T cells isolated from the
tumor microenvironment, but favors PD-L1 expression on malig-
nant cells, in line with previous reports (10).

Because both CD8" T cells and PD-L1 influence disease out-
come in patients with HGSC not receiving neoadjuvant chemo-
therapy, we assessed RFS and OS upon stratifying patients from
study group 1 into four subsets (CD8/PD-L1", CD8"/PD-L1",
CD8"“/PD-L1", and CD8"/PD-L17). We found that CD8"/
PD-L1" patients had improved RFS and OS as compared with
their CD8"/PD-L1" counterparts (P = 0.01 and P = 0.0064,
respectively; Fig. 2F). Importantly, the same did not hold true in
the CD8'™ patient subset (Fig. 2F). Taken together, these findings
indicate that high PD-L1 levels in the TME of HGSC infiltrated by
CD8" CTLs are indicative of an active IFNy-dependent immune
response that positively influences disease outcome.

Tumor infiltration by PD-1" cells correlates with improved
antitumor immunity in HGSC patients

We performed RNA-sequencing to compare gene-
expression profiles from 24 HGSCs from study group 1 for which
PD-1 status had been evaluated by IHC. We identified a set of 425
transcripts that are significantly overrepresented in samples from
PD-1'" lesions as compared with their PD-1'° counterparts
(Fig. 3A; Supplementary Table S6). Pathway studies revealed a
strong association of such DEGs and immune system activation
and inflammation. Alongside, we used the MCP-counter R pack-
age to estimate the relative expression levels of gene sets linked to
specific immune cell populations in the TME of PD-1"" versus
PD-1"° patients. Compared with their PD-1" counterparts,
PD-1"" HGSCs exhibited overrepresentation of gene sets specific
for T cells (P = 0.001), cytotoxic lymphocytes (P = 0.001), NK
cells (P = 0.035), B cells (P = 0.008), DCs (P = 0.02), and
monocytes (P = 0.04; Fig. 3B). Next, we performed IHC to obtain
further insights into the links between PD-1" cell infiltration and
the abundance of CD8" CTLs, DC-LAMP" DCs, and CD20" B
cells in HGSC samples (study group 1). We observed higher
densities of CD8" T eells (P < 0.0001), DC-LAMP' DCs (P =
0.005), and CD20" B cells (P = 0.005) in the TME of PD-1""
patients as compared with their PD-1"° counterparts (Fig. 3C;
Supplementary Fig. S7), corroborating the notion that PD-1°
lesions have a scarce immune infiltrate. To investigate the func-

tional profile of CD8* CTLs from PD-1"" versus PD-1 HGSCs,
we harnessed study group 2 (Supplementary Table 81) to perform
flow cytometry on freshly resected samples that were also previ-
ously scored for PD-1" cell infiltration by IHC. PD-1"" lesions
contained a significantly higher percentage of CD8 " CTLs staining
positively for IFNy (P < 0.001), IFNy and GZMB (P < 0.001), and
IFNy and perforin 1 (PRF1, another T-cell effector molecule;
P < 0.001) upon nonspecific activation ex vivo, as compared with
their PD-1"° counterparts (Fig. 3D). Consistently, the mRNAs
coding for multiple CD8" T-cell effector molecules including
IFNG, PRF1, GZMB, and GNLY were overrepresented in PD-1'"
versus PD-1 HGSCs, as determined by RNA-sequencing in study
group 1 (Fig. 3E). Moreover, we found a strong correlation
between the transcripts coding for PD-1 (PDCDI) and
PD-L1 (CD274) (R = 0.776; P < 0.0001) in HGSC patients from
the TCCA database (Fig. 3F). However, stratifying patients from
Study group 1 into four subsets based on the frequency of tumor-
infiltrating CD8 " T cells and PD-1" cells (CD8"/PD-1", CDgMY
PD-1, CD8™/PD-1'", and CD8"/PD-1"°) failed to ameliorate
the prognostic assessment provided by tumor-infiltrating CD8 " T
cells only (Supplementary Fig. S8A). This is in line with (i) the fact
that the density of tumor-infiltrating PD-1" cells had no prog-
nostic value in multivariate analyses (Table 3); (ii) and the robust
correlation between the density of tumor-infiltrating PD-1" and
CD8" cells (Fig. 1D), which is also evident when the sizes of
cps''yrp-1"", cpg'/PD-1'°, €D8"/PD-1"", and CD8"/
PD-1" groups are compared (Supplementary Fig. S8A). The same
applies to costratification based on CD8§ and LAG-3 (study group
1; Supplementary Fig. S8B). Conversely, the density of tumor-
infiltrating CTLA4 " cells behaves as PD-L1 levels in that CD8'""/
CTLA4"" patients had improved RFS and OS compared with their
CD8'"/CTLA4Y counterparts (P = 0.06 and P = 0.002, respec-
tively; study group 1; Supplementary Fig. S8C). Notably,
PD-L1 levels and infiltration by CTLA4" cells were the two
parameters investigated in this study with lowest degree of
correlation with the intratumoral abundance of CD8" T cells
(Fig. 1D), indicating that low CTLA4 expression can be harnessed
to identify CD8' HGSC patients with relatively poor disease
outcome.

Finally, we evaluated the combined prognostic value of
tumor infiltration by CD8", PD-1", CTLA4 ", and LAG-3" cells
by stratifying study group 1 in two groups of patients based on
high or low density of all parameters. Not surprisingly, patients
with high levels of HGSC-infiltrating CD8", PD-1", CTLA4",
and LAG-3" cells had superior RFS and OS as compared with
their low counterparts (P = 0.003 and P = 0.001,
respectively; Fig. 3G).

Figure 3.

Tumor infiltration by PD-17 cells correlates with improved antitumor immunity in HGSC patients. A, Hierarchical clustering of 425 transcripts that were
significantly changed in 12 PD-1"" patients as compared with their 12 PD-1° counterparts, as determined by RNA-sequencing (study group 1). B, Relative
expression levels of gene sets associated with T cells, CD8™ T cells, NK cells, B cells, mDCs, and monocytes across PD-17 and PD-1° HGSCs, as determined by
MCP-counter on RNA-seq data from study group 1. Box plots: lower quartile, median, upper quartile; whiskers, minimum, maximum. €, Density of CD8™ T cells,
DC-LAMP™ DCs, and CD207 B cells in the tumor nests in PD-1- and PD-1™ HGSCs from study group 1 (n = 80). Box plots: lower quartile, median, upper quartile;
whiskers, minimum, maximum. D, Percentage of IFNy™, IFNy™/GZMB™, and IFNy™/PRF1" cells among CD3"CD8™ cells from the 20 HGSCs of PD-1° and PD-1
patients after nonspecific stimulation (study group 2). Box plots: lower quartile, median, upper quartile; whiskers, minimum, maximum. E, Relative expression
levels of PRFT, GZMB, GNLY, and IFNG in 154 PD-1"° and 154 PD-1" HGSCs from the TCGA public database, as determined by RNA-seq. plots: lower quartile,
median, upper quartile; whiskers, minimum, maximum. F, Correlation between the PDCDT mRNA expression levels and CD274 mRNA expression in 308 HGSC
patients from the TCGA public database. R, Pearson correlation coefficient. G, RFS and OS of 80 HGSC patients from study group 1who did not receive
neoadjuvant chemotherapy, upon stratification based on median density of CD8", PD-1", CTLA4 ", and LAG-3" cells in tumor nests. Survival curves were
estimated by the Kaplan-Meier method, and differences between groups were evaluated using the log-rank test. The number of patients at risk are reported.
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TIM-3 dictates clinically relevant immunosuppression in the
TME of HGSCs

We were surprised by the fact that neither the PD-1/PD-L1 axis,
neither CTLA4, nor LAG-3 appears to mediate clinically relevant
immunosuppressive effects in the TME of chemotherapy-
naive HGSC patients (Figs. 1-3). We therefore investigated wheth-
er immunosuppression in this context would rather be under the
control of another coinhibitory receptor, namely, TIM-3. To this
aim, we first investigated the impact of TIM-3 expression on the
functional properties of CD8" TILs from 20 freshly resected
HGSCs (study group 2; Supplementary Table S1) using flow
cytometry (Fig. 4A). Remarkably, about one third of tumor-
infiltrating CD8" T cells expressed TIM-3 (mean 31.3%; SEM
32.6%), near to invariably in conjunction with PD-1. Nonspecific
stimulation induced IFNy production and CD107a exposure
preferentially in TIM-3 PD-1 cells as compared with their
TIM-3'PD-1* counterparts (P = 0.04 and P = 002,
respectively; Fig. 4B). Moreover, incubation with anti-TIM3 and
anti-PD-1 antibodies (but not with either antibody alone)
increased the ability of bulk tumor-infiltrating CD8 " T cells to
respond to nonspecific stimulation in vitro by synthetizing IFNy
and cytolytic molecules (i.e., GZMB, PRF1; study group
2; Fig. 4C). Thus, TIM-3"PD-1" cells from the HGSC TME stand
out as a functionally impaired CD8" T-cell subpopulation with
limited effector functions.

