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ABSTRAKT

N§dory hlavy a krku k¢S éledskaavelmijkdmplexni i mu n
aheterogenn? skupPluodm@mbghPn yptSe dre §dé my
sk o u S ealkomolem. Vposlednich desetiletich aleT r aznD nar Tst§ pr oc
asociovanych perzistijici infekci lidskym papilomarem s onkogennim potencialem
v imunologicky privilegované oblasti tonzilarnich krypt. Vzhledem k nezastupitelné roli
imunitnihno systémy ak v protivirov®, tak v protin8do
pacientT viznamnhD ovhi VeRkanvekiapasi i ousli mg
Y ng§dorov®m nPrkor opBdet $edil.avy a kr ku j e
imunosupresivnimrst Sed2, zhor guj 2c?2 pr Thnuhaderapiee moc n N

VNt gi na tpawtieendiTagn: zou dobSe odpov2d§ na s

svel mi z8vagnimi Jlasnimi a pozdn2mi toxicit

V roce2016 byla schvalenpar vn2 i munot ebrua preauftri &kkat eprrnoz clh® | n
akrku 7 inhibitory kontrolnichb o d T i mu n i blokdid RD1r Bkl adfahu,

nivolumab a pembrolizumafento druh terapie zal ogenl na odbl okov §

sevprotokol ech kombinuj2c2ch v2ceyd ®1 &@hav &R
viraznh ny®prdl standaxdni cHemoradioteragroto byla monoterapie RD

i nhibitory nebo -BombhnbvaonBT!|I ® bheR@koer api 2
prvn2 mognost | ® by pro pacienty s metastat
| prSeedsikjln@& i ck® visledky ale st§le existuje
| ® bu nebcepg?2pgajrdzumDn2 | edn pteltiemitm 2pcchp Wwlua

zapojuj2c2ch se do proting8dorov® i munitn2 o
ovlivRuj2c2 funkln2 orientaci imunitn2 odpoc
personalizovanim imunotRS$aqidalB8d dkZmr tmr mt2o

viznamniD prohl ublRsep exrd d&li cktlicho CD&l+i T | ymf o
infiltruj2c2ch do n §dowvkantestu kdnaplexpihacnidorbvého D] n T ¢
mi kr o pr o sasdsievdnych #hBrMckyi n d u k o v a n Tlanha krik@ A dateT h

poukazuje na vyznakombinovand munot er api e zalogen® na odb
kter 8§ vzni ks§ pSedevg2m d2ky ek xvmnaderevéem n Nkt e
mi kropr osscBrentkoya ks p ovlaww 2 speci f isystkn@. sl ogky i
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Nadory hlavy a krku, lidsky papilomavirus, imunitni systém, kontrolni body imunitnich

reakc?2, inhibitory kontroln2ch bodT i munitn



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 cvyassdentified
within the last decade®ue to the essential role of the immune system in antiviral and
anticancer immune response, the prognosis of patienssgmsficantly influerced by
thevolume, composition and functional capgcitof the immune infiltrate.
Theimmunosuppressive landscape of head and neck cancer leads to unfavorable outcome
of patients and decreased efficacy of immunotherapy. The response rate to standard
treatmat 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 tlael lsd neck were approvéd
theantrPD-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, &1 immunotherapy was redin
approved in the firsline 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 lisa deirge
proportion of nonresponding patients.uBhbetter understanding of the individual immune
cell populationgplaying key roldan anticancer immune response could reveal the principles
influencing functional orientation of the immune response. Ratized immunotherapeutic
protocols created with respect to these principles could enhance the efficacy of current
therapeutic strategies. This dissertation theadenshe knowledg®f the sigiificance of
HPV-specific CD8+ Tcells, B cells and othemimune cellpopulations infiltrating to
thetumor microenvironment of HP¥ssociated vs. HRXegative tumors of head and neck.

This thesis also highlights the importance of cormafinimmunotherapy based on
theelimination of immunosuppression, which ariseg ¢ a chronic activation of adaptive

immune system and consequent expression of inhibitory molecules.
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SEZNAM ZKRATEK

UPD anti- programmed cell death 1

Akt thymomas oAKR mice- protein kinase B
APC antigenpresenting cell

Bcl-xL B-cell ymphomaextra large

BTLA B and T lymphocyte attenuator

Ceacarnl carcinoembryonic antigerelated 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 (Ci Xi C motif) ligand

DC dendritic cell

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

E2F E2 factor

E6GAP ubiquitin-ligase E6associated protein
FDA Food and ug Administration

FFPE formalin-fixed paraffirembedded
Gal9 galectin9

HGSC high-grade serous carcinoma

HLA human leukocyte antigen

HLA-DR Human leukocyteratigeni DR isotype
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HMGB1 high mobility group box.

HNSCC head and neck squamous @gtcinoma
HPV human papibmavirus

hrHPV high-risk human papillomavirus

I FNO interferon gamma

IgVv variable immunoglobulin domain

IL interleukin

ITIM immunoreceptor tyrosinbased inhibition motif
ITT immunoreceptor tail tyrosine

LAG-3 lymphocyte ativation gene 3

IrHPV low-risk human papillomavirus

MAPK mitogentactivated protein kinasemitogenem aktivované proteinkinazy
mDC myeloid dendritic cell

MDSC myeloid-derived suppressor cell

MHC major histocompatibility complex

mTOR mammalian targeaf rapamycin

NK natural killer

NSCLC norntsmalkcell lung carcinoma

OPC oropharyngeal cancer

OPSCC oropharyngeal squamous cell carcinoma
ORR objective response rate

PARP poly-ADP-ribose polymerase

PARPI Poly-ADP-ribose polymerasmhibitor

pDC plasmacytoid dendritic cell

PD-L1 programmed deatligand 1
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PD-L2
PD-1
PGE2
PI3K
PP2A
pRb

PT
PtdSer
p]_GINK4A
gqPCR
RECIST
TAM
TCR
TGFD
TIGIT
TIL
TIL-B
TIM-3
TLR9
TMB
TME
TNFU
WHO
2B4

5-FU

programmed deatligand 2

programmed cell death 1

prostaglandin E2

phosphatidylinositol Xinase

protein phosphatase 2A
retindblastomaprotein

platinum

phosphatidylserine

cyclin-dependent kinase inhibitor 2A
guantitativepolymerase chain reaction
Response Evaluation Criteria In Solid Tumors
tumorassociated macrophages

T cell receptor

transforming growthactor beta

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

tumor infiltratingB lymphocytes

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

tumor mutation burden

tumor mcroenvironment

tumor necrosis factor alfa

World Health @ganisation

CD244

5-fluorouracil
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1 Uvop

| muni tn2 syst ®m pgatogerjeanaligi frahstokrmace Nal z 8kl ad
mnotae v RNdeckTch a ktdto prémisk bec imunedapik aszicorovych
onemocnin? stal a soul 8st? kKl inick® onkol
i munoterapeutickTl ch]| gowtinaépavé Tnusni §Ind secodpoe N
Yal ast n?2 d wdgregphcifigké i specifickémunity, st Sednadapiwhiohu pl
bunhN|l ng sl ogkaNoVvi® ap B d tyurdfipmungietapie sekBamd D w @2
pr&vn na aktivaci efaekpgomgolvd tzy [ Seejdyemtigd onp to 7
prognostick8 role byla prok&8z§8nlkkuwlivemnoha i
silnhD imunosupresivn2ho mikrofr ks tpDesd Bitph ®e
f unk| n?2 efékmrpvgotTi tlyy mfjoecjy2tnig d Thekbné&ralokaaanprogrese
ngdor ov®ho ®o e ma o bidbpiéké p o d s tpa told erebhajicich
vh§dorov®m mi kr oprkdmti keid2n §djoepviveldobunhk
dohledemanavr gen2 vhodnTch imunoterapeutickIec
uusphNgnogitosl§®Inbwtatrval Tch visledkT.

Prvn2 | 8st t®to dl asen®ap ozalgptiviirgprmuwminiho hiuj e
syst®mu v n§dor ov®m nadok hlavp a loksatvieach didskghmc i e nt -
papil omaviru (human papiohotoo ma mbcDal®jeZddP V) p
popsanvyznam imunoterapie v ® | HPR-indikk ovanT c hanad®@ owvw I ni k1 T ch
napodkl adhD toxi ck®ho agens. Pozkoamtorsal n2ec hv Nm
imunitnich reakgivzhledem Kejich klinické % innosti vcelé S a dafiorovych onemodhn 2
Druhoul § st t v aliRovasyohprach kterépsouvisi stémateétod i zert al n2 pr
progly recenzn2m S2zen2m a byly publikov§gn

znamym impakt faktorem.
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2 NADORY HLAVY A KRKU

