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ABSTRAKT

Nadory hlavy a krku ptedstavuji z imunologického hlediska velmi komplexni
a heterogenni skupinu onemocnéni. PGvodné byly tyto nadory spojovany piedevsim
s koufenim a alkoholem. V poslednich desetiletich ale vyrazné nartistd procento nadora
asociovanych s perzistujici infekci lidskym papilomavirem s onkogennim potencidlem
v imunologicky privilegované oblasti tonzilarnich krypt. Vzhledem k nezastupitelné roli
imunitniho systému, jak v protivirové, tak v protinddorové imunitni odpovédi je prognoza
pacientll vyznamné ovlivnéna velikosti, slozenim a funkéni kapacitou imunitniho infiltratu
v nadorovém mikroprostiedi. Pro nadory hlavy a krku je charakteristické siln¢
imunosupresivni prosttedi, zhorSujici prubéh onemocnéni a snizujici u€innost imunoterapie.
VétSina pacientt s touto diagnézou dobte odpovida na standardni terapii, ta je ale spojena
s velmi zavaznymi ¢asnymi a pozdnimi toxicitami, které maji zasadni vliv na kvalitu zivota.
V roce 2016 byla schvalena prvni imunoterapeutika pro 1écbu refrakternich naddort hlavy
a krku — inhibitory kontrolnich bodii imunitnich reakci blokujici PD-1 — PD-L1 drahu,
nivolumab a pembrolizumab. Tento druh terapie, zalozeny na odblokovani imunosuprese,
se v protokolech kombinujicich vice 1é¢ebnych modalit ukazal byt velmi G¢inny a zaroven
vyrazné¢ méné toxicky oproti standardni chemoradioterapii. Proto byla monoterapie PD-1
inhibitory nebo kombinovand 1écba PD-1 inhibitorii s chemoterapii neddvno schvalena jako
prvni moznost 1écby pro pacienty s metastatickymi nebo refrakternimi nadory hlavy a krku.
I ptes nadéjné klinické vysledky ale stale existuje vysoké procento pacientd, kteti na tuto
lécbu neodpovidaji. Lepsi porozuméni jednotlivym populacim imunokompetentnich bunék,
zapojujicich se do protinaddorové imunitni odpovédi, by pomohlo hloubé;ji pochopit principy
ovliviyjici funkéni orientaci imunitni odpovédi, a zvysit tak GspéSnost 1écby pacientl diky
personalizovanym imunoterapeutickym protokolim. Pfedkladand dizertacni prace
vyznamné¢ prohlubuje znalosti o roli HPV-specifickych CD8+ T lymfocytd, B lymfocytt
infiltrujicich do nadoru a dalSich bunéénych populaci v kontextu komplexniho nadorového
mikroprostiedi HPV-asociovanych a chemicky indukovanych nadort hlavy a krku. A déle
poukazuje na vyznam kombinované imunoterapie zalozené na odblokovani imunosuprese,
kterd vznika pfedev§im diky expresi nckterych inhibi¢nich molekul v nadorovém

mikroprostiedi, spolu s chronickou aktivaci specifické slozky imunitniho systému.
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ABSTRACT

Head and neck squamous cell carcinoma encompasses a complex and heterogeneous
group of malignant diseases. Originally, this tumor type was associated with tobacco and
alcohol consumption. However, a significantly expanding subset of tumors associated with
oncogenic human papillomavirus infection arising in deep tonsillar crypts was identified
within the last decades. Due to the essential role of the immune system in antiviral and
anticancer immune response, the prognosis of patients is significantly influenced by
the volume, composition and functional capacity of the immune infiltrate.
The immunosuppressive landscape of head and neck cancer leads to unfavorable outcome
of patients and decreased efficacy of immunotherapy. The response rate to standard
treatment is high, however, standard therapy is accompanied by considerable toxicity
influencing the quality of life. In 2016, the first immunotherapeutics for the treatment of
patients with recurrent squamous cell carcinoma of the head and neck were approved —
the anti-PD-1 immune checkpoint inhibitors nivolumab and pembrolizumab. This type of
therapy, based on mitigation of immunosuppression, shows strong efficacy and less toxicity
in combination with other therapies. Therefore, anti-PD-1 immunotherapy was recently
approved in the first-line treatment setting as monotherapy or in combination with
chemotherapy for patients with metastatic or unresectable, recurrent head and neck cancer.
Despite the therapeutic benefit of immune checkpoint inhibitors, there is still a large
proportion of nonresponding patients. Thus, better understanding of the individual immune
cell populations playing key role in anticancer immune response could reveal the principles
influencing functional orientation of the immune response. Personalized immunotherapeutic
protocols created with respect to these principles could enhance the efficacy of current
therapeutic strategies. This dissertation thesis broadens the knowledge of the significance of
HPV-specific CD8+ T cells, B cells and other immune cell populations infiltrating to
the tumor microenvironment of HPV-associated vs. HPV-negative tumors of head and neck.
This thesis also highlights the importance of combined immunotherapy based on
the elimination of immunosuppression, which arises due to a chronic activation of adaptive

immune system and consequent expression of inhibitory molecules.
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SEZNAM ZKRATEK

aPD-1 anti - programmed cell death 1

Akt thymomas of AKR mice - protein kinase B

APC antigen-presenting cell

Bcel-xL B-cell lymphoma-extra large

BTLA B and T lymphocyte attenuator

Ceacam-1 carcinoembryonic antigen-related cell adhesion molecule 1
CCL (C-C motif) ligand

CD cluster of differentiation

CDK cyclin-dependent kinase

CRT chemoradiotherapy

CTLA-4 cytotoxic T-lymphocyte-associated antigen 4

CXCL (C—X—C motif) ligand

DC dendritic cell

ECOG Eastern Cooperative Oncology Group
EGFR epidermal growth factor receptor
EMA Europen Medicine Agency

E2F E2 factor

E6AP ubiquitin-ligase E6-associated protein
FDA Food and Drug Administration

FFPE formalin-fixed paraffin-embedded
Gal-9 galectin-9

HGSC high-grade serous carcinoma

HLA human leukocyte antigen

HLA-DR Human leukocyte antigen — DR isotype
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HMGBI high mobility group box 1

HNSCC head and neck squamous cell carcinoma
HPV human papillomavirus

hrHPV high-risk human papillomavirus

IFNy interferon gamma

IgV variable immunoglobulin domain

IL interleukin

ITIM immunoreceptor tyrosine-based inhibition motif
ITT immunoreceptor tail tyrosine

LAG-3 lymphocyte activation gene 3

IrHPV low-risk human papillomavirus

MAPK mitogen-activated protein kinases, mitogenem aktivované proteinkinizy
mDC myeloid dendritic cell

MDSC myeloid-derived suppressor cell

MHC major histocompatibility complex
mTOR mammalian target of rapamycin

NK natural killer

NSCLC non-small-cell lung carcinoma

OPC oropharyngeal cancer

OPSCC oropharyngeal squamous cell carcinoma
ORR objective response rate

PARP poly-ADP-ribose polymerase

PARPi Poly-ADP-ribose polymerase inhibitor
pDC plasmacytoid dendritic cell

PD-L1 programmed death-ligand 1
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PD-L2
PD-1
PGE2
PI3K
PP2A
pRb
PT
PtdSer
plEINKeA
qgPCR
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TAM
TCR
TGFp
TIGIT
TIL
TIL-B
TIM-3
TLRO9
TMB
TME
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2B4

5-FU

programmed death-ligand 2

programmed cell death 1

prostaglandin E2

phosphatidylinositol 3-kinase

protein phosphatase 2A

retinoblastoma protein
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phosphatidylserine

cyclin-dependent kinase inhibitor 2A
quantitative polymerase chain reaction
Response Evaluation Criteria In Solid Tumors
tumor-associated macrophages

T cell receptor

transforming growth factor beta

T-cell immunoreceptor with Ig and ITIM domains
tumor infiltrating lymphocytes

tumor infiltrating B lymphocytes

T-cell immunoglobulin and mucin domain 3
toll-like receptor 9

tumor mutation burden

tumor microenvironment

tumor necrosis factor alfa

World Health Organisation

CD244
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1 Uvop

Imunitni systém hraje klicovou roli v patogenezi maligni transformace. Na zaklad¢
mnoha védeckych a klinickych dikazii této premisy se imunoterapie nadorovych
onemocnéni stala soucasti klinické onkologie a tuc¢innost zdokonalujicich se
imunoterapeutickych protokolli stale roste. Ackoli protinadorové imunitni odpovédi se
ucastni vSechny slozky nespecifické i1 specifické imunity, Gstfedni ulohu plni adaptivni
bunécna slozka, T a B lymfocyty. Nové ptistupy protinadorové imunoterapie se tak zaméiuji
pravé na aktivaci a posileni predevsim efektorovych T Ilymfocytl, jejichz pozitivni
prognosticka role byla prokdzdna u mnoha indikaci, véetné nadorti hlavy a krku. Vlivem
siln¢ imunosupresivniho mikroprostiedi ale dochazi u vétSiny pacient k postupné ztraté
funkéni kapacity efektorovych T lymfocytil, jejimz disledkem je nekontrolovana progrese
nadorového onemocnéni. Porozuméni biologické podstaté procesti probihajicich
v nadorovém mikroprostfedi, jez vedou kUniku nadorovych bunc¢k pied imunitnim
dohledem, a navrzeni vhodnych imunoterapeutickych postupti by tak mohlo zvysit

uspésnost 1éCby a dosahnout trvalych vysledkd.

Prvni ¢ast této dizertacni prace shrnuje soucasné poznatky o roli adaptivniho imunitniho
systému v nadorovém mikroprostiedi pacientl s nddory hlavy a krku, a vyznam lidského
papilomaviru (human papillomavirus, HPV) pro pribéh tohoto onemocnéni. Déle je zde
popsan vyznam imunoterapie v 1é¢bé HPV-indukovanych nadori a nadort vzniklych
na podkladé toxického agens. Pozornost je vénovana zejména inhibitoram kontrolnich bodt
imunitnich reakci, vzhledem k jejich klinické ucinnosti v celé fadé nadorovych onemocnéni.
Druhou ¢ast tvoii soubor publikovanych praci, které souvisi s tématem této dizertacni prace,
prosly recenznim fizenim a byly publikovany v mezinarodnich védeckych €asopisech se

znamym impakt faktorem.
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2 NADORY HLAVY A KRKU

Nadory hlavy a krku jsou heterogenni skupinou nddorovych onemocnéni vznikajicich
v oblasti dutiny ustni, dutiny nosni, hltanu (pharynx), hrtanu (larynx), ze slinnych zlaz
a mistni lymfatické tkan€. S celosvétovou incidenci 550 az 600 tisic pfipadl ro¢né€ se nadory
hlavy a krku vyskytuji jako Sesté nejcastéjSi nadorové onemocnéni tvotici 5 % vSech
malignit. V souvislosti s onemocnénim ro¢n¢ zemie ptiblizné€ 300 tisic pacientl (Jemal et
al., 2011). Nadory hlavy a krku Casto z pocatku nevykazuji zadné vazné klinické ptiznaky
nebo se podobaji béznym zanétlivym onemocnénim hornich cest dychacich. Az 70 %
pacientl je tak diagnostikovano ve stadiu lokalné pokroc¢ilého onemocnéni, ¢imz je vyrazné
negativné ovlivnéna i progndza. Pétileté pieziti se tak pohybuje v rozmezi pouhych
10- 50 %. Navic, ptes 95 % pacientl s rekurentnim nebo metastatickym karcinomem umira
jiz do jednoho roku. V opacéném piipad¢, pii diagndze v Casnych stadiich, dosahuje pétileté
preziti az 80 % (Leon et al., 2005), (Argiris et al., 2017). I pfes vyraznou heterogenitu se
histologicky z vice nez 90 % jedna o squamozni karcinomy (head and neck squamous cell
carcinoma, HNSCC), vznikajici z dlazdicového epitelu vystylajiciho dutiny v této oblasti
(Vigneswaran and Williams, 2014). Squamoézni karcinomy hlavy a krku tvofi velmi
komplexni skupinu onemocnéni, charakterizovanou klinickou, fenotypickou a biologickou
heterogenitou, ktera je zpusobena zejména genetickymi zménami, lokalizaci nadoru

a etiologickym agens (Cancer Genome Atlas, 2015).

2.1 Etiologie HNSCC

Hlavnimi prokazanymi rizikovymi faktory HNSCC jsou historicky koufeni
tabakovych vyrobki, konzumace alkoholu a predev§im synergicky efekt téchto dvou faktorti
(Andre et al., 1995). Pacienti s nddory vzniklymi na podkladé této etiologie se pohybuyji
ve vys$si vékoveé skupin€, vétSinou pies Sedesat let. Se vzristajici osvétou lidi v oblasti
Zivotospravy v rozvinutych zemich se ale pocet kurakil a alkoholikil ve vysSich socialnich
vrstvach postupné snizuje, a klesa tak i incidence nddort podminénych témito mutagennimi
fyzikalnimi faktory. Dlouho ale zlstaval nevyjasnénou otdzkou stale narUstajici pocet
nadortt v oblasti orofaryngu (oropharyngeal squamous cell carcinoma, OPSCC).
V souvislosti s rostoucim rizikovym chovanim zejména mladych lidi bylo na zdklad¢
experimentalnich a epidemiologickych dat popsano dalsi signifikantni etiologické agens,

ato infekce HPV (Brandsma and Abramson, 1989), (Snijders et al., 1992). Lidsky
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papilomavirus, zptsobujici az 90 % OPSCC, se timto zafadil mezi nejvyznamnéjsi rizikové
faktory nadorii v oblasti hlavy a krku, a zménil tak 1 pohled na jejich biologickou podstatu
(Gillison et al., 2000). Nadory asociované s HPV a toxicky indukované nadory jsou proto
povazovany za dv¢ zcela rozdilné entity, odliSujici se nejen na zakladé molekularni podstaty
mechanismu vzniku, ale také prognozou pacienti (Weinberger et al., 2006). Heterogenita
téchto nadora je natolik vyznamnd, ze v roce 2017 doslo k odd¢leni jejich klasifikace
Americkym vyborem proti rakoviné¢ (American Joint Committee on Cancer, AJCC). Toto

vvvvv

(Lydiatt et al., 2017). Komplexni srovnani HPV-pozitivnich a HPV-negativnich nadort je

shrnuto v Tab. 1. (Husain and Neyaz, 2017).

Parametr HPV+ HPV-
VEK (primér) mladsi (40 - 60) star§i (> 60)
Rasa europoidni >> ostatni europoidni > ostatni

Geografické rozlozeni
Pohlavi
Socioekonomicky status
Incidence

Prevalence - odhad
Rizikové faktory
Kofaktory

Histologické misto vzniku
Anatomické misto vzniku
E6 a E7 onkoproteiny
p53

P16INK4a

Prognéza

Patologicky nalez

Metastazy do spadovych uzlin

ECOG performance status
Pievazujici TNM Kklasifikace
Trileté preZiti

Trileté preziti bez progrese
Celkova odpovéd’ na lécbu

sev.Evropa a sev.Amerika
muzi > zeny (8:1)

vyssi

rostouci

proménliva v regionech
sexualni chovani (HPV-16)
marihuana

dlazdicovy epitel krypt
orofarynx

exprimovany

wild-type, degradovan
zvySena exprese

prizniva
nekeratinizujici,basaloidni,
imunitni infiltrat

Casto, cystické

nizsi (0 u 33 % pacient)
T1-T2 N++

82,4 % (95 % CI, 77,2-87,6)
73,7 % (95 % CI, 67,7-79,8)
94 % (95 % CI, 87-100)

Asie - Pacifik

muzi > zeny (3:1)

nizsi - stiedni

klesajici

stabilni

tabak, alkohol

dieta, oralni hygiena, stres
squamozni epitel dutiny Ustni
cela dutina Gstni
nedetekovany

mutovany

obvykle nedetekovano
nepfizniva

keratinizujici, dysplazie
povrchového epitelu

méné Casto

nekrotizujici, solidni

vy$si (0 u 66 % pacienttr)
T3-T4 N+

57,1 % (95 % CI, 48,1-66,1)
43,3 % (95 % CI, 34,4-52,4)
58 % (95 % CI, 49-74)

Tab. 1. Srovnani demografickych, klinickych, histologickych, genetickych a prognostickych
parametri u nadori asociovanych s HPV vs. nadoru jiné etiologie. ECOG (Eastern Cooperative
Oncology Group, Vychodni kooperativni onkologicka skupina v USA). Prevzato a upraveno dle
(Husain and Neyaz, 2017)

16



2.2 Prognéza a lécba pacientii s HNSCC

Strategie 1écby pacientd s HNSCC je zalozena na lokalizaci primérniho nédoru,
histologické klasifikaci a stddiu onemocnéni (rozsahu primarniho nadoru, ptipadné
uzlinovych a vzdalenych metastaz) a celkovém stavu pacienta. Zakladnimi kurativnimi
1é¢ebnymi modalitami v 1é¢bé HNSCC jsou chirurgické 1é¢ba a radioterapie a v nékterych
pfipadech i chemoterapie nebo radiochemoterapie. Ti pacienti, u nichz doslo k nadorové
transformaci diky onkogennimu potencialu HPV, jsou na rozdil od téch, jejichz nador byl
vyvolan toxickym agens, vétSinou diagnostikovani v pokrocilém stddiu onemocnéni,
mnohdy s rozvinutym metastatickym postizenim regionalnich lymfatickych uzlin. I pfesto
ale odpovidaji Iépe na standardni 1é€bu a maji vyznamné lepsi progndzu, i pétileté pieziti
(81 % vs. 49 %) ve srovnani s pacienty s HPV-negativnimi nadory (Licitra et al., 20006),
(Angetal., 2010). Vzhledem k vySe zminénym faktim je ziejmé, Ze HPV-pozitivni pacienti
vyzaduji vétS§inou mén¢ agresivni 1écbu (Martin, 2014). HPV-typizace ale doposud neni
zohlednovana pfi vybéru lécebné modality v rdmci standardni 1écby. Jaka je pricina lepsi
progndzy pacientil, u nichZ byla karcinogeneze vyvolana virovou infekci, zatim nebylo zcela
objasnéno. Experimentélni i klinicka data ale ukazuji, Ze jednou z hlavnich pfi¢in miize byt
mimo jiné pfitomnost viru, ktery vyvolava aktivni bunéénou imunitni odpovéd’ namifenou
proti infikovanym bunkam, a tudiz i proti nddorovym buiikam samotnym (Dahlstrand and

Dalianis, 2005).

2.3 Lidsky papilomavirus (HPV)

Lidsky papilomavirus (HPV), pattici do rodiny papillomaviridae — malych
neobalenych dvouvldknovych (double-strand, ds) DNA vird, zahrnuje vice nez 150 doposud
popsanych genotypt infikujicich kozni epitel a sliznicni povrch anogenitalniho traktu,
mocove trubice, dychacich cest a Ustni ¢asti hltanu — orofaryngu. Z hlediska rizikovosti
a onkogenniho potencialu se HPV d€li na nizce rizikové (low-risk, IrHPV) a vysoce rizikoveé
(high-risk, hrHPV) HPV. Nizce rizikové genotypy HPV zplsobuji zejména benigni
bradavice a respirac¢ni papilomatézu a v 90 % ptipadl je infekce pfirozené eliminovana
imunitnim systémem. V pfipad¢ nakazy vysoce rizikovym genotypem HPV ale vétSinou
infekce pietrvava dlouhodobé v asymptomatické podobé a diky onkogennimu potencialu
téchto virl je perzistentni infekce asociovana s rozvojem karcinomt v anogenitalni oblasti,

zejména s karcinomem de€lozniho hrdla - cervixu (Franco et al., 1999). Vysoce rizikové
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genotypy HPV jsou zodpovédné také za vznik karcinomu orofaryngu, kde dominuje genotyp
HPV 16. Dle odhadii by do roku 2020 m¢l v USA pocet HPV-asociovanych HNSCC

dokonce ptrekonat incidenci cervikdlniho karcinomu (Chaturvedi et al., 2011).

2.3.1 Mechanismus infekce HPV

K ptenosu infekce HPV dochdzi béhem ptimého kontaktu z clovéka na Cloveka,
vétsinou pii pohlavnim styku, béhem n¢hoz vznikaji mikroskopicka poranéni v povrchovém
stratifikovaném squamdéznim epitelu. Pro vznik karcinomu orofaryngu dokonce neni potteba
mechanické poskozeni povrchového epitelu, protoze mistem infekce jsou krypty tonzilarni
tkdn€ vystylané specializovanym retikulovanym epitelem, jez mé fyziologicky narusenou
strukturu pro migraci imunitnich bunék do lymfoidni tkdné€ (Perry, 1994). Témito pfirozené
se vyskytujicimi mikroabrazemi pronikaji virové Castice az k bazalni membrané, na niz se
vazi pres proteoglykany pfitomné na membrang, a infikuji zde bazalni bunky dlazdicového
epitelu, keratinocyty, vazbou na jejich povrch a naslednou endocyt6zou. Po internalizaci je
virus transportovan do pozdnich endozému, kde je zménou pH aktivovan a s vyuzitim
hostitelského cytoskeletarniho transportu vstupuje do bunééného jadra (Schelhaas et al.,
2012). Keratinocyty maji pfirozené silny diferenciani a prolifera¢ni potencial. Béhem
diferenciace dochéazi nezéavisle na infekci k neustadlému déleni dcefinych kopii bazélni
buiiky, odpoutani od bazalni membrany a vystupovani k povrchu. Béhem tohoto péti az
sedmidenniho procesu keratinocyty postupné méni svoji morfologii. Dochazi ke kondenzaci
jadra a plo$Snému roztazeni cytoplazmy. Builka se zploStuje a cely proces je zakoncen
deskvamaci z povrchu. Vzhledem k tomu, Ze replikace viru je zavisla na biochemickém
aparatu hostitelské bunky, vyuzivda HPV prave intenzivné proliferujici dlazdicobunéény
epitel k dokonceni Zivotniho cyklu tisice novych kopii viru, které jsou uvoliiovany nelyticky
béhem deskvamace odumirajicich keratinocytii. Takto dochazi k neviremickému S$iteni
infekce, bez vyvoldni imunitni reakce (Faraji et al., 2017). VySe popsany proces je

znazornén na Obr. 1.
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Obr. 1. Mechanismus infekce HPV a progrese onemocnéni. (A) Vzhledem k tkanovému tropismu
HPV v rdmci HNSCC dochazi k infekei sekundérnich lymfatickych organti v oblasti orofaryngu. (B)
HPV infikuje progenitory keratinocytti v bazalni vrstvé ptirozené fenestrovaného retikulovaného
epitelu tonzilarnich krypt. (C) Infekce squamoézniho epitelu tonzil vede postupné k naruSeni
diferenciace bazalnich epitelidlnich buné€k, displazii, vzniku karcinomu in situ, az k propuknuti
invazivni karinogeneze. Pievzato a upraveno dle (Faraji et al., 2017).

2.3.2 Molekularni mechanismus indukce karcinogeneze u HPV-asociovanych nadori

Genom HPV, dlouhy 8 000 pard bazi, obsahuje dva kodujici regiony a jeden
nekodujici, regulacéni region. Soucasti kodujici oblasti jsou geny proteinti Casné faze
(E, early) E1, E2, E4, ES5, E6 a E7 a geny kodujici kapsidové proteiny, k jejichZ expresi
dochdzi v pozdni fazi Zivotniho cyklu viru, a jsou proto ozna¢ované jako pozdni geny
(L, late) L1 a L2. Casné geny Fidi replikaci virové DNA a reguluji kritické kroky bunééného
cyklu: E1 spousti replikaci virového genomu, E2 je iniciacnim faktorem pro virovou
transkripci a fidi segregaci virovych genomil, E4 zodpovida za maturaci novych virovych
partikuli, E5 udrZuje kontinudalni proliferaci hostitelské buniky, E6 a E7 jsou oznaované
jako onkoproteiny, jelikoz narusuji zékladni kroky regulace bunétného cyklu vedouci
k amplifikaci virového genomu (Rautava, 2012). E6 vyvazuje zakladni tumor supresorovy
protein p53 a zprosttedkovava jeho ubiquitinylaci vazbou na protein asociovany s ubikvitin-
ligdzou E6 (ubiquitin-ligase E6-associated protein, E6AP) a naslednou degradaci skrze
proteazom. Vysledkem je imortalizovana hostitelska bunka (Martinez-Zapien et al., 2016).
U HPV-asociovanych OPSCC tedy neni dysfunkce p53 zptsobena jeho mutaci, jako

u vétSiny nadorovych onemocnéni véetné HPV-negativnich nadort, ale fizenou degradaci
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prirozené se vyskytujici formy proteinu — wild-type p53. Onkoprotein E7 inaktivuje dalsi
esencialni tumor-supersor: retinoblastomovy protein (retinoblastoma protein, pRb), jehoz
funkci je regulace piechodu z G1 do S faze bunécného cyklu interakei s transkripénim
faktorem E2 (E2 factor, E2F). Dokud je E2F v komplexu s pRb, nemtze dojit k iniciaci
replikace (Chellappan et al., 1992). Absence pRb tak vede ke kontinualni aktivaci cilovych
gent E2F, jimiZ jsou mimo jiné cyklin A a cyklin E, které umoziuji vstup do S faze
bunécného cyklu a nekontrolovanou replikaci (Zerfass et al., 1995). Funk¢ni inaktivace pRb
vede dale k akumulaci p16™** (cyclin-dependent kinase inhibitor 2A, CDKN2A), dalsiho
proteinu podilejiciho se na regulaci bunééného cyklu, jez je za fyziologickych podminek
inhibitorem cyklin-dependentnich kindz (cyclin-dependent kinases, CDKs) fosforylujicich
pRb. Dokud nedojde k fosforylaci pRb a k naslednému uvolnéni E2F z komplexu E2F-pRb,
bunécny cyklus je pozastaven v G1 fazi a buiika setrvava ve stavu senescence (Giarre et al.,
2001). U nadort vzniklych na podkladé¢ infekce HPV tak na zéklad¢ negativni zpétné vazby
dochézi inaktivaci pRb k nartistu cytoplazmatické hladiny p16™¥4A, Tato hodnota je spolu
s detekci virovée DNA/RNA standardné pouzivana jako nepiimy marker pro diagnostiku
karcinogeneze asociované s HPV (Hoffmann et al., 2010) a mize mit i prognosticky vyznam
(Lin et al., 2014). Molekuldrni mechanismus indukce karcinogeneze u HPV-asociovanych

nadord je zndzornén na Obr. 2.
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Obr. 2. Molekularni mechanismus indukce karcinogeneze HPV. Po vstupu do buiiky se virus
presouva do jadra, kde je udrzovan ve formé episomu nebo probéhne integrace do hostitelské DNA
a jeho zivotni cyklus je zavisly na diferenciaci hostitelské bunky. Za udrzeni proliferativniho stavu
keratinocytl a inhibici apoptdzy jsou zodpoveédné onkoproteiny E6 a E7, které tidi inaktivaci
a degradaci p53 a pRb. V pokrocilych fazich diferenciace infikovanych keratinocyti dochazi
k expresi pozdnich genii L1 a L2, kédujicich virové kapsidy, a k sestavovani novych virovych
partikuli. Nasledné¢ se béhem prirozené deskvamace keratinocytll uvoliiuji az tisice novych
infek¢nich viriond. Pfevzato a upraveno dle (Andersen et al., 2014).
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I pfesto, ze HPV-pozitivni nadory nevznikaji na podkladé¢ dlouhodobého
vystavovani tkani karcinogenim s mutagennim potencidlem, jako je tabak a alkohol,
vykazuji HPV-asociované nadory ptekvapive vysokou genomovou nestabilitu, srovnatelnou
s nadory jiné etiologie. Tato mutacni zatéz, doprovazena hromadénim somatickych mutaci,
je pravdépodobné zplsobena absenci vySe zminénych tumor-supresord, zajistujicich
kontrolu integrity genomu, coz znacné zvySuje pravdépodobnost maligni transformace
u buné¢k infikovanych HPV (Seiwert et al., 2015). Pacienti s naddory hlavy a krku se tak
celkové tfadi mezi indikace s vys$Si mutacni ndlozi (tumor mutation burden, TMB)
(Alexandrov et al., 2013), jak je znazornéno na Obr. 3., a maji proto potencidl odpovidat
1épe na nékteré imunoterapeutické 1écebné postupy. Hlavnim diivodem je to, ze mnozstvi
somatickych mutaci v nadoru zvysuje pravdépodobnost vzniku neoantigentl, které mohou

byt rozpoznany a nasledné cileny efektorovymi bunkami specifické imunity. Obzvlasté

napf. po terapii inhibitory kontrolnich bodii imunitnich reakcei (Riaz et al., 2016).
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Obr. 3. Porovnani mutacni zatéZe mezi jednotlivymi typy nadorovych onemocnéni. Data
ukazuji pocet somatickych mutaci v jednotlivych naddorech. ALL, acute lymphoblastic leukaemia,
akutni lymfoblasticka leukémiee; AML (acute myeloid leukaemia, akutni myeloidni leukémie); CLL
(chronic lymphocytic leukaemia, chronickd lymfocytarni leukémie). Pfevzato a upraveno dle
(Alexandrov et al., 2013).