We have previously shown that the intratumoral levels of
PD-1" cells correlate with improved (rather than poor) disease
outcome in chemotherapy-naive HGSC patients (Fig. 1B and C),
largely as they reflect CD8 ' CTLinfiltration in this setting (Fig. 1D;
Supplementary Fig. S8A). Thus, we interrogated the impact of
tumor infiltration by TIM-3 " cells on the immunologic profile of
HGSCs and disease outcome. To this aim, we harnessed multi-
spectral immunofluorescence staining combined with automated
image analysis on a subset of 50 samples from study group 1
(Fig. 4D). In line with flow cytometry data (Fig. 4A), around
31.3% of the CD8" T cells infiltrating HGSC expressed
TIM-3, most often in combination with PD-1 (Fig. 4E). We then
selected 6 TIM-3' patients and compared their transcriptional
profile with that of 6 TIM-3"" individuals (study group 1). We
identified 1,460 genes that were significantly overrepresented in
samples from TIM-3" patients relative to their TIM-3'" counter-
parts (Fig. 4F; Supplementary Table §7), and functional studies
revealed a strong association between such DEGs and immune
system activation and inflammation. Moreover, compared with
their TIM-3"" counterparts, TIM-3" tumors exhibited overrepre-
sentation (rather than underrepresentation, as expected if

TIM-3 behaved as a mere biomarker for T cells) of gene
sets specific for CD8" T cells (P = 0.04), as determined by
MCP-counter R package (Fig. 4G).

As we observed a negative correlation between infiltration by
TIM-3" cells and the levels of several transcripts associated with T
cells and immune system activation, we next evaluated the
immunologic profile of the TME in TIM-3" versus TIM-3" tumors
(as previously determined by multispectral immunofluorescence
staining) by IHC (study group 1; Fig. 4H). This approach
identified 4 different clusters of patients, which were
characterized by either high levels of PD-L1 and extensive
infilration by CD8*, PD-1%, CTLA4', LAG-3*, CD20",
and DC-LAMP* cells (Immune'™) or the opposite situation
(Immune™), combined with abundant or limited infiltration by
TIM-3 cells (Immune'"/TIM-3"", Immune'"/TIM-3"°, Immune"®/
TIM-3", and Immune'®/TIM-3"; Fig, 4H).

Importantly, Immune'/TIM-3" patients had improved OS as
compared with their Inmune'™/TIM-3™ counterparts (P = 0.04),
and so did Immune'/TIM-3" patients as compared with their
Immune®/TIM-3"" counterparts (P = 0.04; Fig. 41). Such an effect
could not be attributed to statistical differences in any parameter
other than infiltration by TIM-3 " cells within the Immune'" and
Immune™ patient subgroups (Supplementary Table $8). Simi-
larly, Immune'*/TIM-3"° patients had improved OS as compared
with their Immune"/TIM-3"" counterparts (P = 0.04; Fig, 41).
Univariate Cox regression confirmed the negative prognostic
impact of tumor infiltration by TIM-3" cells (HR = 1.03; 95%
confidence interval = 1.00-1.06; P = 0.04; Table 2), and the
significance of this association was validated by multivariate
analysis (HR = 1.41; 95% confidence interval = 1.1-1.9;
P = 0.03) (Table 3). To corroborate our findings in an indepen-
dent patient cohort, we retrieved normalized HAVCR2 levels
(TIM-3) for 308 patients with HGSC from the TCGA database
and stratified these them into 4 groups based on TIM-3 expression
and the expression of genes linked to CD8" T cells (CD8A), DCs
(LAMP3, which codes for DC-LAMP) and B cells (MS4A1). Alsoin
this setting, Immune'"/TIM-3"° had improved OS as compared
with their Immune'™/TIM-3'" counterparts (P = 0.04; Fig. 41).
Altogether, these findings document a critical role for TIM-3 in the
establishment of clinically relevant immunosuppression in TME
of patients with HGSC.

Discussion

Coinhibitory receptors expressed on T cells play a major role in
the establishment of clinically relevant immunosuppression

Figure 4.

TIM-3 dictates clinically relevant immunosuppression in the TME of HGSC. A, Gating strategy for TIM-3"PD-17 TIM-37PD-1" cells (study group 2). The percentage
of cells in each gate is reported. B, Percentage of IFNy" and CD107 * CD8" T cells among TIM-3*PD-1" and TIM-3 PD-1" CD8" T cells. C, Fold change of IFNy™
and PRF1/GZMB™ CD8" T cells after incubation with anti-PD-1, anti-TIM-3, and combination of anti-PD-1/anti-TIM-3 antibodies (study group 2). D,
Representative images of CD8, PD-1, and TIM-3 multispectral immunofluorescence (left). Cells expressing CD8 (red arrow), cells coexpressing CD8 and

PD-1 {yellow arrow), and cells coexpressing CD8, PD-1, and TIM-3 (violet arrow). For automated counting, inForm software allows cell segmentation based on
DAPI staining of the nucleus and morphometric characteristics (right). E, Percentage of TIM-37PD-1~, TIM-3"PD-17, TIM-3-PD-1", and TIM-3-PD-1- CD&" T cells
as determined by in situ immunoflucrescence in study group 1. F, Hierarchical clustering of 1460 transcripts that were significantly changed in 6 TIM-3 patients
as compared with their 6 TIM-3"° counterparts from study group 1, as determined by RNA-sequencing. G, Relative expression levels of gene sets associated with
CD8" T cells across TIM-3" and TIM-3-° HGSCs, as determined by MCP-counter on RNA-seq data from study group 1. Box plots: lower quartile, median, upper
quartile; whiskers, minimum, maximum. H, Clustering of 50 HGSC patients from study group 1 based on densities of PD-17, LAG-3 ", CTLA-4 ", PD-L17,CD8",
DC-LAMP™, CD207, and TIM-3" cells as determined by IHC and multispectral immunoflucrescence. I, 0S of 50 and 308 HGSC patients from study group 1and the
TCGA public database who did not receive neoadjuvant chemotherapy, upon stratification based on the median density of TIM-3" cells and immune infiltrate

as indicated by clustering heat map. Survival curves were estimated by the Kaplan-Meier method, and differences between groups were evaluated using the

log-rank test. The number of patients at risk is reported.
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in the microenvironment of most (if not all) human
malignancies (28-30). Consistent with this notion, immune-
checkpoint blockers that prevent the binding of coinhibitory
receptors with their cognate ligands mediate robust clinical effi-
cacy in subsets of patients affected by melanoma, NSCLC, and
urothelial carcinoma (31). This is especially true when coinhibi-
tory ligands such as PD-L1 are highly expressed in the
TME (3, 4, 28). Recent data indicate that PD-L1" ovarian cancer
patients may also obtain clinical benefits from PD-1-
targeting immune-checkpoint blockers (32), reinstating the value
of PD-L1 as a predictive biomarker for preselecting patients
who are likely to respond to immunotherapies targeting the
PD-1/PD-L1 axis.

The predictive value of PD-L1 has largely been attributed to its
ability to identify tumors with active PD-1 signaling (33). Here,
we demonstrate that high levels of PD-L1 are associated with
improved disease outcome among chemotherapy-naive (and
immunotherapy-naive) HGSC patients (Fig. 1), implying that
the prognostic value of PD-L1 in our cohort of patients cannot
be attributed to its ability to identify a therapeutic target for
PD-1 blockers. Rather, our data suggest that high PD-
L1 levels constitute a biomarker for spontaneous IFNy-
mediated antitumor immunity (Fig. 2). Consistent with this
interpretation, HGSC patients with robust tumor infiltration by
CD8" T cells, but low levels of PD-L1 exhibited remarkably poor
disease outcome as compared with patients with high levels of
tumor-infiltrating T cells but high PD-L1 expression in the TME
(Fig. 2). Moreover, tumor infiltration by T cells expressing coin-
hibitory receptors such as PD-1, CTLA4, and LAG-3 was associated
with superior (rather than inferior) RFS and OS (Fig. 1), and
neither of these parameters was able to improve patient stratifi-
cation based on the intratumoral levels of CD8 " T cells only, with
the possible exception of CTLA4 (Supplementary Fig. S8A-S8C).
Thus, in the TME of chemotherapy-naive HGSC patients, PD-
1 and LAG-3 largely behave as biomarkers of infiltration by CD8
T cells (Fig. 1D; Supplementary Fig. S8A-58C), while PD-
L1 expression identifies a clinically relevant, spontaneous anti-
cancer immune response. To our surprise, a low density of
CTLA4" cells appears to identify a subgroup of CD8™ HGSC
patients with relatively poor (rather than good) disease outcome
as compared with their CD8'"CTLA"" counterparts. Potentially,
such an unexpected finding may either reflect the expression of
CTLA4 by myeloid cells supporting antitumor immunity (34) or
originate from the relatively low number of patients in the
CD8"'CTLA4" group.

