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Seznam zKkratek

ALL akutni lymfoblastickd leukemie
APC antigen prezentujici bunika

BER base excision repair

CD cluster of differentiation

DC dendritic cell

EOC epitelidlni ovarialni karcinom

FasL Fas ligand

FDA U.S. Food and Drug Administration
FIGO International Federation of Gynecology and Obstetrics
HGSC high-grade ser6zni karcinom ovaria
HSP heat shock protein

IDS Interval debulking surgery

IFNy interferon gama

IL interleukin

LGSC low-grade serdzni karcinom ovaria
MHC major histocompatibility complex
NAC neoadjuvantni chemoterapie

PARPI1 (poly(ADP-rib6zo)polymeraza-1) enzym

PFS progression-free survival

PSA prostaticky specificky antigen

RAG gen pro rekombinaci T a B bunécnych receptort
ROMA risk of ovarian malignancy algorithm
SSB single-strand break

STIC serous tubal intraepithelial carcinoma
TAA tumor associated antigen

Tc cytotoxicky T lymfocyt

TCR T cell receptor

TGF-p transforming growth factor beta

Th pomocny T lymfocyt (helper)

Treg regulacni CD4+ T lymfocyt

TSA tumor specific antigen

UVA ultrafialové zateni typu A

VEGF vascular endothelial growth factor
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Abstrakt

Incidence ovarialniho karcinomu je v CR jednou z nejvyssich v EU. Pétileté preziti viech
stadii je ptiblizn€ 40%. Mortalita je 1 pfes intenzivni snahu o ¢asnéjsi diagnostiku a moderni
terapii celosvétove stale vysokd. Po ukonceni chemoterapie se dosahuje kompletni klinické
odpovédi u Casnych stadii (stadium I. a II.) v t€émét 100 %, ale ve 20 az 40 % nelze bohuzel
zcela eliminovat vSechny naddorové bunky rezistentni na chemoterapii a téméef u tfetiny Zen se
objevi recidiva onemocnéni. U pozdnich stadii (stadium III. a IV.) se dosahuje ve vice nez 70
% ptipadli kompletni klinické remise, ale do 2 let recidivuje z této skupiny vice nez 50 % Zen.
Recidiva onemocnéni je disledkem aktivace chemorezistentnich klonti malignich bun¢k. Tato
populace bunék, které nejsou detekovatelné béznymi vySetfovacim metodami, je oznaCovana
jako minimalni rezidualni nemoc. Problematika byla rozdélena do tfech oblasti. V prvni jsme
monitorovali mnozstvi T-regulacnich lymfocytti v periferni krvi u pacientek s ovarialnim
karcinomem. V druhé jsme sledovali dynamiku imunitniho infiltrdtu v zavislosti na stadiu
onemocnéni. Ve tfeti jsme testovali rizné typy cytostatik v jejich schopnosti indukovat tumor-
specifickou imunitni odpovéd’. U fady zhoubnych nadort bylo prokazano, ze jsou zmnozené
regulacni CD4+CD25+ T lymfocyty v nadorové tkani 1 periferni krvi (Treg). Treg se podileji
na kontrole protinddorové imunity ve smyslu jeji suprese. U nékterych nadorti bylo zjisténo,
ze procento Treg bunék v periferni krvi koreluje s prognézou pacientll. Jednou z moznosti
experimentalni konsolidacni terapie je podavani nizkych (metronomickych) davek etopozidu
nebo cyklofosfamidu perordlné. Metronomické dévky nemaji pfimy cytotoxicky efekt na
chemorezistentni nadorové bunky, ale z mnoha experimentdlnich studii na zvifatech bylo
zjisténo, ze cyklofosfamid ma pozitivni efekt ve smyslu zastaveni riistu nadoru a jeho regresi,
piipadné oddaleni recidivy onemocnéni. V této studii jsme potvrdili vybornou prognozu
pacientek ve stadiu onemocnéni FIGO I/II a velmi dobré klinické vysledky u pacientek ve
stadiu IIIC bez pooperacniho naddorového rezidua. Neshledali jsme zadny rozdil v parametru
PFS u pacientek s pooperatnim nadorovych reziduem mezi skupinami pacientek s
konsolidac¢ni terapii a bez konsolidacni terapie. Pacientky v ¢asném stadiu mély signifikantné
rychlejsi kinetiku ristu Treg v periferni krvi, coZ se promitlo jako vyssi sklon kiivky rlstu
poctu Treg (slope of the Tregs trend line). Slope of the Tregs trend line se ukézal jako
signifikatni prediktor casné recidivy onemocnéni. U pozdnich recidiv jsme tento jev
neprokazali. Ve druhé Casti vyzkumu jsme zjistili, ze se Treg vyskytujici v nadoru vyznamné
1181 v rGznych stadiich onemocnéni. V pokroc€ilych stddiich dochazi k chemotaxi Treg z
periferni krve do nadorové tkang a intratumordzné lokalizované Treg se vyznamné podileji na

zvySeni imunosupresivniho mikroprosttedi uvniti nddoru. Ve treti ¢asti vyzkumu jsme zjistili,



ze nadorové builky usmrcené antracykliny indukuji imunogenni smrt vyznamnéji v porovnani
s bunkami usmrcenymi UVA zafenim, ale 1 v porovnani s buiitkami usmrcenymi jinymi

cytostatiky.

Kli¢ova slova: karcinom ovaria, T-regula¢ni lymfocyty, konsolida¢ni (metronomicka) terapie

The incidence of ovarian carcinoma in the Czech Republic is one of the highest in the EU.
The five year survival rate of all stages is approximately 40%. The mortality still remains high
globally, despite the efforts of diagnostic procedures and modern treatment. After ending the
course of chemotherapy, a completely successful clinical response can be achieved in the
early stages (stage I. a II.) in almost 100% of patients. However in 20-40 % it is unfortunately
impossible to completely eliminate all tumour cells resistant to chemotherapy and almost a
third of women have relapses. Today in the late stages (III. a IV.) more than 70 % of cases
result in complete clinical remission; however within 2 years more than 50 % of women from
this group suffer from relapses. The relaps of disease results from the activation of a
chemoresistant clone of malignant cells. Those cell populations that aren’t detectable using
investigation methods are marked as minimal residual disease. The issue has been divided
into three areas. In the first we monitored the amount of regulatory T-cells in peripheral blood
of patients with ovarian cancer. In the second we monitored the dynamics of the immune
infiltrate, depending on the stage of the disease. In the third, we tested various types of
cytostatics in their ability to induce tumor-specific immune response. In some series of
malignant tumours multiple peripheral CD4+CD25+ T lymphocytes (Treg) were found. Treg
play a suppressive role in the control of antitumour immunity. In some tumours the
percentage of Treg cells in peripheral blood were found to correlate with the patients’
prognosis. One of the experimental procedure in consolidatory treatment is usage of peroral
low etoposid or cyclophosphamide dosages. Low (metronomic) dosages don’t have a direct
cytotoxic effect on chemoresistant tumour cells but from many experimental animal studies
cyclofosfamide was found to have a positive effect on this low doses treatment in stopping
growing tumours and their regression - eventually removing disease relapse. In this study we
confirmed that the patients with stages I/II of the disease had an excellent prognosis and very
good outcome in stage IIIC patients with no residual tumor after surgery. There was no
difference in the PFS of patients with residual tumor after surgery, irrespective of the
consolidation therapy received. Patients with the early relapse had significantly faster kinetics

of the rise of Tregs in the peripheral blood, which translated into the higher slope of Tregs



trend line. The slope of the Tregs trend line was a significant predictor of an early relapse.
The slope of Tregs trend line does not have any predictive value for late relapses. In the
second part of the research we found out that Tregs in the tumor varies significantly in
different stages of the disease. In advanced stages, chemotaxis of Tregs occurs from
peripheral blood in tumor tissue and these Tregs contribute significantly to increase the
immunosuppressive microenvironment within the tumor. In the third part of the research we
found out that tumor cells killed by anthracycline induced immunogenic death significantly

more than the tumor cells killed by UVA radiation or killed by the other types cytostatics.

Keywords: ovarian cancer, Regulatory T cells, Metronomic chemotherapy



2 Uvod do problematiky

2.1 Uvod — obecné informace o karcinomu ovaria

Evropské unie. V roce 2004 byla incidence 24.6/100 000 Zen, tj. v absolutnich poc¢tech 1290
novych onemocnéni. Ve stejném roce byla mortalita 14.2/100 000, v absolutnich ¢islech 745
umrti. Incidence zacind lehce klesat. V roce 2011 byla incidence 20.2/100 000 Zen, v
absolutnich poctech bylo hlaSeno 1080 novych onemocnéni. Mortalita (v roce 2011) byla
13.1/100 000 Zen, tedy zemielo 702 Zen (zdroj dat: UZIS CR).

obr. ¢. 1
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Pétileté preziti vSech stadii je asi 40% [72]. Mortalita je i pies usilovnou snahu o casnéjsi
diagnostiku celosvétové stale vysoka. Jednim z hlavnim divodl takto neuspokojivych
1écebnych vysledki je pozdni diagnostika. V soucasné dob¢ se 75 - 80 % karcinomil ovarii
diagnostikuje v pozdnich stadiich, tj. ve stadiu IIl. a IV. (FIGO klasifikace). Jako standardni
1é¢ba se v klinické praxi pouziva radikalni operace a nasledné kombinovana chemoterapie. Po
ukonceni chemoterapie je dosazeno kompletni klinické odpovédi u casnych stadii (stadium I.
a Il.) v téméf 100 %, ale ve 20 az 40 % nelze bohuzel zcela eliminovat vSechny nadorové
bunky rezistentni na chemoterapii a témef u tietiny Zen se objevi recidiva onemocnéni. U
pozdnich stadii (stadium III. a IV.) je dosahovano ve vice nez 70 % piipadi kompletni
klinické remise, ale do 2 let recidivuje z této skupiny vice nez 50 % Zen. Histopatologicky se

karcinomy vajecnikd rozdéluji na nadory epitelidlni a neepitelidlni. Ve vlastni praci jsme se



vénovali nadorim epitelidlnim, které tvoii ve stiedni Evropé cca 90% vSech zhoubnych
nadori ovarii. Hranice mezi benignimi a malignimi nadory neni ostrd. U néadorti ovarii se
vyskytuje skupina nddortt s tzv. hrani¢ni malignitou (borderline). Patolog pii vySetieni
histologického preparatu hodnoti stratifikaci bunék, mitotickou aktivitu, jaderné atypie,
stavbu epitelu a invazi do stromatu.

Pramémy vék pacientky s epitelialnim ovarialnim karcinomem v dobé diagnézy v CR je 57
let.

obr. ¢. 2
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WHO histologicka klasifikace epitelidlnich zhoubnych nadori vajecnika (85-90% vSech
ZN)
Serdézni nadory (cca 50%)

Adenokarcinom 8441/3

Povrchovy papilarni adenokarcinom 8461/3

Adenokarcinofibrom (maligni adenofibrom) 9014/3
Mucino6zni nadory (cca 7-10%)

Adenokarcinom 8480/3

Adenokarcinofibrom (maligni adenofibrom) 9015/3

Mucindzni cysticky nador s pseudomyxoma peritonei 8480/3

Endometroidni nddory zahrnujici varianty saquamézni diferenciace (cca 30%)

Adenokarcinom bliZze neurceny 8380/3



Adenokarcinofibrom (maligni adenofibrom) 8381/3

Maligni miilleriansky smiseny nador 8950/3
(karcinosarkom)

Adenosarkom 8933/3
Endometroidni stromalni sarkom (low grade) 8931/3
Nediferencovany ovarialni sarkom 8805/3

Néadory z jasnych bunék (cca 10%)

Adenokarcinom 8310/3

Adenokarcinofibrom (maligni adenofibrom) 8313/3
Nédory z ptfechodnych bun¢k (méné nez 1%)

Nédory z ptfechodnych bun¢k (non-Brenner type) 8120/3

Maligni Brennertv nador 9000/3

Spinocelulérni nddory (méné nez 0,1% raritni)
Spinocelularni karcinom 8070/3

SmiSené epitelidlni naddory - specifické komponenty (méné€ nez 0,1% raritni)

Maligni 8323/3
Nediferencované a neklasifikovatelné nadory (méné nez 1%)

Nediferencovany karcinom 8020/3

Adenokarcinom bliZze neurceny 8140/3

Serdzni nadory (cca 50%)

Podle nejnové;jsi klasifikace se zhoubné sero6zni karcinomy déli na low-grade a high-grade.

Low-grade serozni karcinom (obr. €. 3)

Jednd se o invazivni karcinom vykazujici znaky low-grade (dfive oznacovany grade 1)
cytologickych atypii. V porovndni s high-grade seroznimi karcinomy se nevyskytuji piilis
Casto, pouze v cca 5% vSech seroznich karcinomti [50]. Pacientky s low-grade ser6znim
karcinomem (déale pouze LGSC) onemocni o piiblizn¢ o 10 let diive v porovnani s
pacientkami s high-grade karcinomem (dale pouze HGSC). VétSina z nich se diagnostikuje v
pokrocilych stadiich onemocnéni. Nadorové masy jsou obvykle cystického charakteru, ale
Casto obsahuji ztlustéla septa a nodularni komponenty. VEtSinou jsou postizena ob¢ ovaria. Ve
srovnani s HGSC podléhaji méné Casto vyraznym nekrotickym zménam, naopak Castéji Ize
vidét rozsahlé nadorové kalcifikace. Morfologicky vykazuji buiky LGSC ve srovnani s
HGSC mirn¢j8i jaderné atypie a tvoii vice uniformni populace nadorovych bunék.

Imunohistochemicky profil je témét identicky se seréznim borderline tumorem. Ki-67
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prolifera¢ni index je niz$i ve srovnani s HGSC. Progndza pacientek je nejvice zavisla na
uspésnosti primarniho chirugického vykonu. Biologickd povaha nédoru, zejména ohraniceny
rust v inicidlnich stadiich, umoziiuje ve vysSim procentu pacientek uspéSny debulking v
porovnani s HGSC. Pfi nulovém makroskopickém poopera¢nim reziduu pieziva 5 let 85%
[28] a 10 let 50% pacientek [35]. Pii nadorovém reziduu nad 2 cm se vSak progndza pacientek
prudce zhorSuje [14]. LGSC nejsou v porovnani s HGSC tak citlivé k chemoterapii
platinovym derivatem, coZ zdlraziuje vyznam maximalniho chirurgického debulkingu této

skupiny pacientek.

Low grade serozni karcmom (LGSC) s

Obr. ¢. 3 (histopatologicky prepardt, prevzato se svolenim autora, MUDr. Petr Skapa, Ustav
patologie a molekularni mediciny 2. LF UK a FN Motol)

High-grade serozni karcinom (obr. ¢. 4)

Karcinom vykazujici zndmky high-grade cytologickych atypii. V USA a v zemich zapadni
Evropy kazdoro¢né klesa incidence high-grade serozniho karcinomu (déale jen HGSC). Tento
trend jest¢ akceleroval po roce 2002. Hlavni pfi¢inou je masivni uZzivani hormondlni
antikoncepce (viz. kap. etiologie a rizikové faktory). Primérny vék pacientek s HGSC je 63
let. Pfiznaky onemocnéni jsou nespecifické a diagnostika je ve vétSin€ piipadi pozdni. HGSC
maji tendenci k rychlé diseminaci po bfi$ni dutiné a nespecifické gastrointestindlni obtize ¢i

astites jsou ptiznakem generalizace onemocnéni. Nador Casto postihuje ob& ovaria, roste
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exofyticky a strukturu ma smisenou solidné-cystickou. V cystické ¢asti jsou pfitomny vyrazné
prokrvené papilace. Morfologicky jsou ptfitomny nadorové bunky s velkym jadrem, mitozy
jsou casté¢ a atypické. 15-20% HGSC ovaridlnich karcinomi je zplsobeno hereditarni
predispozici. Nejcastéjsi ptri¢inou je mutace tumor supresorového genu BRCA1 a BRCA2.
Riziko vzniku HGSC u BRCA1 mutace se blizi 50% a pramérny vék diagnozy je mezi 49-53
lety v€ku. Riziko vzniku HGSC u BRCA2 mutace je nizsi, pohybuje se mezi 11-37% a
pramérny vék zjisténi diagnozy se pohybuje mezi 55-58 lety [52]. Prakticky vSechny BRCA
indukované¢ nadory piedstavuji high-grade ser6zni histopatologii [58]. Prognostickych
markerti je u HGSC relativné mélo a zatim se nepouzivaji rutinné v klinické praxi. Bylo
zjisténo, ze piitomnost tumor infiltrujicich lymfocyt, ptfedev§im CD3+ nebo CD8+ T-
lymfocytl je pfiznivym prognostickych faktorem. Naopak zvySené mnozstvi T-regulacnich
lymfocytli v nadorové tkani je nepiiznivym prognostickym faktorem, jelikoz T-regulacni
lymfocyty se vyznamné podili na imunosupresivnim mikroprostfedi naddoru v pokrocilém
stadiu onemocnéni [22]. V soucasnosti byl akceptovan novy pohled na patogenezu HGSC

(viz. kapitola 2.2).

Obr. ¢. 4 (histopatologicky prepardt, prevzato se svolenim autora, MUDr. Petr Skapa, Ustav
patologie a molekuldrni mediciny 2. LF UK a FN Motol)
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Mucinodzni karcinom (obr. €. 5)

Jedna se o maligni epitelialni nador sloZzeny z nadorovych bunék gastrointestindlniho typu
obsahujici intracytoplasmaticky uloZzeny mucin. Mucin6zni karcinom tvoii 3-4% vSech
primarni ovaridlnich karcinomd. Primérny vék stanoveni diagnézy je 45 let. Pfiznaky
onemocnéni jsou nespecifické, nejcastéji se vyskytuje pocit nadmuti a bolesti bficha.
Pokrocila stadia primarniho mucin6zniho karconimu jsou v porovnani s HGSC vyrazné¢ méné
Casté [98]. Histopatolog Casto v preparatu nachazi architekturu naddoru a cytologické atypie od
benignich, ptes borderline az k ¢istym okrskiim mucindzniho karcinomu. Mitotickd aktivita
nadorovych bunék je vétSinou vysoka. Mucin6zni karcinomy se typicky vyvijeji z borderline
bunék nadoru, které atypicky proliferuji. Byly popsany piipady vzniku mucindzni karcinomu
z teratomu nebo z Brennerova narodu. Mucin6zni karcinomy vzniklé na podkladé teratomu

vykazuji znamky low-grade mucin6zni neoplazie.

‘ Mucinézni karcinom (M

T

ol B

.

Obr. ¢. 5 (histopatologicky prepardt, prevzato se svolenim autora, MUDr. Petr Skapa, Ustav
patologie a molekularni mediciny 2. LF UK a FN Motol)

Pti diagnéze mucindzniho karcinomu je tieba vzdy vyloucit event. metastaticky ptvod
v ovariu a primarni tumor v oblasti GIT, zejména apendixu. Tyto nadory jsou totiz podobné
low-grade mucin6znim karcinomlim vznikajici z appendixu, které mohou vést k rozvoji

pseudomyxoma peritonei [59, 92]. Nejcastéjsi genetickou alteraci nachézejici se v bunikach
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mucin6zniho karcinomu je mutace KRAS [15]. Zmnozeni HER2 receptoru je zastizeno v 15-
20% ptipadd [1]. VétSina invazivnich mucin6znich karcinomi postihuje pouze jedno ovarium
a je diagnostikovéana v ¢asnych stadiich (necastéji stadium I podle FIGO klasifikace). V téchto
pfipadech je progndza pacientek pifiznivd. Naproti tomu pokrocild stadia mucin6ézniho
karcinomu, kterd jsou méné Castd, jsou méné citliva k chemoterapii, ve srovnani s HGSC.

Prognoza pacientek s pokroc¢ilym stadiem onemocnéni je Spatné [98].

Endometroidni karcinom (obr. €. 6)

Maligni epitelidlni nador podobajici se endometroidnimu karcinomu de¢lozniho téla.
Endometroidni karcinom tvoifi 10-15% vSech ovarialnich karcinomt, jednéd se tedy o druhy
nejCastéj$i epitelidlni zhoubny nador ovaria. Nej€astéji se diagnostikuje v paté a Sesté dekadé
zivota. Star§i publikace uvadéji, ze vice nez 42% téchto nadortt vznikd na podkladé
endometriozy [18, 63]. Posledni prace ale udavaji, Ze pfevazna Cast téchto karcinomu je
asociovana s endometriozou [53]. V 15-20% piipadii koexistuje s primarnim endometroidnim
karcinomem endometria [41, 48, 97]. Pacientky, u kterych vznikne endometroidni karcinom
ovaria na zékladé¢ endometriozy, jsou v priméru o 5-10 let mladsi v porovnani s pacientkami,
které endometriozou netrpi [85]. Primérny vék pacientek v dobé diagndzy je 58 let [85].
Vétsina pacientek je diagnostikovana ve c¢asném stadiu onemocnéni (Ia podle FIGO
klasifikace), ale jsou az v 17% bilateralni (stadium Ib). Hodnoty CA125 v séru jsou zvysSené
ve vice nez 80% ptipadl [46, 54]. Primérna velikost nddoru v dobé€ diagnoézy je cca 15 cm.
Nador je tvofen smiSenou cysticko-solidni hmotou, cysticka ¢ast je vétSinou vyplnéna krvi
pripadné sekretem ptipominajici "¢okolddovou" Sampsonovu endometroidni cystu. Grading
endometroidniho karcinomu ovaria je totozny s gradingem endometroidniho karcinomu
endometria. VétSina endometriodnich karcinomil ovaria je dobte diferencovanych a vykazuji
znamky low-grade jadernych atypii. Mén¢ diferencované endometroidni karcinomy jsou
prevazné solidni struktury, casto se zde vyskytuji intratumorézni hemoragie a nekrézy. V
piipad¢ Spatné¢ diferencovanych endometroidnich karcinomi miize byt odliSeni od HGSC
obtizné, v téchto pfipadech je nutné doplnéni imunohistochemickych metod. Low-grade
endometroidni karcinomy vznikaji nejcastéji na podkadé endometriozy. Histogeneze high-
grade endometroidniho karcinomu doposud objasnéna nebyla, i kdyz i zde je asociace s
endometriozou. U stadia I (dle FIGO klasifikace) je pétileté preziti kolem 78%, u stadia II
63%, u stadia III 24% a u stadia IV je to 6%. Jak jiz bylo vySe zminéno, endometroidni
karcinom ovaria se vyskytuje v 15-20% piipadii soucasné¢ s endometroidni karcinomem

endometria. Obvykle jsou oba nadory dobfe diferencované a maji velmi podobné
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histopatologické charakteristiky. V klinické praxi je Casto obtizné odlisSit duplicitu nadoru od
metastatického origa. Kriteria rozliSujici metastaticky endometroidni nador od nadorové
duplicity jsou zalozena pouze na histopatologickych odlisnostech. Pouze v ptipadé nalezu
low-grade endometroidniho karcinomu endometria, ktery je asociovan s hyperplasii a
minimalni invazi do myometria, mize byt endometroidni karcinom ovaria povazovan jako
primarni. V téchto pfipadech je prognodza pacientek piizniva, péti leté preziti je 70-92% a

median preziti je 10 let a vice [84, 85].

Obr. ¢. 6 (histopatologicky prepardt, prevzato se svolenim autora, MUDr. Petr Skapa, Ustav
patologie a molekuldrni mediciny 2. LF UK a FN Motol)

Clear cell karcinom (obr. €. 7)

Maligni nador slozeny pfevazné z jasnych bunék. Primérny vek pacientek je 55 let [38]. V
50-70% ptipadl vznikd téz na podklad¢ endometriozy [24, 64]. Jedna se o epitelidlni ovaridlni
karcinom asociovany s nejvy$$im rizikem vzniku paraneoplastické hyperkalcemie [79] a
venozniho tromboembolizmu [20]. Nadory jsou typicky unilateralni s primérnou velikosti 15
cm v dobé¢ diagndzy. Tvofi jak pouze solidni, tak i smiSené solidné-cystické tumory. V
soucasnosti jsou vSechny clear cell karcinomy povazovany za high-grade. Hereditarni clear

cell karcinomy jsou nejcastéji asociovany s Lynchovym syndromem [44]. Souvislost s

v
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stadium v dob¢ diagnézy. Stadium I (dle FIGO klasifikace) md velmi dobrou prognézu.
Naproti tomu stadium pokrocilej§i ma prognézu nepiiznivou, zejména pokud ma pacientka
pooperacni nadorové reziduum. Nepiizniva progndza pacientek s nadorovym reziduem je

dana nizkou citlivosti k chemoterapii zalozené na platinovém derivatu [38, 87].

Obr. ¢. 7 (histopatologicky prepardt, prevzato se svolenim autora, MUDr. Petr Skapa, Ustav
patologie a molekularni mediciny 2. LF UK a FN Motol)

Seromucindzni karcinom

Karcinom slozeny zejména ze ser6zni komponenty a mucindézni komponenty
endocervikalniho typu. LoZiska clear cell, endometroidni nebo skvamozni diferenciace nejsou
u tohoto karcinomu vzacna. Synonymum pro tento typ karcinomu je mucindézni karcinom
endocervikalniho typu nebo smiseny epitelialni karcinom Miillerianského typu. Tento nador
se nevyskytuje pfili§ Casto, a proto jsou epidemiologickéd data velmi omezena. Primérny vék
pacientek je 45 let. Primérnd velikost tumoru v dobé diagnézy je 12 cm a vice jak poloviné
pfipadii se vyskytuje oboustranné. Prognéza u pacientek ve stadiu I (FIGO klasifikace) je

ptizniva, ale pacientky s pokroc¢ilym staddiem onemocnéni maji prognézu Spatnou [81].

16



Nediferencovany karcinom (obr. €. 8)

Maligni epitelidlni nador, ktery nevykazuje zadnou formu diferenciace. Vyskytuje se asi v 5-
15%. V dob¢ diagndzy je ve vétSin€ pripadl diseminovany a v poloving ptipadi oboustranny.

Jedna se o vysoce agresivni typ nadoru se Spatnou progndzou.

Nediferencovany karcinom

Obr. ¢. 8 (histopatologicky prepardt, prevzato se svolenim autora, MUDr. Petr Skapa, Ustav
patologie a molekularni mediciny 2. LF UK a FN Motol)

Maligni Brennertav nador

Ovarialni karcinom z pfechodnych bunék, ktery se velmi podoba invazivnimu urotelialnimu
karcinomu. Vzacnou variantou je skvamoézni subtyp nadoru. Maligni Brennertiv nador tvori
méné nez 5% vsech Brennerovych tumorii [33, 60]. Nejcastéji se vyskytuje benigni varianta,
mén¢ ¢astéji borderline. Nador se nejcastéji diagnostikuje u Zzen kolem 50 let véku. Nekdy se
muze nador projevit abnormalnim vaginalnim krvacenim [74]. V dob¢ diagnozy jsou tumory
pomérné velké, v priméru 16-20 cm. Mohou byt solidni i1 cystické struktury a obvykle
obsahuji 1 benigni komponentu Brennerova nadoru. Benigni komponenta je casto fibrozni
struktury s kalcifikacemi. Ptiblizné¢ 80% ptipadu je diagnostikovano ve stadiu I (FIGO
klasifikace) a ve 12% ptipadl se vyskytuje oboustranné [4]. Pacientky ve stadiu la pfezivaji
pét let od stanoveni diagnézy v 88% pfipadli. U nadorli s extraovaridlnim S$ifenim jsou

terapeutické vysledky podobné jako u pokrocilych ovaridlnich karcinomti jinych
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histopatologickych skupin. Ovsem dostupna data o téchto pacientkéach, jsou vzhledem k jejich

malému poctu, velmi omezena [4].