Nadory hlavy a krku jsobeterogenn$ k u pi nou n § d o r vzmiajicich o n e mo
v oblasti dutiny Ustni, dutiny nosni, hltapharynx), hrtanu (larynx)zes | i nnT ch g1 ¢
am2 stn?2 | ymfadlickwWDtt k8ol i nci denc?2 550 ag 6C¢C
hlavy a krku vyskytuji jakog e st ® nej | & ®refdg rjRtnvo $ & Avogve ¢ h
malignit V souvislost @ nemocnhNn2m rol nhN zemSelem#dbeéetbl i gnl
al., 2011) Nadory hlavy a krkd a 2zt qpo|l 8t ku nevykazuj?2 §g8§dn®
nebo se podobaj2 bRgnim z&nNtlivAimMO%nemocn
p ac i etaktidgnoptikovanee stéliul ok plokPlwbnke®ocnNn2, | 2 mg |
negativnhD ovl i Phthinlaeti® [prhobypdjet #azmezée pouhych
10-050%.Nav 2 ¢, %p B a s irdkdentiim sebo metastatickym karcinomem umira
j idgjednohorokiWopal n®m p S2 pad s niasiich, dss abonj eep @t i |
pSegi t¥%(Leantet aB, @O05)Argiris et al., 2017)] pSes viraznou het
histologicky zv 2 c e n e g o%duanfdznijkaranondy (head and neck squamous cell
carcinoma, HNSCC), vznikajicizl agdi cov®ho epi t etétaoblasgist T 1 aj
(Vigneswaran and Williasy 2014) Squam- z n 2 karcinomy hlavy
kompl exn?2 skupinu onemocnin?2, charakteri zov
heterogenitou, kKe¢ jem®n aj eg eznpeTt si tokkkanki nadarumN n a mi

aetiologickym agengCancer Genome Atlas, 2015)

2.1 Etiologie HNSCC

Hlavnimi prokazanymi rizikovymi faktory HNSCT jsou historicky k o u S e n 2
tab8kovich virobkT, ko synaigukyefekt Bt kbbotuwoa pH8&
(Andre et al., 1995)Pacientisn §dory vzni kI T mi n ase goloyduk | ad N
vevygag? vVNDkov® plSepsaiddSev RizgiTsd @j 2 abtastios v Nt ¢
gi vot osopvingychyzemichsalepo| et kuS8&§kve avyd koh| $ &di
vistvachpost upn,A@ &hieg®j € ak i i ncitdlemicteo nfBdtoa ge mp
fyzik&lnimi faktory. Dlouho alez Tst Bevayj asm@Baea kou st 8l e nar
n 8 d o roflasti vorofaryngu (oropharyngeal squamous cell carcinoma, OPSCC)

V souvislosti s rostoucim rizikony chovanim zejména miladych lidylona z 8kl adD
experimentalnich a epidemiologickych qmipsanod a | gn#ikargni agiologické agens,
ato infekce HPV (Brandsma and Abramson, 1989Bnijders et al., 1992)Lidsky
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papilomavius,z p Ts 0 b u j%OP3CCgelf MA@ z a S&divil zmamnDj g2 r
faktoryn 8§ d o obl@sti falavy a krh, a  z mt&kn pohled ngejich biologickou podstatu

(Gillison et al, 2000) Nadory asociované HPV atoxicky indukovanéadoryjsou proto
povagov8ny rozdidnéahtityd) a@dlki @uj 2 ¢ 2 melekuldrrd podstaty na z §
mechanismwzniku, ale také prognézau a c i (8vVeinbdrger et al., 2006MHeterogenita

t Dchto n8dorT je natolik vIiznamng§g, ge Vv 1 (
AmerickIm viborem proti rakovinh (American
rozdRlen2 poskyt2l onfozmameNopPSegDjtdg novhD d
(Lydiatt et al., 2017)Komplexni srovnanHPV-pozitivnichaHPYnhegat i vnfch n§d
shrnuto vTab. 1. (Husain and Neyaz, 2017)

Parametr HPV+ HPV-

VRDKk (pr TmDr) ml adg-%®0) (40 st ar6§)2 ( >

Rasa europoidn>> ostatni europoidni> ostatni

Geografi ck® r sev.Evropaa sev.Amerika Asie - Pacifik

Pohlavi mugegeny (8:1) mugygeny (3:1)

Socioekonomicky status Vygag? ni ggrSedn?

Incidence rostouci klesajici

Prevalence- odhad promBDnl i v§8 v rstabilni

Rizikové faktory sexualni chovéani (HPAL6) tabak, alkohol

Kofaktory marihuana dieta,oralni hygiena, stres

Histologické misto vzniku d | a ¢ dapiteldknypt squamo&zni epitel dutiny Gstni

Anatomické misto vzniku orofarynx cela dutina ustni

E6 a E7 onkoproteiny exprimovany nedetekovany

p53 wild-type, degradovan mutovany

P16INK4a z v 1 gempreSe obvykle nedetekovano

Prognéza pS2zniv§ nepS2znivs§

Patologicky nalez _neke_ratjﬁ)ijici,basaloidnl’, keratinizuiici,dys_plézie
imunitni infiltrat povrchového epitelu

Metastazy do spadovych uzlirl ast o, cysti c km®n 2] asie

nekrotizujici,solidni

ECOG performancestatus ni gg2 (0 u 33 wgg?2 (0 u 66
P Se v a §NM klagifikace T1-T2 N++ T3-T4 N+

TS21 et® pSegi 182,4% (95% Cl, 77:37,6) 57,1 % (95 % Cl, 48;66,1)
TS21l et® pSegi 173,7% (95 % Cl, 67;79,8) 43,3 % (95 % Cl, 34;52,4)
Cel kovs odpovI94%(95% Cl, 87100) 58 % (95 % Cl, 4974)

Tab. 1. Srovnani demografickych, klinickych, histologickych, genetickych a prognostickych
parametr T u n§doHP[V avsso.c ino§vdaonrT ECHG i(Easterné€oopevative g i e .
Oncology Group, Vichodn?2 kooperativn?2noalakol ogi
(Husain and Neyaz, 2017)
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2.2 Progn6zaa | ®lala eHNSOC s

Strategie | ® by paci ent RaciprimémN® Q&lory, e 2z al
hi stologick® klasifikaci a st8&dimS2pmamdl n
uzlinovych a vzdalenych metastaz) a celkovém stavu pacigatdadnimi kurativnimi
| ® ebnT mi modal i tseumhi vut @l b K& HN®EXkjtae rrlacdchi ¢
pS2padech i chemot er apPipaeienih e o nri a daglorostéoeyn oot ek
transformacidiky onkogennimu potenciadPV, jsounarozdilodt Dch, j ej i chg n
vyvolan toxickym agensy Nt ¢ diagoostikovani o o k r o | idli @m osxnte§no c n Nn
mnohdys ozvinutT m metastatickrmfmatpiockli ggrend ml irre.
ale odpovidaji lépe n@t andar dnmaj ®| Bl znamnin pRtpigl2e tp® om!
(81 % vs. 49 %)Ve srovnani pacienty s HPVhegativnimi nador(Licitra et al., 2006)
(Ang et al., 201Q\Vzhledemkv T g e z nfzankXnTinm j e zpaAtivnipRcientij e HP V
vygadlf d§i nou m®rbd(Martm,r201g)iHPW§pizaceRdle doposud ne
zohl edR6vEwhbNru | ®|8erbcn ® smoadnaiilayteyn pVvS1 ®1 by . |
progn- zyu pricd led ndignézavywolana cirovou infekegtim nebylo zcela
objasnhDno. Experiment 8l n2 ihlkavim?icchk 8 Sialtian a
mi mo j i n® p &eéntvoynvrnod s§tv §v iarkut,i vn2 bunhl nou i mu
proti infikovanimddyg RkE&mroti n @dhistrandvahdn b u Rk
Dalianis, 2005)

2.3 Lidsky papilomavirus (HPV)

LidsklT papilomavirus (HPV), pamgh c2 do
neobalenych dvouvlaknovyctdublestrandd s ) DNA v i w2Tc, e S0wehgsudlu | e
popsanychgenot ypT ko nkuje?pdzemh | arfogenitaniho takiu
mo| ov ® , dychacich eesh  Yus t n2 | &cfaryngu B Hlediska nizikovosti
aonkogenn?2 ho pot e nizce rigikovqlow-esk, HHPV) a\d/ddodetizikava
(highrrisk, hrHPV) HPV. Nizce rizikové genotypy HPV Aps o b uj 2 zej) m®na
bradavice a respi9®w pS2padil!|l gmatinfiekaevpSi
imunitnim systémem. ¥ S2 padN n § k a z ymn genotypeoncHP\a t ez ivIDd ¥l n o
infekce pSet r as8wngp tdol noaut hi cdkiofnimgednamiu Potencialu
t Dchto virT je perzi st e kacménvianofeaitaloi eblastis o ci 0 Vv

zejménas karcinomemd N | o ¢hrdla -hcervixu (Franco et al., 1999Vysoce rizikové
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genotypy(HPV | s o u zakédapranikkBrdnm@ orofaryngu, kde dominuje gegp
HPV 16.DI e odhadT by ddSAo0 kw | ZfoRidrkaPwHIHNSGC
dokoncep Sekonat i nci denci(Chatervedetak, ®01h)2 ho karci no