We were surprised to find that neither of the major coin-
hibitory receptors we analyzed at first was associated with an
independent negative prognostic value in our patient cohort,
which led us to refocus our attention on the comparatively less
known molecule TIM-3. We found that one third of CD8" T
cells that infiltrate chemotherapy-naive HGSCs express TIM-
3, generally in association with PD-1 (Fig. 4A and E). Not only
such TIM-3"PD-1" cells exhibit signs of functional exhaustion,
both at baseline and upon nonspecific stimulation (Fig. 4B and
C), but their abundance conveys a negative independent
prognostic value that can be harnessed to obtain improved
patient stratification (Fig. 41). Moreover, only CD8" T cells
from TIM-3"" (but not TIM-3'°) patients are sensitive to
TIM-3 blockade (in combination with PD-1, but not CTLA4,
blockade; Supplementary Fig. S8D). These findings are in line

www.aacrjournals.org
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with data from other groups identifying the negative impact of
TIM-3 expression on tumor-infiltrating CD8 " T cells in multi-
ple oncological settings (27, 35-38). Moreover, they suggest
that targeting TIM-3 with immune-checkpoint blockers may be
a particularly promising approach for the treatment of HGSC.
To the best of our knowledge, although multiple clinical trials
are currently assessing the therapeutic profile of TIM-3-
targeting agents in open-label settings, no study specifically
testing TIM-3 inhibitors in ovarian cancer patients is currently
recruiting participants (source: www.clinicaltrials.gov).

In conclusion, our findings demonstrate that PD-L1 and
TIM-3 are biomarkers of active and suppressed, respectively,
spontaneous immunity against HGSC. Besides identifying in
TIM-3 a potentially actionable target for the treatment of HGSC
patients, these data suggest that the ability of PD-L1 expression
levels to identify patients who are likely to respond to PD-1- or
PD-L1-targeting agents may reflect (at least to some extent or in
some setting) the preexistence of a natural immune response
against the tumor.
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8.4 Prognostickd role M2 makrofdgt v nddorovém mikroprostredf
metastatického karcinomu ovaria

TME piedstavuje velice komplexni a heterogenni strukturu, ktera se sklada nejen z bunék
nadorovych, ale také nenddorovych, jako jsou buiky stromdlni, endotelidlni, epitelialni
a komponenty imunitniho syst¢ému. TME hraje zcela zdsadni roli v regulaci bunééného ristu
a ovliviluje metastaticky potencidl malignich bunck. Z vysledkd preklinického testovani
vyplyva, ze slozeni a funkcni orientace imunitniho systému v TME v primarnim tumoru
pacientek s karcinomem ovaria ma vyznamny vliv na vyslednou prognézu tohoto onemocnéni.
Nicméné slozeni a funkéni orientace TME metastatické tkané a jeho ptipadny vliv na prognézu
pacientek s HGSC neni dosud jednozna¢né objasnén.

V této studii jsme pomoci celogenomového sekvenovani porovnali 24 parovych vzorkt
primarni (P-TME, z angl. primary tumor microenvironment) a metastatické (M-TME, z ang].
metastatic tumor microenvironment) tkané pacientek s HGSC a identifikovali jsme 1468
rozdiln€¢ exprimovanych genl. ZvySend exprese gend v metastatické tkani byla asociovana
zejména s remodelaci extracelularni matrix a imunitnim systémem. Toto pozorovani je
v souladu s vysledky retrospektivni imunohistochemické analyzy, ktera dokumentuje vyssi
infiltraci CD8" T bunék, CD20" B bunék, DC-LAMP' DC a NKp46" bunék v M-TME oproti
P-TME pacientek s HGSC. Z vysledkli cytometrické analyzy vyplyva funkéni inhibice
T lymfocyt nachazejicich se v M-TME, ktera neni disledkem zvySené exprese inhibi¢nich
molekul, ale imunosupresivniho cytokinového prostredi zptisobeného zvysenou infiltraci tumor

asociovanych M2 makrofagti v M-TME pacientek s HGSC.

Autorka v této praci prispéla:
e Optimalizace imunohistochemickych protokoll vyuzitych v ramci této studie
e Retrospektivni imunohistochemicka analyza zastoupeni CD8" T lymfocytd v nidorové
tkani
e Prospektivni analyza nadorové tkdné — zpracovani Ccerstvé nadorové tkané
a multiparametrické cytometrickd analyza vzorka

e Ucast na revizi manuskriptu
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Abstract

Accumulating evidence indicates that the composition and functional configuration of the
microenvironment of primary high-grade serous carcinomas (HGSCs) has a major impact on
disease outcome. Conversely, little is known on the microenvironment of metastatic HGSCs and its
potential influence on disease progression and patient survival. Here, we compared the
transcriptional profiles of paired primary and metastatic samples from patients with HGSC to
identify signatures of extracellular matrix remodeling and immune infiltration. However, metastasis
infiltration by T cells, B cells, and natural killer (NK) cells had little impact on survival. Functional
tests revealed that the T cell infiltrate of metastatic lesions is functionally impaired, but not as a
consequence of checkpoint activation downstream of programmed cell death 1 (PDCDI, best
known as PD-1), lymphocyte activating gene 3 (LAG-3), or hepatitis A virus cellular receptor 2
(HAVCR2, best known as TIM-3). Conversely, abundant cytokine signaling in support of tumor
infiltration by M2 tumor-associated macrophages (TAMs) stands out as a potential mechanism for
inhibited immunity at metastatic sites associated with poor disease outcome, indicating that M2

TAMSs have a prominent role in limiting immune responses against HGSCs.
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Introduction

Tumorigenesis is a complex and dynamic process, involving different steps: malignant
transformation, local progression and metastatic dissemination (1). It is now clear that all these
stages are influenced by a multitude of interactions between neoplastic cells and their environment
(including epithelial, endothelial, stromal and immune cells, as well as the extracellular matrix),
overall determining whether a newly formed lesion will be eradicated by the immune system,
progress uncontrollably or be preserved temporarily under control as a dormant micrometastasis (2,
3). Of note, the composition, localization and functional orientation of the tumor microenvironment
(TME) exhibit considerable degrees of heterogeneity. not only across patients, cancer types and
disease stages, but also across distinct lesions of the same tumor (4-7). High-grade serous
carcinoma (HGSC) represents one of the most lethal peritoneal cancers (8). The poor prognosis of
patients with HGSC is mainly linked to early dissemination into the peritoneal cavity and
establishment of therapy-resistant metastases (9). HGSCs display indeed a characteristic
intraperitoneal metastatic spread, with a clear preference for the omentum (9). The omental
microenvironment, which is surrounded by a single layer of mesothelial cells, is primarily
composed of adipocytes embedded in a collagen matrix, with interspersed fibroblasts, endothelial
cells, and resident immune cells (10, 11). During the metastatic process, these stromal cells are
recruited and reprogrammed by their malignant counterparts to support cancer cell survival and
proliferation (9). Accumulating data indicate that both the cellular and non-cellular components of
the primary TME (P-TME) are dynamic, evolve with disease progression, and convey robust
prognostic and predictive value (12, 13). However, the HGSC TME at metastatic sites (M-TME) is
poorly defined. Similarly, it is unclear whether the immunological characteristics of the M-TME

have prognostic or predictive value in patients with HGSC.

Here, we compared the transcriptional profile of 24 paired P- and M-TMEs of patients with HGSC,

with the aim to identify molecular signatures that can predict TME composition and impact on
3

96



HENSLER et al

clinical outcome. Functional analyses of differentially expressed genes (DEGs) revealed a strong
association with extracellular matrix organization and immune responses. By combining
biomolecular, cytofluorometric and immunohistochemical studies, we demonstrate that the M-TME
contain a higher density of tumor-infiltrating lymphocytes (TILs) as compared to the P-TME.
However, TIL density in the M-TME is not associated with improved clinical outcome, largely due
to the functional impairment imposed by robust immunosuppression at metastatic sites by M2

tumor-associated macrophages (TAMs).
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Materials and methods

Patients. Study Group 1. A retrospective series of paired 80 primary tumors and 80 peritoneal
metastatic formalin-fixed paraffin-embedded (PPFE) samples were obtained from patients with
HGSC who underwent primary surgery in the absence of neoadjuvant chemotherapy between 2008
and 2014 at the University Hospital Hradec Kralove (Czech Republic) (Study Group I). Baseline
characteristics of these patients are summarized in Table 1. Pathology staging was performed
according to the 8 TNM classification (2017), and histologic types were determined according to
the current WHO classification (14, 15). Data on long-term clinical outcome were obtained
retrospectively by interrogation of municipality registers or families. The protocol was approved by
the local ethical committee (201607 S14P). An additional series of paired 15 primary tumor
samples and 15 peritoneal metastases from patients with HGSC was prospectively collected at the
University Hospital Motol (Prague, Czech Republic) and the University Hospital Kralovske
Vinohrady (Prague, Czech Republic) (Study Group 2). Written informed consent was obtained
from patients before inclusion in the study. The protocol was approved by the local ethical

committee. The experimental design of study is summarized in Supplemental Fig. 1.

Immunohistochemistry. Immunostaining with antibodies specific for programmed cell death 1
(PDCDI, best known as PD-1), CD274 (best known as PD-L1), lymphocyte activating gene 3
(LAG-3), lysosomal-associated membrane protein 3 (LAMP3; best known as DC-LAMP), CDS8,
CD20 and NKp46 was performed according to conventional protocols as published previously
(Supplemental Table 1) (12, 16, 17). Briefly, tumor specimens from Study Group 1 were fixed in
neutral buffered 10% formalin solution and embedded in paraffin as per standard procedures. Tissue
sections were deparaffinized, followed by antigen retrieval with Target Retrieval Solution (Leica) in
TRIS EDTA at pH 6.0 (for PD-L1), pH 8.0 (for CD8, CD20, DC-LAMP and NKp46), or pH 9.0
(for LAG-3 and PD-1) in a heated water bath (98°C, 30 min). Endogenous peroxidase and alkaline

phosphatase were blocked with 3% H>O: and levamisole, respectively for 15 min. Thereafter,
5
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sections were treated with protein block (DAKO) for 15 min and incubated with primary antibodies,
followed by the revelation of enzymatic activity. Sections were counterstained with hematoxylin
(DAKO) for 30 sec. Images of whole tumor sections were acquired using a Leica Aperio AT2

scanner (Leica).