Etiologie a rizikové faktory

Pricina vzniku EOC (epitelidlni ovarialni karcinom) neni vétSinou znama. Rozsifujici se
znalosti v oblasti etiopatogeneze ukazuji, Ze vice nez 10% EOC je geneticky vadzano. V
ptipad¢ high-grade ser6zniho karcinomu ovaria se podle poslednich dat pfedpoklada
souvislost s hereditarni zatézi zejména mutacemi BRCA1 a BRCA2 ve vice nez 20% ptipadu.
Narozdil od sporadickych karcinomti maji pacientky s geneticky vdzanym nadorem mutace
genl 1 v normdlnich (nenddorovych) buitkach. Velka ¢ast téchto nadord, priblizné 60-70%, se
fadi do skupiny tzv. "breast/ovarian cancer syndrom". V bézné populaci je vyskyt mutaci
BRCA1 1:280. Riziko vzniku HGSC u BRCAIl mutace se blizi 50% a primérny vék
diagnozy je mezi 49-53 lety véku. Riziko vzniku HGSC u BRCA2 mutace je niz$i, pohybuje
se mezi 11-37% a prumérny veék zjisténi diagndzy se pohybuje mezi 55-58 lety. VétSinu
BRCA indukovanych nadora piedstavuji high-grade serdzni nadory [58]. Geneticky vazané
karcinomy ovaria jsou zpravidla vice agresivni, vykazuji vyraznéjsi cytologické abnormality a
vy$si vyskyt aneuploidity ve srovnani se sporadickymi karcinomy. Naproti tomu, jsou ale vice
chemosenzitivni nez sporadické karcinomy. V soucasnosti se hledaji modality 1écby, které
budou specifictéji plisobit na tuto podskupinu (viz. PARP inhibitory, kapitola 2.6.5.).
Hlavnimi rizikovymi faktory pro vznik EOC jsou radiace, Zivotni prostfedi a dietni navyky.

Naopak nejsilnéjSim protektivnim faktorem je dlouhodobé uzivani hormonalni antikoncepce.

vvvvvv

vvvvvv

se spolupodili na redukci poctu menstruacnich cykli a vyraznému snizeni celkového poctu
ovulaci béhem zivota zeny. Uzivani hormonalni antikoncepce po dobu jednoho roku snizuje
riziko vzniku ovarialniho karcinomu pftiblizné o 4,5%, po 10 letech uzivani se toto riziko
snizuje az na 50%. Delsi uzivani nez 10 let, ale k dalsi redukci rizika vzniku ovaridlni
karcinomu nevede. VySe zminénd protekce trva po vysazeni hormondlni antikoncepce
minimaln¢ 20 let. Z epidemiologickych studii se ptfedpokladd, Ze uzivani hormondlni
antikoncepce zabranilo v celosvétovém méfitku vzniku pies 200 tis. piipadd ovaridlniho

karcinomu za poslednich n¢kolik dekad [8].
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Skrining

Prozatim zadnéa efektivni screeningovd metoda pro karcinom ovaria neexistuje. Pokus o
zatazeni nddorového markeru CA125 do screeningového algoritmu selhal, protoZe se jedna o
marker vysoce nespecificky, a to zvlast' u Zen v obdobi premenopauzy. Hladina CA125 se v
séru zvySuje u velkého poctu zcela nezhoubnych nalezi jako jsou benigni cysty,
endometrioza, zadnét, délozni myomatdza a te¢hotenstvi. Dal$i nddorovy marker HE4 (Human
Epididymal Protein-4) je protein produkovany tkani nadvarlat, epitelem respiracniho a
reprodukéniho traktu. ZvySen je u karcinomil ovaria. V porovnani s markerem CA125 se
vyznamné mén¢ elevuje pfi benignich gynekologickym onemocnénich a vykazuje vyssi
senzitivitu 1 v ¢asnych stadiich onemocnéni. Na druhou stranu se HE4 vyznamné elevuje pfi
chronickych onemocnénich ledvin, fibréze ledvin a karcinomu plic. LepSich vysledka je
dosahovéano kombinaci obou markerd, tedy CA125 a HE4 (zejména pfi vyuziti tzn. ROMA
indexu). ROMA (zkratka z risk of ovarian malignancy algorithm) byl vyvinut jako
matematickd metoda k odhadu rizika epitelidlniho karcinomu ovaria. Odhad vypocitava nejen
z hodnoty CA125 a HE4, ale bere v uvahu i menopauzalni statut pacientky, ultrazvukovy
nalez neni zohlednén. Vysledkem ROMA indexu je pravdépodobnost nalezu karcinomu
ovaria béhem chirurgického vykonu, vyjadrena Ciselné (v procentech). AvSak ani kombinace
vyse zminénych nddorovych markerti nespliiuje kriteria screeningové metody a jeji uziti k
plosnému screeningu je nerealné. Ultrazvuk, piedev§im ultrazvuk vaginalni, ma specifitu
vyssi jen v piipade, Zze vySetfeni provadi zkuSeny odbornik, ktery mé k dispozici kvalitni
ultrazvukovy pfistroj s barevnym dopplerem. Vzhledem k malému poctu ultrazvukovych
specialistli a nakladnosti vySetfeni neni ani expertni ultrazvuk pro plosny screening populace
dostupnou metodou. Ultrasonografické vySetieni zachyti zejména low-grade nadory, které
tvoii ohrani¢enou rezistenci a teprve pozdéji diseminuji. Jednd se zejména o LGSC,

endometroidni karcinom a mucinozni karcinom.

Diagnostika

Pii preventivnim gynekologickém vySetfeni je odhaleno pouze 10-15% ovaridlnich
karcinomil. Zachyt onemocnéni vyrazné zvySuje gynekolog dobfe trénovany v ultrazvukové
diagnostice. Pfi podezieni na ovaridlni malignitu je na misté odbér naddorovych markera,
zejména CA125, ptip. HE4. Ostatni nddorové markery, napi. CA19-9 a CEA maji vyznam
zejména v diferencidlni diagnostice nadorti gastrointestindlniho traktu. Dalsi vySetfovaci
metodou je expertni ultrazvukové vySetfeni s vyuZzitim barevného doppleru, vypocetni

tomografie a RTG hrudniku. Jako doplnkova vysetieni se individudlné provadi vylucovaci
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urografie, rektoskopie, kolonoskopie a ultrazvuk jater. Pfi gynekologickém vySetfeni je s

vyhodou vyuzit vySetieni v polosed¢, kdy Ize palpovat infiltrované omentum nadorem.

TNM a FIGO Kklasifikace

Pravidla klasifikace

. Onemocnéni musi byt histologicky ovéfené, aby piipady mohly byt rozd€leny podle
histologického typu. V souhlase s FIGO se doporucuje zjednodusend verze WHO histologické
klasifikace (International Histological Classification of Tumours No 9, WHO, Geneva, 1973).
V soucasnosti byly provedeny zmény v klasifikaci u stadia III, kde soucasna data ukazuji na
prognostické rozdily mezi N1 (IITA v recentni klasifikaci) a metastdzami mimo panev, které
. Pro stanoveni T,N a M kategorii jsou nutnd nasledujici vySetieni:
T-kategorie: Klinické vySetfeni, zobrazovaci vySetfeni laparoskopie, a/nebo chirurgicka
explorace

N-kategorie: Klinické vySetfeni a zobrazovaci vySetfeni laparoskopie, a/nebo chirurgicka
explorace.

M-kategorie: Klinické vySetfeni a zobrazovaci vySetieni, laparoskopie a/nebo chirurgicka
explorace

Regiondlni mizni wuzliny: regiondlnimi miznimi wuzlinami jsou uzliny hypogastrické
(obturatorni), spolec¢né ilické, zevni ilické, laterdlni sakrdlni, paraaortdlni uzliny a uzliny

tfiselné.

TNM Kklinicka klasifikace ZN ovarii

T - primarni nador

TNM FIGO

kategorie stadia

TX Priméarni nador nelze posoudit

TO Z4dné znamky primarniho nadoru

T1 I Néador ohrani¢eny na vajecniky

Tla IA Néador ohranicen na jeden vajecnik, pouzdro intaktni, Zadny nador na povrchu
vajecniku,v ascitu nebo peritonedlnim vyplachu nejsou maligni bunky

T1b 1B Nador ohrani¢en na oba vajecniky, pouzdro intaktni, zddné znamky nadoru na povrchu

vajecniki, v ascitu nebo peritonealnim vyplachu nejsou maligni bunky
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Tlc

T2

T2a

T2b

T2¢

IC

II

ITA

1B

IIC

T3 a/nebo N1 III

N1 1A 1
Nla IIA 11
N1b 1A 1ii
T3a IIIA2
T3b [1IB
T3c a/nebo N1IIIC
Ml v

Nador ohranicen na jeden nebo oba vajecniky s rupturou pouzdra, nadorem na povrchu

ovaria nebo maligni buiiky v ascitu ¢i peritonealnim vyplachu
Nador postihuje jedno ¢i obé ovaria, §ifi se v panvi

Siii se na délohu a/nebo tubu (tuby) nebo implantaty na déloze nebo tubé (tubach), v

ascitu nebo peritonealnim vyplachu nejsou maligni buiiky

Sifi se na jiné panevni tkané, v ascitu nebo peritonedlnim vyplachu nejsou maligni

buiky
Si¥i se v panvi (2a nebo 2b) s malignimi buitkami v ascitu nebo peritonealnim vyplachu

Nador postihuje jedno nebo obé ovaria, s mikroskopicky prokazanymi peritonealnimi

metastazami mimo panev a/nebo metastazy v regionalnich miznich uzlinach

Metastazy pouze v retroperitonealnich lymfatickych uzlinach

Metastazy v lymfatickych uzlinach velikosti do 10 mm v nejvét§im rozméru

Metastazy v lymfatickych uzlinach velikosti nad 10 mm v nejvétsim rozméru
Mikroskopické peritonedlni metastazy mimo panev

Makroskopické peritonealni metastazy mimo panev 2 cm nebo méné v nejvetSim
priméru

Peritonealni metastazy mimo panev vétS§inez2 cm Vv nejvétsim praméru a/nebo
metastazy v regionalnich miznich uzlinach

Vzdalené metastazy (mimo peritonealni metastazy)

Poznamka: metastazy v pouzdru jater je T3/stadium III, metastazy v jaternim parenchymu M]1/stadium IV.

Pleurélni vypotek musi mit pro M 1/stadium IV pozitivni cytologii.

N - Regiondlni mizni uzliny

NX

NO

NI

M - Vzdalené metastazy

Regionalni mizni uzliny nejde posoudit

Regionalni mizni uzliny bez metastaz

Metastazy v regionalnich miznich uzlinach

MX

MO

Ml

Pritomnost vzdalenych metastaz nelze urcit

Bez vzdalenych metastaz

Vzdalené metastazy

pTNM: Patologicka klasifikace

Kategorie pT, pN a pM odpovidaji kategoriim T, N a M

PpNO Histologické vySetieni preparatu z panevni lymfadenektomie musi osahovat 10 nebo vice lymfatickych uzlin.
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G - Histopatologicky grading

GX Stupeii diferenciace nelze posoudit

GB Hrani¢ni /borderline/ malignita

Gl Dobre diferencovany (low-grade)

G2 Stfedné diferencovany (high-grade)

G3-4 Spatné diferencovany nebo nediferencovany (high-grade)

2.2 Nova etiopatogeneze karcinomu ovaria

Jesté v nedavné dobé byly vSechny ser6zni karcinomy ovaria povazovany za nadory primarné
vzniklé pouze v ovariu. Toto dogma bylo vyvraceno hlub$im pochopenim vlastni
etiopatogeneze vzniku serdznich karcinomi ovaria. Vzhledem k recentnim zjisténim byly
serdzni karcinomy ovaria rozdéleny na dvé samostatné onkologické malignity, a to na low-
grade a high-grade ser6zni karcinom ovaria. Toto rozdéleni je zaloZeno na dualistickém
modelu epitelidlniho ovaridlniho karcinomu, ktery rozdéluje epitelidlni karcinomy na dvé
odli$né kategorie oznacené jako typ I a typ II [82]. Jako typ I je oznaCovan low-grade serdzni
karcinom, ktery se vyznacuje vyssi frekvenci KRAS a BRAF mutaci. Jako typ II je oznaCovan
high-grade ser6zni karcinom, ktery je charakterizovan vétsi genetickou nestabilitou,

mnozstvim chromozomalnich abnormalit a témét vzdy pfitomnosti mutaci TP53 [53], (viz.

tab. nize).
Typnr | Typ1
HGSC LGSC MC LGEC CCC
f;:l'(‘;te;‘“ 70% <5% 3% 10% 10%
Genetickd | gpca 1BRCA2 |2 ? HNPCC |2
predispozice
. Mucindzni ., .,
P'rekurzorova STIC SBT cystadenom / Atyplcka' Atyplcka.
l1éze MBT endometrioza | endometrioza
. PTEN
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Tato nadorova onemocnéni rozdélena do vySe zminénych dvou kategorii maji rozdilné
etiopatologické mechanizmy vzniku. Prekurzorem low-grade ser6zniho karcinomu je
borderline serozni tumor/atypicky proliferujici tumor. High-grade serézni karcinomy se
obvykle vyznacuji rychlym ristem, vysokou agresivitou s rychlou diseminaci v dutiné bfis$ni a
jsou diagnostikovany v pokrocilych stadiich onemocnéni.

Bylo zjisténo, ze vétSina seroznich epitelidlnich nddorti vznika primarné z metaplasticky
zménéného povrchového epitelu tubarnich fimbrii. Nésledn¢ dochazi k rozvoji
neinvaznivnich intraepitelidlnich 1€zi, okrsky téchto bunék se nazyvaji serdzni tubéarni
intraepitelidlni karcinomové bunky (dale jen STIC, obr. ¢. 9). Tyto buiky jiz maji
charakteristiky bun¢k high-grade ser6zniho ovaridlniho karcinomu (HGSC) a vykazuji
piitomnost TP53 mutace a expresi proteinu p53. Zvysena proliferace je ukazatelem genetické

nestability [57, 76].

Obr. ¢. 9 (histopatologicky prepardt, prevzato se svolenim autora, MUDr. Petr Skapa, Ustav
patologie a molekularni mediciny 2. LF UK a FN Motol)

Bylo zjisténo, ze STIC jsou pfitomny na fimbriich tuby u vice nez 60% pacientek s HGSC

[45, 70]. U 20% pacientek s HGSC je tuba komplentné obliterovana tumorem. V pfiblizné 15-
30% piipadi HGSC je tuba bez nalezu invazivniho nadoru i bez nalezu STIC. V téchto
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pripadech se zda velmi pravdépodobna etiopatogeze nddoru v misté ovulaéniho traumatu,
piipadné vznikem z kortikalni inkluzni cysty. V tomto ptipad¢ je metaplasticky epitel zavzat
do inkluzni cysty. Tuto teorii posiluje fakt, ze vétSina kortikalnich inkluznich cyst jsou
morfologicky a imunohistochemicky identické s epitelem tuby. Toto zjisténi vede k zavéru, Ze
kortikalni inkluzni cysty vznikaji z implantovanych tubarnich epitelialnich bunék, které se na
povrch ovaria implantuji v prabéhu ovulace [3, 21]. Pfitomnost aneuploidity v buiikach

inkluznich cyst tuto teorii jesté posiluje [69].

Obr. ¢. 10
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2.3 Uloha imunitniho systému v obrané proti nadoram

K transformaci normdlni buiikky na buniku nadorovou muze dojit mnoha riznymi zplsoby.
Jednim z moznych mechanizma maligni transformace je vyvolana mutace v tzv. onkogenech
nebo anti-onkogenech. V nemutované podobé tyto geny koduji rizné signaliza¢ni proteiny,
transkripcéni faktory, proteiny regulujici bunécnou adhezivitu nebo apoptézu. V mutované
podobé mit abnormaln¢ zvySenou aktivitu (produkty onkogenl) nebo naopak aktivitu
abnormalné sniZenou (produkty anti-onkogentl) [36]. VySe zmifiované abnormality mohou
vést ve svém dusledku k nekontrolovatelnému déleni, iniku z pfirozené tkanové lokalizace,

diseminaci do jinych tkani a k agresivnimu rtstu. Imunitni systém hraje dtlezitou tlohu v
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kontrole riistu nddorovych buné€k, a to zejména v rannych stadiich karcinogeneze. Imunitni
odpovéd’ organizmu na nddorovou buiiku ma komplexni povahu a jsou do ni zapojeny
vSechny imunitni mechanizmy, jak nespecifick¢ (neadaptivni), tak specifické (adaptivni)
imunity. Bylo zjiSténo, Ze zasadni ulohu v rozvoji protinddorové imunitni reakce hraji
dendritické bunky. Dendritické bunky indukuji protinddorovou reakci, ale pouze za podminky
jejich adekvatni aktivace. Protinddorova imunoterapie ma v klinické mediciné nejvétsi nadeji
na uspech, jestlize je aplikovéana bud’ v casnych fazich onemocnéni nebo v kombinaci s jinymi

terapeutickymi zasahy, jejichz cilem je cytoredukce nadorovych hmot [7].

2.3.1 Imunitni reakce pfi nddorovém onemocnéni

Nédorové buiiky vznikaji z normélnich bunék organizmu, vzijemné se ale od sebe lisi a
teoreticky by mély byt rozpoznany imunitnim systémem. BohuZzel jsou odli§nosti rozeznatelné
imunitnimi mechanizmy bud’ pfili§ malé (imunitni systém je ignoruje) nebo pouZivaji
nadorové buniky mechanizmy, které jim umozni inaktivovat, piipadné zcela paralyzovat
zbran¢ imunitniho systému. Rozvoj nadorového onemocnéni je slozity proces komplexni
povahy, ktery se vyviji v n€kolika stupnich (viz. kapitola 2.3.3). Bylo prokazano, Ze imunitni
systém dokaze kontrolovat rtist nadorovych bunc¢k v pocatecnich stadiich karcinogeneze.
Avsak s pokracujicim ristem nadoru se moznosti imunitni odpoveédi zmenSuji a imunitni

mechanizmy jsou paralyzovany (viz. kapitola 2.3.4).

2.3.2 Uloha jednotlivych sloZek imunity v obrané proti nidoriim

Imunitni reakce proti nddorové buiice vznikd stejnymi mechanizmy, jako jiné druhy
imunitnich reakci. Zasadnim piedpokladem rozvoje imunitni reakce je rozeznani neoplastické
buiikky od buniky normdlni. Prvni Gvahy o tom, ze by imunitni systém mohl rozpoznat
nadorové bujeni se objevily pocatkem 20. stoleti. Americky chirurg Coley si povsiml, Ze
pacientovi s recidivujicim sarkomem zmizel nador v oblasti krku poté, co se v oblasti
operac¢ni rany objevil erysipel [13]. V 60. letech minulého stoleti byla formulovana hypotéza
o protinddorovém imunitnim dohledu a existenci strdznych bun€k pochézejicich z thymu,
které trvale monitoruji pfitomnost transformovanych nadorovych bunék [12]. Imunitni systém
vyuziva v protinadorové odpovédi oba typy imunitni reakce - nespecifickou (neadaptivni) i
specifickou (adaptivni). Z nespecifickych imunitnich reakci je vyuzivana v bunéné imunité
aktivita makrofagli, NK-bun¢k a granulocyti. Z humordlni imunity, pak zejména
komplement, cytokiny a nckteré antimikrobidlni peptidy. Vyhodou nespecifické imunitni

reakce je jeji rychlost, jak ve smyslu rychlé detekce, tak schopnosti rychlé eliminace nadorové
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buiiky. Nevyhodou nespecifické imunity je neschopnost imunologické paméti. Imunologicka
pamét’ je doménou az specifické imunity a zajist'uji ji T a B lymfocyty [7]. Rozvoj specifické
imunity trva v fadu dni, po tuto dobu je nezbytné, aby obranu zajistila nespecificka imunita.
Nejucinnéjsim mechanizmem aktivace specifického lymfocytu je setkani naivniho lymfocytu
se zralou antigen prezentujici bunkou (APC), nejcastéji dendritickou buitkkou (DC).
Podminkou této aktivace je nutnost pfitomnosti daného antigenu na povrchu DC. Slozitou
interakci APC a T lymfocytu dojde ke klonalni expanzi a k vytvoreni dostate¢né populace
efektorovych bunck. Efektorovy T lymfocyt je pak aktivovan pifi setkani s antigenem na
povrchu patogenu (pfip. nadorové buiky) a vede k jeho eliminaci. Reakce imunitniho
systétmu na nadorovou bunku je v principu obdobnd s reakci na infekéni agens (napf.
patogenni bakterii). Reakce proti nddorové bunice je vSak tadové slabsi v porovndni s
antiinfek¢ni reakei [73]. Je to ddno tim, Ze nadorova buiika vychazi z normalni buiky télu

vlastni a imunitni reakce je tltumena mechanizmy imunologické tolerance.

2.3.3 Editace naddoru imunitnim systémem

Jednim ze zékladnich pojml nadorové imunologie je imunitni dozor. Podle hypotézy o
imunitnim dozoru vznikaji transformované nadorové buiiky v organizmu zcela bézné€ a jsou
eliminovany imunitnim systémem. Tuto hypotézu posiluje fakt, ze u pacienti s poruchami
specifické bunééné imunity je vyrazné zvyseno riziko nadorti vyvolanymi viry [36]. Déle bylo
prokazano, ze u imunodeficitnich jedincl je zvySené riziko spontinnich a chemicky
indukovanych nadort. Tato hypotéza byla potvrzena ve studiich s geneticky modifikovanymi
zvitaty, jimz chybi T, B, NK lymfocyty. Nejznaméjsi studie byly publikovany na mysich bez
funk¢nich gent pro rekombinaci T a B bunécnych receptorti (RAG 2 -/-). Tyto mySi nemaji T
a B lymfocyty. U téchto mys$i bylo prokdzano, Ze cCastéji vyvinou chemicky indukované
nadory, ale také tvofi mnohem vice spontannich naddor ve srovnani s kontrolou (mysi bez
defektu RAG). Nadory, které nejsou pod kontrolou funkéniho imunitniho systému rostou
rychleji a s vétsi frekvenci v porovnani s imunokompetentnimi kontrolami a vytvoii vice
spontannich nadord [80]. Rozsifenim hypotézy o imunitnim dozoru vznikl pojem tzv.
imunitni editace nadori (cancer immunoediting). V ptipadé onkologického onemocnéni spolu
nador a imunitni systém vzajemné interaguji. Nador je pod neustalym selekénim tlakem,
postupné se adaptuje a zvySuje svoji odolnost vici Gtokim imunitniho systému. Novou
hypotézu imunitni editace naddort publikoval v roce 2004 Dunn a popsal tfi irovné boje
imunitniho systému proti naddoru, fazi eliminace (elimination), rovnovahy (equilibrium) a

uniku (escape) [19]. Faze eliminace je typicka "nadvladou" imunitniho systému nad
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nadorem, imunitni systém rozpoznava a ni¢i nadorové bunky. Pokud nejsou eliminovany
vSechny nadorové buiiky, dochazi k hromadéni mutaci a zdsadnim zméndm vlastnosti
nadorovych bunck. Proces imunitni editace postoupi do fdze rovnovahy. V této fazi jiz
imunitni systém nedokéaze eliminovat nador zcela, ale dokaze ho kontrolovat a blokovat jeho
rust. Ve fazi rovnovahy nejsou zadné klinické projevy onemocnéni a doba trvani této faze
muze trvat kratce a nebo také po cely zivot postizeného organizmu. V piipad¢, Zze dojde k
dal§$im dramatickym zméndm v genetické vybavé nédoru nebo k vyraznému oslabeni
imunitniho systému, ptechdzi fdze rovnovahy do faze Gniku. Ve f4zi tniku uZ imunitni systém

nedokéze kontrolovat rist nddoru a dochazi ke klinickym projeviim nemoci.

2.3.4 Mechanizmy tiniku nddorovych bunék pied imunitnim systémem

Nadorové buiiky vyvijeji celou fadu mechanizmt jak odolavat imunitnimu systému, piipadné
zcela uniknout jeho kontrole. Tyto mechanizmy jsou podobné, n€kdy zcela analogické
unikovym mechanizmiim infekénich mikroorganizmi. Jedna z nejucinnéjs$i formy obrany
nadorovych bunék je aktivni stimulace mechanizmt vytvaiejici toleranci imunitniho systému.
Nejznaméjsi mechanizmy jsou ztrata nddorového antigenu nasledkem castych mutaci, nizka
hustota exprese nadorovych antigent, sialylace povrchu nadorovych bun€k (zamaskovani
epitopil nadorovych antigenii navazanim sialové skupiny), faktory inaktivujici lymfocyty,
inhibice funkce nebo Zivotnosti dendritickych bunék apod. [36]. Nadorové bunky bohuzel
nefunguji jako antigen prezentujici bunky (APC), tzn. Ze pokud prekurzorovy cytotoxicky
lymfocyt rozezna na povrchu buiiky nadorovy antigen neni nésledné aktivovan, ale naopak
utlumen. Velmi vyznamnym faktorem je inhibice protinadorové odpovédi regulacnimi T
lymfocyty (Treg) (viz. kapitola 2.5.2). Dulezité je také zminit vliv velikosti nadoru. Nador je
komplexni systém tvofeny nejen nddorovymi buiikami, ale i krevnimi cévami, vazivem a
mezibunéénou hmotou. Mikroprostfedi nadoru se ¢asto velmi liSi od prostiedi v organizmu.
Vlivem hypoxického prostiedi a vysoké hladiny toxickych zplodin z rozpadajicich se

nadorovych bunék jsou imunitni mechanizmy uvniti nddorové hmoty vyrazn¢ oslabeny.