2.3.3 Nadorové mikroprostiedi HNSCC

Néadorové mikroprostiedi (tumor microenvironment, TME) je komplexni,
organizovana a dynamicka nika, sloZzena z neoplastickych bun¢k v kontextu nadorového
stromatu, tvofené¢ho extraceluldrni matrix, fibroblasty, epitelidlnimi buiitkami, endoteliemi,
tukovymi bunkami a produkty téchto bunéénych populaci a déle v rizné mife infiltrujicimi
imunitnimi bunkami (Balkwill et al., 2012). Vzhledem k tomu, Ze nadory hlavy a krku,
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narozdil od ostatnich nadorovych indikaci, vznikaji témét jednotné ze stejného
histopatologického subtypu, jedna se zdanlivé o homogenni skupinu squamdznich
karcinomil. Ve skutecnosti ale jde o velmi heterogenni onemocnéni a kazdy individualni
nador je unikatni jak slozenim nadorového mikroprostiedi, tak svym chovanim (Canning et
al., 2019). Nejvyznamnéjsi rozdily jsou pozorovany mezi skupinou pacienti s HPV-
pozitivnimi a HPV-negativnimi nadory, a to zejména ve sloZzeni imunitniho infiltratu, ktery

ma zasadni vliv na prognozu (Partlova et al., 2015).

2.3.4 Slozeni a vyznam imunitniho infiltratu u HPV-pozitivnich a HPV- negativnich

pacientu s HNSCC

Imunitni infiltrat je komplexni a dynamickou sou¢ésti nddorového mikroprostiedi
arole jednotlivych imunitnich populaci se mezi nddorovymi typy vyrazné li§i. U nadort
hlavy a krku navic slozeni imunitniho infiltratu i vyslednou imunitni reakci ovliviiuje
potencialni pfitomnost viru. HPV infikuje epitelidlni tkang. Na rozdil od mukézniho epitelu,
ktery HPV infikuje v anogenitalni oblasti, vramci orofaryngu dochazi k infekci
dlazdicového epitelu, ktery je v tésném kontaktu s lymfatickou tkani. Lymfaticka tkan zde
v podobé¢ tonzil sehrava kli¢ovou imunologickou roli v obrané proti patogentim. Je tedy
pravdépodobné, Ze virem indukovana protinadorova imunitni odpovéd’ bude odlisna
od imunitni odpovédi nadort orofaryngu jiné etiologie a zaroven od imunitni odpovédi

namifené proti HPV v jinych oblastech organismu.

V poslednich letech bylo provedeno nékolik studii zaméfenych na analyzu vztahu
mezi imunitni odpovédi, HPV statutem a prognézou pacientl s HNSCC. Vzhledem
k ndro€nosti ziskani nadorové tkané byla ve vétSin€ téchto studii analyzovana pouze
periferni krev pacient. I pfesto ale Wansom a kol. detekovali zvySeny pocet CD8+
T lymfocytd u pacientli s HPV-pozitivnimi nadory, ktery dokonce 1épe predikoval odpovéd’
na lécbu nez samotny HPV status, jez byl doposud povazovan za nejsilngjsi prediktivni znak
(Wansom et al., 2010). Turksma a kol. dale v periferni krvi pacientd s HPV-pozitivnimi
nadory detekovali vySsi zastoupeni efektorovych a efektorovych pamétovych T lymfocyth
oproti HPV-negativnim pacientlim, coz pravdépodobné svéd¢i o virem indukované imunitni
odpovédi (Turksma et al., 2013). Genova analyza potvrdila profil silné specifické imunitni
odpovédi u HPV-pozitivnich pacientd oproti HPV-negativnim pacientiim, jejichZ profil mél

charakter spiSe pfirozené imunitni odpovédi (Thurlow et al., 2010).
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Vzhledem k tomu, Ze stav periferni krve nemusi vzdy odrazet skutecnost, ktera se
odehrava v ramci samotného nadorového mikroprostiedi, je analyza nadorové tkané
nezbytnou soucasti ziskdni ucelené informace o zastoupeni jednotlivych imunitnich
populaci a také o jejich fenotypu a funkcénosti. Komplexni analyza nativnich tkani HNSCC
provedend v nasi laboratofi, zabyvajici se mimo jiné sloZenim imunitniho infiltratu
a fenotypizaci jednotlivych populaci, ukazala vyznamné rozdily mezi nadory indukovanymi
HPV a nadory jiné etiologie. HPV-pozitivni nadory byly dle ocekédvani infiltrovany
signifikantn€ vys$sim mnozstvim CD8+ T lymfocyti. Tyto cytotoxické lymfocyty infiltrujici
nador (tumor infiltrating lymphocytes, TILs) mély navic schopnost produkovat vyznamné
vyssi hladiny prozanétlivych cytokinti interferonu-y (interferon-y, IFNy) a interleukinu-17
(IL-17). Detekovano bylo i vyrazné vice naivnich CD4+ T lymfocyti a myeloidnich DC.
Dale pak ve srovnani s HPV-negativnimi nadory v bunéénych kulturdch HPV-pozitivnich
vzorkll byla zaznamenana signifikantné vy3$si produkce prozanétlivych chemokinii CXCL9,
CXCL10, CXCL12, CCL17 a CCL21 (Partlova et al., 2015). Zajimavé ovSem bylo, Ze
analyza mRNA potvrdila u HPV-pozitivnich nador zvySenou expresi proteinu
programované bunééné smrti 1 (programmed cell death 1, PD-1), ktera je spolu s dal§imi
inhibi¢nimi molekulami povaZzovana za marker vyCerpani TILs (Day et al., 2006). Tato
studie, provedena v nasi laboratofi, je v souladu s vysledky studie Badoualové a kol, ktefti
pozorovali vyznamné del$i ptezivani HPV-pozitivnich pacientti s karcinomem orofaryngu
(oropharynegal cancer, OPC), které byly siln¢ infiltrované PD-1+ T lymfocyty. (Badoual et
al., 2013). Molekula PD-1 tak u HNSCC pravdépodobné necharakterizuje vycerpané TILs
neschopné efektorovych funkci. Ward a kol. dale prokazali, Ze pfitomnost TILs u HPV+
OPC pacientii pozitivné koreluje s prezivanim a odpovédi na 1écbu na rozdil od pacientt
s nizkym infiltratem (Ward et al., 2014). Podle nejnovéjsich vysledk Salomona a kol. hojna
infiltrace CD8+ TILs u HPV-asociovanych OPC identifikuje skupinu pacientii
s vynikajicimi klinickymi vysledky a poskytuje tak vyznamnou prognostickou informaci

(Solomon et al., 2018).

Na rozdil od TILs, jejichz pozitivni uloha v nddorovém mikroprostiedi byla
mnohokrat prokazana, role B lymfocytl infiltrujicich do nadoru (tumor-infiltrating B cells,
TIL-Bs) zlstava kontroverzni. Navzdory studiim prokazujicim pozitivni prognostickou roli
TIL-Bs (Mahmoud et al., 2012) existuji i pfesvédcivé diikazy naznacujici jejich opacny efekt
(Lundgren et al., 2016). Za celem rozsifeni znalosti o imunitnim infiltratu u HNSCC

a pochopeni kontextu mezi jednotlivymi imunitnimi populacemi jsme navazali na pfedchozi
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studii popisujici roli CD8+ TILs specifickych k HPV 16, a zaméfili se na analyzu populace
TIL-Bs, jejichz role u HNSCC zatim témét nebyla popsana. K objasnéni této problematiky
jsme tak pfispéli nasi experimentdlni praci, jejiz vysledky jsou detailn¢ popsany

ve vysledkové ¢asti této prace.

Celkoveé vétsi infiltrat s prozanétlivym charakterem svédci o silnéjsi specifické
imunitni odpovédi u HPV-pozitivnich pacientd. I pfesto ale imunitni systém vétSinou
nedokaze uspesné bojovat s nadorovymi buiikkami a eradikovat je. V ramci nadorové
imunologie je tento nezadouci jev vysvétlovan mimo jiné navozenim stavu funkéniho
vycerpani TILs v rdmci imunosupresivniho prostiedi v nadoru, jez vede k toleranci nadoru
a k tniku nadorovych bunék imunitnimu dohledu. Z tohoto diivodu je zapotiebi zaméfit se
hloubéji na fenotyp vyc€erpani nédorové/virové specifickych TILs, ktery je mnohdy

reverzibilni.

2.3.5 Imunosupresivni prostiedi HNSCC

Nadorové mikroprostiedi HNSCC je siln¢ imunosupresivni, coZ je zplisobeno jednak
pfitomnosti supresivnich bunécnych populaci, pfedevs§im regulacnich T Ilymfocyti
(regulatory T cells, Treg), myeloidnich supresorovych bun¢k (myeloid-derived suppressor
cells, MDSC), makrofagli asociovanych s nadory (tumor-associated macrophages, TAM)
a jednak funkénimi defekty efektorovych TILs, jeZ jsou povazovany za klicové komponenty
protinadorové imunitni odpovédi (Duray et al., 2010). Funkéni defekty efektorovych bunék
infiltrujicich nador jsou pfitomnosti imunosupresivnich bunécnych populaci amplifikovany.
Vysledkem je G€¢inné potlaceni aktivni nadorové specifické imunitni odpovédi. Vytvareni
imunosupresivnich podminek v nadorovém mikroprostiedi je jednou z hlavnich strategii,
jimiZ se nadorové buiky efektivné vyhybaji imunitnimu systému, tzv. mechanisma tniku

nadorovych bunék imunitnimu systému hostitele.

2.3.6 Mechanismy uniku nadorovych bunék imunitnimu systému

Z evolu¢niho hlediska je pro preziti nadorovych bunck, stejné jako pro parazity,
nezbytné nutné vyvinout strategie, jimiZ dokdzi uniknout dohledu imunitniho systému
hostitele. Imunitni reakce na nov€ vznikajici nddor ma komplexni charakter a jsou do ni
zapojeny mechanismy jak nespecifické, tak i specifické imunity. S progresi nddoru jsou vSak
tyto imunitni mechanismy potlaceny a Casto piisobi dokonce ve prospéch nadorovych bungk.

Nédor se tak stava neviditelny pted utoky imunitniho systému.
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Krom¢ vyrazného zastoupeni vysSe zminénych imunosupresivnich bunécnych
populaci v nddorovém mikroprostiedi byla u HNSCC prokazana tinikova strategie zaloZzena
na snizeni exprese ¢i uplné ztrat€¢ lidského leukocytarniho antigenu (human leukocyte
antigen, HLA) L. tfidy z povrchu naddorovych bunék a/nebo naruseni mechanismu antigenni
prezentace, jejimz cilem je neschopnost rozpoznani nadorovych bunck cytotoxickymi
T lymfocyty, a tak 1 nemoZnost aktivace specifické imunitni odpovédi proti nadorovym

bunikam (Ogino et al., 2006), (Lopez-Albaitero et al., 2006).

Z hlediska funk¢nich vlastnosti imunitniho infiltratu byly u HNSCC zaznamenany,
podobné jako u dalSich nadort, defekty riznych imunitnich populaci. V nadorové tkani byly
detekovany nezralé CD1+ myeloidni dendritické bunky (myeloid dendritic cells, mDC),
neschopné zah4gjit specifickou imunitni odpovéd’ (Li et al., 2009) a makrofagy typu M2,
které produkuji imunosupresivni cytokiny IL-10 a transformujici rustovy faktor beta
(transforming growth factor beta, TGFB) a jejich denzita v nadoru koreluje s progresi
onemocnéni (Mori et al., 2011). Pfitomnost nefunkénich NK bunék (Duffey et al., 1999)
a plasmatocytoidnich dendritickych bunck (plasmacytoid dendritic cells, pDC) v nddorové
tkani (Hartmann et al., 2003) je pravdépodobné¢ z velké ¢asti zptisobena vysokymi hladinami
TGFp a prostaglandinu E2 (PGE2), produkovanych nadorovymi buitkami (Bekeredjian-
Ding et al., 2009).

I pres fakt, Ze pro efektivni protinadorovou imunitni odpovéd’ je zapotiebi souhra
specifické 1 nespecifické, bunééné 1 humoralni slozky imunity, klicovou roli zde stéle hraji
T lymfocyty infiltrujici nddor. Navozeni stavu vy€erpani téchto klicovych hract imunitniho
systému je tak jednim z hlavnich mechanismt tiniku imunitnimu dohledu a vzniku tolerance

vuci nadoru.
2.3.7 Kontrolni body imunitnich reakci a vy€erpani T lymfocyti

Stav ¢aste€ného ¢i Uplného vycerpani specifickych CD8+ T lymfocytd nastava pii
dlouhodob¢ ptetrvavajici stimulaci T-receptoru (T cell receptor, TCR) v prostiedi
chronického zanétu nebo nadorového mikroprosttedi. Nejednd se o skokovou, ale naopak
o postupnou zménu funkéniho fenotypu, projevujici se hierarchickym zplsobem.
V pocéte€nich fazich dochazi ke ztraté¢ schopnosti cytotoxického zabijeni cilovych bunék
a sekrece IL-2. Nasleduje ztrata produkce faktoru nekrotizujiciho nadory (tumor necrosis
factor alfa, TNF-a) a az v pokroc¢ilém stavu vyCerpani dand buitka piestavd produkovat

1 [IFNy, ptipadné granzym B (Wherry et al., 2003).
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Charakteristickym znakem vycerpani T lymfocyti je povrchova exprese
tzv. kontrolnich bodl imunitnich reakci neboli inhibi¢nich molekul, jejichz fyziologickou
funkei je tlumeni imunitni odpovédi, a to zejména T lymfocytarni, po probéhnuti adekvatni
imunitni reakce, jakozto ochrany pied poSkozenim vlastnich tkadni a rozvojem autoimunit
(Wang et al., 2005), Obr. 4. Ptfitomnost TILs s naruSenym funkénim fenotypem
v nadorovém mikroprostiedi ale neni dostaCujici k zahajeni efektivni protinadorové

imunitni odpoveédi a k eradikaci nadoru.
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Obr. 4. Hierarchické vycCerpani efektorovych T lymfocyti v misté pietrvavajiciho zanétu
(nador/chronicka infekce). K eliminaci akutniho zanétu spolu s antigenem, ktery zanét vyvolal,
dochazi pomoci plné funkcnich efektorovych T lymfocytd, které poté dale zraji do polyfunkénich
pamétovych T lymfocytl, produkujicich prozanétlivé cytokiny, se silnou cytolytickou
a proliferativni schopnosti. V pfipad¢ chronického zanétu antigen stimulujici specifickou imunitni
odpoveéd’ pretrvava i po efektorové fazi. Dochazi k nartistu exprese inhibi¢nich receptort na povrchu
dlouhodobé aktivovanych T lymfocyti a ke ztraté jejich efektorovych schopnosti. Pievzato
a upraveno dle (Wherry, 2011).

26



Mezi nejvice prozkoumané inhibicni molekuly patfi antigen asociovany
s cytotoxickymi T lymfocyty 4 (cytotoxic T-lymphocyte-associated antigen 4, CTLA-4),
protein programované bunééné smrti 1 (programmed cell death 1, PD-1) a jeho ligand -
ligand programované bunééné smrti 1 a 2 (programmed death-ligand 1 and 2, PD-L1 a PD-
L2), molekula TIM3 (T-cell immunoglobulin and mucin domain 3, TIM-3), imunoreceptor
T lymfocytli s imunoglubulinem a ITIM doménou (T-cell immunoreceptor with Ig and ITIM
domains, TIGIT), tlumi¢ B a T lymfocytd (B and T lymphocyte attenuator, BTLA),
aktivacni gen lymfocytt 3 (lymphocyte activation gene 3, LAG-3), (Blackburn et al., 2009)
(Catakovic et al., 2017).

2.3.7.1 CTLA-4

CTLA-4 je ve vysoké mife exprimovan na povrchu regula¢nich T lymfocyti
(regulatory T cells, Treg) a aktivovanych TILs. CTLA-4 je kompetitivnim vazebnym
partnerem kostimula¢nich ligandi rodiny B7 (CD80 a CD86) na povrchu bunék
prezentujicich antigen (antigen presenting cells, APC). Tato vazba ale na rozdil
od kostimula¢niho receptoru CD28 vyvolava silny negativni signdl, zprostfedkovany
trans-endocytézou a naslednou degradaci kostimula¢nich molekul CD80 a CD86 a aktivaci
signalti blokujicich proliferaci T lymfocyta a sekreci IL-2 (Qureshi et al., 2011). Vysledkem
je inhibice efektorovych funkci aktivovanych T lymfocytl, kterd v nadorovém
mikroprostiedi vede k potlaceni specifické protinadorové imunitni odpovédi cytotoxickych

CD8+ T lymfocyti (Zou and Chen, 2008).

2.3.7.2 PD-1

PD-1 je klicovym inhibi¢nim receptorem, jehoZ exprese naristd po aktivaci
predevsim T lymfocytt, ale i dalSich imunitnich populaci. Vazbou na sviij ligand PD-L1
(B7-HI1) nebo PD-L2 (B7-H2) a spusténim piislusnych signélnich drah, ptispiva k regulaci
imunitni odpovédi 1 k naslednému navraceni do stavu homeostaze (Zhang et al., 2004).
Interakce PD-1 se svym ligandem, stejn¢ jako u CTLA-4, vede k zablokovani PI3K-Akt
signalni dréhy, ktera spousti mechanismy vedouci k aktivaci buiiky, progresi bunééného
cyklu, proliferaci, produkci cytokinil, aerobni glykolyze a dal§im procesim zajistujicim
ptreziti (Schildberg et al., 2016). Mechanismus intracelularni signalizace je ale u obou
inhibi¢nich  molekul  odlisny.  PD-1  inhibuje  fosfatidylinozitol  3-kindzu
(phosphatidylinositol 3-kinase, PI3K), ktera je nezbytna k aktivaci protein kinazy B (protein

kinase B, Akt), a na jejiz aktivite je zavisla také exprese anti-apoptotického proteinu Bel-xL

27



(B-cell lymphoma-extra large), tzv. faktoru pieziti, zatimco CTLA-4 blokuje Akt pfimo
pomoci serin/threonin fosfatazy 2A (protein phosphatase 2A, PP2A) a aktivita PI3K, nutna

k expresi Bcl-xL, tak zGstava zachovana (Parry et al., 2005).

2.3.7.3 PD-LI

PD-L1 je imunomodula¢ni membranovy glykoprotein, jehoZ exprese je indukovana
stimulaci prozanétlivych cytokinii zejména na povrchu nadorovych a hematopoetickych
bunc¢k (Mimura et al., 2018). Diky silnému prediktivnimu potencidlu je exprese PD-L1
v nékterych ptipadech pouzivana jako biomarker pro selekci pacienti dobie odpovidajicich
na imunoterapii. Imunohistochemicka exprese PD-L1 byla dokonce schvéalena americkym
Utadem pro kontrolu potravin a 1é¢iv (Food and Drug Administration, FDA) jako
doprovodny diagnosticky test pro 1é¢bu pembrolizumabem, monoklonalni protilatkou proti
PD-1, u karcinomu dé¢lozniho ¢ipku (NCT02628067), gastrického a gastroesofagealniho
adenokarcinomu (NCT02335411), nemalobunééného karcinomu plic (non-small-cell lung
carcinoma, NSCLC) (NCT01905657; NCT02142738) a urotelidlniho karcinomu
(NCT02256436).

2.3.7.4 TIM-3

TIM-3 je membranovym receptorem vysoce exprimovanym piedev§im populaci
pomocnych T lymfocyti Thl, cytotoxickych T lymfocyti Tcl a také profesiondlnimi
fagocyty, jako jsou makrofagy nebo DCs. Zatim byly popsany c¢tyfi ligandy interagujici
s variabilni ¢asti imunoglobulinové domény (variable immunoglobulin domain, IgV)
TIM-3: galektin 9 (galectin-9, Gal-9), protein HMGBI1 (high mobility group box 1),
molekula Ceacam-1 (carcinoembryonic antigen-related cell adhesion molecule 1)
a fosfatidylserin (phosphatidylserine, PtdSer) (Du et al., 2017). Vazba TIM-3 na Gal-9,
prvni popsany ligand TIM-3, indukuje u cilovych bun¢k periferni toleranci (Sabatos et al.,
2003) nebo apoptozu (Zhu et al., 2005), coz svédc¢i o supresivni regulacni funkci TIM-3 v
Th1 imunitni odpovédi. Interakce s dal§im ligandem, PtdSer, jednak indukuje fagocytézu
apoptotickych télisek a jednak podporuje zkiiZzenou prezentaci antigenii dendritickymi
buitkami (Nakayama et al., 2009). TIM-3 na povrchu DCs infiltrujicich do nadoru
kompetuje o vazbu HMGBI1 s nukleovymi kyselinami, uvolfiovanymi z umirajicich
nadorovych bunék. Vazbou TIM-3 — HMGBI1 dochéazi k negativni regulaci stimulace
vrozené imunitni odpovédi pomoci nukleovych kyselin (Chiba et al., 2012). Posledni

doposud popsany ligand TIM-3, Ceacam-1, mize byt ko-exprimovan spole¢né s TIM-3 na
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povrchu aktivovanych T lymfocytt, kde tvoii specificky heterodimer, ktery slouzi jako
negativni regulator imunitni odpovédi (Huang et al., 2015). Golden-Mason a kol. zjistili, Ze
v pribéhu chronické infekce dochazi ke zvyseni exprese TIM-3 na povrchu CD4+ i CD8+
T lymfocytti. Narust TIM-3 negativng koreluje s produkci cytokinti a schopnosti proliferace
efektorovych T lymfocyti v odpovédi na antigen. Zablokovanim interakce TIM-3 a jeho
ligandu ale dojde k castecné obnov¢ jejich efektorové funkce (Golden-Mason et al., 2009).
Ferris a kol. pozorovali, ze z hlediska exprese inhibi¢nich molekul PD-1 a TIM-3 u HNSCC
vykazuji nejvice vycerpany fenotyp dvojité pozitivni TILs, tedy PD-1+ TIM-3+ TILs, ¢imz
potvrdili vysledky ptedeslych studii provedenych u melanomu (Fourcade et al., 2010)
a leukémie (Kong et al., 2015).

2.3.7.5 TIGIT

TIGIT je imunomodulacnim receptorem obsahujicim imunoglobulinové
(immunoglobulin, Ig) a tyrozinové inhibi¢ni (immunoreceptor tyrosine-based inhibitory
motif, ITIM) domény. TIGIT je exprimovanym na povrchu aktivovanych a pamétovych
T lymfocytd, pfirozenych zabiject (natural killers, NK) a NK T-lymfocytl. Vazba na ligand,
receptor polioviru (poliovirus receptor, PVR) exprimovany DC, spousti fosforylaci
cytosolické tyrozinové domény imunoreceptoru (immunoreceptor tail tyrosine, ITT), kterd
skrze zablokovani PI3K a mitogenem aktivovanych protein kindz (mitogen-activated
protein kinases, MAPK) vede ke sniZeni cytotoxické schopnosti NK a NKT bunék
a k produkci supresivnich cytokini, jako je IL-10 (Liu et al., 2013). TIGIT dale tlumi sekreci
IFN-y a inhibici maturace DC neptimo brani aktivaci T lymfocytd (Yu et al., 2009).

2.3.7.6 LAG-3

LAG-3 je strukturnim homologem koreceptoru CD4, exprimovanym na povrchu
aktivovanych T lymfocytd, NK bun¢k, B lymfocyti a plazmacytoidnich DC (pDC)
(Goldberg and Drake, 2011). Vzhledem k molekuldrni struktute LAG-3 je jejim ligandem,
stejn¢ jako ligandem CD4, molekula hlavniho histokompatibilniho komplexu II (major
histocompatibility complex class II, MHC 1I), ke které se ale vaZe s vyssi afinitou a tato
vazba, na rozdil od interakce s CD4, vede k negativni regulaci bunécné proliferace a expanze
aktivovanych T lymfocytd (Workman et al., 2004). Exprese LAG-3 byla ve zvySené miie
detekovéana na povrchu TILs u n€kolika mysich nddorovych modelt. Zablokovani LAG-3
spolu s PD-1 vedlo k posileni T-bunécné protinddorové imunitni odpoveédi (Woo et al.,

2012). Vysledky nékterych studii ale naopak popisuji LAG-3 jako pozitivni prognosticky
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marker. Triebel a kol. ukézali, ze u karcinomu prsu pfitomnost solubilniho LAG-3 v séru

pacientek signifikantn¢ korelovala s lepsi prognézou (Triebel et al., 2006).

2.3.8 Inhibitory kontrolnich bodi imunitnich reakci v 1é¢bé nadorovych onemocnéni

Objev inhibitorii kontrolnich bodi imunitnich reakci oteviel novou cestu
k revitalizaci T-bunécné odpovédi. Tyto Iéky v poslednich 5-7 letech prokazuji ucinnost
v celé fadé nadorovych onemocnéni a postupné se stavaji soucasti prvnich linii 1écby, Casto
i pfed doneddvna standartni chemoterapii (Pacheco et al., 2019). Za objev téchto molekul
ajejich cestu do klinické praxe byli vroce 2018 po zasluze ocenéni James P. Allison
a Tasuku Honjo Nobelovou cenou za fyziologii nebo Iékafstvi. Imunoterapie
monoklonéalnimi protilatkami blokujicimi jednotlivé inhibi¢ni molekuly je ve srovndni se
standardni 1é¢bou doprovéazena vyrazné nizsi toxicitou a zaroven vykazuje u nékterych typt
nador silny terapeuticky efekt. Na zakladé slibnych vysledkt probihaji také klinické studie
vyuzivajici synergizujici efekt jednotlivych inhibitorti kontrolnich bodl imunitnich reakci
(Long et al., 2018) a nebo kombinujici inhibitory s dal§imi lécebnymi modalitami, jako jsou
onkolytické viry (Ribas et al., 2017), inhibitory poly-ADP-rib6za polymerazy, tzv. PARP
inhibitory (poly-ADP-ribose polymerase inhibitor, PARPi) (Higuchi et al., 2015) ¢i agonisté
toll-like receptorti (toll-like receptor, TLR) (Sato-Kaneko et al., 2017).

Prvnim pfipravkem ze skupiny inhibitor kontrolnich bodii imunitnich reakei,
schvalenym pro klinické pouziti, byla protilatka proti CTLA-4, ipilimumab. Ipilimumab byl
v roce 2011 jako prvni lé€ebny piipravek tohoto typu schvalen americkou FDA pro 1é¢bu
metastatického maligntho melanomu, a to na zakladé¢ vysledki randomizované,
multicentrické klinické studie faze III (MDXO010-20), zahrnujici 676 pacientli. Median
preziti pacientl v 1é€eném rameni byl 10 mésich oproti 6,4 mésice v kontrolnim rameni
(Hodi et al., 2010). Pozitivni vysledky byly potvrzeny v né€kolika navazujicich studiich
faze III (Robert et al., 2011), (Coens et al., 2017). Navic, ptiblizn¢ 20 % pacientd lé¢enych
ipilimumabem dosahlo dlouhodobého pieziti oproti nulovému dlouhodobému pteziti
pfi lécbé do té doby standartnimi chemoterapeutickymi protokoly (Schadendorf et al.,
2015). Lécba ipilimumabem je ale casto doprovazena nezddoucimi G¢inky, které vznikaji
v disledku odblokovani supresivniho prostfedi v nadoru, a se svym charakterem se tak
podobaji autoimunitnim onemocnénim. Jedna se o tzv. imunitné podminéné vedlejsi Gi€inky
(immune related adverse events — ir-AEs), projevujici se riizné¢ zdvaznymi organovymi

toxicitami (Fecher et al., 2013).
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Nejvétsiho klinického uspéchu zatim dosdhla plné humanizovand monoklonalni
protilatka proti molekule PD-1, kterd se tak prosadila v imunoterapeutickych lé¢ebnych
protokolech celé tady onkologickych onemocnéni. Nivolumab a pembrolizumab byly
na zéklad¢ dlouhotrvajici protinadorové odpovédi a méné zavaznym vedlejSim U¢inkiim
schvaleny FDA v roce 2014 pro 1écbu metastatického melanomu (Robert et al., 2014),
(Weber et al., 2015). Blokace PD-1 drdhy méla revolu¢ni dopad i na lé¢bu Hodgkinova
lymfomu (Ansell et al., 2015), nemalobunééného karcinomu plic (Garon et al., 2015),
renalniho karcinomu (Motzer et al., 2015) a dalsich indikaci. Na zaklad¢ pozitivnich
vysledk klinické studie EMPOWER-CSCC-1, testujici dal§i monoklonalni protilatku proti
PD-1, cemiplimab, vstoupila vroce 2018 imunoterapie i do 1écby spinocelularniho
karcinomu (Migden et al., 2018). Schématické znazornéni inhibi¢nich molekul, které jsou

cileny monoklonalnimi protilatkami v klinické praxi, je zobrazeno na Obr. 5.

I ptes velmi slibné vysledky imunoterapie zalozené na blokaci inhibi¢nich molekul

u vyse zminénych indikaci je ale u nékterych typta solidnich nadorti odpovéd’ na 1écbu nizka.