Immunofluorescence. Slides were incubated for 20 minutes in NH4Cl (50 mmol/L) to reduce
autofluorescence and blocked in PBS supplemented with 2.5% bovine serum albumin (BSA) and
2.5% goat serum for 40 minutes at room temperature (RT). Subsequently, primary antibodies
specific for CD68 and CD163 were applied for 1 hour at RT (Supplemental Table 1). Thereafter,
slides were incubated with appropriate HRP Polymer secondary antibodies for 1 hour at RT,
followed by Tyramide Signal Amplification (Thermo Fisher Scientific). Finally, sections were
mounted with ProLong Gold antifade reagent containing DAPI (Thermo Fisher Scientific). The
specificity of the staining was determined using appropriate isotype controls. Images of whole

tumor sections were acquired using a Leica Aperio AT2 scanner (Leica).

Cell quantification. Infiltration of tumor nests by CD8" T cells, DC-LAMP* DCs, CD20" B cells,
PD-17, LAG-3%, NKp46™ cells and CD68"CD163" cells was quantified in whole tumor sections with
Calopix software (Tribvn) as published previously (12, 16). Data are reported as absolute number of
positive cells/mm? (for PD-1%, LAG-37, DC-LAMP™, CD8", NKp46™, CD68"CD163" cells) or cell
surface/tumor section surface (for CD20" cells), as previously described (16, 17). PD-L1 expression
was scored in the intratumoral and stromal compartments as a percentage of tumor area and
categorized as 1 (0%), 2 (1-4%), 3 (5-9%) and 4 (>10%), as previously described (18). Quantitative
assessments by Calopix software were performed by three independent investigators (JF, JR, LK)

and reviewed by an expert pathologist (JL, PS).

Flow cytometry. Total live mononuclear cells were isolated from fresh tumor specimens, as

previously described (16). Mononuclear cells were stained with multiple panels of fluorescent
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primary antibodies (Supplemental Table 2) or appropriate isotype controls for 20 min at 4°C in the
dark, following by washing and acquisition on a Fortessa flow cytometer (BD Bioscience). Flow

cytometry data were analyzed with the FlowJo software (TreeStar).

Degranulation and IFN-y production. Mononuclear cells isolated from fresh tumor specimens
(Study Group 2) were incubated with 10 pg/mL anti-PD-1 and 10 pg/mL anti-TIM-3 antibodies for
24 hours at 37°C and 5% CO;. Thereafter, mononuclear cells were stimulated with 50 ng/mL
phorbol 12-myristate 13-acetate (PMA) + 1 ug/mL ionomycin for 1 h followed by 3 h incubation
with brefeldin A (BioLegend). Unstimulated cells were used as control. Cells were washed in PBS,
stained with anti-CD3 Alexa Fluor 700 (EXBIO), anti-CD4 ECD (Beckman Coulter) and anti-CD8
HV500 (BD Biosciences) monoclonal antibodies, fixed in fixation/permeabilization buffer
(eBioscience), further permeabilized with permeabilization buffer (eBioscience) and intracellularly
stained with an anti-TFNy PE-Cy7 (eBioscience) and anti-GZMB BV421 (BD Bioscience)
monoclonal antibody. Flow cytometry was performed on the LSRFortessa analyzer, and data were

analyzed with the FlowJo software package (Tree Star, Inc.) (Supplemental Fig. 2).

NGS data analysis. Raw FASTQ sequencing files were aligned to human reference genome (build
h19) with bowtie2 (version 2.3.2) and tophat2 (version 2.1). Expression levels as raw “counts” were
calculated from aligned reads with mapping quality >10 using htseq-count (version 0.6.0).
Differential gene expression analyses were performed using DESeq? (version 1.24.0) in R.
Heatmaps with hierarchical clustering analysis were assembled for DEGs using the
ComplexHeatmap package in R (19) based on the Pearson distance and average clustering method.
Functional and enrichment analysis of DEGs was performed using the ClusterProfiler (20) and the
web-based tool REACTOME and METASCAPE. To estimate the relative abundance of immune

cell populations we used “metagene” markers (21).
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Statistical analysis. Survival analysis was performed using the Survival and Survminer R packages,
using both Log-rank tests and Cox proportional hazard regressions. For Log-rank tests, the
prognostic value of continuous variables was assessed using median cutoffs. For Cox-proportional
hazard regressions, cell densities were log-transformed. In multivariate Cox regressions, variables
that were not significantly associated with prognosis in univariate analysis, as well as variables
infrinsically correlated to each other, were not included. Cox proportional hazard regression
analysis, Log-rank analysis, Fisher’s exact tests, Student’s ¢ tests, the Wilcoxon and Mann-Whitney
tests were used to assess statistical significance, p values are reported (considered not significant

when >0.05).
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Results

Transcriptional characterization of primary versus metastatic HGSC microenvironments. We
first set to harness RNA-seq to compare the gene expression profile of 24 paired primary (P-TME)
and metastatic (M-TME) tumor samples from HGSC patients who did not receive neoadjuvant
chemotherapy (Study Group 1) (Table 1). We 1dentified a set of 1468 DEGs (Supplemental Table
3). associated with 3 main functional clusters (Fig. 1A). Enrichment analysis of Gene Ontology
(GO) terms from Cluster 1, which was overrepresented in the P-TME, mainly identified DEGs
linked to the female reproductive system (Fig. 1B). On the contrary, Clusters 2 and 3, which were
overrepresented in the M-TME were enriched for genes linked to extracellular matrix organization,
immune response, lymphocyte trafficking and immune system regulation (Fig. 1B). These data
indicate that while the P-TME is dominated by ovary-associated genes, the M-TME contains an

abundant immune infiltrate.

As published previously by us and others (12, 16, 22, 23), the composition, localization and
functional orientation of the immunological P-TME of patients with HGSC convey robust
prognostic and predictive information. However, little is known on the potential impact of the
immunological M-TME on the clinical outcome of these patients. Driven by these premises, we
employed “metagene” markers to estimate the relative abundance of different immune cell
populations in the P-TME versus M-TME of Study Group 1. In line with whole-transcriptome
findings (Fig. 1B), metastatic samples were enriched for gene sets associated with T cells
(<0.0001), B cells (»=0.0002), CD8™ T cells (p=0.0003), dendritic cells (DCs, p=0.0005), natural
killer (NK) cells (p=0.0005), Tl cells (p<0.0001), Tu2 cells (»=0.009), monocytes (p=0.0002), as
well as regulatory T (Trec) cells (p=0.0002) and myeloid-derived suppressor cells (MDSCs,
p<0.0001) (Fig. 1C). These findings indicate that both immunostimulatory and immunosuppressive

cell subsets are increased in the M-TME of HGSCs as compared to their P-TME.
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To validate these data with another technological approach and in a larger cohort of patients with
HGSC, we next analyzed the composition of the immune infiltrate in paired 80 P-TME and 80 M-
TME samples (from Study Group 1) by immunohistochemistry (Fig. 2A). Confirming
transcriptomic observations, we detected a higher density of DC-LAMP™ mature DCs (p<0.0001),
CD20" B cells (p<0.0001), CD8" T cells (p=0.001) and NKp46™ NK cells (»=0.001) in the M-TME
as compared to the P-TME (Fig. 2B). To evaluate the prognostic impact of the P-TME and M-TME
immune infiltrate, we investigated overall survival (OS) upon stratifying the entire patient cohort
based on median values of DC-LAMP™ DCs, CD20™ B cells, CD8" T cells and NKp46™ NK cells
(Fig. 2C, D). As shown previously by us, robust tumor infiltration by DC-LAMP~ DCs, CD20™ B
cells and CD8* T cells in P-TME was associated with favorable OS in Study Group | (Fig. 2C).
Moreover, patients with an abundant DC-LAMP™ DC infiltrate in the M-TME tissue exhibited
significantly longer OS as compared to their DC-LAMPL® counterparts (p=0.0084). However, the
density of CD20™ B cells, CD8* T cells and NKp46™ NK cells in the M-TME failed to influence OS
in this patient cohort (Fig. 2D). Univariate Cox analyses confirmed the prognostic impact of mature

DC infiltration in the M-TME (HR=0.74, 0.60-0.92; p=0.006) (Table 2).