2.3.5 Imunoterapie nadorovych onemocnéni

Imunoterapie nadorovych onemocnéni je zalozena na principu indukce protinddorové
imunity. Vyuzivaji se také imunitni mechanizmy k cilenému smétfovani 1é¢iv do samotného
nadoru. Nejvétsi ucinnost vykazuje imunoterapie v 1é€bé tzv. minimélni rezidudlni nemoci.
Imunoterapie vyuzivd moznosti stimulace jak protilatkové, tak bunééné odpovédi. Z

4

monoklondlnich protilatek je neznaméjsi protilatka trastuzumab (Herceptin) reagujici s
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antigenem HER2/neu, dale se podavaji monoklonalni protilatky napt. k 1écbé leukémii a
lymfomt. Monoklonalni protilatky lze také oznacit radioizotopy nebo uCinnymi toxiny.
Protilatka pak funguje jako nosi¢ dopravujici G¢innou latku do mista pisobeni. Bunécéné
zprostfedkovand protinddorova terapie vyuziva zejména modifikované a stimulované T
lymfocyty nebo imunoterapii dendritickymi buitkami. Dendritické buniky (DC, dendritic cells)
jsou nejucinnéjsi buiky, které maji schopnost predkladat antigen (APC). DC byly
pojmenovany podle typické morfologie s mnozstvim vybézki, tzn. dendritl. Poprvé byla
dendriticka buiilka popsana Ralphem Steinmanem v roce 1973. Za objev dendritickych bun¢k
a jejich roli v rdmci ziskané imunity byla v roce 2011 udé€lena Nobelova cena. DC se vyvijeji
z prekurzorovych bunék v kostni dfeni a v periferni krvi se vyskytuji ve velmi malém
mnozstvi. V 90. letech minulého stoleti bylo zjiSténo, Ze DC mohou byt kultivovany z
monocytll ¢i kmenovych hematopoetickych bunék za pfitomnosti rdznych cytokint. To byl
zasadni prulom, ktery umoznil studium dendritickych bunék in vitro. DC jsou vyplavovany z
kostni dfen¢ v nezralém stavu. V tomto nezralém stavu jsou DC schopny fagocytovat rtizné
antigenni Castice (napf. bakterie, viry, infikované buniky nebo bunky nadorové). Nezrala DC
se méni na zralou (profesiondlni) procesem, ktery se nazyva maturace. Proces maturace se
zahajuje ve chvili, kdy DC rozpozna hrozici nebezpeci, nejcastéji se jedna o prunik infekéniho
agens do organizmu. Proces maturace je typicky tim, ze DC ztrati schopnost fagocytdzy a
dochazi k vyraznému zvySeni exprese MHC molekul I. a II. tfidy a dalSich kostimula¢nich
molekul. Zrajici DC nasledné migruje do lymfatickych uzlin, kde pfedklada antigeny na svém
povrchu nezralym (naivnim) T lymfocytim. T lymfocyt se timto aktivuje a vede k eliminaci
patogenu. Dendritické bunky se staly predmétem intenzivniho vyzkumu pro schopnost
indukce protinadorové imunitni odpovédi.

Dale viz. clanek: Aktivni bunécnd imunoterapie karcinomu ovaria pomoci dendritickych

buneék.
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Aktivni bunécéna imunoterapie karcinomu ovaria
pomoci dendritickych bunék

Active cellular immunotherapy of ovarian cancer using dendritic cells

Brtnicky T.!, Podrazil M.2, Barttiikova J.2, SpiSek R.2, Rob L.!
1Gynekologicko-porodnicka klinika 2. LF UK a FN Motol, Praha, ptednosta prof. MUDr. L. Rob, CSc.
2Ustav imunologie 2. lékat'ské fakulty UK a FN Motol, Praha, pfednostka prof. MUDr. J. Barttifikova, DrSc.

ABSTRACT

Objective: Overview and comparison of current results of studies dealing with the development and
application of anti-cancer vaccines based on dendritic cells in ovarian cancer.

Setting: Department of Obstetrics and Gynaecology Charles University, Prague, 2" Faculty of Medicine
and University Hospital Motol, Department of Immunology 2" Faculty of Medicine and University
Hospital Motol.

Summary: Ovarian carcinoma (OVCA) is highly sensitive to chemotherapy; however despite this results
from treatment are fairly unsatisfactory. Bearing this in mind, it is important to look for new ways to
better understand the immunological mechanisms which could affect reactivation of the disease. It is
likely that new knowledge in the field of the immunology of ovarian carcinoma could improve monitoring
of the disease and help to ameliorate prognosis of the disease. One strategy in development is creation of
anti-OVCA vaccines. Theese vaccines are made by the fusion of dendritic cell (DC) and tumor cells or its
parts (NA, peptides). DC are bone-marrow derived leukocytes that are critical in the initiation of T cell
mediated immunity. DC are fused to patient-derived ovarian carcinoma cells. The fusion cells induces
cytotoxic T cell against autologous OVCA cells.

Key words: dendritic cells, anti-tumor vaccines, antitumor immunity, biological therapy, ovarian cancer.

SOUHRN

Cil prdce:Piehled asrovnani aktudnich vysledka studii mbyvajici se wvojem a aplikaci protina-
dorovych vakcin na bazi dendritickych bunék u ovarialniho karcinomu.

Ndzev asidlo pracovisté: Gynekologicko-porodnicka Kinika 2. LF UK a FN Motol, Ustav imunologie 2.
LF UK a FN Motol, Praha.

Souhrn: 1 pres pomérné vysokou chemosenzitivitu jsou vysledky komplexni 1écby pokrocilych stadii
ovaridlnich karcinomi neuspokojivé. To je i divod hledani cest k lepSimu poznédni imunologickych
mechanismi, které mohou ovliviiovat reaktivaci onemocnéni. Je pravdépodobné, Ze nové poznatky v
oblasti imunologie ovarialnich karcinomii mohou zlepSovat monitorovéani onemocnéni a poméahat zlepsit
prognézu onemocnéni.

Jednou z moznosti je vyvoj protinadorové bunécéné imunoterapie ovarialniho karcinomu. Principem
tohoto pristupu je podavani dendritickych bunék (DC), které prezentuji nadorové antigeny a indukuji
specifickou protinadorovou imunitni odpovéd. DC jsou nejicinnéjsi antigen prezentujici bunky, vyvijeji
se v kostni dfeni a hraji zasadni roli v zahajeni T buné¢né imunity. Aplikace dendritickych bunék vede k
indukci cytotoxickych lymfocyta T, které specificky rozpoznavaji nadorové buiiky karcinomu ovaria.

Klicovd slow: dendritické burky, potinddorova imunoterapie, protinadorova imunita, biologicka te-
rapie, ovarialni karcinom.
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UvVOD

Incidence ovaridlnich zhoubnych nadori v Ceské
republice do roku 2004 stoupala a v roce 2004 dosahla
nejvyssi hodnoty 24,2 na 100 000 Zen. PfestoZe stile
dochézi k prodluzovani praimérného véku Zen, inciden-
ce karcinomu ovarii ma sestupny trend. Jeden z nejprav-

dépodobnéjsich divodi tohoto jevu je masivni uzivani
hormonélni antikoncepce. Mortalita je i pfes pokles (za
poslednich 10 let poklesla asi 0 10 %) stale vysoka hlav-
né proto, Ze vétsinu ovaridlnich nadora (75-80 %) dia-
gnostikujeme v pokrocilych stadiich (IIT a IV). Ovarial-
ni zhoubné nadory jsou z gynekologickych nadort
nejcastéjsi pricinou smrti (v absolutnich cislech). Jed-
nou z nove diskutovanych 1é¢ebnych moZnosti nadoro-




vych onemocnéni je aktivni bunécnd imunoterapie, kte-
rd spociva v indukci imunitni reakce namifené proti
populaci nadorovych bunék. Jednou z moZnosti jak
indukovat imunitni odpovéd proti antigenim nadoro-
vych bunék je podani dendritickych bunék (DC), které
prezentuji nadorové antigeny T-lymfocytim. DC jsou
klicovymi buiikami imunitni reakce, které stoji na roz-
hranni mezi nespecifickou a specifickou imunitou. Maji
v tomto vyjimeéném postaveni schopnost jednak roze-
znat antigeny a v dal§im kroku proti t€émto antigenim
zahdjit odpovidajici imunitni odpovéd. Podani dendri-
tickych bunék v terapii nddorovych onemocnéni bylo
intenzivné sledovano na zvifecich modelech a nyni se
dostava do stadia mozného vyuziti v humanni mediciné.

VYUZITI DENDRITICKYCH BUNEK
V IMUNOTERAPII NADOROVYCH
ONEMOCNENI

Terapeuticky ucinek imunoterapie byl pozorovin
u mnoha pacienti napf. s malignim melanomem, hemato-
logickymi malignitami ¢i jinymi solidnimi tumory [7, 22,
29, 31, 38, 43, 50]. Vyuziti dendritickych bunék v 1écbé
nadorovych nemoci se zaklada na jejich schopnosti G¢in-
né aktivovat imunitni mechanismy [8, 12, 34, 39, 46].

Dendritické builky jsou povaZovany za nejucinnéjsi
buiiky predkladajici antigen (APC) a jsou hlavnim spoju-
jicim ¢lankem mezi antigenné nespecifickou a specific-
kou ¢asti imunitniho systému [2, 3, 13, 23, 40]. Ve vétsi-
né tkani se DC vyskytuji v tzv. nezralém stavu, kdy na
svém povrchu nemaji molekuly nezbytné pro aktivaci
T-lymfocytt. Nezralé DC predavaji organismu informaci
o skladbé vnitiniho prostfedi a upozoriiuji véas na hrozi-
ci nebezpeci. Nezralé DC se vyskytuji téméf ve vSech
perifernich tkanich, a ptichdzeji tedy do kontaktu s anti-
genem brzy po jeho priniku do organismu. Pokud neni
v organismu pfitomna infekce ¢i jiny druh signalu nebez-
peci, nezralé dendritické buiiky pohlcuji pribézné odu-
mfelé builky zdravych tkani a molekuly rozpusténé
v mezibunécné tekutiné nasledné migruji do lymfatic-
kych uzlin, pohlcené molekuly zpracuji a vystavi je na
svém povrchu [32]. Specifické lymfocyty T, které takovy
antigenni peptid rozpoznaji, nejsou aktivovany, ale jsou
bud zcela utlumeny, nebo se z nich vytvoii regulacni
lymfocyty T. Takto se nezralé dendritické buiiky podileji
na zachovani tolerance vaci vlastnim tkanim [5, 41, 42].
Pokud vSak nezralé dendritické butiky rozpoznaji pod-
nét, ktery predstavuje pro organismus nebezpeci (nejéas-
téji jde o patogenni mikroorganismy, nekrotické, ale
i maligné transformované buiiky), aktivuji se a stavaji se
z nich zralé dendritické buriky, které dokazZou jako jedi-
né aktivovat naivni T-lymfocyty [25, 26, 27]. Zralé DC se
od nezralych li§i expresi povrchovych markertd i funkc-
nimi charakteristikami [19, 28]. Mezi funk¢éni zmény
patfi ztrata schopnosti fagocytovat, ale naopak se zvysu-
je kapacita zpracovani antigenu. Antigenni $tépy jsou
pak vystaveny na povrchu spolu s molekulami MHC
a predloZeny lymfocytim T. Rozdil ve sloZeni povrcho-
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Mon
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Obr. 1. Obecné schéma imunoterapie dendritickymi buiikami je
zndzornéno na obrazku

vych molekul nezralych a zralych DC spociva zejména
ve vys§§i expresi kostimula¢nich molekul na zralych DC,
které zesiluji signaly zprostiedkované dendritickou buii-
kou a zahajuji aktivaci riznych druht lymfocytd T.
Dochazi také ke zvySeni exprese komplexit MHC mole-
kul I. a II. tfidy s antigeny. Béhem procesu zrani produ-
kuji DC fadu cytokint, které moduluji vznikajici imunit-

a IL-12. V prabéhu téchto zmén se zralé DC piesouvaji
do lymfatickych uzlin, kde se setkavaji s lymfocyty spe-
cifickymi pro vystavené antigeny. V ndsledném kroku se
rozvine odpovidajici imunitni odpovéd vici vyvolavaji-
cimu podnétu.

V piipadé nékterych onemocnéni, zv1asté nadorovych,
je vsak popsany fyziologicky sled jednotlivych stupia
rozvoje imunitni odpovédi narusen, imunitni reakce pro-
ti nddoru jsou potlaceny, a dovoli tak rozvoj nadorového
onemocnéni. Zakladnim principem imunoterapie na bazi
dendritickych buné€k je vyuZiti klicového postaveni DC
v rozvoji uéinné imunitni reakce. V procesu vyroby vak-
ciny jsou DC in vitro inkubovany s nddorovymi antige-
ny, projdou vyse popsanym procesem maturace a ziskaji
schopnosti navodit G¢innou imunitni odpovéd.

Zasadni pro vyuziti DC bunék pro imunoterapii nado-
rovych nemoci je jejich dostatecné mnoZstvi k pfipravé
vakciny [35]. Je znamo, Ze DC tvofi v organismu jen vel-
mi malé procento populace bunék. V laboratornich pod-
minkéch jsou jiz k dispozici protokoly vyroby dendritic-
kych bunék z autolognich monocyti stimulovanych
v pritomnosti cytokinit GM-CSF (Granulocyte-Monocy-
te-Colony Stimulating Factor) a IL-4 [36]. Existuje
nékolik zptisobu jak zajistit, aby DC prezentovaly nado-
rové antigeny. Patfi k nim inkubace DC s peptidy, nado-
rovymi lyzéaty nebo tvorba hybridf dendritickych a nado-
rovych bunék. VSechny tyto postupy vedly k Zadoucimu
procesu maturace DC a k pouZiti takto pfipravenych DC
v protinddorové imunoterapii (obr. 1).

PREKLINICKE STUDIE

Schopnost dendritickych bunék ucinné aktivovat imu-
nitni systém deklaruje mnoho provedenych in vitro stu-




dii [20, 49]. V téchto studiich bylo prokazéano, ze DC
jsou schopny indukovat antigen specifickou imunitni
odpovéd proti riznym typtim nadorid. Vieweg a kol. ve
studii s dendritickymi builkami transferovanymi mRNA
kédujici PSA popisuji indukei PSA specifickych odpo-
védi in vitro [15]. Palucka a kol. ve svych in vitro expe-
rimentech demonstruji schopnost dendritickych bun¢k
pohltit usmrcené nadorové buiiky maligniho melanomu,
T-bunééného lymfomu linie Jurkat nebo karcinomu pro-
staty s naslednym navozenim tumor specifickych odpo-
védi [33]. Extrapolace in vitro experimenti s DC vakci-
nami do zvifecich modelii pfinesla dalSi dikazy
o moznosti efektivity tohoto pristupu.

Studie na mySich prokazaly, ze DC vystavujici nddo-
rovy antigen mohou vyvolat u¢innou protinddorovou
imunitni odpovéd, a lze tak dosdhnout vyléceni jiz
vzniklého nadoru nebo predejit jeho vzniku. Dalsi dika-
zy o tom, Ze DC vakciny mohou v praxi dobfe fungovat,
poskytly studie ukazujici imunogenicitu antigend vysta-
venych na DC u pacientd s nddorovym onemocné-
nim[10] nebo pacientd s chronickou HIV infekei [24].

Nezadouci ucinky vakein

Provedené studie s protinddorovymi vakcinami typu
pulzovanych dendritickych bunék prokazaly na zvifecich
modelech jejich bezpecnost a dobrou toleranci. Nebyly
zaznamenany toxické ucinky po jednorazovém nebo
opakovaném podavani. Také nebyla prokazana karcino-
genita, reproduk¢ni toxicita nebo genotoxicita pouZitych
vakcin. Nezadouci uc¢inky se limitovaly na lokalni kozni
reakce, které se ale nijak neodliSovaly od reakci po béz-
nych vakcinach [4, 9, 30, 44, 45].

UCINKY U CLOVEKA

Farmakokinetika a metabolismus lé¢iva u ¢lovéka

Studie na pacientech a zdravych dobrovolnicich uka-
zaly, Ze zralé dendritické butiky migruji do lymfatickych
uzlin mnohem efektivnéji nezZ nezralé dendritické buriky
[1]. Po intradermélnim nebo subkutannim podani do
lymfatickych uzlin migruje pfiblizné 5 % injikovanych
bunék [11]. Z pilotnich studii se zd4, Ze v lymfatickych
uzlinach prezivaji injikované dendritické buriky déle, nez
se pivodné predpokladalo, aZ nékolik dni. Pocet dendri-
tickych bunék, které dosahnou lymfatickych uzlin, kore-
luje s mirou indukce antigen specifické imunity. Nékteré
studie navrhuji oSetfeni mista vpichu injekci prozanétli-
vych cytokinl, napf. TNFo., pro zvySenou migraci [6].
Zvazovéna je také ptfima injekce dendritickych bunék do
lymfatickych uzlin pod sonografickou kontrolou, ale
zatim neni dostatek studii, které by dovolovaly plné zva-
Zit pfinos tohoto technicky velmi naro¢ného postupu
[48]. Studie z posledni doby prokézala viceméné stejnou
schopnost indukce imunitni reakce, at byly DC injikova-
ny intradermalné, subkutanné (obr. 2) nebo intranodalné.
Dendritické bunky, které nemigruji z mista vpichu do
uzlin, jsou béhem 48 hodin fagocytovany okolnimi mak-
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Obr. 2. Farmakokinetika DC byla detekovana pomoci DC
oznac¢enych Indiem (111). Pfipravend vakcina o objemu 1 ml (6
MBq) byla podavana subkutanné a bilaterdlné do podpaZzi a tfiselnych
oblasti. Vizualizace byla provedena s pouzitim scintigrafie a single
photon emission computed tomography (SPECT) ve spojeni s low-
dose computed tomography (CT) obrazy. Ué¢innost znaceni byla 81%.
Scintigrafické snimky z téchto oblasti byly provedeny za 1, 4, 24 a 48
hodin. Za 48 hodin bylo provedeno snimkovéani pomoci SPECT / low-
dose CT zaméiené na misto aplikace. Pomoci zobrazovacich metod
pro detekci DC migrace in vivo bylo prokazéano, Ze po aplikaci
vakciny dochazi k migraci znaenych DC do regionalnich
lymfatickych uzlin (Podrazil M.)

rofagy [47]. Naopak intraven6zni podani se nejevi jako
vhodné pro nizkou schopnost intravenézné podanych
vakcin indukovat specifickou imunitni reakci [9].

Prehled in vitro a in vivo studii u ¢lovéka

DC pulzované peptidy

Brossart P. et al. [6] publikovali studii zabyvajici se
indukei cytotoxické T-lymfocytarni odpovédi in vivo po
vakcinaci peptidy pulzovanymi autolognimi dendriticky-
mi butkami (DC). Do studie bylo zatazeno celkem 10
pacientek (7 pacientek s pokroc¢ilym karcinomem prsu a 3
pacientky s pokrocilym ovaridlnim karcinomem). Paci-
entkam byly aplikovany DC vakciny, které byly pulzova-
ny bud s HER-2/neu nebo MUC -derivovanymi peptidy.
DC vakcinace byla dobfe tolerovana, bez nezadoucich
vedlejSich efekt. U péti z 10 pacientek byly detekovany
peptid-specifické cytotoxické T-lymfocyty (CTLs).
U jedné pacientky imunizované HER-2/neu peptidy byly
zjistény MUC|-specifické T-lymfocyty po aplikaci 7.
vakciny. Tento vysledek podporuje teorii ,,antigen sprea-
ding* in vivo po aplikaci vakciny s pouze jednim tumor
antigenem. Zavéry této studie potvrzuji, Ze vakcinace DC
pulzovanymi pouze jednim tumor antigenem mohou
indukovat imunologickou odpovéd u pacientl jak s ova-
ridlnim karcinomem, tak s karcinomem prsu.

DC pulzované nukleovymi kyselinami

V roce 2007 publikovali J. J. Hernando et al. v Lancet
Oncology [17] kazuistiku 61leté Zeny s diagnostikova-
nym pokroc¢ilym epitelidlnim karcinomem ovaria (sta-
dium IIIC podle FIGO klasifikace). Slo o ovarilni tumor
s peritonedlnim rozsevem a elevovanym CA-125 nad
3000 U/ml. Vzhledem k inoperabilnimu nalezu se pfi-




stoupilo k podani neadjuvantni chemoterapie (v kombi-
naci platinovy derivit + taxany). Poté proveden debul-
king s cytoredukci, rezidudlni nemoc méné€ nez 1 cm. Po
adjuvantnich 3 sériich chemoterapie poklesla hladina
CA-125 pod 30 U/ml. Po 12 mésicich nasledovala reci-
diva onemocnéni. Nasledoval sekundarni debulking bez
makroskopického rezidua. Po 2. linii chemoterapie
pokles CA-125 pod 20 U/ml. Za 4 mésice nasledoval
opét rychly relaps onemocnéni, elevace CA-125,
metastazy v paraaortdlnich a axildrnich lymfatickych
uzlinich. Bulky axilarni uzliny, které negativné ovliviio-
valy béZnou denni ¢innost byly exstirpovany. Nésledova-
la vakcinace autolognimi DC pulzovanymi mRNA
(kédujici folat-receptor typu alpha). Vyroba vakcin zahr-
novala reverzni transkripci plné délky FR-a-cDNA
z total RNA z lidské ovaridlni nddorové linie. Zralé DC
byly injikovdny pod UZ kontrolou do nezvétSenych
ingvinalnich lymfatickych uzlin. Celkem bylo aplikova-
no 10 vakcin po 4tydennich intervalech. Vysledky CT
pred vakcinaci a po 3 mésicich po vakcinaci ukazaly ¢as-
tecnou odpovéd. Follow up CT po 16 mésicich odhalilo
vice nez 50% regresi metastaz v lymfatickych uzlinach.
Hladina CA-125 se prudce sniZila za 4 tydny po prvni
vakcinaci (z 640 U/ml na 60 U/ml) a udrzovala se na
baseline hlading. Takto rychld a dlouhotrvajici regrese
a remise onemocnéni po vakcinaci je pozoruhodna.

DC pulzované nddorovymi buiikami

Pennsylvanska skupina [37] zatadila do své studie 10
pacientek s ovaridlnim karcinomem. Autologni DC byly
pulzovény s usmrcenymi autolognimi nddorovymi buii-
kami. Vzniklé fazované buniky byly kultivovany za pfi-
tomnosti tumor necrosis faktoru o + TRANCE (tumor
necrosis factor-related activation-induced cytosine) za
ucelem indukce maturace. TRANCE a CD40 ligandy
byly u¢inné na zrani DC. Bunécné linie T-lymfocyti
vytvorené in vitro byly tumor-specifické pro MHC 1. tfi-
dy. Vysledky této studie demonstruji skutecnost, Ze zralé
DC buiiky prezentujici tumor antigeny ziskané z fagocy-
tovanych autolognich nadorovych buiieck mohou byt po-
uzity k zesileni protinddorové imunity in vitro. Zavéry
této studie tedy podporuji vhodnost terapeutického vy-
uziti vakcin u pacientek s ovaridlnim karcinomem.

Harvardska studie [14] se zabyva fuzi nadorovych
buniek ovaridlniho karcinomu s autolognimi dendriticky-
mi bunikami. Vznikld populace bunék heterokaryont
exprimovala antigen CA 125 a DC kostimula¢ni a adhe-
zivni molekuly. Podobné vysledky dosahli fiizi nadoro-
vych bunék s alogennimi DC. Fazované buriky stimulo-
valy proliferaci autolognich T-lymfocytt. Vysledky také
ukazaly schopnost fizovanych bunék indukovat cytoly-
tickou T-buné¢nou aktivitu a lyzu autolognich néadoro-
vych bunék.

V dalsi Harvardské studii se v roce 2005 [21] zabyva-
li hodnocenim tspésnosti fize dendritickych bunék (DC)
a bun¢k ovaridlniho karcinomu (OVCA) a hodnotili
schopnost téchto fizovanych bunék stimulovat protina-
dorovou imunitni odpovéd. Nadorové a DC buiiky byly
izolovany od 22 pacientd s ovaridlnim karcinomem.
V této studii se také zabyvali dopadem radiace, zmraze-

ni a tani na fizované bunky. Zavér studie byl nasledujici:
U vSech 22 pacientl doSlo k tspé$né fiizi nadorovych
bun¢k s autolognimi DC. Vytvofené heterokaryony
exprimovaly nadorové antigeny (MUCI, CA 125 a DC
odvozené MHC II. tfidy a kostimulacni molekuly).
Fuzované burky stimulovaly k proliferaci autologni lym-
focyty T proti ovaridlnim nadorovym buikam. Bylo také
7jisténo, Ze radiace, zmrazeni a tini ma minimalni dopad
na stimulaéni efekt fazovanych bunék.

Némecka skupina [16] do své studie zaradila 8 pacien-
tek s pokrocilym malignim gynekologickym nadorem (2
pacientky se sarkomem délohy a 6 pacientek s ovaridl-
nim karcinomem). Pacientky obdrzely 3 az 23 vakcin
podanych intrakutanng. Slo o vakciny s DC pulzovanymi
autolognimi nadorovymi antigeny. Vzorky nadoru byly
ziskany béhem primarni operace a byly zpracovavany
ihned po vykonu nebo zmraZeny na -80 °C. Z nadorové
masy byly ziskany lyzaty naddorovych bunék. Pacientky
obdrZely vakciny v 10dennich az 4tydennich intervalech.
Obé pacientky s diagnézou sarkomu délohy a jedna
pacientka s ovaridlnim karcinomem progredovaly a zem-
fely kratce po obdrZeni treti, Sest¢é a osmé vakciny.
U ctvrté pacientky byla zjiSténa progrese onemocnéni po
4. vakciné a obdrzela 3. linii chemoterapie. U paté
pacientky doslo ke stabilizaci onemocnéni (stable disea-
se po dobu 45 tydnti). Poté nasledovala elevace hodnoty
na 75 U/ml. MRI stagingem byly odhaleny lokélni
a vzdalené metastazy. Po cytoredukéni reoperaci obdrze-
la pacientka dalSich 6 vakcin vytvofenych z nadorovych
lyzatd z posledné excidovaného tumoru. Onemocnéni
bylo stabilizovano na dalSich 23 tydnd. U Sesté pacientky
pretrvala stabilizace onemocnéni 25 tydnil, poté byla
zjisténa elevace CA-125 a progrese onemocnéni na CT.
Pacientka podstoupila cytoreduk¢ni reoperaci. Pacientky
7 a 8 mély stabilizované onemocnéni bez zndmek recidi-
vy po dobu 14 resp. 27 tydni. Pacientky byly po celou
dobu imunizovany v pravidelnych intervalech, dalsi data
nejsou k dispozici. Lécba byla bezpecna, dobfe tolerova-
nd, imunologicky aktivni. Bez zavaZnych neZadoucich
ucinkii. U dvou pacientek se objevila mirna prfechodna
tnava a subfebrilie, které nevyZadovaly zZadnou IéCbu.
U jedné pacientky se objevilo mirné zvétSeni lymfatické
uzliny. P&t pacientek mélo lehkou kozni reakci ve formé
erytému v misté aplikace vakciny. U Zadné z pacientek se
neobjevila celkova koZni reakce ve formé vyrazky nebo
lymfadenopatie. U zadné z pacientek se nerozvinulo
autoimunitni onemocnéni.