PD-1 inhibitors
-Nivolumab
-Pembrolizumab

CTLA-4 inhibitors
-Ipilimumab
-Tremelimumab

PD-L1 inhibitors
-Atezolizumab
-Durvalumab

Obr. 5. Schématické znazornéni cilovych molekul inhibitora kontrolnich bodi imunitnich
reakci, doposud schvalenych FDA. Pievzato a upraveno dle (de Mello et al., 2017).
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2.3.9 Inhibitory kontrolnich bodi imunitnich reakei v 1é¢bé HNSCC

V roce 2016 schvalila na zaklad¢ vysledki dvou pilotnich studii KEYNOTE 012
a CHECKMATE 141 americkd FDA pembrolizumab a nivolumab pro 1é¢bu pacientli
s rekurentnim nebo metastatickym HNSCC, u kterych doslo k progresi onemocnéni jiz
béhem 1écby platinovymi derivaty nebo touto cytostatickou 1écbou nebyl nador viibec
ovlivnén (Ferris et al., 2016), (Larkins et al., 2017). O rok pozd¢ji nasledovalo schvaleni
obou monoklondlnich protilatek pro 1é¢bu stejné populace pacientti i Evropskou 1€kovou
agenturou (European Medicines Agency, EMA). V roce 2019 byl na zaklad¢ vysledkt
studie KEYNOTE 048 pembrolizumab zafazen i do prvni linie 1écby pacienta
s metastatickym nebo rekurentnim HNSCC (Burtness et al., 2019). Mira objektivni
odpovédi (objective response rate, ORR), hodnotici odpovidavost pacientil se solidnimi
nadory na lécbu aPD-1 (Response Evaluation Criteria In Solid Tumors, RECIST), se ale
pohybuje mezi 15-20 % a vétSina pacientli s HNSCC tak na 1é€bu neodpovida (Seiwert et
al., 2016), (Ferris et al., 2016). Pro zvySeni efektivity l1é€by na bazi zablokovéni
imunosupresivnich drah v nddorovém mikroprostiedi je proto potieba zamérit se jednak na
identifikaci tzv. prediktivnich biomarkerd, urcujicich pravdépodobnost odpovédi na 1é¢bu
u jednotlivych pacientl a jejich naslednou stratifikaci, a jednak najit dalsi cilové molekuly,
jejichz blokovani by vedlo ke zvySeni U¢innosti imunoterapie u HNSCC. Monoklonalni
protilatka proti PD-1 je ale spolu s cetuximabem, tedy inhibitorem receptoru epidermalniho
rustového faktoru (epidermal growth factor receptor, EGFR), doposud jedinou cilenou
terapii u HNSCC, schvalenou FDA. Pficemz klinické studie zaloZzené na monoterapii
cetuximabem ukazuji jeSté niz8i klinicky G¢inek nez aPD-1 terapie, a to 8-11 % (Fury et al.,
2012). Dalsi inhibitory molekul kontrolnich bodl imunitnich reakci a komplexni protokoly
zahrnujici kombinace nékolika terapeutickych ptistupti u HNSCC jsou zatim v rznych
fazich klinického testovani. Studie, které se jiz dostaly do pokrocilejSich fazi testovani (faze

IT a vys), jsou shrnuty v Tab. 2. (Zolkind and Uppaluri, 2017).
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Faze Cilova molekula mAb/lécba Klinicka studie
Monoterapie

11 PD-L1 durvalumab NCT02207530
1T PD-1 nivolumab NCT03226756
11 PD-1 pembrolizumab NCT02255097
11 PD-1 pembrolizumab NCT02644369
11 PD-1 pembrolizumab NCT02769520
1T PD-1 pembrolizumab NCT02296684
11 PD-1 pembrolizumab NCT02841748
1T PD-1 pembrolizumab NCT02641093
11 PD-1 pembrolizumab NCT02710396
111 PD-L1 avelumab NCT02952586
11 PD-1 pembrolizumab NCT03040999
111 PD-1 pembrolizumab NCT02252042
Kombinovana

terapie

) PD-1 lt?gzrfi’g’rgf:i?ab/ EphBA-HAS NCT03049618
11 PD-1, CTLA-4  nivolubam/ipilimumab NCT02823574
1T PD-1, CTLA-4  nivolubam/ipilimumab NCT02834013
11 PD-1, TLR9 pembrolizumab/SD-101 NCT02521870
IT PD-1 pembrolizumab/RT,cetuximab/RT NCT02707588
II PD-1 pembrolizumab/cetuximab NCT02318901
I PD-1 pembrolizumab/RT NCT02609503
11 PD-1 pembrolizumab/CRT NCTO02777385
11 PD-1 nivolumab/SBRT NCT02684253
1T PD-1 pembrolizumab/reirradiation NCT02289209
IT PD-1 pembrolizumab/acalabrutinib NCT02454179
11 PD-1, CTLA-4  nivolumab/ipilimumab NCT02919683
I PD-L1 durvalumab/cetuximab/RT NCT03051906
11 PD-L1, CTLA-4 durvalumab/tremelimumab NCT02319044
11 PD-1 nivolumab/HPV-vakcina ISA101 NCT02426892
o1 bl e erossusi
111 PD-1, CTLA-4  nivolumab/ipilimumab NCT02741570
111 PD-L1, CTLA4 durvalumab/tremelimumab NCT02551159
111 PD-L1, CTLA-4 durvalumab/tremelimumab NCT02369874
I1I PD-L1 avelumab/cetuximab/RT NCT02999087

Tab. 2. Piehled probihajicich klinickych studii faze II a III, vyuZivajicich inhibitory
kontrolnich bodu imunitnich reakei u HNSCC. RT (radioterapie), CRT (chemoradioterapie), PT
(platina), 5-FU (fluorouracil), TLR9 (toll-like receptor 9). Pfevzato a upraveno dle (Zolkind and
Uppaluri 2017).
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2.3.10 Vznik adaptivni rezistence k aPD-1 terapii

I ptes velky klinicky uspéch s monoklonalni protilatkou proti PD-1 v ramci nadorové
imunoterapie existuje stale velkd ¢ast pacientl se solidnimi nadory, kterd na tuto lécebnou
modalitu neodpovida. A navic, i ¢ast responderi, tedy pacientli odpovidajicich na 1écbu,
v prub¢hu Casu zrelabuje. Dlivodem je, mimo jiné, zatim ne zcela objasnény mechanismus
uniku pied protinddorovou aktivitou imunomodulac¢nich protilatek potlacujicich

imunosupresivni prostiedi v nadoru, tzv. adaptivni rezistence.

Adaptivni rezistence popisuje mechanismus indukce unikovych supresorovych
signalnich drah, vznikajicich jako odpovéd na zablokovani interakce PD-1/PD-L1 pomoci
inhibitort molekul imunitnich kontrolnich bodt. Jedna se o dynamicky proces probihajici
v nadorovém mikroprostfedi, béhem né¢hoz dochazi k postupné adaptaci TILs na pieruseni
PD-1 supresivni signalni drahy narGstem exprese alternativnich inhibi¢nich molekul
a aktivity jejich signalnich drah (Koyama et al., 2016). Shayan a kol. zjistili, Ze
zablokovanim PD-1 signalni drahy u HNSCC pomoci blokujici protilatky dojde
k signifikantnimu nartistu exprese TIM-3. Sekvenénim podanim oPD-1 a aTIM-3 se ale
podafilo zabranit vzniku adaptivni rezistence k oPD-1 terapii, a bylo tak dosazeno
signifikantni protinddorové aktivity TILs a zastaveni ristu nadoru. Shayan a kol. déle
popsali molekuldrni podstatu vzniku adaptivni rezistence k aPD-1 terapii u HNSCC, ktera
je zaloZena na aktivaci PI3K/Akt/mTOR signalni drdhy (Shayan et al., 2017). Genova
deplece PD-1 vede k nartistu exprese dalSich alternativnich inhibi¢nich molekul, jako je
LAG-3, TIGIT, 2B4 (CD244) a CD160 (Odorizzi et al., 2015). Mechanismus adaptivni
rezistence je tedy mozné alesponl z ¢asti piekonat dudlni blokaci PD-1 spolu s dal$imi
inhibitory molekul kontrolnich bodfi imunitnich reakci, a zesilit tak i¢innost aPD-1 terapie

(Lichtenegger et al., 2018).

2.3.11 Prognosticka role inhibi¢nich molekul

Ackoli blokace funkce inhibi¢cnich molekul vede k obnoveni specifické
protinddorové imunitni odpovédi, a dosdhla tak vyznamného klinického tspéchu u riznych
typli nddorovych onemocnéni, dle nejnovéjsich vyzkumi je exprese nékterych inhibi¢nich
molekul, jako je PD-1 nebo PD-LI1, uzce spjata nejen s funkénimi defekty a hladinou
vycerpani, ale u nékterych nadorti naopak také s efektorovymi schopnostmi téchto bunck
(Badoual et al., 2013), (Hladikova et al., 2018) a s aktivaci protinddorové imunitni odpoveédi
(Fucikova et al., 2019). V roce 2007 Hamanishi a kol. popsali roli PD-L1 jako negativniho
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prognostického markeru u ovaridlniho karcinomu na zaklad¢ korelace mezi expresi PD-L1
a nizkym infiltritem TILs v nadorovém mikroprostiedi (Hamanishi et al., 2007).
V nasledujicich letech byla ale u riznych nadorovych typtd, véetné HNSCC, pozorovana
opacna korelace (Kogashiwa et al., 2017), (Webb et al., 2016), (Wu et al., 2017). Stejna
diskrepance se objevuje také u molekuly PD-1, jejiz exprese byla asociovana s pozitivni
progndzou u pacienti s kolorektalnim karcinomem (Li et al., 2016), ovaridlnim karcinomem
(Webb et al., 2015) i u pacientd s HNSCC (Badoual et al., 2013). Skute¢na role molekuly
PD-1 v nddorové imunologii tak zlstava rozporuplna. Vzhledem k nizkému terapeutickému
ucinku aPD-1 terapie u HNSCC je zasadnim krokem objasnit roli PD-1 molekuly u tohoto
nadorového onemocnéni a popsat mechanismus navozujici stav vycerpani TILs, jehoz
dasledkem je silné imunosupresivni prostfedi a neschopnost eliminace nadoru. V nasi
laboratofi jsme se proto zabyvali funk¢ni charakterizaci HPV-specifickych TILs u pacientt
s HNSCC, v souvislosti s expresi inhibi¢nich molekul PD-1 a TIM-3. Vysledky této prace
objasiiuji roli jednotlivych inhibi¢nich molekul a jsou v souladu se studiemi popisujicimi
PD-1 jako marker aktivace a diferenciace, jez nemusi vzdy svéd¢it o mife vycCerpani
a nefunkénosti (Legat et al., 2013). Pozitivni roli PD-1 u HNSCC navic podporuji data
Badoualové a kol., kteti detekovali expresi celé Skaly aktiva¢nich markert, jako je HLA-DR,
CD38 nebo CD137, na povrchu PD-1+ TILs (Badoual et al., 2013). Molekula PD-1 tak
pravdépodobné charakterizuje spiSe fenotyp efektorovych pamétovych TILs nez jejich

vycerpani.

Zablokovani PD-1 signdlni drahy pomoci monoklonalni protilatky nivolumabu tak
podle oCekavani nevedlo v nasi studii k nariistu produkce IFNy, jak 1ze pozorovat u indikaci
s vysokym terapeutickym u¢inkem aPD-1 terapie. Casteéného odblokovani supresivniho
prostiedi a revitalizace T-bunétné odpovédi bylo docileno aZz dudlni blokaci PD-1 drahy
1 TIM-3 drahy soucasné, ¢imz doslo k signifikantnimu narastu produkce IFNy a k zesileni
protinadorové imunitni odpovédi (Hladikova et al., 2018). V nadorovém mikroprostiedi
HNSCC tak béhem aPD-1 terapie pravdépodobné dochéazi ke vzniku adaptivni rezistence,
jez byla popsana vyse. Paralelni blokace vice inhibi¢nich molekul tak vyvolava synergicky
efekt téchto inhibitorii a pfedchazi vzniku adaptivni rezistence (Hladikova et al., 2018),
(Shayan et al., 2017). Fucikova a kol. pozorovali vyznamnou diskrepanci v progndze,
vzhledem k expresi jednotlivych inhibi¢nich molekul, také u karcinomu ovaria. Zejména
mira exprese molekuly PD-L1 v nddorovém mikroprostfedi je asociovana s aktivaci

protinadorové imunitni odpoveédi a s lepSi progndzou pacientek, zatimco exprese molekuly
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TIM-3 vyznamné¢ koreluje s inhibici protinddorové imunitni odpovédi, a negativné tak

ovlivituje prognozu pacientek s HGSC (Fucikova et al., 2019).

2.3.12 DalSi moZnosti imunoterapie u HNSCC

Vzhledem k vyznamnym odliSnostem v biologické podstaté, chovani i prognéze
HPV-asociovanych néadorti hlavy a krku vs. nddorti vyvolanych toxickymi latkami, je
nezbytné nutné pristupovat odlisné i k 1écb¢ téchto dvou entit. Soucasna lécba je zaloZzena
na TNM Kklasifikaci nddoru, tedy postoperacni patologické klasifikaci zahrnujici urceni
velikosti nadoru (T), zasazeni regiondlnich lymfatickych uzlin (N) a zalozeni vzdéalenych
metastaz (M). Nasledna postoperativni 1écba zahrnujici radioterapii nebo konkomitantni
chemoradioterapii, nejcastéji v kombinaci s cisplatinou, ale zatim nezohlediiuje HPV status
pacientdi. Pro pacienty s HPV-asociovanymi nadory by feSenim mohla byt pravé vhodné

zvolena imunoterapie vyuzivajici potencial specifické bunécné imunity k eradikaci nadoru.

V soucasné dobé jsou v klinické praxi jiz bézn¢ zavedeny profylaktické vakciny,
zalozené na principu prevence vzniku virové infekce indukci humoralni imunitni odpovédi
v podob¢ neutralizacnich protilatek proti konformac¢nim epitoptim kapsidového proteinu L1.
U jiz probihajiciho onemocnéni ale dochdzi k vyznamnému snizeni exprese HPV L1
infikovanymi buitkkami, a profylaktické vakciny tak nemohou mit Zadny terapeuticky ti¢inek
(Ault and Future, 2007). Pro 1é¢bu pacientli s HPV-asociovanymi nadory je tak zapotiebi
aktivace buné¢né imunity v podobé& terapeutickych vakcin. Vzhledem ke komplexnosti
vyvoje téchto vakcin jsou ale rizné imunoterapeutické postupy u HNSCC stale ve fazi
preklinického a klinického testovani. Nejvétsi 1€€ebny potencial zatim maji terapeuticke
vakciny vyuzivajici pfitomnosti virovych onkoproteint, které jsou exprimovany vSemi
infikovanymi bunkami, a tudiZ i naddorovymi buinkami, v nichZ byl maligni potencial
vyvolan pravé infekci HPV. Tyto onkoproteiny tak slouzi jako silné¢ imunogenni nddoroveé
specifické antigeny, které indukuji odpoveéd’ specifickych cytotoxickych T lymfocytu.
Exprese téchto onkoproteini je navic tizce spjata s malignim fenotypem nadorovych bunék,
a zlstava tak neménna 1 pres vysoky selekéni tlak za ucelem evaze nddorovych bunék
imunitnimu systému (Best et al., 2012). Vysledky klinické studie faze II, zalozené
na podavani vakciny obsahujici syntetické peptidy onkoproteinu E6 a E7 HPV-pozitivnim
pacientkam s vulvarni intraepitelidlni neoplazii, ukézaly velmi silny lécebny potencial.
Po uplynuti jednoho roku od vakcinace vykazovalo 15 z 19 pacientek objektivni klinickou

odpovéd’, mezi nimiz bylo dokonce devét kompletnich odpovédi. Zasadni pro tuto studii
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bylo, Ze se u vSech pacientek jednalo o specifickou T bunécnou odpovéd’ indukovanou prave
podéanim vyse uvedené vakciny (Kenter et al., 2009). V roce 2017 byly zvetejnény vysledky
klinické studie faze II u pacientl s nelécitelnymi HPV 16-asociovanymi nadory, véetné
karcinomu orofaryngu. Tato studie také testovala ptistup zalozeny na podavani HPV16 E6
a E7 peptidu, ale v kombinaci s nivolumabem. Mira objektivni odpovédi u pacientit dosahla
33 %, vcetné¢ dvou kompletnich odpovédi (NCT02426892). Kombinace téchto dvou
odlisnych 1écebnych ptistuptl tak vykazuje synergicky efekt. V klinickém testovani faze I/11
pro HNSCC je také personalizovana autologni vakcina obsahujici nadorovy lyzat pacientt
(jako zdroj nadorovych antigenli) v kombinaci s polyklondln¢ aktivovanymi alogennimi
Thl pamétovymi buiikami. Vakcina tvofena témito dvéma komponentami by také méla
vyvolat imunitni odpovéd namifenou specificky pfimo proti naddorovym builkdm

(NCT01998542).
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3 CILE PRACE

Hlavnim cilem této prace bylo charakterizovat slozeni a funk¢éni vlastnosti imunitniho
infiltratu nadorové tkan¢€ u pacientii s nadory hlavy a krku, se zaméfenim na adaptivni slozku
vytvarejici specifickou protinadorovou imunitni odpovéd’. Dalsim zdmérem bylo definovat
vyznam téchto parametrii pro klinicky pribéh onemocnéni a pro navrzeni efektivnich

imunoterapeutickych protokolt. Jednotlivé cile jsou rozdéleny do nasledujicich Casti:

1. Analyza vlivu etiologického agens (infekce HPV vs. koufeni/alkohol) na slozeni
a ¢etnost imunitniho infiltratu u nddord hlavy a krku.
e Hypotéza: Lepsi prognoza pacienti s HPV-indukovanymi nadory je dana vyssi

infiltraci nadorového mikroprostiedi imunokompetentnimi buiikami.

2. Testovani funkéni kapacity HPV-specifickych TILs u nadort hlavy a krku.
e Hypotéza: Exprese inhibi¢nich molekul a proces adaptivni rezistence brani efektivni
protinadorové imunitni odpovédi zprosttedkované HPV-specifickymi TILs

s vyCerpanym fenotypem.

3. Analyza vyznamu B lymfocytl pro podporu specifické CD8+ T-bunééné imunitni
odpovédi u pacientil s nadory hlavy a krku.

e Hypotéza: B lymfocyty infiltrujici do nadoru podporuji specifické CD8+

T lymfocyty v protinddorové imunitni odpovédi u pacientli s HPV-asociovanymi

nadory hlavy a krku.

4. Sledovani vlivu exprese inhibi¢nich molekul na funkéni zaméfeni imunitniho infiltratu
u ovarialniho karcinomu.
e Hypotéza: Prognéza pacientek s HGSCC je vyznamné ovlivnéna mirou exprese

inhibi¢nich molekul v nddorovém mikroprostiedi.

5. Stanoveni expresniho profilu nadorovych antigeni u primarniho nadoru ovarialniho
karcinomu a ovarialnich nddorovych linii.

e Hypotéza: Vhodné¢ zvolend kombinace néadorovych linii, pouZzitd jako zdroj

nadorovych antigenli pro vakciny na bazi DC, dokéze pokryt Siroké spektrum

antigend detekovanych u primarnich nadora ovéria.
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5 VYSLEDKY

5.1 Nadory hlavy a krku, indukované infekci lidskym papilomavirem,
maji signifikantné vys$i imunitni infiltrat ve srovnani s nadory jiné
etiologie.

Lidsky papilomavirus (HPV) je v soucasné¢ dobé jednim z hlavnich etiologickych
agens invazivni karcinogeneze u nadori hlavy a krku. I pfes castou diagndézu v pozdnich
stadiich onemocnéni s metastatickym rozsifenim do lymfatickych uzlin maji pacienti
s nadory vzniklymi na zakladé této etiologie lepsi klinicky pritbéh onemocnéni i lepsi
prognézu, nez pacienti s HPV-negativnimi nadory indukovanymi pievazné koufenim.
I presto, ze pricina tohoto jevu doposud nebyla zcela objasnéna, dle dosavadnich poznatkt
lze usuzovat, Ze jednim z hlavnich diivodi je pravé ptitomnost viru v naddorové tkani,
od které se odviji 1 charakter imunitni odpovédi. Vzhledem k faktu, Ze u nékterych indikaci
ma slozeni a denzita imunitniho infiltrdtu v nadorové tkani prognosticky a prediktivni
vyznam, zaméfili jsme se v této studii na analyzu imunitniho infiltrdtu u pacientl se
squamdznim karcinomem hlavy a krku (head and neck squamous cell carcinoma, HNSCC),
ve vztahu k HPV statutu téchto pacientli. V ramci detailni cytometrické analyzy jsme
charakterizovali zastoupeni a distribuci jednotlivych populaci imunitniho infiltratu, které se
ucastni protinddorové imunitni odpovédi, jako jsou buiiky prezentujici antigen (antigen
presenting cells, APCs), efektorové T lymfocyty a naivni T lymfocyty, nebo naopak
populace imunosupresivnich bun€k, podporujicich rist nadoru, jako jsou regulacni
T lymfocyty (regulatory T cells, Treg). Analyzovali jsme také produkci cytokinl
a chemokinii, jez vyznamné pfispivaji k chemotaxi imunokompetentnich buné¢k
do nadorového mikroprostiedi. V ramci této studie jsme pozorovali vyznamny rozdil mezi
sloZenim a mirou imunitniho infiltratu nddord asociovanych s HPV a nadort jiné etiologie.
HPV-pozitivni nadory vykazovaly signifikantn€ vySS$i zastoupeni IFNy+ CD8+
T lymfocytd, IL-17+ T-lymfocytd, mDC a vyssi produkci prozanétlivych chemokint.
Natrovni mRNA jsme dale zjistili, Ze HPV-pozitivni nadory mély ve srovnani
s HPV-negativnimi nddory vyznamné niz§i expresi cyklooxygenazy 2 (cyclooxygenase 2,
Cox-2) a vyssi expresi PD-1. Z nasi studie vyplyva, ze pfitomnost vyrazného imunitniho
infiltratu mUze hrat zdsadni roli v odpovédi pacienti s HPV-asociovanymi nadory na

standardni terapii. Charakterizace imunitniho infiltratu u HNSCC se zd4 byt vhodnym
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doplnénim TNM Kklasifikace a mize tak vedle HPV statutu zptesnit prognoézu pacientt.

Navic muze byt uzite¢nym nastrojem v rdmci vyvoje novych imunoterapeutickych ptistupti.

K této praci jsem piispéla nasledovné: 20 %; zpracovani nadorové tkané a periferni
krve pacient, izolace RNA a stanoveni exprese vybranych genti pomoci qPCR, analyza dat

a ucast na piipravé manuskriptu.
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Human papillomavirus (HPV) infection is one of the most important etiologic causes of oropharyngeal head and
neck squamous cell carcinoma (HNSCC). Patients with HPV-positive HNSCC were reported to have a better clinical
outcome than patients with HPV-negative cancers. However, little is known about the possible causes of different
clinical outcomes. In this study, we analyzed a detailed immune profile of tumor samples from HNSCC patients with
respect to their HPV status. We analyzed the characteristics of immune cell infiltrates, including the frequency and
distribution of antigen-presenting cells and naive, regulatory and effector T cells and the cytokine and chemokine levels
in tumor tissue. There was a profound difference in the extent and characteristics of intratumoral immune cell infiltrates
in HNSCC patients based on their HPV status. In contrast to HPV-negative tumor tissues, HPV-positive tumor samples
showed significantly higher numbers of infiltrating IFNy" CD8" T lymphocytes, IL-17" CD8" T lymphocytes, myeloid
dendritic cells and proinflammatory chemokines. Furthermore, HPV-positive tumors had significantly lower expression
of Cox-2 mRNA and higher expression of PD1 mRNA compared to HPV-negative tumors. The presence of a high level of
intratumoral immune cell infiltrates might play a crucial role in the significantly better response of HPV-positive patients
to standard therapy and their favorable clinical outcome. Furthermore, characterization of the HNSCC immune profile
might be a valuable prognostic tool in addition to HPV status and might help identify novel targets for therapeutic

strategies, including cancer immunotherapy.

Introduction

HNSCC is a heterogeneous group of tumors located in the
oral cavity, oropharynx, hypopharynx and larynx. Originally,
tobacco and/or alcohol exposure were the main risk factors for
HNSCC, but in an expanding subset of patients with oropharyn-
geal carcinoma, HPV infection has been described in the last two
decades as a crucial etiologic :1gcnt.l‘z Although patients with
HPV-associated tumors are more often diagnosed at advanced

stages of the discase with large metastatic lymph nodes, their
prognosis is reported to be significantly better than that of
patients with non-HPV induced cancers.**

Despite the improved response of HPV-positive HNSCC
to conventional treatment involving a combination of sur-
gery, radiation therapy and chemotherapy, HPV-positive cell
lines were shown to be more resistant to radiation and cis-
platin in vitro when compared to HPV-negative cells. How-
ever, in vive, HPV-positive tumors were more sensitive to
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radio- and chemotherapy in immunocompetent mice. Impor-
tantly, neither radiotherapy nor cisplatin therapy cured
immunocompromised mice, indicating an important role for
the immune system in HPV-positive HNSCC outcome.’
Although contradictory results recently published by Kimple
et al.® showed enhanced radiation sensitivity in HPV-positive
cancer cell lines, this finding does not explain why HPV-posi-
tive patients treated with surgery alone also have a better
progrmsis.3 Moreover, in addition to the high proportion of
relapses, especially in HPV-negative patients, conventional
therapy remains associated with significant toxicity. There-
fore, there is great interest in developing less toxic and more
targeted therapies, including immunotherapy. Consequently,
a better understanding of the interplay between the tumor
microenvironment, HPV and the infiltrating immune cells is
essential,

Indeed, characterization of the adaptive immune response has
been shown to be an important prognostic tool in a wide range
of carcinomas, potentially even more relevant than the current
cancer staging system.” ! In HNSCC, recently published studies
indicate that the assessment of the level of circulating CD8 T
lymphocytes,'* the extent of tumor infiltration by CD8" T lym-
phocytes and the ratio of infiltrating CD8" /FoxP3" T lympho-
cy[csm‘M might have a prognostic significance. However, a
complex profile of the particular tumor-infiltrating immune cell
subsets, including antigen-presenting cells, has not been evalu-
ated to date.

In this study, we analyzed the distribution and phenotype of
CD8" and CD4" T cell subsets, dendritic cell subsets (DCs)
and monocytes/macrophages as well as the chemokine and cyto-
kine profile in fresh HNSCC samples with regard to HPV status.
Our findings confirm that HPV-positive tumor samples show a
distinct immunologic profile compared to HPV-negative sam-
ples, with high levels of infiltrating IFNy™ CD8+ T lympho-
cytes, IL-177 CD8" T lymphocytes (Tcl7 lymphocytes),
myeloid DCs and spontaneously produced proinflammatory che-
mokines and cytokines. Additionally, HPV-positive samples
expressed significandly lower levels of Cox-2 mRNA and higher
levels of PD-1 mRNA than HPV-negative samples.

Results
HPV-positive tumors are mostly localized in the oropharynx
As expected, only the HPV 16 type was detected in all of the
samples that were positive for HPV DNA. The expression of

Table 1. Frequency of HPV-positive and HPY-negative tumors

HPY negative - HPV positive +

N % N %
Total 24 54.5 20 45.5
Tongue 9 375 8 40.0
Tonsil 2 8.3 11 55.0
Larynx 8 333 0 0
Others 5 20.8 1 50
€965570-2
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HPV 16 E6 mRNA was detected in 45.5% (z = 20) of patients;
55.0% (# = 11) of the HPV-positive tumors were localized in
the tonsils, 40.0% (» = 8) at the base of the tongue and 5.0%
(n = 1) at the base of the oral cavity (Table 1). Lymph node
metastases were histologically confirmed (pNT) in 90.5% of
HPV-positive and 66.7% of HPV-negative patients, but this dif-
ference did not reach a statistical significance. The tumor grade
and the stage were equivalent in patients with HPV-positive and
HPV-negative HNSCC.

Patients with HPV-positive HNSCC have significantly
higher levels of tumor-infiltrating CD8 " T cells with the
capacity to produce [FNvy and [L-17 after in vitro stimulation.

The presence of tumor-infiltrating leukocytes, particularly
CD8" T cells, was shown to be a strong prognostic marker in
various types of cancer; therefore, we analyzed the numbers and
proportions of tumor-infiltrating immune cells in HPV-positive
and HPV-negative HNSCC patients. The levels of tumor-infil-
trating CD45" leucocytes were significantly higher in HPV-posi-
tive tumor samplcs (Fig. 1A). As :xp:ctcd, there were
significantly higher numbers of CD8% T cells in HPV-positive
tumor tissue samples compared to HPV-negative samples
(Fig. 1B). Additionally, significantly higher proportions of
CD8" cells from HPV-positive samples produced [FNvy
(Fig. 1C and D) or IL-17 (Fig. 1E and F) upon PMA and iono-

mycin stimulation in vitro.

Patients with HPV-positive HNSCC have higher numbers
of CD4" T cells in tumor tissue

We observed a trend to an increase in the numbers of total
CD4" T cells as well as IFNy-producing CD4" cells (Th1
cells) in the HPV-positive tumor samples (p < 0.1) (Fig. 2A-
C). The proportion of Th17 cells did not show any differen-
ces berween HPV-positive and -negative tumors (Fig. 2D and
E); however, single cell suspensions isolated from HPV-posi-
tive tumors produced significantly higher levels of TL-17 upon
PMA and ionomycin stimulation in vitre (p = 0.030)
(Fig. 4C). Additionally, we observed a slightly lower propor-
tion of Tregs in HPV-positive tumors (Fig. 2G). None of the
subsets of CD4™ T cells listed above showed any staristically
significant  differences between patients with HPV-positive
and -negative tumors, but significantly higher numbers of
naive T cells were detected in HPV-positive tumor tissues
compared to HPV-negative tumor samph:s (p = 0.018)
(Fig. 2H and I).