Functional impairment of CD8" T cells from the M-TME of HGSC patients. Surprised by the
fact that M-TME-infiltrating CD8" T cells had no impact on clinical outcome, at odds with their P-
TME-infiltrating counterparts (12, 16), we set to compare the functional capacity of these two CD8
T cell populations. To this aim, we focused on freshly resected tumors from a prospective cohort of
15 patients with HGSCs (Study Group 2). In this setting, non-specific stimulation of tumor-
infiltrating mononuclear cells with PMA and ionomycin caused a more pronounced increase in
CD8" cells staining positively for the cytotoxic effector granzyme B (GZMB) when mononuclear
cells were isolated from the P-TME versus the M-TME (p=0.04) (Fig. 3A, B). Consistently, the
mRNAs coding for multiple CD8™ T cell effector molecules including interferon gamma (IFNG;

p=0.01), perforin 1 (PRFI,; p=0.04), granulysin (GNLY; p=0.006) and GZMB (p=0.005) were

10
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overrepresented in P-TME versus M-TME samples, as determined by RINA-sequencing in samples
from Study Group 1 (Fig. 3C). These findings suggest that CD8" T cells from the M-TME are

functionally impaired and exhibit limited effector functions.

Since the expression of co-inhibitory receptors is a major driver of functional T cell exhaustion in
multiple malignancies including ovarian cancer (24), we next profiled immune checkpoint status in
the P-TME versus M-TME of patients with HGSC. To this aim, paired 80 P-TME and 80 M-TME
samples from Study Group 1 were analyzed by immunohistochemistry for (1) expression of the co-
inhibitory ligand PD-L1 in the tumor nest, and (2) infiltration by immune cells expressing the co-
inhibitory receptors PD-1 (the receptor for PD-L1) and LAG-3 (Supplemental Fig. 3). Both PD-L1
expression and PD-17 cell density in the M-TME positively associated with infiltration by DC-
LAMP™ DCs (p=0.03 and p=0.002, respectively). Similar results were obtained for CD8* T cells
(7=0.002 and p=0.01, respectively) (Fig. 3D). However, PD-L1 levels as well as infiltration by PD-
1" and LAG-3" cells were heterogeneous across samples and did not differ based on site of
assessment (Fig. 3E), suggesting that the PD-1/PD-L1 axis and LAG-3 systems are not the major

determinants of functional exhaustion in this setting.

These findings recapitulate previous results from our group on the P-TME, where functional
exhaustion appears to mainly depend on the co-inhibitory receptor hepatitis A virus cellular
receptor 2 (HAVCR2, best known as TIM-3) (12, 16). We therefore harnessed flow cytometry on
samples from Study Group 2 to investigate whether TIM-3 is also operational in the M-TME (Fig.
3F). We found that simultaneously blocking PD-1 and TIM-3 improves the ability of CD8" T cells
from the P-TME, but not the M-TME, to respond to non-specific stimulation by synthesizing
effector molecules including IFNG and GZMB (Fig. 3G). Moreover, the P-TME contains increased
amount of PD-1"TIM-3" cells as compared to the M-TME (Supplemental Fig. 3B), despite the fact
that the overall T cell density is decreased (Fig. 2B). Thus, TIM-3 does not stand out as a major

target for immunostimulation in the M-TME of HGSC patients.
11
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We therefore hypothesized that immunosuppression in the M-TME would mostly originate from
cytokine signaling. We investigated this possibility in our transcriptomic dataset from Study Group
1, identifying 33 DEGs linked to cytokine/chemokine signaling that were overrepresented in the M-
TME over the P-TME (Fig. 3H). These DEGs encompass major players in cancer-associated
immunosuppression by TAMs, including (but not limited to): C-C motif chemokine ligand 22
(CCL22), interleukin 6 (IL6), interleukin 10 (/L10), interleukin 10 receptor subunit alpha (ZL10RA),
GATA binding protein 3 (GATA3), and interferon regulatory factor 4 (IRF4) (Fig. 3H), supporting
the possibility that the immunosuppressive circuitries at play in the M-TME stem from cytokine

signaling (25).

M2 TAMs dictate clinically relevant immunosupression in the M-TME of HGSC. Driven by
the potential implication of TAM-dependent cytokine signaling in immunosupression at metastatic
sites, we harnessed immunofluorescence microscopy to study tumor infiltration by CD68*CD1637
M2 TAMs in paired 50 P-TME and 50 M-TME samples from Study Group 1 (Fig. 4A). We
detected a higher density of M2 TAMs in the M-TME as compared to the P-TME (p=0.008) (Fig.
4B), but the abundance of M2 TAMs did not correlate with the frequency of various immune
components of the M-TME including NKp46*, DC-LAMP~, CD20™ and CD8" cells (Fig. 4C). To
evaluate the prognostic impact of M2 TAMs in this patient cohort, we stratified patients from Study
Group | based on median density of M2 TAMs in the P-TME and M-TME, followed by
retrospective OS analysis. Although, the density of M2 TAMs in the P-TME failed to influence OS
in this patient cohort, patients with a high density of M2 TAMs in the M-TME had poor OS as
compared with their M2™ counterparts (p=0.00033) (Fig. 4D). Univariate Cox regression
confirmed the negative prognostic impact of M-TME infiltration by M2 TAMs (HR=6.74, 1.58-
28.68; p=0.009; Table 2) and the significance of this association was further corroborated by
multivariate Cox regression (HR=10.85, 2.28-51.44; p=0.002; Table 3). We next compared the

transcriptional profile of 12 patients with M2™ versus 12 M2° M-TMEs (Study Group 1). We
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105



HENSLER et al

identified 1016 genes that were significantly overrepresented in samples from M2 patients as
compared to their M2™ TAMs counterparts (Fig. 4E, Supplemental Table 4), and functional
studies revealed a strong association between such DEGs and immune system activation and T cells
proliferation (Supplemental Fig. 4). Moreover, we observed a negative correlation between M2
TAM infiltration of the M-TME and cytolytic activity (CYT) based on the levels of transcripts
encoding the cytolytic effectors granzyme A (GZMA) and perforin (PRF1) (Fig. 4F) (26). These
findings confirm the negative impact of M2 TAMs on the immune effector functions of the M-TME
in HGSC patients. Upon stratifying patients from Study Group 1 into four subsets based on M2
TAM infiltration and CYT in the M-TME (M2¥/CYTH, M2H/CY T, M2/CYTH, M2/CYT™),
we found that M2L/CYTH individuals had improved OS as compared to their M2H/CYTH
counterparts (p=0.02) (Fig. 4G). Altogether, these findings document a critical role for M2 TAMs

in the establishment of clinically relevant immunosupression in the M-TME of patients with HGSC.

13
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Discussion

Despite recent therapeutic advances, ovarian cancer still represents the most lethal of gynecological
malignancies, mainly reflecting presentation at advanced disease stage with large tumor burden and
extensive peritoneal involvement (11, 27). Both immunological and non-immunological
components of the TME have been attributed prognostic and predictive value in patients with
HGSC (12, 16, 22, 23, 28-32). In most cases, however, attention has been focused on the P-TME,
largely reflecting sample availability from diagnostic or surgical procedures (33, 34). However,
prognosis is largely determined by the establishment of metastatic sites with a complex TME (9).
Thus, there is a strong need to improve our understanding of the different components of the M-

TME and how they impact the tumor progression and disease outcome.

Here, we compared the transcriptomic profile of 24 paired primary and metastatic tumor samples
from patients with HGSC who did not receive neoadjuvant chemotherapy. Enrichment analysis
identified 2 gene clusters associated with extracellular matrix organization and immune responses
that were overrepresented in M-TME versus P-TME samples (Fig. 1). Using functional and
immunohistochemical analyses we confirmed that the M-TME contains a higher amount of immune
cells than the P-TME (Fig. 1 and Fig. 2), but the density of CD8" T cells, CD20* B cells and
NKp46~NK cells in the M-TME largely failed to affect OS, with the only exception of DC-LAMP*
DCs on OS (Fig. 2). This is at odds with the well-established prognostic role of these cell

populations in the P-TME (16, 23, 31, 35).

We therefore postulated that immune effectors are functionally impaired in the M-TME, but we
could not attribute such an impairment to PD-1, LAG-3 or TIM-3 signaling (Fig. 3), despite our
previous findings on the key role of the latter in the P-TME (12). These findings are in line with the
poor clinical activity of immune checkpoint blockers in patients with late-stage HGSC (36).

Conversely, we identified several genes involved in cytokine/chemokine signaling by M2 TAMs as

14
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potential drivers of T-cell exhaustion in the M-TME, including IL10, CCL22 and components of the
1.4 and I1.13 signaling pathways (29, 30). Consistent with this, we found that the M-TME contains
a higher amount of M2 TAMs than the P-TME (Fig. 4). Moreover, HGSC patients with robust M-
TME infiltration by M2 TAMs exhibited inhibited immune responses at metastatic sites, correlating
with poor disease outcome (Fig. 4). These findings are in line with previous data from other groups
showing in different mice models that M2 TAMs facilitate the metastatic dissemination of ovarian

cancer cells (37, 38).

In summary, our findings demonstrate that the microenvironment of primary and metastatic HGSC
lesions from the same patient differ from each other with respect to immunological competence and
prognostic impact, as they delineate for the first time the negative impact of M2 TAMs on the
establishment of clinically relevant anticancer immune responses at the M-TME of patients with

HGSCs.
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Legends to Main Display Items

Figure 1. Transcriptional characterization of primary versus metastatic HGSCs.

(A) Hierarchical clustering of 1468 transcripts (fold change >2, adjusted p-value <0.05) that were
significantly changed in paired 24 metastatic (M-TME) versus 24 primary (P-TME) samples from

Study Group 1, as determined by RNA-sequencing.

(B) Gene Ontology (Biological processes) enrichment analysis of differentially expressed in M-

TME versus P-TME. See also Supplemental Table 3.

