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Abstrakt

Nadorova onemocnéni jsou po kardiovaskularnich chorobach druhou nejCastéjsi
priCinou umrti ve vyspélych statech. PoCet nové diagnostikovanych pacientl se
zhoubnym nadorem neustale stoupa, pruimérné o 2,5% ro¢né. Tento trend se tyka i
spinocelularniho karcinomu hlavy a krku, ktery je 6. nejCastéjSi onkologické
onemocnéni. Jeho vyskyt nejvice ovliviiuje pfitomnost dvou zevnich rizikovych
faktord: koufeni a abusu alkoholu; posledni vyzkumy naznacuji, Ze pro vznik
neoplazie je rozhodujici nejen mnoZstvi a délka uzivani Skodlivé latky, ale i doba
jejiho podani &i psychicka zavislost na ni. V posledni dobé& navic roste incidence
spinocelularniho karcinomu hltanu u nekufaki a mladsSich vékovych skupin ve

spojitosti s vyskytem HPV infekce v nadoru.

Dosud nej¢astéji pouzivané formy protinadorové terapie (chirurgie, radioterapie,
chemoterapie) i pfes pokroky v poslednich desetiletich vedou k vyznamnému
zlepSeni prezivani pouze u nékterych typl rakoviny, ale napfiklad v pfipadé
spinocelularnino karcinomu hlavy a krku je celkova pravdépodobnost pétiletého
preziti stale nizka, pfiblizné 40%. Proto se pozornost obraci k novym formam terapie,
napfiklad k cilené terapii s pouzitim monoklonalnich protilatek nebo polymernich
nosi¢l cytostatickych Ié€iv. DalSim trendem soucasného vyzkumu v této oblasti je

moznost vyuzit v boji proti nddorovym onemocnénim imunitni systém.

V pfedloZzené préaci je popisovan jak souCasny stav poznani procesu karcerogeneze
tak jsou zde diskutovany jednotlivé druhy protinadorové terapie se zaméfenim na
vyuziti modernich terapeutickych pfistupu, které by mohly pozitivné ovlivnit klinicky

prubéh nadorovych onemocnéni.

Kliéova slova: spinocelularni karcinom hlavy a krku, koufeni, protinadorova imunita,
regulace imunitni odpovédi, nadorové mikroprostfedi, cilena Ié€ba, biologicka 1éCba,

imunoterapie, syntetické nosice 1éCiv



Abstract

Malignant diseases are after cardiovascular diseases the second most common
cause of death in the developed countries. The number of patients newly diagnosed
with cancer is constantly rising, on average by 2.5% yearly. This trend also applies to
squamous cell carcinoma of the head and neck, which is the sixth most common
oncological disease. Its occurrence is most influenced by two external risk factors:
smoking and abuse of alcohol; latest research indicates that for the emergence of
neoplasia is crucial not only the amount of and duration of the use of a harmful
substance but also the time of day when a harmful substance is used as well as
psychological dependence on the substance. But recently, we are witnessing growth
of the frequency of occurrence of the squamous cell carcinoma of the pharynx with
non-smokers and younger age groups in connection with presence of the HPV

infection in tumor.

The forms of so far most commonly used anticancer therapy (surgery, radiotherapy,
chemotherapy) have, despite progressions over the last decades, lead to significant
improvement only with some types of cancer but in the case of squamous cell
carcinoma of the head and neck is the total probability of five-year survival still low,
approximately 40%. Therefore we are turning our attention to the new forms of
therapy, for example to the targeted therapy with the use of monoclonal antibody or
polymeric carriers of cytostatic agents. Another current trend in this field of research

is the possibility to utilize the immune system to fight tumor diseases.

This submitted work describes the current state of knowledge of individual types of
anti-cancer treatment as well as a discussion of the possibilities of using modern
therapeutic approaches which could have a significantly positive affect on the clinical

course of cancer.

Key words: head and neck squamous cell carcinoma, smoking, T regulatory cells,
anticancer immunity, regulation of immune system, cancer microenvironment,

targeted therapy, immunotherapy, synthetic drug carriers
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Incidence nadorovych onemocneéni

Nadorova onemocnéni jsou po kardiovaskularnich chorobach druhou nejCastéjsi
pfi€inou umrti ve vyspélych statech. Vysoka incidence rakoviny se nevyhyba ani
Ceské republice, napf. v roce 2010 toto onemocnéni postihlo 85 664 lidi (incidence
785 pfipadd/100 000 obyvatel), z toho 27 834 lidi zemfelo. Pocet nové
diagnostikovanych pacientll se zhoubnym nadorem neustale stoupa, mezi roky 1998
a 2010 narostl 0 28%; jen za rok 2010 byl evidovan narust o 4,9% pfipadu pfi
srovnani s rokem 2009 [1]. Vékové sloZzeni osob se zhoubnym novotvarem je
dlouhodobé stabilni a je charakteristické vyraznou pfevahou osob vysSiho véku.
Incidence je diferencovana i podle pohlavi - vice nez ftfi Ctvrtiny nadorovych
onemocnéni jsou diagnostikovany u muzd starSich 60 let, u Zen je vyskyt nadort ve
vékové kategorii nad 60 let nizSi (68,5%). Je to dano tim, ze nékteré Casté malignity
u Zen (napf. nadory prsu a nékteré gynekologické nadory) se vyskytuji i v mladSim
véku. U déti je vyskyt tumorl ve srovnani s ostatnimi vékovymi skupinami malo
Casty. NejcastéjSim zhoubnym onemocnénim (kozni nadory zde nebyly pro vysokou
incidenci a nizkou uamrtnost zafazeny) u muzl je karcinom prostaty (74 pfipad(/100
000 obyvatel), nasleduje karcinom tlustého stfeva a konecniku (54 pfipad(/100 000
obyvatel), jehoz vyskyt se v poslednich letech vyrazné zvysil, a karcinom plic (51
pfipad(/100 000 obyvatel), jehoz vyskyt v muzské populaci naopak mirné klesa.
Nicméné pro vysokou umrtnost kvuli ¢asto pozdnimu stanoveni diagnozy zlstava
karcinom plic nejCastéjSi pFicinou umrti muzskych pacientll s onkologickym
onemocnénim. Nadory plic, prostaty a kolorektalni karcinom tvofi u muzi témér
polovinu vSech nové zjisténych novotvard. Dale zaznamenavame vySSi
vyskyt nadora jater, varlat a mnohocetného myelomu, naopak se snizuje vyskyt
karcinomu Zaludku (7 pfipadd /100 000 obyvatel). Nej¢astéjSim zhoubnym
onemocnénim u Zen je karcinom prsu (72 pfipadt /100 000 obyvatel) s rostouci
incidenci, ale klesajici uUmrtnosti. Varovny je vyrazny narast novych
pfipadd karcinomu plic u Zen (22 pfipadl /100 000 obyvatel), povzbuzujici je naopak
pokles vyskytu karcinomu zaludku a nezvySujici se nalezy karcinomu délozniho
Cipku (17 pfipadud/100 000 obyvatel) - divodem jsou pravdépodobné zdokonalené
preventivni prohlidky, zvlasté v pfipadé prsnich a gynekologickych nadoru. V Zenské

populaci viak roste vyskyt karcinomu kize, ledvin, moCového méchyre a stitné Zlazy.
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V oblasti nadoru hlavy a krku, které se tato publikace vénuje podrobnéji, sledujeme v
poslednim desetileti nékolik zajimavych trendd. Incidence karcinomu hrtanu jako
nejcastéjSiho zastupce zhoubného nadoru hlavy a krku celkové nestoupa, a tedy
kopiruje trend karcinomu plic, se kterym ma spole€né nejcastéjsi rizikove faktory [2].
Vysvétleni je nejspiSe v snizujicim se poctu kufaku v populaci [3]. Na druhou stranu
vyskyt druhého nejcastéjSiho zhoubného nadoru této oblasti - karcinomu orofaryngu -
v poslednich letech stoup4d a to u obou pohlavi, u Zen dokonce vyrazné (0,63
pfipad(/100 000 obyvatel v roce 2000 oproti 1,12 pFipad/100 000 obyvatel v roce
2010). Tento trend, ktery se vyskytuje i celosvétové, se vysvétluje jednak naristem
Zen kuracek, jednak vyssi incidenci HPV dependentnich karcinomu tonsily a kofene
jazyka (vice viz. kapitola Patogeneze nadorového onemocnéni) [4, 5].

Ve srovnani se svétovym vyskytem nejCastéjSich nadord z roku 2008 jsou &esti muzi
na 40. misté v poCtu vyskytu karcinomU prostaty (1. misto USA), na 3. misté v poctu
vyskytu karcinomu tlustého stfeva a konec¢niku (1. misto Slovensko) a na 9. misté v
po&tu vyskytu karcinom@ pridusnice, pradudek a plic (1. misto Madarsko). Ceska
Zenska populace je na 30. misté v poctu vyskytu karcinomu prsu (1. misto USA), na
9. misté v poctu vyskytu karcinomu tlustého stfeva a konelniku (1. misto Novy
Zéland), na 3. misté v poctu vyskytu karcinomU téla délozniho (1. misto USA), na
106. misté v poctu vyskytu karcinomu hrdla délozniho (1. misto Haiti) a na 25. misté

v poctu vyskytu karcinomu prudusnice, pradusek a plic (1. misto USA) [6].

Pozitivnim zjisténim je, Zze pfes stale rostouci incidenci umrtnost na tyto onemocnéni
nestoupa [1, 6]. PFi€inu Ize hledat v CastéjSi detekci nékterych nadorl jiz v raném
stadiu (napf. u rakoviny prsu i prostaty), coz umoznuje stale dostupnéjsi a kvalitngjsi
pristrojové vybaveni (magnetickd rezonance, endoskopické metody) a také nové
moznosti diagnostiky a sledovani pribéhu nadorového onemocnéni (napf. vyuziti
nadorovych markert). DalSi snizeni umrtnosti na maligni onemocnéni pfinasi
zdokonalovani lé¢ebnych postupl jak chirurgickych (napf. roboticka technika), tak
nechirugickych (napf. kombinace chemoradioterapie a biologické |éCby). Pres
vSechna tato opatfeni zustava pocet pacientl, ktefi na nadorové onemocnéni
umiraji, stale relativné vysoky, zvlasté pfi srovnani s ostatnimi staty EU [7]. Z
dostupnych populagnich dat Narodniho onkologického registru vyplyva, ze v Ceské

republice je stale velmi vysoky podil nadortu diagnostikovan v pokrocilém klinickém


http://www.wikiskripta.eu/index.php/Karcinom�

stadiu, kdy je vyrazné niz8i nadéje na dobry vysledek IéCby a na dlouhodobé preziti.
Situace se v poslednich desetileti nelepSi a ani posledni dostupn& data z roku 2010
nenaznacuji pozitivni trend, spiSe naopak [1]. V&asna detekce je zaloZena zejména
na edukaci celé spole¢nosti k rozeznani ¢asnych pfiznakll a vyhledani odborné
pomoci a dale na screeningovych programech zachycujicich Casné pfiznaky
onemocnéni. Typickym a Castym pfikladem pro pozdné diagnostikovany nador je
kolorektalni karcinom, kde je vice nez 50 % novych pacientd diagnostikovano v
klinickém stadiu 1l nebo vySSim [8]. To vyznamné zhorSuje dosazitelné vysledky
léEby a samoziejmé zvysuje naklady spojené s Ié8bou. Dalsim problémem v Ceské
republice je omezeny program preventivnich onkologickych prohlidek a
protinadorového ockovani. Prikladem je situace u oCkovani proti HPV, které vyrazné
snizuje riziko karcinomu délozniho Cipku - v dobé publikace této prace je vakcinace
hrazena jen Zenam mezi 13. - 14. rokem, pfiemz doba ucinnosti vakciny se
odhaduje na 10-15 let [9, 10].
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Hypotézy a cile dizertacni prace

® V minulosti byla na mnoha studiich prokazana spojitost mezi koufenim a
vznikem spinocelularniho  karcinomu hlavy a krku [11]. VétSina
epidemiologickych studii se v anamnestické c¢asti zaméfila na celkové
mnoZstvi cigaret a dobu koufeni. Nékteré souCasné studie se vSak zaméfuji i
na psychickou stranku pacienta. Deheinzelin prokazal vztah mezi zavislosti na
tabaku a vySSim vyskytem malignich onemocnéni, nicméné tato
epidemiologicka studie probihala bez rozliSeni lokality nadorového
onemocnéni a pouze s 56 pacienty, resp. 85 kontrolami [12]. Cilem publikace
€. 1 bylo prokazat na jednom z nejvétSich vzorkd pacientl z riznych zemi,
zda mira zavislosti na koufeni mize byt povazovana za nezavisly rizikovy
faktor pfi vzniku karcinomu hlavy a krku, ktery by mél byt zohlednén napfiklad

ve screeningovych vySetfeni nebo pfi volbé strategie 1€Cby.

® Nadorové kmenové bunky jsou povazovany za jednu z hlavnich pficin
neuspéchu klasické chemoterapie a relaps nadorového onemocnéni [13].
SouCasné byl prokadzan vliv epitelo-mezenchymové interakce mezi
nadorovymi kmenovymi burikami a jejich stromatem [14]. Pfedpoklada se, Ze
pochopeni molekularnich procesli na ose stroma - basalni lamina - epitel —
prispéje ke zlepSeni diagnostickych a Ié€ebnych prostfedku. Cilem publikace
€. 2 bylo bliz8i poznani interakci mezi narodovymi kmenovymi burikami a

okolnim prostfedim, které by bylo mozné vyuzit k pfesnéjSimu cileni terapie.

® Jednou z moznosti, jak zvySit davku IéCiva a tim i ucinnost protinadorového
cytostatika pfi tolerovatelnych nezadoucich ucincich, je pouziti jejich
makromolekularnich nosicu. Jiz bylo prokazano, ze néktera polymerni 1é€iva
na bazi poly[N-(2-hydroxypropyl)metakrylamidu] (HPMA) jsou nejen
neimunogenni, ale dokonce maji imunomodulaéni ucinek [15]. Mechanismus
stimulace imunitniho systému HPMA konjugaty neni zatim zcela pfesné
objasnén, pravdépodobné je zpusoben stimulaci nadorové specifickych T-
lymfocytl a NK bunék (tvz. tumor infiltrujici lymfocyty - TIL) [16, 17]. Cilem
publikace €. 3 bylo sledovani imunitni odpovédi v nadorovém mikroprostiedi
v riznych Casovych odstupech od zahajeni |éCby HPMA konjugaty, které by

mohlo pomoci porozumét mechanismu jejich imunomodulaéniho uc€inku.
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® Prognosticky vyznam T regulaénich lymfocytd u nadorovych onemocnéni
doposud nebyl dosud jednoznacné objasnén. Neéktefi autofi poukazuji na
korelaci mezi zvySenym zastoupenim Treg populace v periferni cirkulaci
pacientl a jejich akumulace v nadorovém mikroprostredi s horsi prognézou u
nékterych typd malignit (u hepatocelularniho karcinomu, karcinomu ovaria i
prsu) [18-20]. Jiné studie vSak naopak prokazaly zvySenou hladinu Treg
populace u pacientl s lepsi prognézou (folikularni a Hodginsky lymfom nebo
kolorektalni karcinom), kde byla vysSi hodnota Treg asociovana s delSim
¢asem do progrese onemocnéni a delSim celkovym pfezitim [21]. Cilem
publikace €. 4 bylo urCeni prognostické hodnoty Treg populace a nadorovych
markertl v periferni krvi pro riziko recidivy u pacientd se spinocelularnim

karcinomem hlavy a krku.
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Patogeneze nadorovych onemocnéni

Vliv koureni a alkoholu na vyskyt nadoru hlavy a krku

Maligni nador je definovan schopnosti rychle tvofit mnozstvi abnormalnich bunék,
které se chovaji autonomné a nereaguji na inhibi¢ni signaly. DalSimi
charakteristickymi rysy nadorovych bunék jsou schopnost dosahnout vyrazné
vysSiho poctu déleni bunék (aktivitou telomeraz), dediferenciace a ztrata puvodni
funkce, chromozomalni nestabilita, schopnost vyhnout se imunitnimu dozoru a
pfedevSim invazivni Sifeni, kterym se nadorové buriky mohou propagovat do
okolnich tkani a Sifit i do vzdalenych tkani ¢i organu (metastazovani). Pravé tvorba
metastaz je pak hlavni pfi¢inou vétSiny Umrti na nadorova onemocnéni. Podle
monoklonalni teorie zagina maligni transformace v jedné burice. V té dochazi k
opakovanym mutacim v regulaénich genech, které se podileji na fizeni bunécného
cyklu (protoonkogeny, tumor supresoroveé geny, geny stabilizujici genom). Postupnou
kumulaci mutaci dochazi k nekontrolovanému mnozeni transformovanych bunék a
infiltrace okolnich tk&ni. Zména normalni bufiky na nadorovou je proces probihajici v
nékolika krocich, typicky se odehravajici v premaligni Iézi, ktera se nasledné zméni
na maligni proces [22, 23]. Tato zména je dlsledkem interakce mezi genetickymi a
zevnimi faktory. Zevni faktory se déli na tfi kategorie: 1) fyzikélni karcinogeny (UV
zareni, ionizujici zafeni), 2) chemické karcinogeny (azbest, slozky tabakového dymu,
aflatoxiny, arsen), 3) biologické karcinogeny (virové Ci bakterialni infekce). Zvlasté
zevnim faktordm by méla byt vénovana zvySena pozornost, nebot ty Ize eliminovat
nejsnaze. Napfiklad vySSi incidence spinocelularniho karcinomu hlavy a krku je
prokazatelné spojena s koufenim tabaku a zvySenou konzumaci alkoholu [24, 25].
Vliv téchto dvou faktorl se neomezuje pouze na vyskyt primarniho nadoru, ale
ovliviiuje i celou fadu lé¢ebnych aspektl, napf. vyskyt dcefinych nebo duplicitnich
nadorli, komplikace |éEby nebo dobu rekonvalescence po chirurgickém zékroku.
V jedné studii bylo prokazano, ze koureni i abusus alkoholu podporuji jak vznik
primarniho nadoru, tak cCastéjSi vyskyt metastatického rozsevu: v jedné studii byl
zaznamenan vyskyt metastaz v uzlinach a extrakapsularniho Sifeni u 100% kouficich
pacientl i u byvalych kufaku, ale jen u 54%, resp. 19% nekufaku [26]. VySSi vyskyt
uzlinovych metastaz rovnéz koreluje se zvySenou konzumaci alkoholu [27]. P¥i

operativni 1é¢bé téchto nadorl se u kufakl Castéji vyskytuji rGzné komplikace pfi
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hojeni ran, podobné jako u jinych chirurgickych vykona [28]. Dvojnasobné az témeér
Ctyfnasobné vys$Si riziko rakoviny hlavy a krku bylo nalezeno i u stfedné a silné
exponovanych pasivnich kufaku [29].

Mechanismus ucinkd koufeni na nadorové bujeni v oblasti hlavy a krku neni zcela
pfesné objasnén. Kuraci jsou mnohem &astéji postizeni tumory s mutacemi onkogenu
p53 nez nekufaci, coz naznacuje, Ze u kufakld probiha proces karcinogeneze jinak
nez u nekufaku [30]. Za nejrizikovéjSi karcinogeny obsazené v cigaretovém koufi
jsou pokladany polycyklické aromatické uhlovodiky (PAU), N-nitrosaminy a
aromatické aminy a tézké kovy [31]. Karcinogeny typu PAU se metabolizuji riznymi
biochemickymi reakcemi: v prvni fazi transformace vznikaji metabolity s rdznou
biologickou aktivitou. Pokud se katalyticky zapoji cytochromy P450 (u PAU CYP
1A1), dochazi k oxidaénim reakcim, pfi nichZz mohou vznikat jak méné reaktivni
fenoly, tak aktivnéjSi epoxidy a dioly. Tyto latky pak vytvareji kovalentni vazby s DNA,
pokladané za hlavni iniciacni krok v patogenezi zhoubného bujeni . Vzniklé
mutagenni zmény jsou sice opravovany v bunécné fazi reparace, tento proces vSak
neni dokonaly. Nékteré DNA addukty mohou perzistovat a byt zakladem chybného
kédovani (napf. s naslednou moznou a nezadouci konverzi baze G-C na bazi A-T).
Pretrvavajici mutace DNA mohou aktivovat onkogeny (napf. tfida Ras), nebo naopak
inaktivovat tumor supresivni geny (napf. p53) [32, 33]. Vedle PAU byl silny
karcinogenni potencial k plicni tkani prokadzan u nitrosaminového derivatu nikotinu
NNK (4-metylnitrosamin-1-(3-pyridyl)-1-butanon), jehoz zvySena koncentrace v plicni
tkani korelovala se zvySenym vyskytem adenokarcinomu plic i karcinomem hlavy a
krku [34-36]. Navic pfi souCasném trendu poklesu obsahu dehtu a tim i PAU jeho
mnoZstvi v cigaretach stoupa [37].

Mechanismus plsobeni alkoholu na vznik spinocelularniho karcinomu hlavy a krku
neni zcela jasny. Pfimé drazdéni sliznice jisté neni rozhodujici, protoze rizikovost
konzumace alkoholu nezavisi na koncentraci napoje, ale na celkovém mnoZstvi
pozitéeho ethylalkoholu. Vliv alkoholu se navic projevuje i na mistech, kde alkohol
nepfichazi do styku se sliznici, napfiklad v laryngu. Nejvice se uvazuje o vlivu
meziproduktl degradace ethanolu acetaldehydu a reaktivnich kyslikovych radikalech
[38].
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Publikace ¢.1

Lee YC!, Zugna D, Richiardi L, Merletti F, Marron M, Ahrens W, Pohlabeln H, Lagiou
P, Trichopoulos D, Agudo A, Castellsague X, Betka J, Holcatova I|,Kjaerheim
K, Macfarlane GJ, Macfarlane TV, Talamini R, Barzan L, Canova C, Simonato
L, Conway DI, McKinney PA, Thomson P, Znaor A, Healy CM,McCartan BE, Boffetta
P, Brennan P, Hashibe M. Smoking addiction and the risk of upper-aerodigestive-
tract cancer in a multicenter case-control study.Int J Cancer,2013.133(11):p.2688-95.

V minulosti byla na mnoha studiich prokdzana spojitost mezi koufenim a uzivanim
alkoholu a vznikem spinocelularniho karcinomu hlavy a krku. Napfiklad
v multicentrické studii probihajici v 15 evropskych statech na témér 2000 pacientech
s karcinomem hlavy a krku bylo zjisténo, ze v 73% pfipadl byla pozitivni anamnéza
koufeni Ci zvySena konzumace alkoholu - z toho 29% pacientt byli jen kufaci, méné
nez 1% byli pacienti pouze s abuzem alkoholu, 44% pacientu kufaci se sou¢asnym
abuzem alkoholu [11]. VétSina epidemiologickych studii zabyvajici se problematikou
koufeni a alkoholu, se v anamnestické Casti zaméfila na celkové mnozstvi a dobu
pusobeni téchto rizikovych faktorl (po€et vykoufenych cigaret i mnozZstvi pozitého
alkoholu, pocet rokl aktivniho koufeni nebo zvySené konzumace alkoholu) [24].
SoucCasné studie se vSak zaméfuji i na psychickou stranku pacienta - tedy zda
stupen zavislosti na tabaku ¢&i alkoholu ma vliv na vysSi riziko vzniku nadoru.
Napfiklad Muscat a Matsuo v nezavislych studiich potvrdili vySSi vyskyt karcinomu
hlavy a krku u pacientt, ktefi vykoufi svou prvni cigaretu do 30 minut po rannim
probuzeni [39, 40].

Jednim z nejCastéji pouzivanych testd ke stanoveni zavislosti pacienta na nikotinu je
Fagerstromuv dotaznik (obr. 1). Ten hodnoti stupen pacientovi zavislosti na tabaku
sérii otazek, které maji zjistit pacientovi denni kufacké navyky - napf. ¢as prvni
cigarety po probuzeni, schopnost vydrzet v nekufackych prostorech (nemocnice,
letadlo) nebo nutnost koufit i pfi zhorSeni zdravotniho stavu. Na zakladé tohoto
dotazniku Deheinzelin prokdzal vztah mezi zavislosti na tabaku a vySSim vyskytem
malignich onemocnéni, nicméné tato epidemiologickd studie probihala bez rozliSeni

lokality nadorového onemocnéni a pouze s 56 pacienty, resp. 85 kontrolami [12].
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Obr. 1 Fagerstromuyv dotaznik zavislosti na tabaku [41].

screeningovych vysetifeni nebo pfi volbé strategie 1€Cby.
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Prezentovana mezinarodni studie probihala ve specializovanych onkologickych
centrech ve 14 evropskych zemi a zahrnovala 1586 pacientld se spinocelularnim
karcinomem hlavy a krku a 1260 kontrol. Soubor byl tvofen sou€asnymi i byvalymi
kufaky, stupen zavislosti na tabaku byl ur€en na zakladé Fagerstromova dotazniku.
Cilem této prace bylo prokazat na jednom z nejvétSich vzorku pacientd z rdznych
zemi, zda mira zavislosti na koufeni muze byt povazovana za nezavisly rizikovy

faktor pfi vzniku karcinomu hlavy a krku, ktery by mél byt zohlednén napfiklad ve



V této praci byla prokazana signifikantni korelace mezi zavislosti pacient na tabaku
a incidenci karcinomu hlavy a krku. Bylo zji§téno, Zze pacienti s vy88im stupném
zavislosti maji 3,83x vysSi riziko vyskytu rakoviny hlavy a krku nez pacienti s nizkou
prvni ranni cigarety - Clovék, ktery vykoufi svou prvni cigaretu do 60 minut od
probuzeni, ma 2,22x vysSi riziko vyskytu karcinomu hlavy a krku. Nicméné u dalsi
sledovanych faktor( jako neschopnost vydrzet v nekufackych prostorech nebyl vliv
na vyskyt nadoru prokazan. Prekvapivym zjiSténim ale bylo, Ze u pacientl s vysokou
zavislosti na nikotinu nezalezi na mnozstvi vykoufenych cigaret, toto riziko je
pfiblizné stejné vysoké pro pacienty koufici do 10 cigaret denné jako pro pacienty
koufici vice nez 20 cigaret za den. Nelze tedy odhadovat nebezpeci vzniku malignity
jen na zakladé poctu vykoufenych cigaret. DalSim zajimavym poznatkem bylo
zjisténi, ze riziko vzniku nadoru hlavy a krku u pacientd, ktefi prestali koufit, je stejné
jako u nekufakd, a to i kdyz dfive byli vysoce zavisli na nikotinu.