2.3.1 Mechanismus infekce HPV

KpSennekcasHPV doch8§8z2 bhRDhem| pbSvymMRaAon&oht a
vRDt gi nou pSi pohl awnikdimi ErpkkopbBPhké&mpoPNaadn?
stratifikovaném squaméznimepiteRir o vz ni k karci nomu orofaryn
mechanick® pogkozen? povrchov®ho epitelu, [
tk&§nhD vystllan® spemiapiitzolvam,] mj e@ti&ul priac
strukturu promigradi muni t n2 ch b un NkPery,d994) Y MmipiSd ndze k ®n
se vyskytujicimimikroabrazemp r oni kaj 2 vib aoa® 28 srhd mker &N ,k
vE8g2 pSes psyvtemg®yhkanippeimbk §n?,zde baz§l n?
epitelu, keratinocytyvazbou na jejich povrchraslednou endocytézoBo internalizaci je
virus transportov§g8n daa mpopdaktivovana sevrydi@gz -t i,
hostitelského cytoskeletarniho transportu vstuglje b u n ND| NS hethaag & dl.r a
2012) Kerati nocyty maj ? pSirozenh silnl di fer
diferenciace dochaanezavisle na infekckn eust 81 ®mu dNDI en?2 dceSir
buRKY, odpout 8n2 od baz®dwnechme.mbBBmegmat ovhys
sedmi denn?2ho procesu keratinocyty postupnQi
j8dra a plogn®mu roztagen2 <cytoplazmy. BuR
deskvamaci povrchu. Vzhledem k o mu replikpee viu je zavislana biochemickém
apardi hostitevyskgPvbpurRekvyd i ntenzivnhD prolifer
epitelkdokon| en2? (liskcemond et &wlpli @ vir unelytigky er ® j s
bNDhem deskvamace oduTakao doghazék hevitemickémoga?t 9 enno?c y t
infekce, bez vyvolani imunitni reakdgaraji et al., 2017) VI ge popsanl pr

zn8§8zornNn na Obr . 1.
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Obr.1.Mechani smus infekce HPWYAR Wrbbedem bnekkmd®RaW
HPVvr 8 mci HNSCC doch8z2 k infekci sekund8rn2ch |
HPV infikuje progenitory keratinocytT v baz8ln
epitelu tonzilarnich krypt. (C) Infekce squamoznibpitelu tonzil vedep o st up aiNu gke n 2

di ferenciace baz8lnzchvazmpike!| Kk8Fo#? kproplkouitt Dk si di
invazivn2 karinogene(Fajiet®d20M)zat o a upraveno dl e

2.3.2 Molekularni mechanismus indukce karcinogenezaHPV-a s oci ovanl ch n§

Genom HPV, dlouhy 80 0 0 p §,rolbsahbjea dvd kddujici regiony a jeden
nek-duj 2cz2, regul al n2 region. Soul| 8§st? K -
(E,early) E1, E2, E4, E5, E6 a E7 a geny kédujici kapsidové proteingk i ch g expr
dochazi wodd n2 f §zi gi votn2zho c pJniéyakovppzdni genya | s o
(L, late L1alL2.L a s n ®S 3yreplikacivirové DNAaregulujik r i t i ck ® éhw oky b
cyklu: E1 s p o udpltk&ci virového genomu, ER e i ni ci al n?2vimovod akt or
transkrigi aS2gleégr egac i virovich genomT, E4 zodpo\
partikuli, ESudr guj e kontinu8ln2 proliferaci hosti
jakoonkoproteiny, jelikog naruguj 2 vedduil adn?

k amgifikaci virového genomyRautava, 20126 vyvazuje zakladni tumor supresorovy
protein p53 a alpquitnygldciBagbbikna pr@ein&sogiosamysikvitin-

ligazou E6 (ubiquitiligase EGassociated protein, E6AR)naslednou degradaskrze

protecazom VI sl edkem j e i mor t @bhbrinezZapiamegal.,l2@l6)t i t e |
UHPV-asoci ovanich OPSCC tedy nen? dysfunkce
uvNt giny n8dorovTi ch -roengeartoicmn®nch vl Ssgravddf ,H Pavl e
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pSimBzee vyskyt uji2wildktypd p53.OnkoprateinB7tinak huvuj e dal
esencialni tumesupersar retinoblastomovy protein (retinoblastoma protgRb) , j e h o ¢
funkci je regulacep Se c h6idaSf £ze bunh|imetkcos cyhks kiri pl n?
faktorem E2 (E2 factor, E2F)Dokud je E2F \komplexu 0 R b , ndojin Kigceaci
replikace(Chellappan et al., 1992)bsence pR tak vede k kontinualniaktivaci cilovych

genT, ERFmi g | soyklin Anai cgkbn Ej ktere®mo g Ruj 2 vstup do

bunDbD| n®bamekoutrgldvdoureplikaci(Zerfass etal., 1995furk | n2 i nakti vac
vede dale lkakumulacip18N¥4* (cyclin-dependent kinase inhibitor 2EDKN2A), dal g2 ho
proteinu podilejicihse na e gul ac i bupB®fnPeozayKlyae, ol ogi c

inhibitorem cyklin-dependentnich kindzyclin-dependent kinases, CDK&)sforylujicich

pRb.Dokud nedojde k fosfgtaci pRbak naslednémuw v o | n N rkémplexa E2FaRDb,

b u n Yddykiusje pozastavem G1 fazia b ws&rkéaé vestavu senescen¢Eiarre et al.,

200)U n&§dor T wzondikknfekdeBhP Vnat ak na z 8kl adhR negat
dochazi inaktivaci pRok 8§ r Tst u cyt op |l a'?“faratohodaca jespbla di ny
sdetekci virové DNA/RNAs t andar dn ) ajfou de\pSpradagnosku k e r
karcinogenezasociované s HP{Hoffmannetal., 20184 mTge m2t i prognos
(Lin et al., 2014)Molekularni mechanismus indukce karcinogeneze u {dB&€iovanych

ng8dorT je zn8zornNDn na Obr. 2.

Viral release Integrated HPV DNA

Packaging of
mature virions &

Proteasome

Viral late gene -
expression (L1, L2) Inhibit

apoptosis

Viral genome K
amplification

E6/E7-induced B¢

proliferation Cell cycle

progression

Viral genome
establishment and
maintenance

HPV-infected epithelium

Obr. 2. Molekularni mechanismus indukce karcinogeneze HPVW o vst upu do buRky
pSesouv§ do | &dr a, kde je udrgovsg8n ve formhD epi
a jeho givotn2 cyklus je z8visll na diferencia
keratinocyt T zay ijrstoiubizcdd paopd)@itn® Edko gkt @tr ® nS? dE
adegradaci p53 a pRb. V pokowdnlldk hk dr8at2icmo cdyit
kexpresi pozdn2zch genT L1 a L2, k-duj2c2ch vir
partikuli. N§ s| ednlD se bRshkewa ma$ier okzeerna®t i diigice ynavwykh uv ol R
infekln2ch virionT(And@?Breeral.2014) a upraveno dl e
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I p S e s HRY-pozitigne nddorynev zni kaj 2 na podkl adD
vystavovaa t k§n?2 k amutagenning gotercialems jako je tabak a alkohol,
vykazujiHPV-asociované nadogy S e k vvgspkowgBnomovou nestabiljisrovnatelnou
snadory jiné etiologie Tat o mutaln2 z8tNDg, doprov8zens§
je poawodB z pbEesidwiened z miumdsidghesor T, zaji ¢
kontrolu integrity genomu, cog znanaced zvyc
ubunNk i nfi k(Gewendtalh201Pacienti s adory hlavy a krku se tak
cel kovhD Sad? vimyegmidt a Inrdad (lumcg énotdfién burde TMB)

(Alexandrov et al., 2013) ak | e z n 8 z o a m#jjiproto patenciaddpovidat 3 . |,

| ®pe na nhDkter® i munotHérmramé umt dw® dle®| ¢ en @ 0]
somatickych mutacimddou zvyguj e pravdBDpodobnost vznik
bytropozn8&ny a2n &qlyedenflekt or ov 1 imunityp@bRk/d rBigt 9p e
n a .mp&terapii inhibitonk ont r ol n2 ch b o dRiazety2016) n2 ch r eak

‘9,0 lrf% & (("’9
2 L % %y, & %, % 4 & %% <
<‘%’*o eb(/”"es %"o) b, 4 %’Of%o% 1 % ", %&o % % %%9‘!‘ %09%‘*9 %
%0 -, Qs\,o 4, Qoéo );)J'r OQS'@ 6&’0 %09 6’2« Lg’o ’e, }@6 fo‘“f Q. q?o’// /%’ & (/’G,. ,o'ba OOO G % ¥ 0/]0 9//9%0 o”o %"‘)os@’o
%K % T G % Y % % R %Y % % B %Y e sy G K R R % %

1,000
SE 100 8| S
c @ i .
=y * ] e T T T A AT T
§ 2 . . : B 3 7/, -r—f% 7 7£ |
£ 10 e 5 7}_ o /‘4—72 . : , b
SRR L |
-:-,; 0 lat: Lo DO : s i ;
&g T ; : i
@2 e ' g ‘ i '

0.001
Obr.3. Porovngnr2 nw&talge mezi jednotliv] mbatatypy n
ukazuj? polet somaticklch mutac2 v jednotlivlec
akutni lymfoblasticka leukémiee; AML (acute myeloid leukaemia, akutni myeloidni leukémie); CLL
(chror ¢ l ymphocytic l eukaemi a, chronick8 | ymfocy

(Alexandrov et al., 2013)

233 N§dorov® mi HHIN®gr ost Sed?

N§dor ov® mi kumorp miorsehvBoardeht, TME)je komplexni,
organizovada a dynamickanika, s | ongepladickgh b kv kontextunadorového
stromatyt voSen®ho extracelul §rn2 matri x, fibrot
tukovimi buRkami a produkdeyr TNDc®t m2 $a nidmn mil lc
imuni t n2 mi (BalkWlkeh ahj 2012) Vzhledem ko mu , ge n8dory hla
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nar oz d?2 | od ostatn?2ch ng§dorovich i ndi kac?2,
hi stopatol ogi ck®ho subtypu, j edns§ se zd§8n
karcivem3¥kutel nosti ale jde o vaeandwdudnhet er o
ng8§dor je uni k8tn2 jak sl ogen2m n&dnoimgety ®ho n
al., 20019) Nej vi znamnhj ¢§?2 rozd2ly |jpaai @AY r sv 8n
pozitivnimi a HP\:negativnminadory a t o zej m®na ve sHkeoygen2 |

ma zasadni vliv na prognotRartlova et al., 2015)

234 Sl ogen2 a vIiznam i mu-pdzitvniéha BPVi nedativiichr §t u
paci ghNSCC

| munitn2 infiltr8t | e stiknadorpvEhe mir20 pa ody 5@ m
arole jednotlivych imunitnich populaci se mezi namgmi typyv T raznhD | i g2 . U
hlavy a kkkunav2c sl ogen2 imunitn2ho infiltr§8tu
potenci §l n2 HPS? ti mrhin &katj ev ierpu toé hulognihmepitelt, k § n N .
ktery HPV infikuje v anogenitalni olasi, vramci orofaryngu dochazi ikfekci
dl agdi cov®ho €pPsh@&mu khonkatickok tkamiLg mé at i ck§ t k §F
vpodobNDseélongveg k|l 2] ovowobmarnddl ipgp ztk@age mTor.i
pravdhDpgdolbn®,em indukovan8 proti nS8ldiogm& § |
odi muni tn2n®deroy Ndjiné étialoggan gn§r oveR od i munit
nam?2 Sen® finych bbiastedHoxganismu.