(C) Relative expression levels of gene sets associated with T cells, B cells, CD8" T cells, dendritic
cells (DCs), natural killer (NK) cells, Tul cells, Tu2 cells, monocytes, regulatory T (Trec) cells, and
myeloid-derived suppressor cells (MDSCs) across paired 24 P-TME and 24 M-TME samples, as
determined by metagenes on RNA-seq data from Study group 1. Box plots: lower quartile, median,

upper quartile; whiskers, minimum, maximum.

Figure 2. Prognostic impact of immune infiltrate in tumor microenvironment of primary and

metastatic tissue of HGSC.

(A) Representative images of DC-LAMP, CD20, CD8 and NKp46 immunostaining in primary (P-

TME) and metastatic (M-TME) samples from Study Group 1. Scale bar = 50 pm.

(B) Density of DC-LAMP~, CD20", CD8" cells and NKp46™ cells in paired 80 P-TME versus 80
M-TME samples from Study Group 1, as determined by immunostaining. Box plots: lower quartile,

median, upper quartile; whiskers, minimum, maximum.

(C, D) Overall survival of 80 patients from Study Group 1 upon stratification based on median
density of DC-LAMP™ cells, CD207 cells, CD8" cells, and NKp46~ cells in the P-TME (C) and M-
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110



HENSLER et al

TME (D). Survival curves were estimated by the Kaplan-Meier method, and differences between

groups were evaluated using log-rank test. Number of patients at risk and p values are reported.

Figure 3. Functional T-cell exhaustion in the M-TME of patients with HGSC.

(A, B) Percentage of IFNy" and GZMB" cells in the CD3"CD8" population of the paired 15 primary
(P-TME) and 15 metastatic (M-TME) microenvironment of patients from Study Group 2 upon non-
specific stimulation with PMA and ionomycin, as determined by flow cytometry. Gating strategy
(A) and quantitative results (B) are reported. Box plots: lower quartile, median, upper quartile;

whiskers, minimum, maximum.

(C) Expression levels of IFNG, PRF1, GNLY and GZMB relative to CD3E in 24 P-TME versus 24

M-TME samples from Study group 1, as determined by RNA-sequencing. p values are reported.

(D) Density of CD8™ T cells and DC-LAMP™ DCs in the M-TME of PD-L1" versus PD-L1" and
PD-1%° versus PD-1" patients from Study Group 1 (n=80), as determined by immunostaining. Box

plots: lower quartile, median, upper quartile; whiskers, minimum, maximum.

(E) Distribution of PD-L1 levels and density of PD-1" and LAG-3" cells in paired 80 P-TME and
80 M-TME samples from Study group 1, as determined by immunostaining. Box plots: lower

quartile, median, upper quartile; whiskers, minimum, maximum.

(F) Gating strategy of IFNy™ CD3*CD8" T cells in paired 15 P-TME and 15 M-TME samples

(Study group 2). The percentage of cells in each gate is reported.

(G) Fold change of IFNG™ and GZMB™ CD8" T cells isolated from paired 15 P-TME and 15 M-
TME samples (Study Group 2) after non-specific stimulation with PMA and ionomycin in the
context of PD-1 and TIM-3 blockage (Atbs) as determined by flow cytometry. p values are

indicated.
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(H) Hierarchical clustering of 33 genes linked to cytokine/chemokine signaling that were
differentially expressed in paired 24 M-TME versus 24 P-TME samples from Study Group 1. p

values are reported.

Figure 4. M2 TAMs dictates clinically relevant immunosuppression in the M-TME of HGSC.

(A) Representative images of CD68 and CD163 immunofluorescence. Cells expressing CD68
(green arrow), cell expressing CD163 (red arrow), cells co-expressing CD68 and CD163 (red/green
arrow). For automated counting, Calopix software allows cell segmentation based on DAPI staining

of the nucleus and morphometric characteristics.

(B) Density of M2 TAMs determined as CD68*CD163™ cells in the 50 P-TME and 50 M-TME of

HGSCs from study group 1.

(C) The correlation matrix for M2 TAMs, NKp46*, DC-LAMP", CD20" and CD8" cells in the

tumor nest of HGSC patients (Study Group 1). The correlation coefficient is displayed.

(D) OS of 50 HGSC patients from study group 1 upon stratification based on the median density of
M2 TAMs in P-TME and M-TME. Survival curves were estimated by the Kaplan-Meier method,
and differences between groups were evaluated using log-rank test. Number of patients at risk and p

values are reported.

(E) Hierarchical clustering of 1016 transcripts that were significantly changed in 12 M2H M-TME
patients as compared with their 12 M2™ M-TME counterparts from study group 1, as determined

by RNA-sequencing.

(F) Relative expression levels of immune cytolytic activity index (CYT) based on transcript levels
of granzyme A (GZMA) and perforin (PRF1) in 24 M2L° and 24 M2% P-TME and M-TME samples
of HGSC from study group 1, as determined by RNA-sequencing.
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(G) OS of 50 HGSC patients from study group 1 upon stratification based on the median density of
M2 TAMs and immune cytolytic activity index (CYT). Survival curves were estimated by Kaplan-
Meier method, and difference between groups were evaluated suing the log-rank test. Number of

patients at risk and p values are reported.
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Table 1. Main clinical and biological characteristic of Study Group 1.

Variable Overall cohort (n=80)
Age (years)

Median + SD 62+ 10
Range 49-83
pTNM stage

Stage IIT 70 (87.5%)
Stage IV 10 (12.5%)
Debulking

RO 28 (35%)
Rl 8 (10%)
R2 44 (55%)
Vital status of patients

Alive 27 (33.7%)
Dead 53 (66.3%)
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Table 2. Univariate COX proportional hazard analysis.

Overall survival

Variable HR (95% CI) p-value
Age 1.01 (0.98-1.04) 0.51
Stage 4 1.53 (0.65-3.58) 0.33
CA-125 1.00 (1.00-1.00) 0.036
Debulking
R1 1.00(0.33-2.98) 0.99
R2 2.06 (1.12-3.78) 0.019
P-TME M-TME
DC-LAMP 0.74 (0.58-0.95) 0.018 0.74 (0.60-0.92) 0.006
CD8 0.87 (0.75-0.99) 0.039 0.90 (0.78-1.03) 0.11
CD20 0.35 (0.09-1.33) 0.12 0.85(0.64-1.13) 0.26
NKp46 0.83 (0.54-1.27) 0.39 0.95 (0.72-1.25) 0.70
M2 macrophage 0.15 (0.01-3.20) 0.22 6.74 (1.58-28.68) 0.009
22
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Table 3. Multivariate COX proportional hazard analysis.

Overall survival

Variable HR (95% CI) p-value

M2 macrophage (M-TME) | 10.85 (2.28-51.44) 0.002

DC-LAMP (P-TME) 0.32(0.14-0.73) 0.006
23
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8.5 Porovnadni cytometrické a imunohistochemické analyzy ve sledovdni
zastoupeni kalretikulinu, klicového parametru imunogenni bunééné smrti,
v nddorovém mikroprostredi pacientd s rdznymi druhy nddori

ICD predstavuje konkrétni formu apoptdzy, béhem které dochazi k uvoliiovani DAMP molekul
do TME. Spolec¢nou vlastnosti téchto molekul je aktivace imunitniho systému, zejména
populace APC, ktera nésledn¢ indukuje nadorové specifickou T lymfocytarni odpovéd’. CRT
predstavuje jednu z kli¢ovych molekul probihajici ICD. Z vysledkt preklinického hodnoceni
vyplyva, ze ptitomnost CRT v TME koreluje ve vétsiné ptipadd s aktivaci protinddorové
imunitni odpovédi a lepsi progndézou onemocnéni. Sledovani zastoupeni CRT v nadorové tkani
tedy predstavuje novy potencialni ukazatel prognozy pacientt, a je tedy nesmirné dulezité tento
parametr v praxi spravnym zplisobem hodnotit.

Detekce CRT v TME pacientli mtize byt provedena pomoci riznych metod, jakou jsou
western blot, imunohistochemie, fluorescen¢ni mikroskopie ¢i prutokova cytometrie. V této
praci jsme popsali detailni protokol pro detekci CRT pomoci imunohistochemické
a cytometrické analyzy. Vyhodou sledovani CRT pomoci imunohistochemické analyzy spociva
v analyze rozséhlych retrospektivnich souborti pacientli s dostupnosti klinickych dat.
Nevyhoda této metodiky spo€ivd v nemoznosti rozliS§it mezi povrchovou a intracelularni
expresi CRT. Naopak cytometrickd analyza umoziuje kvantifikovat zastoupeni povrchové
exponovaného CRT na populaci asné apoptotickych bun¢k diky kombinovanému barveni pro

soucasnou detekci apoptotickych a nekrotickych bungk.