Japonska studie [18] zkoumala skupinu 22 pacientd
s odliSnymi pokrocilymi stadii maligniho onemocnéni.
Dévét z téchto 22 pacientll obdrzelo kromé DC vakcin
(DC/tumor-fusion vaccine) také rekombinantni lidsky
interleukin 12 (rhIL-12). Cilem studie bylo zjistit, zda
vakcinace DC butikami, které jsou fizované prislusnymi
nadorovymi buitkami, mohou kromé indukované proti-
nadorové imunitni odpovédi vyvolat nezZadouci autoimu-
nitni reakci. K monitoraci autoimunitni odpovédi sledo-
vali hladiny antinuklearnich protilaitek (ANA) v séru
pacientt. U tii pacienti byly hladiny ANA zvysené vice
nez trikrat po 1écbé. Pacient 1 (karcinom zaludku)
a pacient 2 (karcinom prsu) byli imunizovani pouze




DC/tumor-fusion vakcinami. Pacientka 3 (karcinom ova-
ria) obdrzela DC/tumor-fusion vakcinu spolu s rhIL-12.
U dalSich 2 pacienti byla zjisténa elevace ANA méné
nez tiikrat (pacient s karcinomem prsu a kolorektalnim
karcinomem). Pacientka 3 (ovaridlni karcinom) obdrZela
4 série kombinované imunoterapie (DC/tumor-fusion
vaccine + rhIL-12). Pokrocilé onemocnéni s mnohocet-
nymi metastdzami po peritoneu, v lymfatickych uzlinich
a v jatrech bylo udrZovdno ve stabilizovaném stadiu
(stable disease) po dobu 9 mésict s prechodnym snize-
nim hladin CA-125 béhem imunizace. Pacientka nevyka-
zovala Zadné symptomy autoimunitniho onemocnéni
béhem terapie. U nikoho z 1é¢enych pacienti se zvySeny-
mi hladinami ANA nebyly zjiStény symptomy autoimu-
nitniho onemocnéni. Pacienti se zvySenymi ANA méli
signifikantné prodlouzenou dobu vhodnou k podéavani
vakcin ve srovnéni s pacienty bez elevace ANA. ZvySe-
né hladiny ANA po podani DC/tumor-fusion vakcin
mohou byt asociované se zvySenou protinddorovou imu-
nitni odpovédi indukovanou vakcinaci.

DISKUSE

Buriky ovaridlniho karcinomu exprimuji velké mnoz-
stvi  TAA (tumor-assiociated antigens) CA-125,
HER2/neu a MUCI. Pulzace DC s tumor antigeny repre-
zentuje vhodnou a Siroce pouZitelnou strategii k vyvola-
ni specifické imunitni odpovédi.

Podle vySe uvedenych studii se jevi aplikace DC vak-
cin jako bezpecnd, proveditelnd a klinicky velmi dobie
tolerovana lécebnd modalita. Pfesto se objevuje, jak uka-
zuji klinické in vivo studie, mnoho nevyfesenych otazek
a problémi jak s pfipravou, tak se samotnym podanim
DC vakcin. Je tfeba optimalizovat klinické protokoly
aplikace vakcin, vyhodnotit nejic¢inné;jsi zdroj antigent
z nadoru potiebnych k pulzaci s DC buiikami — peptidy,
proteiny, nukleové kyseliny nebo samotné nddorové buii-
ky? Je tieba optimalizovat nejlepsi cestu aplikace vakci-
ny do téla pacienta (intradermdlné?, subkutanné?, intra-
nodalné?). Ze zavéru klinickych studii v§ak jednoznaéné
vyplyva, Ze hlavni zaméfeni DC vakcinace bude sméro-
vano k pracientim s minimalni rezidualni nemoci nebo
jako dalsi adjuvantni 1éc¢ebnd modalita, nebot tito
pacienti vykazuji nejlepsi 1écebné vysledky.

Z uvedenych studii také vyplyva, Ze aplikace DC vak-
cin neindukuje rozvoj autoimunitniho onemocnéni
navzdory zjiSténi zvySenych hladin ANA protilatek
v krvi pacienti. Tyto vysledky tak podporuji tezi o sniZe-
ni imunitni tolerance a s tim souvisejici posileni protina-
dorové imunity organismu, kterd vSak nevede k rozvoji
autoimunitniho onemocnéni.

ZAVER

V soucCasné dobé se 75-80 % karcinomt ovarii dia-
gnostikuje v pozdnich stadiich, tj. ve stadiu III. a IV.

(FIGO Kklasifikace). Jako standardni 1é¢ba se v klinické
praxi pouZziva radikdlni operace a nasledné kombinovana
chemoterapie. U pozdnich stadii (stadium III. a IV.) dnes
dosdhneme ve vice nez 70 % ptipadi kompletni klinické
remise, ale do 2 let recidivuje z této skupiny vice nez
50 % Zen. Klinické studie s inhibitory angiogeneze zatim
prokazuji prodlouZeni disease free intervalu (bezpiizna-
kového obdobi), ale nezlepSuji zatim celkové preziti.
Velmi zajimava a atraktivni se jevi myslenka individuali-
zované péce o pacienty. DC vakcina vyrobena piimo ,,na
miru“ pacientovi z jeho vlastnich nddorovych bunék zis-
kanych bud pfimo z primarniho nadoru pfi operaci, nebo
napf. z ascitu obsahujiciho nadorové buiky. DC vakciny
mohou byt dspéSnou lécebnou modalitou po intenzivni
high-dose chemoterapii, hlavné ve smyslu eliminace
rezidudlni nemoci. Rezidudlni nemoc je chipana jako
klon chemorezistentnich malignich bunék, které jsou
nejCastéjsi pricinou casné ¢i pozdni recidivy onemocné-
ni. Tyto chemorezistentni maligni buiiky nejsou deteko-
vatelné béznymi vySetfovacimi metodami. Biologicka
1é¢ba ve formé DC vakciny, ktera by natrvalo eliminova-
la tyto buriky popt. by je udrzela pod kontrolou imunitni-
ho systému je revolu¢ni a velmi slibnou cestou k moder-
ni onkologické 1écbé. DC vakcinace by se mohla stat
ucinnou konsolida¢ni terapii nejen ovaridlniho karcino-
mu, ale mnoha dal§ich onkologickych onemocnéni.
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2.4 Zakladni vlastnosti nadorovych bunék

2.4.1 Nadorové antigeny.

Pfitomnost nadorového antigenu je hlavnim piedpokladem rozvoje protinddorové imunitni
reakce. Existuji dvé kategorie nadorovych antigeni, antigeny specifické pro nadory (TSA) a
antigeny asociované s nadory (TAA). Antigeny specifické pro nadory jsou zejména proteiny,
které se na normalnich bunkéch nevyskytuji. Antigeny asociované s nadory nejsou specifické
pouze pro nddorové buiiky, ale nachazeji se i na normalnich buitkdch. TAA se ale mohou
exprimovat v jiné kvantité¢, mohou byt atypicky umisténé apod. Do skupiny TAA patii
onkofetalni antigeny, pro které je typické, ze se vykytuji pouze embryonalné a v postnatalnim
obdobi mizi. Do této skupiny patii napt. a-fetoprotein (hepatomy), karcinoembryonalni
antigen (kolorektalni karcinom) apod. Dal§imi zastupci TAA jsou PSA antigen nebo antigen
HER2/neu (receptor rastového faktoru epitelidlnich buné€k, jeho overexprese je typickd pro

n¢které karcinomy prsu.

2.4.2 Autokrinni stimulace a schopnost neodpovidat na protirastové signaly

Maligné transformovand bunka ptestavd odpovidat na produkci ristovych faktort od jinych
bun¢k a naopak Casto produkuje velké mnozstvi ristovych faktord, na které sama reaguje.
Nékteré nadorové builkky dokonce sekretuji cytokiny a jiné pisobky inhibujici imunitni
odpovéd’, napt. IL-10 a TGF- B inhibuje zrani DC nebo oxid dusnaty indukuje apoptozu DC
[36].

2.4.3 Proliferace nddorovych bunék

Béhem transformace normalni buiiky na buniku nadorovou dochézi k riznym mutacim, které
vedou k "nesmrtenosti" buiiky. Dobie prozkoumana je mutace proteinu p53, jehoZ sniZzend

nebo nulova exprese vede k nekontrolovanému déleni bunék.

2.4.4 Schopnost inhibice apoptozy

Nédorové builky maji schopnost vyvijet rezistenci k signalim spoustéjicim apoptézu. Naopak
nékteré naddorové bunky exprimuji na svém povrchu FasL (Fas ligand - transmebranovy
protein vyskytujici se na povrchu T lymfocytll). Pomoci tohoto ligandu mohou nadorové

bunky indukovat apoptoézu v protinadorovych T lymfocytech.
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2.4.5 Schopnost invazivniho rustu a metastazovani

Metastazovani je nejCastéjsi pri¢inou umrti pifi malignim onemocnéni. Tvorba metastaz je
podminéna invazivitou nadorovych bunék z primarniho naddoru do okolni tkané a nasledné do
krevniho nebo lymfatického fedisté. Unik nadorové buiky do krevniho nebo lymfatického
ob¢hu ale neznamena, ze zalozi metastazu. Nadorova buitka musi byt schopna v fecisti prezit
a nasledné ho opustit, uchytit se a zacit se délit. Proces metastazovani je né¢kolikastupiiovy a
je oznacovany jako metastaticka kaskada. Nadorové buitky maji schopnost inaktivovat nebo
naopak aktivovat celou fadu proteinli, které jim umozni adherovat. Podobné¢ vyuzivaji
nadorové bunky proteolytické enzymy (napf. katepsin), coz jim umoznuje odpoutat se od

primarniho loziska naddoru a zalozit metastazu.

2.5 Zakladni vlastnosti imunokompetentnich bunék

2.5.1 Subpopulace dendritickych bunék

Dendritické bunky (DC) jsou nejucinnéjsi bunky predkladajici antigen. Predstavuji hlavni
spojujici ¢lanek mezi antigenné nespecifickou a specifickou imunitou. Dendritické buiky se v
krevnim obé&hu vyskytuji jen v malém mnoZstvi, nejvice se nachédzeji v tkanich, které tvoti
rozhrani organizmu s vné&jsi prostfedim. Nejveétsi mnozstvi DC je v kazi, ve sliznicich
dychaciho a zazivaciho traktu. Rozlisuji se dva druhy dendritickych bunék: plazmacytoidni a
myeloidni DC. Plazmacytoidni bunky se svym vzhledem podobaji plazmatickym bunkam.
Jejich hlavni uloha je obrana proti virovym infekcim. Vyznacuji se expresi CD123 a
ptitomnosti receptoru pro IL-3 (IL-3 je dilezity rstovy faktor plazmacytoidnich DC) [83].
Myeloidni DC ptedstavuji nejpocetnéjsi skupinu DC, fadi se mezi n¢ intersticidlni DC a
Langerhansovy buiiky epidermis. Intersticidlni DC se nachazi ve vSech tkanich [90].
Jednotlivé subpopulace DC se 1isi rliznou vybavou a specializaci v obran€ proti riznym

infekcim.

2.5.2 Subpopulace T lymfocytu

T lymfocyty zajist'uji antigenné specifickou bunééné zprostiedkovanou imunitu. Aktivované
(efektorové) T lymfocyty eliminuji z organizmu buiiky infikované intraceluldrnimi parazity,
buiikky mutované a nadorové. Hraji dilezitou roli i v protilatkové imunitni reakei, pfi regulaci
vyvoje B lymfocyth v plasmocyty. VétSina T lymfocytl se vyviji v thymu, kde se uci
rozeznavat peptidy vazané v komplexu s MHC glykoproteiny. Podle typu TCR (T cell
receptor) se rozdéluji na typ aff nebo yo. T lymfocyty, které exprimuji TCR typu aff se dale
déli na CDS8 (koreceptor pro MHC glykoproteiny I. tfidy) a CD4 (koreceptor pro MHC

36



glykoproteiny II. tfidy). CD8+ T buiiky jsou prekurzory cytotoxickych T lymfocytt (Tc) nebo
pamétovych bunék. VétSina CD4+ T bunck jsou prekurzory pomocnych T bunék (tzv.
helperii - Th) [36]. Dalsi subpopulaci jsou T regulacni lymfocyty (Treg). Regulacni CD4+ T
lymfocyty, n¢kdy také oznacované jako tlumivé nebo supresorové (dale jen Treg) se
vyznacuji schopnosti potlacovat aktivity jinych efektorovych T lymfocyti. V poslednich
letech bylo zjiSténo, ze maji schopnost potlacovat aktivity i antigenprezentujicich bunék.
Vyznacuji se expresi transkripniho faktoru FoxP-3, kterd je pro vyvoj téchto bun€k nezbytna.
Treg hraji klicovou tllohu v regulaci tolerance k vlastnim antigentim a pfedchézeji tak vyskytu
autoimunitnich onemocnéni [62]. V organizmu existuje zfejmé n€kolik riznych druhti Treg
bunék, nejvice prozkoumané jsou tzv. "pfirozené" regulacni CD4+ T lymfocyty (nTreg,
natural Treg) a tzv. indukované regulacni T lymfocyty (iTreg). Pfirozené Treg tvoti cca 1-5%
krevnich lymfocytl a vznikaji v thymu. Jsou siln¢ zavislé na interlekinu-2 (IL-2), tim se
podobaji aktivovanym T lymfocytim (povrchova exprese podjednotky IL-2 receptoru CD25).
Treg disponuji n¢kolika mechanizmy Gc¢inku. Prvnim mechanizmem je produkce tlumivych
cytokint (IL-10, TGF- B, IL-35). Druhym, pravdépodobné jesté €innéjSim mechanizmem je
suprese jinych bunék (zejména aktivovanych lymfocytli a dendritickych bunék) pifimym
kontaktem [36]. Treg maji schopnost piimého cytotoxického plsobeni (obdobnym
mechanizmem jako aktivované cytotoxické T lymfocyty - Tc). Je to schopnost sekrece
perforinii a granzymu. Treg mohou timto cytotoxickym mechanizmem zabijet efektorové T
lymfocyty, zejména ty autoreaktivni, ddle dendritické buiiky i jiné antigen prezentujici buiiky
(APC). Na experimentalnich zvitatech bylo prokdzano, ze odstranéni Treg z organizmu vede
ke vzniku tézkych multiorganovych autoimunit [75]. Hlavni ulohou pfirozenych Treg je
zabezpeCovat periferni toleranci a branit rozvoji autoimunitnich onemocnéni. Indukované
Treg nevznikaji v thymu, ale v perifernich tkanich. Jejich tilohou je nejspiSe tlumivy efekt na
Skodlivé imunopatologické reakce supresi imunitni reakce. Treg se podileji také na kontrole
protinddorové imunity ve smyslu jeji suprese a stavaji se tak jednou z hlavnich ptrekazek
protinadorové imunoterapie. U nékterych nadorti bylo zjisténo, Ze procento Treg bunck v
periferni krvi koreluje s progndzou pacientll [16]. Monitorace mnozstvi cirkulujicich Treg v
krvi je moznym prognostickym markerem vyvoje onkologického onemocnéni (viz. kap. 3.1,

5.1, 6.1).
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2.6 Cilena lé¢ba karcinomu ovaria

2.6.1 Uloha adekvatni chirurgické 1é&by

O dulezitosti adekvatni cytoredukéni chirurgické 1é€by pokrocilych karcinomii ovaria neni
pochyb. Mechanizmii jakymi maximalné cytoredukéni chirugické vykony prodluzuji
bezptiznakové obdobi a preziti je nckolik. Velké nadorové masy maji pomérné¢ chudé
centralni krevni zésobeni, které vede k hypoxickému prostfedi uvnitt nadoru. Nadorové bunky
v této oblasti nddoru vykazuji mensi ristovy a mitoticky potencidl a jsou tedy vice rezistentni
k chemoterapii [91]. Rovnéz metody protinddorové imunoterapie vykazuji pii 1écbé
pokrocilych stadii s velkym nadorovym reziduem mnohem mensi Gc¢innost. Solidni nador je
tteba chapat nejen jako shluk nadorovych bunék, ale jako komplexni "ekosystém", ktery
kromé vlastnich nadorovych bunék obsahuje krevni cévy, vazivové builky a mezibunéénou
matrix. Uvnitf nadoru je specifické prostiedi, vétSinou hypoxické, se zvySenou hladinou
toxickych latek, které unikaji z rozpadajicich se nadorovych bunék. V mensim dobie
perfundovaném nadorovém reziduu je rdstovy potencidl a mitoticka aktivita zvySena.
Samotné chemoterapeutikum zde dosahuje vysSich koncentraci a s lepSim cytostatickym
efektem. Snahou o maximalni nddorovy debulking se rovnézZ snizuje pravdépodobnost vzniku
chemorezistentnich klonti nddorovych bunék. Tyto chemorezistentni nadorové buiiky vznikaji
vysledkem spontannich mutaci. Po¢et mutaci se zvySuje s poc¢tem rezidualnich nadorovych
bun¢k [31]. Navic zadné nebo minimalni nadorové reziduum si pro nizsi riziko recidivy
vyzdda méné sérii chemoterapie a snizuje se tak pravdépodobnost indukce vzniku
chemorezistentnich nddorovych bunék. Pfi operacnim feSeni ovaridlniho karcinomu se
standardn¢ provadi vykon na otevieném biiSe z dolni stiedni laparotomie, ktera se standardné
prodluzuje nad pupek (napt. k provedeni omentektomie, paraaortalni lymfadenektomie,
deperitonealizaci branice apod.). Po otevieni dutiny bfi$ni se odebira ascites k cytologickému
vySetieni, neni-li pfitomen je nutné doplnit lavage, pfinosné je rovnéz provedeni brani¢nich
stéril. Standardni rozsah operace zahrnuje provedeni hystererektomie s oboustrannou
adnexektomii, debulking, omentektomie, apendektomie a panevni a paraaortalni
lymfadenektomie. Debulking je Siroky pojem, ktery miize obsahovat vykony jako jsou
deperitonealizace panve, resekéni operace na stievech, deperitonealizace branice, resekce
sleziny atd.). Pro oznaceni NO je nutné ziskat béhem operace minimalné 10 lymfatickych
uzlin [71]. Sporné je provedeni lymfadenektomie v pfipad€, Ze neni dosazen optimalni
debulking (tzn. pfitomnost makroskopického rezidua). Pievladd nazor, Ze v piipade
nemoznosti dosdhnout RO (bez makroskopického rezidua) je pro pacientku pifinosem pouze

odstranéni zvétSenych lymfatickych uzlin (tzv. bulky uzlin) [43]. Optimalni cytoredukce
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véetné odstranéni panevnich a paraaortdlnich uzlin méa pro pacientku nejen silné pozitivni
prognosticky efekt, ale rovnéz poskytuje plné informace pro histopatologické vysetieni, a tim
padem pfesny staging onemocnéni. Optimalnim vysledkem cytoredukéni operace je Zadny
makroskopicky néador. Pravdépodobnost provedeni adekvatniho operaéniho vykonu také
zvySuje dostupnost peroperacniho bioptického vysSetieni. NejdilezitéjsSim faktorem pro
dosazeni optimalniho cytoredukéniho vykonu vSak zistavda zkuSeny operatér s
onkogynekologickou erudici. Z vySe jmenovanych divodi by meély byt pacientky se
zhoubnym nadorem ovaria centralizovany do onkogynekologickych center. Pouze ty jsou
schopna zajistit kvalifikované operatéry, dostate¢né technické vybaveni a podporu zkusenymi
patology. Onkogynekologicka centra musi spliiovat urcita kriteria a profitem pro pacientku je
maximalni Sance na optimalni a pfitom bezpetny cytoredukéni vykon. Urcitou renesanci
pfinasi navrat superradikalnich priméarnich operacnich vykonil (resekéni operace na tlustém a
tenkém stieveé, suprakolickd omentektomie, deperitonealizace panve, moc¢ového méchyie a
branice apod.). Je to totiz jedna z cest, jak vyrazné zlepSit vysledky 1é¢by pokrocilych
karcinomu ovaria. Konzervativni operace lze v ptipadé karcinomu ovaria provadét pouze v
ptisné indikovanych ptfipadech. V managementu onkogynekologického centra FN v Motole
musi pacientka spliiovat nasledujici kriteria [43]: 1. Zena v reprodukénim veéku si pieje
tehotenstvi, 2. intaktni pouzdro, 3. nddor je omezen na jedno ovarium a nebo ob¢ ovaria, 4.
nador neni na povrchu ovaria, 5. neni pfitomen ascites, 6. peroperacni histopatologické
vySetfeni, 7. grade nadoru maximdln¢ 2. Pokud pacientka spliiuje tato kriteria je mozné
provést konzervativni operaci spocivajici v jednostranné (event. oboustranné) adnexektomii,
vizualizaci druhostranného ovaria (resekce nepostizeného ovaria neni nutna, pouze v ptipadé
nejasného nalezu), omentektomii, apendektomii a panevni a paraaortalni lymfadenektomii.
Konzervativni operace ma vyznam i v ptipadé oboustranné¢ho postiZzeni ovarii s naslednou
oboustrannou adnexektomii, vzhledem k velkym moznostem reprodukéni mediciny
(darcovstvi oocytu). Casna reoperace (restaging) je indikovana pii nedostatedné provedené
primarni operaci. Cilem c¢asné reoperace je provést staging a provedeni adekvatni
cytoredukéni operace pred zahdjenim chemoterapie. Interval debulking surgery (IDS) se
standardn¢ provadi po dvou az ¢tyiech sériich neoadjuvantni chemoterapie. Smyslem operace
je provést maximalni debulking v pfipad¢€, ze béhem primarni operace nebyl mozny. Jednim z
ukazatelli kvality onkogynekologického centra je maly pocCet pacientek operovanych v ramci

IDS.
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2.6.2 Konven¢ni chemoterapie

Historie chemoterapeutické 1é¢by karcinomu ovaria v CR je dobfe mapovana od 60. let
minulého stoleti. Pokrocilad stadia karcinomu ovaria se 1é¢ila monoterapii cyklofosfamidem,
1écebna odpovéd’ byla kolem 30-40%. V 70. letech po ptidani platinového derivatu se 1é¢ebna
odpovéd’ pohybovala kolem 75%. V 90. letech se stal standardni 1é¢ebnym protokolem v
celosvétovém meétitku dvojkombinace chemoterapeutik paklitaxel a platinovy derivat.
Lécebnd odpovéd se u této kombinace dosahuje v 85% [43]. Tato kombinace
chemoterapeutik je pouzivana dodnes. Diskutuje se ale o otazkach, kolik sérii chemoterapie u
ruznych stadii podat, jak 1éCit recidivy, zda nepokracovat v monoterapii paklitaxelem apod.
Zavazné je doporuteni Onkogynekologické sekce CGPS CLS JEP, Ceské onkologické
spole¢nosti CLS JEP a Spolec¢nosti radia¢ni onkologie a biofyziky CLS JEP, posledni z roku
2013 [99]. Casna stadia IA a IB (pNO), grade 1 Ize pii adekvatng provedené operaci ponechat
bez adjuvantni 1écby. Adjuvantni chemoterapeuticka 1écba je indikovéana u FIGO stadii IA a
IB (pNO), grade 1 v pripade, ze byla provedena neadekvatni operace a v pfipadé, ze nelze
provést restagingovou operaci. Dale stadia IIA, 1IB; G1, G2 a stadia IC a IIC; G1 jsou
indikovana ke kombinované chemoterapii (paklitaxel/platinovy derivat) a to v 3-6 cyklech.
Dalsi stadia (pozdni stadia a pacientky s vysokym rizikem) jsou indikovany ke kombinované
chemoterapii (paklitaxel/platinovy derivat) 6-9 cykld. Individudlni pfistup je tfeba vyuzit v
piipadé¢, kdy celkovy stav pacientky nebo komorbidity neumoznuji podat kombinovanou nebo
plné davkovanou chemoterapii. Doporucend davka chemoterapie je u paklitaxelu 135 mg/m2
v 24 hodinov¢ infusi + cisplatina 75 mg/m2 nebo paklitaxel 175 mg/m2 v 3 hodinové infusi +
karboplatina 5-7,5 AUC) [43]. Neoadjuvantni chemoterapie (dale jen NAC) je indikovana u
stadia III a IV, kde neni mozné dosdhnout optimalni cytoredukce béhem primarni operace.
Podminkou podani NAC je performance status WHO 0, 1, 2 nebo Karnofsky 70-100%,
celkovy stav umoznujici dodrzet kurativni davku chemoterapie a histologickd nebo
cytologicka diagndza ovaridlniho epitelialniho karcinomu [99]. Po tfech, pfipadné maximalné
po Ctyfech cyklech NAC nésleduje onkogynekologické zhodnoceni efektu 1€cby a v ptipade,
7e dojde k regresi nadoru a je predpoklad dosazeni optimalniho cytoredukéniho vykonu je
indikovéno IDS. Neni-li indikovano IDS, pokracuje se v podéani dalSich tii az Sesti cyklu
chemoterapie. V piipad¢ provedeni IDS a umoznuje-li to celkovy stav pacientky, jsou podany
dalsi tfi az Sest cykli chemoterapie. UkonCeni 1écby je indikovano v piipadé podani
planovaného poctu cykll, pfi zndmkach progrese onemocnéni pii probihajici 1é€bé nebo pfi
priznacich zavaznych toxickych nezadoucich uc¢ink 1é¢by. V ptipad¢ recidivy onemocnéni je

silnym prognostickym faktorem doba od ukonceni primdrni chemoterapie do nasledné
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recidivy. Pacientky se rozd¢€luji do tfech skupin. Prvni skupinou jsou pacientky s perzistenci
1éCby pti chemoterapii nebo recidivou do 6 mésicti od ukonceni 1éCby (tzv. Casna recidiva
nebo platina refrakterni /rezistentni/ onemocnéni). Druhou skupinou jsou pacientky s
recidivou onemocnéni za 6-12 meésicti od ukonceni 1écby (tzv. intermediate group). Tieti
skupinou jsou pacientky s recidivou po vice jak 12 mésicich od ukonceni 1écby (tzv. platina

sensitivni onemocnéni) [99].

2.6.3 Konsolida¢ni (mantain — udrZovaci) 1é¢ba

Hledéni vhodné konsolida¢ni 1é¢by u pacientek s karcinomem ovaria je dlouhodobym cilem
mnoha onkologickych pracovist. Pres vysoké procento 1é¢ebnych odpovédi, které stridaji
casné a pozdni recidivy, piinasi dlouhodobé vysledky 1€cby pokrocilych karcinomil ovaria
zklaméni. Prvni pokusy o vhodnou konsolida¢ni 1é¢bu byly zaloZeny nej€astéji na radioterapii
nebo na prolongované cytostatické 1é€bé. Tyto postupy vsak byly pro vysokou toxicitu a
nezadouci ucinky opustény, rovnéz léebné vysledky byly nepresvédCivé. Zajimavou
moznosti konsolida¢ni terapie se zdd podavani nizkych (metronomickych) davek etoposidu
nebo cyklofosfamidu. Bylo zjisténo, Ze nizké (metronomické) davky etoposidu resp.
cyklofosfamidu nemaji pfimy cytotoxicky efekt na chemorezistentni nadorové bunky, ale z
mnoha experimentdlnich studii byl zejména u cyklofosfamidu zjistén pozitivni efekt této
nizkodavkované 1écby ve smyslu zastaveni rastu nadoru, jeho regresi, piip. oddaleni recidivy
onemocnéni (dale viz. kapitola 2.5.2). Konsolida¢ni davka etoposidu je v peroralnim podéni
50-100 mg/den 10-14 dnt se 14 denni pauzou, podéavat dle tolerance a klinického nalezu 6
mésict a déle. Cyklofosfamid Ize podéavat v davce 2x 50mg p.o. po dobu 14 dnti, poté 10 dnti
bez 1écby, tento rezim opakovat opét dle tolerance. Jako konsolida¢ni 1é¢bu lze vyuzit
inhibitory angiogeneze (vice viz. kapitola 2.6.4). Z cytostatik ptichazi po 1é¢b¢ paklitaxelem s
platinou v ivahu inhibitory topoizomerdz, vzhledem k jejich rozdilnému mechanismu G¢inku
[43]. Zajimavé jsou vysledky studie zabyvajici se uzitim PARP inhibitoru olaparib v
konsolida¢ni terapii pacientek s HGSC, a to jak sporadicky vzniklych, tak BRCA 1/2
pozitivnich (viz. kapitola 2.6.5). Nadéjnou konsolida¢ni terapii budoucnosti je imunoterapie.
Velké pokroky se v poslednich letech ucinily ve vyvoji vakcin obsahujici aktivované
dendritické bunky (viz. kapitola 2.3.5). Prozatimnim nejvétSim uspéchem imunoterapie jsou
ale jednoznacéné protilatky, které maji schopnost blokovat T-regulacni lymfocyty. Disledkem
téchto blokujicich protilatek je komplexni aktivace protinadorové imunitni odpovédi, kterd

neni T-regulacnimi lymfocyty tlumena. V minulém roce vzbudily velky ohlas vysledky studii
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tzv. checkpoint inhibitor, zejména anti-PD1 protildtky, u maligniho melanomu a u

nemalobunééného karcinomu plic.