Tyto poznatky by mohly pomoci rozsifit anamnestické preventivni dotazniky pacient
- kufaku, kde udaj o poctu vykoufenych cigaret denné a let koufeni by mél byt
doplnén o stupeni zavislosti na nikotinu (stanoveny napfiklad pravé Fagerstromovym
testem). To by vyrazné pomohlo vybrat z kufaku rizikové pacienty z hlediska vyskytu
rakoviny hlavy a krku, ktefi by pak mohli byt zafazeni do screeningovych programu s
cilem brzké diagnostiky a tedy vyrazné vyssi Sanci na vyléCeni. Stanoveni zavislosti
na tabaku by bylo pfinosem i u jiz Ié€enych pacientu, napfiklad z hlediska stanoveni
CastéjSich dispenzarnich kontrol u vysoce zavislych jedinct pro vyrazné vysSi riziko
recidivy €i vzniku duplicitnino nadoru. Nezanedbatelny je i ekonomicky pfinos - 1éCba
ranych stadii nadorového onemocnéni je finanéné vyrazné levnéjsi nez u pacientl v
pokrocilych stadii onemocnéni, kde je ¢asto nutno kombinovat rizné Ié¢ebné metody
(chirurgie, radioterapie, chemoterapie, imunoterapie). DalSim pozitivnim zavérem této
prace je, Ze riziko byvalych kufakd se snizuje bez ohledu na pfedchozi stupen
zavislosti. Tento fakt Ize vyuZzit jako pozitivni motivaci pro pacienta pfi odvykani

koufreni.
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Vliv virovych agens na vyskyt nadorut hlavy a krku

Nékteré nadory vznikaji v souvislosti s infekci (at jiz na podkladé pfimého pusobeni
infektu ¢i na podkladé infektem indukovaného chronického zanétu ¢&i oslabeni
imunitniho systému), pfikladd je zaznamenano hojné: Human Papilloma Virus (HPV)
a nadory Cipku délozniho nebo nadory v oblasti orofaryngu; virus Epstein-Barrové
(EBV) a nadory nasofaryngu a B-bunécné lymfomy typu Hodgkinova lymfomu; virus
hepatitidy B a hepatocelularni karcinom; human immunodeficiency virus (HIV) v
kombinaci s lidskym Herpes virem 8 (HHV 8) a Kaposiho sarkomem; Helicobacter
pylori a nddory Zaludku a lymfomy (MALT) [42-46]. Zajimavé je, Ze nékteré nadory
trebaze stejného histopatologické typu a vznikajici ve stejné lokalité, maji odliSné
dlazdicobunéc€ny karcinom orofaryngu, ktery byl dfive typicky spojen s vyS$Sim vékem
a anamnézou dlouhodobého koufeni. V posledni dobé vSak sledujeme narast
incidence tohoto nadoru u muzl i Zen nekufakd a v mladSich vékovych skupinach
[47, 48]. V téchto nadorech je prokazana HPV infekce (pfedevsim podtyp HPV 16)
[49]. Jeho CastéjSi vyskyt je spojovan se zménami sexualnich praktik v poslednich
letech a tim Casté&jSim pfenosem viru do orofaryngealni oblasti [50]. HPV asociované
nadory se svymi molekularnimi charakteristikami vyrazné li§i od HPV negativnich
tumoru. U vétSiny spinocelularnich karcinomd hlavy a krku je prokazana dysfunkce
jednoho z nejznameéjsSich onkosupresorovych proteini p53 [51]. Zatimco u HPV
negativnich je ve vice nez 50% podminéna mutaci genu, u HPV pozitivnich je
naopak p53 vazan virovym onkoproteinem E6 a tim je spusténa jeho degradace [44,
52]. Oba tyto nadory vykazuji také odliSné biologické chovani. Pacienti s HPV
pozitivnimi nadory, pfestoze maji Castéji regionalni metastatické postizeni
lymfatickych uzlin, Iépe odpovidaji na chemoterapii a radioterapii a navic vykazuji
aktivaci imunitniho systému proti HPV antigenim. Maji proto lepSi progn6ézu nez
pacienti s HPV negativnimi tumory [53, 54]. Biologicka podstata téchto rozdild vSak

zatim neni jasna a je predmétem dalSiho vyzkumu.
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Role tzv. nadorovych kmenovych bunék

Na konci 20. stoleti byla u nékterych nador (u hematologickych malignit Johnem
Dickem v roce 1994 [55], u nadoru prsu Michaelem Clarkem v roce 2001 [56])
identifikovana skupina nadorovych bunék oznaovanych jako tzv. kmenové nadorove
buriky (cancer stem cells - CSC). Ty vykazovaly nékteré vlastnosti jak specificky
nadorovych tak i zdravych kmenovych bunék. Pivod nadorovych kmenovych bunék
nebyl dosud zcela pfesné objasnén. Jedna teorie pFedpoklada nadorovou
transformaci zdravych kmenovych bunék, coz bylo potvrzeno predevSim u
hematologickych malignit, ale i u stfevnich dysplazii [57, 58]. Druh& teorie naopak
pracuje s hypotézou transformace diferencované bunky v nadorovou kmenovou
bunku, ktera byla popsana u nékterych typu leukémii, kde zdrojem CSC neni
hematopoeticka kmenova burka, nybrz néktery z pokroc€ilych stupnd progenitorové
bunky [59]. Charakterizace nadorovych kmenovych bunék je zalozena na téchto
schopnostech: sebeobnova, iniciace a potenciace nadorového rustu, diseminace
z tkané tumoru do krevniho fecCisté a také zvySena schopnost odolavat radiaCnimu
zareni a nékterym chemoterapeutikiim. Tyto vlastnosti naznacuji, Zze CSC mohou byt
hlavni buné€nou podskupinou zodpovédnou za nadorovy rlst a metastazovani pfi
selhani konvencni chemoterapie [13, 60]. Mechanisml, pomoci kterych jsou tyto
buriky schopné potlagit cytostatické uginky protinadorovych légiv, je vice. Casto byva
zmifiovana schopnost urychleného efluxu lé€iva z buniky pomoci zvySené exprese
ABC transportért (ABC B1, ABC C1 a ABC G2) ze skupiny multi-drug resistance
(MDR) genu [61]. Této vlastnosti se pouziva i pfi identifikaci CSC jako tvz. side
population (SP) na zakladé efluxu cytotoxického barviva Hoechst 33342 [62]. Dalsi
vlastnosti, ktera brani vét§imu protinadorovému ucinku na CSC, je udrzeni nizkého
proliferaéniho indexu a metabolického potencialu [63]. K tomu napomaha i interakce
CSC s okolnim prostfedim, které je oznacovano jako hnizdo - niche [64, 65], které
podporuje nadorovy rust i invazi do okoli. Pfedpoklada se obdobna struktura niche
jako u normalnich kmenovych bunék, tedy soustava stromalnich fibroblastd,
doplnénych o imunokompetentni buriky, sit kapilar, extracelularni matrix a Fadu
signélnich molekul. U dlazdicobuné&nych nadoru, kam patfi i spinocelularni karcinom
hlavy a krku nadort, probiha komunikace mezi nadorem a stromatem i na zakladé
epitelo-mezenchymové interakce (EMI), tedy parakrinni komunikace mezi odliSnymi

bunécnymi typy [14, 66]. Tato vzdjemna podpora nadorovych a stromélnich bunék
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byla prokazana i experimentalné: indukce karcinomu prsu u mysi byla jasné vyssi v
pfipadé implantace nadorovych bunék spole¢né s bunkami stromatu nez v pfipadé,
Ze byly implantovany jen samotné nadorové bunky [67]. Dale byla prokazana vyssi
nadorova rekurence v pfipadech, kdy byl odstranén pouze nador, ale ponechana
stromalni buné&na komponenta [68]. Tyto pfiklady dokazuji, Zze pfi IéCbé malignit a
snizZeni rizika recidivy je nutné se zaméfit nejen na samotny nador ale i na jeho blizké

okoli.
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Publikace ¢.2

Fik Z, Dvofankova B, Kodet O, Boucek J, Betka J.A., Betka J, André S, Gabius HJ,
Snajdr P, Smetana K Jr., Chovanec M. Towards dissecting molecular routes of
intercellular communication in the tumour microenvironment: phenotypic plasticity of
stem cell-associated markers in coculture (carcinoma cell/fibroblast) systems. Fol
Biol. 2014; v tisku

Nadorové kmenové buriky jsou povazovany za jednu z hlavnich pfi¢in neuspéchu
klasické chemoterapie a relaps nadorového onemocnéni. Soucasné byl prokazan vliv
epitelo-mezenchymové interakce mezi nadorovymi kmenovymi bunkami a jejich
stromatem. Cilem prace bylo blizSi poznani interakci mezi CSC a okolnim
prostfedim, které by bylo mozné vyuzit k pfesnéjSimu cileni terapie. V experimentu
byly pouzity bunééné kultury samotné linie FaDu (spinocelularni karcinom
hypofaryngu), linie FaDu kultivované spole¢né s fibroblasty a linie FaDu kultivované s
fibroblasty v insertnim systtmu s vylou¢enim mezibunéénych spoja.
Imunohistochemicky jsme prokazovali vybrané potencialni znaky CSC a nizké
diferenciace tkani (CD29, CD44, K-8, K-19, jaderny Gal-1-BS). Z hlediska morfologie
bylo zaznamenano vyrazné zvySeni poctu buné&cnych kolonii v pfipadé souCasné
kultivace linie FaDu spole¢né s fibroblasty ve srovnani s izolovanou linii FaDu, tento
rozdil se jesté zvySoval s rostoucim ¢asem kultivace. Buriky podobné fibroblastim
(povazované za nizce diferencované/prekurzorové buriky) se nachazely na periferii
kolonii a v pfipadé linie FaDu se jejich zastoupeni s prodluzujici se délkou kultivace
snizovalo, avSak pfi kultivaci s fibroblasty byla jejich denzita vyznamné zvySena. Pfi
studiu moznych CSC antigenu (CD29, CD44, K-8, K-19, jaderny Gal-1-BS) byly tyto
znaky v pfipadé samotné linie FaDu patrné pouze na zacCatku kultivace a jejich
exprese se snizovala v €ase. Naopak u linie FaDu s fibroblasty bylo v pozdéjSich
fazich zastoupeni bunék s CSC pozitivnimi antigeny vyznamné vys$Si, souCasné byly
tyto buriky pozorovany na periferii kolonii v kontaktu s okolnimi fibroblasty. Nepfima
kultivace nepfinesla rozdil ve velikosti a charakteru kolonii ve srovnani s pfimou
kultivaci. Na rozdil od pfimé kultivace se ale burnky s pozitivnimi CSC antigeny

nachéazely i v centru kolonii.
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Tato prace prokazala klicovou ulohu epitelo-mezenchymové interakce v procesu
bylo potvrzeno, ze vzajemna komunikace mezi stromatem a epitelem probiha obéma
smeéry nejen na podkladé mezibunécnych kontaktl, ale téz za pomoci parakrinni
signalizace [69]. V jiné publikaci stejného pracovisté byly kliCovymi slozkami
parakrinni signalizace ur€eny interleukiny IL-6, IL-8 a chemokin CXCL-1, které v této
kombinaci vyznamné snizovaly diferenciaci keratinocytl [70]. NaSe studie epitelo-
mesenchymové komunikace potvrdila vyznam prostiedi a délky vzajemného
pusobeni na konzervaci ur€itého poolu nadorovych bunék ve stadiu blizkému
kmenovému. Tato schopnost muze byt jednou z pfiCin nadorové resistence vidi
iradiaci a systémoveé |éCbé a predpoklada tak nutnost komplexniho zasahu do
nadoroveho prostifedi spolu s cilenou eliminaci CSC [71]. Zaroven ukazala jednu z

moznych cest k definici této zatim malo znamé subpopulace.
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Diagnostické metody pouzivané pfi odhalovani nador

K diagnostice nadorového onemocnéni slouzi fada metod. Zasadni roli v minulosti
sehraly a v sou€asné dobé stale hraji zobrazovaci metody. V prvni poloviné minulého
stoleti se zdokonalovalo rentgenové vysSetfeni pouZitim novych kontrastnich latek.
Tato metoda vSak od 70. let 20. stoleti byla nahrazovana pocitaCovou tomografii a
poté magnetickou rezonanci, které poskytuji pfesnéjSi predstavu o celkovém
rozsahu onemocnéni. Také dalSi neinvazivni metoda - ultrasonografie znamenala
dalSi zlepSeni diagnostiky tumorud, pfedevSim u parenchymatdznich organl. Tato
metoda je navic Casto doplfiovana invazivni biopsii, ktera rychle, Setrné a s
minimalnim rizikem umozni odbér bunétného materialu z Iéze podezielé z maligni
infiltrace a jeji nasledné cytologické vySetfeni. SouCasné se k diagnostice zacalo
vyuzivat i radioaktivniho zafeni pochéazejiciho z radionuklidd (scintigrafie), které
umoznilo presnéjsi diagnostiku diseminace onemocnéni v€etné kostniho postizeni
nebo lymfatickych uzlin [72]. Vyznamnym obohacenim diagnostickych moZznosti
byla také pozitronovd emisni tomografie, jez umozfiuje zobrazit metabolické a
biochemické procesy v jednotlivych tkanich a organech. Proto je tato metoda
pfinosna predevsSim pro pfesnéjsi urCeni pokrocCilosti onemocnéni, pfi patrani po

primarnim nadorovém lozisku nebo pfi stanoveni prognézy nemocnych [73].

V oblasti biochemického vySetfeni se zatim nepodafilo nalézt jednotny specificky test
k odhaleni zhoubného bujeni. Pro urcité druhy nadort mohou byt diagnosticky cenné
nékteré antigeny, enzymy nebo hormony, které souhrnné oznacujeme jako nadorové
markery. Ty mohou byt pfitomny pfimo ve tkani nadoru nebo jsou né&dorem
produkovany, popf. jsou produkovany hostitelem jako odpovéd na pfFitomnost

maligniho onemocnéni [74, 75].

Priklady vyuzivanych nadorovych markeru:

1. CEA (karcinoembryonalni antigen) je onkofetélni glykoprotein. Za fyziologickych
podminek je CEA produkovan hlavné stfevem, pankreatem a jatry vyvijejiciho se
embrya, a to zejména béhem prvnich dvou trimestrd téhotenstvi. V dospélosti je
omezené syntetizovan epitelialnimi bunkami stfevni sliznice, zaludku, bronchl a

béhem kojeni mlé&nou zlazou. CEA patfi do imunoglobulinové super rodiny; podili se
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pravdépodobné na procesu adheze a metastazovani bunék. Je produkovan

karcinomy zaZivaciho traktu, pankreatu, plic, mlééné Zlazy a dalSimi.

2. CA 19-9 se vyskytuje jako glykolipid ve tkani nebo mucin v séru. Obsahuje
determinanty lidské krevni skupiny Lewis. Kolem 5-10 % populace tento antigen
netvofi. Je ve zvySeném mnoZstvi pfitomen u karcinomu pankreatu, kolorektalniho

karcinomu a u dalSich nadoru gastrointestinalniho traktu.

3. AFP (a-1-fetoprotein) je onkofetalni glykoprotein, produkovany v embryonalnim
Zloutkovém vaku a ve fetalnich jatrech. V dospélém zdravém organismu je syntéza
AFP omezena na minimum a nahrazena albuminem. V séru matky, kam pfechazi
pres placentu, je dllezitym ukazatelem fyziologického vyvoje t&€hotenstvi. Vyznamna
je pfedevsim jeho role transportni (vazba steroidd, nékterych tézkych kovd, bilirubinu,
mastnych kyselin, retinoidl, drog, antibiotik apod.). V onkologii se vyuZiva jako
nadorovy marker u hepatocelularniho karcinomu nebo u germinativnich nadoru varlat

(nonseminomy). ZvySenou hladinu Ize prokazat i u nadord zaludku a pankreatu.

4. hCG (lidsky choriovy gonadotropin) je glykoprotein tvofeny 2 podjednotkami a
a B ze skupiny gonadotropind, biologickou specificitu podmifiuje pfedevsim beta-
podjednotka. ZpocCatku je hCG produkovan burikami trofoblastu a v prvnich 6
tydnech gravidity je nutny k udrzeni ¢innosti corpus luteum, které zaijistuje produkci
progesteronu a estrogenu, nez dojde k pIné produkci téchto hormonu
placentou. ZvySené hladiny v séru nachdzime tedy v téhotenstvi, dale pfi myomech a

u ovarialnich cyst, ale i u choriokarcinomu a nador( testes.

5. CA 15-3 je antigen polymorfniho epitelialniho mucinu, nazyvany rovnéz MUC1. V
dospélosti je syntetizovan v epitelidlnich burikach vyvodu mlééné Zlazy, slinnych Zlaz
a bronchd. Je uzivan pro monitorovani pribéhu progrese a uc&innosti 1é¢by u

karcinomu prsu.
6. PSA (prostaticky specificky antigen), fPSA (voln& frakce PSA). PSA je serinova

proteinaza umoznujici zkapalnéni seminalni tekutiny, ¢imz usnadnuje pohyb spermii.

Je vyuZzivan ve screeningu karcinomu prostaty, pro odliSeni benigni hyperplasie od
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karcinomu se stanovuje pomér volného a celkového PSA. Pretrvavajici zvysSené
koncentrace v séru po radikalni prostatektomii znamenaji bud’ nadorovou persistenci
Ci lokalni rekurenci. Monitorovani ma vyznam rovnéz pfi terapii - pokles PSA obvykle

koreluje s délkou preziti.

7. CA 72-4, epitop mucinu, uziva se k monitorovani pribéhu onemocnéni predevsim

u karcinomu Zaludku, jicnu a ovaria.

8. S-100 beta, je vhodny pro monitorovani nemocnych s malignim melanomem.

Pozitivni hodnoty Ize nalézt i u mozkovych malignich nadort ektodermalniho pavodu.

9. CYFRA 21-1, vyuziva se predevSim pfi monitorovani pribéhu onemocnéni a pfi
monitorovaci uspésnosti terapie u epidermoidnich karcinom plic, vyznam ma rovnéz
pro sledovani nemocnych s karcinomem mocového méchyfe, u epidermoidnich
nadoru délozniho hrdla a u nadorua oblasti hlavy a krku.

ProtoZze vSak z hlediska primarni diagnostiky neméa vétSina nadorovych markert
dostatecnou specifitu (Casto byvaiji faleSné pozitivni u akutnich virovych i chronickych
hepatitid, jaternich cirh6z nebo chronickych zanétl gastrointestinalniho traktu), slouzi
vySetiovani téchto parametrli zejména pro monitorovani progrese choroby a
efektivity terapie, pro ¢asnou diagnézu relapsu choroby a k diferencialni diagnostice
neznamého primarniho tumoru. Pro screening a €asny zachyt malignit jsou vSak
vyuzivany jen sporadicky [76]. V posledni dobé se jako nadorové markery zacinaji
uplathovat i nékteré genetické abnormality a to pfedevsim pro specifikaci abnormality
nadorovych bunék, ktera mlize pomoci uréit zpusob lé¢by. Sleduje se napf. pfima
detekce mutaci v DNA, proteinové produkty onkogenl (napf. c-myc, c-fos, k-ras,
src), zmény v jejich posttranslaénich modifikacich v maligni tkani, nové vzniklé
genetické zmény v maligni bufice (napf. chromosomalni rearrangement bcr-abl) nebo
detekce mutaci v tumor supresorovych genech (BRCA1l, BRCA2, p53) [77, 78]. V
souCasnosti je napfiklad jako marker progndézy a agresivity karcinomu prsu
sledovana zvySend exprese transmembranového tyrosinkinazoveho receptoru
Her2/neu. Ta je pozorovana i u spinocelularniho karcinomu hlavy a krku, kde je
spojena s kratSi dobou do relapsu i kratSim celkovym pfezitim a exprese Her2/neu je

zde potvrzena i jako nezavisly prognosticky faktor [79, 80].
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Moznosti Ié¢by malignich onemocnéni

K IéEbé nadorovych onemocnéni existuje nékolik druht odliSnych metod. NejCastgji
se pouziva chirurgicka |éCba, radioterapie a chemoterapie. V klinické praxi se tyto
metody samozfejmé vhodné kombinuji tak, aby pfinesly co nejvétsi IéCebny efekt.

Chirurgicka lécba

Chirurgicka |éCba byla prakticky jedinou lé€ebnou metodou od starovéku az do
poCatku 20. stoleti, kdy byla postupné doplfiovana ozafovanim. | dnes nalezi
chirurgické |é€bé vyznamné misto, zvlasté pro |éCbu solidnich nadoru je stale Casto
metodou prvni volby, i kdyZ se dnes prakticky u vSech pokrocilejSich nalezl
kombinuje s dalSimi metodami, zejména s radioterapii nebo s chemoterapii. Jeji
vyznam byl posilen zdokonalenim operacni techniky, ktera se dale rozviji i dnes,
napfiklad vyuzitim robotické operativy [81, 82]. Limitem chirurgické IéCby vSak stale
zustava lokalni rozsah onemocnéni bez postizeni pro zZivot dilezitych struktur (velké
cévy, CNS). Svlj vyznam ma i chirurgie paliativni, zaloZen& na cytoredukci nadorove
masy, ktera zmiriuje pacientovi obtize. Novéji se v onkologii stale vice uplatiuje i
chirurgie rekonstrukéni, ktera umoznuje upravit i velké defekty zplsobené radikalni
protinadorovou léCbou, napfiklad nahrada defektu spodiny dutiny Ustni pomoci
volného muskulokutanniho laloku z predlokti [83].

Radioterapie

Radioterapie pro 1éEbu rakoviny byla poprvé vyuzita v roce 1930 Henrim Coutardem,
ktery aplikaci frakcionovaného zareni dosahl pétileté remise u znacného mnozstvi
pacientd s nadory dutiny ustni, hitanu a hrtanu. Pozdégji tato IéCba nabyla na
vyznamu technickym pokrokem se zavedenim vysokoenergetickych zdroju zafeni,
které umoznily dosahnout lepSich léCebnych vysledkd. K vySSimu uUspéchu
radioterapie pfispély i nové zpusoby planovani lé€by, vyuzivajici poc&itacové techniky,
simulatord a zpfesnéni dozimetrie. Moderni radioterapeuticka technika zevniho
zareni ve vétSiné pripadu nahradila pouziti radionuklid( v intersticialni a intrakavitalni
brachyterapii, a tak aplikace zafice pfimo do tkané nebo do télni dutiny je dnes
vyhrazena pro specifické pfipady, mezi které patfi napf. nadory pochvy, délohy,

ZluCovych cest C&i &titné Zlazy. K ucinné kurativni nebo paliativni |€Cbé vétSiny
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nadorovych onemocnéni je zapotfebi vysokoenergetickych zdroju zareni, které
umozni podat vysokou davku zafeni do nadorové tkané ulozené v hloubce, a to pfi
podstatném omezeni rizika poSkozeni zdravych tkani. Pro ozafovani bylo puavodné
vyuzivano radium, v roce 1951 Harold E. Johns poprvé vyuZil radioizotop kobaltu. Od
70. let 20. stoleti byl kobalt nahrazovan urychlovacdi Castic (betatron, linearni
urychlovace, kolimacni systémy), které umozniuji pfi vlastnim ozafovani co nejlépe
sledovat tvar nadorového loziska. Radioterapie se také zaCala podavat
frakcionované, kdy ozarovani je provadéno po jednotlivych dil€ich davkach, a to bud
ve vysSich davkach podanych méné Casto i naopak v malych davkach aplikovanych
nékolikrat denné [84]. Citlivost nadorové tkané k ozareni lze zvysit i fyzikalnimi vlivy
(hypertermii, ucinkem hyperbaroxie) ¢€i farmakologicky (podanim nékterych
cytostatik). DalSi pokrok v radioterapii pfineslo vyuZiti stereotaktické radiochirurgie
zalozené na aplikaci malé davky zafeni z mnoha zdroju (Lekselllv gama n(z,
CyberKnife), které umoznuje velmi pfesné podani davky s minimélnim poskozenim
okolni tkané. Své vyuziti nachazi predevsim u obtizné dosazitelnych nadoru hlavy
(napfiklad vestibularni schwannom nebo meningeom) [85]. Od 90. let minulého
stoleti byla do praxe zavadéna protonova terapie. Jeji princip spociva
v urychleni protont v cyklotronu na polovinu rychlosti svétla, jejich nasledné
usmeérnéni do uzkého paprsku a prfeneseni do nadoru. Pfi zbrzdéni v nadorové tkani
dojde k uvolnéni energie, k ionizaci a posSkozeni DNA a nasledné smrti zasazené
buriky. V sougasné dobé je v CR indikovana pouze u specifickych pfipad(, nejéastsii
u zhoubnych nador oka, CNS, baze lebni nebo prostaty [86]. Pfekazkou pro Sirsi

vyuziti této modality zUstavaji pfedevSim vysoké pofizovaci i provozni naklady [87].

Chemoterapie

PocCatky novodobé protinadorové chemoterapie na zakladé inhibice proliferace
nadorovych bunék mohou byt nalezeny v 1. poloviné 20. stoleti, kdy byla
pozorovana hypoplasie lymfoidnich a myeloidnich bunék u jednoho z namofniki
vystavenych uéinkim bojového plynu Yperit za 1. svétové valky. V roce 1959 Ufad
pro kontrolu potravin a IéCiv v USA (FDA) schvalil k |éCbé rakoviny cytostatikum
cyklofosfamid, které brzy ziskalo Siroké klinické vyuZziti a hojné se uziva dodnes.
Obecnym mechanismem ucinku toho preparatu je alkylace s tvorbou zkfizenych

vazeb vedouci k narudeni buné€ného cyklu. Jeho imunosupresivni U€inek se vyuziva
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i v [éCbé autoimunitnich onemocnéni. Pro dalSi vyvoj cytostatik byl vyznamny objev
esencialni ulohy kyseliny listové v metabolismu DNA. V 50. letech 20. stoleti Sidney
Farber popsal l1éCivo metotrexat, které jako antagonista foldtu ma schopnost inhibice
nadoroveho bujeni a zpomaleni progrese nemoci. Pozdéji bylo popsano, Zze
metotrexat zasahuje do biosyntézy DNA, pfi které Dblokuje enzym
dihydrofolatreduktasu, ktery je zodpovédny za redukci dihydrofolatu na
tetrahydrofolat. Nasledné byly objeveny a postupné zavedeny do praxe analogy
purind (merkaptopurin) a pyrimidina (5-fluorouracil) inhibujici syntézu DNA a RNA. V
roce 1963 byla publikovana spole¢nosti Eli Lilly obsahla prace o vice jak 30
alkaloidech, z nichz nékteré (napf. vinblastin, vinleurosin, vinkristin) vykazovaly
protinddorovou aktivitu. Jejich mechanismus ucinku je zaloZzen na vazbé alkaloidu na
tubulin déliciho vieténka. Tato vazba blokuje schopnost polymerace, tim inhibuje
mitdbzu béhem metafaze bunétného cyklu a nasmeéruje buriku k apoptdze (tzv.
mitoticka katastrofa). Navic tyto preparaty ovliviiuji i dalSi buné¢né systémy jako je
syntéza RNA a DNA, lipidova biosyntéza a kalmodulindependentni Ca2+ transportni
ATPasa. Obdobné plsobeni vykazuje i pozdéji objevena skupina taxanu (paclitaxel,
docetaxel). Na rozdil od alkaloidi vSak taxany inhibuji depolymeraci mikrotubul(
déliciho vieténka (stabilizuji jiz vytvofené mikrotubuly a urychluji stavbu novych). Od
60. let se také zaCala do praxe dostavat skupina platinovych antineoplastik
(cisplatina, pozdéji karboplatina a oxaliplatina), které vyuzivaji schopnosti vazat se na
DNA za vzniku interkalacnich vazeb znemoziujicich replika¢ni a reparacni pochody.
V letech 1966 a 1967 byla syntetizovana cytostatika etoposid a teniposid, patfici
mezi epipodofylotoxiny, které jsou dodnes Siroce vyuZivanymi inhibitory DNA
skupinou chemoterapeutik jsou antracyklinova antibiotika. Jejich hlavni ucinek
spociva v interkalaci antracyklinové ¢asti do DNA, chelaci kovovych iontd a v inhibici
topoizomerazy |l pfi replikaci. NejvyznamnégjSim predstavitelem této skupiny je
doxorubicin, Sirokospektré antracyklinové antibiotikum, které je od 60. let 20. stoleti
vyuzivano v |écbé solidnich tumorl i hematologickych malignit. DalSi zastupci
daunorubicin a idarubicin se pouzivaji k |é¢bé akutni myeloidni leukemie.
je v8ak u novych léCiv této skupiny (amrubicin) jiZ znaéné snizena [88]. Cytostaticka

terapie nadorovych onemocnéni dosahla nejvétSiho rozvoje v 70. letech minulého
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stoleti. Z puvodné dopliikové metody se stala jednou z metod zakladnich. U
nékterych nadorovych onemocnéni je mozné touto metodou dosahnout i vyléCeni.
Lécebné vysledky posilila i kombinace chemoterapie s dalSimi Ié€ebnymi metodami,

hlavné chirurgickymi a radioterapeutickymi [89-91].