V poslednich letdtb y | o pr ov e d e nzoa mXBkeonhhabkiu vataau d i 2
me z i I munitn? odpovDiDd?2, HPV HNSCG Vvahlederm a pr
kn8r ol nost. i z2skiymv e ngGbgon® analfe@anBpoouzes t udi 2
perifern?2 krev epWansore akold.etlek pBalkit ozal genl
Tl ymf ocyt TsH®rV-goatieninme madory ktery dokoncéépep r edi koval odp:
na InREgdusamot nl eyPlV cdsapactsussd povagovgmmakza nej
(Wansom et al., 2010)Yurksma a kol. dale periferni krvip a c i sHRPY-gozitivhimi
nddorydet ekovali vyggd chastetdepdndr e flylhfodhytplawmnS
oproti HP\-negativnimpaci entpTrmayv ddde®dobnhD svNDd| 2 o vire
o d p o (Trkkma et al., 2013}5enova analyza potvrdila profil silné sjfecké imunitni
odp ov Dd-pozilvnidhPd/c i ent T -negativminpia cHRWt Tm, | ej i chg
charakter sp2ge pS(Thudowetm®20l0muni tn2 odpovDnDdi
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Vzhledem k o mu , ge stav perifern2 krve nemus
odehrava vamci samotného nadoréh o mi kroprost Sed?2, j e ana
nezbytnou soul| 8st 2 z2 s k §n 2 jednotlivgch enar®nici nf or m
popul ac?2 a tak® o | komplexri anélyganativngch tkanidANSCECn k | n ¢
provedena w a g 2 | abor ateming jinézsabeas mMicd msni tn2ho
afenotypizaci jednotlivych populaci, ukazala vyzna&rordily mezi nadory indukovanymi
HPV a nadory jiné etiologieHPV-po zi t i vn?2 ngdory byly dl e
signifikantnhD vygg?2 mymidog3y v dymloogtpisfiktrgid i Ic kK ®f o
nador (tumor infiltrating lymphocyte§ILsy mRDl y nav2c¢c schopnost pro
vygg2 hladiny prisef@omidt |(iivnltzghrFf)eyntetakkinud T
(IL-17). Detekovano bylov T r aznhD v2ce naivn2ch CD4+ T |y
Déle pak e srovnani $iPV-negativnimi ndory vb uh @1 ¢ h  k u | -pazitivBichh HPV
vzorkT byla zaznamen8na signifikantnhD vygg?
CXCL10, CXCL12, CCL17 a CCL21Partlova et al., 20157 aj 2 mav® ovgem b\
analyza mRM potvrdila u HPVpozi ti vn2ch ngdordoteimvi geno
programovan® bunhD| n® s mrt il), Rerdfeppola glrad graiend c
i nhibil n2mi mol ek ul ami p o v d0py et 8ln 2006Tato mar k e
studie, provedenawva g2 | abeouladuse $is|] ed&yvstudi e Badoua
pozoovd i viznamnhD dep@z2i tpiSen? kafingnert-oRefanyngli s
(oropharynegal cance®@PCQ, kt er ® byl y sl T lpnflocyty{Badollatet o v an ®
al., 2013) Molekula PD1 tak uHNSCCpr avdRDpodobnD vryd ehuaa ket e r i
neschopné efektorovych funkéard a kol.ddlepr ok 8z al i , ge pS2tomno
OPC pacientT popdiegirviR2 momelodjp@d¥#dddnpacti®
snizkyminfiltratem(Ward etal.,2014Podl e nejnovhRj g2ch visledkT
infitrace CD8+ TILs u HPVasociovanych OPC identifikuje skupingp aci ent T
svynikajicimi klinickymi vysledky a poskytuje takyznamnou prognostickou informaci
(Solomon et al., 2018)

Na rozd?z2| od TILs, N &dorchyy®np omibfai os;mr2 o s?
mnohokrap r o k 8 z 8 n a rol e B | ymf ocynfilifating B ¢ells] t r uj 2
TIL-Bs )  z Kostrov@rengNavzdory studiim prokazujicim pozitivni prognostickou roli
TIL-Bs(Mahmoud etal.,2012 x i st uj 2 i pSesvNRd|iv® dTkazy |
(Lundgren et al., 20167 a Y| red zegr® Se n 2 znal ost 2 O i muni-t

apochopeni kontextu mezi jedniggmi imunitnimi populacemjsmenavézalinap Se d ¢ h 0 z 2
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studii popisuijici roliCD8+ TILs specifickych kHPV16, a z a mB@r@lyal pbpulace n a
TIL-Bs,jej chgl e u HNSCC zat2mKo®midSnRAerdyl @t pops
jsme tak p$ s p & éeRperimentalni praci jej2yg videlt eddpbsand | s o u
vevysledkovd § $2to prace.

Cel kovD vnDtg2 infiltrgt s prozéfickdt | i v m
i muni tn? o d-pozitviichp a i eHrpPtSeat e i muni tn2u syst@
nedok8ge YsphN§dar dwljwia aiadkiek genviramci nadorové
i munol ogi e je tent o nmmeogjBéhavazerinsf avu viemkt he
vyl erp&§mZmEliLS munosupr e§idwonth otplegaine maéofie d k v
ak¥%ni ku ng8dorovich buBthkhotmujné Twagnet Sehi eda
h1 oub [Fgnotyp wyal e rnp§8dnc?r ov N/ vi r oTilB, kisrp @ cmndhdyc k T ¢ h

reverzibilni.

235 Il munosupresivn2 prostSed2 HNSCC

N§dor ov® miHNSCEp e o sntriSsefdiesivni c o g | ejedaag Tsob et
pS2tommupste2si vn2ch bumPéadrwdguphaP npamtdcyt T
(regulatoryT cells, Treg), myelainichs u pr e s o r o (myetoki-detivedrsiipgressor
cells, MDSC))ma kr of § g T assadaryi (mmomssdciattd macrophages, TAM)
ajednakf u n k| n 2 nefektatoxyict#lkst yj eg j sou povagovs8§ny za
protin8§dorov® (Dunayetal.t2010F wrlplowNddef ekty ef ekt
infiltruj2c2ch n&8§dor jsou pS2tomnost2 imuno
Visledkem je %l inn® gpecifidkéd |meaima t aR.tVipwdmpd 808 d o
imunosupresivnich podminekrv§ dor ov ®m mi k r o p hlavsich Stetécfli, j e |
jimi g se n8&dor ov® buRk wsystémetzv meghan3 nikin T b aj 2
ng§dorovich bunRk imunitn2mu syst®mu hostite

236 Mechani smy Y%ni ku n§dnimueystdmuh bunhDk i munit

Zevoluln2ho hlediska je pro pSegit?2 négd
nezbytnhD nutn® vyvinout strategi e, jimig ¢
hostitele.Imunitni reakcenan o v N v z n i kna kofgeknicha@ldea jsou do ni
zapojeny mechanismgk nespecifickétaki specifickémunity. Sprogreshadoruysouv g a k
tytoimunitni mechanismp ot | all @styo pTsob2 dokonce ve pros

Nador se tak stava neviditelpySed %t oky i munitn2ho syst®mu.
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K r o nviyazného zastouperv 1 ¢ e zm2nNDnich i munosupr es

populaciv naddorovérmi kr o p hydauHH S8 @€ prok§z8&na ¥ni kov§ s

na sn2gen2 exprese | YVap !l n ®  thamarg leuRocytei d s k ® |
antigenHLA) 1.t $2d/y chu n8&dorovich bunhDk a/nebo n
prezentace, jej2mg c2l eSmojrevhebchammMdkstcyt
T lymfocyty, a tak i nemognost aktivace specific

b u R k(@gmo et al., 2006)LopezAlbaitero et al., 2006)

Zhl edi ska funk] n2ch v IbgsuHNSCCtz&znamenany,i t n2 h
podobnih jako uektyaT g ainubitnichBogutaci ¥ nadodoeéftkani byly
detekovanyn e zr al ® CD1+ my el o ingeloid dahdriicccellsmDC)c k ® b u
neschopn® zah8jit spéretdl2000)a makrofagy typutMg,2 odp
které produkujiimunosupresivnicytokiny IL-10 at r ansf or muj 2 c 2 rTst o
(transforming growth factor betd G F fa jejich denzita wvnadoru koreluje progresi
onemoa N (Mori et al., 2011)P $2 t omafois i KNIKn 2bautibufidy et al., 1999)
apl asmatocyt oi dn? c(plasmaeytoi dandriiiccetld, pDi@)ndolaravé) k
tkani(Hartmann etal., 200@pr avd NDp o & b k ®Ip| T8ssothiena vysokT mi
TGFb a prostagl,anpdiodw kB afP 6E 2 )iBektrediamv T mi b
Ding et al., 2009)

| pSes fakt, ¢ge pro efektivrmp2ot@Balir&i n8§do
specifick® i nespeci fick®, b wmdl tda &aleihrajih u mo r &
T lymfocyty infiltrujicin 8 dor . Navozen?2 stavu vylerpg8n2 t |
systémye takjednimzn | avn2 ch mechani sdohlpdu#@nnikikalerancemu ni t n:
vTli n8doru.