HPV-positive HNSCC samples have increased numbers
of tumor-infiltrating antigen presenting cells

Additionally, we also analyzed subsets of antigen present-
ing cells, namely mDCs, pDCs and monocytes/macrophages
in the tumor rissue. We observed an increased frequency
of all of these cell populations in patients with HPV-
positive tumors. The total numbers of mDCs in HPV-posi-
tive tumor samples showed a statistically significant increase
compared to HPV-negative samples; however, the frequency
of pDCs and monocytes/macrophages were not statistically
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Figure 1. Proportions of leukocytes within tumor tissues of head and neck squamous cell carcinoma (HNSCC) patients (n = 44) according to human pap-
illomavirus (HPV)-status. To evaluate the pattern of the immune cell infiltrates, tumor-derived single cell suspensions were stimulated with PMA and ion-
omycin in the presence of Brefeldin A and analyzed by flow cytometry. (A-C, and E) The data are expressed as the numbers of CD45™ cells, CD8™" cells,
CD81IFNy ™ cells and Te17 in 1 x 10° isolated tumor-derived cells; the line represents the mean value. (D and F) Box plots represent the proportions of
CD8'IFNy " cells and CD8'IL-17" (Tc17 cells) among the tumor-infiltrating CD8 " T cells. The boundaries of the box indicate the standard error of the
mean (SEM), and the lines in the box represent the median. Whiskers indicate the standard deviation (SD). * p < 0.05 (General Linear Models; age was
added as a covariate).
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Figure 2. The frequency of CD4" T cell subsets in the tumor tissues (n = 44) with regard to human papillomavirus (HPV)-status. To evaluate the subtypes
of tumor-infiltrating CD4™ T cells, tumor-derived single cell suspensions were stimulated with PMA and ionomycin in the presence of Brefeldin A and
analyzed by flow cytometry. (A, B, D, F, and H) The plots represent the numbers of Th1 cells, Th17 cells, Tregs or naive T cells within 10° isolated tumor-
derived cells; the lines in the box represent the median. (C, E, G, and I) The data are expressed as the proportion of Th1 cells, Th17 cells, Tregs and naive
T cells, respectively, among the tumor-infiltrating CD4 " cells. The boundaries of the box indicate the SEM, and the lines in the box represent the mean.
Whiskers indicate the SO * p < 0.05 (General Linear Models; age was added as a covariate).

significantly different (Fig. 3). As expected, we detected high HPV-positive tumor tissue-derived single cell suspensions
proportions of CD16™ HNSCC—inﬁltra[ing mDCs, but these produced higher levels of chemokines, but the cytokine prcnﬁle
proportions did not differ between HPV-negative and HPV-  was not significantly different

positive tumor tissues (70.9 & 4.5% and 65.5 & 2.3%, To evaluate whether the increased frequency of leukocytes in
respectively). HPV-positive tumor samples could be caused by the recruitment

e965570-4 Oncolmmunology Volume 4 Issue 1

46



.
. 5000 P Y 60001 & , 250007
T 4000+ ol 3 5000+ 3 E
] g 8 ¢
é 30004 . :o_ 4000 4 - 220000"
-g 2000+ —'_‘l—. -8._ el g

_ - S 80007
E 1000 e 2 2000 = » l
> ° . . % 6000
£ 7501 T o © 1500+ s — 9 =

[ | ] L]

£ 5004 et 2 1000 o & ot T e
3 250 i - E o - - E 2000{ eyget -
z 71 L]

ol *esee . = & . ] z ol ®egee® (1]

HPV- HPV+ HPV- HPV+ HPV- HPV+

(General Linear Models; age was added as a covariate).

Figure 3. Numbers of dendritic cells (DCs) and monocytes/macrophages within the tumor tissue of head and neck squamous cell carcinoma (HNSCC)
patients (n = 26) in relation to human papillomavirus (HPV)-status. To assess the pattern of tumor-infiltrating antigen presenting cells, fresh tumor-
derived single cell suspensions were analyzed by flow cytometry. (A} The data are expressed as the numbers of myeloid dendritic cells (mDCs, character-
ized as CD45+-LIN-HLA-DR-+CD14-CD11c+), plasmacytoid dendritic cells (pDCs, characterized as CD45+-LIN-HLA-DR+CD14-CD123+) and monocytes/
macrophages (Mo/M?®, characterized as CD45-+LIN-HLA-DR+CD14+) in 10° isolated tumor-derived cells. The lines represent the mean value. * p < 0.05

of leukocytes to tumor sites rather than their polarization /7 situ, as
shown in our previous study,'® we analyzed the chemokine and
cytokine profiles of the tumor-derived cell culture supernatants.

In the supernatants from unstimulated cell cultures, high
levels of CXCL9, CXCL10, CXCL12, CCL20, CCL21 and
CCL22 were detected. Of the other chemokines measured,
only CCL5, CCL17 and CCL19 were at low levels (Fig. 4A).
Markedly higher production of CXCL9, CXCL10, CXCL12,
CCL17 and CCL21 was detected in the supernatants of
HPV-positive patient samples compared to HPV-negarive
patient samples; however, only the levels of CCL17 and
CCL21 showed statistically significant differences (» = 0.023
and p 0.040, respectively). As expected, the levels of
CXCLI2 positively correlated with the lymph node status
(average values: NO 0 pg/mL and N1-3 = 8331.3 £+
2357.1 pg/mL).

Surprisingly, even in unstimulated cell cultures, we were
able to detect most of the cytokines analyzed with the excep-
tion of IL-4 and IL-12 (Fig. 4B). HPV-positive cell cultures
tended to produce higher levels of TL-2, IL-17, IL-23 and
[FNv and lower levels of IL-1 [, bur these differences were
not statistically significanc. In supernatants of HPV-positive
tumors upon PMA and jonomycin stimulation we detected
higher levels of IL-10, IL-17, IL-21, TNFa and IFNy com-
pared to supernatants of HPV-negative tumor samples; how-
ever, only the levels of TL-17 showed statistically significant
differences (p = 0.030) (Fig. 4C).

HPV-positive tumor samples expressed lower levels of Cox-2
and Tim-3 mRNA and higher levels of PD-1 mRNA

In addition to the flow cytometry data described above, we
analyzed the mRNA expression levels of four regulatory genes,
Cox-2, PD-1, PD-L1 and Tim-3, in the tumor tssue samples and
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in metastatic and control lymph nodes of patients with HPV-
positive and HPV-negative tumors.

We observed markedly higher expression of all of the analyzed
genes except PD-1 in tumor tissues and merastatic lymph nodes
compared to control lymph nodes, regardless of HPV status
(Fig. 5A). In comparison to the HPV-positive tumor tissues, we
detected a significant increase in the expression of the negative
prognostic marker Cox-2 in the HPV-negative samples (p =
0.016). On the contrary, we observed a significantly higher
expression of PD-1 in HPV-positive tumor tissues compared to
HPV-negative samples (p = 0.018). The mRNA expression level
of Tim-3 was similar in both groups of patients (Fig. SE). How-
ever, because we observed markedly higher numbers of CD45™
cells in the HPV-positive tumor tissues (Fig. 1A), we decided to
normalize the expression levels of PD-1 and Tim-3 mRNA to
the expression level of CD45" mRNA. When the results were
normalized to CD45T mRNA expression, we observed higher
levels of PD-1 and lower levels of Tim-3 in HPV-positive tissue
samples compared to HPV-negative tumors, but these differences
were not statistically significant (Fig. 5F).

In addition to mRNA expression, we analyzed the expression
of PD-1 and Tim-3 on freshly isolated tumor-derived cells
using flow cytometry. Both PD-I and 7im-3 were mainly
expressed on CD3" T lymphocytes (Fig. 5C). Whereas PD-1
was frequently expressed on CD8" and CD4™ T cells in all of
the tissues analyzed, particularly in the peripheral blood, con-
trol lymph nodes, metastatic lymph nodes and tumor tissue,
Tim-3 was mainly expressed on tumor-infiltrating T-lympho-
cytes (Fig. 5D). As expected, we observed substantially
decreased production of IFNvy by Tim-3+PD-14+ CD8" T
cells compared to both Tim-3-PD-1-CD8™ T cells and Tim-3-
PD-14+ CD8" T cells (Fig. 5B), whereas there was no differ-
ence in [FNvy production in CD4" T cells with regard to the
expression of PD-1 and Tim-3.
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There are two major causative agents of HNSCC, namely
tobacco and/or aleohol consumption and a high-risk HPV
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Figure 4. Chemokine and cytokine profiles of
tumor-derived single cell suspensions (HPV-
negative samples: n = 7; HPV-positive samples:
n = 7). Supernatants of tumor-derived single
cell suspension cultures were analyzed using a
Quantibody Array Kit (Raybiotech, Norcross,
GA). (A) The white columns represent the
mean spontaneous chemokine production
after 24 h for culture supernatants from HPV-
negative patients; the black columns represent
the mean production from human papilloma-
virus (HPV)-positive patients. (B) The white col-
umns represent the mean spontaneous
cytokine production after 24 h for culture
supernatants from HPV-negative patients; the
black columns represent the mean production
from HPV-positive patients. (C) The white col-
umns represent the mean cytokine production
upon PMA and ionomycin stimulation after
24 h for culture supernatants from HPV-nega-
tive patients; the black columns represent the
mean production from HPV-positive patients.
All of the error bars indicate the SEM * p <
0.05 (General Linear Models; age was added as
a covariate),

infection. HPV-associated tumors are
known to show a different molecular pro-
file than rtobacco/alcohol-induced cancers,
similar to HPV-positive cervical tumors.
Although HPV-positive HNSCC patients
are often diagnosed at a late stage of the
disease with developed nodal metastases,
their prognosis is significantly better com-
pared to HPV-negartive cancers.” It has
been suggested that the improved response
of HPV-positive HNSCC patients to the
conventional treatment was related to the
immune system’; however, a detailed anal-
ysis of the pattern of tumor-infiltrating
immune cells in HPV-positive compared
to HPV-negative HNSCC tissues has not
been performed to date.

In this prospective study, we analyzed
the immune profile of 54 fresh HNSCC
samples with regard to their HPV status.
We report that HPV-positive tumors have
a markedly different immunologic profile
compared to HPV-negative tumors, with
high levels of infiltrating cD8' IFNyT T
lymphocytes, Tcl7 lymphocytes, naive
CD4" T lymphocytes and myeloid DCs.
HPV-positive tumor tissue-derived cell
cultures produced markedly higher levels
of chemokines, namely CXCL9, CXCL10,

CXCL12, CCL17 and CCL21, and slightly higher levels of the
cytokines IL-2, IL-17, IL-23 and IFNvy. Additionally, HPV-posi-
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tive samples expressed significantly lower levels of Cox-2 mRNA
and higher levels of PD-1 mRNA.
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Figure 5. The levels of cyclooxygenase 2 (Cox-2), programmed cell death 1 (PD-1), programmed cell death-ligand 1 (PD-L1) and T cell immunoglobulin
and mucin domain containing protein-3 (Tim-3) in control and metastatic lymph nodes and tumor tissue from head and neck squamous cell carcinoma
(HNSCC) patients. (A) The white columns represent the relative mRNA expression of Cox-2, PD-1, PD-L1 and Tim-3 in control lymph nodes (LN; n = 14);
the gray columns represent the relative mRNA expression of genes in metastatic lymph nodes (n = 14); the black columns represent the relative mRNA
expression of these genes in tumor tissues (n = 14). To assess the expression levels of mMRNA, cDNA was synthesized from total tumor and lymph node
RNA and amplified by quantitative real time PCR. As an internal reference, B-actin housekeeping gene was used. (B) The columns represent the mean
proportion of IFNy' cells among Tim-3-PD-1- (white column), Tim-3-PD-1+ (gray column) and Tim-3+PD-1+ (black column) cells in the tumor tissue
(n = 6). To analyze the IFNy production, tumor-derived single cell suspensions were stimulated with PMA and ionomycin in the presence of Brefeldin A
and analyzed by flow cytometry. (C) Dot plots show the expression of CD3* on PD-1* or Tim-3" tumor-infiltrating cells from a representative patient. (D)
Dot plots are gated on CD3'CD8 " cells (upper line) and CD3"CD4~ cells (lower line) and show the expression of Tim-3 and PD-1 in the peripheral blood,
control LN, metastatic LN and tumor tissue from a representative patient. The columns represent the mean relative mRNA expression of Cox-2, PD-1, PD-
L7 and Tim-3 or PD-1 and Tim-3, respectively, in HPV- (white columns) and HPV+ (black columns) tumor samples (m = 14) with (F) or without (E) normali-
zation to the expression level of CD45™ mRNA. All of the error bars indicate the SEM * p = 0.05 (A, paired t-test; B, Friedman ANOVA; E and F, General Lin-
ear Models; age was added as a covariate).
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It has been convincingly shown that a high density of
tumor-infilrating CD8" T lymphocytes is predictive of a
favorable clinical outcome in different types of cancers, includ-
ing HNSCC.7#101%16 Bacayse most of the studies focusing
on the quantfication of tumor-infiltrating immune cells in
HNSCC were retrospective and based on immunochistochemi-
cal data, the detailed phenotype of CD8" T cells had not yet
been evaluated. Importandy, recent HNSCC studies'™'® sug-
gest that other characteristics of the intratumoral CD§" T
lymphocytes, such as their location within the tumor, PD-1
expression, as well as the expression of HLA-class I, SCIN-
DERIN and EPHRIN-AT in the tumor cells might have a
strong impact on the prognostic value of the CD8" T cells.
Therefore, not only a quantitative, but also a qualit:nivc analy-
sis of the immune cell infiltrates seems to be crucial for the
identification of clinically relevant prognestic markers. Our
data show that tumor-infiltrating CD8" T cells in HPV-posi-
tive tumor samples not only were more frequent bur also had
a higher capacity to produce IFNvy and IL-17 upon PMA and
ionomycin stimulation comparcd to HPV-negative tumors,
indicating a stronger immune response.

The role of CD4" T cells in anticancer immunity is more
controversial. Most of the studies examining rumor-infilrating
CD4™ T cells as possible prognostic markers focused on regula-
tory T cells. The role of Tregs seems to differ according to the
type and etiology of the cancer. On one hand, Tregs are known
to be the key mediators of tumor immune suppression, and high
numbers of tumor-infiltrating Tregs have been related to poor
outcome in many types of cancer.’” % On the other hand, Tregs
have been described as a positive prognostic factor in colorectal
cancer and lymphomals.zl24 In HNSCC, Badoual et al.?
showed that high numbers of tumor-infiltrating Tregs positively
correlated with locoregional control. Similarly, other groups
studying these cells confirmed the positive correlation between
the numbers of intratumoral Tregs and the overall surviva-
1.24270n the contrary, Nasman et al.'* demonstrated that a high
CD8"/FoxP3" T cell ratio correlated with longer disease-free
survival. With regard to the significance of peripheral blood
Tregs, Boucek et al.® showed that high levels of Tregs in the
peripheral blood of HNSCC patients at the time of primary diag-
nosis might predict an early recurrence of the disease. In our
study, we found higher numbers of CD4" T cells in HPV-posi-
tive tumor samples, with slightly higher proportions of Thl cells
and a significantly higher number and frequency of naive T cells.
No statistically significant differences were observed in the num-
bers and proportions of Tregs and Th17 cells. For understanding
the possible relationship between the increased immune infiltra-
tdon of HPV-positive tumors and HPV-specific immune
response, it will be important to analyze the specificity of infil-
trating T cells. It is conceivable that, at least some, infiltrating T
cells in HPV-positive head and neck tumors will be HPV specific
as already suggested by recent studies.™ These results are compa-
rable to what is found in anogenital HPV16 induced lesions.?*3!
However, the detailed analysis of tumor specificity and viral spec-
ificity of T cells present in the head and neck tumors needs to be
performed in future studies.
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In addition to the increased lymphocytic infiltration, we
observed higher numbers of mDCs and slightly higher numbers
of pDCs and monocytes/macrophages in HPV-positive tumors.
High numbers of CD68" macrophages infiltrating HNSCC
were shown to correlate with lymph node metastasis, extracapsu-
lar spread and an advanced stage of disease.®” In accordance with
these results, we found that the numbers of monocytes/macro-
phages significandy positively correlated with the lymph node
status (p = 0.048, data not shown). The prognostic impact of
DC subtypes on the tumor microenvironment is less clear. Most
likely, the phenotype, not only the number, of DCs might be
crucial.'® It was shown that in HNSCC, monocytes and DCs
express the low-affinity FcyRIII (CD16).>* As HNSCC patients
are known to have high levels of antigen-antibody immune com-
plexes™ that activate monocytes and DCs via CD16,”* CD16
crosslinking might promote pro-tumor and angiogenic activi-
ties.>® Indeed, in our study, we also found a markedly higher
number of tumor-infiltrating CD164+ mDCs (70.94 4.5% for
HPV-negative tumors and 65.5 £ 2.3% for HPV-positive
tumors) than CD16-mDCs. However, the prognostic value of
these mDC subtypes remains to be elucidated.

In addition to differences in immune cell infiltrates, we also
observed a markedly different chemokine profile in HPV-positive
and HPV-negative tumor tissue-derived cell cultures. HPV-posi-
tive tumor tissue-derived cell cultures produced much higher levels
of chemokines, namely CXCL9, CXCL10, CXCL12, CCL17 and
CCL21. The chemokine CXCL12 (SDF-1) and its receptor
CXCR4 were shown to play a key role in regulating the trafhicking
of cancer cells to sites of metastases.”** Indeed, in our study, only
cell cultures derived from patients with lymph node metastases
produced CXCL12 (NO = 0 pg/mL compared to N1-3 =
8331.34 2357.1 pg/mL). As nodal merastases were detected in
90.5% of the patients with HPV-positive and 606.7% of the
patients with HPV-negative tumor samples, the differences in
CXCL12 levels most likely reflect this fact. The levels of CCL17
(TARC), a ligand for CCR4, positively correlated with the num-
bers of tumor-infiltrating Th17, Thl and CD8' T lymphocytes.
In mice, CCL17 was shown to be mainly produced by mature
DCs of myeloid origin.‘w We did not observe any correlation
between CCL17 production and the numbers of mDCs in the
tumor tissue; however, we observed a significant positive correla-
tion between the CCL17 levels and the numbers of tumor-infil-
trating pDCs (r = 0.91; p < 0.001). Surprisingly, the levels of
CCL21,a lig:l.ud for CCR7, positivdy correlated only with the fre-
quency of Th17 cells but not with the number or frequency of
DCs and naive T cells. Although tumor-derived cells of HPV-posi-
tive tumors also expressed higher levels of proinflammatory cyto-
kines, namely 1L-2, 1L-17, TL-23 and IFNv, these differences did
not reach statistical significance due to high variability in the
samples.

Analysis of the mRNA expression levels of four regulatory
genes, Cox-2, PD-1, PD-LI and Tim-3, also showed differences
associated with HPV status. The expression of Cox-2, which spe-
cifically catalyzes the production of prostaglandins, is undetect-
able in most healthy tissues but is usually overexpressed in
inflammation, premalignant lesions and tumors. Functionally,

Volume 4 Issue 1



Cox-2-derived prostaglandins were shown to promote angiogene-
sis and induce tumor invasion, ! Consequently, high Cox-2
expression was associated with an unfavorable outcome in breast
cancer patients.”? We detected basal expression of Cox-2 in con-
ol lymph nodes and significant overexpression of Cox-2 in
tumor tissues from our cohort of HNSCC patients (Fig. 5A).
The levels of Cox-2 mRNA negatively correlated with the num-
bers of tumor-infilirating Thl and Th17 lymphocytes (p =
0.002 and p = 0.003, respectively, data not shown) and posi-
tively correlated with the mRNA expression of 7Tim-3 (p =
0.008, data not shown). Imercstingly, the HPV-positive tumor
samples expressed significantly lower levels of Cox-2 mRNA com-
pared to the HPV-negative samples, which is in accordance with
a previous report stating an improved outcome in HPV-positive
HNSCC patients.”

The surface receptors PD-1 and Tim-3 belong to a group
of immune checkpoint proteins that decrease T-cell reactivity
and were identified, together with CTLA-4 and Lag-3, as
benchmarks for exhausced T cells. Dysfunctional, exhausted
T cells develop after long-term exposure to a high antigen
load® and are incapable of exhibiting robust effector
responses to further antigen re—challenge.“’“‘ Interestingly, in
cancer, dysfunctional T cells expressing Tim-3 and PD-I
were only found in tumor tissue but not in the peripheral
bload.*” Importantly, tumor-inﬁltrating CD8" Tim-3+ PD-
1+ cells exhibited a surface phenotype thart is consistent with
effector/memory T cells, indicating that exhausted T cells
emerge from effector T cells.*® Indeed, it was recently shown
that exhausted T cells are successfully re-functionalized by
blocking checkpoint receptors. Consequently, cancer immu-
notherapy using T-cell checkpoint inhibitors has become one
of the most promising new therapeutic approaches.

In agreement with published data, we only found high pro-
portions of Tim-3+ PD-1+ T cells in tumor tissue but not in
the peripheral blood and control lymph nodes of HNSCC
patients. On the contrary, Tim-3-PD-14+ T cells were observed
in all of the tissues analyzed. Consistent with the flow cytometry
data, we detected significantly higher levels of Tim-3 but not
PD-1 mRNA in tumor tissue compared to control lymph nodes.
To examine the capacity of Tim-3-PD-1-, Tim-3-PD-14 and
Tim-3+PD-14 wmor-infiltrating T cells to produce IFNYy, we
analyzed the phenotype of these cells after in vitre stimulation
with PMA and ionomycin using flow cytometry. Although we
detected IFNvy-producing cells in all of the subtypes of T cells
tested, the proportions of TFNy™ T cells were markedly lower in
CD8'PD-14Tim-3+ T cells compared to CD8'"PD-14+Tim-
3- and CD8"PD-1-Tim-3- T cells, as expected. These data indi-
cate that Tim-3 together with PD-1 might be considered a better
exhaustion marker in HNSCC-infiltrating CD8" T cells than
PD-1 alone.

Badoual et al.'® showed that high levels of rumor-infilirating
PD-1+ T cells correlated with better survival in HNSCC
patients. [n agreement with these results, we observed higher PD-
1 expression in HPV-positive tumor samples compared to HPV-
negative tumors. In a preclinical model, Badoual et al." showed

that partial grafting of the HPV E7-expressing TC-1 epithelial
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cell line, which constitutively expresses PD-LI, is dependent on
the presence of HPV-specific PD-1+ CD8" T cells. An anti-
PD-L1 monoclonal antibody vaccine further enhanced this
immune response. Here, we confirmed that PD-L] was markedly
more expressed in tumor tissue than in the control lymph nodes.
As Tim-3 expression was also tumor tissue spcciﬁc, these two
molecules, instead of PD-7 alone, might be a very promising tar-
get for immunotherapy in HNSCC.

Taken together, our data show that HPV-positive tumor tis-
sues have a distinct immune profile compared to HPV- negative
tumors. Substantial infiltrates of immune cells are usually associ-
ated with a good prognosis and indicate a strong past antitumor
immune response in HPV-positive tumors, which might be reac-
tivated/reprogrammed by not only a targeted immunotherapy
approach, but even during the standard therapy. Better under-
standing of targets of the immune response in HPV-positive vs.
HPV-negative tumors and of mechanisms directing the recruit-
ment of immune cells to the tumor will hopefully lead to the
design of successful immunotherapeutic strategies.

Materials and Methods

Patients and samples

Blood samples, primary HNSCC specimens mertastatic and
control lymph nodes were obtained from 54 patients immedi-
ately after radical surgery at the Department of Otorhinolaryn-
gology and Head and Neck Surgery, 1st Faculty of Medicine,
Charles University and Motol University Hospital in Prague
between April 2011 and November 2013. The patients enrolled
in this study had not received any neoadjuvant chemo- or radio-
therapy. All of the patients signed an informed consent approved
by the Institutional Review Board of the University Motol. The
clinical-pathological characteristics of the patients are summa-
rized in Table 2.

The tumor tissues, metastatic and control lymph nodes were
minced into small pieces with scissors and digested in RPMI
1640 containing 1 mg/mL of Collagenase D and 0.05 mg/mL of
DNase I (both from Roche, 11088866001, 11284932001) for
30 min at 37°C under permanent gentle rocking motion. After-
wards, the specimens were passed through a 100-pm nylon cell
strainer (BD Biosciences, 352360) and washed with PBS, The
PBMCs were isolated from the peripheral blood by centrifuga-
ton on a Ficoll-Paque density gradient (GE Healthcare, 17-
1440-03).

Flow cytometry

Single cell suspensions from peripheral blood, tumor tissue
and control lymph nodes were used for cell surface labeling
using monoclonal antibodies (mAbs) against CD3, CcDs™,
CDI11 ¢, CD14, CD16, CD19, CD20, CD45, CD45RA,
CD45R0, CD56, CD62 L (Exbio), CD4%, CD123 (eBio-
science, 12-1239-41), HLA-DR (BD Biosciences, 335830)
and CCR7 (BioLegend, 353220) for detection of myeloid
DCs (mDCs characterized as CD45+LIN-HLA-DR4+-CD14-
CD11c+), plasmacyroid DCs (pDCs; CD45+4LIN-HLA-
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Table 2. Clinical-pathological characteristics of the patients

Variable No. %
Total no. of patients 54
Age
Mean 62
Range 38-78
Sex
Male 44 815
Female 10 185
Tumor grade
1 8 14.8
2 30 55.6
3 16 296
4 0 0
Nodal status
NO 13 241
N1 1 204
N2 28 519
N3 2 37
Stage
I 3 56
Il 5 93
1] 9 16.7
v 27 68.5
Tumor site
Tongue 20 37
Tonsil 17 315
Larynx 10 18.5
Verbal base 3 56
Hypopharynx 2 37
Gl. submandibularis 1 19
Floor of mouth 1 19
HPV status
HPV— 24 444
HPV-+ 20 37
Non-defined 10 185

DR+CD14-CD1234), monocytes/macrophages  (M/Md;
CD45+LIN-HLA-DR+CD14+) and naive T lymphocytes
(defined as  CD3+CD44CD45RA+CD45RO-CCR7+
CD62L+). The following ant-human mAbs were used for
staining regulatory T cells (Tregs): anti-CD3 (Exbio, A7-202-
T100), anti-CD4" (eBioscience, 25-0049-42), anti-CD8"
(Exbio, 1 T-207-T100), anti-CD25 and anti-CD127 (BioLe-
gend, 302626, 351318) for surface labeling, which was fol-
lowed by fixation and permeabilization using the FoxP3
staining buffer set (eBioscience) and intracellular staining with
anti-FoxP3 (eBioscience, 53-4776-42) and anti-Helios (BioLe-
gend, 137216) antibodies. For analysis of Th17 and Th1 lym-
phocy[es, cell suspensions were stimulated for 4 h with 50 ng/
mL of PMA and 1 pg/mL of ionomycin (Sigma-Aldrich,
P8139-1MG, 10634-1MG) in the presence of Brefeldin A
(BioLegend, 420601) before intracellular staining. Next, the
cells were stained with anti-CD3 (Exbio), anti-CD4" (eBio-
science), anti-CD8™ (Exbio), anti-PD-1 (BioLegend, 329908)
and anti-Tim-3 (BioLegend, 345006) antibodies, fixed, per-
meabilized and labeled with mAbs against 11-17 (Biolegend,
512310) and IFNvy (BD Biosciences, 554551). The cells were
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analyzed on a BD FACSCanto IT (BD Biosciences) and evalu-
ated with Flow]Jo software (TreeStar).

Chemokine and cytokine analysis

For the analysis of 1L-1B, IL-2, IL-4, IL-6, IL-10, TL-12, TL-
17, IL-21, IL-23, TNFe, IFNy, CCL5, CCL17, CCL19,
CCL20, CCL21, CCL22, CXCL9, CXCL10, and CXCL12 in
culture supernatants harvested from tumor tissue-derived cell sus-
pensions, a Quantibody Array Kit (Raybiotech) was used. Cell
suspensions at the concentration of 1 x 10%mL in the presence
or absence of PMA and ionomycin were cultured for 24 h in
RPMI 1640 supplemented with 10% FCS, Glutamax and peni-
cillin-streptomycin (Invitrogen, A12860-01, 15140-130). The
supernatants were then collected and stored at -80°C until use.

RNA extraction and quantitative real time PCR

Toral RNA was extracted from 2 x 10° tumor-tissue derived
cells using an RNA Easy Mini Kit (Qiagen). RNA concentra-
tions were determined with a NanoDrop© 2000 ¢ UV-Vis
spectrophotometer (Thermo Scientific), and the RNA integrity
was assessed using an Experion automated system (BioRad).
cDNA was synthesized from total RNA using the M-MLV
reverse transcriptase (lnvitrogen) and ampliﬁcd by quantitative
real time PCR in the presence of primers and TagMan® probes
specific for Cox-2, PD-1, PD-L1 and Tim-3, as well as the
B-actin housckeeping gene, which was used as an internal refer-
ence. All primers and probes were commercially synthesized
(TIB MOLBIOL). The identity of the gPCR products in each
assay was verified by sequencing. The relative expression of the
target genes was normalized to the expression of B-actin.

HPV Detection

Tumor samples

The pathologist obtained two side-by-side sections of the
tumor from the primary site. One of the paired sections from
each anatomical location was labeled, snaps frozen in liquid
nitrogen, and stored for future analysis. The other section from
each pair was fixed in 10% neutral formalin and paraffin embed-
ded. From each paraffin block, the first and last sections were his-
tologically analyzed to confirm thar the secrions in between thar
were designated for the detection of viral nucleic acids and
immuno-histochemical (IHC) analysis contained at least 10% of
the tumor cells from the entire volume of the sample. Both DNA
and RNA, were extracted from the tumor tissue using the
Ambion Recover All TM Total Nucleic Acid Tsolation Kit for
FFPE Tissues (Applied Bioscience) as previously reported.*”
Care was taken to avoid sample cross-contamination.