Nezadouci u€inky chemoterapie
Chemoterapie ma neselektivni u€inek, a proto vzdy v urcité mife poskozuje i zdravé
tkané. Zde je popsana toxicita cytostatik podle poSkozeni cilové tkané [91-94].

e Hematologicka - myelosupresivni u€inek cytostatik se projevi leukopenii,
neutropenii a trombocytopenii nebo i anemii. Celkovy stav muze vyustit az do
diseminované intravaskularni koagulace ¢i jinych krvacivych poruch.

e Gastrointestinalni - ¢asty jevem po podani cytostatika je nauzea a zvraceni,
mukositida z inhibice proliferace epitelidlnich bunék a funk&ni poruchy strevni
pasaze. U pacientd se souCasnym jaternim onemocnénim muze dojit k
akutnimu poskozeni jaterni tkané.

e Kardialni - projevi se poruchami srde¢niho rytmu, ischemii az srdeCnim
selhanim.

e Plicni- zmény v plicni tkani mohou byt charakteru pneumonie nebo
intersticialni plicni fibrozy, vyjimecné edému plic.

e Nefro a urogenni - poskozeni ledvin vznika nejcastéji precipitaci cytostatika v
tubulech nebo nekrézou distalnich tubul(d. Pfi rychlém rozpadu tumoru
krystalizovana kyselina mocova blokuje tubuly a zpuUsobuje uratovou
nefropatii.

e Neurogenni- jsou popisovany neuropatie s paresteziemi koncetin, s
dysfunkci mocového méchyfe ¢i hlavovych nervl. Intratekalni aplikace
cytostatik muze zpUsobit meningealni drazdéni nebo vznik encefalopatie.

e Poskozeni kuzZe a koZnich adnex - charakteristické jsou zmény pigmentace,
predevsim alopecie po nékterych cytostatikach.

e PoSkozeni sluchovéeho a vestibularniho aparatu - poSkozeni vlaskovych
bunék Cortiho organu s poruchou sluchu i rovnovazného ustroji je popisovano

nejCastéji po IéCbé platinovymi derivaty.
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e Infekéni komplikace - nejCastéji se jedna o bakterialni infekce, vyskytuji se
hlavné u hematologickych malignit.

e Nespecifickd - poruchy imunity, mutagenni a kancerogenni ucinky zvySuji
riziko vzniku sekundarnich zhoubnych nadoru, pfevazné se jedna o
hematologické malignity nejCastéji popisované po Iécbé alkylaénimi

cytostatiky.
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Cilena protinadorova terapie

Sirsimu uplatnéni klasické chemoterapie u vétsiho spektra nadorovych onemocnéni
tedy bréni jeji zna¢na toxicita, ktera asto neumoznuje aplikaci dostateéné vysokych
davek cytostatik potfebnych ke zni¢eni vSech nadorovych bunék. Koncem 80. let 20.
stoleti molekularni a genetické pfistupy pomohly lepSimu porozuméni bunécné
biologie a umoznily tak objev signalnich siti regulujicich proliferaci a pfezivani
bunék. Bylo odhaleno, Ze tyto signalni drahy jsou zna&nym zplsobem zménény v
nadorovych burikach [95]. Tento pfelom v bunécné biologii pfedznamenal vzestup
nového pfistupu v protinadorové chemoterapii — cilenou Ié¢bu. Ta je zaméfena na
ovlivnéni bunééného cyklu, neoangiogeneze nebo na stimulaci imunitniho systému.
Na rozdil od klasickych cytostatik tak neposkozuje genetickou informaci buriky, ale
zasahuje v oblasti proteinl s regulaénimi a signalnimi ucinky [96]. Spektrum modalit
cilené terapie je mimoradné Siroké. Zahrnuje inhibici rlstovych faktord, inhibici
membranovych a cytoplazmatickych receptort, inhibici transdukéni kaskady
blokadou raznych tyrosinkinaz, inhibici regulaénich proteind buné&fného cyklu,
inhibici angiogeneze a metastazovani nebo indukci apoptézy a diferenciace [97, 98].
Jiny smér vyzkumu cilené terapie je zaméfen na pfenos cytostatika v inaktivni formé
pfimo do mista nadoru. V experimentalni i klinické praxi byla nejvétSi pozornost
zameéfena na polymerni IéCiva a monoklonalni protilatky [99]. Monoklondlni protilatky
jsou produktem jediného klonu B lymfocytu; jsou naprosto homogenni a reaguji proti
stejnym antigennim determinantam. Umeéle pfipravené monoklonalni protilatky jsou
produktem B lymfocytarnich hybridomU, vznikajicich indukovanou fuzi jednoho
B lymfocytu a jedné bunky pfipravenych myelomua [100]. Tim dosahuji schopnosti
produkovat specifické protilatky (od B lymfocytd) i schopnosti trvalého ristu (od
bunék myelomu) [101]. Pfiprava prvniho hybridomu a celé hybridomové technologie
byla poprvé popsana v roce 1975 Milsteinem a Kohlerem, kterym za to byla v roce
1984 udélena Nobelova cena. Prvni monoklonalni protilatkou pro klinické vyuziti byl
rituximab (Mabthera), chimérickd mysi-lidskA monoklondlni protilatka 1gG1-k proti
antigenu CD20, ktera se vroce 1997 stala prvni latkou tohoto druhu schvéalenou
k pouziti v klinické praxi kterapii malignich onemocnéni (B-NHL) [102]. V
soucasnosti je do klinické praxe zaveden vétsi pocet monoklonalnich protilatek a
nékolik desitek nové pfipravenych je predmétem Kklinického testovani [103].
Pouzivaji se protilatky Cisté mysSi, chimerické, humanizované nebo Cisté lidskeé.
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Jejich nazvoslovi respektuje pavod protilatky. Cist& mysi protilatky se oznaduji
koncovkou —momab, chimérické koncovkou —ximab, humanizované koncovkou —
zumab a Cisté lidské koncovkou —mumab. VétSina z nich je smérovana proti
povrchovym znakim nadorovych bunék. Vazba protilatky na buriky exprimujici
pfislusny povrchovy antigen usnadni rozpoznani buiky imunologickymi
protinddorovymi mechanizmy (cytotoxickymi NK burikami, makrofagy). Tyto
efektorové bunky pak ni¢i nadorové buriky, jde tedy o bunécnou cytotoxicitu
zprostfedkovanou protilatkami, tzv. ADDC (antibody dependent cellular cytotoxicity).
Dulezita vlastnost téchto protilatek je i aktivace komplementu neboli CDC
(complement dependent cytotoxicity) [104]. V jinych pfipadech jsou protilatky cileny
na inicialni etapu transduk&ni kaskady, nejCastéji proti ristovym faktordm nebo proti
extracelularni doméné membranovych receptort. Ty zpUsobuji inhibici proliferace
nadorovych bunék zablokovanim prorlstovych signali zprostfedkovanych receptory
s vnitfni tyrozinkinazovou aktivitou, které prenaseji mitogenni signaly rastovych
faktort [105]. Monoklonalni protilatky se uplatiuji jak v [é€bé& hematogennich tak i
solidnich nadoru, vétSinou jako doplhkova |écba klasické chemoterapie nebo

ozarovani [106].

Priklady uzivanych monoklonalnich protilatek:
1. monoklonalni protilatky proti povrchovych znakiim nadort

e Rituximab (Mabthera, Rituxan) — chimericka monoklonalni protilatka anti-CD20,
uziva se k Iécbé nonhodkginovskych lymfomu (B-NHL) a chronické myeloidni
leukemie.

e Alemtuzumab (MabCampath, Campath) — humanizovana IgG1l-k lidska
protilatka proti povrchovému glykoproteinu CD52, pouzivana u pacientl s
chronickou B-lymfocytarni leukémii (B-CLL) nebo u T-prolymfocytarni leukémie.

e Gemtuzumab ozogamicin (Mylotarg) - humanizovana rekombinantni anti-CD33
protilatka spojenou s potentnim antitumoroznim antibiotikem kalicheamicinem,
je uzivana pro IéCbu relapsu leukémie pfi selhani klasické chemoterapie.

e Ofatumumab (Arzerra) - Cisté lidska IgG1 monoklondlni protilatka anti-CD20,

uziva se v [éCbé CLL a B-NHL v relapsu.
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Ibritumomab tiuxetan (Zevalin) - mysSi IgG1 monoklonalni protilatka anti-CD20
konjugovana s radionuklidem (Ytrium %°Yt), pouziva se i v CR k |é¢b& NHL.
Galiximab (Primatized) - chimericka makak-lidska IgG1 monoklonalni protilatka
anti-CD80, jez se osvédcila v |éCbé relabujicich a rezistentnich forem B-NHL
(zejména u folikularniho lymfomu) i u relabujiciho Hodgkinova lymfomu.
Atlizumab - protilatka proti receptoru pro IL-6, uziva se pro |éCbu

Castelmannovy choroby a mnohocetného myelomu.

2. monoklonalni protilatky s primym uc¢inkem na transdukéni kaskadu a

apoptézu

Cetuximab (Erbitux) - rekombinantni chimericka protilatka cilena proti
extracelularni doméné receptoru pro epidermalni ristovy faktor
(EGFR/ErbB1/HER1), klinicky se uziva v 1éEbé metastatického kolorektalniho
karcinomu, lokalné pokrocilych forem spinocelularniho karcinomu hlavy a krku,
testuje se u nemalobunécného karcinomu plic, karcinomu pankreatu a dalSich
EGFR pozitivnich nadort, ¢asto v kombinaci s cytostatiky.

Trastuzumab (Herceptin) - humanizovana rekombinantni protilatka proti
receptoru ERBB2/HER-2/NEU, uziva se v terapii metastatického karcinomu
prsu a to jak v monoterapii tak v kombinaci s taxany.

Bevacizumab (Avastin) - neutraliza¢ni humanizovana monoklonalni protilatka
proti endotelialnimu rastovému faktoru VEGF, brani angioinvazi, uziva se u
fady solidnich nadort (metastazujici karcinom kolorekta, ledvin, prsu,
metastazujici nemalobuné&cny karcinom plic).

Panitumumab (Vectibix) - lidska monoklonélni IgG2 protilatka s vysokou afinitou
k receptoru pro epidermalni rstovy faktor (EGFR/ERBB1/HER 1), uziva se u
pfi rezistenci na cetuximab pfi |é€bé metastazujiciho kolorektéalniho karcinomu,
zkouS$i se u nemalobunééného karcinomu karcinomu plic v kombinaci

s paklitaxelem.

Ertumaxomab (Rexomun) - bispecificka trifunkéni monoklonalni protilatka proti
receptoru ERBB2/HER2/NEU a CD3. Zkousi se v |éCbé metastatického

karcinomu prsu.
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DalSim druhem |éCiv pouzivanych v cilené terapii jsou nizkomolekularni pfirodni
latky. Vyznamnymi z4stupci této skupiny jsou retinoidy, pfirozené nebo syntetické
derivaty retinolu (vitaminu A), které ovliviiuji proliferaci a diferenciaci nadorovych
bunék tim, Ze brzdi jejich proliferaci a sméruji je do podoby diferencovanych bunék s
malou ¢i zadnou proliferaéni aktivitou a nasledné je jejich biologicky cyklus zakon&en
klasickou apoptézou. Obecné maji ucinky antiproliferacni, diferenciacni a
proapoptotické. Do klinické praxe jsou jiz schvaleny tretinoin (pro léCbu akutni
promyelocytarni leukemie) a bexaroten (pro |éCbu kozni formy T buné&ného
lymfomu) [107, 108].
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Polymerni Ié€iva v protinadorové lécbhé

Jednou z moznosti, jak zvySit davku léCiva a tim i ucinnost protinadorového
cytostatika pfi tolerovatelnych nezadoucich ucincich, je pouZiti jejich polymernich
(makromolekularnich) nosi€a. Ty ve spojeni s klasickymi Ié€ivy mohou odstranit fadu
jejich nevyhodnych vlastnosti nebo dat léCivim vlastnosti zcela nové. Zakladni
charakteristiku idealniho 1éCiva, tzv. magické strely, které se polymerni 1éCiva snazi
pfiblizit, formuloval v roce 1906 Paul Erlich [109]:

1. podani biologicky aktivni latky (Ié¢iva) v neaktivni formé, bez jakéhokoliv vlivu na
organizmus (bunky imunitniho systému) a doprava specificky do mista
pozadovaného ucinku.

2. aktivace pouze v misté pozadovaného ucinku, plsobeni v poZzadované
koncentraci a po dobu optimalni pro dosaZzeni maximalniho lé€ebného ucinku

3. l1éCivo, metabolity a vSechny komponenty nosi¢ového systému jsou po dosazeni

efektu eliminovany z organismu.

V roce 1975 navrhl Helmuth Ringsdorf obecny koncept polymerniho systému
umozniujiciho cileny transport a fizené uvolnovani |€Civ
(obr. 2). Ten se skladal ze syntetického polymeru, na ktery byly navazany molekuly
ucinné latky prostfednictvim spojky tak, aby kovalentni vazba mezi IéCivem a spojkou
byla Stépitelna pouze v cilové tj. nadorové bunce. Dale byly k polymernimu nosici
pfipojeny tzv. solubiliza¢ni skupiny (zajistujici dobrou rozpustnost systému ve vodé)
a smeérujici jednotky zodpovédné za uc€inné cileni do mista poZzadovaného

terapeutického pusobeni [110].
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Schéma klasického polymerniho 1é¢iva
(konkretizovana struktura navrzena J. Kopeckem)

5 o Biodegradovatelna spojka
<@ Lécivo (model Nap) (fosfat, cukr, oligopeptid,
hydrolyticky stépitelna spojka)

= Smérujici struktura: sacharid, lektin, protilatka
(IgG a fragmenty), hormon, specificky oligopeptid

Obr. 2 - Ringsdorfiv obecny koncept polymerniho systému - pfevzato z Kopecka
2010 [111].

Makromolekularni nosi¢e mohou byt pfirodniho ptivodu nebo na miru pfipravené
syntetické polymery, které funguji na principu Ffizeného uvolfovani a cileného
transportu léCiv (controlled drug release nebo targeted drug delivery systems - DDS).
Polymer zde slouZi jako nosiC, ktery toxické IéCivo dopravi v inaktivni formé az k
cilové tkani - naddoru, bez poskozeni zdravych tkani a organu. Optimalné teprve po
internalizaci polymerniho IéCiva nadorovou bunkou dojde k uvolnéni IléCiva z
polymerniho komplexu a tim i aktivaci jeho cytostatického ucinku [112]. Nelze ovSem
vyloucit, Ze pokud se pro vazbu léCiva zvoli hydrazonovéa tzn. pH senzitivni vazba
s optimem kolem pH = 5.0 — 5.5, muze k jeho uvolnéni obecné dojit v nddoroveé tkéani,
ktera se vyznacuje nizkym pH. Jednim z prvnich ukoll pfi vyvoji téchto I&Civ bylo
zacileni jejich aktivity pfednostné na nadorovou tkan nebo dokonce na jednotlivé
nadorové buriky. V 80. letech minulého stoleti popsal Hiroshi Maeda schopnost
tumoru pasivné akumulovat nékteré vysokomolekularni latky - tzv. EPR (Enhanced
Permeability and Retention) efekt [113, 114]. Za ucelem zasobeni rostouciho nadoru
kyslikem a Zivinami dochazi v neoplastické tkani k silné neoangiogenezi. Tato nové
vznikajici cévni tkan pomérné snadno propousti makromolekuly skrz dosud

nedokonale utvofené cévni stény do okolni nadorové tkané. Zaroven v nadorech
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zpravidla chybi nebo je defektni lymfaticky systém, ktery by odvadél nahromadéné
makromolekulérni latky z nddoru. V dusledku EPR efektu tudiz dochazi ke zvySené
akumulaci makromolekularnich latek v nddorové tkani. Tento jev se oznaluje jako
terapeutik oproti klasickym nizkomolekularnim cytostatikim [115].

Pfi aktivnim smérovani vhodné zvolena struktura polymerniho nosi¢e umoziuje
navazani smérujici jednotky, schopné specifické interakce se strukturami, které se ve
zvysené mife vyskytuji na povrchu nebo v okoli cilovych nadorovych bunék.
Nejpfesnéjsiho cileni Ize dosahnout pfi klasické specifické imunitni reakci, kde jsou
smérujici strukturou navazanou na polymerni nosi¢ protilatky (monoklonalni nebo
polyklonalni) a receptorem néktery z charakteristickych povrchovych znaku
nadorovych bunék [116]. Témi mohou byt jak tzv. tumor specifické antigeny (TSA)
nebo antigeny vyskytujici se na povrchu nadorovych bunék ve vyrazné vySSim
mnozZstvi, tzv. antigeny s nadorem asociované (TAA) - viz. kapitola Protinadorova
imunita. Jako smeérujici jednotky byly testovany a pouzivany kromé& mono- i
polyklonalnich protilatek nebo jejich fragmentd [117, 118] také lektiny [119], rUstové
faktory [120], hormony [121], sacharidy [122], derivaty kyseliny listové [123] a
peptidy.

Neméné dulezity problém predstavuje nalezeni optimalniho mechanismu uvolnéni
léCiva z polymeru v nadorové tkani. V minulosti byly testovany rizné varianty stépeni
na zakladé fyzikalnich a chemickych vlastnosti. Na zakladé fyzikalnich vlastnosti jsou
aktivovany napfiklad termosensitivni polymery (napf. poly(N-isopropylakrylamid),
poly (N-isopropylmethakrylamid), které jsou rozpustné ve vodé pfi laboratorni teploté
a pfi prekroCeni kritické rozpoustéci teploty, ktera je blizka teploté lidského téla,
dojde k uvolnéni |éCiva [124]. V jinych pfipadech bylo testovano uvolfiovani léCiva
pomoci ultrazvukovych vin [125, 126]. Pfi separaci |éCiva na principu chemickych
reakci je v souCasnosti vyuzivano nejCastéji Stépeni vazby zalozené na zméné pH
(Stépeni hydrazonové vazby) [127, 128] nebo plsobenim lysozomalnich enzym(
(proteolytické Stépeni) [129, 130]. Méné cCastou variantou je vyuziti reduktivné
Stépitelné vazby, vyuzivajici redukCni prostfedi uvnitf buriky. Dosud nejCastéji
pouzivanym systémem tohoto druhu je disulfidova vazba, ktera je vS8ak omezena na
Uzkou skupinu IéCiv obsahujicich SH skupinu (disulfidova vazba). Experimentalné je

vSak zkoumana sulfenamidova vazba, pomoci které by bylo mozné diky vysSimu
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vyskytu funk&nich skupin v molekule léCiva (napf. aminoskupin) vyrazné rozSifit
mnozstvi pouzivanych léCiv [131]. V souCasné dobé je také zkouména moZzZnost
vyuZziti polymernich struktur pfi radioterapii, zde je na nosi¢ misto cytostatika navazan
radionuklid nap. !l nebo *°Y. Tento koncept ma nékolik vyhod: intravenozni podani
(misto aplikace implantatu do nadoru nebo do jeho tésné blizkosti pfi brachyterapii)
je pro pacienta méné zatézujici, protoze |éCivo je mozné rozdeélit do nékolika davek, a
protoze i konjugovany radionuklid indukuje v nadorové tkani (kam se dostane diky
EPR efektu) vznik volnych radikall, které poSkozuji bunééné struktury, neni tfeba

fesit problém odstépeni od polymerniho nosice [132].

Vyhody polymernich Ié¢iv proti klasickym cytostatikam:

e aktivni smérovani (vyuzitim smérovacich struktur)

e pasivni akumulace v solidnich nadorech (diky EPR efektu)

e sniZzena imunogenicita

e zvySena efektivita v porovnani s nizkomolekularnim léCivem

e vy3Si maximalni tolerovana davka

e prodlouzena doba cirkulace v cévnim fecisti

e snizena toxicita pro hematopoeticky, kardiovaskularni, hepatalni a renalni
systém

e moznost prekonani mnoholetné rezistence nadorovych bunék proti
cytostatiklim

e imunoprotektivni a imunomobilizacni efekt polymernich IéCiv

e zvySena rozpustnost navazovanych l€Civ, pfipadné zajisténi rozpustnosti ve
vodé nerozpustnych IéCiv

e neaktivnost chemoterapeutika béhem transportu krevnim fecistém

e moznost chranit smérujici molekuly, zejména protilatky, pfed inaktivaci (na
rozdil od imunotoxinu)

e kontrolované uvolnovani u¢inné slozky az v cilové burice

Vyraznym benefitem polymernich 1éCiv je prodlouZzena doba cirkulace v krevnim
fecCisti, ktera je dana jejich zvySenou odolnosti k biodegradaci a proteolyze [133].
DalSi typickou vlastnosti je snizena imunogenicita navazané smérujici struktury a

biokompatibilita, protoze ani dlouhodobé podavani polymernich IéCiv neinhibuje
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schopnost protilatkové odpovédi na T dependentni i T indepedentni antigeny ani
fagocytarni aktivitu monocytu a neutrofilt [15, 134]. Dale bylo opakované potvrzeno,
Ze polymerni léCiva diky distribuci v neaktivni formé& maji daleko nizSi nespecifickou
toxicitu, zejména pro imunitni systém, kostni dfen, srdce, jatra a ledviny [135, 136].
Diky EPR efektu dochazi i u polymernich 1éCiv bez specifické smérovaci struktury k
pasivni akumulaci v solidnich tumorech. Mira akumulace je zavisla na molekularni

hmotnosti, davce i fyzikalné-chemickém charakteru makromolekuly [137].

Historie vyvoje polymernich lé€iv

Prvni polymerni konjugaty se objevily v 50. letech minulého stoleti, kdy Jatzkewitz
pouzil dipeptidickou vazbu pro spojeni léCiva (mescalin) a polymerniho nosice
(polyvinylpyrolidon) [138]. V 60. a 70. letech syntetizoval Ushakov nékolik
polymernich konjugatd rozpustnych ve vodé a Mathé prokazal moznost spojeni
konjugatu s imunoglobuliny a tim polozil zaklady pro DDS [139]. Od 80. let byla
postupné syntetizovana a testovana cela fada polymernich nosict. V nasledujicim
odstavci popisujeme nékolik nejvyznamnéjSich, které se dostaly do pokrocilé faze
testovani nebo pfimo do klinické praxe.

Na Ustavu makromolekularni chemie AV CR v Praze byl vyvinut polymerni systém
tvofeny vodou rozpustnymi kopolymery poly[N-(2-hydroxypropyl)metakrylamidu]
(HPMA), ktery byl puvodné navrZzen jako nahraZzka krevni plazmy s komerénim
nazvem Duxon [140]. V roce 1994 vstoupil HPMA konjugat s navazanym
doxorubicinem jako vlibec prvni polymerni konjugat do 1. stadia klinickych test(
[141]. V 90. letech 20. stoleti popsal v Japonsku Maeda EPR efekt u solidnich
nadorl a nasledné byl jeho pracovistém vyvinut a pro lécbu hepatocelularniho
karcinomu schvalen polymerni konjugat s protinadorovym IéCivem - kopolymer
styrenu a maleinové kyseliny nesouci cytostatikum neocarcinostatin
(neocarcinostatin stimalamer — SMANCS) [142]. Jako dalSi vhodné nosiCe byly
studovany lipozomy - partikule sloZzené z vnéjsi fosfolipidové dvojvrstvy a vnitfniho
hydrofilniho jadra. Ty mohou inkorporovat jak lipofilni ¢i amfifilni, tak hydrofilni IéCiva
(enkapsulované v hydrofilnim jadfe lipozomu). Vyhody poufziti lipozomd jako nosicl
jsou vysSi koncentrace lipofilniho 1éCiva a lepsi ochrana pred biodegradaci. Hlavni

nevyhoda je kratky biologicky poloCas vzhledem k rychlé clearence
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retikuloendotelialnimi systémy jaterni tkané a sleziny [143]. Jedna z moznosti, jak
zvysit biologicky polocas lipozoml, byla konjugace se syntetickym polymerem
polyethylenglykolem (PEG). Tento postup byl objeven a pozdéji patentovan Frankem
Davisem a Abrahamem Abuchowskim v 70. letech minulého stoleti [144]. Tzv.
pegylace vede k vytvoreni hydrofilniho obalu, ktery zabranuje rozpoznani stealth
lipozomu protilatkami a slozkami komplementu. Vysledkem takového komplexu je
zvySena odolnost vuci proteolyze, snizeni imunogenicity (stealth liposom neni
fagocytujicimi buikami prakticky rozpoznavan) atedy i prodlouzeni doby cirkulace v
krevnim Fecisti. [145, 146]. Prvnim klinicky pouzivanym lipozomalnim cytostatikem
byl pegylovany lipozomalni doxorubicin (Caelyx/Doxil), ktery byl v roce 1995
schvalen k |é€bé Kaposiho sarkomu u pacientl s AIDS po selhani systémové terapie,
pozdéji i k terapii refrakterniho karcinomu ovaria po selhani platinoveho rezimu [147,
148]. Testuje se i u pacientek s metastatickym karcinomem prsu a u dalSich malignit.
Nepegylovany lipozomalni doxorubicin (Myocet, Zeneus) je v kombinaci
s cyklofosfamidem schvélen k primoterapii metastatického karcinomu prsu a
lipozomalni daunorubicin (DaunoXome, Diatos) k |éCbé pokrocilého Kaposiho
sarkomu, akutni myelodini leukemie a mnohocetného lymfomu [149, 150]. Dale je
klinicky vyuzivan lipozomalni cytarabin (DepoCyte) - pfi meningealni infiltraci u
lymfomu a leukémii) Ci lipozomalni tretinoin (Atragen, Aronex) - ten je indikovan pfi
|éCbé akutni promyelocytarni leukemie a testovan u karcinomu prostaty, refrakternino
Hodgkinova lymfomu a metastatického karicinomu ledviny. Ve fazi klinickych testl je
fada dalSich lipozomalnich cytostatik, napf. lipozomalni cisplatina, paklitaxel nebo
vinkristin [151-153].

Jinou skupinou partikul s amfifilni strukturou, které jsou vyuzivany jako nosice
hydrofobnéjsich 1éCiv (napf. paklitaxel), jsou micely. Prfikladem muze byt
polyethylenoxid-block-polypropylenoxid-block-polyethylenoxid (Pluronic), u kterého je
vedle vyhod zminovanych u lipozom& popsana schopnost potlacit mnohocetnou
rezistenci nadorovych bunék proti kancerostatikim [154]. V jinych pfipadech jsou
jako nosiCe léCiva vyuzivany nanopartikule. Prvnim klinicky schvalenym pfipravkem
tohoto druhu byl nab-palitaxel (Abraxane), paklitaxel nekovalentné vazany na
albuminové Castice o velikosti 130 nm. Pouzivda se k lécbé nemalobunécného

karcinomu plic a pankreatu a u pacientek s metastatickym karcinomem prsu po
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selhani kombinované chemoterapie nebo u ¢asného relapsu béhem adjuvantni l1écby.
Zde se vyuziva zvy3ené akumulace albuminu v nadorové tkani, ktera je zplisobena
vys$Si nadorovou produkci proteinu SPARC, ktery vaze albumin a usnadnuje
transcytozu paklitaxelu skrze endotelové buriky do nitra nadoru [155, 156]. Podobny
model struktury vyuZivaji dendrimery, kde jsou polymery s hydrofobnim jadrem
obklopeny hydrofilnim obalem. Jadro zde slouZi pro vazbu cytostatika a receptory na
obalu pro vazbu ligandl za Ucelem aktivniho smérovani. Pfikladem takového
preparatu je dendrimericky docetaxel (Taxotere), ktery je v Il. fazi klinického
testovani pro lécbu karcinomu prsu [157]. Dale miZe byt vyuzita vazba cytostatika
na hormonalni nosi¢, napf. u estamustin fosfatu (Estracyt), vyuzivaném pro lécbu
karcinomu prostaty. VysSiho protinadorového efektu je zde dosadhnuto kombinaci
cytostatického Ucinku chlormethinu a inhibi¢niho G¢inku estrogenu na produkci
testosteronu [158].

Polymerni lé€iva na bazi poly[N-(2-hydroxypropyl)metakrylamidu]
(HPMA)

V naSich studiich byl jako polymerni konjugat pouzZivan vodorozpustny HPMA.
Polymerni IéCiva na bazi HPMA byly objeveny koncem 70. let a na jejich vyvoji se
podilely v&decké tymy z Ceskoslovenska (Ustav makromolekularni chemie CSAV
pod vedenim prof. Kopecka, ktery v roce 1988 odeSel do USA), Velké Britanie (pod
vedenim prof. Duncanové) a prazského Mikrobiologického ustavu CSAV (pod
vedenim prof. Rihové). V roce 1985 ziskal HPMA konjugat éeskoanglicky patent a od
té doby bylo syntetizovano a nasledné zkoumano vice nez 300 polymernich struktur
na bazi HPMA [159, 160]. Kromé vyuziti jako nosiCe kancerostatik jsou HPMA
konjugaty pouzivany pro modifikaci terapeuticky vyznamnych protein (napf. enzymu
ribonukleasy ¢i protilatek) nebo jako vektory pro pfenos genu pro genovou terapii.
Prvnim polymernim |éCivem s protinadorovym ucinkem vyvinutym v nasi laboratofi
byl HPMA polymer s tetrapeptidem Gly-Phe-Leu-Gly nesoucim antracyklinové
antibiotikum doxorubicin (oznaCovan jako PK1 - obr. 3) [111].
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Obr. 3 - Schéma HPMA konjugatu s navazanym doxorubicinem enzymaticky

Stépitelnou vazbou.

Tetrapeptidova spojka mezi doxorubicinem a polymernim nosi¢em je zde béhem
transportu v krevnim fecisti stalq, avSak v pfitomnosti lysosomalnich proteaz
(pfedevSim katepsind B, L, H) dochazi uvnitf bufky k odStépeni volného
doxorubicinu [129, 161, 162]. Detailni mechanismus ucinku a intracelularni osud
|éCiva je stale pfedmétem intenzivniho zkoumani. Pozdéjsi, tentokrat aktivné
smeérovanou variantou HPMA konjugatu s navazanym doxorubicinem pfes GFLG
vazbu je polymerni léCivo PK2. To jako smérujici molekulu obsahuje galaktosamin
rozpoznavajici N-asialoglykoproteinovy receptor na hepatocytech umoznujici zachyt
a endocytdzu glykoproteintl, a proto bylo navrzeno pro IéEbu hepatocelularniho
karcinomu. Oba popsané polymerni konjugaty byly jedny z prvnich polymernich
kancerostatik na svété, které proSly prvni (v pfipadé PK2) a dokonce druhou (v
pfipadé PK1) fazi klinickych zkouSek ve Velké Britanii [141, 163]. SouCasné byly
studovany HPMA polymerni konjugaty s doxorubicinem, smérované monoklonalnimi
protilatkami. Bylo zjisténo, Ze po modifikaci polymerem sice protilatky ztraci ¢ast své
vazebné aktivity na antigen, ale zaroven jsou chranény polymerem vUci proteolytické
degradaci, maji snizenou imunogenicitu a svou vysokou molekulovou hmotnosti

pfispivaji k EPR efektu. Diky tomu se HPMA konjugat s doxorubicinem smérovany

42



IgG dostal az do stadia experimentalniho testovani u skupiny pacientek s
generalizovanym nadorem prsu [164]. Kromé doxorubicinu byla u nas i v zahranici
pouZzita pro navazani na kopolymery HPMA i fada dalSich IéCiv, napf. melphalan,
cyklosporin, paklitaxel, camptothecin, komplexy platiny nebo methotrexat [165-168].

Jiny mechanismus odstépeni ucinné latky z polymeru v nadorovych burnkach nebo v
jejich  bezprostfedni blizkosti poskytuje pH senzitivni, hydrazonova vazba.
Preparatem zaloZenym na tomto mechanismu uvolnéni cytostatika, ktery je pouzivan
na naSem pracovisti, je HPMA konjugdt s hydrazidem N-methakryloyl-6-
aminohexanové kyseliny, na ktery je hydrazonovou vazbou navazan doxorubicin
(obr. 4) [169]. Hydrazonova vazba mezi |éCivem a polymernim nosiCem je
hydrolyticky pomérné stala pfi pH 7,4, ale v mirné kyselém prostfedi endosoma uvnitf
nadorovych bunék (cca pH 5) dochazi k rychlému Stépeni hydrazonové vazby a
uvolnéni doxorubicinu. Ten pak intracelularné plsobi obdobné jako volny doxorubicin
- naruSuje DNA interkalaci antracyklinové ¢asti, chelaci kovovych iontd nebo
generovanim volnych radikalt, navic inhibuje topoizomerazu Il, ktera napomaha

separaci vlaken dvoijité Sroubovice DNA pfi replikaci [162, 170, 171].
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Obr. 4 - Schéma HPMA konjugatu s navazanym doxorubicinem hydrolyticky (pH

senzitivni) Stépitelnou vazbou.