2.6.4 Inhibitory angiogeneze

Angiogeneze, resp. neovaskularizace se fyziologicky uplatiiuje nejen pii embryogenezi, ale i
pii hojeni ran nebo ovulaci. Je zcela regulovana humoréalnimi faktory, které se nazyvaji
angiogenni a antiangiogenni. Pokud neni angiogeneze stimulovana onkologickym
onemocnénim jsou vySe zminéné faktory v rovnovaze [47]. Primarni nador nebo metastiza
potiebuje ke svému rustu ptivod kysliku a zivin. V ptipadé, ze nador dosdhne urcité velikosti
(cca 100 pum, coz je difuzni limit pro kyslik) neni jiz dale schopen zasobovat builky pouhou
difuzi a prestane rust [23]. Nadorové builky jsou vystavené hypoxii a ndsledné¢ dochazi k
deregulaci angiogenniho procesu a k pfevaze angiogennich faktorti. Tyto zmény vyusti v tzv.
angiogenni pfepnuti (angiogenni switch) a nasledné k vytvareni novych cév pro rostouct
nador [5]. Novotvofené cévy jsou nepravidelné az chaoticky uspotfadané, Casto strukturalné
defektni, vyskytuji se defekty bazalni membrany a chybi zde podptrné svalové bunky. V
disledku téchto jevli dochdzi k nedostateénému cévnimu zdsobeni nddoru, k castym
nekr6zam néadorovych bunck a nésledné k dalsi stimulaci angiogeneze [47]. Bohuzel také
vyznamné klesd prinik cytostatik do nddoru. Nejvyznamnéj$im angiogennim faktorem je
vascular endothelial growth factor (dale jen VEGF). Tento angiogenni faktor stimuluje
proliferaci a migraci endotelovych bunék. Angiogenezi lze inhibovat pouZzitim ptirozenych
antagonisti angiogeneze nebo blokddou angiogennim faktorti. Nejvice prostudovana je
metoda neutralizace ligandu VEGF humanizovanou monoklonalni protilatkou bevacizumab
(Avastin). Tato monoklonalni protilatka se pouzivd v kombinaci s chemoterapii. Znamé jsou
zatim 4 velké studie hodnotici bevacizumab v 1é€bé karcinomu ovaria. Dvé front-line studie
GOG a ICON7 a dvé¢ studie OCEANS a AURELIA hodnotici Uc¢inek bevacizumabu u
rekurentniho karcinomu ovaria citlivého resp. rezistentniho k platiné. Studie GOG
(Gynecologic Oncology Group) byla zaméfena pouze na pacientky s pokroCilym nadorem
stadia III a IV. Studie ukéazala, Ze wuZiti bevacizumabu b&éhem chemoterapie
paklitaxel/carboplatina a néasledné dalSich 10 mésict po skonceni chemoterapie prodlouzilo
median progression-free survival (dale jen PFS) o 4 mésice [9]. Druhou studii je studie
ICON7, kde byly zafazeny pacientky jak s ¢asnym, tak pokroc¢ilym stadiem. Do studie bylo
zafazeno celkem 1528 pacientek z 11 zemi. V této studii bevacizumab prokdzal ve skupiné
pacientek s vysokym rizikem (stddium III se suboptimalni cytoredukei, stddium IV a

neoperované pacientky) prodlouzeni medianu celkového preziti o 9,4 mésice [68]. Preparat
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bevacizumab (Avastin) je v EU registrovan od prosince 2011 a od 1. srpna 2014 je v CR na
zéklad¢ studie ICON7 hrazen téz pro primarni 1écbu pacientek s ovarialnim karcinomem

vysokého rizika.

2.6.5. PARP inhibitory

DNA v buiikach je neustale vystavovana riznym vliviim a pisobeni riznych faktort, které ji
mohou vice nebo méné posSkozovat. V lidském téle existuje nékolik opravnych mechanizmi,
které jsou schopné opravovat vznikld poSkozeni. V posledni dobé se zaméfila pozornost na
mozné ovlivnéni jednoho z dilezitych mechanizmt reparace DNA - PARP1 (poly(ADP-
rib6zo)polymeraza-1) enzym. Jedna se o dulezity (kriticky) enzym bunécné proliferace a
opravy DNA poskozeni. Tento enzym opravuje predevsim tzv. jednovlaknové zlomy (SSB —
single-strand break) [89], a to opravou pomoci tzv. bazové excizni reparace (BER). Velké
nad¢je se vkladaji do vyzkumu 1é¢iv oznaCovanych jako PAPR inhibitory. PARP inhibitory
funguji nelépe v kombinaci s cytostatickou 1écbou, kterda navodi poskozeni DNA.
Protinadorovy efekt je posilen blokddou opravnych mechanizmii DNA PARP inhibitorem
[88]. Normalni bunky nereplikuji svoji DNA tak ¢asto jako buiiky naddorové a pokud v burice
neni pfitomna vrozend mutace BRCA1 nebo BRCA 2, tak mé buiika plné zachovanou funkci
homologni opravy (homologous recombination) dvousroubovice DNA. Normalni burka
inhibici PARP1 enzymu toleruje a pteziva. Nosicka mutace BRCA1 nebo BRCAZ2 se jiz rodi s
jednou mutovanou alelou pfislusného tumor supresorového genu, tzn. Ze je mutace Vv
heterozygotni formé pfitomna ve vSech somatickych bunikach. V piipadé inhibice PARPI
enzymu, pak délici se bunika nesouci BRCA mutaci zmira (viz. obr. €. 11). BRCA1 a BRCA2
deficitni bunky jsou velmi citlivé k inhibici PARP1 enzymu a lé¢ebny potencial u této
skupiny pacientek se zdd obrovsky. U lécby karcinomu prsu se zatim nejvEétsi pokrok ve
vyuziti PARP inhibitoru zaznamenal s preparatem BSI-201 (Iniparib). V 1écbé karcinomu
ovaria existuji zatim nejvétsi studie hodnotici PARP inhibitor Olaparib (Lynparza). V roce
2010 byly publikovany vysledky faze 1 (hodnocena zejm. 1€cebnd odpoveéd’ v zavislosti na
davce a frekvenci podani) [2]. Dalsi klinicka studie faze 2 publikovdna v roce 2011 hodnotila
1écebnou odpovéd’ u pacientek se sporadickym i BRCA pozit. karcinomem ovaria [27]. Jind
randomizovana dvojité¢ zaslepend studie hodnotila Olaparib jako konsolida¢ni terapii u
pacientek jak se sporadickym HGSC, tak u pacientek s HGSC BRCA 1/2 pozitivni v obdobi
remise. Pacientky, které obdrZely olaparib 400mg 2x denné¢ mély PFS 8.4 mésice versus
pacientky uzivajici placebo PFS 4.8 mésice [55]. Na zékladé vysledkl provedenych studii byl

v prosinci 2014 schvalen preparat Lynparza (olaparib) americkou FDA ke klinickému uziti u
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pacientek s pokrocilym ovarialnim karcinomem a s pozitivitou BRCA mutace (zdroj: U.S.

Food and Drug Administration, FDA News Release, 19.12.2014, http://www.fda.gov/).

obr. ¢ 11

A. Functioning PARP enzyme

Single-Strand DNA Break = =2 DNA Repair
B. PARP enzyme inhibited

PARP inhibitor

Single-Strand DNA Break No DNA Repair

Collapsed replication fork

v

Double-5trand DNA Break
1

BRCA deficiency J'

Homologous Recombiination (HR) | Non-Homologous End Joining (NHEJ)
Uses sister chromatid as template No template
G2/M, after DNA replication DNA trimmed and ligated
High fidelity, error-free Error-prone
BRCAL and BRCAZ dependent Leads to genetic instability

C. Deficiency in HR and BER together lead to synthetic lethality

+

Normal cells + Viable
BRCA deficient - + Viable
Normal cells, PARP inhibitor + - Viable
BRCA deficient, PARP inhibitor - - Cell Death

Walsh CS, Gynecol Oncol (2015) [94]
Pozn. HR - homologous recombination, BER - base excision repair

2.6.6 Perzonalizovana medicina - nové postupy (GPK FN Motol)

Nova etiopatogeneze ser6zniho karcinomu ovaria (viz. kapitola 2.2) oteviela nékolik
zéasadnich otdzek jak u Zen bez hereditarniho rizika, ale 1 u Zen s prokdzanym hereditarnim
rizikem pro karcinomy ovarii. Prvni je otdzka profylaktické salpingektomie u
premenopausalnich zen, které podstupuji odstranéni délohy. S tim i Gzce souvisi zména
v rozsahu vykonu sterilizaci, kde diiv€jsi vykony nahrazujeme salpingektomii jako
bezpecnéjsi alternativu ruznych sterilizaCnich vykoni na vejcovodech. Podobné i1 nova

patogeneze tuboovaridlnich zhoubnych nadortt pfivadi k mySlenkdm o zménach
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v managementu dispenzarizace u zen s mutacemi BRCA1l a BRCA2. Cilem je redukovat

riziko vzniku zhoubného karcinomu ovaria.

A) Zeny bez hereditarniho rizika nad 40 let véku

V ptipadé zeny nad 40 let v€ku, neplanujici t€hotenstvi a bez hereditarniho rizika, ktera je
indikovana k hysterektomii z benigni indikace (napf. d€lozni myomatdza, benigni cysta
ovaria, menometrorrhagie apod.), je pro pacientku pfinosné pfipojit oboustrannou
salpingektomii (viz. obr. €. 12). Tento postup nabizime klientkdm od roku 2010 jako standard

jak pti abdominalnich tak laparoskopickych operacich u vSech benignich nalezi.

obr. ¢. 12 obr. ¢. 13

Nékteré Skoly v USA pfichazeji s teorii parcialni resekce vejcovodu (odstranéni fimbrialniho
konce tuby, viz. kapitola 2.2 Nova etiopatogeneze karcinomu ovaria) (viz. obr. ¢. 13). Sami

v tomto postupu nevidime zasadni piinos.

B) Zeny s indikovanou sterilizaci

V soucasnosti pouCujeme zZeny, které planuji podstoupit indikovanou sterilizaci, ze existuje
alternativa, kterd i u zen bez hereditarni zatéze potencionalné¢ v budoucnu redukuje rizika
ovaridlnich karcinomii. Proto téZ Zendm nabizime laparoskopické salpingektomie jako

alternativu standardnich postupii.

C) Zeny s hereditarnim rizikem

vvvvvv

vzniku HGSC v pfipadé¢ germindlni mutace BRCA1 mutace se blizi 50% (40-65%) a
pramérny veék diagnézy je mezi 49-53 lety véku. Riziko vzniku HGSC u BRCA2 mutace je
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nizsi, pohybuje se mezi 11-37% a prumérny vek zjisténi diagndzy se pohybuje mezi 55-58
lety. Témét vSechny BRCA indukované nadory piedstavuji high-grade ser6zni karcinom [58].
Na zaklad¢ téchto dat, sami doporu¢ujeme pacientkam splnit svoje reprodukéni plany do 35,
lépe 30 let veéku. V ptipadé¢ splnéni reprodukénich plant je diskutovano provedeni
profylaktické adnexektomie nebo nami doporucovany alternativni postup provést v prvnim
kroku oboustrannou salpingektomii a ve druhém kroku (ve véku 40-45 let) oboustrannou
ovarektomii vzdy s hysterektomii. Pokud se zena rozhodne béhem svého zivota k provedeni
profylaktické adnexektomie doporucujeme i provedeni  hysterektomie. Indikaci k
hysterektomii opirdme o nékolik faktii. Tyto zeny jsou vystaveny i vys$Simu riziku seréznich
papilarnich karcinomi endometria a i karcinosarkomy maji vyssi riziko vzniku u nositelek
BRCA mutaci, pfipadna substituce estrogeny je méné rizikovd nez kombinace estrogen -

progestagen.

Nasledujici schémata dokumentuji vyvoj postupu v feseni pacientek s hereditarnim rizikem

karcinomu ovaria na Gynekologicko-porodnické klinice FN v Motole (viz. obr. €. 14-18)

obr. c. 14 obr.c. 15

Do roku 2002

obr. ¢. 16
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obr. ¢. 17 obr.¢. 18

2010 - | faze 2010- 1l faze

Tyto postupy jsou dnes Siroce diskutovany a v soucasnosti fada spolecnosti

(onkogynekologové, klini¢ni onkologové, genetici) aktualizuje doporucené postupy.
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3 Hypotézy a cile prace

Problematika je rozdélena do tfech oblasti:

3.1 Klinicky vyznam monitorace T-regula¢nich lymfocyta v periferni krvi u pacientek

s ovarialnim karcinomem

Nasi hypotézou bylo:

CD4+CD25+ T regulacni lymfocyty (Treg) hraji klicovou ulohu v regulaci tolerance k
vlastnim antigenim a predchazeji tak vyskytu autoimunitnich onemocnéni [62]. U lidi
ptedstavuji Treg 5-10% z cirkulujicich CD4+ T lymfocytt. Jsou definovany funkéné svou
schopnosti potlacovat aktivaci a proliferaci CD4+ a CD8+ efektorovych T lymfocyti. Treg se
podileji na kontrole imunitnich reakei pfi infekcich, u transpanta¢ni tolerance a protinadorové
imunity. Bylo prokazano, Ze pocty Treg jsou vyssi u zvifat s nddorem [29]. U lidi byl zjiStén
nartst CD4+CD25+ T lymfocytt v krvi pacientti s nadory rizného druhu: tlustého stieva [77],
pankreatu a prsu [56], u melanomt [42], hepatocelularniho karcinomu [65], ovaria a
karcinomu plic [95]. Procento Treg bunck v periferni krvi koreluje u vétSiny nadort s
prognézou pacientt [16, 77]. U ovaridlnich nadori tato problematika §ifeji nebyla studovana,
zejména ve smyslu vyuzitelnosti Treg jako prognostického faktoru onemocnéni. Recidiva
onemocnéni u pacientek po radikdlni operaci a primarni chemoterapeutické 1€cbé vznika z
klonti chemorezistentnich malignich bun¢k. Ze tfech nezavislych studii v letech 2005 az 2007
vyplyva, Ze peroralni podavani metronomickych (nizkych) davek cyklofosfamidu u pacientti s
pokrocilym nadorem zpusobilo vyraznou redukci cirkulujicich T — regulacnich lymfocytt [10,
11, 30]. Ve vySe jmenovanych studiich perordlni podavani metronomickych (nizkych) davek
cyklofosfamidu u pacienti s pokro¢ilym nddorem zpiisobilo hlubokou a selektivni redukci
cirkulujicich Treg, spojenou se zablokovanim jejich inhibi¢ni funkce proti konvencnim T
buitkdm a NK buiikdm a vedouci k obnoveni periferni T bunécné proliferace a piirozené
cytotoxicity. Cilem experimentéalni konsolida¢ni 1éCby je tedy razantné snizit pocet cirkulujich
Treg bunck a tim teoreticky posilit pfirozenou protinddorovou imunitu organizmu proti

pretrvavajicim chemorezistentnim buitkdm.
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Jednotlivé tkoly feSené v prub&hu experimentu:

Oveérit, zda mnozstvi T-regulacnich lymfocytt v periferni krvi koreluje s prognézou pacientti
u zhoubnych néadorti ovarii. Zhodnotit klinickou vyuzitelnost mnozstvi T-regulacnich

lymfocytl v periferni krvi jako dalsi prognosticky faktor vyvoje onemocnéni.

Porovnat ucinek jednotlivych chemoterapeutik v metronomickych davkach (cyklofosfamid,
etoposid) na mnozstvi T-regulac¢nich lymfocytd. Porovnat Gi¢inek experimentalni konsolida¢ni

1é¢by se skupinou kontrolni (bez konsolida¢ni terapie).

Na zakladé wvysledki vypracovat optimalni postup pro monitorovani léCenych zen s

karcinomy ovaria.

Na zékladé vysledkd vyhodnotit potencionalné nejperspektivnéjsi rezim konsolidaéni terapie

nizkymi davkami chemoterapeutika.
3.2 Dynamika imunitniho infiltratu v zavislosti na stadiu ovarialniho karcinomu.
Postupnia zména imunitni reakce od efektorovych Th17 lymfocyti k regulaénim T

lymfocytim

Nasi hypotézou bylo:

Béhem progrese ovarialniho karcinomu z ¢asnych do pokroc€ilych stadii dochézi k posileni

imunitnich mechanizmu, které maji za dusledek oslabeni protinddorové imunitni reakce.

VySetienim spontanni a stimulované sekrece specifickych cytokinil a chemokint v nadoru je
mozné urc€it, zda jsou nddorové burnky schopny tyto cytokiny a chemokiny samy produkovat a

nasledné tim modifikovat imunitni mikroprostfedi v nadoru.
T regulac¢ni lymfocyty se vyznamnou mérou podili na imunosupresivnim mikroprostredi

nadoru. T regulacni lymfocyty veestuji do nadoru z periferni krve a nevznikaji z naivnich T

lymfocytti v nddorové tkéani.
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Jednotlivé tkoly feSené v prub&hu experimentu:

Analyza imunitnich bunék imunofluorescen¢ni metodou (Thl, Th17, Tc, Treg, DC,

makrofdgy/monocyty).

Stanoveni spontanni a stimulované sekrece cytokinti a chemokinti v nadoru.

3.3 Lidské nadorové buiiky usmrcené antracykliny indukuji tumor-specifickou imunitni

odpovéd’

Nasi hypotézou bylo:

Imunogeni smrt nddorové buniky je charakterizovana casnou povrchovou expresi chaperont
zejm. calreticulinu a proteind tepelného Soku (dale HSPs - heat shock proteins). Chaperony
jsou specialni proteiny, které v buiice poméahaji skladat vétSinu bilkovin do jejich spravného
prostorového uspofadani, a tim t€émto proteinim umoznuji vykonavat jejich funkci v bunice.
Calreticulin a HSPs maji vyznamnou Ulohu v dozravani dendritickych bungk, pfijimani
antigenll a prezentaci téchto antigent na povrchu DC. Fyziologickd smrt builky procesem
apoptdzy je neimunogennim procesem, tzn. ze po fagocytoéze takto odumielé bunky neni
vyvolana imunitni odpovéd’. Imunogenni smrt buniky je naopak charakterizovana schopnosti
indukce specifické imunitni odpovédi. Usmrcend imunogenni nadorova burika vystavuje na
svém povrchu molekuly, které usnadiuji dendritickym butikach jejich identifikaci a naslednou
fagocytozu. VétSina informaci o vzniku imunogennich a neimunogennich nadorovych bun¢k
bylo ziskani ze studii na mySich modelech [32]. Cilem této studie bylo lépe prostudovat
klinické vyuziti riznych cytostatik k indukci imunogenni smrti lidskych nddorovych bunck.
Imunogenni schopnost nddorovych bunék usmrcenych cytostatiky byla porovnana s bunikami
usmrcenymi UVA zafenim. Mezi testovana cytostatika byl zafazen etoposide, gemcitabin,
doxorubicin a idarubicin. Hlavnimi ukazately imunogenni smrti nadorové builkky byl

calreticulin, HSP70 a HSP90.

Jednotlivé tkoly feSené v prub&hu experimentu:

Prokazat, zda je mozné indukovat imunogenni smrt lidskych nadorovych bunek, tak jak

bylo prokdzano na mys$im modelu.
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Porovnat mechanizmus a letalni efekt jednotlivych cytotostatik v porovnani s UVA
zéatfenim na nadorové linie a primarni nadorové buiiky u akutni lymfoblastické leukemie,

ovarialniho karcinomu a karcinomu prostaty.

Porovnat efekt stimulace dendritickych bun¢k pomoci usmrcenych nadorovych bunék

cytostatiky a UVA zatfenim.

Porovnat pocet indukovanych T-regulacnich lymfocytl u DC pulzovanych s usmrcenymi

imunogennimi a neimunogennimi nadorovymi bunikami.
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4 Material a metodika
Material a metodika této dizertacni prace je popsana v ptvodnich publikacich s impakt

faktorem. V kapitole 5 jsou tyto publikace uvedeny v plnotextové formé.
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5 Vysledky a diskuze

5.1 Klinicky vyznam monitorace T-regulaénich lymfocytd v periferni krvi u pacientek

s ovaridlnim karcinomem

Ve studii bylo potvrzeno, ze pacientky v ¢asném stadiu I a II podle FIGO klasifikace maji
vybornou prognézu. Vyrazny rozdil v dal§im pribéhu onemocnéni byl zjistén mezi skupinami
pacientek ve stadiu IIIC bez pooperacniho nadorového rezidua a s reziduem. Pooperacni
reziduum bylo shleddno silnym negativnim prognostickym faktorem. Neshledali jsme Zadny
rozdil v parametru PFS u pacientek s nddorovym reziduem, které uzivaly konsolida¢ni terapii
ve srovnani s pacientkami bez konsolidacni terapie. Pacientky ve stadiu IIIC s nadorovym
reziduem mély recidivu do 36 mésict po ukonceni primarni chemoterapie v 70% piipadd, a to
bez ohledu, zda uzivaly nebo neuzivaly konsolida¢ni terapii (skupina uzivajici cyklofosfamid
vs etopozid vs kontrola). U pacientek s Casnou recidivou onemocnéni jsme zaznamenali
rychlejsi nartst poctu Treg v periferni krvi. Kinetika zvySovani poctu Treg v periferni krvi se
ukazala jako statisticky vyznamny prediktor ¢asného relapsu onemocnéni. U pozdnich recidiv
nemeéla kinetika poctu v Treg v periferni krvi zddnou prediktivni hodnotu. Elevace Treg byla
zjisténa u 100% pacientek s casnym relapsem onemocnéni, u 15% pacientek s pozdnim
relapsem a u 31% pacientek v remisi onemocnéni. Podavani konsolida¢ni terapie
(metronomické davky cyklofosfamidu nebo etoposidu) nevedlo k poklesu poctu Treg v
periferni krvi. Na zakladé n€kolika studii (viz. kapitola 3.1) bylo zjiSténo, ze metronomické
davky cyklofosfamidu u pacienti s pokrocilym onkologickym onemocnénim mohou
indukovat selektivni pokles cirkulujicich Treg. Nicméné na podkladé dalSich studii bylo
prokazano, ze konsolida¢ni terapie cyklofosfamidem nejdiive snizuje pocty Treg, ale nasledné
se pocet Treg opct zvySuje na pivodni hodnoty [25, 26]. V na$i studii jsme neprokdzali
statisticky vyznamné sniZzeni poctu Treg pii uzivani cyklofosfamidu resp. etoposidu v
metronomickych davkach ani vliv na klinicky pribéh onemocnéni. Jak jiz bylo zminéno,
zvySené hodnoty Treg v periferni krvi jsou negativnim prognostickym faktorem u rtznych
typti zhoubnych nadort, vCetné¢ karcinomu ovaria [6, 16]. Ve studiich porovnavajicich
mnozstvi Treg v periferni krvi u pacientll s riznymi typy zhoubnych nédort se zdravymi
kontrolami, byly statisticky vyznamné rozdily zachyceny pouze u malobunééného karcinomu
plic a karcinomu prostaty [61, 96]. U ostatnich zatim studovanych malignit byly vysledky
mezi nemocnymi a zdravymi kontrolami rozporuplné az protichidné. Ne&kolik studii
prokazalo, Zze Treg maji schopnost inhibovat T bunecné odpovédi jak antigen-specifické, tak
antigen nespecifické. Nésledkem toho je velmi pravdépodobné, ze Treg snizuji ucinnost

imunoterapeutickych 1é¢ebnych postupii [6, 17, 40]. Mechanizmy zpisobujici elevaci Treg v
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periferni krvi nejsou zcela objasnény. Existuji vSak prace, které vysvétluji zvySenou hladinu
Treg produkci tzv. tumor-derived faktort (napt. prostaglandin E2, TGF- B nebo rtzné typy
chemokintl), které zvyseni Treg v krvi piimo indukuji [49, 93]. Tuto hypotézu posiluje fakt,
ze u pacientd po resekci nddoru zaludku doslo k normalizaci mnoZzstvi Treg na normalni

hodnoty [51].
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Background: Tregs play a suppressive role in the control of antitumour immunity. In this study we eval-
uated the relevance of prospective monitoring of peripheral blood regulatory T cells (Tregs) as a potential
prognostic marker of future outcome of epithelial ovarian cancer in patients with or without a metro-
nomic chemotherapy.
Methods: 46 patients diagnosed with the ovarian cancer were enrolled in the study and divided into
groups according to the stage of the disease, outcome of the surgery and treatment received. Proportions
of Tregs in the peripheral blood samples were evaluated using flow cytometry.
Results: We show that the early stage of the disease and absence of the tumor residuum after radical sur-
gery are the most important factors predicting a favourable clinical outcome in the ovarian cancer. We
did not show any significant effect of consolidation chemotherapy with metronomic doses of etoposide
or cyclophosphamide on the peripheral blood Tregs and on the clinical outcome. The slope of the Tregs
trend line was a significant predictor of an early relapse, even after controlling for stage and tumor resid-
uum after the surgical debulking by using the Cox proportional hazard model.
Conclusions: This study shows that the faster kinetics of Tregs increase in the peripheral blood, expressed
as the slope of the Tregs trend line, is a significant predictor of ovarian cancer early relapse hazard. How-
ever, due to its relatively low specificity, the informative value of regular monitoring of Tregs kinetics in
the peripheral blood for the subsequent clinical outcome is limited.
© 2014 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights
reserved.
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1. Introduction

Ovarian cancer is associated with the highest cancer-related
mortality among gynecological cancers and is one of the ten most
common malignancies in females worldwide (American Cancer
Society, 2011) [1]. The 5 year survival rate irrespective of the stage
is around 40%. The mortality remains high, despite the efforts for
early diagnosis and modern therapeutic protocols. One of the rea-
sons of these unsatisfactory results are the late diagnoses. 75-80%
of ovarian carcinomas are presently found in the later stages —
namely the third and forth stages (FIGO classification).