PCR

All procedures have been described in detail previously.
HPV DNA detection was performed by PCR with primers spe-
cific for the L1 region (GP5"/GP6") as described pu‘f:vi()l.u:iy.EH
As an internal control, a 110-bp fragment of the human B-globin
gene was a_n‘ll.:vlil"ied.':’2 HPV typing was performed by reverse line
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blot hybridization (RLB) with probes specific for 37 types as
specified in detail by van den Brule et al.”® From the total RNA,
cDNA was prepared by reverse transcription. The absence of con-
taminating DNA was confirmed by amplification of the internal
GAPDH internal control gel1e.54 As a control for the integrity of
the mRNA, the B-globin gene was ampliﬁcd. Ampliﬁca[iun of
the HPV 16E6*I mRNA oncoprotein was performed with pri-
mers that amplify the 86-bp fragment.*®

Immunohistochemical analysis

IHC examination was performed as described prcviously.w
Briefly, the antibody p16INK4 a (purified mouse anti-human
pl6, Clone G175-405, BD PharMingen TM, dilution 1:100)
was used. The intensity ofstaining (gradcd + to +-++) and the
proportion of cells stained (scored in percentages) were evaluated.
For p16 immunostaining, the location of the signal (cytoplasmic
and/or nuclear) was also specified. A semi-quantitative evaluation
was performed. The samples considered positive for p16 expres-
sion exhibited more than 50% positive cells and nuclear and/or
cytoplasmic staining.

Statistical analysis

Staristical analyses were performed using Sraistica” 10.0 soft-
ware (StatSoft).

The parametric assumptions of the data were verified using
the Kolmogorov—Smirnov test for normality. The homogene-
ity of the variances was tested by the Levene test. The

differences between HPV-positive and HPV-negative tumor
samples were analyzed using a general linear model (GLM),
and age was added as a covariate. The differences between
control lymph nodes and tumor tissue were analyzed using a
paired t-test. The results were considered statistically signifi-
cant when p < 0.05.
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5.2 Funkéni kapacita HPV-specifickych TILs je u pacientii s nadory

hlavy a krku ovlivnéna expresi inhibi¢nich molekul

Nadory vzniklé na podkladé infekce lidskym papilomavirem (HPV) disponuji
ptitomnosti onkoproteinit E6 a E7, jez jsou konstitutivné exprimovany nadorovymi bunikami
a jako cizi, vysoce imunogenni specifické nddorové antigeny, by mély vyvolavat silnou
protinadorovou imunitni odpovéd’, zprostfedkovanou predevsim HPV-specifickymi TILs.
Nizka tuspéSnost cilené terapie pomoci imunomodulac¢nich protilaitek u pacientl
s rekurentnim HNSCC ale nasvéd¢uje komplexnim zménam ve funkéni kapacité specifické
slozky imunitniho systému. Cilem této studie byla komplexni analyza frekvence, fenotypu
a funkéni kapacity HPV 16 E6/E7- specifickych TILs u pacienti s orofaryngealnim
karcinomem a posouzeni efektu zablokovani PD-1 drdhy pomoci monoklonalni protilatky
proti PD-1, nivolumabu, a TIM-3 drdhy pomoci solubilniho TIM-3 na efektorové schopnosti
HPV 16-specifickych TILs. Pfitomnost HPV 16-specifickych TILs jsme detekovali
u 73,1 % HPV-asociovanych nadorli orofaryngu. Tyto HPV 16-specifické CD8+ TILs,
schopné produkce IFNy po specifické stimulaci autolognimi CD14+ monocyty pulzovanymi
peptidy onkoproteini E6 a E7, byly charakteristické expresi PD-1, ale nepfitomnosti TIM-3.
Ptitomnost PD-1 a neptitomnost TIM-3 u populace funkénich CD8+ T-lymfocyti poukazuje
na Tim-3, spiSe nez na PD-1, jako na znak vycerpani téchto bun€k. Specificka produkce
IFNy byla navic zySena pouze u TILs oSetfenych kombinaci nivolumabu spolu se sTIM-3,
zatimco pouziti nivolumabu samotného produkci IFNy neovlivnilo. Na rozdil
od nespecifické stimulace nivolumab ptekvapivé nezvysoval expresi Tim-3 u specificky
stimulovanych TILs, absence vlivu nivolumabu na funkéni kapacitu bunék tedy nebyla
zpiisobend mechanismem adaptivni rezistence popsanym ve studii Shayanové (Shayan et
al., 2017). Z vysledka nasi studie vyplyva, Ze kombinovana l1é¢ba zahrnujici zablokovani
PD-1 drahy pomoci nivolumabu v kombinaci s blokovanim dalSich inhibi¢nich molekul,
jako je TIM-3, miZze vést k zesileni u¢inku HPV-16 terapeutickych vakcin u pacientl

s orofaryngealnim karcinomem.

K této praci jsem piispéla nasledovné: 50 %; zpracovani nadorové tkan¢ a periferni
krve pacientli, homeostatickd expanze TILs, detekce HPV 16-specifickych TILs pomoci
pratokové cytometrie, funkéni a fenotypova analyza téchto bunck, detekce cytokinl a
dalSich solubilnich molekul v supernatantech pacientti, izolace RNA a stanoveni exprese

inhibi¢nich molekul pomoci qPCR, analyza dat a tiCast na ptiprav€é manuskriptu.
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ARTICLE INFO ABSTRACT

Background: Human papillomavirus (HPV) type 16 infection is one of the most important etiological agents of
oropharyngeal squamous cell carcinoma. Patients with HPV-associated carcinomas of the head and neck were
reported to have a better clinical outcome than patients with HPV-negative tumors. Because HPV16 E6 and E7
oncoproteins are highly immunogenic and constitutively expressed, HPV-specific T cell immunity may play the
key role in improving the prognosis of these patients,

Methods: Tumor-derived T cells were expanded in high levels of IL-2 and stimulated with HPV16 E6/E7 peptides
in the presence or absence of anti-PD-1 monoclonal antibody nivolumab and soluble Tim-3.

Results: HPV16-specific tumor-infiltrating T cells were present in 73.1% of HPV-associated oropharyngeal tu-
mors. HPV16 specific CD8+ TILs were able to produce IFNy upon specific stimulation and predominantly ex-
pressed PD-1 but not Tim-3. Specific IFNy production was further enhanced after a blockade of both PD-1 and
Tim-3 pathways but not after a PD-1 blockade alone. Additionally, the specific stimulation of anti-HPV16 CD8 +
T cells suppressed Tim-3 upregulation after the PD-1 blockade.

Conclusion: Our data provide the rationale for combination cancer immunotherapy approaches, including the
dual blockade of PD-1 and Tim-3 and, potentially, the use of HPV16-directed therapeutic vaccines.

Keywords:

Oropharyngeal cancer

Human papillomavirus

PD-1

Tim-3

Tumor-infiltrating lymphocytes

Introduction strategies are needed. However, no new targeted therapies have been

approved since cetuximab in 2006, which, as a monotherapy, shows a

Over the past two decades, an increase in incidence of orophar-
yngeal squamous cell carcinoma (OPC) has been reported in patients
with no history of alcohol and tobacco use. Human papillomavirus type
16 has been identified as the most important etiological agent of this
malignancy [1]. Following the standard treatment regimes, patients
with HPV-associated tumors have a better clinical outcome than pa-
tients with tobacco-related carcinomas; however, standard chemo- and
radiotherapy is still associated with considerable morbidity and toxicity
in these patients. Therefore, more effective and less toxic therapeutic

therapeutic benefit in only 10-15% of head and neck squamous cell
carcinoma (HNSCC) patients [2]. Similarly, clinical trials with PD-1:PD-
L1 targeting agents, which are promising in other tumor histologies,
only report modest response rates (13-18%) in HNSCC, including HPV-
associated OPC [3-5]. Recently, preclinical studies have shown that
targeting PD-1 pathway simultaneously with an alternative checkpoint
molecule, T cell immunoglobulin and mucin domain 3 (Tim-3), emerges
as a promising approach for improvement of current immunotherapy
[6,71.
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In the development of efficient immunotherapeutic strategies, the
identification of tumor-specific antigens remains essential. In HPV-as-
sociated cancers, the HPV E6 and E7 oncoproteins represent optimal
specific antigens. They are constitutively expressed and presented by
cancer cells and they are highly immunogenic [8]. Indeed, preclinical
studies have reported that anti-HPV E7 vaccines elicited E7-specific
CD8+ T cells in tumor-bearing mouse models. The presence of HPV-
specific T cells was associated with partial regression of E7-expressing
TC-1 tumors in immunized mice [9-11]. Moreover, therapeutic vac-
cines targeted against HPV16 E6 and E7 oncoproteins have been re-
ported to induce a complete response in 47% of patients with HPV-
associated vulvar intraepithelial neoplasia in a phase II clinical trial
[12]. With HPV16 being a leading etiological agent in oropharyngeal
cancer (OPC), the induction of a robust HPV-specific immune response
may represent a promising therapeutic strategy. However, there are
only a few reports concerning the existence of HPV16-specific T cell
immunity in HNSCC patients, and most are focused on the detection of
virus-specific T cells in the peripheral blood [13-16].

The aim of this study was to analyze the frequency, phenotype and
function of HPV16 E6/E7-specific tumor-infiltrating T cells (TILs) in
oropharyngeal tumors and to test the effect of anti-PD1 mAb (nivo-
lumab), soluble Tim-3 (sTim-3) and homeostatic in vitro expansion on
these characteristics.

Materials and methods
Patients and samples

Blood samples and primary oropharyngeal squamous cell carcinoma
specimens were obtained from 51 patients immediately after radical
surgery at the Department of Otorhinolaryngology and Head and Neck
Surgery, Motol University Hospital in Prague between April 2015 and
August 2017. Patients enrolled in this study had not received any
neoadjuvant chemo- or radiotherapy. All of the patients signed an in-
formed consent approved by the Institutional Review Board of the
University Motol. The clinical-pathological characteristics of the pa-
tients are summarized in Table 1.

The tumor tissues were processed as described previously [17].
Peripheral blood mononuclear cells (PBMCs) were isolated from the

Table 1

Clinical-pathological characteristics of the patients.
Variable No. Yo
Total no. of patients 51
Age
Mean 59
Range 36-75
Sex
Male 36 70.6
Female 15 29.4
Nodal status
NO 9 17.6
N1-N3 42 82.4
Stage
I 1 19
1 8 15.7
il 13 25.5
v 29 56.9
Tumor site
Base of tongue 10 19.6
Tonsil 32 62.7
Oropharynx 9 17.7
HPV status
HPV- 10 19.6
HPV+ 41 80.4
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peripheral blood by centrifugation on a Ficoll-Paque density gradient
(GE Healthcare, Waukesha, WI).

TIL expansion

All T cell cultures were performed in RPMI 1640 supplemented with
10% human AB serum, penicillin-streptomycin, 1-glutamine (all from
Invitrogen, Carlsbad, USA) and 450U IL-2 (Proleukin, Prometheus
Laboratories Inc., San Diego, USA). Freshly isolated TILs at a con-
centration of 3 x 10° cells/ml were expanded for two weeks with the
addition of fresh medium and IL-2 every 3days. After 2weeks of
homeostatic expansion, the cells were harvested, and their phenotype
was analyzed using flow cytometry and qPCR. Proportional frequency
of TILs within fresh tumor single cell suspension and expanded TILs is
shown in Fig. S1.

For quantification of cytokines, free fatty acids, adenosine and sPD-
1 production, expanded tumor-derived TILs and PBMCs (1 x 10° cells/
ml) were cultured in culture medium in the presence or absence of
HPV16 E6/E7 peptide-loaded autologous monocytes. After 24 h of in-
cubation, the culture supernatants were harvested and stored at —80°C
until use.

Flow cytometry

Single cell suspensions derived from tumor tissues were labeled
using monoclonal antibodies (mAbs) against CD3 (Exbio, Vestec, Czech
Republic), CD4 (eBioscience, San Diego, USA), CD8 (Exbio), PD-1 and
Tim-3 (both from BioLegend, San Diego, USA). For the intracellular
detection of cytokines, the cells were fixed and permeabilized with a
FoxP3 Staining Buffer Set (eBioscience) and intracellularly labeled with
mAbs against IFNy (BD Biosciences) and TNFa (BioLegend). The cells
were then analyzed on a BD FACSCanto II (BD Biosciences) and eval-
uated with FlowJo software (TreeStar, Ashland, OR).

Detection of HPV16-specific T cells

Monocytes from autologous PBMCs were isolated using a Human
CD14 Positive Selection Kit (Stemcell Technologies, Vancouver,
Canada). The obtained monocytes were loaded with HPV16 E6 and E7
peptide pools (5 pg/ml) (JPT, Berlin, Germany) and added to expanded
TILs at a ratio of 1:10. The cells were incubated for 6 h in the presence
of Brefeldin A (BioLegend). After the 6-h incubation, the cells were
stained with antibodies for the intracellular detection of cytokines as
described above. Cut off was calculated as the mean proportion of
IFNy-/TNFa-positive CD8+ T cells detected upon specific stimulation
in HPV-negative patients + 3SD.

For in vitro blocking studies, anti-PD-1 mAb (10 pg/ml) (nivolumab,
Bristol-Myers-Squibb, New York, USA) and soluble Tim-3 (5 ug/ml)
(Recombinant Human Tim-3 protein, Abcam, Cambridge, UK) were
added to the TIL cultures 42 h prior to specific stimulation with HPV16
E6 and E7 peptide-loaded autologous monocytes.

Detection of cytokines, soluble PD-1, free fatty acids and free adenosine in
culture supernatants

To detect the concentrations of cytokines released into culture su-
pernatant, the MILLIPLEX™ Human Cytokine Kit (Millipore, Billerica,
MA) was used. Levels of soluble PD-1, free fatty acids and adenosine
were analyzed using a PD-1 Human ELISA Kit (Thermo Fisher
Scientific), Free Fatty Acid Quantification Kit (Abcam) and Adenosine
Assay Kit (BioVision, Milpitas, USA), respectively. All assays were
performed according to the manufacturer’s instructions.

RNA extraction and quantitative real-time PCR

Total RNA was extracted from 1 x 10° tumor-tissue derived cells
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using an RNA Easy Mini Kit (Qiagen, Hilden, Germany). RNA con-
centrations were determined with a NanoDrop@ 2000c¢ UV-Vis spec-
trophotometer (Thermo Scientific), and the RNA integrity was assessed
using an Experion automated system (BioRad, Hercules, USA).
Complementary DNA was synthesized from total RNA using the M-MLV
reverse transcriptase (Invitrogen) and amplified by quantitative real-
time PCR in the presence of primers and TagMan© probes specific for
PD-1, PD-L1, CTLA-4, Tim-3, LAG-3, TIGIT and BTLA, and the B-actin
housekeeping gene, which was used as an internal reference, All pri-
mers and probes were commercially synthesized (TIB MOLBIOL, Berlin,
Germany). The identity of the qPCR products in each assay was verified
by sequencing, The relative expression of the target genes was nor-
malized to the expression of B-actin.

HPV detection

PCR

HPV DNA detection was performed by PCR with primers specific for
the L1 region (GP5+ /GP6+). As an internal control, a 110-bp frag-
ment of the human beta-globin gene was amplified. HPV typing was
performed by reverse line blot hybridization (RLB) with probes specific
for 37 types as specified in detail by van den Brule et al. [18]. From the
total RNA, cDNA was prepared by reverse transcription. The absence of
contaminating DNA was confirmed by amplification of the internal
GAPDH internal control gene. As a mRNA integrity control, the beta-
globin gene was amplified. Amplification of the HPV 16E6+1 mRNA
oncoprotein was performed with primers that amplify the 86-bp frag-
ment. The samples positive for viral mRNA expression were considered
HPV-positive for future analyses.

Immunohistochemical analysis

The antibody pl16INK4a (Purified Mouse Anti-Human p16, Clone
G175-405, BD Pharmingen TM) was used. The intensity of staining and
the proportion of positive cells were evaluated. The sample considered
as positive for p16 expression had to show more than 70% of positive
cells and reveal nuclear and/or cytoplasmic staining.

Statistical analysis

Statistical analyses were performed using Statistica® 10.0 software
(StatSoft, Tulsa, OK). Differences between T cells responding vs non-
responding to specific stimulation, proportions of CD3+, CD4+ and
CD8+ T cells in fresh vs expanded samples and supernatants harvested
from HPV peptide pools-stimulated vs unstimulated cell cultures were
analyzed using paired t-tests. Differences between control PBMCs and
TILs were analyzed using the Mann-Whitney U test, Correlations be-
tween levels of check-point molecules were evaluated using the Pearson
1 coefficient, The results were considered to be statistically significant
when p < 0.05.

Results

HPV-specific TILs are detected in HPV-associated but not HPV-negative
tumor samples

The expression of HPV 16 E6 mRNA was detected in 80.4% (n = 41)
of the OPC samples enrolled in this study. We were able to expand TILs
from 33 tumor tissues (64.7%). After a 2-week homeostatic expansion,
31 samples of TILs were tested for reactivity against autologous
monocytes pulsed with HPV16 E6 and E7 peptide pools. We have de-
tected HPV-specific [FNy-producing CD8+ T cells in 73.1% of HPV-
associated OPC samples, but not in TILs derived from HPV-negative
tumor tissues (Fig. 1A). Similarly, TNFa-producing CD8+ T cells were
detected in 40% of HPV-associated and none of the HPV-negative tumor
tissue samples (Fig. 1D).
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IFNy and TNFa are produced by PD-1+ Tim-3- and PD-1-Tim-3- CD8+ T
cells upon HPV16 E6/E7 pepmix stimulation

Specific HPV16 E6/E7 pepmix stimulation induced IFNy production
preferentially in PD-1-Tim-3- and PD-1+Tim-3-CD8+ T cells
(29.7 £ 13.6% and 55.1 = 11.0% from all I[FNy producing cells, re-
spectively). Conversely, the frequency of PD-1+ Tim-3- cells was sig-
nificantly lower among the CD8+ T cells that did not produce cyto-
kines upon HPV pepmix stimulation (Fig. 1B and C). Consistently, when
gated on PD-1 and Tim-3, the main producers of IFNy were detected in
the PD-1+ Tim-3- gate (9.3 = 14.4% of the PD-1 + Tim-3-CD8 + T cells
were IFNy-positive) (Fig. 1G), Similarly, TNFa production was also in-
duced in Tim-3-CD8+ cells (51.6 = 11.5% of PD-1+ and
41.3 + 18.3% of PD-1- cells) (Fig. 1E and F), and the highest produc-
tion was observed in the PD-1+Tim-3- gate (29.2 + 17.4% of PD-
1+Tim-3-CD8 + T cells were TNFa-positive) (Fig. 1H). Contrary to PD-
1, the expression of Tim-3 correlated with defects in functionality. In-
deed, CD8+ T cells that did not respond to HPV pepmix stimulation
had a significantly higher expression of Tim-3 than IFNy and TNFa-
producing cells (Fig. 1B and E). As a high intensity of PD-1 expression
might be associated with exhaustion rather than the presence/absence
only, we compared the levels of PD-1 MFIs in IFNy + and IFNy- CD8+ T
cells. Surprisingly, slightly higher MFI of PD-1 was observed in IFNy-
producing PD-1+CD8+ T cells (2564 + 929) than in IFNy-negative
PD-1+CD8+ T cells (2187 = 610).

TIL expansion impacts the response to anti-PD-1 mAb nivolumab treatment

To confirm the effect of the PD-1/PD-L1 pathway blockade on IFNy
production and Tim-3 expression in CD8+ T cells, we analyzed the
phenotype of expanded TILs after 48h incubation with nivolumab
with/without the addition of recombinant sTim-3. Surprisingly, we
only observed a slight effect of nivolumab alone on IFNy production in
HPV16 E6/E7 pepmix stimulated CD8+ T cells; however, IFNy pro-
duction significantly increased in the presence of nivolumab in com-
bination with sTim-3. Surprisingly, IFNy production was slightly
downregulated in the presence of sTim-3 alone (Fig. 2A). We did not
observe any effect of PD-1 blockade on Tim-3 upregulation on ex-
panded TILs (Fig. 2B).

To assess whether the absent effect of nivolumab on Tim-3 expres-
sion might be associated with the expansion, we analyzed freshly iso-
lated tumor-derived cell suspensions under the same conditions. In the
fresh samples, we observed a significant increase in Tim-3 expression
on CD8+ T cells in nivolumab-treated cell cultures without any added
stimuli, but there was only a minor increase in specifically stimulated
cell cultures (Fig. 2B).

Homeostatic expansion in the presence of IL-2 shifts the phenotype of OPC-
derived TILs

To describe the alterations in TILs associated with the expansion, we
analyzed the phenotype of freshly isolated TILs and TILs expanded for
2 weeks in the presence of high doses of IL-2. As expected, we observed
a significant shift towards higher proportions of bulk CD4 + T cells and
CD8+ T cells within expanded TIL cultures, but there were no sig-
nificant alterations in the frequency of CD4+CD25%FoxP3+ Tregs.
Interestingly, the frequency of CD8 + T cells increased preferentially in
TIL cultures derived from HPV+ tumor samples, whereas proportions
of CD4+ T cells increased preferentially in TIL cultures derived from
HPV- tissues (Fig. S2). Importantly, “homeostatic” expansion sig-
nificantly affects the levels of check-point molecules PD-1 and Tim-3 on
CD8+ and CD4+ T cells (Fig. 3A and B). Indeed, we observed a shift
from the prevailing PD-1+ Tim-3-CD8 + population to the functionally
impaired Tim-3+CD8 + population. The increase in proportions of the
Tim-3+CD8 + T cell population was statistically significant in HPV-
negative tumor samples and PBMC cultures (p < 0.01 and p = 0.02,
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Fig. 1. Proportions of HPV16 E6/E7-specific tumor infiltrating lymphocytes (TILs) derived from tumor tissues of oropharyngeal carcinoma (OPC) patients (n = 31).
After two weeks of homeostatic expansion, tumor-derived CD8+ TILs were tested for reactivity against autologous monocytes pulsed with HIPV16 E6/E7 peptide
pools. (A, D) Columns show the proportions of tumor samples positive for HPV-specific IFNy + (A) and TNFa+ (D) CD8+ T cells. (B, E) Boxes show the differences
between IFNy+ and IFNy- CD8 + T cells in PD-1 and Tim-3 expression after stimulation with HPV16 E6/E7. The boundaries of the boxes indicate the SEM, and the
squares in the boxes represent the mean. Whiskers indicate the SD. (C, F) Dot plots are gated on CD3+ CD8+ cells and show PD-1 and Tim-3 expression on CD8+ T
cells according to the production of IFNy (C) and TNFa (F) in a representative patient. (G, H) Box plots show the proportions of IFNy-producing (G) and TNFa-
producing (H) CD8 + T cells in populations gated according to PD-1 and Tim-3 expression. The boundaries of the boxes indicate the SEM, and the squares in the boxes
represent the mean. Whiskers indicate the SD. (I) Dot plots are gated on CD3+ CD8+ cells and show the proportions of IFNy and TNFa-producing cells according to

PD-1 and Tim-3 expression in a representative patient. 'p < 0.05.

respectively). In HPV-positive samples, we also observed a decrease in
proportions of PD-1 expressing cells and an increase in proportions of
Tim-3 expressing cells; however, the prevailing population in expanded
TILs was PD-1-Tim-3-. The trend was similar in CD4 + T cells (Fig. 3B).
In control PBMCs obtained from healthy donors, we observed an in-
crease in both PD-1+ and Tim-3+ cell populations. This effect was
more pronounced in CD4+ T cells (Fig. 3A and B).
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Culture supernatants of expanded TILs contain high levels of pro-
inflammatory cytokines

To further characterize the phenotype and function of expanded
TILs, we assessed the levels of free adenosine, free fatty acids, sPD-1 and
cytokines IL-4, IL-6, IL-10, IL-17A, IFNy and TNFa in culture super-
natants. Free adenosine and fatty acids are proposed to affect the
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Fig. 2. Effect of PD-1 and/or Tim-3 blockade on
IFNy-production and Tim-3 expression in
HPV16-specific CD8+ T cells. (A) Columns re-
present the percentage increase/decrease in
proportions of IFNy-producing cells induced by
anti-PD-1 mAb nivolumab and soluble Tim-3
(n = 4). The change was counted from the
baseline represented by HPV16 E6/E7 stimu-
lated TILs. (B) Columns represent the percentage
increase in proportions of Tim-3-producing cells
induced by anti-PD-1 mAb nivolumab in freshly
isolated (n = 4) or two weeks expanded (n = 4)
cells. The change was counted from the baseline
represented by unstimulated TILs without any
treatment.
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Fig. 3. Columns show the percentages of individual populations according to PD-1 and Tim-3 expression within (A) CD8+ and (B) CD4+ T cells.
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Fig. 4. Cytokine profile and soluble PD-1 (sPD-1) concentration in culture su-
pernatants of tumor-derived two week-expanded TILs. (A) Boxes show the
spontaneous release of sPD-1 or the release of sPD-1 upon HPV16 E6/E7 sti-
mulation. The boundaries of the boxes indicate the SEM, and the squares in the
boxes represent the mean. Whiskers indicate the SD. (B) Columns show the
mean spontaneous cytokine production. (C) White columns represent the mean
spontaneous production; black columns represent the mean cytokine produc-
tion upon HPV16 E6/E7 stimulation. All error bars indicate SEM. “p < 0.05.

expression of PD-1; however, we did not find any substantial levels of
these factors. The concentration of sPD-1 was significantly higher in TIL
cultures than in expanded PBMCs and was further enhanced upon
HPV16 E6/E7 pepmix stimulation; nevertheless, the levels were < 20
pg/ml in all of the tested samples (Fig. 4A). Expanded TILs produced
high levels of pro-inflammatory cytokines, namely, IL-6, IL-17A, IFNy
and TNFa (Fig. 4B). The levels of IL-4, 1L-6, IFNy and TNFo were fur-
ther enhanced upon HPV16 E6/E7 pepmix stimulation (Fig. 4C).

Expression of Tim-3 in expanded TILs is positively correlated with the
expression of LAG-3 and TGFp, but not PD-1

In addition to flow cytometry phenotyping, we analyzed the ex-
pression levels of checkpoint inhibitors Tim-3, PD-1, PD-L1, CTLA-4,
LAG-3, TIGIT, BTLA and immunosuppressive cytokines TGFp and IL-10
in expanded TILs using qPCR. The mRNA levels of Tim-3 were
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significantly positively correlated with the expression of regulatory T
cell (Treg) markers CTLA-4, LAG-3 and TGFp (r = 0.46, r = 0.72 and
r = 0.53, respectively; p < 0.05), but not with PD-1 (Fig. 5).

Discussion

Despite being more often diagnosed at advanced stages of the dis-
ease, patients with HNSCC associated with HPV infection have a sig-
nificantly better prognosis than patients with HPV-negative tumors
[19]. It has been suggested that the improved response of HPV-positive
HNSCC patients to the conventional treatment was related to the im-
mune response [20]. Indeed, HPV-associated tumors were shown to
have a markedly different immune profile compared to HPV-negative
tumors, with substantial infiltrates of CD8 + T cells and mDCs [17]. Ina
preclinical murine model, Badoual et al. [9] showed that the activation
of an anti-HPV immune response by the anti-E7 vaccine elicited PD-1
expression by CD8 + T cells and was associated with partial regression
of E7-expressing TC-1 tumors. Moreover, therapeutic vaccination
against HPV16 oncoproteins has been reported to be successful in the
treatment of HPV-associated vulvar intraepithelial neoplasias [12,21].
Therefore, in HPV-associated cancers, HPV-specific T cells seem to play
an essential role in the anti-tumor immune response. However, whether
the HPV-specific tumor infiltrating T cells express a functional pheno-
type has not been fully elucidated so far.

In this study, we characterized a phenotype and functionality of
HPV-specific tumor-infiltrating T lymphocytes (TILs) derived from or-
opharyngeal tumors and considered the effect of homeostatic expansion
on these characteristics.

In accordance with data published by Hausinkveld et al. [14], we
found that HPV16-specific CD8+ T cells react against HPV16 E6/E7
peptides by IFNy production in 73.1% of OPC patients with HPV-as-
sociated tumors. TNFa production was observed in 40% of TIL samples,
which may indicate a proceeding loss of functionality [22]. Neither
IFNy+ nor TNFa+ CD8+ T cells were detected in TILs derived from
HPV-negative tumors. Upon specific stimulation, IFNy was mainly
produced by PD-1+Tim-3- and PD-1-Tim-3- CD8+ T cells, thus af-
firming Tim-3 rather than PD-1 as a marker of advanced dysfunction.
Indeed, we observed the highest proportion of IFNy-producing cells
exactly in the PD-1+Tim-3-CD8+ T cell subset. Whether this pheno-
type is in OPC associated preferentially with HPV-specific CD8+ T
cells, or is also relevant in tumor-associated antigen (TAA)-specific
CD8+ TILs, remains to be addressed. However, in TILs expanded from
melanoma samples, reactivity and specificity to autologous or HLA-
matched tumor cells was highly enriched in the PD-1+CD8+ fraction
[23]. Interestingly, in several reports, PD-1 expression positively cor-
related with activation markers such as HLA-DR, CD38 or 4-1BB [9,24].
Moreover, in HPV-associated HNSCC, high levels of PD-1+T cells were
positively correlated to a favorable clinical outcome [9]. In accordance
with these results, Granier et al. [25] have recently described in-
tratumoral Tim-3 +PD-1+CD8 + but not Tim-3-PD-1 +CD8 + T cells as
critical mediators of an aggressive phenotype in renal cell carcinoma.