Autorka v této praci prispéla:

e Piiprava manuskriptu pod vedenim skolitele
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Abstract

Immunogenic cell death (ICD), a functionally peculiar type of apoptosis, represents a
unique way to deliver danger-associated molecular patterns (DAMPs) to the tumor
microenvironment. Once emitted by dying cancer cells, DAMPs orchestrate antigen-
specific immune responses by acting on both innate and adaptive components of
the immune system. Accumulating preclinical and clinical evidence indicates that
one of these DAMPs, calreticulin (CALR) represents a novel powerful prognostic bio-
marker, reflecting the activation of a clinically relevant anticancer immune response
in different cancer malignancies. Therefore, the assessment of CALR emission can pro-
vide a therapeutic tool for the stratification of cancer patients and the identification of
individuals that are intrinsically capable to respond to a particular treatment. Here we
describe methods for the quantification of CALR exposure in the tumor microenviron-
ment of cancer patients by flow cytometry and immunohistochemistry.

1. Introduction

Malignant cells responding to distinct types of treatment, including
some chemotherapeutics and physical modalities, undergo an immunogenic
form of cell death that is associated with exposure (on their surface) and
release (in the tumor microenvironment) of danger signals in the form of
danger-associated molecular patterns (DAMPs) (Galluzzi, Buque, Kepp,
Zitvogel, & Kroemer, 2017; Kroemer, Galluzzi, Kepp, & Zitvogel,
2013). Immunogenic cell death (ICD)-relevant DAMPs encompass endo-
plasmic reticulum (ER) chaperones including calreticulin (CALR), heat-
shock proteins (HSP70 and HSP90), the non-histone chromatin-binding
nuclear protein high mobility group box 1 (HMGB1), nucleic acids, small
metabolites such as ATP, as well as type I interferons (Garg et al., 2010;
Krysko et al., 2012; Scafhidi, Misteli, & Bianchi, 2002; Sistigu et al.,
2014). In physiological conditions, CALR functions as a Ca™" binding chap-
erone with multiple functions inside and outside the ER, which goes largely
beyond the scope of this paper and can be found in Bedard, Szabo, Michalak,
and Opas, (2005) and Kroemer et al. (2013). Once translocated to the cell
surface of dying tumor cells that undergo ICD, CALR can be recognized by
dendritic cells of the immune system via pattern recognition receptors and
contribute to the activation of a therapeutically relevant immune response
(Obeid et al.; 2007). Corroborating the clinical relevance of ICD, CALR

exposure has been attributed prognostic and predictive values in distinct
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solid cancers and hematologic malignancies (Fucikova, Becht, et al., 2016;
Fucikova, Truxova, et al., 2016; Fucikova et al., 2015; Wemeau et al.,
2010). Here, we provide a detailed description of methods for the quanti-
fication of CALR exposure in the tumor microenvironment of cancer
patients by flow cytometry and immunohistochemistry (IHC).

2. Methods to monitor CALR exposure: Principles

CALR has been shown to play a critical role in activation ot both
innate and adaptive immune response (Gold et al.,, 2010; Kroemer et al.,
2013). Therefore, monitoring CALR exposure can provide a therapeutic
tool for the clinical management of cancer patients. Different methods have
been used to monitor CALR exposure and they were comprehensively
summarized by Kepp et al. (2014). (1) IHC 1s widely used to analyze the
presence of CALR in the tumor microenvironment. The main advantage
of this technique is its applicability for the retrospective monitoring of
CALR expression profiles in large cohorts of patients. However, using
IHC analyses, it is not possible to efficiently distinguish between intracellular
and surface-exposed CALR (Fucikova, Becht, et al., 2016; Hsu et al., 2005;
Muth et al., 2016; Peng et al., 2010). (2) Flow cytometric detection of
CALR exposure by the staining of non-permeabilized cells with an anti-
CALR specific antibody represents the gold standard (Fucikova, Truxova
et al., 2016; Obeid et al., 2007; Wemeau et al., 2010). The use of exclusion
dyes such as DAPI or PI helps to subtract the population of permeabilized
cells from the analysis, to avoid the staining of intracellularly located CALR.
Flow cytometry can be widely used to analyze the exposure of CALR on
primary tumor cells isolated from freshly resected tumor tissue.

3. Methods to monitor CALR exposure: Protocols

3.1 IHC detection and analysis
3.1.1 Deparaffinization and Rehydration

(1) Formalin-fixed paraftin embedded tissue blocks are sectioned into thin
slices (3—5 pm) by microtome.

(2) To remove parattin wax, immerse sections three times with xylen for
5min each time.

(3) To start rehydration, immerse sections once in 100% ethanol for 5min.

(4) Immerse sections once i 96% ethanol for 5min.
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(5) Immerse sections in 70% ethanol for 5min.
(6) Immerse sections in 50% ethanol for 5min.
(7) Immerse sections in dH20 for 5min (see Note 1).

3.1.2 Target retrieval
(8) To restore epitopes which were crosslinked during the process of fix-
ation, immerse section 1in citrate bufter pH 6 (Epitope Retrieval Solu-
tion, Novocastra; Leica Biosystems, RE7113) at 97 °C for 30 min.
(9) Cool section on bench top tor 30 min.
(10) Rinse section with dH50 once for 5min.

3.1.3 Blocking endogenous peroxidase

(11) Use a hydrophobic pen (DAKO, S2002) to circumscribe the tissue
(see Note 2).

(12) To block endogenous peroxidase activity, incubate the section with
200pL of 3% hydrogen peroxide for 15min at room temperature in
a shide staining tray.

(13) Wash section with 1 x TBS buffer once for 5min.

(14) To prevent non-specific binding ot the antibody to the tissues, block
each section with 1-3 drops of serum blocking reagent (DAKO,
X0909) tor 15min 1n a slide staining trays (see Note 3).

3.1.4 Primary antibody incubation

(15) Dilute mouse anti-CALR primary antibody (Table 1) with Antibody
Dilution Buffer (DAKO, S2022).

(16) Add 200 pL of diluted primary antibody to each section and incubate
at room temperature for 2h in a slide staining tray.

(17) Rinse the excess antibody from the section with one gentle movement
and wash section with 1 x TBS buffer with 0.04% Tween 20 once for

5 min.

Table 1 Primary and secondary antibodies used for the immunohistochemistry
detection of CALR expression.

Antibody Cat. no. Source  Producer Clone Dilution

Anti-CALR  ab22683 mouse  Abcam FMC 75  1:200

Anti-mouse  715-066-150 donkey Jackson = 1:500
ImmunoResearch
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3.1.5 Secondary antibody and streptavidin-HRP

(18) Dilute biotin-labeled secondary anti-mouse antibody (Table 1) with
1x TBS.

(19) Add 200pL of diluted biotin-labeled secondary anti-mouse antibody
to each section and incubate at room temperature for 30 min 1n a shide
staining tray.

(20) Ruinse the excess antibody from the section with one gentle movement
and wash section with 1 x TBS bufter 0.5% Tween 20 once for 5min.

(21) Dilute streptavidin-HRP solution (DAKO, P0397) with 1 x TBS
(1:300).

(22) Add 200 pL of diluted streptavidin-HRP to each section and incubate
at room temperature for 30 min 1in a shde staining tray.

(23) Rinse the excess streptavidin-HRP from the section with one gentle
movement and wash section with 1 x TBS buffer with 0.5% Tween
20 once for 5min.

3.1.6 DAB staining

(24) Add 200pL of DAB Reagent (DAKO, K3468) to each section and
react for 2min to stain.

(25) Rinse sections with 1 x TBS buffer to stop reaction.

(26) Rinse in dH50 and drain the section.

3.1.7 Hematoxylin staining and mounting on coverslips
(27) Counterstain sections in hematoxylin reagent (DAKO, S3309).
(28) Mount coverslips with Glycergel mounting medium (DAKO, C0563).

3.1.8 Image analysis

The expression level of CALR for each section was determined as the score
of positive tumor cells as published previously (Fucikova, Becht, et al.,
2016). The score index was calculated for 10 independent fields at 20 x
magnification under a light microscope (DM2000LED; Leica) and classified
into five categories (score 1: < 10% positive cells, score 2: 10-25% positive
cells, score 3: 26-50% positive cells, score 4: 51-75% positive cells, score 5:
>75% positive cells) (Fig. 1).

3.2 Flow cytometric detection and analysis

(1) Resect the fresh tumor tissue and cut it into small pieces.
(2) Transter the tissue into the gentleMACS C Tube containing 10mL of
PBS bufter.
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Fig. 1

3)
4
(5)
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score 4: 51-75% positive ceITs score 5. >75% positive cells

Representative images of CALR immunostaining. Scale bar=300um.

Insert the tube into gentleMACS™ Dissociator and run the
gentleMACS Program Tumor_01.

Add 1mg/mL of Collagenase II and 100pg/mL of DNase I
(see Note 4).

Incubate the tube on a rotating platform (18rpm) in an incubator
(37°C, 5% CO,) for 30 min.

Transfer gentleMACS C Tube into gentleMASC™ dissociator and
run program gentleMACS Program Tumor_01).

Strain the cell suspension with a 70 um cell strainer into a new 50mL
conical tube and wash cells with PBS.

Centrifuge collected cell suspension at 270 X g at room temperature for
10 min, discard supernatant.

Wash 50mL of PBS through the 70 pm strainer into the new tube.
Transfer cell suspension into the 96-well V-bottom plate.

Dilute mouse anti-CALR primary antibody with PBS (Table 2)
Add diluted mouse anti-CALR primary antibody and incubate at 4 °C
for 20 min.

Wash the cells twice with PBS. Centrifuge at 423 Xg for 5min at
room temperature. Discard supernatant.