Standard treatment employs the use of radical surgery and
subsequent combined chemotherapy with platinum agents and
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Medical School, Charles University, V Uvalu 84, CZ-15006 Prague 5, Czech Republic.
Fax: +420 224434220.
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(L. Rob), radek.spisek@Ifmotol.cuni.cz (R. Spisek).

http://dx.doi.org/10.1016/j.humimm.2014.12.004

taxanes. Today in the late stages (IIl. a IV.) more than 70% of
patients achieve complete clinical remission; however within
2 years more than 50% of women from this group suffer from
relapses. In some series of malignant tumours multiple peripheral
regulatory CD4+CD25+FoxP3+T lymphocytes (Tregs) were found.
Tregs play a suppressive role in the control of antitumour
immunity.

In some tumours the percentage of Tregs cells in peripheral
blood were found to correlate with the patients’ prognosis [2,3].
Monitoring the amount circulating CD4+CD25+FoxP3+ T regulation
lymphocytes in the blood might be a promising prognostic marker
of disease development.

Presently it is still standard procedure to use 6-8 cycles of che-
motherapy (as found for platinic derivation and paclitaxel). In
adjuvant chemotherapy adding a third cytostatic agent did not
improve treatment, as oppose to the advantages of intraperitoneal
chemotherapy over intravenous. The new experimental procedure
in consolidatory treatment dictates weekly extended usage of
low paclitaxel dosages or peroral low etoposide dosages. Low
(metronomic) dosages don’t have a direct cytotoxic effect on

0198-8859/© 2014 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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chemoresistant tumour cells but from many experimental animal
studies cyclophosphamide was found to have a positive effect on
this low doses treatment in stopping growing tumours and their
regression - eventually removing disease relapse. The results from
the studies are that peroral usage of low cyclophosphamide doses
in the patients with advanced tumour caused deep and selective
reduction of circulating regulatory CD4+CD25+ T cells [4-6].

The aim of this study was to evaluate the relevance of regular
Tregs monitoring for the clinical management of ovarian cancer.
Evaluate the clinical relevance of peripheral blood Tregs as a prog-
nostic marker of future disease outcome. We also wanted to com-
pare the effect of metronomic cyclophosphamide and etoposide
during consolidation therapy on peripheral blood Tregs numbers,
Ca125 and progression-free survival (PFS).

2. Material and methods
2.1. Patients characteristics

46 patients diagnosed with the ovarian cancer were enrolled in
the study and divided into groups according to the stage of the dis-
ease, outcome of the surgery and treatment received: 7 patients
with early stage ovarian cancer (Controls III), 9 patients at stage
IIIC with zero residuum after the radical surgery (Controls II), 11
patients at stage IIC with residuum after the surgery and no con-
solidation therapy (Controls I), 11 patients with stage IIIC ovarian
cancer with residuum treated by etoposide as consolidation ther-
apy (Etoposide group) and 8 patients with stage IIIC ovarian cancer
treated by cyclophosphamide during the consolidation therapy
(CFM group). Patients underwent radical surgery followed by 6-8
cycles of the first line chemotherapy (platinum compound in com-
bination with taxanes). Twelve blood samples were collected at
specific timepoints and used for the monitoring of Ca125 levels
and frequency of Tregs in the peripheral blood. Schedule of the
blood sampling and the study design is shown on Fig. 1. None of
the patients enrolled in the study had received neoadjuvant che-
motherapy prior to the surgery. Blood samples were collected with
patient consent, and the study was approved by the Institutional
Review Board of the University Hospital Motol (Table 1).

2.2. Identification of regulatory T cells

Regulatory T cells (Tregs) were identified by surface staining
with anti-CD3 (Exbio), anti-CD4 (eBioscience), anti-CD8 (Exbio),
anti-CD25, anti-CD127 and anti-CCR4 (BioLegend) antibodies fol-
lowed by fixation and permeabilization with a Foxp3 Staining Buf-
fer Set (eBioscience) and intracellular staining with anti-FoxP3
(eBioscience) antibody. Samples were analyzed on a BD FACSAria
(BD Biosciences) using FlowJo software (TreeStar, Ashland, OR).
To calculate the slope of the Treg trend line for each patient, the
Treg values obtained during each time point were graphed on an
x, y dot plot and a regression line was drawn to fit the values using
Statistica® 10.0 software (StatSoft, Tulsa, OK). The slope of the
regression line represents the slope of the Treg trend line.

2.3. Statistical analysis

Statistical analyses were performed using Statistica® 10.0
software. The parametric assumptions of the data were verified
using the Kolmogorov-Smirnov test for normality. The homogene-
ity of variances was tested by the Levene test. Correlations
between investigated parameters were evaluated using the Pear-
son r coefficient. The remaining data were analyzed using an
ANOVA followed by a Scheffé test. Additionally, the Cox propor-
tional hazard model was done to assess the prognostic value of
the stage of the disease, presence of tumor residuum after surgical
debulking, levels of Ca125 and slope of the Tregs trend line for dis-
ease-free survival. The results were considered statistically signif-
icant when p < 0.05.

3. Results

Progression free survival (PFS) of the five groups of patients
showed an excellent prognosis of patients with stage I/II of the dis-
ease and very good outcome in stage IIIC patients with no residual
tumor after first surgery. There was no difference in the PFS of
patients with residual tumor after surgery, irrespective of the con-
solidation therapy received (Fig. 2). In all three groups of stage IlIC
patients with tumor residuum after surgery (no consolidation ther-
apy, cyclophosphamide or etoposide treatment), 70% of patients
relapsed within 36 months. Similarly there were no significant dif-
ferences in the distribution of patients with early or late relapses
between these three groups (Fig. 3).

Patients with the late relapse of the ovarian cancer (>12 months
after the end of the first line chemotherapy) had significantly
higher serum Ca125 levels at B8 timepoint (p < 0.01). Patients with
the early relapse had significantly higher Ca125 starting from B6
timepoint (p < 0.01) (Fig. 4).

Patients with the early relapse had significantly faster kinetics
of the rise of Tregs in the peripheral blood, which translated into
the higher slope of Tregs trend line (Fig. 5A). The slope of the Tregs
trend line was a significant predictor of an early relapse (p = 0.02),
even after controlling for stage and tumor residuum after the sur-
gical debulking by using the Cox proportional hazard model. The
slope of Tregs trend line does not have any predictive value for late
relapses. A rising slope of the Tregs trend line was observed in
100% of patients with an early relapse, 15.38% of patients with
the late relapse and 31.82% of patients in remission.

Administration of consolidation therapy does not lead to the
decrease of Tregs in the peripheral blood.

4. Discussion

Standard treatment of ovarian cancer consists of radical/cytore-
ductive surgery and subsequent combined chemotherapy with
platinum-based agents in combination with taxanes. Despite the
high primary response, the majority of stage Ill and IV patients
experience relapse which is ultimately fatal. The three major prog-
nostic factors of ovarian cancer outcome are stage at diagnosis,

Radical
surgery
l Chemotherapy Consolidation therapy / Follow up
8-14 days 6-8 cycles 28-35 days 14 days 30 days every 30 days 60 days every 90 days
A0 A1 A2 BO B1 B2 —— B§ B6 —_— B8

Fig. 1. Schedule of the therapy and blood sampling during the study.



Table 1
Characteristics of the patients in the study.
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Age FIGO stage  Tumor residuum Histological subtype  Differentiation  Interval debulking surgery  Clinical outcome Consolidation therapy

1 51 IIC Yes Serous Poor No Relapse CFA

2 49 IIC Yes Endometrioid Moderate No Relapse CFA

3 58 IIC Yes Other Poor No Relapse CFA

4 37 IIC Yes Other Poor No Relapse CFA

5 58 IIc Yes Serous Poor No Relapse CFA

6 76 1Ic Yes Serous well No Remission CFA

7 59 IIc Yes Other Poor No Relapse CFA

8 63 (e Yes Serous Poor No Remission CFA

9 62 1Ic Yes Serous Poor Yes - residuum+ Relapse Etoposide
10 39 v Yes Serous Moderate No Relapse Etoposide
11 62 (e Yes Serous Moderate No Relapse Etoposide
12 66 (e Yes Serous Poor No Relapse Etoposide
13 39 IIc Yes Serous Moderate No Remission Etoposide
14 68 1IC Yes Serous Moderate Yes - residuum + Relapse Etoposide
15 50 (e Yes Serous Moderate No Relapse Etoposide
16 78 (s Yes Serous Poor No Relapse Etoposide
17 48 IIc Yes Serous Moderate No Remission Etoposide
18 64 (e Yes Serous Poor No Relapse Etoposide
19 41 1IC Yes Serous Moderate No Remission Etoposide
20 50 IIc Yes Other Poor Yes - residuum 0 Relapse Controls 1
21 52 1Ic Yes Serous Poor No Relapse Controls |
22 63 1Ic Yes Mucinous Poor No Remission Controls 1
23 63 IIc Yes Serous Moderate No Relapse Controls 1
24 46 1Ic Yes Serous Poor No Relapse Controls |
25 50 Ic Yes Serous Poor No Remission Controls 1
26 43 IIc Yes Serous Moderate Yes - residuum 0 Remission Controls |
27 64 1IC Yes Other Poor No Relapse Controls |
28 62 i(e Yes Serous Poor Yes - residuum 0 Remission Controls 1
29 63 IIC Yes Serous Poor Yes - residuum 0 Relapse Controls |
30 49 1IC Yes Mucinous Poor Yes - residuum + Relapse Controls |
31 65 1ic No Mucinous Poor No Relapse Controls II
32 45 (e No Serous Poor No Remission Controls 11
33 61 IIC No Other Poor No Remission Controls II
34 41 1IC No Serous Poor No Remission Controls 11
35 58 (e No Serous Poor No Remission Controls I
36 34 1IC No Serous Moderate No Remission Controls II
37 42 1IC No Other Poor No Remission Controls 11
38 72 1IC No Serous Moderate No Remission Controls 11
39 51 1IC No Other Poor No Remission Controls 11
40 62 IB No Mucinous Poor No Remission Controls III
41 56 IC No Mucinous Moderate No Remission Controls III
42 60 IC No Clear cell GX No Remission Controls III
43 68 IC No Clear cell GX No Remission Controls III
44 49 IC No Clear cell GX No Remission Controls III
45 42 IC No Endometrioid Moderate No Remission Controls III
46 48 IC No Endometrioid Moderate No Remission Controls III

100 | —— Controls Ill
80- —— Controls Il
—— Controls |
g 60 —— FEtoposid
104 — CFM
204
0

months

T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60

Fig. 2. Progression free survival (PFS) is predicted by the stage of ovarian cancer
and the presence of residual tumor after the first surgery, but not by the
consolidation therapy. Controls I represent patients with residual tumor after
surgery, Controls Il represent patients with no residual tumor after first surgery and
Controls Il represent stage I/II patients.

presence of tumor residuum following cytoreductive surgery and
performance status [7].

Since only 20% of late stage patients are cured using the stan-
dard therapy protocols, a novel therapy that reduces the risk of
relapse is needed. Metronomic chemotherapy is a relatively new
strategy of administration of cytotoxic drugs, which were shown

to have anti-angiogenic properties if administered frequently and
at lower doses compared to schedules based on maximal tolerated
doses (MTD). Promising results of metronomic chemotherapy were
achieved in breast and prostate cancer patients; however, a true
metronomic schedule was only tested in very few randomized tri-
als [8]. Previous studies showed that low, metronomic doses of
cyclophosphamide in advanced cancer patients could induce, in
addition to the anti-angiogenic effect, a selective decrease of circu-
lating Tregs favoring a better control of tumor progression [4-6].
On the contrary, Ge et al. reported that although metronomic doses
of cyclophosphamide initially reduced Treg numbers in the periph-
eral blood, the Treg levels completely recovered during the treat-
ment due to increased proliferative activity and maintained their
suppressive capacity [9,10]. In our study, we did not show any sta-
tistically significant effect of consolidation chemotherapy with
metronomic doses of etoposide or cyclophosphamide on the slope
of the peripheral blood Tregs trend line and on the clinical
outcome.

It was reported that the presence of high levels of Tregs in the
tumor tissue was a negative prognostic marker of overall survival
in a wide spectrum of tumors including ovarian cancer [2,11]. Data
comparing Tregs levels in peripheral blood mononuclear cells
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Fig. 3. Proportions of the early and late relapses of the ovarian cancer depend on
the stage of the disease and the presence of the residual tumor after the first
surgery, but not on the consolidation therapy received. Controls I represent patients
with residual tumor after surgery, Controls Il represent patients with no residual
tumor after first surgery and Controls III represent stage I/Il patients. Data are
expressed as the proportions of patients in remission, patients with the late relapse
(>12 months after the end of the first line chemotherapy) and patients with the
early relapse of the disease (<12 months after the end of the first line
chemotherapy).
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Fig. 4. Patients with an ovarian cancer relapse have significantly higher serum
Cal125 levels. Late relapse: >12 months after the end of the first line chemotherapy;
Early relapse: <12 months after the end of the first line chemotherapy. Data are
expressed as the mean Ca125 level + S.E.M. *p < 0.05 (ANOVA followed by Scheffé
test).
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(PBMC) of cancer patients and healthy donors are contradictory;
however, it was shown that patients with non-small cell lung can-
cer (NSCLC) and prostate cancer [12,13] had elevated levels of
Tregs in the peripheral blood compared to healthy controls. In
myeloma patients, it has been reported that increased frequencies
of Tregs in the peripheral blood predicted shorter time to progres-
sion [14] and were associated with poor survival; however, similar
data are missing in solid cancers.

Several studies indicated that Tregs were able to inhibit both
antigen-specific and nonspecific T cell responses [15,16] and con-
sequently could reduce the efficacy of immunotherapeutic proto-
cols [11,17,18]. In our study, we have shown that patients with
the early relapse of ovarian cancer have significantly faster kinetics
of the rise of Tregs in the peripheral blood, which translates into
the higher slope of the Tregs trend line (Fig. 5A). Additionally,
the slope of the Tregs trend line was a significant predictor of an
early relapse, even after controlling for stage and surgical debul-
king. Despite the statistical significance, the increased slope of
Tregs trend line was not specific for the patients who experienced
an early relapse. In particular, 100% of patients with an early
relapse had a rising slope of the Tregs trend line. However,
15.38% of patients with the late relapse and 31.82% of patients in
remission also showed an increased Tregs kinetics.

The mechanism of the increase of Tregs proportions in the
peripheral blood still remains unknown. It was suggested that
tumor-derived factors, such as prostaglandin E, TGFB or chemo-
kines, directly induce the enhancement of Tregs levels in the
peripheral blood [19,20]. The resection of gastric tumors restored
peripheral Tregs to normal levels, confirming this hypothesis [21].

In summary, our study confirms that the early stage of the dis-
ease and absence of the tumor residuum after radical surgery are
the most important factors predicting a favourable clinical out-
come in the ovarian cancer. We did not show any significant effect
of consolidation chemotherapy with metronomic doses of etopo-
side or cyclophosphamide on the peripheral blood Tregs and on
the clinical outcome. For the first time, this study shows that the
faster kinetics of Tregs increase in the peripheral blood, expressed
as the slope of the Tregs trend line, is a significant predictor of
ovarian cancer early relapse hazard. However, due to its relatively
low specificity, the informative value of regular monitoring of
Tregs kinetics in the peripheral blood for the subsequent clinical
outcome is limited.

0,6
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0,0 {
-0,2

slope Treg

0,4
-0,6
-0,8

*

Etoposide
Controls |
Controls Il
Controls Il

Cyclophosphamide

Fig. 5. Proportions of Tregs in the peripheral blood were increasing during the follow up in the ovarian cancer patients with the early relapse (<12 months after the end of the
first line chemotherapy). (A) Consolidation therapy has no significant effect on Tregs kinetics. (B) Controls I represent patients with residual tumor after surgery, Controls II
represent patients with no residual tumor after first surgery and Controls III represent stage I/II patients. Data are expressed as the mean slope of the Tregs trend line + S.E.M.

*p < 0.05 (ANOVA followed by Scheffé test).
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5.2 Dynamika imunitniho infiltrdtu v zavislosti na stadiu ovaridlniho karcinomu.

Postupnd zména imunitni reakce od efektorovych Thl7 Ilymfocytd k regulaénim T

lymfocytim

Imunitni dohled hraje pfi vzniku a vyvoji zhoubného nadorového onemocnéni zdsadni roli.
Béhem progrese nadoru dochazi z imunologického hlediska ke slozitym zménam, pii kterych
se rozviji protinddorové imunitni reakce, ale zaroven se rozvijeji mechanizmy, které tyto
protinddorové mechanizmy tlumi az blokuji. Nejefektivnéjsi "zbrani" protinddorové imunity
jsou efektorové cytotoxické T lymfocyty (CD8+). Nékolik studii prokazalo, ze zvysSené
mnozstvi CD8+ cytotoxickych lymfocyti v nadorové tkani zlepSuje prognédzu pacientek s
ovaridlnim karcinomem [34, 78]. Naproti tomu zvySené¢ mnozstvi CD4+CD25+FoxP3+
regulacnich T lymfocyth (Treg), plasmocytoidnich dentritickych bunék a B7-H4 makrofagt v
nadorové tkani jsou nepfiznivych prognostickym faktorem [16]. Treg jsou povazovany za
velmi U¢inné supresory imunitniho systému, véetné protinadorové imunity. ZvysSeny vyskyt
CD+T pomocnych bunék - Th17 lymfocytt je prognosticky piiznivy a Th17 lymfocyty jsou
povazovany za dilezity mezi¢lanek protinadorové imunity. V nasi studii bylo prokazano, ze
Th17 lymfocyty jsou akumulovany v nddorové tkani ¢asnych stadii ovaridlniho karcinomu. S
postupnou progresi onemocnéni, ale mnozstvi Thl17 lymfocytd klesa a dochazi k
vyznamnému navysSeni poctu supresorovych Treg. V nestimulované nadorové tkéani byly
detekovany pouze 3 cytokiny (IL6, IL10 a TNF- a). IL-1B, ktery je dulezity pro funkci Th17
lymfocyti byl detekovan pouze u pacientek ve stadiu I. V nestimulované nadorové tkani byla
prokézana produkce vysokych hladin chemokiniit CCL20, CCL22 a inflamatornich CXCL9 a
CXCL10. Hladiny CCL22, CXCL9 se snizovaly s progresi nadoru. Treg jsou atrahovany do
nadorové tkan¢ z periferni krve interakci chemokinti CCL22 a CCR4. Dale bylo ve studii
zjisténo, Ze nadorové bunky ovaridlniho karcinomu zvySené produkuji chemokiny vcetné

CCL22 pii stimulaci interferonem gama (IFNYy).
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Dynamics of T-cell infiltration during the course of ovarian
cancer: The gradual shift from a Th17 effector cell response to
a predominant infiltration by regulatory T-cells

Anna Fialova®, Simona Partlova®, Ludék Sojka', Hana Hromadkova®, Tomas Brtnicky?, Jitka Fucikova®, Petr Kocian®,
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The type of immune cells that are present within the tumor microenvironment can play a crucial role in the survival of
patients. However, little is known about the dynamics of the tumor-infiltrating immune cells during disease progression. We
studied the immune cells that infiltrated the tumor tissues of ovarian cancer patients at different stages of disease. The early
stages of development of ovarian carcinomas were characterized by a strong Th17 immune response, whereas in stage Il
patients, recruitment of high numbers of Th1 cells was observed. In disseminated tumors (Stages IlI-1V), we detected a
dominant population of Helios* activated regulatory T cells (Tregs) along with high numbers of monocytes/macrophages and
myeloid dendritic cells (mDCs). Tumor-infiltrating Tregs had markedly lower expression of CCR4 than circulating Tregs, and the
numbers of tumor-infiltrating Tregs significantly correlated with the levels of CCL22 in ovarian tumor cell culture supernatants,

suggesting their recruitment via a CCR4/CCL22 interaction. CCL22 was mainly produced by tumor cells, monocytes/
macrophages and mDCs in the primary ovarian tumors, and its expression markedly increased in response to IFNy. Taken
together, the specific recruitment of Tregs, probably triggered by inflammatory stimuli, leads to a significant immune

suppression in the advanced stages of ovarian cancer.

Introduction

Ovarian cancer is one of the 10 most common malignancies
in females worldwide and is known to have the highest mor-
tality rate among gynecologic cancers.' Because of the lack of
sensitive and specific biomarkers and due to the fact that the
disease tends to develop and spread rapidly, almost 70% of
patients are diagnosed at an advanced stage of tumor
dissemination with poor prognosis. Although conventional
treatment leads to a significant reduction in malignant cell

Key words: epithelial ovarian cancer, Th17, Treg, CCL22, recruitment
Abbreviations: DC, dendritic cell; EOC, epithelial ovarian cancer;
FIGO, International Federation of Gynecology and Obstetrics; mDC:
myeloid dendritic cell; PBMC, peripheral blood mononuclear cells;
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numbers in more than 80% of ovarian carcinomas, most of
the patients experience an eventually lethal relapse of the dis-
ease within 2-5 years because of the persistence of a small
number of chemotherapy-resistant tumor cells.”> To improve
the prognosis of ovarian cancer patients, there is a need for
superior prognostic markers and novel therapeutic strategies
that can identify high-risk patients and diminish the likeli-
hood of relapse, respectively.

Immune surveillance has been proposed to play a crucial
role in cancer development and progression. Experiments in
immunodeficient mice have shown that the immune system
is able to recognize and eradicate tumors.’> However,
although cancer cells can prime tumor-specific immune
responses, interactions between the tumor and the host
immune system may not result in clinical regression of the
disease but instead to the development of an immunosup-
pressive microenvironment within the tumor tissue, conse-
quently promoting immune evasion.’®

Despite being unable to eradicate established tumors, the
presence of certain tumor-infiltrating immune cells can rep-
resent strong prognostic markers in cancer patients. Zhang
et al.” has reported that high numbers of tumor-infiltrating
CD3" T cells are associated with a favorable clinical outcome
in advanced ovarian cancer patients. More recent studies
have reported that improved survival is associated with
enhanced numbers of CD8" cytotoxic T cells.*” By contrast,
high numbers of CD4"CD25"FoxP3" regulatory T cells
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What’s new?

Dynamics of T-Cell Infiltration

The types of immune cells within a tumor can play a crucial role in patient survival. In this study of ovarian cancer (0C), the
authors examined the immune cells infiltrating tumor tissues of patients at various stages of the disease. They found that the
pattern of cells shifted as the disease progressed, from an active anti-tumor immune response to one of immune suppression,
with activated regulatory T cells (Tregs) becoming the most abundant cell type in advanced OC. The authors conclude that
overcoming this suppressive microenvironment should play a role in new therapeutic protocols.

(Tregs),"’ plasmacytoid dendritic cells,"' and B7-H4" macro-
phages'? within the tumor tissue can indicate a poor progno-
sis. The role of CD4" T helper cells is less well documented;
however, there is strong evidence that Th17 cells may be sub-
stantial players in cancer immunity. Proinflammatory Th17
cells have primarily been associated with autoimmune dis-
eases and mucosal immunity."? Further studies have demon-
strated that Th17 cells are present in different types of
tumors, including ovarian cancer, head and neck cancer, gas-
tric cancer, breast cancer, colorectal cancer and prostate can-
cer.'* " Although extensively studied, the exact role of Th17
cells in tumor immunity and the survival of patients remains
controversial. On the one hand, IL-17-producing cells have
been reported to promote antitumor immunity,”>** but on
the other hand, IL-17 is known to act as an angiogenic factor
that can enhance tumor growth.>* >

Most published studies have focused on the pattern and
prognostic significance of different types of tumor-infiltrating
immune cells; however, little is known about the dynamics of
the immune response within the tumor tissue during disease
progression. In this study, we evaluated the distribution, pheno-
type and clinico-pathological significance of CD4" and CD8"
T lymphocytes, dendritic cells (DCs) and monocytes/macro-
phages in different stages of epithelial ovarian cancer (EOC).
Our findings demonstrate an alteration in the tumor-infiltrating
immune cell pattern during cancer development and clearly
show a dynamic shift from an effector Th17 cell infiltration,
which prevail over Tregs in the early stages of EOC, to a signif-
icant Treg accumulation in the advanced stages of disease.

Material and Methods
Patients and tissue samples
Peripheral blood and primary epithelial ovarian cancer speci-
mens were obtained from 44 patients undergoing initial
cytoreductive surgery at the University Hospital Motol in
Prague between March 2009 and October 2011. None of the
patients enrolled in the study had received neoadjuvant
chemotherapy prior to the surgery. 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.

Tumor tissue was minced with scissors, digested in PBS
containing 1 mg/ml of Collagenase D (Roche, Basel, Switzer-
land) 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). Peripheral blood mononuclear cells
(PBMCs) from blood samples were isolated using Ficoll-Paque
density gradient solution (GE Healthcare, Waukesha, WI).

Cell lines

The ovarian cancer cell lines, OV-90 and SKOV3, were cul-
tured in RPMI 1640 supplemented with 10% heat-inactivated
FCS, L-glutamine and penicillin-streptomycin (all from Invi-
trogen, Carlsbad, CA) at 37°C and 5% CO.,.

Flow cytometry analysis

To detect tumor infiltrating myeloid DCs (mDCs), plasmacy-
toid DCs (pDCs) and monocytes/macrophages, single cell
suspensions were stained with specific antibodies against
CD3, CDl11c, CD14, CDl16, CD19, CD20, CD45, CD56
(Exbio, Vestec, Czech Republic), CD123 (eBioscience, San
Diego, CA) and HLA-DR (BD Biosciences). Regulatory T
cells (Tregs) were identified by surface staining with anti-
CD3 (Exbio), anti-CD4 (eBioscience), anti-CD8 (Exbio), anti-
CD25, anti-CD127 and anti-CCR4 (BioLegend) antibodies
followed by fixation and permeabilization with a Foxp3 Stain-
ing Buffer Set (eBioscience) and intracellular staining with
anti-FoxP3 (eBioscience) and anti-Helios (BioLegend) anti-
bodies. For detection of intracellular cytokines, cell suspen-
sions were stimulated with 50 ng/ml of PMA and 1 pg/ml of
ionomycin (Sigma-Aldrich, St. Louis, MO) for 4 hr in the
presence of brefeldin A (BioLegend). After the 4-hr incuba-
tion, cells were stained with antibodies against CD3 (Exbio),
CD4 (eBioscience), and CD8 (Exbio), fixed and permeabilized
with the Foxp3 Staining Buffer Set (eBioscience) and stained
with anti-IL-17 (BioLegend) and anti-IFNy (BD Biosciences)
antibodies. For CCL22 detection, cells were cultured in the
presence of brefeldin for 4 hr and labeled with the antibodies
used for DC/macrophage identification, EpCAM (BioLegend)
and CCL22 (R&D, Minneapolis, MN) as described above.
Samples were analyzed on a BD FACSAria (BD Biosciences)
using FlowJo software (TreeStar, Ashland, OR).