Dal8i vyznamnou vlastnosti je schopnost navodit tvz. imunogenni apoptézu. Pfi té

umirajici nadorové buriky translokuji kalretikulin z endoplasmatického retikula na
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plasmatickou membranu a uvolfuji high mobility group box-1 (HMGB-1) alarmin a
ATP. V nadorovém prostfedi nezralé dendritické buriky vazi a pozdéji fagocytuji
umirajici nadorové buriky exprimujici CRT pomoci CD 91 receptorem mediované
endocytdzy. LéCivem vyvolany stres nadorové buriky vede také k tomu, Ze se z této
bunky uvolfiuje ATP a vaze se na dalSi z receptort dendritickych bunék — P2RX7.
Tato vazba usnadiiuje akumulaci dalSich dendritickych bunék v nadoru. A konecné
se realizuje tfeti, zcela zdsadni vazba: HMGB-1 se vaze na TLR4 dendritickych
bunék a zahajuje tak jejich vyzravani, protoZze pouze zralé dendritické buriky se
uplatiuji jako antigen-prezentujici burfiky a mohou tak zahdjit protinadorovou reakci
[17, 172-174]. Konjugat s hydrazonovou vazbou ma o nékolik Fadl vyssi cytotoxicitu
in vitro nez PK1, je vS8ak méné toxicky v in vivo podminkach, a tak maze byt podavan

ve vysSich davkach, jak bylo prokdzano na mysich modelech [128, 130, 175].

V jiném experimentalnim modelu byla testovdna kombinace podani polymerniho
léCiva a fotodynamické terapie. Principem je ozafeni fotosenzitivnich slozek
konjugatu (fotoaktivovatelné 1é€Civo chlorin eg) v nadoroveé tkani svétlem urcité vinové
déelky, ¢imz tyto slozky pfechazeji do vysokoenergetického stavu, predavaji svou
energii molekularnimu kysliku a pfevadéji ho na vysokoenergeticky singletovy kyslik
'0,. Ten poskozuje buné&né membrany, buné&né organely, cytosol i buné&éné jadro
a vede nezvratnému poSkozeni a nasledné smrti bunfky. Smérovani je vtomto
pfipadé dvojstupfiové. V prvnim stupni dochazi Kk pasivni/aktivni akumulaci
v naddorové tkani, v druhém stupni je pouze tato urcita tkan vystavena zareni urcité
vinové délky. Pfikladem jsou konjugaty s OV-TL16 cilenym HPMA kopolymerem ve
vazbé s doxorubicinem a HPMA kopolymerem ve vazbé s mesochlorinem, testované

pro lIéEbu nékterych typu rezistentnich karcinomu ovaria (OVCAR) [176-178].

Nékteré prace navic poukazuji na schopnost HPMA konjugati ¢astecné prekonat
mnohocetnou Iékovou resistenci nadorovych bunék (cancer multidrug resistence,
MDR). Specifické membranové receptory (napf. P-glykoprotein ze skupiny ABC
receptor(l) jsou zodpovédné za urychlené vypuzovani xenobiotik z nadorové buriky a
jejich zvySena exprese je asociovana s rezistenci na fadu dosud vyuZzivanych
cytostatik. Neéktera léCiva na bazi HPMA (napf. P(GFLG)-DOX) odstépuji
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cytostatickou substanci az uvnitf nadorovych bunék (lysozomy) mimo dosah ABC

receptorl a tim mohou pFedejit vylou€eni z buriky [111, 179, 180].

Jednou z nejslibngjSich vlastnosti HPMA polymernich I&Civ je jejich viiv na imunitni
systém pacienta. Bylo opakované prokazano, Ze nékteré konjugéty tohoto druhu jsou
nejen neimunogenni, ale dokonce maji imunomodulacni ucinek. Zpoc&atku byl jejich
vyrazny protinadorovy ucinek pfipisovan pouze pfimé cytotoxické aktivité a snizené
systémoveé toxicité, ktera umoznovala podani vy$Sich davek. V pozdéjsich studiich
vSak byla prokazana jejich nespornd imunoprotektivni a imunostimulacni aktivita,
kterou se podafilo opakované kontrolované navozovat [15, 181]. U mysSich kmena
s omezenou funkci imunitnino systému (zejména T bunélnych subpopulaci) jako
jsou nu/nu mysi, nebylo nikdy po podani HPMA konjugatl dosaZzeno upiného
vylé€eni ale pouze delSiho preziti. Uz sam tento fakt potvrzuje dulezitou spolutcast

imunitniho systému pfi odstranovani nadort [16].
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Publikace ¢.3

Betka J, Hovorka O, Boucek J, Ulbrich K, Etrych T, Rihova B. Fine needle aspiration
biopsy proves increased T-lymphocyte proliferation in tumor and decreased
metastatic infiltration after treatment with doxorubicin bound to PHPMA copolymer
carrier. J Drug Target, 2013. 21(7): p. 648-61.

Bylo opakované prokazano, ze nékteré HPMA IéCiva jsou nejen neimunogenni, ale
dokonce maji imunomodulaéni u€inek. Mechanismus stimulace imunitniho systému
HPMA konjugaty neni zatim zcela pfesné objasnén, pravdépodobné je zpusoben
stimulaci nadorové specifickych T-lymfocytd a NK bunék (tvz. tumor infiltrujici
lymfocyty - TIL), jejichz mnozstvi v tumoru je po podani léCiva zvySeno u jedincl, u
kterych poté dochazi ke kompletni remisi onemocnéni [16]. Zasadni je zpuUsob
zabijeni a nasledného umirani nadorovych bunék. Polymerni léCiva na bazi HPMA
navozuji jejich imunogenni smrt, ktera je zakladnim prfedpokladem zahajeni imunitni
reakce (173, 174). Tu pak realizuje zvySeny pocet infiltrujicich TIL. Sledovani zmén
infiltrace lymfocytd v nadorovém mikroprostfedi v rliznych €asovych odstupech od
zahajeni lécby HPMA konjugéty by mohlo pomoci porozumét mechanismu jejich
imunogenniho ucinku.

V nasi studii bylo pro odbér buné&ného materialu z nadoru in vivo pouzito aspiracni
biospie tenkou jehlou (fine needle aspiration biopsy - FNAB), tedy metody Siroce
vyuzivané v klinické praxi pfi cytologickych vySetfeni parenchymatéznich organu. V
prvni fazi byla FNAB metoda porovndna se standardni excizi. MySim byly
subkutanné podany burky mysiho T-lymfomu. V dobé&, kdy nador dosahl velikosti
1cm v pruméru, byl proveden odbér metodou FNAB a excizi a ziskany material byl
analyzovan pomoci prutokové cytometrie. Zaroven bylo srovnavano preziti mysi a
velikost nadoru po FNAB a u kontrolni (neodebirané) skupiny. Prokazali jsme, Ze
pouziti FNAB neovlivni ani rast nadoru ani preziti experimentalnich zvifat, a navic
ziskané bunky vykazovaly stejnou viabilitu a stejné zastoupeni jednotlivych
lymfocytarnich populaci jak po odbéru metodou FNAB tak i standardni excizi po
usmrceni zvifat. Diky tomu bylo mozné odbér vzorkl opakovat v riznych ¢asovych
intervalech (na totoznych mysich, u kterych byla zarover makroskopicky hodnocena
nadorova progrese Ci regrese) a tak monitorovat vyvoj onemocnéni, v€etné

pribézného hodnoceni intratumoralnich buné&€nych zmén.
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V druhé fazi naseho experimentu bylo mysSim s nadorem aplikovano IéCivo (volny
doxorubicin nebo HPMA konjugaty vazajici cytostatikum doxorubicin jak amidickou
tak i hydrazonovou vazbou). Material ziskany pomoci FNAB v rliznych intervalech od
zahajeni 1éCby byl analyzovan pratokovou cytometrii. Byla sledovana infiltrace
nadorového mikroprostfedi jednotlivymi lymfocytarnimi  subpopulacemi (CD3+,
CD3+/CD4+, CD3+/CD8+ a CD3+/NK1.1), ktera byly vyjadiena jako pomér
detekovanych subpopulaci a nadorovych bunék. Obdobnym zplsobem byl
analyzovan pocet infiltrujicich nadorovych bunék v lymfatickych uzlinach a sleziné
inokulovanych mysi pro posouzeni protinadorového uc¢inku HPMA konjugati na
metastaticky rozsev.

Po lécbé HPMA konjugaty bylo zjisténo signifikantné vysSi zastoupeni u vSech
sledovanych T-lymfocytarnich subpopulaci (CD3+, CD3+/CD4+, CD3+/CD8+ a
CD3+/NK1.1) nez po Ié€bé volnym doxorubicinem. U nékterych skupin (CD3+/CD8+
and CD3+/NK1.1) byl tento narust o vice nez 50%. Navic tyto rozdily byly patrné jiz
mezi 3-5. dnem po podani léCiva, tedy v dobé, kdy zatim nebylo mozné
makroskopicky urcit, zda nador roste ¢&i regreduje.

Stejné jako v pfedchozich studiich byl tedy potvrzen dvoji protinadorovy efekt HPMA
léCiv: chemoterapeuticky a sou€asné imunoterapeuticky. Podminkou pro dosazeni
tohoto uCinku konjugovanych preparatd na imunitni systém jedince je |écbou
neposkozeny imunitni systém, ktery je vystaven po urCitou dobu dostateCnému
mnozstvi nadorovych bunék tj. dostateCnému mnozstvi nadorovych antigent [182,
183]. V soucasnosti se zda kliCové nalezeni optimalniho nastaveni léCebného
schématu tak, aby bylo mozné monitorovat, zda podana davka byla dostatecna pro
stimulaci imunitniho systému jedince [181]. Pravé zavéry této prace ohledné
stanoveni doby odezvy imunitniho systému na podané léCivo by mohly v tomto
sméru vyrazné pomoci - napfiklad odbérem vzorku z nadoru pfed lIé€bou a mezi 3-5.
dnem po podani IéCiva by bylo mozné na zakladé stanoveni TIL pfesné urCit, zda
dos$lo k adekvatni aktivaci imunitniho systému a podle toho naplanovat dalSi [éCebny
postup - u jedincl s nedostate¢nou imunitni odezvou by mohla byt podana dalSi
davka |éCiva a naopak pacienti s dostateCnou aktivaci imunitniho systému by nebyli
zatézovani opakovanym podanim IéCiva.

Pfi sledovani nadorové infiltrace ve spadovych lymfatickych uzlinach a ve sleziné po

-----
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lymfatickych uzlinach i ve sleziné jak proti kontrolam tak proti IéEbé volnym
doxorubicinem. Bylo tedy prok&zano, Ze pouzita HPMA IéCiva nemaji efekt pouze
proti primarnimu nadoru, ale dokazou i zpomalit metastaticky rozsev. Pravé lokalni a
pfedevSim vzdalena nadorova diseminace byva v klinické praxi hlavni pficinou

neuspéchu IéCby.
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Protinadorova imunita

Imunoterapie je dalSi metodou, jak bojovat proti malignim onemocnénim. Jejim cilem
je obnovit porusenou funkci protinadorové imunity a zapojit ji do IéCby zhoubného
onemocnéni. Zakladnim pfedpokladem je, Ze imunitni systém rozeznava antigeny na
malignich burikach jako cizi a snazi se je eliminovat. Tuto hypotézu tvz. imunitniho
dozoru, nebo-li ,Cancer immunosurveillance®, vyslovil poprvé Frank MacFarlene
Burnet v poloviné minulého stoleti [184]. Podle star§iho déleni mGze imunitni systém
rozeznat nadorové buriky dvéma zpusoby - pomoci pro nador specifickych antigent
(TSA) anebo pomoci takzvanych s nadorem asociovanych antigent (TAA) (tab. 1).
Antigeny pro nador specifické jsou produktem genu plavodné normalnich bunék
zménéné néjakou unikatni mutaci [185-187]. Moderni Kklasifikace nadorovych
antigent vychazi z jejich molekularni struktury a na tom, jak jsou exprimovany na
nadorovych burikdch a schopny stimulovat T-zavislou nebo protilatkovou reakci
[188].

Antigeny specifické pro nadory (TSA):

komplexy MHC gp | tfidy s abnormalnimi fragmenty buné&nych proteint (Bcr-Abl)

komplexy MHC gp s fragmenty proteini onkogennich virt (polyoviry, SV 40, EBV)

abnormalni formy glykoproteinu (glykosylace)

Antigeny asociované s nadory (TAA):

onkofetalni antigeny (AFP, CEA), melanomové antigeny (MAGE-1, Melan-A),
receptor ristového faktoru HER2/neu, prostaticky specificky antigen PSA, adhezivni
molekula epitelialnich bunék EPCAM, atd.

Tab. 1 - Rozdéleni nadorovych antigenut - pfevzato z Hofejsi V., Barturikova J, 2013
[187].

Nadorové antigeny jsou zpracovany profesionalnimi APC hostitele (zejména
dendritickymi bufikami) a prezentovany na svém povrchu ve vazbé s MHC gp |I. tfidy
a MHC gp Il. tfidy. Pokud je tento podnét podpofen dalSimi kostimulacnimi signaly
(napf. z CD4+ lymfocytll), dojde k aktivaci cytotoxickych T lymfocytl (CD8+; CTL). Ty
pak usmrcuji nadorové buriky nékolika mechanismy: pusobenim perforinu se vytvori
ve sténé nadorové bunky péry a intracelularné pronikajici proteazy granzymy aktivu;ji

kaspazy, které dale kaskadovité aktivuji intracelularni procesy vyustujici v apoptdzu
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nadorové bunky. DalSim mechanismem je exprese Fas ligandl, které po vazbé na
Fas receptor (CD95) T lymfocytl zpUsobi vznik death-inducing signaling komplexu a
signalizaci pfes kaspazu 8 indukuje opét aktivaci apoptézy [189-191]. DalSimi
efektorovymi lymfocyty v boji proti nadorovym burfikdm jsou NK buriky. Jejich
mechanismus aktivace je jednak zaloZzen na vazbé Fc receptoru CD16 (FcyRIIl) s
bunkami opsonizovanymi protilatkami tfidy IgG (ADDC, antibody-dependent cell-
mediated cytotoxicity), jednak na rozpoznavani buriky s nedostateénou nebo defektni
expresi MHC gp |. molekul. Dulezitymi aktivatory NK bunék jsou i interferony a a .
Hlavnimi cytotoxickymi nastroji NK bunék jsou stejné jako u CTL granule obsahujici
perforin a granzymy [192, 193]. DalSim prvkem v protinadorové obrané je interferon-y
(IFN-y), ktery dok&ze stimulovat expresi MHC gp |. a tim podpofit viastni cytotoxickou
imunitni reakci. IFN-y je dnegasto pouzivan pfi |éCbé vybranych nadorovych

onemocnéni (napf. u karcinomu prsu ¢i ovaria) [194, 195]. DalSimi bufikami, které
jsou zapojeny do procesu imunitni reakce proti nadorm, jsou makrofagy. Jejich role
ve vztahu k malignitam neni jednoznacné objasnéna. Makrofagy vznikaji v kostni
dfeni, jako monocyty cirkuluji v periferni krvi a dozravaji v tkanich, kam se dostavaji
extravazaci. Mohou byt aktivovany tzv. klasickou cestou typickou pro zanétlivou
odpovéd organismu (M1 fenotyp), ktera je charakterizovana produkci IL-12 a IL-23 a
naslednou aktivaci pomocnymi T burfikami (Th buriky). V nadorovém mikroprostiedi
vSak vlivem kortikoidd a interleukint IL-4, IL-8, IL-10 a IL-13 dochazi k alternativni
aktivaci (M2 fenotyp), pfi které makrofagy (oznaCovany zde jako TAM - tumor
associated macrophages) naopak inhibuji proliferaci i aktivaci T lymfocytd a zaroven
velmi ucinné stimuluji neoangiogenezi, produkuji imunosupresivni cytokiny IL-10 a
TGF i cytokiny pfimo stimulujici rist nadoru, napf. EGF. Bylo opakované prokazano,

Ze zvysSené zastoupeni TAM Casto koreluje s horSi progn6zou pacienta [196-199].

Samotné nadorové buriky aktivnhé vyvijeji mechanismy, jak zabranit imunitnimu

systému v jejich odhaleni a likvidaci [200, 201]. NejznaméjSi mechanismy obrany
nadorovych bunék jsou (obr. 5):

e Geneticka nestabilita nadorovych bunék, ktera vede ke vzniku mutaci, které
ztraceji nadorovy antigen.

e SniZeni exprese povrchovych MHC gp |. tfidy. Tim zabrani rozpoznani a

aktivaci CTL, ale zvySuji moznost rozpoznani NK burnkami.
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e Nepfitomnost kostimula¢nich a adhezivnich molekul (napf. CD80 a CD86) a
MHC gp Il. tfidy na nadorovych burikach. Naivni T lymfocyty jsou sice schopny
rozpoznat nadorové antigeny, ale bez potfebného druhého signalu nejsou
aktivovany nebo jejich aktivita muze byt dokonce utlumena.

e Produkce inhibujicich cytotoxinl (IL-10, TGF-B) a dalSich latek, které inhibuji
slozky imunitniho systému (napf. oxid dusnaty indukujici apoptézu
dendritickych bunék nebo enzym IDO - indolamin-2,3-dioxygenaza, ktery
inhibuje aktivaci T lymfocyta).

e Indukce T-bunécné tolerance. Pfikladem muize byt nadorem indukovana
degradace T lymfocytarniho receptoru.

e Exprese molekul vyvolavajich apoptdézu cytotoxickych bunék. Nejznaméjsi
formou je Fas protiutok zaloZzeny na zvySené expresi Fas-ligandu, ktery po
vazbé s Fas-receptorem aktivovanych T bunék zpulsobi jejich smrt stejnou
cestou jakou plsobi oni samy na nadorové bunky.

e Indukce T-regulacnich lymfocytd a aktivace jejich supresivniho ucinku na

imunitni systém.

Inhibice zpusobena aktivaci CTLA-4 a PD-1 receptoru.
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Rabinovich, 2007 [201].
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T regulaéni bunky

Subpopulace T-lymfocytl, ktera potlacuje aktivaci a proliferaci efektorovych T bunék,
je znama jako T regulaéni lymfocyty (Treg). Hlavni funkci Treg bunék je udrzovani
homeostazy v imunitnim systému, kde poskytuji imunitni toleranci potlatenim mnoha
imunitnich odpovédi proti vlastnim &i cizorodym antigenim. Tato regulace hraje
vyznamnou roli v prevenci autoimunitnich onemocnéni, na druhou stranu ma vliv na
vznik a vyvoj chronickych infek&nich onemocnéni nebo nadorovych onemocnéni, kde
potlaCuje protinddorovou imunitu. Treg bunky se déli do nékolika subpopulaci.
Nejlépe definovana je podskupina CD4+ T Iymfocytd s fenotypem
CD4+CD25+Foxp3+, kde kromé vysoké exprese CD25 na svém povrchu je dalSim
rysem téchto bunék i exprese CTLA-4 (cytotoxicky T lymfocytarni antigen) a GITR
(glucocorticoid-induced TNFR family related gene) [202]. CTLA-4 se na regulacnich
bunikach vaze s B7 molekulami na APC, v dusledku toho pak B7 neni schopen
fungovat jako kostimulaéni signal. Navic se tyto buriky vyznacuji intracelularni
expresi transkripéniho faktoru FoxP3 (forkhead box P3), ktery je nezbytny pro jejich
spravny vyvoj a funkci. V sou€asné dobé se FoxP3 pouziva jako specificky marker
slouzici k jejich identifikaci [203, 204]. Treg buriky tvofi pfiblizné 5-10 % z celkového
pocCtu perifernich CD4+ bunék a vznikaji jako dusledek rozpoznavani vlastnich
antigend vthymu a rozpoznavani vlastnich a cizich antigent v perifernich
lymfatickych organech. Dle Wanga se déli na pfirozené se vyskytujici CD4+CD25+
Treg bunky a indukované CD4+CD25+ Treg bunky [205, 206]. Pfirozené T (CD4+)
regulaéni bunky vznikaji vthymu pod pfimym plsobenim IL-2. Maji T lymfocytarni
receptor, ale na rozdil od jinych autoreaktivnich T-lymfocytd potlacuji autoimunitni
reakci a zajistuji periferni toleranci. Jejich hlavni efektorovy mechanismus je vedle
produkce TGF-B, IL-10 a IL-35 i sekrece granzymu a perforinu obdobné jako u CTL a
ke svému pusobeni na jiné buriky (hlavné aktivované lymfocyty a APC) tedy potiebuji
pfimy mezibunéény kontakt - tzv. imunologickou synapsi [207, 208]. Vznik periferné
indukovanych T regulaénich bunék je podminén antigenni stimulaci a dalSimi
molekulami jako jsou glukosteroidy, estrogen, TGF-B, IL-2, ale i kostimulacni
molekuly jako CD80/CD86 a CD70 [209]. Indukované T regulacni burky vznikaji
v perifernich tkanich pfi vétSiné specifickych imunitnich reakci. Rozdéluji se na
podskupiny Trl a Th3. Tr1 buriky jsou indukovany stimulaci komplexem MHC/peptid
za pritomnosti IL-10 a diferencuji se z naivnich prekurzord CD4+ T lymfocytu [210].
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Produkuji vysoké mnozstvi interleukinG IL-5, IL-10 a TGF-B, exprimuji molekuly CD4,
CD25, ale na rozdil od Th3 neexprimuji transkripéni faktor FoxP3. Trl buriky
pfedevSim omezuji rozvoj autoimunitnich reakci zprostfedkovanych Th1 burikami.
Kromé toho se vyznaduji schopnosti potlacit imunitni reakce vac&i patogenim,
nadorlim, alloantigenim a jsou dulezité i vregulaci zanétl. Th3 bunky jsou maiji
CD4+CD25+ fenotyp a exprimuji faktor FoxP3. Mechanismy, kterymi T regulacni
burfky inhibi¢né pUsobi na ostatni lymfocyty, jsou schematicky znazornény na obr. 6.
K nejvyznamnéjSim patfi sekrece TGF- B a IL-10. TGF-B vykazuje fadu dulezitych a
Casto i protichidnych mechanizmu plsobeni. Kromé toho, Ze inhibuje proliferaci a
efektorovou funkci T bunék a aktivaci makrofagl stimuluje produkci IgA a usnadriuje
obnovu tkani po zanétu. Ve slizni¢ni imunit€ napomaha navozeni tolerance. IL-10
inhibuje aktivované makrofagy a dendritické bunky tim, Ze inhibuje jejich produkci IL-
12 a expresi MHC gp Il tfidy a kostimulatort [211]. Dal§im regulaénim mechanismem
Treg bunék je zvySeni exprese CD25, které vyvolava kompetitivni inhibici ligandu IL-
2 pro efektorové T lymfocyty [212]. T regulaéni buriky plsobi i pfi modulaci
dendritickych bunék. Jejich receptor CTLA-4 se vaze na CD80, CD86 receptory, na
rozdil od CD28 receptorl pfitomnych na APC vSak plsobi CTLA-4 po vazbé na APC
inhibi¢né a indukuje produkci indolamin-2,3-dioxygenazy (IDO) [213]. Vysledkem je
katabolismus tryptofanu, jeho lokalni deplece a negativni regulace imunitni odpovédi
[214, 215]. Kromé& CD4+ Treg bunék existuje i skupina CD8+ Treg lymfocytl, ktera je
vSak zatim daleko méné prostudovana. CD8+ T regulacni bunky v thymu exprimuji
CD25, Foxp3, GITR a CTLA-4 a potlacuji imunitni reakce i pomoci bunééného
kontaktu. U&astni se imunitnich pochodd pfi zanétlivych i autoimunitnich
onemocnénich (diabetes I. typu, roztrouSena skler6za), ale jejich zvySené procento
nachazime i u pacientd s malignim onemocnénim jako soucast populace tumor-
infiltrujicich T lymfocytl v nadorovém mikroprostifedi [216]. Jejich vyznam v tumoru
ani pfesny mechanismus jejich UCinku neni zatim zcela objasnén, nékteré studie
vSak ukazuji na jejich supresivni vliv na imunitni protinadorovou odpoveéd

zprostfedkovanou jejich pfimym kontaktem s lymfocyty [217, 218].
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Obr. 6 - Mechanismus supresivniho ucinku T regulacnich bunék - pfevzato z
Kingston H. G. Mills, 2004 [219].

Role T regulaénich lymfocyti u malignich onemocnéni

Mechanismus, kterym Treg lymfocyty inhibuji imunitni protinddorovou odpoveéd,
zatim neni zcela objasnén a je v stdle pfedmétem mnoha studii. NejCastéji se
usuzuje na potlaceni imunitni odpovédi na pfitomnost nadorovych bunék
prostfednictvim sekrece inhibi¢nich cytokinl (IL-10 a TGF- a v posledr dobé i IL -
35) a pfimé plsobeni kontaktem mezi efektorovou a supresorovou burnkou, samotny
cytotoxicky efekt je pfisuzovan zejména interakci granzymu A, B a perforinu s
molekulou CD18. Tento mechanismus byl prokazan pfi ovlivnéni funkce jak B
lymfocytll, tak i NK bunék a cytotoxickych T lymfocytd [220, 221]. Nové se také
pfiklada hlubSi vyznam zvySené expresi adenosinu enzymy CD39 a CD73, které jsou
pfitomny na povrchu Treg lymfocytl. Adenosin se vaze na inhibi¢ni A2A receptor
aktivovanych efektorovych T bunék a tlumi jejich aktivitu [222]. Zaroveri bylo
prokazano, Zze Treg populace je hlavni pfekazkou pro imunoterapii a aktivni vakcinaci
[223].
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V nékterych pracich je naopak zmifiovana pozitivni role Treg pfi vzniku malignich
onemocnéni, kde jejich vysSi zastoupeni v periferni krvi koreluje s lepSi prognézou. |
zde pfes existenci mnohych hypotéz jasné vysvétleni zatim chybi. Napfiklad u
hematologickych malignit se pfedpoklada, ze inhibi¢ni vliv této skupiny lymfocytu se
neomezuje pouze na buriky specifické imunity, ale plsobi i na TAM a neutrofily, které
v nadoru produkujici prozanétlivé cytokiny, rlstové faktory a pro-angiogenni molekuly
a tak stimuluji neoangiogenezi a nadorovy rust [224, 225]. Experimentalné byla
pfirozené bunééné imunity [226]. Lze tedy pfedpokladat, ze porozuméni presného
vyznamu a funkce T regulacnich bunék napomuze i k lepSimu efektu protinadorove

imunoterapie.
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Publikace ¢.4

Boucek J, Mrkvan T, Chovanec M, Kuchar M, Betka J, Boucek V, Hladikova M, Betka
J, Eckschlager T, Rihova B. Regulatory T cells and their prognostic value for patients
with squamous cell carcinoma of the head and neck. J Cell Mol Med, 2010. 14(1-2):
p. 426-33.

Prognosticky vyznam Treg bunék u nadorovych onemocnéni doposud nebyl dosud
jednoznacné objasnén. Néktefi autofi poukazuji na korelaci mezi zvySenym
zastoupenim Treg populace v periferni cirkulaci pacientll a jejich akumulaci v
nadorovém mikroprostifedi s horSi prognézu u nékterych typl malignit (napf. u
hepatocelularnino karcinomu, karcinomu ovaria &i prsu) [18-20]. Jiné studie vSak
naopak prokazaly zvySenou hladinu Treg u pacientl s lepSi prognézou - byl
napfiklad zjistén vysoky pocet infiltrujicich Treg lymfocytl u pacientd s folikularnim a
Hodgkinskym lymfomem nebo u pacientl s kolorektalnim karcinomem, kde byla
vysSi hodnota Treg asociovana s delSim ¢asem do progrese onemocnéni a delSim
celkovym prezitim [18, 21]. Pfehled vybranych publikaci zabyvajicich se

prognostickym vyznamem Treg lymfocytl pro rizné nadorové oblasti je uveden v

tabulce 2.
Malignancy N pts | Prognostic value
Breast carcinoma (Bates ef al., 2008) 237 Unfavorable
Breast carcinoma {Gobert et 2/., 2009} 191 Unfavorable
Colorectal carcinoma {Salama et al., 2009) 967 Favorable
Cervix carcinoma (Jordanova et al., 2008) 115 Unfavorable
Esophagus carcinoma (Yoshioka et 2., 2008) | 122 Mot significant
Gastric carcinoma (Mizukami et al., 2008) 80 Unfavorable ()
Head & neck carcinoma (Badoual et al., 2006) | 84 Favorable
Hepatocellular carcinoma {Gao et al., 2007) 302 Unfavorable
Kidney carcinoma (Siddiqui et al., 2007) 170 Mot significant
Lymphoma (B cell} (Carreras et al., 200a) ag Favorable
Lymphoma (Hodgkin) (Alvaro et al., 2005) 257 Favorable
Owvary carcinoma (Curiel ef al., 2004) 104 Unfavorable
Pancreatic carcinoma (Hiraocka et al., 2005) 198 Unfavorable

Tab. 2 - Prognosticka role Treg lymfocytu u riznych druht malignit. Prevzato z
Martin, 2010 [227].

V nasi studii, kter& obsahovala 112 pacientl s verifikovanym spinocelularnim

karcinomem v oblasti hlavy a krku, jsme sledovali zmény v zastoupeni jednotlivych
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subpopulaci lymfocytd a nadorovych markerd v periferni krvi v dobé stanoveni
diagn6zy a 1 rok po ukoncCeni IéCby. Ze vzorkl periferni krve bylo provedeno
biochemické vySetfeni (IgG, IgA, IgM, IgE, CRP, SCC, AAT, CEA, Cyfra 21-1),
vySetfeni krevniho obrazu s diferencialnim pocétem a vySetfeni zakladnich
lymfocytarnich subpopulaci, v€etné Treg (CD3+, CD4+, CD4+CD25+, CD8+,
CD4+/CD8+, CD14+, CD19+, CD45+, CD56+, CD4+CD45RA, CD3-CD56+).