Consistently with the abovementioned data, we only observed a
minor effect of anti-PD-1 mAb nivolumab alone on the IFNy production
by TILs; however, proportions of IFNvy-producing CD8+ T cells sub-
stantially increased in the cultures treated with nivolumab in combi-
nation with sTim-3. Our data are in accordance with the previously
reported synergistic effect of Tim-3 and PD-1 blockade in CT26 tumor-
bearing mice [26] and in a mouse model of orthotopic HPV16-positive
HNSCC [27]. Surprisingly, following a PD-1 blockade in TILs isolated
from HNSCC samples, we did not observe an increase of Tim-3 ex-
pression reported by Shayan et al. [27]. To assess whether this might be
an effect of TIL expansion, we analyzed the effect of nivelumab treat-
ment on Tim-3 expression in freshly isolated TILs. Indeed, Tim-3 ex-
pression was substantially increased in fresh CD8+ TILs following the
PD-1 blockade; however, this effect was markedly lower in cells sti-
mulated with HPV16 E6/E7 peptides than in unstimulated cells. These
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Fig. 5. Correlation between mRNA levels of Tim-3 (x-axis) and PD-1, CTLA-4, LAG-3, and TGFp (y-axis) in expanded TILs. Linear trend lines and regression

coefficients are shown.

data suggest that the specific stimulation of anti-HPV16 CD8+ T cells
might suppress the upregulation of Tim-3 expression in response to the
PD-1 blockade and thus likely has the capacity to overcome the Tim-3
mediated escape from anti-PD1-1 therapy described by Koyama et al.
[7] and Shayan et al. [27].

The phenotype analysis of fresh vs. expanded TILs showed a clear
shift from a dominant PD-1+ Tim-3- population to PD-1+ Tim-3+ and
PD-1-Tim-3+ populations. This alteration was more pronounced in
cultures derived from HPV- than from HPV + OPC samples. The shift
was similar in both CD8+ and CD4+ T cells. In control PBMCs ob-
tained from healthy donors, we observed an increase in both PD-1+
and Tim-3+ cell populations, which likely reflects significant differ-
ences in PD-1 and Tim-3 levels in fresh PBMCs and TILs. Similar to our
observations, in melanoma-derived TIL cultures, Inozume et al. [23]
reported the down-regulation of PD-1 during in vitro expansion in IL-2;
however, this study does not consider the expression alterations in
other check-point molecules such as Tim-3. Thus, the general effect of
“homeostatic” expansion upon high levels of IL-2 on TILs derived from
various tumor samples must be further tested. In our study, high basal
expression of Tim-3 in expanded TILs could abrogate the effect of the
PD-1 blockade on both IFNy production and further increase in Tim-3
expression.

The expression levels and functionality of check-point molecules
were reported to be influenced by free fatty acids, free adenosine [28],
soluble PD-1 [29] and cytokines [29-31]; therefore, we analyzed the
presence of these factors in TIL culture supernatants. Although we only
observed insignificant levels of free fatty acids and adenosine, the
spontaneous production of pro-inflammatory cytokines I1L-6, IL-174,
IFNy and TNFa was surprisingly high in TIL cultures. It was shown that
TNFa and IL-6 consistently abrogate PD-1-mediated suppression in
CD4+ T cell cultures through the induction of sPD-1 [29]. In our study,
we found significantly higher levels of sPD-1 in TIL culture supernatants
compared to contrel PBMC cultures, which were further enhanced upon
HPV16 E6/E7 pepmix stimulation. However, the levels of sPD-1 were
most likely too low to explain the impaired effect of nivelumab in ex-
panded TILs.

Taken together, in this study, we have shown that 73.1% of OPC
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patients with HPV-associated tumors had HPV16-specific TILs able to
produce IFNy upon specific stimulation. Additionally, these HPV-spe-
cific TILs were mainly PD-1+Tim-3-CD8+ T cells, designating Tim-3
rather than PD-1 as a marker of dysfunction. Indeed, upon specific
stimulation with HPV16 E6/E7 pepmix, IFNy production was enhanced
by anti-PD-1 mAb nivolumab in combination with sTim-3, but not with
nivolumab alone. Our data suggest that complementary treatments
combining anti-PD-1 blockade with therapeutic HPV vaccination and/
or the additional blockade of inhibitory pathways, such as Tim-3, might
substantially increase the HPV-specific immune response in HPV-asso-
ciated OPC. Subsequently, such a complex therapeutic approach could
increase the objective response rate in OPC patients with HPV-asso-
ciated tumors compared to anti-PD-1 monotherapy.
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5.3 Vyznam B lymfocyti pro podporu specifické CD8+ T-bunécné

imunitni odpovédi u pacientti s nadory hlavy a krku

Imunoterapie se diky nevidanym uspéchtim v onkologii zafadila mezi zakladni pilite
1é¢by nékterych nddorovych onemocnéni, a posunula tak hranice onkologické 1é€by. VEtSina
imunoterapeutickych pfistupii je dnes zaloZzena na aktivaci specifické T-bunécné
protinadorové imunitni odpovédi, ktera je vétSinou plisobenim imunosupresivniho
nadorového mikroprostiedi siln¢ utlumena. Ani nejaktualnéjsi imunoterapeutické ptistupy
zalozené na imunomodulacnich protilatkach ale nedokazi tento mechanismus uniku nadoru
pfed imunitnim dohledem zcela piekonat, a i pies silny terapeuticky ucinek tak na 1écbu
odpovida pouze ¢ast pacientli, u kterych se vétSinou nepodati dosdhnout trvalé remise, nebot’
aktivace T-bunécné protinddorové imunitni odpovédi je ¢asto pouze prechodnd. Specificka
imunitni reakce je zaloZena na komplexni spolupraci jednotlivych slozek adaptivni imunity,
zejména T a B lymfocytt. Tato kooperace vede k silné a dlouhotrvajici imunitni odpovédi.
Pro dosazeni efektivni protinddorové imunitni odpovédi je proto potieba zaméfit se nejen
na aktivaci T-bunécné slozky, ale i B-bunécné, ktera je zatim v klinickém testovani spiSe
opomijena. Z tohoto divodu jsme se v ramci komplexni studie nadorového infiltratu
pacienti s OPSCC zamé¢fili na funkéni a fenotypovou analyzu CD20+ TIL-Bs, jejich
kvantitativni zastoupeni a schopnost interakce s CD8+ TILs. Pozorovali jsme signifikantni
prognosticky vyznam denzity CD20+ TIL-Bs pro celkové pieZiti pacienti s OPSCC.
Vysokd denzita téchto CD20+ TIL-Bs byla navic asociovdna s jejich aktivovanym
fenotypem, produkci chemokinového ligandu 9 (C-X-C motif chemokine ligand 9, CXCL9)
a infiltraci CD8+ TILs, které jsou pravdépodobné atrahovdny do nddoru pravé diky
chemotaktickému gradientu CXCL9, zvelké casti produkovanému B lymfocyty.
V nadorovém mikroprostiedi potom muize dochazet k funkénim interakcim mezi CD20+
TIL-Bs a CD8+ TILs. U OPSCC mira téchto interakci signifikantné korelovala s lepSim
pfezivanim pacientl. Zpusob, jakym TIL-Bs a CD8+ TILs v nadorové tkani interaguji ani
drahy ovlivnéné touto interakci nejsou zatim zndmé. NaSe studie navrhuje, Ze piimo
v nddorové tkani hraji aktivované TIL-Bs zasadni roli pfi sekundarni kostimulaci CD8+
TILs, zprostfedkovanou skrze zapojeni jedné z popsanych kostimulaénich signalnich drah.
Z vysledkd nasi studie vyplyva, Ze progndza pacientii s OPSCC je vyznamné ovlivnéna
infiltraci TIL-Bs do nadorové tkané, jejichz vysoce funkéni fenotyp a schopnost interakce
s CD8+ TILs umoznuje dlouhodobé piezivani CD8+ TILs v nddorovém mikroprostiedi,

a pravdépodobné tak vede k dlouhodobé protinddorové imunitni odpovédi. Zahrnuti
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B-bunécné slozky do soucCasnych imunoterapeutickych postupii by tak mohlo zvysit

ucinnost nejmodernégjSich pfistupli zamétenych doposud prevazné na aktivaci T lymfocyta.

K této praci jsem prispéla nasledovné: 60 %; ptiprava vzorkl pro analyzu exprese
genll spojenych s imunitni odpovédi, optimalizace protokold pro imunohistochemické
znaceni jednotlivych populaci imunitniho infiltrdtu na fezech z parafinovych blocka
formalinem fixované tkdné (formalin-fixed paraffin-embedded, FFPE), nésledné barveni
a kvantitativni analyza, izolace RNA a stanoveni exprese vybranych genii pomoci qPCR,

analyza dat a icast na piipravé manuskriptu.
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Abstract

Background: Standard treatment of oropharyngeal squamous cell carcinoma (QPSCC) is associated with high
morbidity, whereas immunotherapeutic approaches using PD-1:PD-L1 checkpoint blockade only show moderate
response rates in OPSCC patients. Therefore, a better stratification of patients and the development of novel
therapeutic protocols are crucially needed. The importance of tumor-infiltrating B cells (TIL-Bs) in shaping antitumor
immunity remains unclear; therefore, we analyzed frequency, phenotype, prognostic value and possible roles
of TIL-Bs in OPSCC.

Methods: We utilized transcriptomic analysis of immune response-related genes in 18 OPSCC samples with
respect to human papillomavirus (HPV) status. The density and localization of CD20, CD8™ and DC-LAMP™
cells were subsequently analyzed in 72 tissue sections of primary OPSCC samples in relation to patients’
prognosis. The immunchistochemical approach was supplemented by flow cytometry-based analysis of
phenotype and functionality of TIL-Bs in freshly resected primary OPSCC tissues.

Results: We observed significantly higher expression of B cell-related genes and higher densities of CD20™ B
cells in HPV-associated OPSCC samples. Interestingly, CD20" TIL-Bs and CD8" T cells formed non-organized
aggregates with interacting cells within the tumor tissue. The densities of both intraepithelial CD20" B cells
and B cell/CD8" T cell interactions showed prognostic significance, which surpassed HPV positivity and CD8*
TIL density in stratification of OPSCC patients. High density of TIL-Bs was associated with an activated B cell
phenotype, high CXCL9 production and high levels of tumor-infiltrating CD8™ T cells. Importantly, the abundance of
direct B cell/CD8" T cell interactions positively correlated with the frequency of HPV16-specific CD8' T cells, whereas
the absence of B cells in tumor-derived cell cultures markedly reduced CO8' T cell survival.

Conclusions: Our results indicate that high abundance of TIL-Bs and high density of direct B cell/CD8" T cell interactions
can predict patients with excellent prognaosis, who would benefit from less invasive treatment. We propose that
in extensively infiltrated tumors, TIL-Bs might recruit CD8™ T cells via CXCL9 and due to a highly activated phenotype
contribute by secondary costimulation to the maintenance of CD8" T cells in the tumor microenvironment.
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Background

Oropharyngeal squamous cell carcinoma (OPSCC) forms
a specific subset of head and neck squamous cell carcin-
oma (HNSCC), associated in up to 90% of patients with
human papillomavirus (HPV) infection [1, 2]. A positive
HPV-status has been reported to correlate with better
locoregional control, a longer overall survival [3, 4] and a
higher immunogenicity of the tumor [5, 6]. The immune
response has been suggested as a key factor in the better
outcome of patients with HPV-associated tumors [7].

Indeed, in a wide range of malignancies, characterization
of the adaptive immune response has been shown to be a
valid prognostic tool for improving the stratification of the
patients compared to the current staging system [8-12].
During the past two decades, extensive immuno-oncology
research has been mainly focused on T cells and several
studies have reported the association between a high dens-
ity of tumor infiltrating T lymphocytes (TILs) and in-
creased patient survival [8, 11-13]. Consequently, most of
the recent immunotherapeutic approaches target T cell-
mediated immunity. In 2016, the immune checkpoint in-
hibitors pembrolizumab and nivolumab were approved by
the American Food and Drug Administration (FDA) for
HNSCC patients whose disease has progressed during or
after platinum-based chemotherapy. However, clinical tri-
als with the above mentioned PD-1.PD-L1 targeting
agents only reported modest response rates (13—-23%) in
HNSCC patients [14—17]. Therefore, novel immunother-
apy targets and consequent effective therapeutic strategies
are still needed for this type of carcinoma.

In contrast to T cells, the role of B cells in the tumor
microenvironment remains controversial. Both positive
and negative impacts of B cells on tumor immunity and
disease progression have been reported [18, 19]. Most of
the studies concerning mouse models assign B cells a
tumor-promoting character, whereas studies of human
solid tumors mainly associated a high density of tumor-
infiltrating B cells (TIL-Bs) with a favorable clinical out-
come [20-24]. It has been proposed that TIL-Bs generate
antitumor antibodies [20, 25, 26], produce antitumor
cytokines, exert direct cytotoxicity towards tumor cells
and are capable to present tumor-associated antigens
(TAA) [19, 27-30].

It has been hypothesized that TAA-specific T cells are
primed in tumor-draining lymph nodes and subsequently
migrate to the tumor tissue [31, 32]. However, in addition
to the primary DC-T cell interactions in the lymph nodes,
secondary interactions with activated APCs at the target
tissue site are needed for the generation of an effective
immune response. Indeed, especially in cases of viral in-
fections, T cell interactions with antigen-experienced acti-
vated DCs and/or B cells at the site of infection have been
shown to be essential for the secondary recall and long-
term survival of T cells [33-35]. Therefore, TIL-Bs might
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act as local APCs essential for the secondary stimulation
of tumor-specific T cells.

In this study, we assessed the frequency, distribution
and phenotype of TIL-Bs in OPSCC samples. For the
first time, we showed significant differences between
patients with low versus high infiltrates of CD20* B cells
not only in the clinical outcome but also in the activation
status of TIL-Bs and the density of tumor-infiltrating HPV
16 E6/E7-specific CD8™ T cells. Our results indicate that
in immunologically “hot” OPSCCs, highly activated TIL-
Bs may provide crucial secondary costimulatory stimuli to
the tumor-infiltrating CD8" T cells, resulting in the main-
tenance of CD8" T cell-mediated antitumor immunity
and prolonged patient survival.

Materials and methods

Patients and samples

Cohort 1

Formalin-fixed paraffin-embedded (FFPE) primary OPSCC
specimens were obtained from 72 patients who underwent
radical surgery at the University Hospital Hradec Kralove
in Czech Republic between 2001 and 2014. All of the pa-
tients underwent surgical resection of the primary tumor
using external approach with therapeutic neck dissection,
followed by postoperative radiotherapy. Concomitant
chemotherapy was applied in 30.5% (1 =22) of patients.

Cohort 2

Primary fresh OPSCC tissues and matching FFPE tumor
sections were obtained from 21 patients after therapeutic
surgery at the University Hospital Motol in Prague, Czech
Republic, between August 2015 and May 2016.

Cohort 3
Fresh primary OPSCC specimens and blood samples
were obtained from 21 patients immediately after thera-
peutic surgery at the University Hospital Motol in Prague,
Czech Republic, between March 2018 and June 2019.
Control tonsils were obtained from 6 healthy donors.
None of the patients enrolled in this study had received
any neoadjuvant chemo- or radiotherapy. The patho-
logical staging of OPSCC was reviewed and classified by
an experienced pathologist according to the 8th edition of
the American Join Committee on Cancer. The clinical-
pathological characteristics of the patients are summarized
in Table 1.

TagMan low-density array

Total RNA was isolated from 1x 10° tumor-tissue
derived cells using the RNA Easy Mini Kit (Qiagen)
according to the manufacturer’s instructions. The
concentration and purity of the samples were deter-
mined by spectrophotometry with a NanoDrop®
2000c (Thermo Scientific), and the RNA integrity
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Table 1 Clinico-pathological characteristics of the patients
Variable Cohort No. 1 Cohort No. 2 Cahort No. 3
No. % No % No. %
Total No. of Patients 72 21 21
Age
WMedian 57 63 63
Range 41-76 40-73 41-75
Sex
Male 55 764 16 762 13 619
Fernale 17 236 5 238 8 38.1
Tumeor site
Palatine tonsil 62 86.1 18 857 14 66.7
Base of tongue 10 139 2 95 4 19.0
Qropharynx NS 0 0 1 48 3 14.3
T status
T 17 236 6 286 6 286
12 36 50.0 1 524 12 57.1
T3 13 18.1 4 19 3 143
T4 6 8.3 0 ] 0 0
N status
NO 1 14 4 19 1 48
N1 15 208 17 81 16 /B2
N2 53 736 0 Y] 4 19.0
N3 3 42 0 0 4] 0
Stage 8th edition of AICC
| 46 638 17 81 15 714
Il 13 10.1 4 19 6 286
il 5 69 0 a 0 0
Iv 8 19.1 0 a 0 0
Stage 7th edition of AICC
| 0 0 1 4.8 1 48
I 0 0 3 143 2 96
l 18 25 4 190 1 48
v 54 75 13 619 17 80.8
HPV status
HPY+ 63 87.5 21 100 21 100
HPV- 9 125 0 o] 0 0
Smaking history
Smoker 22 306 7 344 9 429
Ex-smoker 25 347 5 238 2 95
Non-smaker 25 34.7 9 428 10 476

was assessed using a 2100 Bioanalyzer (Agilent).
Complementary DNA was synthesized from 100 ng of
total RNA using the High Capacity RNA-to-cDNA Kit
(Applied Biosystems). The gene expression of immune
response-associated genes was determined using TagMan
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low-density array (TLDA) cards according to the manu-
facturer’s instructions (Applied Biosystems). The TLDA
cards (TagMan® Array Human Immune Panel) were run
on a Viia7 instrument (Applied Biosystems) using Taq-
Man® Universal Master Mix II, no UNG (Applied
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Biosystems). Ct values were analyzed using GenEx soft-
ware (MultiD Analyses). Relative gene expression levels
were calculated using the AACt method and were normal-
ized to the expression levels of reference genes GUSB and
TFRC, selected by GeNorm from 6 reference genes
assessed in total.

Immunohistochemistry

Staining was carried out on FFPE sections following
deparaffinization and antigen retrieval. Endogenous per-
oxidase was blocked with 3% hydrogen peroxide. The
sections were incubated with protein block (DAKO) and
stained with primary antibodies against CD8 (SPl6,
Spring Bioscience), CD20 (L26, Dako) and DC-LAMP
(1010E1.01, Dendritics), followed by the manifestation of
enzymatic activity and hematoxylin counterstaining. The
images were acquired using a Leica Aperio AT2 scanner
(Leica).

Quantification of tumor-infiltrating immune cells

Each section was scanned and evaluated for immune
cell infiltration in the tumor nest and tumor stroma
in 10 representative visual fields at 10x magnification
using a Ventana Image Viewer. The cell numbers
were related to tumor nest/tumor stroma area
assessed by Calopix software (Tribvn). Additionally, a
semiquantitative analysis of CD20"/CD8" cell-cell in-
teractions was performed (-, negative sections; +, sec-
tions positive for B cell/CD8" T cell interactions in
1-5 visual fields; ++, sections positive for interactions
in >5 visual fields). The cell-cell interaction was de-
fined as a direct cell-cell contact of CD20" B cell and
CD8" T cell (Fig. 1d) within an aggregate of 20-100
cells (Fig. 1c) or in a distance up to 100 pm from a
margin of the aggregate. The quantification was per-
formed by two independent observers and reviewed
by an experienced pathologist.

Processing of fresh tumor tissues and blood samples
Fresh tumor tissues were mechanically and enzymati-
cally digested as described previously [6]. Subse-
quently, the specimens were passed through a 100-
pum nylon cell strainer (BD Biosciences) and washed
with  PBS. Peripheral blood mononuclear cells
(PBMCs) were isolated from the peripheral blood
samples by centrifugation on a Ficoll-Paque density
gradient (GE Healthcare).

Flow cytometry

Single cell suspensions derived from tumor tissues
were labeled using a panel of monoclonal antibodies
as listed in Additional file 1: Table SI1. For the intra-
cellular detection of cytokines and Ki-67, the cells
were fixed and permeabilized with the Fixation/
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Permeabilization Buffer Set (eBioscience) and intra-
cellularly labeled with primary antibodies. The cells
were analyzed on a BD LSR Fortessa (BD Biosci-
ences) and evaluated with FlowJo software
(TreeStar).

Detection of HPV-specific T cells

The detection of HPV16 E6/E7-specific T cells was
performed as described previously [36]. Briefly, freshly
prepared tumor-derived single cell suspensions were
seeded at a concentration of 3x10° cells/ml into 24
well plate and TILs were expanded for two weeks in
the presence of IL-2. Monocytes from autologous
PBMCs were isolated using the Human CD14 Positive
Selection Kit (Stemcell Technologies), loaded with
HPV16 E6 and E7 peptide pools (5pg/ml) (JPT) and
added to expanded TILs at a ratio of 1:10. After 6h
of incubation with Brefeldin A (BioLegend), the cells
were stained with antibodies for the intracellular de-
tection of IFNy.

Analysis of T cell viability and functional capacity
Tumor-derived single cell suspensions were split into
halves. One half was depleted of B cells using CD19
MicroBeads (Miltenyi Biotech) according to the manu-
facturer’s instructions. The second half was subjected
to the same procedures without addition of CDI19
MicroBeads. After magnetic separation, cell suspen-
sions (6x 10° cells/ml) were cultured in RPMI 1640
supplemented with 10% heat-inactivated FCS, L-
glutamine and penicillin-streptomycin (Invitrogen) in
48 well plates for 6 days without any additional stimuli.
The viability of CD4" and CD8" T cells and their cap-
acity to produce cytokines was assessed at day 1 and 6
using LIVE/DEAD™ Fixable Blue Dead Cell Stain Kit
(Invitrogen) and intracellular cytokine staining as de-
scribed above.

Detection of cytokines and chemokines in cell culture
supernatants

Tumor-derived single cell suspensions (1 x 10° cells/
ml) were cultured in RPMI 1640 supplemented with
10% heat-inactivated FCS, L-glutamine and penicillin-
streptomycin (Invitrogen). For some of the patient
samples (n=3), the B cells were depleted from the
cell suspensions using CD19 MicroBeads (Miltenyi
Biotech) according to the manufacturer’s instructions.
To detect the concentrations of lymphotoxin, IFNy,
TNF«, IL-6, I1L-10, IL-12, CXCL9 and CXCL13 re-
leased into the culture supernatant, the MILLIPLEX"
Human Cytokine Kit (Merck) was used according to
the manufacturer’s instructions.
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HPV detection
Immunohistochemical analysis The antibody against

pl6INK4a (Purified Mouse Anti-Human pl6, Clone
G175-405, BD Pharmingen TM, dilution 1:100) or the
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CINtec Histology Kit (Roche) was used. The intensity of
staining and the proportion of stained cells were evaluated.
Samples positive for plé expression showed more than
70% of positive cells and revealed nuclear and/or cytoplas-
mic staining.
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PCR HPV DNA from the paraffin-embedded tissue was
extracted with the MagCore Genomic DNA FFPE One-
Step Kit (RBC Bioscience) according to the manufac-
turer’s protocol.

HPV DNA detection and genotyping were performed by
qualitative real-time PCR with the AmoyDx Human Papil-
lomavirus Genotyping Detection Kit (Amoy Diagnostics).
The test is designed for the specific amplification of the
L1 gene in HPV DNA to detect and genotype 19 high-risk
HPVs and 2 low-risk HPVs (HPV 6 and 11). The sensitiv-
ity of the test is 100 copies of HPY DNA per reaction. An
internal control is provided in the assay to test for sample
quality and the presence of inhibiting factors.

HPV DNA"/p16" samples were considered HPV-positive.

RNA extraction from isolated CD8" T cells and
quantitative real time PCR

CD8" T cells were isolated from tumor tissue-derived
single cell suspensions and PBMC using the EasySep™
Human CDS§ Positive Selection Kit IT (StemCell Tech-
nologies). Total RNA was isolated from 1 x 10° CD8* T
cells using the RNA Easy Mini Kit (Qiagen) according to
the manufacturer’s instructions. The concentration and
purity of the samples were determined by spectropho-
tometry with a NanoDrop® 2000c (Thermo Scientific),
and the RNA integrity was assessed using a 2100 Bioana-
lyzer (Agilent). Complementary DNA was synthesized
from 100 ng of total RNA using the iScript cDNA Syn-
thesis Kit (BIO-RAD). The gene expression levels of
BCL2L1, IL-2, IL-2R, CD27, CD40L, and the [-actin
housekeeping gene were evaluated using the CFX 96™
Real-Time System (BIO-RAD). The specificity of the
amplified PCR product was assessed using an Agilent
DNA 1000 Kit (Agilent). The relative expression of the
target genes was normalized to the expression of B-actin.

Statistical analysis

Statistical analyses were performed using Statistica® 10.0
software (StatSoft). The differences between HPV-
positive and HPV-negative tumor samples were analyzed
using the Mann-Whitney U test. The prognostic value of
tumor-infiltrating immune cells was analyzed using the
log-rank test. Additionally, the Cox proportional hazard
model was used to perform univariate and multivariate
analyses of possible prognostic factors. Only variables
with significant differences observed in the univariate
analysis were included in the multivariate analysis. The
correlation between the presence of B cell/CD8+ T cell
interactions and HPV positivity/presence of HPV16 E6/
E7-specific CD8" T cells was evaluated using Pearson’s
chi-square test. Variability in proportions of Ki-67" cells
was detected using Kruskal-Wallis ANOVA. Differences
in the B cell phenotype were analyzed using one-way
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ANOVA, followed by Tukey’s post hoc test. The results
were considered statistically significant when p < 0.05.

Results
HPV-associated tumors show significantly higher densities
of CD20" B cells and CD8" T cells in comparison to HPV-
negative samples
To evaluate the transcriptional signature of immune
response-related genes in HPV-associated and HPV-
negative tumors, we assessed the expression of selected
genes using TagMan analysis. Tumor samples with a
positive HPV status expressed significantly higher levels
of all of the B cell-related genes analyzed, namely, BLK,
CD19, CR2, HLA-DOB, MS4A1 and TNFRSF17 (Fig. 1a).
To supplement the results of gene expression, we
immunohistochemically analyzed the density of CD20%,
CD8" and DC-LAMP” cells in 72 OPSCC tumor tissue
sections (Cohort 1). Compared to HPV-negative tumors,
HPV-associated tumors showed significantly higher infil-
trates of CD20" B cells in the tumor nest and significantly
higher levels of CD8" T cells in both the tumor nest and
the tumor stroma. No differences were observed in DC-
LAMP expression (Fig. 1b). Additionally, we observed that
tumor-infiltrating CD20" B cells and CD8" T cells create
non-organized aggregates in both the tumor nests and the
tumor stroma (Fig. 1¢) with CD20" B cells and CD8" T
cells in a direct cell-cell interaction (Fig. 1d). The propor-
tion of these cell-cell interactions was markedly higher in
HPV-associated tumors than in HPV-negative tumors
(Fig. 1f). In contrast to direct CD20™ B cell/CD8" T cell
interactions, no differences between HPV-associated and
HPV-negative samples were observed in the density of ter-
tiary lymphoid structures (TLS) with germinal centers
(Fig. le). Well-defined TLS with germinal centers were
detected in 29.8% of HPV-associated samples and in
25.0% of HPV-negative samples.

High densities of CD20" B cells, CD8" T cells and CD20"* B
cell/CD8™ T cell interactions in the tumor nest are positive
prognostic factors in OPSCC patients

To evaluate the prognostic impact of tumor-infiltrating
CD20" B cells, CD8" T cells, DC-LAMP" DCs and B cell/
CD8" T cell interactions in both intratumoral and stromal
compartments of OPSCC samples, we investigated overall
survival (OS) upon stratifying the patient cohort based on
the median of positive cells per 1 mm? of the tumor nest
and the tumor stroma area. The presence of abundant
intratumoral CD20" B cells and CD8" T cells was associated
with significantly improved OS (p < 0.001 and p = 0.013, re-
spectively; Fig. 2a, b). Furthermore, the presence of abun-
dant intratumoral and stromal CD20" B cell/CD8" T cell
interactions was also positively correlated with OS. This
correlation was highly statistically significant (p =0.001
and p=0.009, respectively; Fig. 2c). Surprisingly, the
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Fig. 2 Prognostic value of tumor-infiltrating CD20" B cells (a), CD8" T cells (b), CD20'B cell/CD8" T cell (B/Tc) interactions () and combination of
CD20" B cells and CR8" T cells (d) in patients with OPSCC (n = 70). Kaplan-Meier curves show overall survival of patients according 1o densities of
the indicated cells in the tumor nests (left) and in the tumor stroma (right). £ values were determined using the log-rank test

density of direct CD20" B cell/CD8" T cell interactions
stratified the patients better than the concurrent pres-
ence of both CD20" B cells and CD8" T cells (Fig. 2d).
Univariate Cox regression confirmed these results, to-
gether with well-described risk factors for HNSCC

patients, namely, stage IV (p =0.004), extranodal exten-
sion (p<0.001), keratinizing histological subtype (p=
0.006), advanced tumor size (p =0.042) and HPV negativ-
ity (p=0.006). The results are summarized in Table 2.
The multivariate Cox proportional hazard model indicated
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Table 2 Prognostic overall survival parameters in univariate analysis
Variable Class Hazard Ratio 95% Confidence Interval P value
Sex Female 1

Male 1.14 037-3.50 0816
Stage | 1

] 278 0.78-9.87 0113

I 351 071-174 0.124

v 778 192-315 0.004
LN ratio 272 044-16.89 0.283
Extranodal extension No 1

Yes 6.55 246-1741 <0.001
Perineural spread No 1

Yes 210 068-647 0194
Resection margin RO 1

R1 1.56 0.57-4.29 0.389
Concomitant chemotherapy No 1

Yes 163 062-4.28 0323
Typing SCC NK !