Cytokine and chemokine detection

Tumor tissue-derived cell suspensions (1 x 10° cells/ml) were
cultured in RPMI 1640 supplemented with 10% heat-inacti-
vated FCS, r-glutamine and penicillin-streptomycin (Invitro-
gen) in the presence or absence of PMA + ionomycin. For
IFNYy-mediated induction of chemokines, ovarian cancer cell

Int. J. Cancer: 000, 000-000 (2012) © 2012 UICC
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Table 1. Clinicopathological characteristics of the EOC patients in
the study

Variable No. %
Total no. of patients 44

Age

Mean 56

Range 33-83

FIGO stage

| 6 13.6
Il 5 11.4
I 32 72.7
v 1 2.3
Histological subtype

Serous 27 61.4
Mucinous 9 20.4
Clear cell 3 6.8
Other 5 11.4
Differentiation

Well 6 13.6
Moderate 9 20.4
Poor 21 47.7
ND 8 18.3

lines and primary tumor tissue-derived cell suspensions (1 x
10° cells/ml) were cultured in the presence of 10, 50 and 100
ng/ml of recombinant human IFNy (Invitrogen). After 24 hr
of incubation, culture supernatants were harvested and stored
at —80°C until use. Concentrations of IL-1p, IL-2, IL-4, IL-6,
IL-7, IL-10, IL-12(p70), IL-13, IL-17a, IL-21, IFNy and TNFa
released into the culture supernatants were determined using
a MILLIPLEX™ Human Cytokine/Chemokine Kit (Millipore,
Billerica, MA). Concentrations of chemokines (CCL2, CCLS5,
CCL17, CCL19, CCL20, CCL21, CCL22, CXCL9 and
CXCL10) were analyzed using a Quantibody® Array Kit
(Raybiotech, Norcross, GA).

Extraction of genomic DNA and quantitative real time
PCR-based methylation assay

Genomic DNA (gDNA) was isolated from a lysate containing
2 x 10° tumor tissue-derived cells using the PureLink
Genomic DNA Mini kit (Invitrogen, Carlsbad, USA). Con-
centrations of extracted gDNA were measured with a Nano-
drop® 2000c UV-Vis spectrophotometer (Thermo Scientific,
Waltham, USA). Four to five micrograms of gDNA was
treated with sodium bisulfite using the MethylCode Bisulfite
Conversion kit (Invitrogen). Quantitative real time PCR
amplification of the methylated and demethylated FoxP3
Treg-specific demethylated region (TSDR) was performed
using bisulfite-treated gDNA, 0.5 U Platinum Taq DNA poly-
merase (Invitrogen), PCR buffer without MgCl,, 3 mM
MgCl,, 0.2 mM dNTPs (each), 1 pM primers and 0.2 pM

Int. ). Cancer: 000, 000-000 (2012) © 2012 UICC

TagMan® probe. PCR reactions were performed using a CFX
96 cycler (BioRad, Hercules, USA). Methylation-specific and
demethylation-specific primers and TaqMan® probes were
commercially synthesized (TIB MOLBIOL, Berlin, Germany).
Amounts of methylated and demethylated FoxP3 TSDR DNA
were estimated from calibration curves by crossing points lin-
ear regression using the second derivative maximum method
as described by Rasmussen et al.*® The proportion of cells
with a demethylated FoxP3 TSDR was calculated as the ratio
of demethylated FoxP3 TSDR DNA to the sum of methylated
and demethylated FoxP3 TSDR DNA.*”*®

Plasmid constructs

DNA fragments of the methylated and demethylated FoxP3
TSDR (86 bp) were cloned into the pUC18 plasmid (Amer-
sham Biosciences, Amersham, UK) using HindIIl and EcoRI
restriction sites. The identity of the plasmid constructs was
verified by sequencing followed by plasmid DNA purification
using a Wizard Plus Midipreps kit (Promega, Madison, USA)
and dilution to seven final concentrations of 100, 10, and 1
pg/ul and 100, 10, 1 and 0.1 fg/pl, representing a range of
334 x 107 to 3.34 x 10" plasmid copies. Serial dilutions
demonstrated the specificity of the assay and were used as
standards for quantification of the methylated and demethy-
lated FoxP3 TSDR.

RNA extraction and quantitative real time PCR

Total RNA was extracted from 2 x 10° tumor-tissue derived
cells using an RNA Easy Mini Kit (Qiagen, Hilden, Germany).
RNA concentrations were determined with a Nanodrop®
2000c UV-Vis spectrophotometer (Thermo Scientific), and
RNA integrity was assessed using an Experion automated sys-
tem (BioRad). 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 TGFB and the B-
actin housekeeping gene, which was used as an internal refer-
ence. All primers and probes were commercially synthesized
(TIB MOLBIOL). The identity of qPCR products in each assay
was verified by sequencing. The relative expression of the tar-
get genes was normalized to the expression of B-actin.

Statistical analysis

Statistical analyses were performed using Statistica® 10.0 soft-
ware (StatSoft, Tulsa, OK). The parametric assumptions of the
data were verified using the Kolmogorov-Smirnov test for nor-
mality. The homogeneity of variances was tested by the Levene
test. Correlations between tumor-infiltrating immune cells
were evaluated using the Pearson r coefficient. The differences
between tumor tissue and peripheral blood samples were ana-
lyzed using a paired t-test. The remaining data were analyzed
using an ANOVA followed by a Scheffé test. The results were
considered statistically significant when p < 0.05.
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Figure 1. Proportions of Th17 cells within the primary ovarian tumor tissue and peripheral blood according to the stage of the disease. (a)
Data are expressed as the proportion of Th17 lymphocytes among CD4™ T cells, — represents the mean value in each stage. (b) Dot plots

are gated on CD37CD4™ cells and show IL-17 and IFNy in two representative patients. (c) Columns represent mean levels of IL-17 and IL-21
produced by PMA + ionomycin stimulated tumor tissue-derived cells + S.E.M. (d) Columns represent mean proportions of Th17 cells in the
tumor tissue and PBMC + S.E.M. *p < 0.05, **p < 0.01 (A, ANOVA followed by Scheffé test; D, paired t-test).

Results

Th17 lymphocytes accumulate in the tumor tissue and

their proportions negatively correlate with disease
progression

Th17 lymphocytes were detected in 100% of the analyzed
ovarian tumor samples (range, 0.06-22.8%). The proportion of
Th17 cells within the CD4" T cell subset was significantly
higher in the tumor tissues obtained from patients with lim-
ited disease (FIGO Stage I) than in those from patients suffer-
ing from disseminated disease (FIGO Stages III-1V) (Figs. la
and 1b). The frequency of Th17 cells within the whole tumor-
derived single cell suspensions showed the same pattern (data
not shown), indicating that the absolute numbers of Th17 cells
significantly decreased in the advanced disease. In accord with
these findings, the concentration of IL-17 and IL-21 in tumor
tissue-derived cell culture supernatants of early stage patients
was markedly higher in both unstimulated (data not shown)
and PMA- and ionomycin-stimulated (Fig. 1c) cultures. De-
spite the significant decrease in Th17 cell proportions in the
later stages of the disease, the percentage of tumor-infiltrating
Th17 cells was still significantly higher when compared with
the peripheral blood of patients (Fig. 1d). The frequency of

Th17 cells in the peripheral blood was not predictive of the
number or proportion of Th17 cells in the tumor tissue.

The proportion of tumor-infiltrating Tregs is enhanced in

the tumor tissue and increases with disease progression

In contrast to Thl7 cells, the proportion of
CD4"CD25"CD127 FoxP3" Tregs was significantly higher
in the tumor tissues obtained from patients with dissemi-
nated disease (FIGO Stages III-IV) when compared with the
samples from patients with Stage I disease (Figs. 2a and 2b).
The proportion of tumor-infiltrating Tregs (Ti-Tregs) was
significantly higher than that found in the peripheral blood
of patients in all stages of the disease (Fig. 2c). To better
characterize the status of Ti-Tregs, we included an analysis of
the transcription factor, Helios, which is a marker of Treg
activation. The proportion of Helios" Tregs was significantly
higher in the tumor tissue (67.8 = 2.5%) than in the periph-
eral blood (56.3 = 4.2%) of EOC patients (Fig. 2d). There
was no difference in the proportions of Helios" Tregs in the
different stages of disease. The increasing proportion of stable
Ti-Tregs during disease progression was further confirmed
using a quantitative real time PCR-based methylation assay,

Int. J. Cancer: 000, 000-000 (2012) © 2012 UICC
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Figure 2. Proportions of Tregs within the primary ovarian tumor tissue and peripheral blood according to the stage of the disease. (a) Data
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plots are gated on CD37CD4™ cells and show CD25"FoxP3™ Tregs in two representative patients. (c) Columns represent mean proportions of
Tregs in the tumor tissue and PBMC + S.E.M. (d) Dot plots are gated on CD3"CD4* CD257CD127 cells and show FoxP3*Helios™ Tregs in
the tumor tissue of a representative patient. Box plots represent the proportion of Helios™ Tregs among CD4*CD257CD127 FoxP3™ Tregs. The
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and 10th percentiles. (€) Columns represent proportions of Tregs demethylated in FoxP3 TSDR among cells isolated from the primary ovarian
tumor tissue in different stages of the disease, error bars indicate S.E.M. (f) The line shows negative correlation between % of tumor-
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infiltrating monocytes/macrophages. *p < 0.05, **p < 0.01 (a, ANOVA followed by Scheffé test; ¢, d, paired t-test).

which assessed the percentage of stable Tregs that were
demethylated at the FoxP3 TSDR in tumor tissue-derived sin-
gle cell suspensions (Fig. 2e). The proportions of Tregs and
Th17 lymphocytes were inversely correlated in the same
tumors (r = —0.44, p < 0.01) (Fig. 2f), whereas the propor-
tion of Tregs positively correlated with the number of mono-
cytes/macrophages (r = 0.47, p < 0.01) (Fig. 2g).

Int. ). Cancer: 000, 000-000 (2012) © 2012 UICC

Proportions of Th1 and CD8* T lymphocytes, DCs and
monocytes/macrophages do not show significant changes
during disease progression

In addition to Th17 cells and Tregs, we also analyzed the pres-
ence of other immune cell subsets, including Th1 cells, CD8"
T cells, pDCs, mDCs and monocytes/macrophages, in the tu-
mor tissue. Although there was a trend toward an increase in
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Figure 3. Proportions of Th1 lymphocytes and monocytes/
macrophages within the primary ovarian tumor tissue according to
the stage of the disease. (a) Data are expressed as the mean
proportion of CD3+CD4*IFNy+ Th1 cells among CD4™ T cells +
S.E.M. (b) Columns represent the mean number of

CD45%Lineage HLA-DRTCD14™ monocytes/macrophages in 1 x
10° of isolated tumor-derived cells + S.E.M.

mDC and monocyte/macrophage proportions in the advanced
tumors (Fig. 3), none of these cell types showed any statisti-
cally significant dynamics during ovarian cancer progression.

Cytokine and chemokine profiles of tumor-derived single
cell suspensions support the recruitment of polarized Th
lymphocytes into the tumor tissue rather than their in situ
priming and polarization

To better characterize the tumor microenvironment and to
evaluate, whether the cytokine profile supports in situ pri-
ming and polarization of T lymphocytes, we assessed the
cytokine and chemokine profile in the tumor-derived cell cul-
ture supernatants. In the unstimulated culture supernatants,
only three cytokines were detected in significant amounts, IL-
6, IL-10 and TNFa (Fig. 4a). IL-2, IL-4, IL-12 and IL-23 lev-
els were below the limit of detection of the MILLIPLEX™
assay in most of the patient samples tested, and IL-17 was
only detected in cell supernatants of patients in Stage I of
disease. Importantly, only minimal concentrations of IL-1f3
(4.2 £ 2.5 pg/ml), which is crucial for Thl7 polarization,
were detected in culture supernatants from Stage I patients,
who had the highest proportions of tumor-infiltrating Th17
cells (Fig. 4c). Except for IL-17, no other significant correla-

Dynamics of T-Cell Infiltration

tions with disease progression were observed in the unstimu-
lated cultures. Upon PMA and ionomycin stimulation, most
of the tested cytokines were produced, except IL-12 and IL-
23 (Fig. 4a). The production of IL-21 was significantly
decreased in culture supernatants from patients in the
advanced stages of the disease when compared with culture
supernatants from Stage I patients (Fig. 1c). The expression
of TGF} mRNA was observed in all of the patient samples
and did not significantly correlate with disease stage
(Fig. 4d).

Unstimulated tumor-derived cells produced high amounts
of CCL20, CCL22 and inflammatory CXCL9 and CXCL10
(Fig. 4b) but low amounts of CCL2, CCL5, CCL17, CCL19
and CCL21. The levels of CCL22 (Fig. 5a), CXCL9 and
CXCL10 (not shown) increased during disease progression;
however, these data were not statistically significant. The lev-
els of CXCL9 significantly correlated with the numbers of tu-
mor-infiltrating CD4% (r = 0.65, p < 0.01) and CD8" (r =
0.64, p < 0.01) T lymphocytes. There was no correlation
with a particular Th lymphocyte subset (not shown). Most
important, the levels of CCL22 significantly correlated with
the number of Ti-Tregs (r = 0.66, p < 0.01) (Fig. 5b). No
other correlations between the chemokines and tumor-infil-
trating immune cells were observed.

Tregs are probably recruited to the tumor tissue via a
CCL22/CCR4 interaction and proliferate in situ

As described above, the number of Ti-Tregs significantly cor-
related with the level of CCL22 in the tumor cell culture
supernatants. In accord with these observations, Ti-Tregs had
significantly lower expression of CCR4 than Tregs from the
peripheral blood (mean fluorescence intensity 6,280 * 35
and 3,487 * 333, respectively; n = 6) (Fig. 5¢). To evaluate
whether Ti- Tregs proliferated in situ, Ki67 staining was per-
formed in tumor tissue-derived cell suspensions and PBMCs.
A markedly higher percentage of Ti-Tregs expressed Ki67
when compared with Tregs in the peripheral blood (21.8 *
5.1% and 129 * 1.8%, respectively; n = 6). Ki67 was
expressed in a significantly lower proportion of conventional
CD4"FoxP3™ T cells in comparison with Tregs (7.6 * 2.7%
in the tumor tissue and 2.3 * 0.4% in the peripheral blood)
(Figs. 5d and 5e).

Ovarian cancer cell lines produce chemokines, including
CCL22, upon IFNy stimulation

To assess whether ovarian cancer cell lines were able to pro-
duce CCL22, OV-90 and SKOV3 cells were cultured either
without stimulation or upon stimulation with recombinant
human IFNYy, as IENy has been shown to induce CCL22 pro-
duction in breast cancer cell lines.”” In contrast to primary
tumor-derived cell suspensions, spontaneous CCL22 secretion
was undetectable in the ovarian cancer cell lines, a result that
was similar to most of the other chemokines measured in
this study. The SKOV3 cell line spontaneously produced
small amounts of CXCL9 (Fig. 6a), whereas unstimulated
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OV-90 cells produced high amounts of CXCL9, CXCL10 and
CCL20 (Fig. 6b). The addition of IFNYy induced robust secre-
tion of CCL19, CCL21 and CCL22 in both of the cell lines
tested. Surprisingly, production of CXCL9, CXCL10 and
CCL20 increased in SKOV3 but decreased in OV-90 cells
upon IFNy stimulation (Figs. 6a and 6b).

Primary ovarian tumor-derived cells have markedly
increased CCL22 production upon IFNy stimulation

To evaluate the effect of IFNy on primary tumor-derived sin-
gle cell suspensions, cells isolated from patient tumor tissues
(n = 6) were cultured in the presence of IFNy. As shown in
Figure 6¢, only CCL21, CCL22 and CXCL10 concentrations
increased in the tumor cell culture supernatants upon IFNy
stimulation, with the most significant increase observed for
CCL22. As the source of the CCL22 secretion, EpCAM+ tu-
mor cells, monocytes/macrophages and mDCs were identified
in unstimulated as well as stimulated cultures (Fig. 6d).

Int. ). Cancer: 000, 000-000 (2012) © 2012 UICC

Discussion
The presence and prognostic value of different types of tumor-
infiltrating immune cells within tumor tissues have been exten-
sively studied; however, little is known about the alterations in
immune cell patterns within the tumor tissue during disease
progression. To investigate the dynamics of immune cell distri-
bution within cancer tissues, adequate selection of patients
with both early and advanced disease is essential. However,
with less than 15% of EOC patients diagnosed at Stage 1,°%*'
it is very challenging to study the microenvironment of the
early ovarian cancer lesions in prospective studies. Despite the
extremely low availability of fresh tumor tissue samples from
early disease patients, we were able to analyze six tumor sam-
ples from Stage I patients together with 38 tumor samples
from patients with more advanced disease (Stages II-IV).

We found that different subsets of CD4" T cells, but not
other immune cell types, were present and exhibited a signifi-
cantly different pattern during disease progression. Indeed, the
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early stages of EOC were characterized by a strong Thl7
immune response (Fig. 1a), whereas in advanced stages of dis-
ease, a dominant population of regulatory T cells was detected
(Fig. 2a). Surprisingly, CD8" T lymphocytes and pDCs did
not show any substantial alterations, whereas the proportions
of mDCs and monocytes/macrophages appeared to increase
during disease progression. The proportion of Thl cells
slightly increased in the Stage II tumors and then decreased
again in the advanced stages of disease (data not shown).
However, neither the alterations in mDCs and monocytes/
macrophages nor those in Thl cells were statistically signifi-
cant. A similar kinetics of CD4" effector T cells, i.e., an early
burst of Thl7 cells that was replaced by high numbers of
IFNYy-producing cells, has been described in mouse models of
EAE and infection.”® Consistent with these observations,
Lohr et al.** transferred antigen-specific T cells into transgenic
mice expressing the antigen recognized by the T cells and
found the sequential development of Th17 and then Thl effec-
tor cells followed by Treg development in the late phase of
disease. As far as we know, this dynamic has not yet been
described in the microenvironment of human tumors.

Notably, the origin of the tumor-infiltrating Th17 cells
and their exact role in tumor immunity remain controversial.
Kryczek et al."> has reported that macrophages isolated from
EOC tissues are capable of inducing Th17 cells in vitro. How-
ever, because IL-1pB, IL-6 and IL-23 are supposed to be essen-
tial for the differentiation of human Th17 cells,”>*° the cyto-
kine profile of the tumor microenvironment that was
observed in our study, especially the very low levels of IL-1f3
in stage I patients together with the complete lack of IL-23
(Fig. 4c), does not support the hypothesis of Th17 polariza-
tion in situ. It has been shown that Th17 trafficking could be
mediated via the CCR6/CCL20 axis.”’” Surprisingly, in our
study we have not observed any correlation between the
numbers of Th17 cells and CCL20 levels in the tumor tissue.

In comparison with Th17 cells, many more studies have
focused on the trafficking properties and prognostic signifi-
cance of Tregs in tumors. Curiel et al. has shown that Tregs
infiltrating ovarian cancer tissues effectively inhibit TAA-spe-
cific immunity in vitro and in vivo and contribute to tumor
growth. These authors also suggested that Treg tumor traf-
ficking could be mediated by CCL22.'° Treg recruitment into

Int. J. Cancer: 000, 000-000 (2012) © 2012 UICC
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the tumor tissue via CCL22/CCR4 has recently been con-
firmed in breast cancer patients.**®

In this study, we showed that Ti-Tregs were mainly Heli-
os" activated Tregs. A significant number of these Ti-Tregs
was demethylated in the FoxP3 TSDR. Naturally occurring,
but not in vitro TGFB-induced, Foxp3™ Tregs have been
shown to display stable Foxp3 expression that is associated
with selective demethylation of the TSDR.*® Similarly, the
Ikaros family member, Helios, has been reported to be a
marker useful for discriminating between naturally occurring
thymic-derived Tregs (nTregs) and those peripherally
induced from naive CD4" T cells (iTregs),40 but these find-
ings have very recently been questioned by Akimova et al.*!
Thus, rather than discriminating between nTregs and iTregs,
Helios appears to be useful for indicating activated Tregs
regardless of their origin.*' Taken together, the high expres-
sion of Helios together with the demethylation of the TSDR
found in the Ti-Tregs in the EOC tissues in our study indi-
cate the stability and highly activated status of these cells.

In accord with the studies concerning Treg tumor traffick-
ing, we demonstrated that the number of Ti-Tregs signifi-

Int. ). Cancer: 000, 000-000 (2012) © 2012 UICC

cantly correlated with the concentration of CCL22 in the
ovarian tumor cell culture supernatants. Consistently, Ti-
Tregs had significantly lower expression of CCR4 than circu-
lating Tregs. As shown by Gobert et al.,”® low levels of CCR4
reflect its internalization due to an active engagement with
CCL22. We also observed that a large proportion of Ti-Tregs
(21.8 £ 5.1%) expressed the proliferation marker, Ki67, indi-
cating their extensive local expansion.

Faget et al.”® has demonstrated that IFNY triggers produc-
tion of CCL22 by breast tumor cells. Indeed, the cooperation
between tumor cells and the immune cell infiltrate (especially
macrophages and NK cells) has been shown to be essential
for inducing high quantities of CCL22. Similarly, we observed
that ovarian cancer cell lines produced chemokines, including
significant levels of CCL22, upon IFNy stimulation. Most im-
portant, in primary ovarian cancer tissue-derived cells,
recombinant IFNy selectively augmented CCL22 production
with only a small effect on the other chemokines tested (Fig.
6¢). Tumor cells, monocytes/macrophages and mDCs were
identified as the key source of CCL22 in the cancer tissue
samples in our study.
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highly dynamic. In the early stages of the disease, a strong
recruitment of Th17 cells is observed, which is followed by a
recruitment of Thl cells, monocytes/macrophages and mDCs.
In the later stages of EOC, enhanced levels of IFNYy, probably
produced by the immigrating cells, together with increased

In summary, our data suggest that the development of the
antitumor immune response in ovarian cancer patients is

proportions of monocytes/macrophages and mDCs may favor

the production of CCL22 and the recruitment of Tregs via
CCL22/CCR4, thus promoting the development of a suppres-
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5.3 Lidské nadorové bunikky usmrcené antracykliny indukuji tumor-specifickou imunitni

odpovéd’

Apoptotickd smrt buiiky je povazovana za neimunogenni, protoze po pohlceni této bunky
antigen-prezentujici bunikou (APC) nedochdazi k rozvoji antigen-specifické imunitni odpovédi.
Naproti tomu imunogenni smrt buiikky tuto antigen-specifickou odpovéd vyvolava (viz.
kapitola 3.3). K vyvolani imunogenni smrti buniky byla v této studii pouzita cytostatika. Ve
studii byla testovana schopnost jednotlivych cytostatik indukovat expresi zndmych ukazateli
imunogenni smrti bunék (calreticulin, HSP70, HSP90). Byly pouzity nddorové linie leukémie,
karcinomu ovaria a karcinomu prostaty, ale také primarni nadorové bunky jmenovanych
malignit. NejlepSich uspéchti bylo dosazeno aplikaci antracyklinti. Nadorové buiiky usmrcené
antracykliny vykazovaly vyssi expresi HSP70, HSP9O0 a calreticulinu s néslednou translokaci
na povrch buiiky. Tato zvySena exprese markeri imunogenni smrti buniky nebyla prokézana u
bun¢k usmrcenych pomoci UVA zafeni. Déle bylo prokazéno, Ze buinky usmrcené
antracykliny byly fagocytovany vyznamné rychleji nez buiiky usmrcené jinymi cytostatiky.
Dendritické buniky pulzované builkami usmrcenymi antracykliny vykazovaly schopnost
vyvolavat tumor specifické T bunééné odpovédi. Navic tyto zralé dendritické bunky
indukovaly signifikantné mensi pocet T-regulac¢nich lymfocytd (Treg), v porovnani s DC
pulzovanymi s neimunogennimi nddorovymi builkami. Chemoterapie a imunoterapie byly
dlouhou dobu povazovéany za antagonisticky plisobici 1écebné strategie. Vysledky této studie
vSak ukazuji, ze chemoterapie antracykliny mé kromé cytostatického efektu i vyznamny efekt

imunoterapeuticky.
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Abstract

Immunogenic cell death is characterized by the early surface exposure of chaperones including
calreticulin and HSPs, which affect dendritic cell (DC) maturation and the uptake and presentation of
tumor antigens. It has also been shown that it is characterized by the late release of high mobility group box
1 (HMGBI1), which acts through Toll-like receptor 4 (TLR4) and augments the presentation of antigens from
dying tumor cells to DCs. Most of the data on immunogenic tumor cell death were obtained using mouse
models. In this study, we investigated the capacity of clinically used chemotherapeutics to induce
immunogenic cell death in human tumor cell lines and primary tumor cells. We found that only
anthracyclines induced a rapid translocation of calreticulin, HSP70, and HSP90 to the cell surface and
the release of HMGB1 12 hours after the treatment. The interaction of immature DCs with immunogenic
tumor cells led to an increased tumor cell uptake and induces moderate phenotypic maturation of DCs.
Killed tumor cell-loaded DCs efficiently stimulated tumor-specific IFN-y-producing T cells. DCs pulsed
with killed immunogenic tumor cells also induced significantly lower numbers of regulatory T cells than
those pulsed with nonimmunogenic tumor cells. These data indicate that human prostate cancer, ovarian
cancer, and acute lymphoblastic leukemia cells share the key features of immunogenic cell death with mice
tumor cells. These data also identify anthracyclines as anticancer drugs capable of inducing immunogenic

cell death in sensitive human tumor cells. Cancer Res; 71(14); 4821-33. ©2011 AACR.

Introduction

Cancer affects half of the inhabitants of developed coun-
tries and kills one third of them. Primary tumors can often
be completely removed with current cancer therapeutic
modalities; however, micrometastases of dormant tumor
cells frequently lead to the establishment of the distant
metastases and to the relapse of the disease (1). In addition
to the standard treatment of metastatic disease by combi-
nations of chemotherapeutics, it would be beneficial for
cancer patients to elicit a tumor-specific immunity that
would control or slow the growth of residual tumor cells.
A combination of chemotherapy with immunotherapeutic
strategies aiming to induce tumor-specific immunity repre-
sents a challenging task because chemotherapy is generally
considered to be immunosuppressive. Physiologic cell death
by apoptosis is known to be nonimmunogenic or tolerogenic
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(2). Consequently, phagocytosis of apoptotic tumor cells has
been long considered to be immunologically silent (3).
However, recent studies have shown that tumor cells killed
by some chemotherapeutics, such as bortezomib (4, 5),
oxaliplatin (6), and anthracyclines (7), can induce a
tumor-specific immune response. This immunogenic cell
death is characterized by molecular events shared for all
described chemotherapeutics. Anthracyclines have a major
role in the treatment of leukemia, lymphoma, sarcoma, and
uterine, ovarian, and breast malignancies. Despite their side
effects, anthracyclines (8) are able to induce immunogenic
cell death in mouse tumor cells. Within hours after the
initiation of immunogenic cell death, preapoptotic tumor
cells translocate calreticulin (CRT; refs. 9, 10) and HSPs from
the endoplasmic reticulum to the cell surface together with
other molecules that serve as "eat me" signals (phosphati-
dylserine). At the same time, tumor cells undergoing immu-
nogenic tumor cell death downregulate the expression of
"don't eat me" signals, such as surface CD47, to facilitate
tumor cell recognition and engulfment by dendritic cells
(DC; ref. 11). In addition, following permeabilization of the
plasma membrane, cells release the late apoptosis marker
high mobility group box 1 (HMGBI; ref. 12) into the extra-
cellular milieu. HMGB1 can bind several pattern recognition
receptors (PRR), such as Toll-like receptor (TLR) 2, TLR4 (8,
13), and receptor for advanced glycosylation end products
(RAGE). The release of this protein seems to be required
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for optimal presentation of antigens from dying tumor cells,
T-cell priming by DCs, and subsequent T-cell-mediated
elimination of the tumor.