Dilute APC-labeled secondary antibody with PBS (Table 2)

Add secondary antibody to the cell suspension and incubate at 4 °C for
20 min

Wash the cells twice with PBS. Centrifuge at 423 Xg for 5min at

room temperature. Discard supernatant.
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Table 2 Antibodies used for the flow cytometry detection of CALR expression.

Antibody Cat. no. Source Producer Clone Fluorochrome  Dilution
Calreticulin ADI-SPA-601-F Mouse Enzo Life Sciences, Inc. FMC 75 - 2.4:100
Allophycocyanin- 115-136-068 Goat Jackson ImmunoResearch  — APC 3:100
conjugated anti-mouse

Anti-Pan cytokeratin 53-9003-52 Murine  eBioscience AEI/AE3  A488 2:100
Epitelial antigen FO860 Mouse DAKO Ber-EP4 FITC 2:100
Epcam 324204 Mouse BioLegend 9C4 FITC 2:100
CD227 559774 Mouse BD Biosciences HMPV FITC 2:100
CD45 ED7029 Mouse EXBIO MEM-28 PerCP 4:100
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(17) Add the mixture of primary antibodies: antu-EpCAM, ant-CD227,
anti-Epithelial antigen, anti-Pan cytokeratin, anti-CD45 and incubate
at 4°C for 20min (Table 2) (see Note 5).

(18) Wash the cells twice with PBS. Centrifuge at 423 xg for 5min at
room temperature. Discard supernatant

(19) Use Annexin V/DAPI staining kit according to the manufacturer
instructions (eBioscience, Thermo Fisher) to determine the popula-
tion of apoptotic/necrotic cells (see Note 6).

(20) Analyze the cell suspension by flow cytometry (see Note 7) (Fig. 2)

3.2.1 Analysis
Expression of ecto-CALR was analyzed on both living and early apoptotic
(DAPI™) tumor cells identified as a population of CD45~, EpCAM",

| : 0 e "
10 10 10° 0 10 010t 0
AnnexinV PE CD45 PerCP Pan cytokeratine, Epit. antigen,
3 Epcam,CD277 FITC
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Fig. 2 Flow cytometry-assisted quantification of surface exposed CALR.
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CD227", epithelial antigen” and pan-cytokeratin® as indicated in the
Table 2. A representative gating strategy of ecto-CALR for CALR™ and
CALR"™ patients is indicated in the Fig, 2.

4, Concluding remarks

CALR represents a multi-functional chaperon protein, which is
involved in a wide spectrum of cellular processes, including calcium homeo-
stasis, folding of ER proteins, cell adhesion and migration (Bedard et al.,
2005; Gold et al., 2010). CALR is best characterized for its function as an
eat-signal, leading to the maturation of dendntic cells and activation of
adaptive immune response against tumors (Obeid, Tesniere, et al., 2007).
The accumulating preclinical and clinical evidences indicate that CALR
represents a novel powerful prognostic biomarker for cancer patients
(Fucikova et al., 2015). Therefore, monitoring CALR exposure may pro-
vide powerful clinical tool for stratifying cancer patients into different risk
groups and identifying the fraction of patients suitable for the particular ther-
apeutic regimen. Here we provide a detailed protocol of two major assays
(flow cytometry and immunohistochemistry) for the detection of CALR
exposure in the tumor microenvironment.

5. Notes

(1) Do not allow sections to dry at any time until ready to perform antigen
retrieval. Drying will cause non-specific antibody binding and therefore
high background staining.

(2) Avoid touching the tissue during the staining procedure, which creates
a hydrophobic boundary on the sample.

(3) Drain the slides and wipe away any excess blocking reagent betore pro-
ceeding to the next step.

(4) Collagenase and DNase enzyme are used for chemical or enzymatic
digestion of tissue.

(5) Composition of antibodies for the identification of tumor population is
dependent on cancer type.

(6) Annexin V is commonly used to stain phosphatidylserine residues
exposed during apoptosis. DAPI 15 a cell-impermeant dye that stains
double-strand nucleic acids and allows for the identification of necrotic
cell population.
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(7) Cells should be analyzed within 2h after the initial incubation period.
For prolonged periods, store at 4°C and protect from light until
analysis.
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8.6  Sumarizace literdrnich poznatki o vyznamu kalretikulinu pro klinicky
pribéh nddorovych onemocnéni
Vysledna imunogenicita malignich bunék, tedy schopnost vyvolat humoralni a/nebo buné¢nou

imunitni odpovéd’, je dana pritomnosti nadorovych antigenti a schopnosti uvolnit DAMP
molekuly do TME. DAMP molekuly jsou rozpoznany receptory na povrchu APC, které
ve vysledku aktivuji nddorové specifickou imunitni odpovéd’. Ze soucasnych in vitro i in vivo
potencial malignich bunék a jeho ptfitomnost v TME je asociovand s aktivaci vrozené
i adaptivni imunity a lepsi progn6zou pacientl s riznymi druhy nadord. Cilem této prehledné
publikace bylo popsat, jakou prognostickou roli plni CRT u jednotlivych nadorovych
onemocnéni a ukazat, ze CRT miZe slouzit jako stratifikacni néstroj, ktery umozni rozdélit

pacienty do skupin a vybrat pro n€¢ vhodny typ léCebné strategie.

Autorka v této prdci prispéla:

e Piiprava obrazkl a tabulek do manuskriptu, Gi¢ast na revizi manuskriptu

Vzhledem k tomu, ze se jedna o piehled literarnich poznatkt, neni tato publikace v dizertacni

praci ptilozena.
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9 Zaveér

Imunoterapie predstavuje novy smér v 1€cbé nékterych nadorovych onemocnéni. Probihajici
klinické studie postupné odpovidaji na otazky, které se tykaji nacasovani imunoterapie
v 1éCebné strategii pacienta a identifikace vhodnych terapeutickych kombinaci. V ramci
konceptu personalizované mediciny je nezbytné hlubsi poznani role imunitniho systému v boji
proti malignim bunkam konkrétniho pacienta. Tyto znalosti a identifikace tzv. prognostickych
a prediktivnich ukazateli ndm pomohou v budoucnu lépe stratifikovat pacienty do rizikovych
skupin a identifikovat skupinu pacient, kterda bude zimunoterapeutické lécby nejlépe
profitovat. Identifikace vhodnych prognostickych a prediktivnich ukazateli se tak stava
klinicky 1 védecky velice aktualnim tématem.

Karcinom ovaria patifi mezi gynekologické malignity s nejhorSi prognodzou. 1 pies
nesporny pokrok v 1é€bé dochédzi u pacientek k ¢asnému relapsu onemocnéni a naslednému
umrti vyplyvajicimu z omezenych terapeutickych moznosti. V ramci pokrocilého klinického
testovani imunoterapie karcinomu ovaria je hodnocena Ui¢innost zejména blokacnich protilatek
proti inhibiénim molekuldm imunitni odpovédi a autologni bunécna terapie zalozend na DC.
Nedilnou soucasti téchto studii je také identifikace vhodnych prognostickych a prediktivnich
ukazateli.

Tato dizertacni prace vyznamné rozsifuje znalost o slozeni a funk¢ni orientaci TME
s HGSC s vyslednym vlivem na prognoézu pacientek. Z vysledkli shrnutych v této dizertacni
praci vyplyva, zZe infiltrace TME populaci aktivovanych DC polarizuje imunitni odpoveéd’ ve
sméru Thl, aktivuje cytotoxickou CD8" T lymfocytarni odpovéd a pozitivné ovliviuje
prognozu onemocnéni pacientek s HGSC. Navzdory predpokladiim nase vysledky ukazuji, ze
vyssi exprese PD-1 a PD-L1 v TME pacientek s HGSC pozitivné koreluje s aktivaci
protinadorové imunitni odpovédi. Klicovou imunosupresivni roli v TME ma naopak molekula
TIM-3, ktera piedstavuje znak funkéniho vyéerpani efektorovych CD8" T lymfocyti a jeji
piitomnost koreluje s horsi progn6zou onemocnéni. Obdobné vyznamnou imunosupresivni roli
v metastatické tkani karcinomu ovaria plni M2 makroféagy, jak ukazuji vysledky na rozsahlém
souboru dat z celogenomového sekvenovani a imunofluorescencni analyzy malignich tkéni.
V neposledni fad¢ tato dizertacni prace dokazuje, Ze vysledna imunogenicita malignich bunék
je ovlivnéna nejen profilem nadorovych antigent, které umozni rozpoznani buniky imunitnim
systémem, ale také pfitomnosti molekul asociovanych s ICD. Konkrétné z naSich vysledka
vyplyva, Ze ptitomnost CRT v TME koreluje s vyssi aktivaci protinddorové imunitni odpovédi

a soucasné s lepsi prognozou pacientek s karcinomem ovaria. Vysledky publikovanych studii
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jsou v soucasné¢ dobé¢ testovany retrospektivné jako soucast klinické studie faze II. V ni je
pacientkdm s karcinomem ovaria aplikovana autologni buné¢nd imunoterapie DCVAC/OvCa.
Cilem analyzy vzorki tkané a periferni krve je identifikovat vhodné prognostické a prediktivni

ukazatele klinické odpovédi na 1écbu. Vybrané ukazatele budou nasledné ovéteny v planované

II1. fazi klinické studie.
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