NK-M 2.31 0.78-690 0131

K 564 1.64-1941 0.006
Tumor size 1.02 1.00-1.06 0.042
HPV status Negative 1

Positive 0.23 0.08-0.66 0.006
Smoking history Non-smoker 1

Ex-smoker 042 0.13-142 0.165

Smoker 063 0.20-1.91 0412
TLS No 1

‘fes 1.15 040-3.27 0.789
CD20+ B cell density tumor nest 096 0.93-099 0.015
CD20+ B cell density tumor stroma 1.00 1.99-1.00 0.784
CD8+ T cell density tumaor nest 0.99 0.99-1.00 0.013
CD8+ T cell density tumor stroma 099 0.59-1.00 0.231
DC density tumar nest 095 0.83-1.03 0.207
DC density tumor stroma 0398 0.95-1.02 0328
B cell/T cell clusters tumar nest - 1

+ 035 0.13-095 0.040

++ 005 a01-041 0.005
B cell/T cell clusters tumor stroma - 1

+ 007 001-041 0.003

++ 008 0.02-033 < 0.001

Statistically significant P values are printed in boldface. Abbreviations: LN lymph node, SCC squamous cell carcinoma, NK non-keratinizing, K keratinizing, NK-M

non-keratinizing with maturation, TLS tertiary lymphoid structures

extranodal extension (p=0.004, HR=5.25 95% Cl=
1.68-16.38), high abundance of CD20" B cells in tumor
nests (p =0.044, HR = 0.97, 95% CI = 0.93-0.99) and high
abundance of stromal B cell/CD8+ T cell interactions
(p=0.019, HR = 0.10, 95% CI = 0.02-0.69) as independent
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prognostic factors (Additional file 2: Table S2). HPV nega-
tivity and high abundance of B cell/CD8" T cell interac-
tions in the tumor nests did not reach statistical
significance, but there was a strong trend (p = 0.063, HR =
0.29, 95% CI=0.08-1.06 and p=0.068, HR=0.11, 95%
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CI=0.01-1.17; respectively). The 5-year overall survival
(OS) of the patients was 75.7% for the entire Cohort 1 and
the median OS was 5.44 years (0.29-14.40).

In HPV-associated tumors, the presence of CD20" B cell/
CD8" T cell interactions positively correlates with the
presence and abundance of HPV16 E6/E7-specific CD8" TILs
In addition to the differences detected between HPV-
positive and HPV-negative tumors, we observed substantial
variability in the density of tumor-infiltrating lymphocytes
and CD20" B cell/CD8" T cell interactions within the
group of patients with HPV-associated tumors, splitting
HPV-positive samples into “hot” and “cold” subgroups.
Therefore, to assess whether the interactions between
CD20" B cells and CD8" T cells might be important for the
HPV-specific T cell response in HPV-driven tumors, we
correlated the presence and density of B cell/CD8" T cell
interactions in the FFPE tumor sections with the propor-
tions of HPV16 E6/E7-specific CD8" T cells detected in
TILs expanded from matched native HPV-positive OPSCC
samples (Cohort 2). Indeed, 81.8% of patients with detected
HPV16 E6/E7-specific CD8" T cells had a high density of B
cell/CD8™ T cell interactions in the tumor stroma and
61.5% of these patients also had high density of these inter-
actions in the tumor nests. In contrast, it was only 42.8 and
14.3%, respectively, in patients without detected HPV16
E6/E7-specific CD8" T cell responses (Fig. 3a). Moreover,
the proportion of HPV16 E6/E7-specific CD8" T cells was
significantly positively correlated with the density of B cell/
CD8" T cell interactions in the tumor nests (Fig. 3b), indi-
cating that patients with low levels of direct B cell - CD8"
T cell interactions also had low levels of HPV16 E6/E7-spe-
cific CD8" T cells. On the contrary, the presence of
HPV16-specific CD8" T cells was neither correlated to the
density of CD8" T cells in general nor to the density of
CD20" B cells (Fig. 3c).

Intratumoral B cells are represented mainly by a memory
subtype with an activated, antigen-experienced
phenotype

To characterize the phenotype and function of TIL-Bs in
HPV-associated tumors with a “hot” versus “cold” pheno-
type, we analyzed intratumoral and blood-derived B cell
subsets by flow cytometry (Cohort 3). Tumor suspensions
were divided according to the proportions of TIL-Bs into
“cold” B samples (B cell proportions < 0.5% of total cells;
mean =011+ 0.05%) and “hot” B™ samples (mean=
4.22 + 5.96%). In all samples, CD19" B cells were divided
into five subtypes based on the expression level of IgD
and CD38, namely, IgD"CD38"" plasma cells, IgD"CD38*
germinal center B cells, IgD"CD38" memory B cells,
IgD"CD38™ naive B cells and IgD*CD38" pre-germinal
center B cells (Fig. 4a). Memory B cells represented the
major B cell subtype in the tumor tissue (Fig. 4b). There
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(See figure on previous page.)

Fig. 3 Positive correlation of direct CD20" B cell/CD8" T cell
interactions with HPV16 E6/E7-specific COD8' T cells. a Columns show
the proportions of patients with low (interactions detectable in 0-5
visual fields) and high (interactions detectable in > 5 visual fields)
densities of B cell/CD8* T cell interactions with respect to the
presence or absence of tumor-infiltrating HPV16 E6/E7-specific CD8"
T cells. b Columns represent the mean (+ SEM) praportions of
tumor-infiltrating HPV16 F6/E7-specific CD8™ T cells with respect to
the densities of B cell/CD8" T cell interactions within the tumor
nests. € Columns represent the mean (+ SEM) densities of CD20" B
cells, CD8" T cells and DC-LAMP* dendritic cells in tumor nests and
tumor stroma of patients without/with detected HPV16-specific T
cells. *, p < 0.05 (Pearson's chi-square test and Mann-Whitney U test)

was no difference in the B cell subtype composition be-
tween B and B™ samples.

Tumor-infiltrating memory B cells were character-
ized in both B and BM samples by the high expres-
sion of CD27, absent expression of IgD and low
expression of IgM, indicating a classical memory, pre-
dominantly class-switched phenotype. The positivity
for the proliferation marker Ki67 in TIL-Bs derived
from B™ samples was comparable to that in CD19” B
cells derived from healthy tonsils and significantly
higher than that in peripheral blood B cells. The pro-
portion of Ki67' TIL-Bs derived from B° samples
was markedly lower in comparison to B™ samples
(Additional file 3: Figure S1).

To elucidate whether TIL-Bs might serve as APCs
with costimulatory potential, we assessed the expres-
sion levels of HLA molecules and costimulatory mol-
ecules CD86, CD70 and CD40 on the cell surface.
The expression levels of HLA-ABC, HLA-DR, CD86
and CD40 were significantly higher in TIL-Bs de-
rived from B™ OPSCC samples than in TIL-Bs from
B' samples. Additionally, compared to matched per-
ipheral blood B cells, in TIL-Bs derived from BM
samples but not from B" samples, we observed sig-
nificantly higher levels of HLA-DR, CD86 and CD40
(Fig. 4c, d, e).

The presence of B cells in the tumor-derived cell suspension
enhances the survival of both CD4* and CD8" TlLs

To assess the impact of TIL-Bs on survival and func-
tional capacity of T cells, we cultivated B" tumor-
derived cell suspensions and analyzed the viability and
cytokine production of CD4" and CD8" T cells after B
cell depletion (# =4). In B cell-depleted suspensions, the
viability of both CD4" T cells and CD8" T cells did not
differ at day 1, but was markedly lower compared to
bulk suspensions after 6 days of cultivation without any
additional stimuli (15.1 +7.8% vs. 11.0+4.5% for CD4"
T cells; p=0.068) and 22.4+10.6% vs. 144+ 84% for
CD8" T cells; p=0.068) (Fig. 5a, b, c). Despite the
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impaired viability, we did not observe any substantial
differences in the proportions of IL-2 and [FN-y produ-
cing CD4" and CD8" T cells with respect to the pres-
ence or absence of B cells in the cell cultures.

Data extracted from TCGA databases confirmed higher
expression of costimulatory molecules and IL-2 in B"
HNSCC tumor samples

To estimate the expression levels of a wide spectrum
of costimulatory molecules, we analyzed the data ex-
tracted from TCGA databases using Statistica® 10.0
software (StatSoft). HNSCC patients with defined pl6
status were divided into B™ and BY subgroups ac-
cording to the median expression of CD19. With the
exception of BCL2LI, TNFSF9 and CD86, the BM
samples expressed significantly higher levels of all
costimulatory molecules and molecules associated
with activation of the TNFR family signaling pathways
tested (Fig. 5d).

CD8"* TlLs isolated from B" tumor samples express high
levels of IL-2 and IL-2R

In mouse models of viral infections, CD27 was
assessed as the key factor in directing the autocrine
production of IL-2 that is required for the long-term
survival of CD8" T cells in nonlymphoid tissues [35].
Therefore, we analyzed the levels of expression of IL-
2, IL-2RA and CD27 together with CD40LG and the
anti-apoptotic regulator BCL2L1 on CD8" TILs iso-
lated from peripheral blood and tumor tissues of B"
OPSCC patients (n=4; Cohort 3). Indeed, signifi-
cantly higher levels of IL-2 and IL-2R were expressed
in tumor-derived CD8" T cells than in matched per-
ipheral blood CD8" T cells (Fig. 5e).

IL-10-producing Bregs do not accumulate in B" OPSCC
tumor tissue

Regulatory B cells (Bregs) are characterized by the pro-
duction of IL-10. To assess the proportion of Bregs in
the OPSCC tumor microenvironment, we analyzed the
level of IL-10 secreting TIL-Bs after 5 and 24 h of stimu-
lation with CpG ODN 2006 and CD40L in the presence
of PMA, ionomycin and brefeldin A using flow cytome-
try (Cohort 3).

After 5h of stimulation, the proportion of Bregs,
which were found to be predominantly CD5'CD24M,
was slightly higher in the tumor tissue (0.98 + 0.78%)
compared to matched peripheral blood B cells (0.46 +
0.12%) and control tonsils (0.41 + 0.09). Surprisingly, the
proportion of IL-10-secreting Bregs after 24 h of in vitro
maturation with CpG ODN 2006 and CD40L was sig-
nificantly lower in the tumor samples than in matched
peripheral blood B cells (2.74 £ 0.53% vs. 8.01 + 1.75%,
respectively; p = 0.039), but similar to the levels of Bregs
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in control tonsils (2.16+1.51%). During the longterm
stimulation by TLR ligands and CD40L, Breg progeni-
tors mature into IL-10 producing Bregs [37]; therefore,
both Bregs and Breg progenitors were detected after 24
h of cultivation in vitro. Interestingly, the proportion of
Bregs was negatively correlated to the frequency of
CD19" B cells in general (r=-0.69; p =0.085). Due to a
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limitgd number of cells, IL-10 production was assessed
in B™ samples only.

B cells are an important source of CXCL9 in the tumor
microenvironment

To estimate the impact of TIL-Bs on cytokine produc-
tion in the tumor microenvironment, we analyzed the
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spontaneous production of cytokines and chemokines in
B and B" tumor-derived cell suspensions and in B"
suspensions depleted of CD19" B cells (Cohort 3). B"
cell suspensions produced markedly higher levels of
CXCL9 than B'" cell suspensions (Additional file 4:
Figure S2A). In accordance with these results, we ob-
served significantly lower levels of CXCL9 in B cell-
depleted samples than in whole cell suspensions (579.6 +
2629 vs. 1238.8 +290.6 pg/ml, respectively; p=0.025;
Additional file 4: Figure S2B), indicating that TIL-Bs are
an important source of this chemokine.
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Discussion

We previously described a markedly different immune
profile in HPV-associated tumors compared to OPSCCs
of other etiologies, characterized by high infiltrates of
CD8" T cells [6], with a substantial proportion of HPV16
E6/E7 specific TILs [36]. Indeed, the role of T cell-
mediated antitumor immune responses has been exten-
sively studied in the past decade, and consequently,
most of the recent immunotherapeutic approaches
have been focused on T cells. However, in HNSCC pa-
tients, there is still a large proportion of non-
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responders to recently approved immunotherapy based
on PD-1:PD-L1 blockade. Additionally, conventional
curative treatment of locally-advanced disease, al-
though effective in patients with HPV-associated
tumors, is accompanied by significant morbidity.
Therefore, novel immunotherapy targets and conse-
quent effective therapeutic strategies are still crucially
needed for this type of carcinoma.

In contrast to T cells, considerably less is known about
tumor-infiltrating B cells. Studies concerning TIL-Bs are
inconsistent, and both tumor-promoting as well as
tumor-inhibitory functions of B cells were reported in
various malignancies, whereas the role of B cells in
HNSCC has not been satisfactorily evaluated so far. In
this study, we assessed the density, distribution and
phenotype of TIL-Bs in FFPE and fresh samples from 3
independent cohorts of OPSCC patients.

In accordance with previously published results [26, 38],
we observed a significant difference in the B cell-related
gene signature between HPV-associated and HPV-
negative tumor samples and confirmed these data by
showing significantly higher densities of intraepithelial
CD20" B cells in FFPE sections of HPV-associated tumors.
Moreover, we observed that CD20" TIL-Bs formed with
CDB8" T cells non-organized small aggregates with clear
cell-cell interactions between TIL-Bs and CD8+ TILs, and
both the densities of intraepithelial CD20"* B cells and B/
CD8" T cell interactions were shown to have prognostic
significance for the overall survival of the patients, regard-
less of the HPV status. In HPV-positive tumors, the for-
mation of B/Tc interactions was also strongly associated
with the presence and abundance of HPV16 E6/E7-spe-
cific CD8" T cells. Additionally, we observed a signifi-
cantly higher expression of activation molecules, namely,
HLA-ABC, HLA-DR, CD86 and CD40, in TIL-Bs derived
from tumor samples with high levels of B cells in compari-
son to TIL-Bs derived from B* (< 5% of total cells) sam-
ples. Importantly, depletion of B cells led to markedly
lower viability of CD4* and CD8" T cells in tumor-
derived cell cultures. These data indicate not only quanti-
tative but also qualitative differences in B cell-mediated
immune responses between OPSCC patients with high vs.
low densities of TIL-Bs.

A positive association between the high density of B
cells and prolonged patient overall survival has been previ-
ously reported in ovarian cancer [39], hepatocellular car-
cinoma [24, 40], NSCLC [20] and breast cancer [22, 41].
Whereas in NSCLC, the major importance was assigned
to TLS formation and the presence of follicular B cells
[20], Nielsen [39] and Garnelo [40] emphasized the cell-
to-cell contact of B and T cells within the tumor micro-
environment and a positive correlation between B cell and
T cell densities. In accordance with the latter studies, we
observed the formation of aggregates of B cells and CD8"
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T cells with clear cell-to-cell contacts in some OPSCC pa-
tients with high densities of CD20" B cells. Together with
intraepithelial CD8" T cells, a high density of CD20" B
cells within the tumor nest and high densities of B/CD8"
T cell interactions in both the tumor nest and stroma
were confirmed as positive prognostic markers. The Cox
proportional hazard model determined the intraepithelial
density of CD20" B cells and stromal density of B/CD8' T
cell interactions as independent prognostic markers stron-
ger than HPV and CD8" T cell density alone. However, as
the proportion of HPV-negative samples was markedly
lower compared to HPV-positive samples (12.5% vs.
87.5%, respectively) in our cohort of patients, the impact
of HPV status might be underestimated. Most import-
antly, in an independent cohort of patients with HPV-
related tumors, the density of B/CD8" T cell interactions
was significantly associated with the proportions of HPV16
E6/E7-specific CD8" T cells, indicating the importance of
in situ B cell-CD8" T cell interactions in the antigen-
specific antitumor immune response. In contrast, DC-
LAMP" DCs occurred at markedly lower densities than
TIL-Bs and were neither correlated with patient prognosis
nor the abundance of HPV16 E6/E7-specific CD8” T cells.
In addition to differences in CD20" B cell and CD8" T
cell densities in HPV-positive and HPV-negative OPSCC
samples, we observed substantial variability in the levels
of tumor-infiltrating immune cells in patients with HPV-
associated tumors, with a clear subgroup of immuno-
logically “cold” HPV-positive tumors. Therefore, we ana-
lyzed the phenotype of TIL-Bs in fresh HPV-positive
tumor samples with high vs. low infiltrates of B cells.
In contrast to ovarian and hepatocellular carcinomas
[24, 39], but in accordance with the study published
by Lechner et al. [26], OPSCC-derived TIL-Bs showed
a classical memory phenotype with high expression of
CD27 and low/no expression of CD38, IgD and IgM.
Importantly, we observed substantial differences in
TIL-Bs derived from highly infiltrated samples and
samples with markedly low (<0.5% of total cells) B
cell densities. In B™ samples, TIL-Bs showed an activated
phenotype with high levels of HLA-ABC, HLA-DR, CD86
and CD40, whereas the expression of activation markers
in TIL-Bs from B samples was significantly lower. Add-
itionally, the proportion of proliferating Ki-67" TIL-Bs
was markedly higher in B™ compared to B" samples, fur-
ther indicating a low level of B cell activation in B tu-
mors. These data show that the substantial difference
between B patients with anticipated good outcome and
B patients with poor outcome may not entirely be due to
the B cell quantity but may reflect the distinction in
phenotype and consequent functional capacity of TIL-Bs.
In accordance with the study focused on tongue
squamous cell carcinoma [42], we have observed higher
frequency of CD197IL-10" Bregs in the tumor tissue
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compared to peripheral blood and control tonsils; how-
ever, the difference did not reach statistical significance,
probably due to a high variability within the tumor
group. Interestingly, the abundance of Bregs markedly
negatively correlated with the frequency of bulk CD19*
B cells, suggesting that a high level of Bregs might be
associated with tumor samples with low level of B cell
infiltration in general, which mostly show immuno-
logically “cold” phenotype with low densities of CD8" T
cells. This could also explain the discrepancy between
our study and the study by Lechner et al. [26], who ob-
served very high proportions of Bregs in mainly HPV-
negative, i.e. most probably immunologicaly “cold”
HNSCC samples. These data nevertheless need further
examination employing a larger cohort of patients, in-
cluding tumor samples with both high and very low fre-
quencies of B cells (<0.5% of total cells).

The colocalization of CD20" B cells with CD8" T cells,
the association of these cell-cell interactions with the
presence and frequency of HPV16 E6/E7 CD8" T cells
and the highly activated phenotype of TIL-Bs derived
from B" samples leads to two possible mechanisms for
how CD20" TILs may promote T cell-mediated immune
responses. First, B cells are capable of producing chemo-
kines, such as CXCL9, and cytokines, such as lymphotoxin,
which recruit T cells to the tumor tissue and promote the
formation of local lymphoid structures [20, 39]. Indeed, our
data suggest that TIL-Bs may be an important source of
CXCLY, a potent T cell chemoattractant [43]. In contrast,
we did not detect lymphotoxin production in OPSCC
tumor tissue-derived cell suspensions, which is in accord-
ance with low levels of classical TLS observed in OPSCC
FFPE sections.

Second, TIL-Bs may serve as local APCs, permitting
the long-term persistence of antigen-specific CD8" T
cells in the tumor microenvironment [29]. Indeed, we
observed a substantial decrease in both CD4" T cell and
CD8" B cell viability after depletion of TIL-Bs from
tumor-derived cell suspensions. Additionally, we found
exceptionally high levels of CD40 on TIL-Bs originating
from B" tumor samples. CD40L principally expressed
on activated T cells interacts with CD40, leading to a “li-
censed” state of APCs [44]. Licensed APCs upregulate
the expression of costimulatory molecules, which further
interact with mediators of T cell activation from the
TNF receptor family, including CD27, 4-1BB and OX40
[45]. Importantly, CD40 stimulation promotes cross-
priming of exogenous antigens in APCs, resulting in effi-
cient CD8" T cell stimulation [46, 47]. In models of viral
infections, the accumulation and survival of virus-
specific CD8" T cells at the tissue site relied strongly on
CD27/CD70 and to a lesser extent on 4-1BB and OX40
signaling [33, 35]. Interestingly, Peperzak et al. [35] dem-
onstrated that the survival of effector CD8" T cells in
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nonlymphoid tissue of influenza-infected mice is di-
rected mainly by CD27/CD70-mediated autocrine pro-
duction of IL-2.

In accordance with these studies, using data from
TCGA databases we observed significantly higher levels of
CD40, CD40LG, CD27, CD70, TNFRSF4 (0X40), TNFSF4
(OX40L), TRAF2, TRAFS, IL-2 and IL-2RA expression in
BM samples compared to B'° HNSCC tumors. Importantly,
we showed that in comparison to matched peripheral
blood CD8" T cells, CD8" TILs express significantly
higher levels of [L-2 and [L-2RA. Therefore, we suggest
that in B™ tumors, TIL-Bs might recruit CD8" T cells via
CXCL9 and crucially contribute to the survival of the
CD8" T cells in the tumor microenvironment due to the
in situ secondary costimulation employing CD40L/CD40
and TNFR/TNF superfamily signaling pathways.

Conclusions

This study provides an extensive analysis of B cells in
the OPSCC microenvironment, highlighting intraepithe-
lial TIL-Bs as a valid prognostic marker, which surpasses
the confirmed biomarkers such as HPV positivity and
CD8" TIL density in stratification of OPSCC patients.
Thus, the density of B cells and/or the density of direct
B cell/CD8" T cell interactions may help to preselect
patients with excellent prognosis whoe would profit from
less invasive treatment and consequently decreased tox-
icity of the therapy. Additionally, our study suggests that
in OPSCC, TIL-Bs might provide costimulatory signals
important for CD8" T cell maintenance in the tumor
tissue. Consequently, including B cells as an additional
target into novel immunotherapeutic protocols may help
to establish sustained antitumor T cell responses in situ
and thus improve current approaches mainly focused on
T cell (re)stimulation alone. However, as all of the pa-
tients in our cohorts received surgery as the main thera-
peutic option, the application of reported results to
patients receiving primary curative chemoradiotherapy
needs to be further analyzed.
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5.4 Pritomnost molekuly TIM-3 ovliviiuje funké¢ni orientaci imunitniho

infiltratu v nadorovém mikroprostredi ovarialniho karcinomu

Pfitomnost inhibi¢nich receptori a jejich ligandii hraje zasadni roli v navozeni
imunosuprese v nddorovém mikroprostiedi u vétSiny malignich onemocnéni, jak vyplyva
z vysledki preklinického a klinického testovani. Pfitomnost téchto molekul tedy nejen
zasadnim zpiisobem ovliviiuje progndzu pacientil, ale zaroven piedstavuje i1 prediktivni
informaci pro imunoterapeutickou 1é¢bu nadorovych malignit. Nicméné vliv téchto molekul
na slozeni a aktivitu imunitniho infiltritu a nasledné piezivani pacientek s high-grade
seréznim karcinomem ovaria (high-grade serous carcinoma, HGSC) nebyl dosud plné
objasnén. V ramci retrospektivni studie jsme analyzovali miru exprese PD-L1 a zastoupeni
PD-1+, CTLA4+, LAG-3+ a TIM-3+ bun¢k, ve vztahu k funk¢ni orientaci imunitniho
infiltratu nadorového prostfedi a nasledné prognéze pacientek s HGSC. Ziskana
imunohistochemicka data byla korelovana s transkriptomickou charakterizaci nadorové
tkan¢ pomoci analyzy RNA-Seq dat a s funkénimi testy provedenymi na nezavislé
prospektivni kohorté pacientek s HGSC. Z vysledki vyplyva, Ze vysoka hladina exprese
PD-L1 a vyssi zastoupeni PD-1+ bun¢k v nddorovém mikroprostredi pacientek s HGSC jsou
siln€ asociovany s Tul orientovanou a cytotoxickou imunitni odpovédi. Naopak pritomnost
molekuly TIM-3 negativné ovlivituje funkéni kapacitu efektorovych lymfocyti infiltrujicich
do nadoru a koreluje s horsi prognézou onemocnéni. Vysledky této studie dokumentuji
prognosticky vyznam PD-L1 a TIM-3 jako relevantnich biomarkert aktivované
vs. suprimované protinddorové imunitni odpovédi, coz zdsadnim zplsobem ovliviiuje
progndzu pacientek s HGSC. Nase vysledky naznacuji, Ze sledovani zastoupeni inhibi¢nich
molekul v nadorovém mikroprostiedi, zejména receptoru TIM-3, miZe byt v budoucnu

vyuzito pro stratifikaci pacientek vhodnych pro imunoterapeutickou lécbu HGSC.

K této praci jsem piispéla nasledovné: 10 %; analyza exprese inhibi¢nich molekul

v nadorovém mikroprostiedi fluorescenéné znaenych FFPE tkani.
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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-37, and TIM-37 cells in relation with prognosis
and function orientation of the tumor microenvironment.
I11C 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-17TIM-37CD8" 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,
i.e, programmed cell death 1 (PDCDI1, best known as PD-1;
refs. 3, 4). Moreover, abundant infiltration by CD8" cytotoxic T
lymphocytes (CTL) as well as signs of a Ty;1-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
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 (IIGSC) patients.

On the one hand, Hamanishi and colleagues reported that
PD-L1 expressed by cancer cells negatively correlates with limited

immune-
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Translational Relevance

The precise impact of PD-L1 expression levels and infiltra-
tion by PD-1", 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-17%, 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
(IENG, best known as IFNy) 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 Tj1-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 Ty1 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" CIls
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 Il and IV 53 (66.3%)
Debulking
RO 39 (48.5%)
RI 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 8th 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 $14P).

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 S1.
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), cytotoxic 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,0,, 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, CILA4", 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" T cells, DC-LAMP" DCs, and CD20" B cells was quantified
in the entire TME (5). Data are reported as the absolute number of
positive cells/fmm? (for PD-1", CTLA4", LAG-3", DC-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 (J. Fucikova, ]. Rakova,
L. Belicova) and reviewed by an expert pathologist (J. Laco and
. 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/mlL 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
PIEATMAP 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 S4; 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-L1™ groups were determined using the
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LIMMA-R package (24). IHierarchical 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 §5). 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 20x 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 Signiﬁ(ﬁnce, 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 CD&" T cells,
CD20" B cells, and DC-LAMP™ DCs by I1IC (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 RES: 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, OS 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-L1", PD-1", 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 pm. RFS (B) and OS (C) 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-1", 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 CD8", PD-1", PD-L1", CTLA4 ", LAG-3",CD20", 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", and
CcD8"%/CD20" and CD8™M/DC-LAMP™, CD8Y™/DC-LAMP'™,
CD8Y¥/DC-LAMP'™, and  CD8Y¥/DC-LAMPY). Indeed both
cDg"M/CcD20" and CD8"™/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 (o identify
D8 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",
CILA4", and LAG-3" cells by IHC (Fig. 14; Supplementary Figs.
$3 and $4). PD-L1 levels as well as infiltration by PD-17, 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; OS: 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 $4).
Patients with high density of PD-17 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 notbe 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

0s

Variable HR (95% Cl) P
Stage 2 0.5(0.058-4.25) 0.523
Stage 3 3.87 (1.51-9.9) 0.004
Stage 4 5.34 (1.27-22.4) 0.022
Age 1(-11) 0.04
Debulking R1 1.24 (0.29-5.43) 0.02
Debulking R2 214 (113-4.03) 0.02
CA125 1.00 (1.00-1.00) Q.14
PD-1 0.98 (0.96-1.00) Q.10
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
CcD8 1(1.00-1.00) 0.017
DC-LAMP 0.86 (0.76-0.97) 0.014
CcD20 0.23 (0.05-1.00) 0.05

and the intratumoral abundance of PD-11, 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-L17 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" CI'Ls by IHC (study group 1). We observed
significantly higher densities of CD8" CT'Ls infiltrating tumor
nests (P < 0.0001) in samples from PD-L1% versus PD-L1~
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 IFNY™ (P = 0.015), as well as of CD8" CTLs 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% CI) P
Stage 4 119.78 (2.18-4518.48) 0.01
PD-L1 0.3 (012-061) 0.007
TIM-3 141 (11-1.9) 0.03
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Figure 2.

PD-L1levels positively correlate with antitumor
immunity in HGSC. A, Hierarchical clustering of 1,114
genes that were significantly changed in 154 PD-L1*
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. C, 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*/CD107" cells among
CD3*CD8" cells from the HGSCs of PD-L1~ and PD-L1*
patients after nonspecific stimulation (study group 2).
Box plots: lower guartile, 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
0S of HGSC patients who did not receive neoadjuvant
chemotherapy, upon stratification based on median
density of CD8" T cells and PD-L1levels (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.

Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on July 19, 2019. @ 2019 American Association for Cancer

Research.