237 Kontroln2z body imunitn2ch reakc2 a vyl er

Stav | 8st el n®ho specifickghCD8®Th ol ywnyfl cecrypt8Th2nast
dl ouhodob prSuadi rTvegeptary (T «éll reseptor, TCR) vpr ost Sed 2
chronick@Rbdboz ifldtou o v ® hNejedmi sk b skpkovous dlehaopak
opostupnou zmDnu f projekdjioh sdbi ef amchypgk] m zp]
Vpol| 8teln2ch f8z3chogoobf8r2clkeozoxB8tK®ho 2z
asekrecelL-2. Nasleduje ztrata produkce faktoru nekrotizujiciho nadory (tumor necrosis
factor alfa, TNFa ) apalgr ovl i | ®m stavu vyl eproguBomat dan §

i IFNo, p S grareyanrB(Wherry et al., 2003)
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CharakteristickIm znakem vyl erp8n? T
tzvwvkontrol n2zch b odnEbolii muhn ibti diéka,icehf erak g2 f yzi ol o
funkc2z je t1l ume atzejménailyinfocgtdrni,pa ppvdDhnut 2 ad
i munitn2 reakce, jakogto ochrany pSed pogk
(Wang et al., 2005)Obr. 4. PS2t omno sntar @ ¢ & B h ks| fendtypem
vhg§dorov®m mi kmemr o sd Skeadijeni geReletivhi protinadorové

i muni t n2akerddkacimnmaildri.

Highly polyfunctional memory CD8™ T cell
Acute infection ° PNy | TNF [ CTL | 2 [Protieratvel Apoptosis

potential
: . Antigen cleared | |G || ER B e =
Naive CD8 Effector
Tcell Adligen.t CD8* T cell
4, costimulation N |
&) > Chronic infection
-

Antigen persists

~ + high inflammation

Proliferative
IFN-y| TNF| CTL | IL-2 potential

Apoptosis

+++|++|++l-—-|+a"—-| o | -
++|+| - |—| + I -
+/— [+f'-—| +/— | - | +/— | +/—
o R

- - - S

Obr.4 Hi erarchick® vyl erpsg8n? efektorovich T | ymf
(n&dor/chronicka infekce). K el i mi nac i akutn2zho z8&8nhDtu spolu
doch&8z2 pomoc2 plnhN funkln2ch efektodrydwinkh n¥ ch
pamNRSovTich T lymfocyt T, mking, d sek siljod ocytatytickoup r 0 z § n
aproliferativn2 schopnost2. V pS2padh chroni ckd
odpovhlDN pSetrv§vg i po efpeketsoer o vn@ ifb8i zin.2 chho crhe8ze?
dl ouhodobnN aktivovanlich T tygymboetyghT sahdkmenozsttr?!
aupraveno dléWherry, 2011)
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Me z i nej v2ce prozkouman® i n hsodovall n 2 mo
scytotoxickymi T lymfocyty 4 (cytotoxic Ilymphocyteassociated antigen 4, CTLA),
proteinpr ogr amovan® bunhD| n® smrtil) djeh¢ jmand-gr a mme
ligand progrmovan® bunD|l n® s mrt i-ligahd laand2, RkpaRPDg r a mme |
L2), molekulaTIM3 (T-cell immunoglobulin andnucin domain 3, TIM3), imunoreceptor
T | y mf imenggtuulinem a ITIM doména{T -cell immmunoreceptor with Ig and ITIM
domains, TIGIT),t | u mi | B a (BTand Ty lymiploocytedttnhuator BTLA),
aktival n2 g(imphdcyenattivaton ez LAG-3), (Blackburn et al., 2009)
(Catakovic et al., 2017)

2.3.7.1 CTLA4

CTLA4je ve vysok® m2Se exprimovg&n na po
(regulatory T cells,Treg) a aktivovanych TILs CTLA-4 je kompetitivnim vazebnym
partnerem Kkosgiamdhl 87 (CO&ha CD86)n a povrchu bul
prezentujicich antigen (antigen presenting ceA$C). Tato vazba ale na rozdil
odkostimulaln2ho receptoru CD238prvoysvtod eSdvk§o v &
tansendocyt-zou a n8sl ednou dBOgOragd8aaktivati o st i ml
sign8l T blokuj?2c?2ch pr elQurieshiretalc 2011yVysledkemf ocyt T
je inhibice efektorowWych funkci akt i vovanT ch, kiEra Mnfdorbvénc y t T
mi kroprvalskpsSedal en2 specifick® protingdorovd
CD8+T | y mf(Zowcand Chen, 2008)

2.3.7.2 PD-1

PD-1 je k1 2| dawlhm b i leptotem rjeech o ¢ exprese nar Ts
pSedevg?2m T |lymfocytT, al eVaizbdal qn2ac-bdviTmunii
(B7-H1) nebo PBL2 (B7-H2)a s pup SBDe ¢ sogpainictdiahp Si s peyuladi  k
i muni t n?2 mabslpdnémbD davraceni do stavu homeosfZbhang et al., 2004)
InterakcePD-1 se svym ligandem st e n N -f, adde® kzablokawvaniPIBK-Akt
signg8ln2 dr8hy, kter § askpaduwgatch r obgucREksyn i ®my NV
cyklu, proliferaci, produkci cytoke s Tm =zaaxjriopB
p S e (Sthildberg et al., 2016Mechanismus intracelularni signalizace je ale u obou
i nhibiln2ch mo | P& u linhibuje® d fbsfatidylihozitol ~ 3-kindzu
(phosphatidylinositol Xinase PI13K), ktera je nezbytna &ktivaciprotein kinazy B (protein
kinase BAkt),ana ej 2 g akti vithD | -apogtdickéhsprofeiniBolk ® expr
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(B-cell lymphomaextra large) t zv . f azatimoca GTLABBE gk tupe Akt pS
pomoci serin/threonin fosfata2A (protein phosphatase 2RP2A) a aktivita PI3K, nutna
k expresi BekxL,t ak z Tst § \(Parryatalc B065) 8 n a

2.3.7.3 PD-L1

PD-Lljei munomodul al n2 membr§nexpregsgkperohe
stimul ac2 pr oz ggngnaha pevicbhuhadocoyythoakhemaipoetickych
b u n (Mknura et al., 2018)Diky silnému prediktivnimu potenciélie exprese PR.1
vhNDkterTch pS2padech poug2vgna jako biomark
na imunoterapiilmunohistochemicka exprese RID byla dokonce schvalenamerickym
bSadem pro kontr ol ud apdoDrug aAdmimistrateon, FBD&\Jakov ( Foc
doprowdni diagnostickl test pkiooanilp®tatkeu prpte mbr ol
PD-1 , u kar ci nomuNCATa2628067ngadtriokéhb ggastkoesofdgealnino
adenokarcinomyNCT0233541 L, ne mal obunBD| n®h o dsmaftcelilung mu pl |
carcinoma, NSCLC) (NCT01905657 NCT02142738) a urotelidlniho karcinomu
(NCT0225643%.

2.3.7.4 TIM-3

TM-3 je membr8&novim receptor empopylagioce e x
pomocnl ch TThll oyntf @tcoyx iTc kT ¢ h altaké proffsiondlnyimi T Tc 1
fagocyty, jako jsou makrofagy nebo DC&timb y | y  p o p Bg8ndyyintetagujics i
svariabil n?2 | §st 2 i munogl obul inndomva®, Ig)o m®ny
TIM-3: galektin 9 (galecti®, Gal9), protein HMGB1 bhigh mobilty group box1),
molekula Ceacarl (carcinoembyonic antigerrelated cell adhesion molecule )1
afosfatidylserin (phosphatidylserin®tdSe) (Du et al., 2017)Vazba TIM3 na Gal9,
prvni popsany ligan@IM-3, indukujeu ¢ 2 | o v Iperiferni bolenarid{abatos et al.,
2003)nebo apoptéz(Zhu et al.,, 2005) c o g suprd3idnir 2 g o fuakEi MIK-3 v
Th1l i muni t mterakeeddpaol vgiiadmemlPidSer jednakindukuje fagocytozu
apoptott kK T ¢ h  ajreld?nsaeckk podporuje zkS2genou preze
b u Rk &\akayama et al., 2009)TIM-3 na povrchu DCs infiltrujicich al nadoru
kompetuje o vazbu HMGB1 suk | eov T mi kysel i numfreiicich uvol R
ng§dorovich bun-Bk HMGBEh dobhdzi kedatiii regulaci stimulace
virozen® imunitn2 odpovRdChibaped ahp2022)Pasledail eo v 1 ¢
doposud popsany ligand TH8, Ceacanl |, mT g eexpbmovanskpw | eTIVi3ha s
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povichuakti vovanich HKdé ymbo8%t T p,ekdiefrilc ksl otugjtze
negativn?2 r egul §Htuang etialma0ibEdlderPMasordakalzishlid i g e

vp r T bcArbnické infekcel o c h §z2 ke z v I3g@powrchieCDg+Hi €ERSe T 1 M
T | ymfNoScryTts@lBn ddg aMt i vniprloadru&lcdj ey okinT a sch
efektorovlchodpdwhdio chatlokavanimiingesakce TIN8 a jeho

ligandu ale dojdek 8 st el n® obnovD | @&pldeeMasoe dt &.k200®)r ov ® f
Ferris a kolpozorovalj zghlediskaexprese n hi b i | n 2b-ha Thve3lu ENSCC
vykazuj?2 nejv?2 cdev ovjyiltenThmadedy PDieviidd28+yp Ls, | 2 mg
potvrdii v s1 edky p SiepmeedehythcuhmelarorafEourcade et al., 2010)
aleukémie(Kong et al., 2015)