NaSe prace prokazala vyrazné odchylky v absolutnim poc€tu i procentualnim
zastoupeni CD8+ i CD4+ lymfocytll, po¢tu NK bunék i B lymfocytll u sledovanych
skupin. Procento T regulacnich lymfocytd bylo v periferni krvi pacientll se
spinocelularnim karcinomem v oblasti hlavy a krku signifikantné zvySené oproti
zdravym kontrolam. Navic se podafilo prokazat korelaci zvySeného poctu Treg v
periferni krvi pacientll v dobé stanoveni diagnézy a ¢asné recidivy onemocnéni.

Tyto vysledky je vSak nutné ovéfit i v SirSich souvislostech. Nékteré studie uvadeji
jako mnohem duleZitéj8i parametr pro riziko recidivy pomér mezi CD8+ T lymfocyty a
Treg bufkami nez hodnotu samotnych Treg [228]. Dale mize hrat vyznamnou roli i
pokrocCilost onemocnéni - u pacientek s ovarialnim karcinomem je bez zavislosti na
stadiu onemocnéni zastoupeni Treg bunék asociovano s horsi prognézou, ovsem u
pacientu s pokroCilym stadiem nebo v pfipadé metastatického postizeni je absolutni
pocCet nador infiltrujicich Treg naopak nezavislym faktorem pro delSi preziti [229].

V budoucnu by vSak naSe vysledky mohly pfispét k zpfesnéni 1éEebné strategie i pfi
nasledném sledovani pacientl po ukonéeni 1éEby napf. zafazenim stanoveni hladiny

Treg lymfocytu v periferni krvi do pravidelnych dispenzarizanich vySetfeni.
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Zaveéry a shrnuti vysledku dizerta€ni prace

V publikaci €. 1 bylo zjisténo, Ze pacienti s vyS$Sim stupném zavislosti na
tabaku maji vySsi riziko vyskytu rakoviny hlavy a krku nez pacienti s nizkou Ci
Zadnou zavislosti. Pfitom v8ak neni rozhodujici mnoZstvi vykoufenych cigaret
za den. Obzvlasté rizikovym faktorem se zda byt dfivéjSi doba vykoufeni prvni
ranni cigarety. Dale bylo potvrzeno, Ze riziko vzniku nadoru hlavy a krku u
pacientu, ktefi prestali koufit, je stejné jako u nekufaku, a to i kdyz dfive byli
vysoce zavisli na tabaku.

V publikaci €. 2 bylo potvrzeno, Ze stromalni prostfedi nadorovych kolonii
zvySuje podil nizce diferencovanych bunék svou charakteristikou pfiblizujicich
se CSC. Zaroven se v prubéhu kultivace udrzuje tento stav na konstantni
arovni. Studie tedy potvrdila vyznam prostfedi a délky epitelo-mesenchymalni
komunikace na konzervaci urcitého poolu nadorovych bunék ve stadiu
blizkému kmenovému.

V publikaci €. 3 bylo prokadzano, ze po |écbé HPMA konjugaty bylo v
nadorovém mikroprostfedi vyrazné vysSi zastoupeni u CD3+, CD4+ a CD8+
T-lymfocytarnich subpopulaci i u NK bunék nez po I|éCbé volnym
doxorubicinem. Navic tyto rozdily byly patrné jiz mezi 3-5. dnem po podani
|éCiva, tedy v dobé, kdy zatim nebylo mozné makroskopicky urcit, zda nador
roste Ci regreduje. Byl tedy potvrzen chemoterapeuticky a soucasné
imunoterapeuticky efekt HPMA [éCiv. Dale byla po lIé€bé HPMA konjugaty
zjisténa vyrazné niz8i infitrace nadorovymi burikami ve spadovych
lymfatickych uzlinach i ve sleziné nez po IéEbé nekonjugovanym l|éCivem.
Pouzita HPMA IéCiva tedy nemaji efekt pouze proti primarnimu nadoru, ale
dokazou i zpomalit metastaticky rozsev.

V publikaci €. 4 byly zjistény vyrazné odchylky v absolutnim poctu i v
procentudlnim zastoupeni CD8+ i CD4+ lymfocytd, poétu NK bunék i B
lymfocytl u pacientl se spinocelularnich karcinomem hlavy a krku proti
kontrolni skuping&, procentualni zastoupeni Treg populace bylo v periferni krvi
dokonce signifikantné zvySené oproti zdravym jedincim. Navic se podafilo
prokazat korelaci zvySeného poctu Treg lymfocytl v periferni krvi pacientl v
dobé stanoveni diagnézy a ¢asné recidivy onemocnéni.
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Seznam pouzitych zkratek

ABC ATP binding cassette

ADDC antibody dependent cellular cytotoxicity
AFP a-1-fetoprotein

APC antigen presenting cells

BRCA 1-2 breast cancer type 1-2 susceptibility protein
CA 19-9, 15-3, 72-4  carbohydrate antigen

CD 1-300 cluster of differentiation

CDC complement dependent cytotoxicity

CEA carcinoembryonal antigen

CLL chronic lymfocyte leukemia

CRT Calreticulin

CSC cancer stem cells

CTLA-4 cytotoxic T-Lymphocyte Antigen 4

CXC Chemokine

CYFRA 21-1 cytokeratin fragments

DDS drug delivery systems

EBV virus Epstein-Barr

EGFR/ErbB1/HER 1 epidermal growth factor receptor

EMI epitel-mezenchymal interaction

EPR enhanced permeability and retention effect
FaDu spinocelular hypopharyngeal carcinoma cell line
FNAB fine needle aspiration biopsy

Foxp3 forkhead box P3

Gal-1 Galactokinase

GFLG GlyPheLeuGly peptidic spacer

GITR glucocorticoid-induced TNFR family related gene
hCG human chorionic gonadotropin

HHV human herpes virus

HIV human immunodeficiency virus

HMGB-1 high mobility group box-1

HPMA N-(2-hydroxypropyl)metakrylamid
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HPV
IDO

MALT
MDR
MHC
NHL
NK
NNK
OVCAR
P2RX7
PAU
PD-1
PEG
PSA
S-100 beta
SMANCS
SP
SPARC
TAA
TAM
TGF
TIL
TLR
Treg
TSA
VEGF

human papillomavirus
indolamin-2,3-dioxygenase
Interleukin

mucosa-associated lymphatic tissue
multi-drug resistance

major histocompatibility complex
non-Hodkgin lymphoma

natural killer
4-metylnitrosamin-1-(3-pyridyl)-1-butanon
ovarial carcinoma cell line

P2X purinoceptor

polycyklické aromatické uhlovodiky
programmed cell death protein 1
Polyethylenglykol

prostate specific antigen

calcium binding protein B
neocarcinostatin stimalamer

side population

secreted protein acidic and rich in cysteine
tumor associated antigen

tumor associated macrophages
transforming growth factor

tumor infiltrating lymphocyte

toll like receptor

T regulatory lymphocyte

tumor specific antigen

vascular endothelial growth factor
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Although previous studies on tobacco and alcohol and the risk of upper-aerodigestive-tract (UADT) cancers have clearly shown
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smoking that was not captured by the questionnaire responses (smoking intensity and smoking duration) alone, suggesting

addiction a refinement to smoking variables.

What’s new?

Previous studies have clearly shown dose-response relationships between tobacco/alcohol use and the risk of
upper-aerodigestive-tract (UADT) cancers, but these studies have focused only on the variables of frequency and duration of
use. In this study, the authors asked whether addiction to smoking might be an independent risk factor. They found that
addiction was indeed associated with UADT cancer risk among current smokers. This addiction-cancer association suggests
that it is important to include questions that elicit information regarding smoking addiction when accounting for smoking

effect through questionnaire information.

The Fagerstrom test for nicotine dependence (FTND) is a
short version with six questions of Fagerstrom Tolerance
Questionnaire (FTQ),’ including time to first cigarette after
waking up, difficulty refraining from smoking in places where
it is forbidden, hate giving up the first cigarette in the morning
compared to all the other cigarettes, cigarettes smoked per day,
more frequent smoking during the first hour after waking up
than the rest of the day and smoking even when ill and in bed
most of the day. This test has been widely used because it is
convenient for clinical and research purposes as a self-
administered measure.” To date, in the only published study
on Fagerstrom scores and cancer risk, Deheinzelin et al.
reported an association between Fagerstrom Tolerance Ques-
tionnaire score >7 and overall cancer risk [pack-year adjusted
odds ratio (OR) = 3.45, 95% confidence interval (CI): 1.52-
7.83] in a smoking cessation group.’ A total of 54 cases with a
variety of histology and cancer sites were included in the study.
Recently, Muscat et al. reported an association (pack-year
adjusted OR =1.59, 95% CI: 1.19-2.11 for 1-30 min, com-
pared to >60 min) between time to first cigarette after waking
up (one component in Fagerstrom score) and oral and pharyn-
geal cancer risk among smokers in a case-control study.* Mat-
suo et al. also reported a similar association with adjustment
by smoking quantity and duration for upper-aerodigestive-
tract (UADT) cancer among ever smokers in ]apan.5

Tobacco smoking and alcohol drinking behaviors often
occur together.® Alcohol dependence and tobacco addiction
are also correlated.” Tobacco smoking and alcohol drinking
are well-established risk factors for UADT squamous cell car-
cinoma (SCC).%? Although previous studies on tobacco and
alcohol on the risk of UADT cancers have clearly shown
dose-response relations with the frequency and duration of
tobacco and alcohol, no studies on addiction to tobacco itself
(beyond only one component of Fagerstrom test) as a risk
factor for UADT cancer have been published, to our knowl-
edge. In addition to tobacco smoking, it is likely that smok-
ing addiction is correlated with alcohol drinking, and
possibly with socioeconomic status, sex or risky sexual behav-
iors,"%"'* all of which could act as potential confounders for
assessing the relationship between smoking addiction and
UADT cancer risk. There is also evidence that questionnaire

Int. ). Cancer: 133, 2688-2695 (2013) © 2013 UICC

information on smoking captures only a part of the relation-
ship between smoking and cancer.”” Smoking variables
including intensity and duration may play a role of a media-
tor in the relationship between addiction and UADT cancer.
We suspect that indicators of tobacco addiction may provide
additional information on the smoking and UADT cancer
relationship to the usual smoking questions in the surveys.

The aim of this report is to assess whether smoking addic-
tion is a risk factor, independent of tobacco smoking, or a
refinement to smoking variables (intensity and duration) for
UADT SCC risk in a multicenter case-control study
(ARCAGE) in Western Europe. This is the first study investi-
gating the association between smoking addiction and UADT
SCC risk with stratification by tobacco smoking. Further-
more, we analyzed whether smoking, including intensity and
duration (pack-years), mediates the relationship between time
to first cigarette after waking up and UADT SCC.

Material and Methods
Study population
Alcohol-Related Cancers and Genetic Susceptibility in Europe
(ARCAGE) is a multicenter case-control study with recruit-
ment in 14 centers from ten European countries (Czech
Republic, Croatia, France, Germany, Greece, Ireland, Italy,
Norway, Spain and United Kingdom). The study was approved
by the ethical review board of IARC as well as the respective
local boards in the participating centers. All subjects provided
written informed consent for their participation in the study.
Details on the study design have been provided previ-
ously."* Briefly, incident cases were identified from participat-
ing hospitals and were histologically or cytologically
confirmed. Eligible cases were classified under specific ICD-O
codes (C00, CO1, C02, C03, C04, C05, C06, C09, C10, C12,
C13, C14.0, C14.8, C15.0, C15.3, C15.4, C15.5, C15.8, C15.9
and C32), including cancer of the oral cavity, pharynx (exclud-
ing nasopharynx), larynx and esophagus. Recruitment was
conducted from 2002 to 2005 for all centers, except for the
French center, where recruitment was conducted during 1987-
1992. Cases were identified by participating hospitals within 6
months of diagnosis. Six cases were excluded from the analysis
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because of missing information on age, sex or education.
Among the 2,286 UADT cancer cases, 92.3% of the cases were
SCC. We focused our analysis on cases with SCC histology,
because the etiology of UADT cancer of other histologies may
differ. We also included only ever tobacco smokers, because
tobacco smoking addiction was assessed only in people who
smoked. The Paris center data were not included because
tobacco smoking addiction information was not collected at
this center. Of the 1,586 ever smoking UADT SCC cases in the
remaining centers, 761 were oral cavity/oropharyngeal cancers,
623 were hypopharyngeal/laryngeal cancer cases, 127 were
esophageal cancer cases and 75 were overlapping oral cavity/
pharyngeal cancer cases (Table 1).

In each center, controls were frequency-matched to cases
by sex, age and referral (or residence) area. In the UK centers,
population controls were randomly chosen from the same
family medical practice list as the corresponding cases. In the
remaining centers, hospital controls with a recently diagnosed
disease were used, and admission diagnoses related to alcohol,
tobacco or dietary practices were excluded. Eligible control
admission diagnosis included (i) endocrine and metabolic, (if)
genitourinary, (iii) skin, subcutaneous tissue and musculoskel-
etal, (iv) gastrointestinal, (v) circulatory, (vi) ear, eye and mas-
toid and (vii) nervous system diseases as well as (viii) plastic
surgery cases and (ix) trauma patients. The proportion of con-
trols within a specific diagnostic group did not exceed 33% of
the total. In the UK centers, population controls were recruited
from a randomly selected list of ten controls for every case,
matched by age, sex and same family medical practice. After
excluding six controls because of missing information on age,
sex or education and including ever smokers only, 1,260 ever
smoking controls were included in the analysis. In the Paris
center, smoking addiction information was not collected, so
the data were not included in the analysis.

Cases and controls underwent identical interviews during
which they completed a lifestyle questionnaire. The question-
naire included information on sociodemographic variables as
well as detailed smoking and alcohol drinking histories. The
participation rates ranged from 35 to 100% for cases and
from 26 to 100% for controls. The UK centers with
population-based recruitment had the lowest participation
rates compared to the other centers.

Ever smokers were defined as individuals who ever smoked
cigarettes, cigars, pipes or any tobacco products at least once a
week for a year. Former smokers were defined as smokers who
had stopped for at least 12 months. The different types of
tobacco smoking were converted to cigarette equivalents (1
cigar = 4 cigarettes and 1 pipe = 3.5 cigarettes). Heatherton
et al. modified the original Fagerstrom test (an eight-item
questionnaire) to a six-item questionnaire and suggested that
with limited resources it might be most effective to score only
the time to first cigarette after waking up and number of ciga-
rettes per day.! In our analysis, modified Fagerstrom scores
(range 0-7) were calculated by summing the scores from the
three variables available in ARCAGE: time to first cigarette

Smoking addiction and upper-aerodigestive-tract cancer

Table 1. Demographic characteristics of the UADT SCC cases and
controls (ever smokers only)

Cases, Controls,
n (%) n (%)
Total 1,586 1,260
Center Prague 146 (9.21) 118 (9.37)
Bremen 263 (16.58) 234 (18.57)
Athens 187 (11.79) 134 (10.63)
Aviano 119 (7.50) 83 (6.59)
Padova 113 (7.12) 74 (5.87)
Turin 125 (7.88) 130 (10.32)
Dublin 29 (1.83) 13 (1.03)
Oslo 116 (7.31) 115 (9.13)
Edinburgh 82 (5.17) 47 (3.73)
Manchester 130 (8.20) 118 (9.37)
Newcastle 58 (3.66) 67 (5.32)
Barcelona 172 (10.84) 95 (7.54)
Zagreb 46 (2.90) 32 (2.54)
Age (years)
<40 25 (1.58) 52 (4.13)
40-44 57 (3.59) 64 (5.08)
45-49 157 (9.90) 98 (7.78)
50-54 252 (15.89) 185 (14.68)
55-59 327 (20.62) 238 (18.89)
60-64 273 (17.21) 183 (14.52)
65-69 232 (14.63) 188 (14.92)
70-74 158 (9.96) 139 (11.03)
75+ 105 (6.62) 113 (8.97)
p-value <0.001
Sex
Men 1,319 (83.17) 1,026 (81.43)
Women 267 (16.83) 234 (18.57)
p-value 0.227
Education
Finished primary 584 (36.82) 312 (24.76)
school/worker
Finished further 929 (58.58) 845 (67.06)
school/clerks
University 73 (4.60) 103 (8.17)
degree/
manager
p-value <0.001
Subsite
Controls 1,260 (100.00)

Oral/oropharynx

Hypopharynx/larynx

Esophagus
Overlapping

761 (47.98)

623 (39.28)

127 (8.01)
75 (4.73)

Int. J. Cancer: 133, 2688-2695 (2013) © 2013 UICC
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Figure 1. Illustration of mediation with smoking addiction as expo-
sure, smoking (pack-year or duration) as mediator and upper-
aerodigestive-tract cancer as outcome.

after waking up (after 60 min =0, within 31-60 min =1,
within 6-30 min=2 and within 5 min= 3), difficulty to
refrain from smoking in places where it is forbidden (no
difficulties = 0 and difficulties = 1) and intensity of smoking
(<10 cigarettes/day =0, >10-20 cigarettes/day =1, >20-30
cigarettes/day = 2 and >30 cigarettes/day = 3). Higher scores
indicate more addiction, whereas lower scores suggest less
addiction.

Statistical analysis
For the assessment of main effects of smoking addiction, all
ever smoking UADT cancer cases were analyzed both together
and stratified by cancer subsite. The distribution of cases and
controls by age, center, sex, education and histology was exam-
ined. ORs and 95% ClIs for UADT cancers with addiction vari-
ables (time to first cigarette after waking and difficulty to
refrain from smoking) were estimated with unconditional
logistic regression, adjusting for center, age, sex, education
level (categories shown in Table 1), alcohol consumption
(intensity as a continuous variable and duration as a categori-
cal variable) and tobacco smoking pack-years (continuous).
We introduced smoking-related variables (pack-years or
duration of use) in the models (Fig. 1) to estimate the direct
effect (line A) of addiction on UADT cancer (i.e., the effect
that is not mediated by pack-years or duration of use) under
specific assumptions, including lack of interaction between
addiction and the pack-years/duration of use in causing
UADT cancer. We also followed the method suggested by
Vanderweele and Vansteelandt'® that requires testing for
exposure-mediator interaction and then combining two
regression models [(i)) with UADT cancer as the outcome
and (ii) with pack-years as the outcome] to estimate natural
direct (line A) and indirect (line B + C) effects, as defined
by Pearl.'® In brief, we considered a framework in which
smoking addiction is the exposure, pack-years or duration of
use are the mediators and UADT is the outcome of interest.
Then, the total effect (line A + line B + C) of smoking
addiction on UADT cancer can be decomposed into two
effects, a natural indirect effect that is mediated by measured
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smoking variables and a natural direct effect that is unmedi-
ated by measured smoking variables.

Stratified analyses by cigarettes per day of smoking and
cumulative alcohol drinking were performed to evaluate
whether the associations observed with time to first cigarette
after waking were modified by the amount of tobacco use.
Statistical analyses were conducted using the SAS 9 statistical
software. All p-values were two-sided.

Results

In this analysis, we included 1,586 UADT SCC cases and
1,260 controls who ever smoked tobacco (Table 1). As
expected, there was a higher proportion of the highly edu-
cated individuals among the controls (8.17%) than the cases
(4.60%). In our initial assessment of the three components in
the same regression model for the Fagerstrom test among
current smokers, time to first cigarette after waking up (OR
~ 1.58-2.29) and number of cigarettes smoked per day (OR
~ 1.64-2.27) showed similar associations with UADT SCC
risk, but stronger than difficulty to refrain from smoking at
places where smoking is prohibited (OR ~ 0.74) (results not
shown). Among current smokers, the mean three-item
Fagerstrom scores (*standard deviation) were 3.70 * 1.76 for
cases and 2.77 £1.90 for controls; among former smokers,
the mean scores were 2.93 = 2.03 for cases and 2.35 * 2.03
for controls (data not shown in table).

Among current smokers, an inverse dose-response trend
was detected between time to first cigarette after waking up
and UADT SCC risk (p<0.001) (Table 2). No association
was observed with difficulties of refraining from smoking at a
place where smoking is forbidden (results not shown). The
participants who smoked the first cigarette within 5 min
were two times more likely to develop UADT SCC
(OR=12.22, 95% CI: 1.57-3.15) than those who smoked 60
min after waking up. However, a dose-response trend
between time to first cigarette and UADT SCC risk was not
observed among former smokers (p =0.998). A higher score
on the modified Fagerstrom test, reflecting greater tobacco
smoking addiction, was associated with an increased risk of
UADT SCC among current smokers, but not among former
smokers. We did not observe any apparent differences across
the UADT subsites for relationship between smoking addic-
tion and cancer risk among the current smokers. The rela-
tionship between smoking addiction and UADT SCC
remained similar with further adjustment by fruit and vegeta-
ble consumption (data not shown).

We did not find evidence of interaction between addiction
variables and smoking variables. Table 3 shows the natural
direct (Fig. 1, line A) and indirect effects (Fig. 1, line B + C)
for UADT SCC. Consistently with the results shown in
Table 2, we observed that among current smokers most, or
the whole, effect was captured by natural direct effects, i.e.,
effects unmediated by pack-years/duration of use, whereas
among former smokers indirect effects, i.e., effects mediated
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Table 2. Smoking addiction and UADT SCC risk*

Smoking addiction and upper-aerodigestive-tract cancer

Hypopharynx and

UADT Oral and oropharynx larynx Esophagus
Co Ca OR 95% ClI Ca OR 95% ClI Ca OR 95% ClI Ca OR 95% ClI
Current smokers
First cigarette after waking up
After 60 min 168 160 1.00 85 1.00 61 1.00 11 1.00
31-60 min 98 168 1.65 (1.16-2.34) 84 1.68 (1.10-2.57) 60 1.56 (0.97-2.50) 12 2.40 (0.88-6.55)
6-30 min 180 449 2.11 (1.56-2.86) 209 1.94 (1.35-2.79) 178 2.10 (1.40-3.15) 43 4.74 (2.04-10.99)
Within 5 min 109 368 2.22 (1.57-3.15) 188 2.52 (1.68-3.78) 133 1.77 (1.11-2.81) 18 2.25 (0.83-6.06)
p trend <0.001 <0.001 0.005 0.022
Modified Fagerstrom
0 86 50 1.00 30 1.00 13 1.00 6 1.00
1-2 165 219 2.06 (1.34-3.15) 108 1.72 (1.03-2.88) 83 272 (1.39-5.30) 17 1.96 (0.65-5.87)
3-7 303 874 3.83 (2.56-5.73) 427 3.42 (2.11-5.55) 335 4.72 (2.508.93)) 61 3.41 (1.24-9.40)
p trend <0.001 <0.001 <0.001 0.009
Former smokers
First cigarette after waking up
After 60 min 303 125 1.00 62 1.00 47 1.00 13 1.00
31-60 min 114 88 1.54 (1.05-2.24) 42 1.56 (0.96-2.53) 35 1.48 (0.86-2.53) 8 2.09 (0.70-6.21)
6-30 min 153 96 0.97 (0.66-1.41) 44 0.94 (0.57-1.56) 41 1.06 (0.621.82) 8 0.75 (0.23-2.44)
Within 5 min 100 87 1.09 (0.71-1.68) 29 0.90 (0.50-1.62) 50 1.47 (0.83-2.59) 6 1.14  (0.32-4.04)
p trend 0.998 0.588 0.322 0.922
Modified Fagerstrom
0 164 53 1.00 30 1.00 17 1.00 4 1.00
1-2 216 125 1.31 (0.86-1.98) 64 1.35 (0.80-2.28) 44 1.15 (0.60-2.19) 15 3.80 (1.01-14.26)
3-7 286 217 1.23 (0.81-1.85) 83 0.93 (0.55-1.59) 111 1.53 (0.83-2.85) 16 2.51 (0.62-10.11)
p trend 0.482 0.517 0.112 0.404

*Adjusted for center, education, sex, age, alcohol drinking frequency and duration and pack-years of smoking (duration of smoking for the

Fagerstrom estimates).

by pack-years/duration of use, were equally strong or larger
than direct effects.

When stratified by sex, time to first cigarette after waking
up was associated with the risk of UADT SCC among men
(adjusted OR = 1.69, 95% CI: 1.26-2.25 for within 5 min), but
not among women (adjusted OR = 1.38, 95% CI: 0.72-2.64 for
within 5 min, p for trend = 0.086) (data not shown). Among
women, an association with smoking 6-30 min after waking
up (OR=2.23, 95% CI: 1.30-3.83) was detected (data not
shown). Overall, dose-response trends between modified
Fagerstrom scores and UADT SCC risk were detected for both
men (p <0.001) and women (p = 0.006) (data not shown).

Among current smokers who smoked <10 cigarettes per
day, smoking within a short time after waking up was associ-
ated with an increased risk of UADT SCC (Table 4). We did
not show the results for esophageal cancer because of sparse
data. For former smokers, after stratifying by smoking inten-
sity, smoking within a short time after waking up was not
associated with the risk of UADT SCC regardless of smoking
intensity (data not shown). In addition to stratified analyses,
interaction terms between modified Fagerstrom score and
smoking intensity or cumulative alcohol drinking were

assessed but none were detected (p=0.27 for cigarettes
smoked per day and p = 0.78 for cumulative alcohol drinking
among current smokers; data not shown).

When stratified by cumulative alcohol drinking, we detected
an association between modified Fagerstrom scores and UADT
SCC risk among current smokers even among individuals with
low cumulative alcohol drinking (<1,000 drinks in lifetime)
(OR=21.17, 95% CI: 3.50-128.00 for a score of 3-7,
P <0.001) although the precision was low (Table 5). We were
not able to examine never drinkers because of sparse data.

Discussion

Our study showed that among current smokers, smoking
addiction was associated with UADT SCC risk. Similar to the
previous study on all cancers by Deheinzelin et al,’ in our
study we found an effect size of 3.83 (95% CI = 2.56-5.73)
for UADT SCC risk with a modified Fagerstrom score of 3-
7. Furthermore, the ORs for UADT cancers ranged 1.65-2.22
for <60 min to first cigarette after waking up when com-
pared to >60 min, which is similar to the associations
reported by Muscat et al. for head and neck cancer.* The
association between time to first cigarette after waking up
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Table 3. Natural direct and indirect effects of addiction variables on
UADT SCC

Natural direct  Natural indirect

effects effects
OR 95%CI" OR 95%ClI
Current smokers
First cigarette after waking up?
After 60 min 1.00 1.00
Within 31-60 min 1.64 (1.04-2.25) 1.09 (1.01-1.17)
Within 6-30 min 211 (1.44-2.79) 1.15 (1.04-1.26)
Within 5 min 2.22 (1.38-3.06) 1.27 (1.08-1.46)
Modified Fagerstrom®
0 1.00 1.00
1-2 2.06 (1.09-3.03) 1.00 (0.95-1.06)
3-7 3.83 (2.17-5.48) 1.01 (0.92-1.09)
Former smokers
First cigarette after waking up
After 60 min 1.00 1.00
Within 31-60 min 1.54 (0.90-2.17) 1.16 (1.05-1.27)
Within 6-30 min 0.97 (0.59-1.36) 1.25 (1.08-1.41)
Within 5 min 1.11 (0.57-1.64) 1.37 (1.12-1.63)
Modified Fagerstrom
0 1.00 1.00
1-2 1.31 (0.73-1.88) 1.28 (1.11-1.44)
3-7 1.22 (0.69-1.76) 1.51 (1.25-1.77)

1Boostrap estimation.

2Exposure: first cigarette after waking up; mediator: pack-years of
smoking; confounders: education, sex, age, alcohol drinking frequency
and duration.

>Exposure: Fagerstrom score; mediator: duration of smoking; confound-
ers: education, sex, age, alcohol drinking frequency and duration.

and UADT SCC risk did not appear to be due to reported
heavier smoking. The smoking addiction increased the risk of
UADT SCC consistently regardless of the intensity of smok-
ing. This may imply the misclassification of smoking via
questionnaires or that number of pack-years is insufficient to
capture all smoking characteristics that explain the associa-
tion between addiction and UADT cancer risk. In our study,
among current smokers we observed associations between
time to first cigarette and UADT SCC risk regardless of the
smoking intensity. Similarly, our stratified analysis by cumu-
lative alcohol drinking supported the relationship between
first cigarette after waking up and UADT SCC independent
of cumulative alcohol drinking.

Although we observed strong direct associations between
addiction measures and UADT SCC risk among current
smokers, these associations were not observed among former
smokers. It should be noted that both direct and indirect
effects among former smokers were weak, and thus they are
more prone to different sources of bias, including unmeas-
ured mediator-outcome confounding.'” We explored the pos-
sibility of attenuation of the direct effect of addiction, where
perhaps the past smokers were individuals who were less
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addicted to begin with and thus were able to quit success-
fully. Although the crude mean Fagerstrom scores among
current smoking controls were slightly higher (2.77) com-
pared to former smokers (2.35), the differences were small.

Based on our results, the questionnaire information on
tobacco smoking and alcohol drinking could not fully explain
the observed association between smoking addiction and
UADT SCC risk. We observed correlation of addiction with
education and with gender, both of which are potential con-
founding factors. However, we adjusted on these factors and
the association between smoking addiction and UADT SCC
was still observed. Although residual confounding from these
factors is still a possibility, we do not expect that residual
confounding can fully explain our observed addiction-UADT
SCC risk association. Another possible pathway may be that
smoking addiction might be related to risky sexual behavior
via the human papillomavirus (HPV) pathway to UADT
SCC. HPV is a risk factor mainly for oropharyngeal can-
cers,'® and the interaction between HPV and tobacco smok-
ing may vary by subsites.'” However, we observed similar
addiction-cancer associations with oral cavity/oropharynx,
hypopharyngeal/laryngeal and esophageal cancers. Thus, we
do not believe that the HPV pathway explains the observed
association with smoking addiction. The detected addiction-
cancer association may be an indication of the smoking-can-
cer association being stronger than that observed on ques-
tionnaire data on smoking intensity and duration. The most
likely explanation for direct effects of addiction among cur-
rent smokers is that pack-years do not capture all smoking
characteristics (e.g., type of tobacco and smoke inhalation
patterns). In other words, pack-years or duration of use could
be misclassified measures of smoking as the mediator of the
addiction-UADT cancer risk association.