88



Published OnlineFirst May 10, 2019; DOI: 10.1158/1078-0432.CCR-18-4175

Immune Checkpoints and Ovarian Cancer

A B
CIpPD-1> W PD-14 } : T cells Cytotoxic lymphocytes NK cells
il 7 T 29, 2g. p=0.001 o
L P=0.001 D I—Dl 2 9 P=0.035
@ o @ 1
5 57 58
w0 7] 7}
2 g 8
5" 5 57
3 3 B4 3
: 2o/
© a T
Esl — ¢ 54— . & 51— .
PD-1t  PD-1% PD-1t PD-1# PD-1t PD-H
B cells mDCs Monocytes
£ 9. = © 9, P =0.02 ©
%9 P =0.008 % 0 G 11 P=004
= £ o
. 541 §10
72} B e
E 7 4 § 74 % g
o [=% [=}
X 3 3
[0} [} (]
26 26 %I 28
5 kot K
x5 +~ - 25 T T e 7
PD-1% pp.1Hi o PD-1t  pp-1Hi e PD-1te pp-1H
C o w
=400 F<0.0001 8 = 0.4 P=0.005 B‘FO' P= G 003
E —_— g P=0.005 '§ _— §"7p=0001
& 300 ElG 50:3 5 97 P =0.002
E S Z, B [ |
o w w w0 e
=200 5 i 30.2 g 8 £ =0.003
5 o © 2 7-
(8] o =) o
o 100 = 2 80.1 g 6
o g o ®
O ol S 0 L 0.04 D5
PD-1* PD-1% ® = PD-1* PD-1% PD-1° PD-1" @ pRri GZMB GNLY .'FNG
CJPD-1c W PD-1*
D IFNy* IFNy/GZMB* IFNy/PRF1*  F
30 207 40
P <0.001 P<0.001 e ' .
oo — = —— s P < 0.001 ] R=0.776 L
) 15 & — $ 301 P<0.0001 oo S8 o*
[m] a Ia) s
020 o o010 <
2 510 5 £
= 3 & X
210 i L 5
= = 54 = a 104
5] 7] [} 3]
O o O
0- . 0 3 o 0 : ;
PD-1>  PD-1" PD-1  PD-1H PD-1=  PD-1" 2 4 6
G PDCD1 mRNA levels
1004
RFS time (mo.) 0 30 60 90 120
CD8/PD-1/CTLA4ILAG-3" 19 6 4 2 1 7, ..
F CD8/PD-1/CTLA4/LAG-3% 20 18 8 2 :
© 504 rrrrr]ce e
e i 0OS time (mo.) 0 30 60 90 120
' ' CDB/PD-ICTLA4LAG-3 19 14 7 3 1 |, .o
i - CDB8/PD-1/CTLA4ILAG-34 20 18 12 7 1
o N w— v 0 . . ,
0 40 80 1220 0 40 80 120
Time (months) Time (months)
www.aacrjournals.org Clin Cancer Res; 2019

Downloaded from clincancerres.aacrjournals.org on July 19, 2019. @ 2019 American Association for Cancer
Research.

89

OF7



Published OnlineFirst May 10, 2019; DOI: 10.1158/1078-0432.CCR-18-4175

Fucikova et al.

P < 0.0001) in [IGSC patients from the TCGA public database
(Fig. 2E). Conversely, rIFNy failed to alter the percentage of PD-
L17, PD-1Y, and CTLA4™ CD8 ™ T cells, irrespective of whether the
latter were exposed to tIFNy alone or in the presence of malignant
cells that could or could not engage in physical contacts (study
group 2; Supplementary Iig. $6). These findings suggest that IENy
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 CD&" 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 (CDB‘"[[’D—LI +, cpstPD-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"Y/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 IGSCs 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" CTILs, DC-LAMP™ DCs, and CD20" B
cells in HGSC samples (study group 1). We observed higher
densities of CD8™ T cells (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. $7), 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"° 11GSCs,
we harnessed study group 2 (Supplementary Table §1) 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" Cl'ls staining
positively for IENy (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 vive, 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 pp-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 (PDCDI1) and
PD-L1 (CD274) (R = 0.776; < 0.0001) in HGSC patients from
the TCGA 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"", CD8"Y/
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
cpstiypp-1", cpstirp-1'°, cpg™/rD-1", and CDsYy/
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'"/CTLA4"™ 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 CD8M 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-17, 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-1* cells correlates with improved antitumaor 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-1""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 guartile;
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 PRFI, 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, Carrelation between the PDCDI 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 (Iigs. 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-
infilrating 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; Iig. 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
oul 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 S7), 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-37 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
identiied 4 different clusters of patients, which were
characterized by either high levels of PD-L1 and extensive
infiltration by CD8*, PD-17, CILA4", LAG-3", CD207,
and DC-LAMP" cells (lmmune”'] 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 08 as
compared with their Immune'"/TIM-3"" counterparts (P = 0.04),
and so did Immune"®/TIM-3' patients as compared with their
]mmune'",ﬂ'T’lM—BHi 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 (MS4AT). Also in
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-1" TIM-3"PD-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-3"PD-1", TIM-3"PD-17, TIM-3~ PD-1*, and TIM-3 PD-1- CD8" T cells
as determined by in situ immunoflucrescence in study group 1. F, Hierarchical clustering of 1,460 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-1", LAG-3", CTLA-4", PD-L1',CD8 ",
DC-LAMP', CD20", and TIM-3" cells as determined by IHC and multispectral immunoflucrescence. I, 05 of 50 and 308 HGSC patients from study group 1and the
TCGA public database who did not receive necadjuvant 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 IENYy-
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) RIS 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 Iig. S8A-S8C), 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. 4I). 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. $8D). 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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5.5 Aktivni bunéénd imunoterapie na bazi dendritickych bunék je
zaloZena na vhodné zvolené nadorové linii jako zdroji nadorovych

antigenu

Cilem aktivni bunéné imunoterapie v 1écbé nadorovych onemocnéni je piekonat
navozenou toleranci vu¢i nddorovym bunkam, a zesilit tak protinadorovou imunitni
odpovéd” v téle pacientli. Pro Gi¢innou aktivaci imunitni odpovédi musi dochazet
k prezentaci nadorovych antigenli na povrchu bun€k prezentujicich antigen (antigen
presenting cells, APC) naivnim T lymfocytim. Zral¢ dendritické bunky (dendritic cells,
DCs) predstavuji nejucinngjsi APC, a jsou proto vhodnym cilem pro imunoterapeutické
protokoly zalozené na indukci a posileni specifické slozky imunitniho systému.
Pro tspésnou imunoterapii na bazi DCs je kliCovym krokem volba vhodného zdroje
nadorovych antigentl, jejichz spektrum bude co nejvice odrazet repertoar nadorovych
antigenll v primarnim nadoru. Vzhledem k heterogenité¢ v expresi nadorovych antigenil
asociovanych s naddorem (tumor associated antigens, TAAs) v primarni naddorové tkéani
1 v nadorovych liniich je potieba detailn¢ charakterizovat expresni profil TAAs a porozumét
vyznamu jednotlivych antigent v indukci efektivni protinddorové imunitni odpovédi. V této
studii jsme analyzovali miru exprese 21 TAAs charakteristickych pro ovaridlni karcinom
u primarnich nadorii serdézniho epitelidlniho ovaridlniho karcinomu a vysledny expresni
profil jsme porovnali se ¢tyimi dostupnymi ovarialnimi nddorovymi liniemi. Vice nez 90 %
primarnich nadort mélo vyznamné zvysSenou expresi naddorového antigenu 125 (cancer
antigen 125, CA125), folatového receptoru 1 (folate receptor 1, FOLRI), molekuly
epitelidlni bunécné adheze (epithelial cell adhesion molecule, EPCAM) a mucinu 1 (mucin
I, MUC-1). ZvySena hladina exprese byla dale detekovana pro lidsky receptor
epidermalniho ristového faktoru 2 (human epidermal growth factor receptor-2, Her-2/neu).
Vzhledem k nejvét§imu prekryvu v expresi TAAs mezi primarnimi nadory a nadorovymi
liniemi OV-90 a OVCAR-3 byly tyto dvé linie zvoleny jako nejvhodnéjsi zdroj nadorovych

antigentll pro aktivni buné¢nou terapii na bazi DCs.

K této praci jsem prispéla nasledovné: 70 %; podileni se na pfipravé panelu TAAs
charakterizujicich ovaridlni karcinom, péstovani ovarialnich nddorovych linii, izolace RNA

z primarnich nadord a nddorovych linii, méfeni expresniho profilu 21 vybranych TAAs.
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ABSTRACT
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In order to select a suitable combination of cancer cell lines as an appropriate
source of antigens for dendritic cell-based immunotherapy of ovarian cancer, we
analyzed the expression level of 21 tumor associated antigens (BIRC5, CA125,
CEA, DDX43, EPCAM, FOLR1, Her-2/neu, MAGE-A1, MAGE-A2, MAGE-A3, MAGE-A4,
MAGE-A6, MAGE-A10, MAGE-A12, MUC-1, NY-ESO-1, PRAME, p53, TPBG, TRT, WT1)
in 4 established ovarian cancer cell lines and in primary tumor cells isolated from the
high-grade serous epithelial ovarian cancer tissue. More than 90% of tumor samples
expressed very high levels of CA125, FOLR1, EPCAM and MUC-1 and elevated levels of
Her-2/neu, similarly to OVCAR-3 cell line. The combination of OV-90 and OVCAR-3 cell
lines showed the highest overlap with patients’ samples in the TAA expression profile.

INTRODUCTION

Ovarian cancer is one of the most frequent
malignancies with the highest mortality rate among all
gynecological tumors [1, 2]. Rapid expansion of the
disease and the lack of highly sensitive and specific
biomarkers allowing for early diagnosis account for the
fact that about 70% of patients are diagnosed at the stage
of advanced and disseminated disease with poor prognosis
[3].

Surgery and chemotherapy based on platinum
and taxane derivates represent the standard treatment
modalities for ovarian cancer [4]. Although over 80% of
patients are highly responsive to the frontline treatment,
the persistence of a small number of resistant tumor cells
(minimal residual disease), leads to relapse in 60-70% of
patients within 2-5 years [5, 6]. Induction of anti-tumor
immune response might represent an additional treatment
modality leading to the stabilization or slowing down of
the tumor growth at the stage of minimal residual disease.

In order to design appropriate cancer immunotherapy
strategies, it is important to comprehensively characterize
antigenic profile of primary ovarian cancer cells and to
understand the relevance of individual tumor antigens for

the induction of efficient immune response. In this study,
we analyzed the expression level of 21 tumor associated
antigens on ovarian cancer cells isolated from the tumor
tissue resected during the radical surgery for the serous
epithelial ovarian cancer, which is the most common
histological subtype of the diagnosed cases. We compared
the results obtained on primary tumor cells with 4 ovarian
cancer cell lines in order to select the most suitable cell
line combination for use in dendritic cell (DC)-based
cancer immunotherapy protocols described in Podrazil
et al., 2015 [7]. We also evaluated the presence of tumor
antigen specific antibodies in the peripheral blood of tested
patients and the relationship between the TAA expression
and progression-free survival.

RESULTS

Expression of tumor associated antigens on
primary ovarian cancer cells, selected cell lines
and PBMC

We measured the expression of mRNA levels of 21
TAAs, namely BIRC5, CA125, CEA, DDX43, EPCAM,
FOLRI, Her-2/neu, MAGE-A1, MAGE-A2, MAGE-A3,
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MAGE-A4, MAGE-A6, MAGE-A10, MAGE-A12,
MUC-1, NY-ESO-1, PRAME, p53, TPBG, TRT and
WTI, on isolated serous epithelial ovarian cancer cells
and compared the obtained data to the expression profiles
of 4 estabilished ovarian cancer cell lines, OV-90, SKOV-
3 OVCAR-3 and CAOV-3. Additionally, we evaluated
the expression levels of TAAs on PBMCs obtained from
patients and healthy controls. As expected, there was
significant variability in the pattern and expression levels
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of investigated antigens between tested ovarian cancer cell
lines and tumor cells obtained from patients (Figure 1).
Most of the tumor samples analyzed (> 90%)
expressed very high levels of CA125, FOLRI, EPCAM
and MUC-1 and intermediate levels of Her-2/neu, similarly
to the OVCAR-3 cell line. All of these antigens showed
significantly higher expression levels in tumor tissues in
comparison to control ovarian tissue samples (p < 0.01).
WTI1 and p53, which are considered as biomarkers for
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Figure 1: Relative mRNA expression of twenty one TAAs (BIRC-5, CA-125, CEA, DDX-43, EpCAM, FBP, HER-
2/neu, MAGE-A1, MAGE-A2, MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A10, MAGE-A12 NY-ESO-1, PRAME,
p53, TPBG, TRT, WT-1) in cancer cell lines, primary tumor cells and control ovarian tissue (C01 — C06). Results were
normalized to the expression of reference f-actin. Data are expressed as a heat map A., relative mRNA expression of TAAs in cell lines (B.
& OV-90, 0 CAOV-3, A SKOV-3, # OVCAR-3) and patients C. D. represents visualization of the TAA clusters extracted using Principal

Component Analysis,
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high-grade serous ovarian carcinoma, were expressed in
82.9% and 70.7% of samples, respectively. Additionally,
intermediate levels of PRAME, TPBG and BIRCS were
detected in > 60% of patients’ samples. The expression
level of BIRCS was significantly higher in tumor tissues
than in control ovarian samples (p = 0.015). From the cell
lines analyzed, OV-90 and OVCAR-3 together cover the
highest proportion of TAAs expressed on patients” samples
(76.2%). The expression profile of TAAs on PBMCs did
not differ between the patient group and the controls
(Figure S1).

Pattern of tumor associated antigens expression

Statistical analysis showed that MAGE-A3,
MAGE-A6, MAGE-A12, BIRCS and TPBG were co-
expressed in a cluster. The correlations among the
expression levels of MAGE-A6, MAGE-A12, BIRCS
and TPBG are very strong, with r > 0.99 and p < 0.001.
Correlations between MAGE-A3 and the other 4 TAAs are
also highly significant, with r = 0.70 and p < 0.001, Other
cluster was formed by MAGE-A2 with DDX43 (r=0.81;p
< 0.001) (Figure 1D). Patients who subsequently relapsed
showed markedly higher levels of MAGE-A10 and
CA125 expression (p = 0.09 and p = 0.08, respectively) in
the primary tumor samples in comparison to patients who
remained in remission (Figure 2). Indeed, 100% of patients
with high expression levels of MAGE-A10 (n = 3), as
shown in Figure 1A, underwent a relapse. Additionally,
we have observed a significant decrease (p < 0.01) in the
expression level of the Cluster 1 (MAGE-A3, MAGE-AG,
MAGE-A12, BIRC-5 and TPBG) in relapsed patients in
comparison with the patients in remission (Figure 2C).

Detection of tumor antigen specific antibodies

Additionally, the presence of IgG antibodies
against NY-ESO-1, Her-2/neu, MAGE-A3, MAGE-A4,
MAGE-A10 and CA125 was analyzed in patients’sera.

We only detected antibodies against NY-ESO-1, namely
in 7.5% of patients. The titer of NY-ESO-1 antibodies
(expressed as OD) significantly positively correlated with
the level of expression of NY-ESO-1 mRNA.

DISCUSSION

The profile of TAAs expressed on primary tumor
samples is known to be very heterogenous. To select
the suitable cell lines for DC-based owvarian cancer
immunotherapy protocols, we analyzed the TAA profile
of 41 fresh high-grade serous ovarian tumor samples and
4 established ovarian cancer cell lines. The combination
of OV-90 and OVCAR-3 cell lines covered the highest
proportion of antigens most frequently expressed on
primary tumor samples.

As expected, most of the tumor samples analyzed
(> 90%) expressed very high levels of CA125, FOLRI,
EPCAM and MUC-1 and elevated levels of Her-2/neu,
similarly to OVCAR-3 cell line. All of these antigens
showed significantly higher expression levels in tumor
tissues in comparison to control ovarian tissue samples.
The most frequently tested ovarian cancer-associated
antigen, the surface glycoprotein CA125, is usually
evaluated in serum samples as a marker of discase
progression, although with a limited specificity [8, 9].
In our study, markedly higher levels of CA125 and
MAGE-A10 were detected in patients who underwent
a relapse in comparison to the patients in remission.
However, due to the prospective design of this study,
we were not able to confirm these TAAs as independent
prognostic factors via Cox proportional hazard model
so far. Additionally, as the proportion of samples
overexpressing MAGE-A10 was very low (n = 3), it is
essential to analyze a larger cohort of patients to validate
MAGE-AT10 as a potential negative prognostic marker.

All of these antigens are promising targets for
immunotherapy. EPCAM, which is known to be a stable
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Figure 2: Relative mRNA expressions of CA125, MAGE-A10 and a Cluster 1 (MAGE-A3, MAGE-A6, MAGE-A12,
BIRC-5 and TPBG) with regard to the progression-free survival. The boundaries of the box indicate the S.E.M.. and the lines
in the box represent the mean. Whiskers indicate the SD. ** p < 0.01 (Mann-Whitney U test).
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antigen expressed in primary, metastatic as well as
recurrent disease [10], is an intensively studied target
of passive immunotherapy mediated by monoclonal
antibodies, such as catumaxomab and catumaxomab/
Removab® [11]. Similarly, anti-CA125 monoclonal
antibodies (Abagovomab, Oregovomab) and anti-FRa
monoclonal antibody (Farletuzumab) are tested in clinical
studies with promising results [11]. Additionally, FRa
-specific cytotoxic T lymphocytes (CTL) were detected
in malignant ascites [12, 13] as well as peripheral blood
[14] of ovarian cancer patients, thus indicating that FRa
peptides are immunogenic in vivo. Consequently, FRa
-loaded DC vaccines were reported to be on trial recently
[11]. Similarly, MUC-1 specific tumor infiltrating/
associated CTL were detected in ovarian cancer patients
[15]. Therapies targeting MUC-1 consists of monoclonal
antibodies, peptide, carbohydrate, DNA, and dendritic cell
vaceines, or small molecules (aptamers).

From the group of antigens frequently expressed at
intermediate levels, p53, WT1 and Her-2/neu have been
currently tested in clinical trials as promising targets of
ovarian cancer immunotherapy. Rahma et al (2011) [16]
tested in phase II trial two formulations of wt p53:264-
272 peptide — subcutaneous administration of the peptide
admixed with Montanide and GM-CSF or intravenous
administration of peptide-pulsed DCs. Results showed
that p53-specific immune responses could be generated
with either protocol. Amplification of the Her-2/neu
gene and over-expression of the Her-2/neu protein have
been reported in a number of different tumor types
including breast, colon, gastric, ovarian, esophageal and
endometrial. For some of these cancers, anti-Her-2/neu
treatment has become an essential part of the therapy A
Phase | study showed that vaccination with Her-2/neu
peptides could induce a strong and long lived CD4 and
CDR specific response [17]. Similarly to Her-2/neu, WT1
is expressed in a wide spectrum of hematological and
solid tumors, including high-grade serous ovarian cancer.
Kobayashi et al. (2014) [18] reported that WT1-pulsed
DC - based vaccine was able to generate specific T cell
responses in patients with recurrent ovarian cancer;
however, there was no correlation between the observed
immune response and overall survival time. Two from the
antigens expressed at intermediate levels, namely BIRCS
and TPBG, were co-expressed in a cluster together with
MAGE-A3, MAGE-A6 and MAGE-A12 (Cluster 1).
Surprisingly, patients in remission expressed significantly
higher levels of Cluster 1 than patients who underwent a
relapse. However, the prognostic significance of Cluster
1 remains to be confirmed using Cox proportional hazard
model after the follow-up care endpoint.

We have documented a heterogeneous and
individual pattern of tumor antigen expression on primary
tumor cells. This underlines the importance of the choice
of the appropriate spectrum of tumor antigens in cancer

immunotherapy trials, Ideal tumor antigen should be
unanimously expressed on all tumor cells. However,
none of the antigens analyzed in this study fulfills this
criterion. This argues for the use of multiple tumor antigen
approaches for the cancer immunotherapy of the ovarian
cancer. Such strategy, if successful, would lead to the
development of a complex immune response targeting
different proteins and enhancing the chance of a long
term control of tumor progression. Ovarian cancer cell
lines selected in our study as the most suitable for DC-
based immunotherapy protocols of high-grade ovarian
cancer, namely OV-90 and OVCAR-3, cover together
76.2% of measured TAAs, including the most promising
immunotherapy targets. Phase VII clinical trial in
metastatic prostate cancer patients treated with docetaxel
combined with vaccines of LNCaP prostate cancer cell
line — pulsed DCs showed induction and maintenance of
PSA specific T cells and longer than expected survival
[7]. Phase II clinical trial regarding the efficacy of the
vaccine based on the same protocol to treat ovarian cancer
is already in progress (NCT02107937).

MATERIALS AND METHODS

Patients

Peripheral blood and primary tumor tissue were
obtained from 41 patients in stage Il — IV of high-
grade serous epithelial ovarian cancer, undergoing initial
cytoreductive surgery at the University Hospital Motol
in Prague. None of the patients enrolled in the study had
received neoadjuvant chemotherapy prior to the surgery.
Peripheral blood mononuclear cells (PBMC) and sera
obtained from healthy donors were used as controls.
Control ovarian tissue was obtained from patients
undergoing surgery for ovarian cysts. Control C06 was
human adult ovary full-length cDNA template obtained
from Biosettia (San Diego, CA). All tissue specimens were
collected with patient consent, and the study was approved
by the Institutional Review Board of the University
Hospital Motol. The clinico-pathological characteristics
of the patients are summarized in Table 1.

Isolation of primary tumor cells and PBMC

Fresh tumor tissue was minced with scissors and
digested in PBS containing 1 mg/ml of Collagenase
D (Roche, Basel, Switzerland) at 37 °C for 30 min,
mechanically dissociated using the gentleMACS™
Dissociator (Miltenyi Biotec, Auburn, CA) and passed
through a 100 pm nylon cell strainer (BD Biosciences,
Franklin Lakes, NJ). Tumor cells were enriched using
Ficoll-Paque density gradient solution (GE Healthcare,
Waukesha, WI). Equally, PBMC from blood samples were
isolated using Ficoll-Paque density gradient solution (GE
Healthcare).
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Table 1: Clinicopathological characteristics of the EOC patients in the study

Variable No. Yo
Total no. of patients 41
Age
Mean 60
Range 42-82
FIGO stage
11 41 100
Histological subtype
High Grade Serous 41 100
Relapse
Yes 17 41.5
No 22 53.7
ND 2 4.9
Cell lines The identity of qPCR products in each assay was

The ovarian cancer cell lines OV-90, SKOV-3 and
OVCAR-3 obtained from ATCC were cultured in RPMI
1640, CAOV-3 was cultured in DMEM. Culture media
were supplemented with 10% heat inactivated FBS +
L-glutamine + penicillin-streptomycin (all from Lonza) at
37°C and 5% CO2.

Flow cytometry analysis

Tumor cell suspensions were stained with specific
antibodies against EPCAM and CD45 (BioLegend, San
Diego, CA). Proportions of EPCAM+CD45- tumor cells in
the final cell suspension were assessed by flow cytometry
using BD FACS Aria and Flowlo software.

RNA extraction

Cellular suspensions containing at least 80% of
EPCAM positive cells were used for RNA extraction. In
the case of lower purity, the tumor cells were enriched
by EasySep® Human EpCAM Positive Selection Kit
(STEMCELL Technologies, Vancouver, Canada).

Total RNA was prepared from enriched tumor cell
suspension using RNeasy mini or micro kit (Qiagen,
Hilden, Germany). The DNase I (Qiagen, Hilden,
Germany) treatment was performed during isolation. RNA
concentrations were determined with a NanodropVC
2000¢ UV-Vis spectrophotometer ( Thermo Scientific),

Reverse transcription and qPCR

RNA was transcribed into ¢cDNA by iScript™
Reverse Transcription Supermix (BIO-RAD) according
to manufacturer’s instructions.

verified by sequencing. Levels of various transcripts
were evaluated by quantitative real-time PCR (qPCR)
using CFX96 Real-Time System (BIO-RAD) and Kapa
Probe Fast qPCR kit in the presence of specific primers
and TagMan probes obtained from TIB- MOLBIOL
(Berlin, Germany). PCR conditions were 95°C for 3 min
and 50 cycles of 95°C for 15 s and 60°C for lmin. We
measured the mRNA expression for twenty one TAAs
(BIRCS, CA 125, CEA, DDX43, EPCAM, FOLR], Her-
2/neu, MAGE-A1, MAGE-A2, MAGE-A3, MAGE-A4,
MAGE-A6, MAGE-A10, MAGE-A12, MUC-1, NY-
ESO-1, PRAME, p53, TPBG, TRT, WT1) and for B-actin
used as a reference gene. The relative expression of the
target genes were normalized to the level of f-actin. All
values are presented as means = SEM. Specificity of the
amplified PCR product was assessed by sequencing. The
sequences of primers pairs and probes are summarised in
Table S1.

Detection of tumor antigen specific antibodies

Recombinant proteins NY-ESO-1, Her-2/neu,
MAGE-A4 (Origene, Rockville, US), CAI125 (R&D
Systems) and MAGE-A3, MAGE-AI0 (Abnova,
Taipei, Taiwan) were diluted in Carbonate Coating
Buffer (Invitrogen, Prague, Czech Republic) to a final
concentration of 1 pg/ml and coated to 96-well plates
overnight at 4°C. Plates were blocked for | hour with
Assay Buffer (Invitrogen, Carlsbad, CA). Patients
and control sera diluted to 1:50, 1:100 and 1:200 were
incubated in the antigen-coated wells for 2 h. Plates
were then incubated with secondary antibody (goat
polyclonal antibody to human IgG, Abcam, Cambridge,
UK) for 1 hour. TMB (Invitrogen) was used as a substrate.
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Reaction was stopped after 20 minutes by adding Stop
Solution (Invitrogen). Plates were immediately read
with absorbance at 450 nm. As a positive control the
Cytomegalovirus Glycoprotein B protein was used. The
cutofT value designating positive reaction was assessed as
the mean OD of 15 sera obtained from healthy controls
(NHS) + 35D.

Statistical analysis

Statistical analyses were performed using
Statistica® 10.0 software (StatSoft, Tulsa, OK). TAA
clusters were extracted using Principal Components
Analysis. Differences between tumor tissues and control
samples, as well as differences between patients in
remission and patients with a relapsed EOC were tested
using Mann-Whitney U Test. The results were considered
statistically significant when p < 0.05.
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6 SHRNUJICIi ZAVER

Nadory hlavy a krku jsou heterogenni skupinou nédorovych onemocnéni, jejichz
spolecnou vlastnosti je siln€¢ imunosupresivni prostfedi, vytvarené komplexnimi unikovymi
mechanismy nadorovych bunék imunitnimu dohledu. Dusledkem imunosuprese je
nedostate¢na protinadorova imunitni odpovéd’ a progrese nadorového onemocnéni.
Ptekonani imunosuprese a posileni T-bunééné imunitni odpovédi pomoci imunoterapie je
cilem tisicti klinickych studii, at’ uz ve form¢ monoterapie nebo v riznych kombinacich
s dalSimi léCebnymi modalitami. Pro 1écbu HNSCC byla v USA a Evropé doposud
schvalena imunoterapie zaloZena na blokaci PD-1 — PD-L1 drdhy pomoci monoklonélnich
protilaitek oPD-1, nivolumabu a pembrolizumabu. Navzdory velkému pokroku, ktery
inhibitory kontrolnich bodl imunitnich reakei pfinesly v 1écbé nadorovych onemocnéni,
vétSina pacientli s HNSCC na tuto 1é¢bu neodpovida. Nadorové mikroprostiedi je pftili§
komplexni a role né¢kterych inhibi¢nich molekul v procesu karcinogeneze neni jednoznacna.
Detailni pochopeni povahy nadorového mikroprostiedi a jednotlivych slozek imunitniho
infiltratu je zcela zésadni k pochopeni unikovych mechanismii nadorovych bunék
a k dosazeni lepsich vysledkli v ramci imunoterapie HNSCC. Predkladana dizertacni prace
vyznamné rozsifuje znalosti o kompozici a funkénich vlastnostech imunitniho infiltratu
v nadorovém prostiedi HNSCC. Jako prvni poukazuje na vyznamné odliSny imunitni profil
nadorového mikroprostiedi u HPV-asociovanych vs. toxicky indukovanych nadord,
charakterizovany vysokou infiltraci CD8+ T lymfocyty, jejichZ zastoupeni i1 silngjsi
aktivacni potencial u HPV-pozitivnich pacientl je spojovan s lepsi prognozou. Tato prace
dale popisuje funkéni kapacitu HPV-specifickych CD8+ T lymfocytti u HPV-asociovanych
nadord, vzhledem k expresi inhibi¢nich molekul, a poukazuje na vyznam komplementarni
1écby, jejiz implementace by mohla podstatné zvysit HPV-specifickou imunitni reakci
a odpovéd’ na lécbu u pacienti s HPV-asociovanymi OPC. Vzhledem k vyznamnosti
specifickych T-lymfocytt v protinadorové imunologii je naprostd vétSina vyzkumného
z4jmu 1 klinickych studii soustfedéna na posileni specifické T-bunécné odpovedi. Vzhledem
k neuspokojivym vysledklim imunoterapie v klinické praxi u pacienti s HNSCC a k vysoké
morbidité¢ doprovézejici standardni 1écbu, je potfeba zaméfit se v rdmci imunoterapie
na dal§i potencialni cile. Tato prace objasiiuje silnou asociaci mezi frekvenci
HPV-specifickych CD8+ T lymfocytl a pfitomnosti a funkéni kapacitou B lymfocyth
infiltrujicich nédory, a poukazuje tak na vyznam nejen T-lymfocyti v modulaci

protinddorové imunity HNSCC, ale také neméné vyznamné slozky specifické imunity —
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B-lymfocytt, a jejich prognosticky vyznam. Spole¢né s T lymfocyty by se tak B lymfocyty,
které¢ se ukdzaly byt také velmi silnym prognostickym markerem, mohly stat jednim
z klicovych cili novych imunoterapeutickych protokold. Z naSich vysledkli vyplyva, ze
budoucnost imunoterapie HNSCC je pravdépodobné zalozena ptedev§im na vhodné
kombinaci vice pfistupti, jako jsou inhibitory kontrolnich bodii imunitnich reakeci
s terapeutickymi vakcinami proti HPV, nebo inhibice PD-1 — PD-L1 drdhy v kombinaci
s aktivaci B lymfocytd. Vhodné zvolend multispektralni imunoterapie ma, na rozdil
od monoterapie, velky potencidl zabranit vzniku adaptivni rezistence, a ptrekonat tak

nezadouci imunosupresi.
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