2.3.7.5 TIGIT

TIGIT | e i munomodul al| nobsahujicimeimmungylobulirogém
(immunoglobulin, Ig) at yr o z i n o v(@munordceépton tyrasiAbased inhidory
motif, ITIM) doméry. TIGIT je exprimovanyn na povchua kt i vovanlch a par
Tl ymf opcSjitrTozenT ch zab?2jel T ¢ ma ouasbarkligarid! | er s,
receptor polioviru (poliovirus receptor, PVRYxprimovany DC,s p o uf@sfor§laci
cytosolické tyrozinovédoméry imunoreceptoruinmunorecefor tail tyrosing ITT), ktera
skrzezablokovani PI3K amitogenem aktivovanych protein kinamifogenactivated
protein kinasesMAPK) vede ke sn2gen?: cytotoxick® scl
ak produkci supresivnichyct o ki n T ,-10(Liaét a., 2p18)TIGIT daletlumi sekreci
IFN-2 ainhibici maturace D@ e p Sttanmfia k t i vaci (Yuetay, 30®)c yt T

2.3.7.6 LAG-3

LAG-3 je strukturnim homologem koreceptoru CDekprimowanym na povrchu

aktivovanTch T lymfocytT, NK bunnik, B | yn
(Goldberg and Drake, 2011yzhledem kno | e k ul §r n 2 -3setiefinuliganded,e L AG
stejnhD jako |Iigandem CD4, mol ekul amajorl avnz2h
histocompatibility complexlass I, MHC 11) , ke kter ®y @mtoadtato v 8 ge

vazba, na rozdil od interakc€®4, vede knegativniregulacib u n Iprolife®acea expanze
aktivovanT c Wofkmah et elf 2004)EtpEsdAG-3 byl a ve zviger
detelovanana povr chu Tl Ls u nbDkoli ka myg2-8h n8dc
spolu sPD-1 vedlo kposileniT-bun Dl n® pr oti n8dor(WWeoRtal.muni tn
2012) VT s | ed ky n Nk tneopdkpopisujis AGu3daka pozitivnieprognosticky
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marker.Tr i eb el a k &drcinomw br§yz %4 ti g mmyes tu s-dDUsérb i | n2 h
pacientels i gni f i k an tinedprgdwzodTriebsl at bl.a2066)

2.3.8 Inhibitory kontroln 2 ch b o d T rieakaiwli®Dm8 ¢ dhir ovi ch onemooc

Objev i nhi bkdmtriTol n2ch bodTotienvuseilt nhokour e
krevitalizaci b un D] n ® oytbpéoyw Paslednich B letech prokazij“sl i nno st
v cek Siddnadorovych onemodhnazpostupfse sévajisold § prvnfchlinil®] by, | ast c
i pSed doned§vna @achenodehal. 20097a cblj eemo tt drcehptio? mo
ajejich cesti do Klinické praxe byl vroce 2018 po zasluze odgimJames P. Allison
aTasuku Honjo Nobelovou cenou zafyziologii nebo | ® k a Simunoeteérapie
monoklonalnimi protilatkami blokujicimejd not | i v® i nhi bi |l n2 mol ek
st andar doppovare@avirarld ni g2 t owykazijeuon Nkt 2gfoneR
n § d silnyTerauticky efektNa z 8§kl adhD sl i bnTch visledkT p
vyug2vaj2c?2 synergizujkohtebektchetondTl!l i wmue
(Long et al., 2018 nebdkombinujiciinhibitorysda | g2 m®|] ebnT mi modal i t a
onkolytické viry (Ribas et al., 2017)nhibitory poly-ADP-ribéza polymerazy, tzv. PARP
inhibitory (poly-ADP-ribose polymerase inhibitoPARP) (Higuchi et al., 2015) igonssté
toll-l i k e r (eolt-lkeoréceptolf TLR)YSateKaneko et al., 2017)

Prvnim pS2pravkemnhéebistkapT nkont rcloteakéich b o
schvalenym pro Klinick@ouwj i hyla protilatkaproti CTLA-4, ipilimumab.Ipilimumab byl
vroce2011lj ako prvnz2 | ®| eb ndchvilesamprickauFRAp rtoo hl 0B ob ut
met astati ck®ho mal i gn?2 ho me | a ramdamizpvanéa t o
multicentrické klinické studie faze Ill (MDXO01R0), zahrnujici6 7 6 p aMadiamt T .
pSegit? | @ ein®m Tr ame n i byl leQr kontdlsirh caenio pr ot i
(Hodi et al., 201Q)Pozitivni vysledky byly potvrizenym Dk ol i ka navazuj 2 c?
fazelll (Robert et al., 2011)Coens et al., 2017) Nav 2 ¢, % SpiabcliiegnntI 210®1| ¢
i pili mumabem dos§hl oprot huowmo diauho@obémp P S@igi 1 2
p $i®| do B doby standartnimichemoterapeutickymi protokol{Schadendorf et al.,
2015)L®| ba ipilimumabem jne d8Mdevlt aridergoznikhjo pr ov §:
vdTsl edku ocdiplrelsowhrzho prse svinscharakteramse tak§ d or u ,
podobajiautoimunitnim onemodhin 2 m. Jtezdwn 8 ismumomi veld|l 2o @dm? D (
(immune related adverseventsi ir-AEs), projevujici ser Tz n Dz ®rgémayymi mi
toxicitami (Fecher et al., 2013)
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NejvRDtg2ho klinick®ho YsphRDchu zat2zm dos
protilatka proti molekulePD-1, ktera se talprosadila munot er apeuti ckIl ch
protokolech cel ® Sady ivolukablaopgmbmlizinayly o n e mo ¢
naz 8kl adnN dl ouhotrvaj?2c? protin8dorov® odpo
schvédleny FDAvr oce 2014 pr o | ®dlahomu(Rokett &tsat, 2214)c kK ®h o
(Weber et al., 2015)Blokace PB1 dr 8 hy mDIl a r ev o Haddgkincdva dopad
lymfomu (Ansell et al., 2015) nemaloln n D | n ®h o  k a(Garonrebah,u201p)l i c
renalniho karcinomuyMotzer et al.,, 2015)a d a indjkdoi. Na z 8kl adhD pozit
visledkT klinicl8CGteditej EMPOWBRg2 monokl! or
PD-1, cemiplimab, vstoupila ¥ 0 c e 2018 i mu n o tspinoeelplar@ho i do
karcinomu(Migden et al., 2018)Sc h®mat i ck® zn 8z or nkierefsoui nhi bi

cilenymonoklonalnimi protilatkami klinické praxi,je zobrazeno na Obr. 5.

| pSes vel mii nsdn dbtne®r avplisd ezdsklyogen® na bl o
uvige zm2niDnichNknerkad?2 tjyp dalpoviddinhah!| ®FE O a

PD-1 inhibitors
-Nivolumab
-Pembrolizumab

CTLA-4 inhibitors
-Ipilimumab
-Tremelimumab

PD-L1 inhibitors
-Atezolizumab
-Durvalumab

Obr.5.Sch®matick® zn&zornhNn2 c¢2lovich mol ekul i n
reakci, doposud schvalenych FDAP Se v z at o a (deiMeloatvak, 8047) d | e
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239 I nhi bitory kontroln2ch HNSCC i munitn2ch r

V roce 2016schvélilan a z § k| ad N pildtrdch studik KEYNDVE Q12
aCHECKMATE 141 americkAFDA pembrolizumab a nivolumapr o | ®| bu paci
srekurentnim nebo metastatickyfNSCC u kterpecbgdegi ookemocn
bNhé®l by platinovimitadecywv@styatnietbdbbou V P®boéo
ov !l i (Ferri3 et al., 2016)Larkins et al., 2017)0 r ok pozdDj i n8sl edo
obou monoklonalnich ptithtekpr o | ®| bu stejn® popul ace pac
agenturou (European Medicines Agency, EMX)roce 2019 bylna z &kl adnR v 1 s|
studie KEYNOTE 048p e mbr ol i zumab zaSazen i tTd o prv
smetastatickym nebo rekurentnim HNSQBurtness et al., 2019)Mira objektivni
o d p o vobjettive rgsponse rate, ORR), hodnotadpovidavosp aci ent T se sol
n§dor ybuldR{D (R&ponse Evahtion Criteria In Solid TumorsRECIST) se ale
pohybuje mezil520% a v Dt gi nANPBPE&CI ¢k T na | (®diwertiet neodp
al., 2016) (Ferris et al., 2016)Pr o  z \efeldivatyn 2 ®| by n dlokdvé&hiz i za
imunosupresivith drahvn § dor ov ®m mi protapprt Sseth$ie dnakjieS | t s €
identifikaci tzv.prediktivnc h b i omar k er Td,D puordloubjn2ocs2t c ho dpproavvi) d
uj ednot | i v ajejibh nfsednouetratififac,jednakn aj 2t demblekdly, c2 1 ov
jejichg blvedloke § ¥ 1 bhgsti inundtérapimn HNSCC Monoklonalni
protilatka proti PB1 je ale spolu setuximabem, tedy inhibitorem receptoru epidermalniho
rTstov®ho faktoru (epi der mdoposug jediow tilenouf act or
terapi 2 u HNSCC, schivE@heobk® §FDAdi eSthakmger
cetuxi mabem ukazuj?2 | &@&tRrapicatp@PRl%Furyendl..c kT %l
2012)Dalg2 i nhi bitory mol ekul k akomplexriprctokoty bod T
zahrnuj2c2 kombinace nRkHNSCKjsou zatenwraPpzamit ¢ kv k T
fazichklinickéhotestovani. Studie, které peidgstay do pokr ol i Bné(fazpz c h f §
| 1 ajsou $hinlity vTab. 2.(Zolkind and Uppaluri, 2017)
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Faze Cilovd molekula mAb / | ®| b a Klinicka studie
Monoterapie