Our study had several limitations including potential recall
bias, residual confounding and sparse data. The addiction
and lifestyle information was self-reported in interviews.
With the knowledge of their cancer status for the UADT
cancer patients, the cases might have recalled various expo-
sures differently from the controls. This limitation might
have impact on the assessment of smoking intensity, but per-
haps less so for time to first cigarette after waking up because
a relationship between time to first cigarette after waking up
and UADT SCC risk has not been established. There could
also be residual confounding by tobacco smoking intensity
and alcohol drinking because of inability to stratify by finer
categories of low tobacco smoking and alcohol drinking
intensity or lifetime amount. Although we performed strati-
fied analyses, sparse data were a limitation for UADT sub-
sites, especially for esophageal cancer and for finer strata of
very low tobacco smoking or alcohol drinking. Finally, we
used only three components of the FTND to assess smoking
addiction in ARCAGE because the other three components
were not available in our study. As mentioned earlier, the
two items (time to first cigarette after waking up and number
of cigarettes smoked per day) account for the majority of
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Table 4. Time to first cigarette after waking up among current smokers and UADT SCC risk, stratified by smoking intensity®

UADT overall Oral and oropharynx Hypopharynx and larynx

Ca Co OR 95% Cl Ca Co OR 95% ClI Ca Co OR 95% ClI
<10 cigarettes/day
After 60 min 51 89 1.00 30 89 1.00 14 89 1.00
Within 31-60 min 16 20 1.20 (0.50-2.91) 6 20 0.72 (0.21-2.45) 5 20 2.19 (0.52-9.25)
Within 6-30 min 44 24 2.65 (1.29-5.46) 22 24 2.56 (1.05-6.21) 13 24 4.64 (1.21-17.81)
Within 5 min 17 8 2.84 (0.98-8.22) 11 8 5.52 (1.58-19.25) 5 8 5.52 (0.61-49.81)
p trend 0.004 0.004 0.015
11-20 cigarettes/day
After 60 min 79 60 1.00 37 60 1.00 36 60 1.00
Within 31-60 min 95 63 1.23 (0.75-2.00) 50 63 1.41 (0.78-2.56) 31 63 0.92 (0.48-1.77)
Within 6-30 min 222 96 1.78 (1.14-2.77) 114 96 1.85 (1.08-3.16) 73 96 1.59 (0.90-2.82)
Within 5 min 122 47 1.76 (1.05-2.94) 64 47 2.05 (1.12-3.78) 37 47 1.23 (0.62-2.41)
p trend 0.009 0.012 0.209
>20 cigarettes/day
After 60 min 30 19 1.00 18 19 1.00 11 19 1.00
Within 31-60 min 57 15 2.71 (1.13-6.48) 28 15 2.60 (0.93-7.32) 24 15 3.03 (1.01-9.12)
Within 6-30 min 183 60 2.21 (1.08-4.52) 73 60 1.56 (0.67-3.66) 92 60 2.97 (1.17-7.53)
Within 5 min 229 54 2.41 (1.15-5.02) 113 54 2.37 (1.00-5.66) 91 54 2.23 (0.86-5.79)
p trend 0.108 0.143 0.401

1Adjusted for center, education, sex, age, alcohol duration and alcohol frequency.

Table 5. Smoking addiction and UADT SCC risk, stratified by cumulative alcohol drinking®

Current smokers Former smokers
Ca Co OR 95% Cl Ca Co OR 95% ClI
<1,000 drinks/lifetime
Modified Fagerstrom
3 0 4 18 1.00 4 20 1.00
% 1-2 14 21 10.92 (1.73-69.08) 8 31 1.65 (0.24-11.43)
é 3-7 47 39 21.17 (3.50-128.00) 10 22 3.43 (0.42-28.06)
ﬁ p trend <0.001 0.233
L%‘ >1,000-<10,000 drinks/lifetime
Modified Fagerstrom
0 22 31 1.00 18 55 1.00
1-2 57 53 1.31 (0.62-2.79) 29 62 1.32 (0.58-3.01)
3-7 128 71 2.90 (1.39-6.04) 30 67 0.99 (0.43-2.29)
p trend <0.001 0.875
>10,000 drinks/lifetime
Modified Fagerstrom
0 24 37 1.00 31 89 1.00
1-2 148 91 2.32 (1.26-4.26) 88 123 1.39 (0.81-2.39)
3-7 699 193 4.39 (2.46-7.83) 177 197 1.25 (0.74-2.13)
p trend <0.001 0.627

*Adjusted for center, education, sex, age, alcohol duration, alcohol frequency and duration of smoking.

Int. J. Cancer: 133, 2688-2695 (2013) © 2013 UICC



Lee et al.

variance for FTQ scores." Furthermore, the Heavy Smoking
Index, which includes the number of cigarettes per day and
the time of the first cigarette of the day, has been shown to
have a high concordance with the FTND.** Thus, we believe
that our use of a modified Fagerstrom score was reasonable.

The possible mechanisms of an effect of the addiction
score in addition to that of tobacco smoking as measured by
questionnaire are complicated by the fact that cigarettes
smoked per day is included in both approaches. Thus, we
also attempted to focus on the other main component (time
to first cigarette after waking up) of the score in our analysis.
We observed that time to first cigarette after waking up was
associated with UADT SCC risk regardless of the number of
cigarettes smoked per day. The investigation may be whether
the score corrects (at least in part) the misclassification of
smoking (i.e., weak smokers with strong dependence should
in fact be classified as heavy smokers) or whether nicotine
dependence is a marker of susceptibility to tobacco carcino-
genesis (i.e., more dependent smokers are at higher risk than
less dependent smokers given the same amount of tobacco
smoking). The latter can happen through metabolic pathways
that are in common to nicotine and tobacco carcinogens,
such as tobacco-specific nitrosamines (TSNs), which are
derivatives of nicotine. The latter explanation might be
explored through an analysis of CYP2A6, CHRNA5-A3-B4*!
and other genes involved in nicotine metabolism, in particu-
lar those involved in the formation of TSN.
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Abbreviations: ABC — ATP binding cassete, CAFs — cancer-associated fibroblasts, CCD — charge-
coupled device, CD133 — cluster of differentiation 133, CD29 — cluster of differentiation 29, CD44
— cluster of differentiation 44, CSCs — cancer stem cells, DAPI — 4, 6-diaminidino-2-phenylindole
dilactate, D-MEM — Dulbecco’s modified Eagle’s medium, EMEM — Minimum Essential Medium
with Earle’ s salt, EMT — epithelial-mesenchymal transition, FACS — fluorescence-activated cell
scanning, FaDu — hypopharyngeal carcinomacell line, FBS —fetal bovine serum, FITC —
fluorescein isothiocyanate, Gal-1-BS — galectin-1 binding sites, HF — human fibroblast, HNSCC —
head and neck squamous cell carcinoma, K —keratin, K 10 — keratin 10, K 19 —keratin 19, K 8 —
keratin 8, MDR1 — multidrug resistance receptor 1, PBS — phosphate-buffered saline, SCCF —
squamous cell cancer fibroblast, SP — side population, Swam — swine anti-mouse, Swar — swine
anti-rabbit, TRITC — tetramethylrhodamine isothiocyanate

Abstract Increasing evidence attributes tumour fates to a small population of cells (cancer stem
cells) capable to survive therapeutic interventions. Investigation of their characteristics, especially
in cross-talk with other cell types of the tumour microenvironment, can pave the way to innovative
therapeutic concepts. The central issue of this study was to evaluate the impact of stroma on tumour
cells with stem cell-like features in a squamous cell carcinoma model (FaDu). Six different
experimental conditions were tested using distinct compositions of the culture system, and the
tumour cells were subjected to analysis of morphologic and molecular features. In detail, FaDu
cells aone were used as control, compared to tumour cells from coculture, with squamous cell
cancer-derived stromal fibroblasts or normal skin human fibroblasts, both in the direct and the
indirect systems, adding analysis of side population cells of FaDu culture. Measurements were
taken at days 2, 7 and 9 of culture and immediately after preparation in the case of the side
population. A panel of antibodies against keratins 8, 10, 19, the stem cell markers CD29, CD44,
CD133 as well as the biotinylated adhesion/growth-regulatory galectin-1 served as toolbox for
phenotypic characterization. Coculture with fibroblasts prepared from tumour stroma and with
dermal fibroblasts affected marker presentation, maintaining an undifferentiated stage
phenotypically related to stem cells. Side-population cells showed close relationship to cancer stem
cells in these characteristics. In conclusion, normal and tumour stromal fibroblasts are capable to
shift the marker expression profile of FaDu cells to a stem-cell-like phenotypic pattern in coculture.
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Introduction

Head and neck squamous cell carcinomas (HNSCC) have initiadly been solely considered as
malignant tumours stemming from transformed squamous epithelia cells (Nagai, 1999). However,
increasing attention is being paid to the mutua interplay with the other cell types in the tumour
microenvironment (e.g. fibroblasts, endothelial cells, immune cells and bone marrow-derived
mesenchymal stem cells) and constituents of the extracellular matrix (Borovski et al., 2011; Wels et
al., 2008). In fact, al these components shape the specific conditions of the individual tumour.
Despite remarkable progress in understanding of key genetic dterations and their role in
establishing malignancy of squamous cell epithelia, the contribution of non-epithelial tumour
components for both tumour origin and progression poses a current challenge of high biomedical
relevance.

Stem cells are centrally responsible for maintaining proper viability of the squamous epithelium by
enabling repair and renewal after damage or loss. By appearance, the stem cell issmall and round in
shape (Amit and Itskovitz-Eldor, 2012), and it is notably able to divide asymmetrically, keeping a
small pluripotent subpopulation in relation to the bulk of tissue-forming cells. Two types of stem
cells are recognized in the human body during ontogenesis. embryonic and adult stem cells, the
latter induced to become specialized mature cells under the distinct conditions (Bhattacharyya and
Khanduja, 2010; Knoblich, 2008; Vezzoni and Parmiani, 2008).

It is a reasonabl e assumption that tumour formation can be connected with genetic aterations of the
stem cells. Principles of the cancer stem cell (CSC) theory were already shaped severa decades ago
. Since then, several markers had been supposed to indicate stem properties in HNSCC, among
them CD44, keratin 8 (K8), keratin 19 (K19), CD29 (B1-integrin), presence of nuclear binding sites
for an endogenous adhesion/growth-regulatory lectin, i.e. galectin-1 (Gal-1; for details on this
effector class, please see (Katner and Gabius, 2012; Smetana et a., 2013)) and adehyde
dehydrogenase activity (Facompre et a., 2012; Harper et a., 2007; Chen et al., 2009; Chovanec et
al., 2004; Prince et al., 2007; Smetana et al., 2006; Yu et a., 2013). Proper functioning of adult
stem cells appears to be regulated by the microenvironment, called , niche" (Sujata and Chaudhuri,
2008; Watt and Hogan, 2000), as assumed for tumour-stroma cross-talk . Dysregulation at this level
may affect stem cell behaviour, leading to tumorigenesis and tumour progression (Sneddon and
Werb, 2007; Strnad et a., 2010). As noted above, the stem cell niche can also be regarded as a
complex of different cell types including microvessels and also extracellular matrix components
such as proteoglycans and adhesion molecules like fibronectin, all bearing glycans which serve as
signals for cellular communication (for details on the concept of the sugar code, please see (Gabius
et al., 2011); for model studies on orchestration of glycan/lectin expression for tumour or immune
growth regulation, please see (Amano et a., 2012; Andre et a., 2007; Wu et a., 2011). Obvioudly,
efforts to delineate rules of this interplay hold promise for opening the way to new therapeutic
options (Sugihara and Saya, 2013; Walker et al., 2009). Within this long-term project line revealing
particular properties and capabilities of stromal fibroblasts of tumours, which may not simply be
bystanders, isone aim.

Thus, this study was designed to evaluate the impact of tumour stromal fibroblasts on stem cell
phenotype of a representative squamous cell cancer line in vitro and to compare the results with the
effect of normal fibroblasts. In detail, the two mentioned types of fibroblasts were cocultured with
the cells of the hypopharyngea FaDu line previously characterized especially with respect to
gaectin binding (Smetana et al., 2006). In addition, the side population was isolated from the FaDu
cell line, and these cells were also studied for presence of the selected markers.

Patients and M ethods
Cdlsand their cultivation

Three types of cells were used in this experiment, i.e. the FaDu cell line of epithelial cells
originating from a tumour of the hypopharynx (ATCC® HTB-43™) (Rangan, 1972). Squamous



cell cancer-associated fibroblasts (SCCF) were isolated from the stroma of an oral squamous cell
carcinoma surgically removed at the Charles University, 1% Faculty of Medicine, Department of
Ora and Maxillofacial Surgery, following routine procedures (Dvorankova et al., 2012; Lacina et
a., 2007). Norma human dermal fibroblasts (HF) were obtained from skin samples of a non-
tumour patient, who had undergone aesthetic surgery at the Charles University, 3" Faculty of
Medicine, Department of Plastic Surgery, using a standard protocol (Kodet et a., 2011; Kolar et a.,
2012; Lacinaet a., 2007). In all cases, tissue specimens were obtained with the patients’ informed
consent according to the Declaration of Helsinki and after the local Ethical Committee approval.
FaDu cells were routinely cultured in Minimum Essential Medium with Earle's sat (EMEM)
supplemented with 10% fetal bovine serum (FBS), sodium pyruvate and antibiotics (Biochrom,
Berlin, Germany) at 37°C and 5% CO,. The cells from 5™ subculturewere seeded at a density of
2x10° cells'em? on coverslips placed in 6-well dishes (Corning, New York, NY, USA) and cultured
for 2, 7 and 9 days.

In the second part of the experiment the FaDu cells were cocultured with SCCF or HF in a direct
system enabling intercellular contacts. Initially, both SCCF and HF cells were cultured in
Dulbecco’s modified Eagle’' s medium (D-MEM) containing 10% fetal bovine serum and antibiotics
(Biochrom) at 37°C and 5% CO,. For coculture, HF from the 9" subculture or SCCF from the 7"
subculture were seeded on coverslips (density at 500 cells/cm?) together with FaDu cells (density at
2x10%*/cm?). Resulting preparations were co-cultured in EMEM with 10% FBS for 2, 7 and 9 days.

Part 3 of our study applied an indirect (insert) transwell system using a microporous
membrane (Corning), which precluded direct intercellular contacts between the epithelial cells and
either SCCF or HF. Experimentally, FaDu cells (5th subculture) were seeded on coverslips at a
density of 5x103 cells /cm2, then inserts were placed in the wells and SCCF or HF (density
1x103/cm2) were positioned on them. Similar to the previous experiments, the period of time of co-
culture was 2, 7 and 9 days. After each period, adherent cancer cells were carefully washed three
times with Dulbecco’'s PBS (Biochrom), the coverslips dried and stored at -20°C prior to
immunocytochemical processing.

Finally, a side population was isolated from the culture of the FaDu cell in the exponential
growth phase (after 72h of incubation under standard conditions). Cell suspensions were
centrifuged for 5 min at 1200 rpm (300g), the pellets then washed twice with PBS and resuspended
in 2 mL of Eagle’s medium containing 2% bovine serum abumin, then solutions were pipetted to
test tubes at the final concentration of 1 x 106 cell/ml, staining with 5 ug/mL of Hoechst 33342
(Sigma-Aldrich, Prague, Czech Republic) done at 37°C for 120 min. After this incubation period,
the cells were washed with cold Hanks' balanced salt solution. Thereafter, al test tubes with cells
were maintained on ice and all solutions added were adjusted to this temperature. Five minutes
before FACScan analyses (FACSvantage SE; BD Biosciences, Heidelberg, Germany), 2 ug/mL of
propidium iodide was added for dead-cell identification. The obtained survived cells were seeded
onto coverdlips, immediately washed with PBS, coverdlips then dried and kept frozen at — 20°C. No
experiment, focusing on interaction between side population and fibroblasts was made.

Characterisation of cell phenotype

To facilitate the probes to reach their intracellular targets during immuno- and galectin
cytochemical characterization, cells were treated by Triton X-100 (Sigma-Aldrich). After fixation
using 2% paraformaldehyde in PBS (pH 7.2), non-specific protein binding of probes was precluded
by applying bovine serum abumin for saturating non-specific binding sites for proteins (Sigma
Aldrich). Cell phenotype was evaluated in technical triplicates for each evaluated marker.

Home-made biotinylated galectin-1 used as probe to visualize the presence of accessible binding
sites (Gal-1-BS), were prepared and tested for maintained activity as described (Purkrabkova et al.,
2003). A panel of mouse monoclona antibodies as first-step reagents to detect keratin 8 (K8),
keratin 10 (K10), keratin 19 (K19), (al from DAKO, Glostrup, Denmark), CD133 and CD44 (all
from Abcam, Cambridge, United Kingdom), CD29 (Immunotech, Marseille, France) was used.



Fluorescein isothiocyanate (FITC)-labelled swine anti-mouse (Swam-FITC) and anti-rabbit (Swar-
FITC) immunoglobulin fractions (AlSeVa, Prague, Czech Republic;c DAKO) and
tetramethylrhodamine isothiocyanate labelled ExtrAvidin - ExtrAvidin-TRITC (Sigma-Aldrich,
Prague, Czech Republic) were used as second-step reagents for visualization of bound probes. Cell
nuclel were counterstained with 4, 6-diaminidino-2-phenylindol dilactate (DAPI; Sigma-Aldrich,
Prague, Czech Republic), thereafter mounting specimen on Vectashield (Vector Laboratories,
Peterborough, United Kingdom) (the used reagents are summarised in table 1).

Controls of the speftity included assessment of antigen -independent staining with isotype-
matched antibodies or by omission of tliiest -step reagents as well as demonstration of sugar-
dependent inhibition of galectin binding. The specimens were monitored at the light microscopic
level using an Eclipse fluorescence microscope (Nikon, Prague, Czech Republic) equipped with a
Cool-1300Q CCD camera (Vosskuihler, Osnabriick, Germany). Datawere analysed by a LUCIA 5.1
computer-assisted image analysis system (Laboratory Imaging; Prague, Czech Republic).

Results
Cell morphology

At the early stage of FaDu culture (day 2 subculture), small colonies of cells were rarely observed
(Fig. L/A). Formation of contacts between cells with typical epithelial morphology spread in the
monolayer was a prominent feature on day 7 of culture. At this stage, cellsfibith blast-like
morphology were observed on the periphery of cell colonies. Multilayered cell presentation was
reached on the 9" day of subculture. Predominantly large spread cells were observed in this growth
phase, with few regions of small cells being identified (Fig. 1/B). In the case of direct cocultivation
(with both SCCF and HF), we observed larger colonies of subconfluent cells in the vicinity of
fibroblasts on the 2™ day of the subcultures. Evidently, this feature was more prominent in
coculture with SCCF than with HF (Fig. 1/C). Cell appearance was similar in cultures with insert
and direct contacts. As seen for FaDu cell culture aone, formation of intercellular contacts (day 7)
and multilayered growth at (day 9) was observed in the cocultures. Of note, a population of small
cells with fibroblast-like morphol o%y on the periphery of colonies in contact with fibroblasts (either
SCCF or HF) was seen up to the 9" day of culture. These observations indicated a slight difference
when using SCCF and HF as stroma component, the tumour-associated fibroblasts being more
potent as stromal activator than normal fibroblasts (Fig. 1/C).

Cell phenotype

During the 2™ day of culture of FaDu cells alone, there was strong expression of CD29, CD44,
CD133, K8, K19 and Gal-1-BS in the nucleus (Fig. /A). CD29, CD44, CD133, K8 and K19 were
still present at day 7, with a tendency for intensity decrease (Table 2). At day 9, only few cells
were found to be positive for CD44, CD29 and K8. The level of presence of CD133 was strongly
decreased, while no staining for K19 was observed (Table 2). During all stages, positive cells were
present, either in the centre of the colonies, on their periphery or both.

Regarding marker expression in the samples of coculture, staining for K8, K19 and CD29 was
present in cells on the periphery of the colonies at day 2. Staining intensity with an increase of the
pool of positive cells, especially in the cases of K8, K19 and CD29 as well as for nuclear presence
of Gal-1-BS, was maintained to the 7" day of culture. Positivity for K8 and K19 was mainly seen at
the colonies margins, while CD29 was detected also centrally. Gal-1-BS were observed in the
cytoplasm of amost all cells. The cells on the periphery of colonies were consistently positive for
K19 and K8 at day 9. In terms of staining intensity, the signal for Gal-1-BS in the nucleus was
decreased and limited to particular cells without regional preference (Fig. 2).

Indirect FaDu + SCCF/HF coculture did not reveal any differences in the size of cell populations
compared to direct coculture (not shown). Under this condition, strong positivity for K19 and K8



expression was seen on the periphery of colonies, with afew positive cells in the centre during the
day 2 of culture, Gal-1-BS were observed mainly in the cytoplasm of cells, only avery few of them
expressed Gal-1-BS in the nucleus. When monitoring the day 7 cocultures, the pool of K19/K8-
positive cells was more numerous compared to isolated FaDu culture, seen either at the periphery or
in the centre of the colonies. Cytoplasmic presence of Gal-1-BS was observed invariably. In the day
9 cultures, the number of cellsin the colony increased but the proportion of K19/K8-positive cells
was maintained. Interestingly, nuclear presence of Gal-1-BS was detected.

The side-population (SP) cells were examined after their isolation. These cells were small in size,
round and formed small colonies. K8, K19, CD29 and nuclear Gal-1-BS were consistently present
in these cells (Fig. /D).

Discussion

The obtained results revealed a dependence of marker expression on conditions of culture.
Fibroblasts from cancer (SCCF) and aso normal cells (HF) were capable to maintain a rather high
level of marker presence. These observations extend our previous analysis on effects of length of
period in culture (Smetana et a., 2006).

The cancer stem cell theory has been adopted from blood malignancies to solid tumours of different
types (Eramo et al., 2008; Grichnik, 2006; O'Brien et a., 2007; Prince et a., 2007; Singh et a.,
2003; Wang et al., 2006; Zhang et al., 2006). Severa proteins are supposed to be markers of stem
cellsin HNSCC and other solid tumours, among them CD44, a receptor for hyaluronan, as one of
the most promising candidates (Cichy and Pure, 2003). Expression of intermediate filaments,
especialy keratins, is an indicator of the status of epithelial cell differentiation. Unfavourable
prognosis of HNSCC negatively correlates with expression of K8 and K19 (Fillies et a., 2005).
Normal oral mucosa of patients with tongue carcinoma harbors a high level of K19 in comparison
to patients without cancer (Copper et al., 1993). CD29 (Bs-integrin) is strongly present in normal
basal cells of the squamous epithelium and also in the colonies of small cells with marked
proliferative activity (Harper et a., 2007). Its presence is associated with alow differentiation status
of cancer epithelium, likely reflecting an early stage of tumour development, eventually to CSCs
(Geng et al., 2010). Additionally, Bi-integrin expression is seen in mesenchymal stem cells (Semon
et al., 2010). Co-expression of CD44"/ azBs-integrin’/ CD133" in prostate cancer is supposed to be
characteristic of these cancer stem cells (Collins et al., 2005). CD133 therefore appears adso as a
candidate to be a cancer stem cell marker in tumours of different origin (Gharagozloo et al., 2012;
Zaidi et a., 2009). In addition, nuclear presence of Gal-1-BS served as marker for poorly
differentiated cells, in characteristics close to stem cells, in different cell types including cells from
hair follicle and interfollicular epidermis (Chovanec et al., 2004; Kodet et al., 2011).

CSCs have an ahility to escape cell death during the radio- or chemotherapy (Tan et a.,
2006) . Appearing to mimic this ability, a part of the cancer cells under in vitro conditions is able to
survive contact with the cytotoxic dye Hoechst 33342, called side population. This ability to
exclude the Hoechst dye is due to the activity of the multidrug resistance transporter 1 (MDR1), a
member of the ABC transporter-transmembrane proteins, which are discussed to account for
resistance to chemotherapy (Hadnagy et a., 2006). At present, properties of CSCs and side
population cells appear correlated in different kinds of cancer, namely gallbladder carcinoma,
urinary bladder carcinoma and human oral cancer (Li et a., 2012; Yanamoto et a., 2011; Zhang et
a., 2012). Herein, immunocytochemical characteristics of stem cells were detected in the side
popul ation.

The crucia point of this study was to obsere tumor stroma influencing and preserving the
cancer stem cell phenotype in the squamous cell carcinomaline (FaDu). Together with thisfinding,
intercellular contacts between cancer and stromal cells didn't seem to be limiting for tumor growth.
Logica implication shows the tumor stroma as responsible for cancer tolerance to systemic therapy
and irradiation as well as a possible regulator of the cancercell behaviour at the distant sites during



metastasis (Vaastyan and Weinberg, 2011). Cancer-associated fibroblasts (CAFs) as part of
bi oactive cancer microenvironment influence cancer biological properties (Vaach et a., 2012). The
presented findings underscore the activity of stromal elements such as SCCF or even normal
fibroblasts in the culture model. Hence, regarding to paper of Costea and coworkers (2006),
therapeutic strategy can't focused on the cancer cells only, but may impact on their surrounding
environment as well (Costeaet al., 2006).

Improving our understanding of CSCs biology and the EMT as well as taking a step towards
establishing a close-to-physiology model for side population research are expected to advance
research with clinical perspective. Two approaches are suggested to be instrumental in this context:
elimination of CSC and influencing the tumour stroma to bring down epithelial-mesenchymal
signals responsible for CSCs renewal and promotion of the metastatic process (Costea et al., 2006;
Malanchi et a., 2012). In conclusion, the tested culture conditions, with fibroblasts as a regular
element of the tumour stromaintroduced to the in vitro system, significantly influenced phenotypic
pattern of FaDu cells. These data encourage further studies on coculture systems for in vitro
modelling of intercellular communication in cancer stem cell research.
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Figure1. A/1-6: Monitoring of FaDu cellsin the course of 2"-day culture. The cells are positive
for stem cell markers (CD29, CD44, Gal-1-BSin the nucleus, K8, K19, CD133). Thereisno
positivity for K10, marker of differentiated cells. K- pankeratin.

B/1-3: Monitoring of FaDu cells at day 2 (B/1, subconfluent growth), day 7 (B/2, growth as
monolayer) and day 9 (B/3, multilayered growth) when K19 was detected. The panelsillustrate the
reduction of signal intensity in the course of cell culture down to negativity in cellsforming
multilayered colonies.

C/1-3: Effect of adding normal (HF) and cancer stromal (SCCF) fibroblasts to cultures of FaDu
cells, significantly stimulating expression of K8 in cancer epithelium.

D/1-3: Cells of the side population on day 0 of cell culture. Profiles and intensities of signal for
K8, K19, Gal-1-BSin the nucleus and for CD29.
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Table 1. Markers used in the experiment

First step reagents

K8 DAKO, Glostrup, Denmark

K10 DAKO, Glostrup, Denmark

K19 DAKO, Glostrup, Denmark

CD29 Immunotech, Marseille, France
CDh44 Abcam, Cambridge, United Kingdom
CD133 Abcam, Cambridge, United Kingdom
Gal-1-BS Gabius H-J, Munich, Germany

Second step reagents

Swam-FITC AlSeVa, Prague, Czech Republic; DAKO

Swar-FITC AlSeVa, Prague, Czech Republic; DAKO

ExtrAvidin-TRITC | Sigma-Aldrich, Prague, Czech Republich

Other

DAPI Sigma-Aldrich, Prague, Czech Republich

Hoechst 33342 Sigma-Aldrich, Prague, Czech Republich

Table 2. Semiquantitative assesment of intensity of marker-
specific signalsin FaDu cells

FaDu FaDu+SCCF/HF side
population
2Y%day | 7"day | 9"day | 2¥day | 7"day | 9"day 1% day
CD29 * %% * % * * %% * %% * %% * %%
K8 *** * % X ***k * k% * k% * k%
Klg * %% * X * %% * k% * k% * k%
Gal'l'BSN * k% X X * %% * k% *%* **k*
Gal'l'BSC * %% * %% * %% * %% * %% * %% *%*
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Fine needle aspiration biopsy proves increased T-lymphocyte
proliferation in tumor and decreased metastatic infiltration after
treatment with doxorubicin bound to PHPMA copolymer carrier
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Abstract Keywords

Introduction: Fine needle aspiration biopsy (FNAB) is an easy method with an option of
repetitive withdrawal of cell material.

Methods: First, mice were inoculated with mouse T-lymphoma, after 10d the samples from
tumor, lymph nodes and spleen gained by FNAB and excision were analyzed by flow cytometry.
Tumor progression was compared to the control group simultaneously. Then, 10d after tumor
cell inoculation free doxorubicin (DOX) or different PHPMA DOX conjugates were injected. Cell
material was analyzed to detect subpopulations of lymphocyte infiltrate, and levels of cytokines
in correlation with progression or regression of the disease.