All these findings were obtained using mouse models, and it
is thus important to determine whether immunogenic tumor
cell death can also be induced in humans and whether similar
molecular events also occur in human cancer cells. Here, we
report that anthracyclines are able to induce the expression of
several immunogenic molecules on the surface of a wide
spectrum of primary and secondary human cancer cell lines
(leukemia, ovarian cancer, and prostate cancer), in contrast to
other tested chemotherapeutic agents and irradiation, which
is often used in immunotherapeutic protocols. The uptake of
anthracycline-killed human tumor cells by DCs leads to the
stimulation of the T-cell response and the induction of anti-
tumor immunity.

Materials and Methods

Cell lines

Acute lymphoblastic leukemia cell lines were kindly pro-
vided by Childhood Leukemia Investigation Prague (CLIP;
REH, HLA-A2 positive; DSMZ). Ovarian cancer cells [OV90,
HLA-A2 positive; American Type Culture Collection
(ATCC)], prostate cancer cells (LNCap, HLA-A2 positive;
ATCC). All cell lines were cultured in RPMI 1640 medium
(Gibco). All media were supplemented with 10% heat-inac-
tivated FBS (Lonza), 100 U/mL penicillin, and 2 mmol/L t-
glutamine.

Isolation of primary tumor cells

Primary ovarian cancer cells were obtained from patients
undergoing surgery for ovarian cancer. The resected tumors
were weighed, minced into small pieces (1-3 mm), and
mechanically minced into smaller pieces in PBS + 2 mmol/
L EDTA. The portions of tumor were then placed in gentle-
MACS C tubes in 10 mL PBS + 2 mmol/L EDTA or an enzyme
solution (Collagenase D), placed into the incubator (37°C) for
30 minutes and then mixed again twice. The cell suspension
was mashed through a sterile cell strainer (100 um). The cell
suspension was washed in PBS + 2 mmol/L EDTA at least
twice by centrifugation. The tumor cells were isolated by Ficoll
100% gradient centrifugation. Primary ovarian cancer cells
(~80%-95% purity) were cultured in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal calf serum
(FCS)/glutamine/penicillin.

Apoptosis induction and detection

Tumor cell death was induced by UV (UVA) light expo-
sure (7 and 6 J/cm?®). Cell death was assessed by Annexin
V/fluorescein isothiocyanate staining. Briefly, 2 x 10° cells
per sample were collected, washed in PBS, pelleted, and
resuspended in an incubation buffer containing Annexin
V/fluorescein isothiocyanate antibody. The samples were
kept in the dark and incubated for 15 minutes before the
addition of another 400 pL of 0.1% propidium iodide (PI)
incubation buffer and subsequent analysis on a FACSAria
flow cytometer (BD Bioscience) using FlowJo software.

Flow cytometric analysis of HSP70, HSP90, and CRT on
the cell surface

A total of 10° cells were plated on 12-well plates and treated
the following day with the indicated agents or were UV-
irradiated for 6, 12, or 24 hours. The cells were collected
and washed twice with PBS. The cells were incubated for 30
minutes with primary antibody diluted in cold blocking buffer
(2% FBS in PBS), followed by washing and incubation with
the Alexa 648-conjugated monoclonal secondary antibody
in a blocking solution. Each sample was then analyzed by a
FACSAria flow cytometer (BD Bioscience) to identify cell
surface HSP70, HSP90, and CRT.

Detection of HMGB1 release

REH cells, OV90 cells, LNCap cells, primary ovarian cells,
and leukemic blasts (10°) were plated in 1 mL full medium
appropriate for the cell type. Supernatants were collected at
different time points, dying tumor cells were removed by
centrifugation, and the supernatants were isolated and frozen
immediately. Quantification of HMGBI1 in the supernatants
was assessed by ELISA according to the manufacturer's
instructions.

Fluorescent microscopy

For surface detection of CRT, the cells were placed on ice,
washed twice with PBS, and fixed in 0.25% paraformalde-
hyde in PBS for 5 minutes. The cells were then washed twice
in PBS, and a primary antibody diluted in cold blocking
buffer was added for 30 minutes. After 2 washes in cold
PBS, the cells were incubated for 30 minutes with the
appropriate Alexa 648-conjugated secondary antibody.
The cells were fixed with 4% paraformaldehyde for 20
minutes, washed in PBS for 20 minutes, and mounted on
slides.

For phagocytosis, the DCs were stained with Vybrant DiO
cell labeling solution (Invitrogen). The tumor cells were
stained with Vybrant Dil cell labeling solution (Invitrogen)
and cultured in the presence of selected cytostatic agents or
UV radiation for 24 hours. Immature DCs (day 5) were fed
tumor cells at a DC/tumor cell ratio of 1:5. The cells were fixed
with 4% paraformaldehyde for 20 minutes, washed in PBS for
20 minutes, and mounted on slides with ProLong Gold anti-
fade reagent (Invitrogen).

Generation of tumor-loaded DCs and induction of
tumor cell death

DCs were generated by culture of purified CD14" cells
isolated from buffy coats in the presence of granulocyte-
macrophage colony-stimulating factor (GM-CSF; Gentaur)
and interleukin-4 (IL-4; Gentaur; ref. 14). Tumor cells were
killed by culturing in the presence of a selected cytostatic
agent (100 nmol/L) or by UV irradiation for 24 hours. The
extent of apoptosis was monitored by Annexin V/PI staining.
The cells were extensively washed before feeding to DCs.
Immature DCs (day 5) were fed tumor cells at a DC/tumor
cell ratio of 1:5. In some experiments, pulsed DCs were
stimulated with 100 ng/mL of lipopolysaccharide (LPS; Sigma)
for 12 hours.
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Fluorescence-activated cell-sorting analysis of DC
phenotype after interaction with killed tumor cells

The phenotype of DCs cultured with tumor cells was
monitored by flow cytometry (15, 16). Tumor cells were killed
by a selected cytostatic agent or by UV irradiation and were
cocultured for 24 hours with immature DCs. For some experi-
ments, the DCs and tumor cells were dye labeled before
coculture to monitor phagocytosis. Monoclonal antibodies
(mAb) against the following molecules were used: CD80-
A700 (Exbio), CD83-PerCP-Cy5.5 (BioLegend), CD86-A647
(BioLegend), CDI14-PE (Exbio), CD1lc-APC (Exbio), and
HLA-DR PC7 (BD Biosciences).

The DCs were stained for 30 minutes at 4°C, washed twice
in PBS, and analyzed using a FACSAria flow cytometer (BD
Biosciences) using FlowJo software. The DCs were gated
according to the forward (FSC) and side scatter (SSC) proper-
ties. The appropriate isotype controls were included, and
50,000 viable DCs were acquired for each experiment.

Evaluation of IFN-y-producing tumor-specific T cells

Unpulsed or tumor-loaded DCs were added to autologous T
cells at aratio of 1:10 on days 0 and 7 of culture. IL-2 (25-50 IU/
mL; PeproTech) was added on days 2 and 7 of culture. The
cultures were tested for the presence of tumor-specific T cells
7 to 9 days after the last stimulation with DCs. The induction
of tumor-reactive, IFN-y-producing T cells by tumor-loaded
DCs was determined by flow cytometry. The T cells were
stained with anti-human CD8/IFN-y (17).

Results

We first tested the cytotoxic effect of a wide spectrum of
clinically used cytostatic agents on the viability of REH (T-
ALL), ovarian cancer (OV90), and prostate (DU145) cancer cell
lines. The viability of tumor cells was repeatedly analyzed over
the course of 48 hours by PI and Annexin V staining. Cytostatic
agents that killed more than 50% of tumor cells after 24 hours
were used for subsequent experiments to analyze the capacity
of these agents to induce an immunogenic cell death (Fig. 1).

Expression of immunogenic cell death markers HSP70,
HSP90, and calreticulin by human cancer cell lines and
human primary tumor cells

Cytostatics were tested for their ability to induce the
expression of the known immunogenic cell death markers
HSP70, HSP90, and calreticulin in leukemic, ovarian, and
prostate cancer cell lines and primary tumor cells. Significant
expression of HSP70, HSP90, and calreticulin on T-ALL leu-
kemia cells and T-ALL leukemic cells was detected 12 and 24
hours after the treatment with anthracyclines (doxorubicin
and idarubicin; Fig. 2A and B). Increased expression of HSP70,
HSP90, and calreticulin after the treatment with anthracy-
clines was accompanied by their translocation to the cell
surface (Fig. 2C). The anthracyclines also induced significant
upregulation of HSP70, HSP90, and calreticulin in the OV90
ovarian cancer cell line, in primary ovarian cancer cells freshly
isolated from resected tumors, and in the DU145 prostate
cancer cell line (Fig. 2D). We did not observe any significant

upregulation of immunogenic cell death markers on ovarian,
prostate, and ALL human tumor cells after UV light exposure.

Anthracyclines induce HMGB1 secretion in human
T-ALL, ovarian cancer, and prostate cancer cells

We analyzed the release of a late-stage marker of immuno-
genic cell death HMGB1 in the supernatants of T-ALL, ovarian,
and prostate cancer cell lines and primary T-ALL and ovarian
tumor cells. Of the tested drugs, only anthracyclines induced
significant release of HMGBI in all tested human tumor cells
(Fig. 3). Maximal release of HMGBI nuclear protein was
detected 24 hours after the induction of tumor cell death.

Anthracycline treatment increases the rate of
phagocytosis of killed tumor cells by DCs

For the functional studies, we tested only the T-ALL cell
line, as it was more feasible to work with the cells in suspen-
sion. In view of the established role of calreticulinas an "eat
me" signal, we first investigated the rate of phagocytosis of
cytostatic-treated REH tumor cells by DCs. Anthracycline-
treated tumor cells were phagocytosed at faster rate and to a
higher extent than the tumor cells killed by other cytostatic
agents. After 12 hours, the rate of phagocytosis of leukemic
cells treated with anthracyclines was 3-fold higher than that of
cells killed by UV irradiation or other tested drugs. The
difference was even higher after 24 hours, especially for
idarubicin-treated tumor cells (Fig. 4). The rate of phagocy-
tosis closely correlated with the intensity of calreticulin
expression and, although to a lesser degree, with the intensity
of HSP70 and HSP90 expression (Fig. 4D).

Phagocytosis of anthracycline-treated tumor cells
induces the expression of maturation-associated
molecules on DCs

The ability of DCs to activate the immune response depends
on their maturation status and the expression of costimula-
tory molecules. We analyzed the phenotype of DCs that
phagocytosed REH tumor cells killed by the indicated cyto-
static agents or UV irradiation. The interaction of DCs with
idarubicin- and doxorubicin-treated T-ALL cells induced the
upregulation of CD83, CD86, and HLA-DR, although to a
smaller extent than activation by LPS (Fig. 5). Activation of
DCs with anthracycline-killed tumor cells and LPS together
induced comparable expression of costimulatory molecules as
treatment with LPS alone (data not shown).

DCs pulsed with anthracycline-treated tumor cells
induce tumor-specific T cells

To investigate whether tumor cells expressing immuno-
genic cell death markers induce antitumor immunity, we
evaluated the ability of tumor cell-loaded DCs to activate
tumor cell-specific T-cell responses. Leukemic cells killed by
selected cytostatic agents or by UV irradiation were cocul-
tured with immature DCs with or without subsequent matura-
tion with LPS. These DCs were then used as stimulators of
autologous T cells, and the frequency of IFN-y-producing T
cells was analyzed 1 week later after restimulation with
tumor cell-loaded DCs. DCs pulsed with REH cells killed by
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anthracyclines induced a greater number of tumor-specific
CD4" and CD8" IFN-y-producing T cells than DCs pulsed
with UV light-exposed cells in all experiments (n = 5), even in
the absence of additional maturation stimulus (LPS; Fig. 6).

In addition, we also tested the frequency of regulatory T
cells (Tregs) induced in DC and T-cell cocultures. DCs pulsed
with REH cells killed by anthracyclines had a lower capacity to
expand Tregs than both immature DCs and LPS-activated DCs
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Figure 2. Anthracyclines induce the expression of HSPs on human tumor cells. A, the kinetics of HSP70, HSP90, and calreticulin expression on the T-ALL cell
line (REH) and leukemic blasts isolated from T-ALL patients treated by the indicated cytostatics. The expression of the indicated markers is shown as a fold
change of mean fluorescence intensity (MFIl) when compared with untreated cells. The summary of a total of 5 experiments is shown. *, P < 0.05. B,
representative histograms of one of the experiments showing the expression of HSP70, HSP90, and calreticulin after 24 hours of treatment by tested
cytostatics. C, confocal microscopy images of cells treated for 24 hours with anthracyclines and stained for HSP70, HSP90, and calreticulin.
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Figure 2. (Continued) D, the kinetics of HSP70, HSP90, and calreticulin expression on an ovarian cancer cell line (OV90), primary ovarian cancer
cells, and a prostate cancer cell line (DU145) after treatment with cytostatics. The expression of the indicated markers is shown as a fold

change in the MFI when compared with untreated cells. The summary of a total of 5 experiments is shown. *, P < 0.05 for comparison with irradiated

tumor cells.
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Figure 3. The kinetics of the concentration of HMGB1 (in ng/mL) in culture supernatants of tumor cells treated with tested cytostatics. The data show the
summary (mean + SD) of 5 independent experiments. *, P < 0.05 for comparison with irradiated tumor cells.

(Fig. 7). We also sorted the induced CD4"CD25"8" T cells to
test their inhibitory capacity in an allogeneic mixed lympho-
cyte reaction (MLR), and we did not see any significant
difference in the inhibitory activity of Tregs induced by tumor
cells killed by various cytostatics (data not shown).

Discussion

There is considerable interest in understanding the bio-
chemical features of immunogenic versus nonimmunogenic
death of tumor cells induced by anticancer therapies.

Identification of potent activating signals expressed by
immunogenic tumor cells would significantly contribute to
understanding the interaction between tumor cells and the

immune system and would facilitate the design of more
effective immunotherapeutic strategies. Recent studies iden-
tified several markers accompanying immunogenic cell death.
Our recent study reported the induction of immunogenic cell
death in primary myeloma tumor cells by bortezomib, a
specific inhibitor of the 26S proteasome subunit. Immuno-
genicity of tumor cells correlated with the expression of HSP90
on the surface of myeloma cells killed by bortezomib (4, 5). Cell
surface expression of HSP90 was critical for the immunogeni-
city of killed tumor cells because activation of DCs was cell-
contact dependent, and the specific blockade of HSP90 abol-
ished the immunogenicity of myeloma cells. In addition to
the study on primary myeloma tumor cells, upregulation of
maturation-associated markers was reported for murine DCs
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Figure 4. The kinetics of phagocytosis of cytostatic-treated REH T-ALL cells by

immature DCs. A, the percentage of phagocytosis at 12 and 24 hours

is shown relative to the control at 4°C. B, dot plots of the representative experiments are shown. Killed REH cells were labeled with DiO and cocultured with
DiD-labeled immature DCs. C, confocal microscopy analysis of the phagocytosis experiment. After 24 hours of coculture of killed tumor cells with
immature DCs, the engulfment of tumor cells was verified by confocal microscopy. D, correlation between the expression of immunogenic cell death
markers and the rate of phagocytosis at 24 hours. Summary of 7 independent experiments is shown.

that phagocytosed bortezomib-killed 67NR colon carcinoma
cells (13). This report also showed increased immunogenicity
of bortezomib-killed tumor cells in tumor protection experi-
ments. In a mouse colon carcinoma model (CT26 cell line),
Zitvogel and Kroemer screened an array of chemotherapeutic
drugs for each drug's capacity to induce immunogenic cell
death (9). Evaluating the ability of tumor cells killed by tested

drugs to serve as a protective vaccine in tumor protection
experiments, they identified anthracyclines as compounds
that induced immunogenic cell death, even in the absence
of external activation signals (18, 19). Rapid translocation
of the endoplasmic reticulum-resident chaperone protein
calreticulin to the cell surface of dying tumor cells was
identified as a molecular mechanism underlying the increased
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Figure 5. The phenotype of DCs after interaction with cytostatic-killed REH cells. day 5 immature DCs were cultured for 24 hours with REH T-ALL cells
killed by irradiation or the indicated cytostatics. After 24 hours, the expression of CD83, CD86, and HLA-DR on DCs was analyzed by flow cytometry.
The mean fluorescence intensity (MFI) and representative histograms are shown. *, P < 0.05 for comparison with irradiated tumor cell-loaded DCs.
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Figure 6. The induction of tumor-specific T cells by cytostatic-killed REH T-ALL cells without the need for an exogenous DC maturation stimulus.
Monocyte-derived DCs were pulsed with REH T-ALL cells killed by irradiation or tested drugs and then used for the stimulation of autologous T cells
for 2 weeks. The number of IFN-y producers in cultures with unpulsed DCs or DCs pulsed with REH T-ALL cells was analyzed by intracellular IFN-y staining.
The data show a summary (top) and representative staining (bottom) of 5 independent experiments.

immunogenicity of tumor cells (9, 10). Calreticulin transloca-
tion enhanced the phagocytosis of tumor cells by DCs, and
blockade of calreticulin abolished anthracycline-induced
immunogenicity of killed tumor cells in mice. Upon exposure
to anthracyclines, calreticulin translocates very quickly to the
outer leaflet of the cell membrane, whereas other tested
chemotherapeutics fail to induce calreticulin translocation
and thus did not induce immunogenic cell death. The identi-
fication of HSPs as markers of immunogenic cell death is also
in accordance with murine studies showing that cell surface
HSPs represent a potent immunogenic signal and promote the
development of autoimmunity. Immunostimulatory activity
and increased immunogenicity of tumor cells enriched in

HSPs after induction of hyperthermia has also been reported
in various animal tumor vaccination models as well as in the
human in vitro model (20, 21). Together, the common theme
from these independent observations is that the expression of
HSPs on the surface of dying cells may be a marker for
immunogenic forms of cell death and deliver an activating
stimulus to DCs.

Recently, Apetoh and colleagues conducted elegant studies
that led to the discovery of another soluble endogenous
danger signal (6, 8, 12). They reported that TLR4 deficiency
compromised the immunogenicity of tumor cells and identi-
fied HMGBI as a specific ligand of TLR4 that is released
from dying tumor cells at the stage of late apoptosis. HMGB1
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is a nonhistone chromatin-binding protein that influences
transcription and other cell functions. HMGBI1 is actively
secreted from inflammatory cells or released from necrotic
cells (22, 23). The identity of its receptor is still controversial,
but it signals through TLR2 and TLR4 as well as RAGE (24-26).
Depletion of HMGB1 from tumor cells abolished TLR4-depen-
dent DC-mediated presentation of tumor antigens. The rele-
vance of this study is further illustrated by the finding that
breast cancer patients with the TLR4 allele variant that
reduces the affinity of TLR4 for HMGB1 had a higher incidence
of metastasis after conventional treatments than patients with
the wild-type allele (8).

As most of the data on immunogenic tumor cell death were
obtained using mouse models, we investigated whether ana-
logous mechanisms also apply to human cancer cells. We
tested the capacity of clinically used cytostatics to induce
immunogenic cell death in human tumor cell lines and
primary tumor cells derived from prostate cancer, ovarian
cancer, and acute lymphoblastic leukemia.

We show that only anthracyclines induced a rapid transloca-
tion of calreticulin, HSP70, and HSP90 to the cell surface and the
release of HMGBI 12 hours after the treatment in all 3 models, as

documented by cytometric analysis, confocal microscopy, and
ELISA. The interaction of immature DCs with immunogenic
tumor cells led to an increased tumor cell uptake and induced
moderate expression of maturation-associated markers on DCs.
As in the mice studies published by the group of Zitvogel and
Kroemer, the rate of phagocytosis in our study very closely
correlated with the intensity of calreticulin expression and,
although to alesser degree, with the intensity of HSP expression.

DCs loaded with anthracycline-killed tumor cells efficiently
stimulated tumor-specific IFN-y-producing T cells, even in the
absence of other maturation stimuli such as LPS. DCs pulsed
with killed immunogenic tumor cells also induced significantly
lower numbers of Tregs, identified as CD4"CD25"" and
FoxP3™, compared with nonimmunogenic tumor cells, which
may be relevant for the design of cancer immunotherapy
studies. To test that by using the phenotypic markers of Tregs,
we indeed identify the cells with inhibitory potential, we sorted
the induced CD4TCD25"" T cells to test their inhibitory
capacity in an allogeneic MLR (27) and we did not see any
significant difference in the inhibitory activity of Tregs induced
by DCs loaded with tumor cells killed by various cytostatics
(data not shown).
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These data indicate that human prostate cancer, ovarian
cancer, and acute lymphoblastic leukemia cells share the key
features of immunogenic cell death with mice tumor cells, and
we identified anthracyclines as anticancer drugs capable of
inducing immunogenic cell death in sensitive human tumor
cells. In mouse studies, Obeid and colleagues (10) also showed
that y-ray irradiation and UV light exposure induce a mod-
erate expression of calreticulin on tumor cells and that
irradiated tumor cells expressing calreticulin induce protec-
tion against subsequent challenge with live tumor cells. In this
study, we show that killing of human tumor cells by UVA light
exposure (7.6 J/cm?) does not lead to a significant upregula-
tion of immunogenic cell death markers. We also tested tumor
cells killed by y-ray irradiation (20 and 75 Gy, data not shown),
and we did not see any significant upregulation of immuno-
genic cell death-associated markers in accordance with pre-
vious studies in human tumor cells (5, 28). The absence of
significant expression of immunogenic cell death-associated
markers correlated with the low capacity of DCs pulsed with
irradiated tumor cells to induce tumor cell-specific T cells in
the absence of LPS.

Breakthrough studies that identified markers of immu-
nogenic tumor cell death after chemotherapy treatment
challenge the long-time perception of chemotherapy and
immunotherapy as opposing and incompatible treatment
modalities. The introduction of chemotherapy regimens
and their thorough testing in well-designed clinical trials
undeniably represents one of the greatest triumphs of
modern medicine. For example, in childhood acute lym-
phoblastic leukemias, an invariably fatal disease in the
1960s, the introduction and subsequent improvement of
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6 Zavér

6.1 Klinicky vyznam monitorace T-regulaénich lymfocytt v periferni krvi u pacientek s

ovarialnim karcinomem

Nase studie potvrdila skutecnost, Ze nejsilnéjSim prognostickym faktorem dal§itho vyvoje
malignity je stadium onemocnéni a pritomnost nadorového rezidua po primarni operaci.
Nadorové reziduum je vSak u kazdé pacientky individudlni a mize dosahovat loziska o
velikosti né€kolika milimetrli aZ po inoperabilni nadorové masy. Vyvstava otazka, jak velké
pooperacni nadorové reziduum vyznamné snizuje prognozu pacientky. Podle dostupnych dat
se progndza pacientky vyznamné zhorsuje jiz pti nadorovém reziduu nad 1 cm. Optimalnim
vysledkem cytoredukéni operace je tedy Zzadny makroskopicky nador, suboptiomalni
pooperacni reziduum mensi nez 1 cm [39]. Prognoza pacientky s pokrocilym ovaridlnim
karcinomem vyznamné koreluje s uspéSnosti cytoredukéni operace. Centralizace této
malignity do onkogynekologického centra je pro prognoézu pacienty velmi dilezitym
faktorem. Regulacni CD4+ T lymfocyty (Treg) tvoii 1-5% lymfocyti v periferni krvi. Jsou
nekdy oznacované jako supresorové lymfocyty, protoze maji schopnost potlacovat aktivity
efektorovych T lymfocytl. Podileji se tim vyrazn€ na kontrole protinddorové imunity. Na
zaklad¢ dat z nékolika studii bylo zjisténo, Ze iatrogenni snizeni mnozstvi Treg v periferni
krvi zlepSuje prognozu pacientek, nejspise posilenim efektu pfirozené protinadorové imunity.
V nasi studii bylo zjiSténo, Ze rychlost navyseni poc¢tu Treg (slope of the Tregs trend line) v
periferni krvi je statisticky vyznamnym prediktorem ¢asné recidivy onemocnéni. U pozdnich
recidiv jsme ale tento jev neprokazali. Na zakladé vysledki studie jsme zjistili, Ze pravidelna
monitorace Treg v periferni krvi ma u pacientek s ovarialnim karcinomem omezenou
informacni hodnotu. Studium Treg v periferni krvi vyrazn€ prohloubilo naSe znalosti u
pacientek s diagnézou karcinomu ovaria. Nicméné pravidelnd monitorace Treg v periferni
krvi neni v rutinni klinické praxi pro pacientku pfinosna. Dilezitym zjiSt€nim je, Ze mnoZstvi
Treg vyskytujici se v nadoru se vyznamné li§i v riiznych stadiich onemocnéni. V pokrocilych
stadiich dochédzi k chemotaxi Treg z periferni krve do nadorové tkané€. Intratumor6zné
lokalizované Treg se vyznamné podileji na zvySeni imunosupresivniho mikroprostfedi uvnitt

nadoru.
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6.2 Srovnani u¢inku jednotlivych chemoterapeutik v metronomickych davkéch

(cyklofosfamid, etoposid) na mnozstvi T- regula¢nich lymfocytia

V na$i studii jsme podédvali metronomické davky cyklofosfamidu nebo etoposidu (viz.
kapitola 2.6.3) jako konsolida¢ni terapii po ukonCeni primarni chemoterapie. Efekt
konsolidaéni terapie na mnozstvi Treg v periferni krvi ani na prognézu pacientek, ve smyslu
prodlouzeni PFS, nebyl prokazan. Do studie bylo zafazeno celkem 46 pacientek, z toho 19
pacientek uzivalo konsolida¢ni terapii. Z tohoto malého poctu pacientek nelze ucinit validni
zavér, zda konsolida¢ni terapie (cyklofosfamid resp. etoposid) ma efekt na zlepSeni prognézy
pacientek. K tomuto zavéru by byla nutna studie zahrnujici fadove stovky pacientek, tak jak je
tomu u velkych komercnich studii zaméfenych napft. inhibitory angiogeneze, piip. PARP
inhibitory. Hlavnim tkolem této studie bylo zhodnotit efekt poddvani metronomickych davek
cyklofosfamidu resp. etoposidu na mnozstvi Treg v periferni krvi a také snasenlivost této
1écby v dlouhodobém podévani (intervalové po dobu 6 mésict, viz. kapitola 2.6.3). U zadné z
19 pacientek nebyl zjistén zavazny nezadouci ucinek, ktery by byl divodem k ukonceni
podavani konsolidacni terapie. Jedinym nezddoucim ulinkem byly lehké zazivaci obtize,
zejm. nauzea. Tyto nezadouci U€inky zpravidla vymizely béhem nékolika dni nebo tydn
uzivani. Cyklofosfamid ani etoposid v metronomickych davkach nesnizoval signifikantné

mnozstvi Treg v periferni krvi.
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