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

terapie

I PD-1 fueznr"]?g?'(')fg{:ab/ SEEE NCT03049618
Il PD-1, CTLA-4  nivolubam/ipilimumab NCT02823574
Il PD-1, CTLA-4 nivolubam/ipilimumab NCT02834013
Il PD-1, TLR9 pembrolizumab/SEL01 NCT02521870
Il PD-1 pembrolizumab/RT,cetuximab/RT NCT02707588
Il PD-1 pembrolizumab/cetuximab NCT02318901
Il PD-1 pembrolizumab/RT NCT02609503
Il PD-1 pembrolizumab/CRT NCT02777385
Il PD-1 nivolumab/SBRT NCT02684253
Il PD-1 pembrolizumab/reirradiation NCT02289209
Il PD-1 pembrolizumab/acalabrutinib NCT02454179
Il PD-1, CTLA-4 nivolumab/ipilimumab NCT02919683
Il PD-L1 durvalumab/cetuximab/RT NCT03051906
Il PD-L1, CTLA-4 durvalumab/tremelimunia NCT02319044
Il PD-1 nivolumab/HP\Avakcina ISA101 NCT02426892
1] PD-1, CTLA-4  nivolumabl/ipilimumab NCT02741570
i PD-L1, CTLA4 durvalumab/tremelimumab NCT02551159
Il PD-L1, CTLA-4 durvalumab/tremelimumab NCT02369874
11 PD-L1 avelumab/cetuximab/RT NCT02999087

Tab. 2. PSehl ed prob2haj2c2ch klinicklch studi? f:
kontrolnichbod T i muni t n2 c h. RT (eadidtecapie), CRTHdh&©@dioterapie), PT

(platina), 5FU (fluorouracil), TLR9 (toHlike receptor 99PSevzat o a upraveno dl
Uppaluri 2017).
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2.3.10 Vznik adaptivni rezistence kU P 1) terapii

| pSes vel kT ménbkiomainjordtil&tkolsopi PRI Wransci nadorové
imunoterapiee x i st uje st8le vel k8 | 8st tpaoi €n@tlTe bsne
modalituneodpovida. A navid, | 8 st responder T, tedy pacie
vpr TbNhu L@BTv ad @imajie zatim ne zcela b j a smedhanismus
vuni ku pp®ded ng&§dorovou aktivitou potmlualomoda?d

i munosupr es inadord, tzp. adaptivini$ezisténcev

Adaptivni rezistence popisuje mechanismus indukce unikowstgiresorovych
sign8ln2ch drah, vznikaj?2c?2ch -JPdkloponwodip ov DN
i nhi bnotl @k | i munitn2ch kontroln2ch bodT. J
vhg§dorov®m mi kropr ost S podtapné adaptadel n sn mhao gp Sdeor cuh
PD-1 supresivn? sign8ln2 natg§hyp2alBr Tahemi lenx?
aaktivity jejich signalnich drah(Koyama et al., 2016) Shayan a kol . Z
zablokovanim PEL signalni drahy u HNSCC pomoci blokujici protilatky dojde
ksignifikantn2mu -3n.8rSek we nel xnp?rre sppo dBEEeMadn U P D
podaSilo zabr§ni't Vzni kluterapideapbyh a2 t alk z idots:
signifikantni protinadorové aktivity TIL® z ast av e n 2 Shaydnsatkol. dale§ d o r u
popsalimolekularni podstatvzniku adaptivni rezistende U-PtBrapii u HNSCCkter
j e zal og ea BIBKIAN/MTOR ssignalrd drahyShayan et al., 2017)Genova
deplece PEL vede kn 8 r Tst u e x gtermasveichichidbil 2 ch mé&dje k ul |,
LAG-3, TIGIT, 2B4 (CD244) aCD160 (Odorizzi et al., 2015)Mechanismus adaptivni
rezistencf e t edy mozd r8@tSeelkalsamiabkaci PEL spolu sd al ¢ 2 mi
inhibitory molekulkot r ol n2 ch bodT, iamuzd st2nl2igdthdtespeek|2i nn
(Lichtenegger et al., 2018)

2.3.11 Prognostickarolei nhi bi | n2ch mol ekul
Al kol i fuhkocekiarclei bi | n 2 cvede kobrioeeki wspecifické
protin8§dorov® i munitn?2 odpovhDdi, a dos8hl a

typT n8§dorov]db nepmoehRAPg2chnKtzkmImi[ib j len & x|
molekul jako je PD-1 nebo PBLL1, 4z ce spj ata nej emhlasinod unk| n:
vyl erpan2, ale u nhRDkterTch n8dorT naopak t
(Badoual et al., 2013|Hladikova etal., 2018 sa kt i vac?2 protin8dorov®
(Fucikova et al., 2019y roce 2007 Hamanishi a kglopsali roli PBL1 jako negativniho
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prognostick®ho markeru u ovari 8l nzhdlkarcir
a nizkym infiltratem TILs vn § dor ov ®m  mi(Hamanjshi ets al.S 2007

V nésledujicicHetechbylaale ur TznT ch n&8dor ov 1 ¢ hpotosoyad , vi] et
opal n8 (Kagaskiwaaetat, 2017/fWebb et al., 2016 Wu et al., 2017)Stejna
diskrepancese objevuje také& molekuly PB1,j ej 2§ expr e s epobtiydia as o«
prognézowp a c i e&aloreRtalném karcinomertii et al., 2016) ovarialnim karcinomem

(Webb et al., 2015) u p aHNS@O{Badouaket al., 20135 k ut e | maekulyo | e
PDlvn8dorov® i munol ogi iVzhleadm krzkémt t8rap8utickémm p or u p
Y i n k4 terdd@aDHNSCCje zasadnim krokem objasmdli PD-1 molekuy u tohoto

ng§dor ov®ho @opsamedanishusnavazujicist av vyl er p8&n2z TI
dTsledkem je siln® i munosupresivndnagdst Se
| aboratoSi | smeunskd npr cctitB\Wgapkét deiw i ilzéakcl2c h T L's

s HNSCC) souvislosti xpresin hi b i | n 2 c¢ hl antbvi3.e\Wsletky tét® prace

obj as Rudjn?o trl dlIvil cjhe i n hjson vsbutagucsé studiemi pokisujicimia

PD1 jako marker aktivace a diferehneiagmr? ]
an e f un k(Legab &t @li, 2013)Pozitivni roli PD1 u HNSCC navic podporuji data
Badoual ov@ et &klodvagl iktexXSpr esi c.gakoHOMRDR] y akt |
CD38 nebo CD137na povrchu PEL+ TILs (Badoual et al., 2013Molekula PD1 tak
pravdDpodobnhD charakterizuje sp2ge fenotyp

vyl arp

ZablokovaniPD-1 signalni drahy pomoci monoklonalni protilatky nivolumabu tak
podl e oneedo§n&8p2 ke€8udbst ul rNaktkegozomvat u indikaci
svysokymterpeut i c kT m ¥ tdérapikleSrs t EdPoBbl®kovanisupresivnino
prostriwaizzaeTabunD| n® o dgooilendad§ w8 ! iPD-1 drdhy k a ¢
iTIM-3drahys ou | asn, gizgmgi fdiokgal not nk2 mu F &zesflent u pr o
protin8dor ov® (Heedkava etralk, 2008V mEwWddiov ®m mi kr opr
HNSCC takb N h e m-1 téi@dep r a v d N pdoctiazibervadikuadaptivni rezistence
j ebylapopsaav T Pea.r al el n2 bl ok ac e tak¥yeotvaignetgickp i | n2 c |
efektt Dchto inhibitorT a pSeddadi&waetal.z2018k u ad e
(Shayan et al.,, 2017Ful 2 kov§ a &kol. pozorovali vizna
vzhl edem Kk expresi jednotlivich iZeménai | n2 c|
mira exprese molekuly RD1 v ng§dorov®m mi kroprostSed?2 ]

protin8dor ov® a nsunlietpn@®?2 opdrpoogvnl) dzxorese motekuly e nt e k
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TIM-3 v 1 znamnnNi nkhoirbeilcu?j eprsot i n§dor ov®Ni makitn
ovliVvRuj e pr oldGBC(Eucikopazetal., 80id) e k s

23.12Dal g2 mognosti i munoterapie u HNSCC

Vzhledem kv T znamni m o dliiodgrogstck® wodstatD, cf

HPV-asociovanych ®dor T hl avy a Kkrku vs. ng§dor T Vvy\
nezbytnh nutn® plS®|skiptolahtt oddv dgwu Nernt ikt . So
na TNM klasi fi kaci ngdor u, tedy postoperal n? p
vel i kost.i ng§doru (T), zasagen?2 region8ln2cl

metastaz (M) N8sl edn8 postoperati vn?2kohk@iitdntni z ahr r
chemor adi ot er akorbinaci scigpjatinGedezaimnie zvo h|l ed Ruj e HPV
paci PropatientysHPMsoci ovanl mi ng§dory by Segen2nm

zvol en8 imunoterapie vyug?2vaj 2ecadikaprmdore nci § I

Vsoul asn®uwkdbmi ck® praxi jig bngnn zaveq

zd ogen® na principu prienvdeunkcce2 vhzunmokru§ |vni2r oivn®u

v podebfralizaln2ch protil 8t ek éomprottnalLLk onf or
U ji g phroobé e iedealdcirizkv T znamn®mu sn2gen2 exp
infi kovanT mi buRkami, a profylaktick® vakc?