Results: FNAB has no influence on the tumor’s growth or survival of experimental animals. After
treatment with PHPMA conjugates there was a significant increase of T-lymphocyte
subpopulations in tumor microenvironment compared to controls or free DOX, but only in
mice with confirmed macroscopic regression of tumor within two weeks. Mice treated with
conjugates showed significantly lower cancer infiltration of lymph nodes and spleen.
Conclusion: FNAB provides a great benefit to in vivo monitoring of cell changes directly in the
tumor after treatment. The number of infiltrating T-lymphocytes increases in correlation with
consecutive tumor eradication after treatment with PHPMA. This proves that not only direct
cytotoxic but also imunostimulating effect are necessary for successful treatment.

Doxorubicin conjugates, drug targeting,
fine needle aspiration biopsy, metastatic
spread, tumor microenvironment
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Introduction

Tumor excision after euthanasia or in anesthesia is a standard
method to acquire samples from the body. However, this
method has a significant influence on viability of the cells and
also tumor progression cannot be measured on the same
examined animal. Fine needle aspiration biopsy (FNAB) is an
easy, unpretentious method with minimal influence on tissues
[1]. This makes it ideal for repetitive withdrawal of cell
material for further analyses, e.g. cytology, in-situ hybridiza-
tion, polymerase chain reaction, Southern blotting, gene
microarrays or flow cytometry [2,3]. It is commonly used in
clinic for the puncture of parenchyma organs, such as thyroid
or salivary glands, lymph nodes or even primary tumors [4,5].
Because of minimal harm to the tissue it can be performed
repetitively [6]. However, this method has not been widely
used in animal experiments so far.
Anti-cancer chemotherapy in clinical
complicated because of the adverse

practice s
side effects of
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conventional therapeutics. Doxorubicin (DOX) is one of the
most effective anthracycline antibiotics with a broad anti-
tumor spectrum, unfortunately, numerous side effects such as
cardiotoxicity or bone marrow suppression limits its use in
daily clinical practice [7,8]. Drug delivery system (DDS)
modifies its release profile, absorption, distribution and
elimination for the benefit of improving product efficacy
and safety, as well as patient convenience and compliance [9].
To eliminate mentioned side effects, many different carriers
of DOX have been prepared. One of them is widely used,
water-soluble, non-toxic copolymer based on N-(2-hydroxy-
propyl)methacrylamide (HPMA). Covalent conjugation of
DOX to HPMA copolymer eliminates its adverse cytotoxicity,
as this conjugate is biologically inactive when circulating in
the bloodstream [10]. Enhanced and tumor-selective accumu-
lation of HPMA conjugate within the solid tumor is achieved
either passively due to the enhanced permeability and
retention (EPR) effect or actively by addition of a targeting
moiety (e.g. antibodies, lectins, carbohydrates) [11]. The two
carrier-based DDS we have used are non-targeted conjugates,
where DOX is bound to a HPMA copolymer -carrier
(PHPMA) through a proteolytically cleavable oligopeptidic
GlyPheLeuGly spacer (DOX“M - PHPMA) and the same
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Figure 1. Chemical structure of DOX*M - PHPMA (left) and DOX"™Y® - PHPMA (right) conjugates.

copolymer binding DOX through hydrolytically, pH sensitive
bound (DOX"YP - PHPMA) [12,13]. Besides their chemical
structure (Figure 1), these two conjugates differ in drug
release mechanism. DOX is released from the conjugate with
hydrazone bond intracellularly by pH-sensitive hydrolysis at
sites with low pH (endosomes, lysosomes), penetrates through
cytoplasm and accumulates in the nuclei where it induces
apoptosis [14,15]. In the case of DOX*M - PHPMA, the
mechanism of cell affecting is not so clear, the cell death is
most probably a consequence of accumulation of conjugate
and its interaction with the cell membrane system causing a
general blockage of cell transport and collapse of cell
metabolism [16]. In contrast with treatment by other
cytostatics, PHPMA conjugates are effectively eliminated
from the body and their large doses do not significantly
influence the basic immune defense reactions of experimental
mice. It was also described that PHPMA conjugates posses
the ability to reduce immunogenicity of pharmacologically
active proteins similarly as documented for polyethylene
glycol (PEG)-L-aspaginase [17,18], as well as the non-
specific uptake of liposome/nanoparticle-based drugs and
other therapeutic agents [19]. The most promising advantage
of PHPMA polymer drugs is in the cumulative effect of their
direct cytotoxicity and immunomobilizing activity. These
conjugates do not even decrease bone marrow toxicity in
mice, which leads to the fact that responding tumor-specific
immune cells are able to eliminate minimal residual disease,
but they have also augmentation effect on activity of some

immunocompetent cells. It means that DOX-bound HPMA
copolymer (DOX - PHPMA) conjugates also possess, besides
powerful direct anti-tumor effect, immunomobilization prop-
erties [20]. Till date, the mechanism of PHPMA influence to
immunocompetent cells is not very well understood. It was
already documented that treatment with PHPMA-based
polymeric conjugates, significantly decreases FasL expression
on tumor cells — increased FasL expression on surface cancer
cells is a well-known defending mechanism, which can
significantly attenuate or even eliminate any of the local anti-
tumor response [21]. The role of cellular chaperone
calreticulin (CRT) surface cell expression on cancer cells
exposed to either of the conjugates was also published [22].
The aim of recent research of PHPMA conjugates is to
understand more clearly how these conjugates affect the
immune anti-tumor response. Our approach is to observe
tumor microenvironment in different post-therapeutic inter-
vals to find reliable changes.

Material and methods
Materials

Non-targeted HPMA copolymer conjugates with DOX are
bound via an amide bond situated at the end of proteolytically
cleavable GFLG spacer (DOX*M - PHPMA) or with a
hydrolytically cleavable hydrazone bond at the end of
aminocapronic acid spacer (DOX™'" - PHPMA) (Figure 1).
Hydrazine monohydrate, methacryloyl chloride,
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I-aminopropan-2-ol, 4-nitrophenol, 6-aminohexanoic acid
(ah), glycyl-L-phenylalanine, L-leucylglycine, 2,2'-azobis
(isobutyronitrile) (AIBN), N-ethyldiisopropylamine,
dimethylformamide, phthalaldehyde (OPA), N,N'-dicyclohex-
ylcarbodiimide, 1-hydroxybenzotriazole, dimethyl sulfoxide
(DMSO) and doxorubicin hydrochloride (DOX.HCl) were
purchased from Fluka Chemie (Buchs, Switzerland). 2,4,6-
Trinitrobenzene-1-sulfonic acid was purchased from SERVA
Electrophoresis (Heidelberg, Germany). Specific fluores-
cently labeled antibodies PE-Cy7 anti-mouse CD45, PE
anti-mouse CD3, Alexa Fluor® 700 anti-mouse CD8a, APC
anti-mouse NKI1.1 (eBioscience Inc, San Diego, CA), PerCP
Rat anti-mouse CD4 (Becton Dickinson, Franklin Lakes, NJ),
Hoechst 33342 dye (Invitrogen, Carlsbad, CA) were used for
the fluorescence-activated cell sorting (FACS) analysis.

Cell cultures

EL4 T-cell lymphoma cell line stably expressing Enhanced
Green Fluorescent Protein (EL4-EGFP ") [23] and EL4 T-cell
lymphoma cell line (TIB-39) were cultivated in a RPMI 1640
medium (Gibco, Life Technologies, Grand Island, NY) without
phenol red, supplemented with heat-inactivated 10% v/v fetal
calf serum (FCS), 2 mmol L-glutamine (Gibco), 50 mmol 2-
mercaptoethanol (Fluka Chemie, Buchs, Switzerland), 4.5 g/LL
glucose, 1.0 mM sodium pyruvate (Sigma-Aldrich, Rockville,
MD), 100 U/ml penicillin and 100 mg/ml streptomycin at 37 °C
in a humidified 5% CO,-95% air atmosphere for 48 h.

In vivo experiments

All animal studies were performed in accordance with the Act
on Experimental Work with Animals (Decrees No. 311/97,
117/87, and Act No. 246/96) of the Czech Republic. A total of
2 x 10° EGFP" EL-4 T lymphoma cells were subcutaneously
injected into the right flank of female C57BL/6 mice (from the
breeding colony of the Institute of Physiology, Academy of
Sciences of the Czech Republic, v.vi.). The mice that
developed palpable tumors reaching 80—100 mm?® (measured
and counted from two perpendicular diameters), within 10d
after the implantation were selected. At this size, tumors were
free of visible necrosis. The cell material was obtained from the
animal by FNAB and by standard excision (see more below).
The mice were observed three times a week for signs of tumor
progression and acute toxicity. The tumor size survival time
and number of long-term survivors were determined. We have
used at least eight animals per group.

Methods of cell material withdrawal
Fine needle aspiration biopsy

A standard 10 ml aspirating syringe connected to a needle of
1.2mm diameter (Chirana T. Injecta, Stara Tura, SK) was
fixed in Cameco gun (Morton Medical, Cirencester, UK). The
skin above the tumor was disinfected with ethanol and the
needle was passed into the tumor mass in its widest diameter
in approximately 60 degrees angle, moved inside the tumor
forward and back in about 0.5cm range and the cells were
withdrawn by aspiration with a syringe. No severe bleeding
after this procedure was noticed. Immediately after removing
the needle, 1 ml of ice cold culture medium was aspirated and
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all cell material was flushed into a 1.5ml Eppendorf tube,
washed twice with phosphate-buffered saline (PBS), resus-
pended in culture medium and kept on ice until analyzed.

Excision

After euthanizing the mouse, the tumor sample was excised in
size of at least 5 X 5 x 5 mm from the solid internal part of the
tumor free of visible necrosis. The lymphatic nodes and spleen
were identified and dissected according to standard procedures.
Gained material was divided into two parts, first part of the
tissue was homogenized in a glass homogenisator (Pyrex,
Corning, NY) with 1 ml of PBS, washed in PBS three times,
and resuspended in a culture medium and also kept on ice until
analyzed. Second part of the tissue was used for standard
histological analyses with hematoxilin-eosin staining.

Visualization of frozen tumor tissue sections with
confocal microscope

The tumor samples gained by excision on the 17th day after
tumor inoculation was immediately frozen with liquid nitrogen
and stored at —80 °C until ready for analyzing. With cryotome
slices of 5-10 pm thickness were made from tumor blocks and
placed onto glass slides suitable for immunohistochemistry.
Immunohistochemical staining was performed as the next step
— the glass with frozen tissue slices was fixed with paraffin,
specific fluorescently labeled antibody anti-CD8 was dissolved
in PBS and added to the samples according to manufacturers
recommendations, and the samples were incubated for 30 min
at4 °Cin a dark chamber. Finally, the slides were washed twice
in PBS, 5min each, and analyzed with Olympus FV1000
confocal microscope (Olympus FV1000, Tokyo, Japan).

Flow cytometry

All cells to be analyzed were suspended at 0.5—1 x 10°cells/
ml in the culture medium in a 96 U-well microplate and
strained through 70 pm filter to eliminate cell aggregates. EL-
4 cells (TIB-39) and splenocytes from control C57BL/6
mouse were added as negative control for flow cytometry
analysis. The samples were diluted to concentration 1 x 10°
cells and suspended in 100 pl of ice-cold culture medium.
Specific fluorescently labeled antibodies anti-CD3, anti-CD4,
anti-CD8, anti-CD45 and anti-NK1.1 were dissolved in ice-
cold PBS and added to the samples according to manufac-
turers recommendations and then the samples were incubated
with the stain for 20 min at 4°C in a dark chamber. After
staining cells were rinsed twice and resuspended in 100 pl of
PBS per well before analysis. Twenty microliters of Hoechst
33258 for detecting of viability was added to each sample
5 min before flow cytometric analyzing, which was performed
with LSR II (Becton Dickinson, San Jose, CA). Before each
session, machine settings were adjusted so that a cellular
standard produced the same absolute fluorescence. Data were
analyzed on the FlowJo software (TreeStar, Ashland, OR).
The ratio of lymphocyte subpopulation was calculated as
described in ‘‘Results’’ section. For detection of cytokine
activity, the lysate from tumor was used with Mouse Th1/Th2/
Th17/Th22 13plex Kit FlowCytomix (according to the
manufacturer’s recommendations). Data were analyzed by
FlowCytomix Pro 2.4 software (eBioscience Inc, San Diego,
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CA). Presented flow cytometry scatter plots are representative
of replicated experiments.

Statistical analysis

The average or representative results of at least three
independent experiments were presented. The significance
of any differences between experimental groups was eval-
uated by Student’s test. In all statistical analyses, significance
was assessed at the p <0.05 level.

Results
Synthesis of polymer-DOX conjugates

Two types of HPMA copolymer conjugates with DOX
differing in mechanism of drug release were synthesized
using synthetic, purification and characterization procedures
described earlier. DOX™" - PHPMA releases DOX in a mild
acidic environment by pH-sensitive chemical hydrolysis of
hydrazone bond, while DOX*™ - PHPMA releases DOX by
enzymolysis of the oligopeptide GlyPheLeuGly spacer by
lysosomal enzymes. DOX"'P - PHPMA conjugate contained
9.8 wt% of polymer-bound DOX (<0.1% of free DOX was
present in the conjugate) and its molecular weight M,, was
27000gmol ' with polydispersity index I,=1.8, while
content of DOX in DOX*M - PHPMA was 7.0 wt% (free
DOX <0.05%), M,, was 52000gm0171 and I,=1.5. For
chemical structure of the conjugates, see Figure 1.

Comparison of the FNAB and excision parameters

In the first phase of the project, influence of FNAB on the
tumor’s size growth (Figure 2A) was analyzed and changes in
animal survival were also studied (Figure 2B). The FNAB
method was also compared with the standard excision in
terms of subsequent usability for an analytical processing.
Collection of biological samples by the FNAB method had
neither any effect on the tumor’s growth nor the survival of
the experimental animals in comparison with the control
group, and during sample collection no serious injury of the
experimental animal was documented (massive bleeding,
abscess in the injection area, extremity paresis). No differ-
ences in the microscopic environment of the tumor were
detected during histological analysis of the frozen slices
(increased inflammatory infiltration, cell necrosis in the
injection area), which would show some effect on the tumor
after needle puncture. When analyzing tumor material with
flow cytometry, we have gained, at comparable viability, a
significantly smaller proportion of debris, and better reso-
lution of light scattering detectors in a sample acquired by the
FNAB method rather than excision (Figure 2C). In determin-
ing the representation of CD3+4-, CD3+4-/CD4+ and CD3+/
CD8+ T-cell populations in the tumor (calculated as a ratio of
the lymphocyte number to the number of tumor cells in the
collected sample), no statistically significant differences of
both methods of collection were detected (Figure 2D).

Imunomobilization effect of DOX-bound HPMA
copolymer conjugates on the primary tumor

FNAB has the possibility of repeated sampling monitoring of
correlation of changes in the number of infiltrating T-cells in
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tumor tissues with the successive curing of experimental
animals with free doxorubicin and PHPMA conjugates.
Tenth day after subcutaneous inoculation of EL4-EGFP™
cells, free DOX in a 1 x 5mg/kg i.v. dosage was applied
intravenously. Both DOX*™ - PHPMA or DOX™P .
PHPMA conjugates — for better visualization they are
displayed in figures as DOX-HPMA(AM) and DOX-
HPMA(HYD) — were applied i.v. in a 1 x 15 mg/kg equiva-
lent of DOX dosage. The dosage of DOX was calculated in
such a way so no damage was done to the non-malignant
cells, and for the polymeric therapeutics it was calculated to
cure approximately one half of mice inoculated with tumor
cells so the possible effect of the immune system with the
part of experimental group where tumor regression occurred,
dose of conjugates was set as equitoxical. According to the
effect of therapeutics, the mice were, after application of
therapeutics, divided into groups according to the progres-
sion or regression of the tumor mass. The highest curative
effects were registered after DOX™YP _ PHPMA treatment,
where 14 mice out of 19 complete remission of the tumor
took place within 40d. In case of DOX*™ - PHPMA the
treatment was successful in 11 out of 19 observed cases.
After treatment with free DOX, there was a tumor progres-
sion and consecutive death before day 40 with all experi-
mental animals (Figure 3A,B). Changes in representation of
individual lymphocytic subpopulations in the tumor lympho-
cytic infiltrate of the EL4 T-cell lymphoma, after application
of free DOX and DOX - PHPMA conjugates, were measured
with flow cytometry, after sample collection by the FNAB
method on the 13th and 17th day after inoculation, meaning
on the 3rd and 7th day after treatment. Using the FNAB
method assured the possibility of tracking of the further fate
of mice after sample collection. The highest lymphocytic
infiltration was registered in the tumor tissue of mice treated
with DOX™YP - PHPMA but only in cases where complete
tumor regression has taken place. Here, values of lympho-
cytes were approximately twice as high compared to control,
compared to treatment with free DOX, and also after
treatment with DOX*™ - PHPMA after which however,
tumor progression continued. With the CD3+, CD3+/CD8+
and CD3+/NKI1.1 lymphocytic populations approximately
twice as high values of infiltration were registered. With the
CD3+-/CD4+ population there was a growth of at least 50%.
After application of DOX*™ - PHPMA, where complete
tumor remission took place, higher representation of all
lymphocytic populations was also registered (with the
CD3+/CD8+ and CD3+/NKI1+ lymphocytic populations,
there was growth of at least 50%) in comparison with the
control, DOX treatment and unsuccessful DOX*M . PHPMA
treatment. In all mice with progressing tumor, without
dependence on the applied treatment, increased lymphocytic
infiltration, compared to the control group, was not
detected (Figure 4A-D). These results were qualitatively
verified by analysis of microscopic excision incisions (on the
17th day after inoculation with tumor cells) using
the Olympus FV1000 confocal microscope and higher
representation of CD3+/CDS8+ infiltrating lymphocytes
in the tumor incision after a successful treatment with
DOX*™ - PHPMA and DOX™P - PHPMA was also
documented (Figure 4E).
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Figure 2. Comparison of tumor progression (A) and overall survival (B) after the FNAB of C57BL/6 mice bearing EL4 lymphoma. Mice were
inoculated with 2 x 10° EL4 - EGFP+ cells s.c. and the fine needle biopsy was performed on mice in FNAB group (red lines) on the 10th day since
inoculation. The animals were observed three times a week for signs of tumor progression. The survival time, tumor size (counted as the tumor area)
and the number of long-term survivors was determined. The cell material obtained by the FNAB method and standard excision after staining with
anti-CD45 antibody and Hoechst 33342 for viability were analyzed by FACS. Representative data are shown, tumor cell population is gated (C). The
ratio of CD3+, CD3+-/CD4+ CD3+/CD8+ T-lymphocytes subpopulations gained by different methods (FNAB — red column, excision — blue column)

were analyzed and compared (D). The ratio of each T-lymphocyte subpopulation was calculated as: ratio =

Analysis of cytokines in the tumor’s
microenvironment

The level of cytokines IL-1a, IL-2, IL-4, IL-5, IL-6, IL-10,
IL-13, IL-17, IL-21, IL-27, IFNy, TNFo in the tumor’s
microenvironment after treatment with free DOX, DOX*M -
PHPMA or DOX"YP - PHPMA was measured on the 17th day
after inoculation (meaning on the 7th day after application of
the therapeutic) using the FlowCytomix Multiple Analyte
Detection System (eBioscience) and a following analysis with
flow cytometry. From the spectrum of the observed cytokines,
difference in the levels of IL-1o was detected after treatment
with both polymeric conjugates, DOX*™ - PHPMA as well as
DOX"YP - PHPMA, which was twice as high as compared to
the control. On the other hand, level of the anti-inflammatory

[CD subtype cells] x 10000
[EGFP-+cells]

cytokine IL-6 was twice as high with the untreated animals,
and animals treated with non-modified DOX compared to the
animals treated with DOX*™ - PHPMA as well as DOX"P -
PHPMA conjugates (Figure 5).

Interference of metastatic infiltration in the glands
after treatment with free DOX and DOX-bound HPMA
copolymer conjugates

To detect metastatic infiltration, dissection of inguinal, axilar,
mesenteric and para-aortic nodes and the spleen was
performed (Figure 6A). To determine the time necessary for
metastatic infiltration, measuring took place in several
different time intervals after inoculation. Collected material
was analyzed with flow cytometry. The largest amount of
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Figure 3. Comparison of tumor progression (A) and overall survival (B) after the treatment with free DOX and PHPMA conjugates. Mice were
inoculated with EL4-EGFP™ mouse T-cell lymphoma on day 0, DOX (1 x 5 mg/kg) or DOX*™ - PHPMA and DOX™P - PHPMA (1 x 15 mg/kg) were
applied 10d after inoculation. The animals were observed at least three times a week and divided into groups according to tumor progression/regression
in dependence on the used treatment, survival time and number of long-term survivors, were determined.

tumor cells (EL4-EGFP" T-cell lymphoma) was detected in
the catchment inguinal nodes on the tumor’s side (ipsilateral
nodes), this was no sooner than after 14 d after inoculation, in
earlier intervals where the findings of tumor cells in the nodes
were statistically inconclusive. Smaller, but still well detect-
able amount of tumor cells were captured in the contralateral
inquinal lymph nodes (Figure 6B). In case of the spleen, was
the tumor infiltration detected on the 21st day after inocu-
lation. To observe the effect of PHPMA conjugates on the
metastatic dissemination the sentinel nodes were selected.
Because the time necessary for tumor infiltration of the nodes
and the spleen was longer than in case of the observation of
changes in the primary tumor, it was also necessary to select
longer time for the effect of the therapeutic (7 and 14d). On
the 14th day after subcutaneous inoculation of EL4 cells, free
DOX and PHPMA conjugates (DOX*™ - PHPMA or
DOX"YP _ PHPMA) were intravenously applied. On the
21st and 28th day after inoculation with tumor cells,
extirpation of sentinel lymphatic nodes and the spleen, was
performed on the mice with palpation verified primary tumor,

after considerate euthanasia, collected materials were ana-
lyzed with flow cytometry. In all cases, infiltration of the
lymphatic nodes as well as the spleen with tumor cells was
proved, but the amount of infiltrating tumor cells was in both
cases significantly lower with the mice, which were treated
with DOX - PHPMA conjugates compared to the untreated
mice or mice treated with free DOX — on the 21st day after
inoculation, in the case of DOX*™ - PHPMA, tumor
infiltration of the nodes approximately 10 times lower
compared to the control was detected, and in the case of
DOX™YP _ PHPMA even more than 15 times lower, on the
28th day after treatment was the amount of tumor cells 3.5
times lower with DOX*™ - PHPMA and 7 times lower with
DOX™ P . PHPMA (Figure 6C) compared to the control. In
case of free DOX 3 times lower infiltration was detected on
the 21st day, and 0.6 times lower on the 28th day. With the
spleen, tumor infiltration was, after 28 d since inoculation, 3
times lower than with free DOX, 8 times lower with DOXAM -
PHPMA, and 15 times lower with DOX™" - PHPMA
(Figure 6D).
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Figure 4. The distribution of T-lymphocyte subpopulations in EL4-EGFP" tumor microenvironment after treatment with free DOX or its PHPMA
conjugates. Mice were inoculated with EL4-EGFP™ mouse T-cell lymphoma, DOX (1 x 5mg/kg) or DOX*™ - PHPMA and DOX™P - PHPMA
(1 x 15mg/kg) were applied 10d after inoculation and the cell material was obtained by the FNAB method on days 13 and 17 after inoculation. All
samples gained by FNAB were stained by anti-CD45, anti-CD3 (A), anti-CD4 (B), anti-CD8 (C) and anti-NK1.1 (D) antibodies and analyzed by flow
cytometry. In each subpopulation the ratio of T-lymphocyte cells was related to the used therapy and its efficiency noticed from the previous
experiment. The ratio of each T-lymphocyte subpopulation was calculated as: ratio = W. The results were confirmed by microscopic
analysis of the tumor frozen tissue sections with Olympus FV1000 confocal microscope (E - green fluorescence represents EL4 GFP+ tumor cells, red
fluorescence represents CD8+- lymphocytes). Slides were made from tumor excised on the 17th day since inoculation. Representative plots with

magnification of 20x Z2 are presented.
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Figure 6. Metastatic infiltration to lymph nodes and the spleen was observed after treatment with free DOX and its PHPMA conjugates. To detect the
specific lymphatic nodes with significant metastatic infiltration for further monitoring, EL4-EGFP™ tumor cells were apllied s.c. in the right flank of
the mouse. After 17d since inoculation, mice were euthanized and inquinal, axial, mesenterical and para-aortal lymph nodes were extirpated and
homogenizated (A). Cell material after staining with CD45 antibody and Hoechst 33342 for viability was analyzed by flow cytometry, red highlighted
area represents positive EL 4 tumor cells (B). Further, the ispilateral inquinal lymph nodes (as the region of the highest tumor cell infiltration) and the
spleen were analyzed for monitoring of metastatic spread. Mice inoculated with EL4-EGFP™ T-cell lymphoma were treated after 14 d since inoculation
with free DOX (1 x 5 mg/kg) or DOX™P - PHPMA and DOX*™ - PHPMA (1 x 15 mg/kg). Lymph nodes (C) and the spleen (D) were extirpated after
21 and 28d, respectively, since the tumor inoculation, homogenized, stained with anti-CD45 antibody and Hoechst 33342, and analyzed by flow

cytometry. The ratio of each GFP+ tumor cells was calculated as: ratio = W.
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Discussion

Fine needle aspiration biopsy is a suitable method for
diagnostic sampling of cell material from solid tumor in
mice. Its advantages compared to the standardly used excision
lie mainly in its simple and fast execution without significant
damage to the recovered as well as the surrounding tissue
[24,25]. Using this method it is even possible to recover
samples repeatedly without the need to put the experimental
animals to death. Therefore, it is possible to observe the
development of disease simultaneously with the continuous
evaluation of changes in the tumor’s microenvironment on the
very same experimental individual without the need of other
control groups [26]. Material collected by the FNAB method
has, for evaluation by flow cytometry, entirely comparable
parameters with the standardly used excision; on the contrary,

it is possible to reach smaller proportion of debris and that
way better differentiation of populations on the scatter
detectors. This enables us to define exactly even distinctly
minority cell populations, for example, lymphocytic infiltrate.
Thanks to the use of FNAB we were able to detect changes in
the tumor’s microenvironment depending on the given
therapeutic as soon as on the 3rd day since the beginning of
treatment when it was not yet possible to determine, by
objective measurement, whether regression or progression of
tumor growth will take place after the treatment [27]. After
treatment with polymeric conjugates based on HPMA
copolymers, we have proved growth (of at least 50%) of
lymphocytic populations of T cells — CD3+4/CD4+-, CD3+/
CD8+ and CD3+/NKI.1 in the tumor mass of mice which
then have reached complete tumor regression, in contrast with
the tumor microenvironment of mice not treated or treated
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with free DOX (with these animals complete remission of the
tumor after application of 5 mg/kg DOX equivalent was never
proved) [28,29]. What is interesting is that there are animals
even though treated with polymer conjugates, which have
nevertheless suffered tumor progression and subsequent death
but no higher number of T-lymphocytic subpopulations was
detected in the tumor. So correlation of statistically significant
growth of the number of infiltrating T-lymphocytes in the
tumor tissue with the subsequent curing of experimental
animals with PHPMA conjugates was proven. This result is in
conformity with the finding of a higher level of IL-1a in the
tumor environment after treatment with polymeric conjugates
and at the same time growth of IL-6 and therefore pro-
inflammatory environment with the untreated animals or
animals treated with free DOX.

It has been published before [20] that the critical changes
in the anti-tumor response take place since the 10th day after
application of cytostatic treatment. Determination of the
amount of T-cell subpopulations in the tumor microenviron-
ment as soon as since the 3rd day after application of the
therapeutic, seems to be a valuable prognostic marker of the
immunocompetent cells’ response because visual evaluation
of the treatment’s success is possible on about the 10th day of
the therapy. But at that time application of another dose of the
therapeutic is basically inactive [30]. When determining the
immune response using FNAB as soon as on the 3rd day of
treatment, it would be possible to apply the therapeutic again
in a higher dosage to the group of mice whose activation of
the immune system was not sufficient after the first applica-
tion of the therapeutic, before significant tumor progression.
On the contrary, the group of mice whose activation of the
immunocompetent cells was sufficient, there is no need to
burden the body with another dose of cytostatic.

It was reported that DOX in addition to its direct cytotoxic
effect trigger dendritic cells activation [31]. The same
combined mechanism was reported for polymeric conjugates
based on HPMA copolymer carrying DOX is conditional
upon successful treatment of oncological diseases [32]. Here
we documented the experimental model immunological
processes in the tumor EL4, which decide the cure takes
place (and are statistically demonstrable) as soon as on the
3rd-7th day after application of the therapeutic.

The differences in tumor accumulation and pharmaco-
logical efficacy of linear polymeric systems in size-category
up to 70000 g/mol were not documented. Enhanced in-vivo
efficacy, based on longer blood circulation times and higher
tumor accumulation, was documented for the conju-
gates with significantly higher molecular weight (Mw
130000 g/mol) [33].

During observation of the metastatic dissemination, tumor
infiltration of the catchment lymph nodes as well as the
spleen, was proven on the 21st and 28th day, respectively,
after inoculation with the EL4 EGFP+ lymphoma. After
treatment with PHPMA conjugates, the amount of tumor cells
in the lymphatic as well as the distant metastasis was
significantly lower than with free DOX and with control
animals. Metastatic spread of tumor cells is therefore reduced
significantly after treatment with PHPMA conjugates.
Combination of the direct cytotoxic effect of PHPMA
conjugates carrying DOX-bound via amidic (enzymatically

J Drug Target, 2013; 21(7): 648-661

fissile)-bound (DOX*M - PHPMA) or using hydrazone bound
(DOX™YP - PHPMA) and their immunomodulating abilities
cause not only directly against the primary tumor but also at
the same time reduces metastatic dissemination and that way
significantly slows down the progression of the disease [19].
This would be very helpful in the treatment of cancer in
advanced stage.