(Ault and Future, 2007 o | ®| b u HRVasodiogamymifadsy] e t ak zapot !
aktivace bunfdddha® 1 muer a e Uzhledenk keckbmpixnask ¢ 2 n .
vyvojet N c vekcimjsoualer Tzn® i munot er a HNSCCstdleve®zi post up
preklinického a klinického testovarlle j v Dt g2 | ® ebnl potenci §I
vakc2ny vyug2vaj2c? pS2tkeédjsausx pr ivimaw&dyx hv @
infikovanT mi buRkami, a thudhg byln&déd't byghti
vyvol 8n pr8vhDTynbekbaokopPV¥Wteiny tak sloug?2 |
specifické antigenykt er ® i ndukuj 2 odpovhDWN Bpekygymfocil
Exprese t NDcht oaviolack spjatamd leii M2 mef enot ypem n §d«
azTst 8§vg tak vnyesnotknin §s eil ekSens? azd ak§ dzaar oWl Tecl he
imunitnimu systému(Best et al., 2012)Vysledky Kklinické studie faze I zal ogen®
napodavani vakciny obsahujici syntetické peptidy onkoproteinu E6 a E7pldBtfvnim

pacientkam sulvarni intraepitelidnin e op | 8z i 2 uk8zaly vel mi S
Pouplynuti jednoho roku od vakcinaggkazovalo 15 A9 pacientek objektivni kliniou

odpovDiDN, me z i nimi g byl o doZXasadnt gro tutceswtlit kom
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byl o, ¢ge se u vgech pacientek jednal o o spe
podanimv T § e uvakeidyéen®retal.,2009¥r oce 2017 byly zveSej
klinické studie faze lu  pacinen®T i sell®dsmiciRPVanT mi n8§dor
karcinomu orofaryngu. Tato studie tak® test
a E7 p e pkombiahdcisnivallmabemM2 r a o b j e k tui vpna2c i cednpt ofv lldois
33 %, v | é&kompDe t hv cth (NCAQ24268dK o mbi nace t NDchto
odlignTch | ® ebnlch pS2 s tVkimitkém taskovamigzdldlz uj e s
pro HNSCC je tak@ersonalizovanautologni vakcina obsahujicédorovy lyzdp aci ent T

G ako zdr o] n § Ywkonindcicgh o | aynkt | i ognegnl Tn Nalogekntmi v o v a n
Th1 pamRSov i nviaklxt? Rlkaa nite d 6 A kofponettami byaké mN | a
vyvol at i munnam2Sendpo vdNepcriotiic k p § dpoSrzomvol m |
(NCT01998542
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3 CIiLE PRACE

Hl avn2m c?2l em t®to pr8ce bylo charakteriz

nfiltr8tu n8dorov® tk8nhD u pacientT s n8do

vytvgSej2c?2 specifickou proting§dorovou i mur

viznam tRNDchto parametrT pro klinicklT prTbt
i munoterapeutickich prodbBbkehy.ddend&@olt éduvijR2c

1.

Analyza vlivu etiologického agens (infekce HPV.vs kou Sen2/ al kohol )
aletnost imunitn2ho infiltr8tu u n8dorT hl
T Hypot ®z a: Lepg? progdukavamakmienngdaer yHP)\
infiltrac2 n8&dor ov®hoennminkrno p rbousRkSend 2. i mu

Testov§8&n2 f unks|pnec ikfaipcakclicthy THPALVs u n8&8dor T h
T Hypot ®za: Exprese inhibiln2ch molekul a
protingdorov® i mu n idkovarié HBWpeafiekydd iTILsz pr o st
svyl er peaotypem.

Analyzavli znamu B |l ymfocytT pro-bpo®paoa®ui sipac
odpovDiDdi u pacientT s n8dory hlavy a krku
1 Hypotéza: B lymfocyty infiltrujici do namtu podporuji specifické CD8+
Tl ymfocyty v protin8dor ovsRHPVasaciovartymi2 odp
nadory hlavy a krku

Sledovani vlivu exprese n hi b i | n2ncah f mmékeh Righénitrfho infiltratu

u ovarialniho karcinomu

1 Hypotéza:Progn6za pacientek EGSCC je viznamnBD ovlivnDi
i nhi bi |ekuPvoddorovémhi kr opr ost Sed? .

Stanoveni expresho profilu nadorovycha n t i g primdrnihonddoru ovarialniho

karcinomua ovarialnich nadorovych linii.

1 Hypotétza:VhodnnD zvol ens§ kombinace ng§dorovli c
ng§dorovich antigenDC pgokHPaktetnyi nak®E§sj
antigenT detekovanlTch u prim8rn2ch n8§dor
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5 VYSLEDKY

5.1 Nadory hlavy a krku, indukované infekci lidskym papilomavirem,
maj 2 signifikantnhD vygag?2 nadonyyimei t n 2
etiologie.

Lidsky papilomavirus (HPV) je# s oul as n® llavriich etiplagidkygch m z
agenss nvazivn2 karcinodgearkeuze |lu prSSdw pbrarthloauv yd iz
st &§di 2ch omeetnmosctnalini2ckd m rozg2Sen2m do | ymf
sng§dory vznikIl T mi na z8kladhD t®to etiologi
progn-zu, nHPY-negativeimi enadtyii nduk ovanT mi pSevggnl
IpSesto, o pe¥|lui daoptocshiat nebyla zcela objas
|l ze usugedntm @gehl avn?2chmndsTwrowfadoijove tkdni, §v N |
odkt er® se odv?2j2 i ichaVWzahklteedre m nku nfiatknt2u ,o dgpeo \
mas | o g en?2 inunithe mfitratt @ nddorové tkanprognosticky a prediktivni
viznam, zamhRSili jsme se v t®to studii na
squamoznim karcinomem hlavy a krkudbeand neck squamous cell carcinoma, HNSCC),
ve vztahuk HPV statutu tRDchto pacientT. V r 8§mc
charakterizovali zastoupeni a distribuci jednotlivych populaci imunitniho infiltratu, které se
Yal ast n? pr ot i nd§pdoovriodvi ® ijnauknoi tjnfouo buRKky pr e:
presenting cells, APCs), efektorové T lymfocyty a naivni T lymfocyty, nebo naopak
popul ace i munosupresivntchm8bdandk, j pkdpdgrswj
T lymfocyty (regulatory T cells, Treg)Analyzoval j] S me tak® produkoc
achemoki g viznamnhD pmXiisp? majpdk okmp etheemmort ?
don§dorov®ho mi kroprostSed2. V r8§mci t®to s
sl ogemrdunmani tn2ho infiantlrcght us nHBPdVo ra] naSsdoocri To \
HPV-pozitivni nadory vykazovaly signifikanh vy g g ?2 zastoupen? I
Tl ymf ocydT+TH yimLomDQalv,y g g2 porroodzu§kncdit | i V[T ch c¢h
NaYar ov ni MRNA | s me d-Bbei tzijvins2t i kheB stavndlye nmHRA W
sHPV-negativniminddory T znamniD ni §g2 expresi cYkl ooxy
Cox2)avygg?2 edpr2smnad®PDdD stpépeomyps imustiihogen ®ho
infiltratu mT § e zhsad@itroliv o d pdiyA c i e n t -@soc®vanyind Viadory na

standardni terapiiCharakterizace imunitniho infiltratu u HNSCC se zda byt vhodnym
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Distinct patterns of intratumoral immune cell
infiltrates in patients with HPV-associated
compared to non-virally induced head and neck
squamous cell carcinoma

Simona Partlova'~, Jan Bougek™*

, Kamila Kloudova'?, Eva Lukesova™®, Michal Zabrodsky®, Marek Grega’, litka Fuéikova'?,
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of Otorhinolaryngelogy and Head and Neck Surgery; 1st Faculty of Medicine; Charles University and Motol University Hospital; Prague, Czech Republic; “Institute of Microbiology
ASCR; Prague, Czech Republic; *Department of Experimental Virology; Institute of Hematology and Blood Transfusion; Prague, Czech Republic; ®Department of Genetics and
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Keywords: CORYT lymphocytes, HNSCC, HPV, PD-1, Tim-3

Abbreviations: Cox-2, cyclooxygenase 2; HNSCC, head and neck squamous cell carcinoma; HPV, human papillomavirus; mDC,
myeloid dendritic cell; PD-1, programmed cell death 1; pDC, plasmacytoic dendritic cell; PD-L1, programmed cell death-ligand 1;

Tim-3, T cell immunoglobulin and mucin protein 3; Treg, regulatory T cell

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
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(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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Discussion

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.

Volume 4 Issue 1
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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.

e965570-8

50

Oncolmmunology

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,
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