Conclusion

We have proved the functionality and usability of the method
for biological sampling using FNAB. Using this method it is
possible to repeatedly collect biological material from one
animal without any effect on the tumor’s growth. Cells
collected in such a way can be analyzed without any problem
by the flow cytometer in multicolor experiments and they
provide compact and repeatable results, as well as usable
lymph for analysis of cytokine concentration in the tumor
microenvironment.

We have proved the data published in the previous
publications and we have also proved that an integral part
of a successful anti-cancer therapy is the immune reaction and
cooperation of therapeutics with mechanisms of the immune
system. With animals treated with polymeric conjugates,
which subsequently had a total tumor regression, there was a
growth of effector subpopulations of T-cell demonstrable as
an early marker as soon as on the third day after therapeutic
application, growth of IL-la was demonstrated 7d after
application and metastatic dissemination of the tumor in the
nodes and the spleen was, contrary to the control, significantly
reduced. On the other hand, with animals treated with
polymeric conjugates, free DOX or untreated animals which
suffered tumor growth and finally death, growth of any of the
observed populations of immunocompetent cells in the tumor
microenvironment has never proved. Significant growth of
concentration of IL-6 and metastatic dissemination in these
animals was comparable to the untreated control.

Screening of tumor microenvironment by FNAB proved to
be an excellent diagnostic and prognostic tool for quick and
effective verification of efficacy of tested anti-tumor therapy.
It enables to monitor the reaction of the tumor immune
microenvironment to chemotherapy simultaneously with
response to the treatment. In the future this could be an
important tool for personalized medicine.

Declaration of interest

The authors report no conflicts of interest. The authors alone
are responsible for the content and writing of this article.

Grant of Czech Science Foundation P301/12/1254 is
kindly acknowledged.

References

1. Frable WJ. Fine-needle aspiration biopsy: a review. Hum Pathol
1983;14:9-28.

2. Zbieranowski I, Le Riche JC, Jackson SM, Olivotto I. The use of
sequential fine-needle aspiration biopsy with flow cytometry to
monitor radiation induced changes in breast carcinoma. Anal Cell
Pathol 1992;4:13-24.

3. Krishnamurthy S. Applications of molecular techniques to fine-
needle aspiration biopsy. Cancer 2007;111:106-22.

RIGHTS LI N Hiy



Journal of Drug Targeting Downloaded from informahealthcare.com by Jaroslav Betka on 11/25/13

For personal use only.

DOI: 10.3109/1061186X.2013.792345

4.

11.

13.

14.

15.

16.

18.

Stewart CJ, Mackenzie K, McGarry GW, Mowat A. Fine-needle
aspiration cytology of salivary gland: a review of 341 cases. Diagn
Cytopathol 2000;22:139-46.

Berner A, Lund-Iversen M, Nesland JM. Fine needle aspirations in
oncology. Arkh Patol 2011;73:21-6.

Boeddinghaus I, Johnson SR. Serial biopsies/fine-needle aspirates
and their assessment. Meth Mol Med 2006;120:29-41.

Yeh ET, Bickford CL. Cardiovascular complications of cancer
therapy: incidence, pathogenesis, diagnosis, and management. J Am
Coll Cardiol 2009;53:2231-47.

Gastineau DA, Hoagland HC. Hematologic effects of chemother-
apy. Semin Oncol 1992;19:543-50.

Needham D, Dewhirst MW. The development and testing of a new
temperature-sensitive drug delivery system for the treatment of
solid tumors. Adv Drug Deliv Rev 2001;53:285-305.

Rihova B, Bilej M, Vetvicka V, et al. Biocompatibility of
N-(2-hydroxypropyl) methacrylamide copolymers containing
adriamycin. Immunogenicity, and effect on haematopoietic stem
cells in bone marrow in vivo and mouse splenocytes and human
peripheral blood lymphocytes in vitro. Biomaterials 1989;10:
335-42.

Maeda H. The enhanced permeability and retention (EPR) effect in
tumor vasculature: the key role of tumor-selective macromolecular
drug targeting. Adv Enzyme Regul 2001;41:189-207.

Ulbrich K, Subr V, Strohalm J, et al. Polymeric drugs based on
conjugates of synthetic and natural macromolecules. 1. Synthesis
and physico-chemical characterisation. J Control Release 2000;64:
63-79.

Etrych T, Jelinkova M, Rihova B, Ulbrich K. New HPMA
copolymers containing doxorubicin bound via pH-sensitive linkage:
synthesis and preliminary in vitro and in vivo biological properties.
J Control Release 2001;73:89-102.

Hovorka O, Etrych T, Subr V, et al. HPMA based macromolecular
therapeutics: internalization, intracellular pathway and cell death
depend on the character of covalent bond between the drug and the
peptidic spacer and also on spacer composition. J Drug Target
2006;14:391-403.

Etrych T, Mrkvan T, Chytil P, et al. HPMA-based polymer
conjugates with pH-controlled activation of doxorubicin: I. new
synthesis, physicochemical characterization and preliminary bio-
logical evaluation. J Appl Polym Sci 2008;109:3050-61.

Hovorka O, Subr V, Vetvicka D, et al. Spectral analysis of
doxorubicin accumulation and the indirect quantification of
its DNA intercalation. Eur J Pharm Biopharm 2010;76:
514-24.

Rihova B. Immunomodulating activities of soluble synthetic
polymer-bound drugs. Adv Drug Deliv Rev 2002;54:653-74.
Rihova B, Kovar L, Kovar M, Hovorka O. Cytotoxicity and
immunostimulation: double attack on cancer cells with polymeric
therapeutics. Trends Biotechnol 2009;27:11-17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Fine needle aspiration biopsy 661

Rihova B, Kovar M. Immunogenicity and immunomodulatory
properties of HPMA-based polymers. Adv Drug Deliv Rev 2010;
62:184-91.

Rihova B. Clinical experience with anthracycline antibiotics-
HPMA copolymer-human immunoglobulin conjugates. Adv Drug
Deliv Rev 2009;61:1149-58.

Malugin A, Kopeckova P, Kopecek J. HPMA copolymer-bound
doxorubicin induces apoptosis in human ovarian carcinoma cells by
a Fas-independent pathway. Mol Pharm 2004;1:174-82.

Obeid M, Tesniere A, Ghiringhelli F, et al. Calreticulin exposure
dictates the immunogenicity of cancer cell death. Nat Med 2007;13:
54-61.

Vetvicka D, Hovorka O, Kovar L, Rihova B. Establishment of
imageable model of T-cell lymphoma growing in syngenic mice.
Anticancer Res 2009;29:4513-17.

Eriksson O, Hagmar B, Ryd W. Effects of fine-needle aspiration
and other biopsy procedures on tumor dissemination in mice.
Cancer 1984;54:73-8.

Lieu D. Fine-needle aspiration: technique and smear preparation.
Am Fam Physician 1997;55:839-46, 853—4.

Hagemann AR, Cadungog M, Hagemann IS, et al. Tissue-based
immune monitoring I: tumor core needle biopsies allow in-depth
interrogation of the tumor microenvironment. Cancer Biol Ther
2011.;2:357-66.

Ma X, Liu Z, Yang X, et al. Dual-modality monitoring of tumor
response to cyclophosphamide therapy in mice with biolumines-
cence imaging and small-animal positron emission tomography.
Mol Imaging 2011;10:278-83.

Kovar M, Strohalm J, Etrych T, et al. Star structure of antibody-
targeted HPMA copolymer-bound doxorubicin: a novel type of
polymeric conjugate for targeted drug delivery with potent
antitumor effect. Bioconjug Chem 2002;13:206-15.

Mrkvan T, Sirova M, Etrych T, et al. Chemotherapy based on
HPMA copolymer conjugates with pH-controlled release of doxo-
rubicin triggers anti-tumor immunity. J Control Release 2005;110:
119-29.

Rihova B, Strohalm J, Prausova J, et al. Cytostatic and
immunomobilizing activities of polymer-bound drugs: experimen-
tal and first clinical data. J Control Release 2003;91:1-16.
Rihova B, Strohalm J, Kovar M, et al. Induction of systemic
antitumour resistance with targeted polymers. Scand J Immunol
2005;62:100-5.

Aymeric L, Apetoh L, Ghiringhelli F, et al. Tumor cell death and
ATP release prime dendritic cells and efficient anticancer immun-
ity. Cancer Res 2010;70:855-8.

Etrych T, Subr V, Strohalm J, et al. HPMA copolymer-doxorubicin
conjugates: the effects of molecular weight and architecture on
biodistribution and in vivo activity. J Control Release 2012;164:
346-54.

RIGHTS LI N Hiy



J. Cell. Mol. Med. Vol 14, No 1-2, 2010 pp. 426-433

Regulatory T cells and their prognostic value for patients with
squamous cell carcinoma of the head and neck

ka,h,* a, g, h

Jan Bouce , Tomas Mrkvan b, Martin Chovanec , Martin Kuchar ?, Jaroslav Betka ® ",
Vladimir Boucek ', Marie Hladikova d, Jan Betka 2, Tomas Eckschlager °, Blanka Rihova b

2 Charles University, 1st Faculty of Medicine, Department of Otorhinolaryngology Head and Neck Surgery, University Hospital
Motol, V Uvalu, Prague, Czech Republic
Y Institute of Microbiology ASCR, v.v.i., Videnska, Prague, Czech Republic
® Department of Paediatric Haematology and Oncology, Charles University, V Uvalu, Prague, Czech Republic
d Department of Medical Informatics, 2nd Faculty of Medicine, Charles University, V Uvalu, Prague, Czech Republic
! Department of Haematology and Blood transfusion, Hospital of Rudolf and Stephania Benesov, Machova, Benesov, Czech Republic
Y Institute of Anatomy, 1st Faculty of Medicine, Charles University, U Nemocnice, Prague, Czech Republic
" center of Cell Therapy and Tissue Repair, 2nd Faculty of Medicine, Charles University, University Hospital Motol, V Uvalu,
Prague, Czech Republic

Received: August 29, 2008, Accepted: November 10, 2008

Abstract

Regulatory T cells (Treg) are important regulators of anti-cancer immune responses, and an increase in Treg frequency was observed
in the blood of cancer patients. Blood samples from 112 patients with head and neck squamous cell carcinoma antigen (HNSCC) were
obtained at the time of tumour diagnosis, and lymphocyte subpopulations (CD3+; CD3 CD167CD56™; cD4™; cD8"; CD19™;
CD4"CD45RA™) with emphasis on Treg counts (CD3*CD4"CD25™), complete blood count and tumour markers (squamous cell carci-
noma [SCC]; CEA; a-1-antitrypsin [AAT]; Cyfra 21-1; C-reactive protein [CRP]) were analysed. The data were grouped according to TNM
classification, and their significance for the course of the disease at an interval of 1 year after the end of the therapy was determined.
The percentage of CD8™ cells increased and the CD4/CD8 ratio decreased with tumour grade. The ratio of B lymphocytes decreased in
patients with locoregional metastases (11.25% versus 9.22%). Treg (15.2%) and CD4™ cells (45.3%) increased, while NK cells (11.8%)
decreased in HNSCC patients compared to controls (9.0%, 38.1% and 15.8%, respectively). The data obtained at time of diagnosis were
used to assess the significance of tumour markers (SCC, Cyfra 211 and AAT) for evaluation of prognosis. The erythrocyte counts (4.64
% 10"/l versus 4.45 x 10'?/l) and haemoglobin levels (14.58 g/dl versus 14.05 g/dl) decreased, while Treg counts (8.91% versus
15.70%) increased in patients with early recurrence. Our results show that examination of these parameters could be helpful for prog-
nostication in HNSCC patients and aid improvement of treatment strategy.

Keywords: regulatory T cells e head and neck squamous cell carcinoma e tumour markers e early recurrence e
lymphocyte subpopulations

Introduction

Regulatory T lymphocytes (Treg) represent one of the most  which is employed to safeguard any over-activations of the
important mechanisms of peripheral immune tolerance, immune system. It has been shown that interleukin (IL)-2 is
vital for growth and differentiation of Treg [1]. It is worth
noting that surface expression of the IL-2 receptor o, CD25,
is not unique for Treg, and that activated conventional
T cells also express CD25. Nonetheless, Treg represent a
major population within the CD47CD25" T cells repertoire in
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expression were found almost exclusively amidst the CD4*CD25*
compartment of thymocytes and peripheral Treg [2-6].

It is now known that Tregs play a critical role in the induction
of tolerance to self-antigens, including those expressed by
tumours. Recently, published findings have shown that immune
regulation mediated by Treg, which is vital for preventing autoim-
munity, represents a mechanism whereby the efficient antitumour
response is inhibited [4,7].

It was described that Treg frequency is increased in the periph-
eral circulation of patients with different types of tumours, and
their accumulation in the tumour microenvironment may be a neg-
ative prognostic factor for some types of malignancies [8-11]. An
increase in the number of T-regulatory lymphocytes in the periph-
eral circulation and at the tumour site has also been shown to cor-
relate with progression of head and neck squamous cell carci-
noma (HNSCC) [12-14].

Not only does increase in T-regulatory cell number interfere
with the antitumour immune response, but at the same time, Treg
cells may be the main obstacle undermining anti-cancer
immunotherapy and active vaccination [15, 16].

Although significant advances in the treatment regimen for
patients with HNSCC have been documented within the last
20 years, regrettably, survival rates for this disease have not
improved for many years [17].

Thus, the development of new molecular markers, which
could help to describe the biological and immunological status
of patients and predict disease progression, may help with
selecting the appropriate treatment modalities for individual
patients [18-21].

Patients and methods

HNSCC patients

All patients diagnosed at the Department of Otorhinolaryngology and Head
and Neck Surgery, 1st Faculty of Medicine, Charles University, University
Hospital Motol with HNSCC without any previous oncological treatment
between 2004 and 2006, and who were willing to participate in the study
and sign the informed consent, were included in the study (n = 112;
97 males; 15 females; a median age of 59 years; range of 23-87 years).
Samples of peripheral blood were obtained from each patient at the time of
diagnosis. No other selection criteria in addition to those given above were
applied. Patients subsequently underwent therapy with curative intent.
Details of patient characteristics are shown in Table 1.

Healthy volunteers — blood donors

Control samples of peripheral blood were obtained from 20 healthy volun-
teers (blood donors) comprising 12 males and 8 females with a median
age of 58 years (range 23-68 years). All controls were examined at the
Department of Hematology and Blood transfusion, Hospital of Rudolf and
Stephania, Benesov.

© 2009 The Authors
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Table 1 Patient characteristics

Age [Years]
Median age 59
Range 23-87
Sex [n
Male 97
Female 15
Total 112
Tumour site
Oropharynx — base of tongue 24 (21%)
Oropharynx — tonsillar region* 41 (37%)
Hypopharynx 13 (12%)
Larynx 19 (17%)
Others ** 15 (13%)
Tumour differentiation
Poor (G 3-4) 39 (35%)
Moderate (G 2) 39 (35%)
Well (G 1) 25 (22%)
Not determined 9 (8%)
Tumour stage
T 17 (15%)
T2 37 (33%)
T3 34 (30%)
T4 21 (19%)
Unstaged 3 (3%)
Nodal status
NO 38 (34%)
N1 17 (15%)
N2 50 (45%)
N3 7 (6%)
M stage
MO 112
M1 0
Unstaged 0
Therapy after blood draw
Surgery 14 (13%)
Surgery + radiotherapy 63 (56%)
Radiotherapy 27 (24%)
Radiochemotherapy 8 (7%)
Continued
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Table 1 Continued

Smoking history

Non-smoker 18 (16%)
With history of smoking 94 (84%)
Active (still smoking) 52 (46%)
Former (denied smoking at time of diagnosis) 42 (38%)
Alcohol history

Total abstinence 0 (0%)
Daily alcohol consumption 31 (28%)

*Oropharynx — tonsillar region: tumours involving tonsillar region
alone or with spread to the tonsillar pillars, soft palate or posterior wall
of oropharynx

**Qthers: heterogeneous group of tumour localization — 4 carcinoma
of the nasopharynx, 3 carcinoma of the nasal cavity, 3x carcinoma
of the paranasal sinuses, 3 metastatic carcinoma with unknown pri-
mary localization, 2 carcinoma of the external auditory canal

All participants signed the informed consent approved by the Ethics
Committee of the 2nd Medical Faculty of Charles University and University
Hospital Motol.

Flow cytometry

Samples of peripheral blood were analysed by flow cytometry
(FACSCalibur, BD, San Jose, CA, USA) after lysis of erythrocytes by FACS
Lysing Solution (BD, San Jose, CA, USA) and staining with antibody-
fluorochrome conjugates. We strictly adhered to instructions in the manufac-
turer's protocol for respective reagents. Antibodies anti-CD45 FITC/CD14
PE (to correctly set the gates for lymphocytes), anti-CD3 FITC/CD19 PE,
anti-CD3 FITC/ CD16CD56 PE, anti-CD4 FITC/ CD8 PE, anti-CD45RA
FITC/anti-CD4 PE and anti-CD3 FITC/ CD4 PE/CD25 APC (Beckmann
Coulter, Nyon, Switzerland) were used. A total of 10,000 cells in the lym-
phocyte gate were acquired for analysis and the data were analysed with
CellQuest software. Results are expressed as the percentage of respective
cell subpopulations of all lymphocytes.

Total blood count and biochemical and tumour makers were examined
in the Department of Clinical Haematology and Institute for Clinical
Biochemistry and Pathological Biochemistry, University Hospital Motol,
according to standard protocols.

Statistical analysis

In order to analyse the relationship between the different categories stud-
ied, the data were evaluated using a frequency 2 X 2 table chi-square test
with Danderar’s correction. All numerical data were presented as mean
+ S.D., and were analysed statistically using Student’s t-test. The correlations
between immunological parameters and early recurrence of disease were
evaluated by nonparametric Spearman’s coefficient. P-values of less than
0.05 were considered significant. SPSS Software version 10.1 was used
for all statistical calculations.
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Results

We examined the peripheral blood of 112 patients with HNSCC.
Blood samples were taken before the commencement of antitu-
mour therapy. We focused on evaluation of lymphocyte subpopu-
lations (CD3*; CD3~CD16*CD56™; CD4™; CD8™; CD19™;
CD4"CD45RA™; CD3"CD4*CD25"), complete blood count and
several tumour markers (SCC; CEA; AAT; Cyfra 21-1; CRP).

The levels of Treg and other lymphocyte populations were com-
pared between HNSCC patients and those of healthy blood donors.

The absolute number of CD3™ lymphocytes in the group of
HNSCC patients was 2.02 X 10% = 0.67. The percentage of
circulating CD3"CD4"CD25" and CD4™" (Fig. 1A and B) cells sig-
nificantly increased (both P < 0.01) in patients with HNSCC
(15.2% = 8.9 and 45.3 = 9.6, respectively) in comparison with
values from the control group (9.0 == 4.3 and 38.1 = 5.9, respec-
tively) at time of diagnosis. There was no significant difference
(P = 0.05) in ratios of either total T lymphocytes (CD3™; 72.1%
versus 65.8%) or effector T lymphocytes (CDS*; 28.0% versus
28.4%). On the other hand, naive T lymphocytes (CD4"45RA™;
14.7% versus 18.0%), B lymphocytes (CD3~CD19%; 9.8% versus
11.1%) and NK cells decreased in HNSCC patients, but only
the decrease of NK cells was statistically significant
(CD37CD167CD56"; 11.8% = 6.5 versus 15.8% = 6.8;
P < 0.05) (Fig. 1C).

The study included patients with tumours localized in different
regions of the head and neck (Table 1). Despite the fact that all
patients showed uniformly increased levels of Treg, we were able
to provide further evidence for differences within patient groups
based on the localization of primary tumour (oropharynx — tonsil-
lar region 16.2% CD3"CD4"CD25"; oropharynx — base of the
tongue 15.2% CD3"CD47°CD25"; hypopharynx 15.2%
CD3"CD4"CD25"; larynx 15.0% CD3*CD4*CD25™; other local-
izations 12.9% CD37CD4*CD25%). The differences between
patients with tumours of the oropharynx — base of tongue and
hypopharynx were statistically significant in several variables.
The levels of tumour marker «-1-antitrypsin (AAT; 1.45 + 0.32 g/l
versus 1.8 = 0.35 g/I; P = 0.008) and levels of platelets (PLT;
225.4 + 61.54 versus 317.1 + 93.95 x 10, P = 0.047) in
patients with tumours of the hypopharynx were higher. (There was
no statistically significant difference between T- and N stages, and
tumour differentiation grading, but there was a difference in distri-
bution by gender: no females presented with tumour of the
oropharynx — base of tongue, while three females presented with
tumour of the hypopharynx.)

Relevance of Treg levels in relation to the stage of TNM classi-
fication was also evaluated. Patient groups were divided according
to the size of the primary tumour (T1 to T4 stage), and the spread
of tumour to the regional lymphatic nodes (N stage; N° versus N*)
according to the standards of International Classification of
Diseases for Oncology (ICD-0-3, 2000).

All stages (T1 —T4) were individually compared, and no signif-
icant differences in Treg were observed (14.77% versus 17.16%
versus 13.91% versus 14.91%). There was however a statistically

© 2009 The Authors
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Fig. 2 Statistically significant parameters that are in a positive correlation with the size of the tumour (T stage). (A) — naive T lymphocytes
(CD45RA™CD4™); (B) — SCC = squamous cell carcinoma antigen; (C) — CRP = C-reactive protein; (D) — AAT = o-1-antitrypsin; (E) — Cyfra 21-1.

significant increase in the tumor marker SCC (SCC; 0.65 g/l
versus 0.78 wg/l versus 1.29 g/l versus 1.76 pg/l; P = 0.0002);
the ratio of naive T lymphocytes (12.38% versus 12.05% versus
16.08% versus 19.49%) and the levels of C-reactive protein (CRP;
3.56 mg/I versus 10.18 mg/I versus 14.93 mg/l versus 20.49 mg/I;
P = 0.008) (Fig. 2).

When we combined results for both T1 and T2 stages, and T3
plus T4 stages, and compared T1/2 versus T3/4, we found an
increase of other two tumour markers in advanced stage patients,
in particular, AAT (1.49 g/l versus 1.69 g/I; P = 0.024) and Cyfra-
21-1 (1.99 o/l versus 2.62 pg/l ; P = 0.032) (Fig. 2).

© 2009 The Authors

The levels of tumour marker Cyfra-21-1 and CRP were higher in
the N group than in the NO group (1.39 wg/l versus 2.78 pg/l;
P = 0.00004, respectively, 5.29 versus 16.18; P = 0.023). The per-
centage of B cells (CD3-19+) was significantly lower in the group
of patients with locoregional metastases than in those patients with
NO stage disease (11.25% versus 9.22%; P = 0.019) (Fig. 3).

Levels of Treg were evaluated based on differentiation of
tumour cells according to histological grading (G stage, G1 versus
G2 versus G3+4). There were no significant differences in levels of
Treg (14.85% versus 15.84% versus 14.25%). In other subgroups
of lymphocytes, differences in levels of cytotoxic T lymphocytes
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(CD8™; 26.04% versus 27.69% versus 30.41%; P = 0.019) and
in CD4/CD8 ratio were observed (2.20 versus 1.76 versus 1.61;
P = 0.03) (Fig. 3).

The group of patients with recurrent disease was compared
with the group without evidence of the disease at an interval of
1 year after the end of the therapy. All of the following results were
statistically significant: increase in levels of Treg (8.91% versus
15.70%; P = 0.044); increase in AAT (1.51 g/l versus 1.71 g/l;
P = 0.006); decrease of erythrocyte count (4.64 X 10"/l versus
445 x 1012/I; P = 0.038) and increase in haemoglobin levels
(14.58 g/d! versus 14.05 g/dl; P = 0.022) (Fig. 4).

Discussion

It has been published that clinical prognosis of oncological
patients is correlated with numerous changes in the peripheral
blood. Furthermore, it has been proven that the poor prognosis of
HNSCC patients is associated with cancer cachexia, T status,
increased C-reactive protein and decreased haemoglobin levels
[22]. In agreement with these findings, we have demonstrated a
statistically significant difference in haemoglobin level and ery-
throcyte count between the group of patients without evidence of
disease, and the group with cancer relapse.
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The advantages of examining tumour markers for improve-
ment of the clinical management of HNSCC have been dis-
cussed for many years, yet none of these markers have been
found to be exclusively predictive. Hepatocyte growth factor,
which correlates highly with tumour progression, and may be a
strong predictor of HNSCC recurrence, has recently been
reported as being quite promising [23]. It has been published
that combined analysis of SCC and CEA leads to both a
markedly increased sensitivity at primary diagnosis, and as a
predictor of tumour relapse [24]. Our study demonstrates that
serum levels of SCC, CRP, Cyfra 21—1 and AAT correlate with T
stage of disease, and that serum levels of Cyfra 21-1 and CRP
correlate with N stage.

Treg (CD4CD25 FoxP3™), which are a subset of CD4™ cells,
have considerable importance within the immunological homeo-
static network. These cells possess suppressive activity against
CD8™ effector and CD4™ helper T cells. The mechanism of sup-
pression is still unclear and the subject of controversial debate
[25-27]. An increase in T-regulatory cells in the peripheral circu-
lation and at the tumour site was previously reported in patients
with HNSCC, and these results seem to be in agreement with the
majority of published data for other human cancers [8, 12,
28-30]. In addition, a positive association with infiltration by Treg
and better locoregional control of the tumour or longer disease-
free interval was also reported [31].

© 2009 The Authors
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The data for this study were collected over more than 3 years,
and initially, there was no readily available monoclonal antibody
against Foxp3. We have therefore analysed the CD3*CD4*CcD25"
cell population, which consists predominantly of regulatory T-cells.

Previous studies have indicated that patients with HNSCC have
altered lymphocyte homeostasis, which persists for months or
years after curative therapies [32, 33].

NK cells play one of the pivotal roles in antitumour immunity.
Recently, it was published that NK cell numbers are reduced in the
peripheral blood of cancer patients, and that a severe deficiency in
circulating NK cells was related to the poor clinical outcome in
HNSCC patients [34]. Our data confirmed these results. We found
a significantly decreased proportion of NK cells in HNSCC patients
compared with controls.

Other studies have reported that patients with HNSCC have sig-
nificantly lower absolute numbers of CD3*, CD4" and CD8* T
cells, but no differences in the percentages of T-cell subsets
between patients and controls were observed [33, 35]. We did not
observe any significant differences either in the absolute number
of CD3™T cells or in percentages of T-cell subsets. Furthermore,
Kuss et al. [32] described a decrease in absolute numbers of
CD3" and CD4™ (P = 0.06), and an increase in absolute numbers
of CD8™ (P = 0.95) in the peripheral circulation of patients with
recurrent HNSCC within 2 years after therapy. Kim et al. suggested
that such altered homeostasis in CD8™ T cells in these patients is
prevented as a consequence of cancer induced functional abnor-
malities and abnormal lymphocyte turnover [36]. Our data indicate
that this alteration, which was first reported in patients who com-

© 2009 The Authors
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pleted the course of therapy [32], could be inherent for HNSCC
patients, as a significant increase of CD8" T cells in patients with
recurrent HNSCC (compared to NED patients) was demonstrated
as early as at the time of diagnosis.

Moreover, we found that the significant increase in CD8™
subsets in patients directly correlated with the level of tumour cell
differentiation, i.e. histological grading (Grading, G1 versus
G2 versus G3+4). Similarly, a decrease in the CD4/CD8 ratio
was found.

However, the exact relationship of elevated CD8" cells (and
changes in CD4/CD8 homeostasis, respectively) with disease pro-
gression is still not clear, and should be investigated in future studies.

Excessive peritumoural infiltration of B cells (CD19™) has been
recently described, and a higher percentage of CD19™ cells were
predictive of poor survival in patients with ovarian carcinoma [37].
We identified a lower level of B cells (CD3~CD19™) in the group
of patients with locoregional metastases compared with patients
in the NO stage. The explanation for this could be that the B cells
are chemotactically attracted to the microenvironment of the
tumour and metastases [38].

Tumour production of growth factors and the immunological
reaction within the tumour microenvironment causes mobilization
of precursor cells with subsequent migration to the periphery and
tumour site [39]. In agreement with the previously published data
we found a statistically significant positive correlation with the
T stage and percentage of naive T lymphocytes.

In this study, we focused on the quantity of Treg in the periph-
eral blood of patients with head and neck cancer, and compared
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this data with controls in an effort to assess their prognostic
importance for early recurrence of disease.

First, an increased percentage of circulating CD4*CD25" T
cells in the peripheral blood in patients with HNSCC was observed,
which is in agreement with previously reported data [8, 9, 12-14].
All hitherto published data have shown that the total amount of
Treg in the peripheral circulation of HNSCC is two-fold higher than
in controls, although the exact numbers are slightly different
among the different laboratories [12, 13].

In the 2-year long follow-up interval, we compared the group
of patients with early recurrence of disease with the disease-free
group. We found a striking difference in the levels of Treg at the
time of primary diagnosis between patients in remission and in
recurrence. The levels of Treg in the peripheral blood correlate
with a higher probability of early recurrence of HNSCC. This find-
ing helped us to select patients eligible for more extensive therapy
and more meticulous follow-up.

In conclusion, it was observed that the percentage of CD8+
cells increased and CD4/CD8 ratio decreased with tumour
grade. B lymphocyte proportion decreased in patients with
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obtained at the time of primary diagnoses, we assessed the sig-
nificance of tumour markers (SCC, Cyfra 21-1 and AAT) for
evaluation of prognosis of HNSCC patients. The erythrocyte
count and haemoglobin level decreased, while the Treg
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